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RESUMO

Introducdo: A tendinopatia do calcaneo ¢ caracterizada pela incapacidade, dor e inchago na
regido do tenddo do calcaneo. Essa condig@o esta entre as lesdes de membro inferior que mais
acometem os corredores. Fatores biomecanicos locais vem sendo associados com a presenga
ou desenvolvimento da tendinopatia do calcaneo em corredores. Tais como, a pronagdo
excessiva da articulacdo subtalar, o déficit de dorsiflexdo do tornozelo e a fraqueza dos
musculos flexores plantares. Entretanto, recentemente, alteracdes neuromusculares dos
musculos do quadril também vém sendo relacionadas com a tendinopatia do calcaneo. A
interacdo entre fatores locais e ndo locais pode alterar a sobrecarga imposta no tendao do
calcaneo e contribuir com o desenvolvimento ou continuidade da tendinopatia de calcAneo em
corredores. Objetivo: Verificar a contribuicdo de fatores da articulagio do quadril e do
complexo tornozelo-pé na ocorréncia de tendinopatia do calcaneo em corredores
recreacionais. Métodos: Um estudo transversal foi conduzido com 51 corredores
recreacionais, sendo 25 com tendinopatia do calcaneo e 26 saudaveis. Os participantes que
reportaram e experimentaram dor na regido do tenddo do calcaneo durante a palpagdo foram
inclusos no grupo tendinopatia. Em ambos os grupos, os participantes tinham que correr um
minimo de 15km por semana e ndo ter historico de lesdao (outras que tendinopatia do calcaneo
para o grupo lesionado) nos ultimos seis meses. A avaliacdo do alinhamento perna-antepé, da
amplitude de movimento (ADM) de dorsiflexdo de tornozelo e da ADM passiva de rotacao
medial (RM) do quadril, além da for¢a isométrica dos musculos flexores plantares (FP) do
tornozelo e dos rotadores laterais (RL) do quadril foi mensurada. A analise estatistica foi feita
através da Arvore de Regressdo e Classificacio e o calculo da area abaixo curva ROC
(Receiver Operatring Characteristic) foi realizado para determinar a acuracia do modelo.
Além disso, a razdo de prevaléncia foi calculada para cada nodo terminal do modelo.
Resultados: A interacao entre ADM de RM do quadril, o alinhamento perna-antepé, a forca de
RL do quadril e FP do tornozelo foi capaz de distinguir os individuos com e sem TC. O
modelo foi capaz classificar corretamente 92% dos participantes do grupo controle e 72% do
grupo TC. A érea sobre a curva ROC foi de 0.88 e significativamente diferente da hipdtese
nula. Conclusdo: A interacdo entre fatores do tornozelo e quadril foi capaz identificar a
ocorréncia de TC em corredores recreacionais. Os fisioterapeutas devem considerar uma
avaliagdo especifica para cada corredor com TC ja& que diferentes padrdes biomecanicos

podem ocorrer em pacientes com esta mesma condigao.



Palavras Chave: Arvore de Classificagio. Tendinopatia de Aquiles. Corrida.






ABSTRACT

Introduction: Achilles tendinopathy is characterized by impairment, swelling and pain in the
Achilles tendon region. This condition is one of the most prevalent lower limb injury in
running practitioners. Biomechanical factors have been associated with AT presence or
development in runners. Ankle excessive pronation, restricted ankle dorsiflexion and
decreased Plantar Flexors (PF) strength are local factors often related with AT. Recently, non-
local factors such as neuromuscular alterations of gluteal muscles has been investigated and
associated with this condition. We suggest that an interaction between local and proximal
factors may interfere in the Achilles tendon load and, therefore, contribute with the
development or continuity of this condition in runners. Objective : To verify the contribution
of the hip and ankle joint factors in the occurrence of Achilles tendinopathy in runners.
Methods: A cross-sectional study was conducted with 51 recreational runners, 25 with
Achilles tendinopathy and 26 healthy. Subjects that reported and experimented pain on
Achilles tendon palpation were included in the AT group. In both groups, participants had to
run at least 15km per week and had to be injury free in the last six months (no other injury
besides Achilles tendinopathy in the injured group) to participate. We assessed the shank-
forefoot alignment (SFA), ankle dorsiflexion Range of Motion (DFROM), hip Internal
Rotation (IR) ROM as well as isometric strength of ankle PF and Hip External Rotators. The
Classification and Regression Tree was used in the statistical analyses and the area under de
Receiver Operatoring Characteristic curve was performed to establish the model accuracy.
Additionally, the Prevalence Ratio (PR) of each terminal node was calculated. Results: The
interaction between HIP IR ROM, SFA, ankle PF and hip ER strength were able to distinguish
those runners with and without AT. Also, the model was capable to correctly classify 92% the
participants from control group and 72% runners with AT. The area under the ROC curve was
0.88 which was significantly different from the null hypotheses. Conclusion: The interaction
between ankle and hip clinical measures was capable of predict AT occurrence in recreational
runners. Physical Therapists should consider a specific assessment of each runner with AT

given that different biomechanical profiles may be related to the same outcome (AT).

Key-words: Classification Tree. Achilles Tendinopathy. Running
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1 INTRODUCAO

Tendao: Estrutura e constituintes

Os tendoes localizam-se interpostos entre os musculos € 0s 0ssos € tem por objetivo
transferir a carga gerada pela contracdo muscular e promover o movimento (KANNUS;
KANNUS, 2000). O tenddo ¢ uma estrutura com caracteristica fibroelastica e de aparéncia
esbranquicada e brilhante (KANNUS; KANNUS, 2000). Este tecido ¢ constituido por fibras
de colageno dispostas, em sua maioria, paralelamente ao seu eixo longitudinal formando
fasciculos que por sua vez permanecem envoltos por uma bainha de tecido conjuntivo

(JAMES et al., 2008).

Embora boa parte das fibras de colageno estejam posicionadas longitudinalmente,
algumas fibras podem assumir posi¢ao variada. Em um estudo feito com microscopio de
transmissdo eletronica foi possivel ver que existem também fibras de coldgeno dispostas em
espiral transversalmente (JORZSA etal., 1991). De fato, para cada 10 a 20 fibras
longitudinais (dependendo da regido), hd uma fibra orientada transversalmente (JORZSA
et.al., 1991). Esta variedade na disposi¢ao das fibras de coldgeno, conforme ilustrado na
Figura 1, confere ao tecido capacidade de resistir e absorver cargas de orientagdo distintas o
que ¢ essencial na protecdo do tenddo que sofre estresse de cargas multidirecionais (JORZSA
et al., 1991; KANNUS et al., 2000). Em relagdo ao tecido conjuntivo que envolve o tendao
sabe-se que cada fibra de colageno no tendao esta envelopada por um fino tecido chamado
endotenddo. O peritenddo por sua vez circunda os fasciculos que sdo um grupo de fibras de
colageno. Ja o tenddo como um todo ¢ envolto pelo epitenddo, que em alguns tenddes, esta
envolto no paratenddo. O designio do paratenddo ¢ diminuir a fricgdo entre o tenddo e as
estruturas ao redor facilitando o movimento entre estas.(JOZSA et al., 1991). A Figura 2

detalha a estrutura do tendao associado ao tecido conjuntivo que o envolve

Figura 1 — Orientacio das fibras de coligeno
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Fonte: Kannus et al.,2000.

Figura 2 — Estrutura do tendio
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Fonte: Kannus et al., 2000.

O tenddo possui em seu componente celular os fibroblastos ou tendcitos, que sdo
as células responsaveis pela produgdo das substancias extracelulares que ddao ao tecido sua
caracteristica mecanica (HESS et al., 1989). Em menor quantidade conta-se ainda com os
tenoblastos, que s@o os tendcitos em seu estado imaturo e com condrocitos, células sinoviais e

células endoteliais (ABATE et al., 2009).Entre as substancias sintetizadas pelos tenocitos e
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que formam a matriz extracelular do tecido estdo o colageno, que se encontra em maior
quantidade e compde 70 a 80% do peso seco do tenddo (WOO et al., 1981).Além do
colageno, os tendcitos produzem a elastina que esta presente em uma menor propor¢ao e
representam 3% do constituinte total do tecido. Por fim, encontram-se os proteoglicanos que
foram apenas 1-2% do tecido e contribuem para a manutencdo das caracteristicas

viscoelasticas do tendao (WOO et al., 1981).

A alta proporg¢ao de colageno e baixa porcentagem de elastina garante a ao tendao
uma alta rigidez. Isto permite que as for¢as produzidas durante a contracdo muscular sejam
transmitidas ao osso mais eficientemente e com o minimo de dissipagdo de energia mecanica
(HESS et al., 1989). De fato, a taxa de deformacdo de uma unica fibra de colageno, em testes
laboratoriais, ¢ de apenas 2 a 6% e essa razdo de deformagdo s6 aumenta se o tecido for

tensionado em sua totalidade (DAVID et al., 1978).

Tendinopatia

1.2.1 Analise historica da terminologia e defini¢do

Tendinopatia ¢ um termo guarda-chuva que abrange alteracdes tendineas de
natureza histologica (ex. Paratendinite, tendinose), no entanto, ¢ caracterizada pela presenca
de sintomas clinicos como: dor, perda da funcdo e espessamento do tenddo (MAFFULLI,
1998). O diagndstico de tendinopatia € clinico. Desta forma, a realizagdo do exame de
imagem ¢ completar e serve para caracterizar alteracdes estruturais no tenddao e/ou para
aplicar o diagnostico diferencial. (MRUS et al., 2003). O termo tendinite tem sido
frequentemente utilizado por profissionais da saude como sindnimo da condi¢do clinica
patoldgica associada ao tenddo. Ao utilizar este termo fica implicito o papel da inflamagao
como processo inerente na condi¢dao patologica do tendao (ABATE et al., 2009; MAFFULLI,
1998). Entretanto a inflamagdo pode estar ausente nesta condi¢do ou pelo menos nao aparece

como a principal caracteristica da patologia (KHAN et al., 1999).



14

Na década de 90, Astrom e Rausing (1995) avaliaram os achados histopatologicos
de 163 pacientes que haviam realizado cirurgia por Tendinopatia do Calcaneo (TC). Os
autores verificaram que em 90% dos participantes haviam sinais de degeneragdo estrutural
consistentes com tendinose. Nesta populacdo, ndo foram detectados sinais de células
inflamatérias (ASTROM; RAUSING, 1995). Corroborando com estes dados, um outro estudo
verificou, apos a andlise de mais de 1200 tenddes, que a tendinopatia ¢ uma lesdo com
achados histolégicos caracteristicos de degeneracdo (JOZSA; KANNUS, 1997). Com base
nestes estudos Mafulli e colaboradores (1998) publicaram o artigo que propds o uso do termo
tendinopatia. Os autores afirmam que o termo Tendinite deve ser evitado devido a frequente
auséncia de inflamagdao em tenddes lesionados. Além disto sugerem que o uso dos termos
tendinite, paratendinite ou tendinose (termos histopatoldgicos) sejam usados somente apos a
confirmagdo por de exames de imagem ou de andlise histologica. Desta forma, a tendinopatia,
segundo os autores, aparece como um termo mais abrangente que ¢ baseado nos sintomas dos
pacientes e mais apropriado visto que nem todos com alteracdes patologicas t€m sinais

clinicos.

Anos ap6s, Khan e colaboradores (2002) publicaram um artigo intitulado “Tempo
de abandonar o mito da tendinite” (traducdo livre). No artigo os autores clamavam atencao
para que clinicos e especialistas abandonassem a utilizagao do termo tendinite e utilizassem
tendinopatia preferencialmente. Além disso, enunciaram alguns beneficios que poderiam ser
alcangados ao utilizar esta nomenclatura, tais como: Garantia de uma informagao mais precisa
da condig¢do instalada; Previsdo de prognosticos mais realisticos ja que ndo se trata apenas de
uma inflamacao; Evitamento da utilizagdo de farmacos que nao tratam adequadamente a
condicdo. Da publicacdo dos artigos supracitados até hoje, a ideia da utilizagdo do termo
tendinopatia, baseado em uma condi¢do de origem ndo inflamatoria tem prevalecido no meio
cientifico (REES; STRIDE; SCOTT, 2014). Entretanto, mais recentemente, a proposta da
auséncia de inflamacao no processo da tendinopatia tem sido desafiada na literatura (ABATE
et al.,2009; FU et al., 2010; REES; STRIDE; SCOTT, 2014). Estes autores argumentam que
com o avango das pesquisas alguns sinais de inflamagdo foram detectados em pesquisas
recentes. A discussdo quanto a presenga ou ndo de células e substincias inflamatérias em
tenddes com tendinopatia ¢ ainda motivo de pesquisas neste meio. Embora nao se tenha

concordancia quanto a presenga € o papel da inflamacdo nas lesdes tendineas, boa parte dos
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autores concordam que a utilizagdo do termo Tendinopatia parece ser o mais adequado para

descrever uma condig¢ao clinica.

1.2.2 Patogénese da tendinopatia

Figura 3 — Modelo patogénico continuo
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Fonte: Cook; Purdam, 2009.

Diversos autores tém defendido modelos patoloégicos para explicar o
desenvolvimento da tendinopatia. Cook et.al. propuseram um modelo continuo no qual a
tendinopatia comeca em um estagio reativo e evolui até uma fase degenerativa em que a
patologia apresenta limitada reversibilidade (COOK; PURDAM, 2009; DOCKING;
ROSENGARTEN; COOK, 2016). Na fase reativa, devido a uma sobrecarga aguda, o tendao
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apresenta um espessamento por uma resposta ndo inflamatoria proliferativa nas células e na
matriz extracelular. Nesta fase, ha pouca alteracao nas fibras de colageno (COOK; PURDAM,
2009). Na segunda fase, “fendon dysrepair”, o dano na matriz extracelular ¢ mais acentuado.
Neste momento, ¢ possivel identificar um aumento celular causado pelo influxo de
condrécitos e miofibroblastos e uma desorganizagdo com quebra do coldgeno (COOK;
PURDAM, 2009). Na ultima fase da patologia, tendinopatia degenerativa, ja ¢ possivel
verificar drea de intensa desorganizag¢do estrutural com morte celular e a patologia torna-se
irreversivel. Apesar da divisdo do modelo em trés fases, a organiza¢do proposta tem fins
didaticos, assim, pode ndo ficar tdo explicito na clinica a fase em que o paciente se encontra

(COOK; PURDAM, 2009).

Em 2016, os autores do modelo continuo fizeram uma revisdo nesta teoria com
informagdes adicionais baseadas nas novas evidéncias e duvidas que surgiram quanto ao
modelo proposto em 2009 (DOCKING; ROSENGARTEN; COOK, 2016). Nesta revisao, 0s
autores adicionaram uma fase chamada reativa-degenerativa. Na fase reativa-degenerativa, o
paciente com degenera¢do em uma 4rea do tenddo pode ainda evoluir com uma tendinopatia

reativa em uma regido que estava previamente saudavel.

Figura 4 — Fase reativa-degenerativa do modelo continuo
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Semelhantemente, Abate et.al. defenderam uma continuidade no processo de
desenvolvimento da tendinopatia no qual a sobrecarga aparece como fator inicial capaz de
levar o tenddo & uma degeneracdo estrutural que, por sua vez, pode ou ndo culminar nos
sintomas clinicos da tendinopatia (ABATE et al., 2009). Na “Teoria do Iceberg” (nome
colocado pelos autores), a sobrecarga sobre o tenddo pode gerar importantes alteracdes
teciduais como o surgimento de vasos e nervos que, quando estimulados por substancias
associadas ao estresse mecanico, podem causar dor. Desta forma, a tendinopatia evolui de um
estagio ndo sintomatico ¢ pode ou ndo progredir até uma fase sintomatica. A Teoria do Iceberg
consegue, em partes, explicar por que pessoas com tendinopatia apresentam periodos de
remissao € como sujeitos totalmente assintomaticos chegam a total ruptura do tenddo. Uma
importante diferenga entre esta teoria e aquela proposta por Cook e et.al ¢ a crenga de que
uma inflamag¢do neurogénica e a degeneracao coexistem na patologia da tendinopatia, o que

ndo ¢ admitido no modelo continuo.

Figura 5 — Teoria do Iceberg
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Além das duas teorias supracitadas, existe uma terceira que defende uma
patogénese que passa por trés estagios: Lesao, Falha na Cura e Apresentagao Clinica (FU et
al., 2010). Nesta teoria, em um primeiro momento, o tecido sofre uma lesao que pode ter com
origem um estresse agudo, repetitivo, quimico ou patogénico. No segundo estagio, Falha da
Cura, o tenddo ¢ incapaz de restaurar-se por apresentar fatores que impedem a adequada
recuperagao (e.g. predisposicdo genética, estresse mecanico; farmacos). Por fim, na fase
chamada Apresentacdo Clinica, a falha no processo de recuperagdo chega a um grau de
severidade em que ¢ acontece uma alteracdo estrutural na matriz extracelular que pode ser
detectada através de exames de imagens. Fu et.al. consideram que o aparecimento da dor

depende de uma resposta nociceptiva, que pode nao ocorrer na tendinopatia assintomatica.

Estas trés teorias apresentam alguma convergéncia embora discordem em alguns
aspectos relativos a patogénese da tendinopatia. De fato, torna-se dificil a implementacao de
um unico modelo dado a grande variedade de apresentagdes clinicas e a natureza complexa da
estrutura e de suas respostas a carga (DOCKING; ROSENGARTEN; COOK, 2016). Neste

caso, enquanto ndo hd comprovacdio de um modelo absoluto, ¢ possivel utilizar as
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informagdes que todos os modelos nos trazem como por exemplo o fator primordial que a

sobrecarga tecidual apresenta na génese e continuidade da patologia.

1.3 Tendinopatia do calcaneo

Entre as tendinopatias mais comuns estd a TC. Esta condi¢do acomete tanto
sedentarios quanto individuos ativos (Kujala ef al., 2005; De Jonge et al., 2011; Albers et al.,
2016). Em um estudo conduzido na Holanda foi verificado que, na populacao adulta, a cada
1000 consultas a profissionais da saude, 2,35 eram devido aos sintomas de TC (DE JONGE et
al., 2011). Na populacdo ativa esses valores parecem ser ainda mais expressivos. Em estudo
coorte com o objetivo de verificar a prevaléncia de TC durante toda vida em antigos atletas de
elite foi verificado que 24% dos sujeitos tinham queixas de TC (KUJALA; SARNA;
KAPRIO, 2005). Além disso, a TC aparece como uma das lesdes por “overuse”’, no complexo
pé-tornozelo, mais reportadas em estudos epidemiologicos feitos com a populagdo de

atletas(Sobhani et al., 2013).

Em corredores, a TC aparece entre as lesdes por sobrecarga mais prevalentes
(JOHANSSON, 1986; MARTI et al., 1984). De fato, em uma revisao sistematica, foi
verificado que a TC, fascite plantar e estresse medial da tibia sdo as lesdes de maior
prevaléncia e incidéncia em corredores (Lopes et al., 2012). Em corredores de média e longa
distancia a incidéncia cumulativa durante toda a vida chega a 52% (Kujala et al., 2005).
Mesmo quando comparada a atletas de outros esportes, a prevaléncia de TC em corredores de
média e longa distancia ¢ a mais alta (Janssen ef al., 2018). A alta prevaléncia e incidéncia de
TC em corredores deixa claro a necessidade de se implementar estratégias que reduzam o

risco dessa lesdo nessa populacao.
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1.3.1 Diagnostico e Classificagdo da TC

A TC pode ser classificada de acordo com a regido afetada no tenddo. Uma
tendinopatia da por¢do média acontece quando a regido dolorosa esta entre 2 ¢ 6 cm da
inser¢ao, enquanto a tendinopatia insercional acomete o tenddo proximo de sua inser¢cao no
calcaneo (CLAIN; BAXTER, 1992). A tendinopatia insercional frequentemente coexiste com

outras desordens como a deformidade de Haglund e a bursite retrocalcanea (SELLA, 2005).

Em um estudo retrospectivo que teve como objetivo analisar as principais
complicag¢des no tratamento cirurgico da TC, foi visto que cerca de 24% dos pacientes com
diagnostico de TC tinham a lesdo na regido da inser¢do tendinea (PAAVOLA et al., 2000). A
classificagdo da lesdo quanto ao local acometido ¢ importante j& que, ao que parece, os fatores
etiologicos dessas duas entidades sdo diferentes e assim as opgdes de tratamento podem

diferir (SAYANA; MAFFULLI, 2005).

1.5 Fatores de risco e associacio com tendinopatia do calcaneo

1.5.1 Fatores bioldgicos

Os fatores de risco e de associagdo com TC englobam fatores sistémicos,
biomecanicos e de treinamento. Dentre os fatores sist€émicos associados com TC temos a
dislipidemia, diabetes e adiposidade (BATISTA et al., 2008; GAIDA et al., 2009a, 2009b). De
fato, individuos diabéticos apresentam alteragdes no tenddo do calcaneo mesmo na auséncia
de sintomas (BATISTA et al., 2008). Quanto a dislipidemia, foi verificado que individuos com

TC apresentavam maiores valores de triglicerideos séricos quando comparados com
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individuos sem historico de lesdo pareados pela idade, género e Indice de Massa Corporal

(IMC) (GAIDA et al., 2009a).

Além disso, uma revisdo sistematica conduzida pelo mesmo grupo de pesquisa
incluiu 18 artigos em sua andlise e verificou relacao positiva entre adiposidade ou obesidade
com a presenga de TC (GAIDA et al., 2009b). Os autores sugerem uma relacdo de
casualidade entre adiposidade e TC em que emergem uma hipdtese mecanica e uma sistémica
para explicar a relagdo. A hipotese mecanica defende que um aumento no peso pode gerar
sobrecarga no tenddo, enquanto que a hipotese sistémica considera uma adaptagdo estrutural

negativa no tenddo decorrente de uma alteragdo metabolica sistémica.

1.5.2 Fatores de treinamento

O papel das variaveis de treino no desenvolvimento de TC tem sido enfatizado por
varios autores (JARVINEN et al, 2005; KANNUS; NATRI, 1997; KVIST, 1994).
Surpreendentemente ndo existem estudos recentes que tenham avaliado a associagdo
longitudinal entre erros de treinamento e o desenvolvimento de TC especificamente. Em um
trabalho primario nesta tematica, James e colaboradores reportaram que cerca de 60% das
lesdes em corredores ¢ causada por erros de treinamento (JAMES et al., 1978). Em um outro
momento. que comparou as varidveis de treino reportadas por corredores com diagndstico de
TC e um grupo controle, foi visto que os atletas sintomaticos tinham maior tempo de treino e
percorriam maiores distincias nos treinos semanais (HAGLUND-AKERLIND; ERIKSSON,
1993).

No entanto, mais recentemente foi conduzida uma revisdo sistemdtica que
verificou resultados conflitantes entre erros de treinamento e o acometimento de Lesdes
Relacionada a Corrida (LRC); foi postulado que uma complexa interagdo entre a experiéncia
do corredor e as variaveis de treino entre si que podem ndo terem sido consideradas

(NIELSEN et al., 2012). Uma vez que a TC ¢ uma das lesdes mais prevalentes em corredores
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(JOHANSSON, 1986; LOPES et al., 2012; MARTI et al., 1988), é possivel que haja alguma

transferéncia desses dados para esta populagdo, no entanto mais pesquisas sao necessarias.

1.5.3 Fatores biomecanicos

Viarios fatores biomecanicos tém sido investigados como variaveis preditoras da
TC (Haglund-Akerlind e Eriksson, 1993; Mccrory et al., 1999; Azevedo et al., 2009;
Franettovich et al., 2014; Lorimer ¢ Hume, 2014; Habets et al., 2016; Becker et al., 2017;
Creaby et al., 2017; Ogbonmwan et al., 2018). Entre estes um fator comumente descrito ¢ a
pronacdo excessiva dos pés. Foi postulado que o movimento de pronacao excessiva pode
gerar uma rota¢do medial da tibia, levando um deslocamento medial do tenddo do calcaneo,
que somado a forcas de tor¢des podem gerar alteragdes degenerativas neste tecido

(CLEMENT; TAUNTON; SMART, 1984).

De fato, estudos transversais tém corroborado com esta teoria, evidenciando
aumento da amplitude ou do pico de eversdo de tornozelo em corredores com TC
(AZEVEDO et al., 2009; DONOGHUE et al., 2008; MCCRORY et al., 1999; RYAN et al.,
2009). Em contraste, estudo prospectivo (VAN GINCKEL et al., 2009) demonstrou aumento
da distribuicao lateral de forca no pé através da plataforma de pressao em pacientes com TC,
sugerindo uma pronag¢do diminuida do retropé apds o choque do calcaneo. Outro estudo
longitudinal, realizado em 2010 (DI CAPRIO et al., 2010) verificou que a incidéncia de TC
foi maior nos atletas com varo de retropé e pé plano. Devido o baixo poder de andlise de
causa-efeito dos estudos transversais e dos resultados contrastantes dos estudos prospectivos,
mais pesquisas sao necessarias para investigacao do efeito do alinhamento estatico e funcional

do pé em atletas corredores.

Assim como no alinhamento do pé, a alteracdo da for¢a dos musculos flexores
plantares de corredores tem sido associada com TC. O primeiro estudo a evidenciar esta
alteracdo foi conduzido em 1993 por Haglund-Akerlind e Eriksson que verificaram déficit no

torque excéntrico dos flexores plantares em corredores com TC (HAGLUND-AKERLIND;
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ERIKSSON, 1993). Mais tarde outro estudo transversal (MCCRORY et al., 1999) verificou
déficit no torque isocinético em corredores com TC, no entanto o estudo mais substancial,
pelo seu carater prospectivo, foi conduzido por Mahieu, ef al. (2006). Neste estudo constatou-
se que os sujeitos submetidos a um treino militar, que apresentavam um torque dos flexores
plantares menor que 50 N.m estavam mais susceptiveis a lesdo do tenddo do calcaneo. Uma
provavel explicacdo para este fendmeno ¢ que uma musculatura fraca possui um tendao

menos preparado para receber a carga e, portanto, maior risco de lesdo.

A Amplitude de Movimento (ADM) de dorsiflexdo do tornozelo parece ter um
papel importante no desenvolvimento da TC. Haglund-Akerlind e Eriksson mostraram a
associacao entre o déficit de dorsiflexdo sem descarga de peso com ou sem o joelho
flexionado e a TC (HAGLUND-AKERLIND; ERIKSSON, 1993). Anos depois, um estudo
coorte (MAHIEU et al., 2006) verificou uma tendéncia na relagdo de casualidade entre o
aumento da dorsiflexdo de tornozelo e o desenvolvimento de TC. Neste estudo os autores
supuseram que o aumento da ADM poderia levar ao aumento da carga excéntrica no tecido,
gerando sobrecarga no tenddo. Finalmente, anos depois, um estudo prospectivo (RABIN;
KOZOL; FINESTONE, 2014) corroborou com os dados do estudo de associacao de Haglund-
Akerlind ao verificar que o déficit de dorsiflexdo sem descarga de peso com joelho flexionado
aumenta as chances de se desenvolver TC. Neste caso, os autores postularam que o déficit de
dorsiflexdo pode levar a uma hiperpronagdo como compensagdo, ocasionando o aumento das

forcas de tor¢ao no tendao.

Recentemente tem se investigado as contribuigdes das alteragdes do quadril como
variaveis preditoras da TC. De acordo com a teoria das Cadeias Cinéticas (KARANDIKAR;
VARGAS, 2011) ¢ possivel que haja uma transferéncia das forcas que atuam no quadril para o
tornozelo. Desta forma, um movimento de adug¢do com rotagdo medial do quadril levaria a
uma rotagdo medial da tibia e por fim a uma pronacdao da articulagdo subtalar, gerando
sobrecarga no tendao do calcaneo (FRANETTOVICH SMITH et al., 2014). A evidéncia na
literatura ¢ discordante em relagdo a esta teoria. De fato se observa alteracdes da atividade
neuromuscular dos musculos estabilizadores do quadril (AZEVEDO et al.,, 2009;
FRANETTOVICH SMITH et al., 2014) em corredores com TC. Contudo, foi verificado que
apesar de apresentar fraqueza na musculatura extensora, rotadora externa e abdutora do

quadril (HABETS et al., 2017) os pacientes com TC ndo apresentam variacdo na cinematica
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desta articulagdo quando comparados com o grupo controle (CREABY et al., 2017; HABETS
et al., 2017) contrariando a teoria do valgo dindmico causando hiperpronacao e sobrecarga
tendinea. Portanto, fica claro a necessidade de mais estudos, sobretudo aqueles que

investiguem a interagdo das varidveis no desenvolvimento da TC.
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Study Design: Clinical Measurement, Cross-sectional

Background: Running-Related Injuries might impact health and economic burden in

runners. Achilles Tendinopathy (AT) is one of the most common running-related
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injuries sustained by runners. Local and non-local biomechanical factors have been

associated with AT and may affect Achilles tendon load in this population.

Objectives: Investigate, through Classification and Regression Tree analyses, the
contribution of ankle-foot complex and hip joint factors in the AT occurrence in

recreational runners.

Methods: 51 runners, 26 healthy and 25 with AT, participated in this study. Runners
who reported pain in the Achilles tendon area and expressed pain during Achilles
tendon palpation were included. Assessment of shank-forefoot alignment (SFA),
Weight Bearing Lunge Test (WBLT), passive hip Internal Rotation (IR) Range of
Motion (ROM), Hip External Rotators (ER) and Ankle Plantar Flexors (PF) isometric
strength were conducted. CART analyses were performed to assess interactions that

could distinguish those with AT.

Results: Interaction between passive hip internal rotation range of motion, shank-
forefoot alignment, ankle plantar flexors and hip external rotators isometric torque
were able to predict AT occurrence. The model correctly classified 92% of individuals
without AT and 72% of those with AT. The area under the Receiver Operating

Characteristic curve was 0.88 which was significantly different from 0.5.

Conclusion: Interactions between hip and foot clinical measures are capable of

accurately classify recreational runners with and without AT.

INTRODUCTION
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Running is one of the most popular sports worldwide *, and its popularity
continues to rise® 8. Adults start to run to improve health 2!, as running has a variety of
health benefits supported by the literature # 2" 2% % Despite its advantages, running
has a high incidence of injuries in recreational and novice runners ¢, which ultimately
impacts running participation and leads to an economic burden 2. Among Running-
related Injuries, the Achilles Tendinopathy (AT) emerge as one of most common

injuries sustained in this population 32,

Achilles Tendinopathy is a clinical syndrome characterized by swelling,
functional impairment and pain ® and is classified as insertional or mid-portion
tendinopathy depending on the affected area of the Achilles tendon 2. This injury has
a multifactorial etiology which hinders the understanding of the injury mechanism .
However, most theories agree that tendon overload has an important role in the
tendinopathy onset " °. Diverse biomechanical factors have been linked and might
have a role in AT development 2 3 2 18.22.37. 39. 55 For example, excessive subtalar
pronation is a factor that has been consistently investigated in runners 3 18243948 ' An
excessive pronation could increase the stress on the medial portion of the Achilles

tendon due to rearfoot eversion and tibial internal rotation 2.

A recent systematic review concluded that subjects with AT have increased
ankle eversion during gait . Foot pronation during dynamic activities are thought to
be affected by forefoot varus and ankle dorsiflexion limitation ¢ % 425 |n fact, it has
been previously shown that runners with increased forefoot varus have high forefoot
inversion range of motion (ROM) at the initial contact; thus, increased rearfoot
eversion during running #. In regards to limited ankle dorsiflexion, Rabin et.al.
showed that military recruits with dorsiflexion lower than 22° had greater risk of

developing AT. It was hypothesized that limited dorsiflexion could lead to a
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compensative movement at the subtalar joint which may result in excessive pronation

(GROSS, 1995).

Ankle Plantar flexors strength is another local biomechanical factor studied in
runners with AT?* 2 39 In fact, a performance deficits of this muscles has been
shown to occur in this population® %, Additionally, Achilles tendon experts consider
muscle strength and power as primary modifiable risk factors for AT#. Adequate
ankle plantar flexors strength is needed to absorb forces generated during stretch-
shortening cycles *’. In support of this claim, a systematic review found moderate
quality evidence that improved ankle plantar flexors neuromuscular performance is

associated with improved clinical outcomes in individuals with AT,

Hip biomechanics may also play role in the subtalar motion and impact
Achilles tendon stress. In fact, it has been shown a coupling motion between hip
Internal Rotation (IR) and rearfoot eversion. Additionally, passive hip Internal Rotation
(IR) ROM assessed clinically was able to predict rearfoot kinematics during gait =%
Indeed, it was postulated that hip IR may lead to shank IR which in turn may cause
pronation of foot-ankle complex®. Also, hip muscles strength may be altered in
runners with AT. Habets et. al. found decreased isometric strength of hip extensors,
abductors and external rotators in male athletes with AT 22, Given the coupling motion
between hip IR and rearfoot eversion % %2, one may speculate that strength deficits of
external rotators could influence ankle kinematics and impact Achilles tendon

loading.

According to complex systems theory, an injury might emerge from an
interaction between factors and how they might have a non-linear relationship with

the outcome 2. Recently, Mendonga et.al. (2018) have showed interactions and non-
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linear relationships which identified patellar tendinopathy occurrence in athletes, by
means of a Classification and Regression Tree (CART) analysis. This is a strong
statistical tool capable of handling complex data, which identifies interactions
between variables and produces an easy-to-interpret decision tree as output. To
date, no study has investigated biomechanical factors and their interactions with AT
using methods which identifies non-linear relationships. Therefore, the aim of this
study was to verify the contribution of ankle-foot complex and hip joint factors to AT

occurrence in recreational runners.
METHODS
PARTICIPANTS

We recruited two groups of participants: male and female recreational runners
with Achilles tendinopathy (case group) and a group of recreational runners without
the condition (control group). In both groups, participants had to be between 18 and
55 years old and run at least 15 kilometers a week to be included. Exclusion criteria
to either group comprised: history of injury in the past 6 months (other than AT in the
case group), history of lower limb surgery in any previous moment or have received
physical therapy treatment in the past 6 months. Participants who reported pain in
the Achilles tendon area and expressed pain during palpation were included in the AT
group. We chose these criteria since a previous study reported them to be reliable
and accurate %. We recruited participants from running competitions and events, and
through folders and banners published in social media. Runners who accepted to
participate in this study were assessed. The University’s Ethics and Research
Committee approved this study (CAAE - 7336.3471.2.0000.5108) and all participants

signed an informed consent form.
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PROCEDURES

Immediately following the group assignment, the participants answered a
questionnaire to provide demographic, sports participation and AT (in the AT group)
information (i.e. age, height, weight, BMI, week total volume training, running
experience, duration of symptoms, etc). Next, both groups completed the Brazilian
version of Victorian Institute of Sport Assessment-Achilles (VISA-A) questionnaire,
which characterizes the severity of symptoms of those with AT. The Brazilian version
of VISA-A is a validated tool to quantify pain and function among individuals
diagnosed with AT 2. It consists of a 8-item self-reported scale that can be easily
administered in the clinical practice #.. Then, participants were conducted to the
clinical measurements. Participants of the control group had their dominant limb
assessed while the individuals of the AT group had their symptomatic limb evaluated.

In case of bilateral AT, we assessed the most symptomatic limb.

The clinical measurements in this study included: Weight Bearing Lunge Test
(WBLT), Shank-Forefoot Alignment (SFA), Passive Hip Internal Rotation (IR) Range
of Motion (ROM), Isometric Torque of Ankle Plantar Flexors (PF) and Hip External
Rotators (ER). Before the start of the study, a pilot study was conducted to calculate
the Intraclass Correlation Coefficient (ICC), Standard Error of Measure (SEM) and
Minimal Detectable Change (MDC) of the variables. Three examiners were
responsible for the clinical measurements to allow a fast assessment and make the
evaluation more feasible. Seven participants were included in this pilot analysis.
Sample size, ICC intra- and inter-examiner, Standard Error of Measurement (SEM)

and Minimum Detectable Change (MDC) for each variable are described in Table 1.
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Ankle Dorsiflexion Range of Motion

Ankle dorsiflexion ROM in closed kinetic chain was measured via the WBLT
according to a previously published method %. The assessed foot was positioned over
a tape on the ground, used to align the second toe to the center of the heel (FIGURE
1a). Maintaining this position, subjects were asked to lunge forward in order to touch
the knee to a second line drawn on the wall without lifting the heel of the floor. The
rater placed a hand above the subject’s calcaneus to verify if it was lifted during the
test®. The participants were allowed to place their hands on the wall for balance.
Once the subject reached the maximum lunge distance, the rater placed an
inclinometer 15 centimeters below the tibial tuberosity to measure the angle. At least

five repetitions were performed until the maximum lunge angle was measured.
Shank-Forefoot Alignment

The SFA was measured according to the protocol developed by Mendonga
et.al. This measurement is a reliable and feasible way to assess the foot-ankle
complex alignment in athletes . The participants were asked to lay down in a prone
position with feet off the table. One point was marked at the posterior midpoint
between the tibial plateaus and other point was marked at the midpoint between the
malleolus posteriorly. To perform the shank bisection, the rater traced a straight line
connecting these two points with a flexible rule. Next, the rater placed a metallic rod
on the sole of the forefoot following the metatarsal heads direction. Then, the
examiner positioned the thigh of the participant in order to keep the posterior region
of the calcaneus facing upward. A second rater fixed the participant’s thigh in this
position. Additionally, the examiner used a goniometer to put the participant’s ankle in

90° of dorsiflexion and asked the runner to actively maintain this position. After the
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positioning procedure, a picture of the foot-ankle alignment was taken with a digital
camera placed in a support at 90° in relation to the foot-ankle complex (Figure 1b).
The steps from the ankle positioning to the picture taking were performed three
times. Finally, these images were analyzed in a software (SAPO) to calculate the
angle between the shank bisection line and the line parallel to the metallic rod
attached in the forefoot (Figure1c). A mean value was calculated from the three

angles of each photo previously taken.
INSERT FIGURE 1 HERE

Passive Hip Internal Rotation Range of Motion

Passive Hip IR ROM was measured as described by Carvalhais et.al. (2011)
17, The participant was putted in a prone-lying position with 90° of knee flexion in the
lower limb assessed. The examiner instructed the participant to stay relaxed to avoid
gluteal and hamstrings muscular contractions. The assessment wasn'’t initialized if
any sign of muscular contraction was noted. An inelastic strap stabilized the
participant at the pelvis level to avoid its rotation. After the instructions and
positioning procedures was done, the examiner allowed the hip to internal rotate
using one hand to keep the knee in the 90° position (Figure 2a). Once the maximum
hip internal rotation was reached (position defined by the weight of the leg and foot),
the rater measured it putting an inclinometer at a mark previously drowned at five
centimeters below the tibia tuberosity. Three measures were taken and the media

calculated to the statistical analyses.
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Isometric Strength

Isometric Strength of Ankle Plantar Flexors and Hip External Rotators were
measured with a handheld dynamometer (Lafayette Instrument Company, Lafayette,
Indiana, EUA). Participants performed four Maximal Voluntary Isometric Contractions
(MVIC) in each test. The first trial was to familiarization and the last three was
collected and the mean value was calculated to the statistical analyses. Each MVIC
lasted 5 seconds and 30 seconds of rest was given between trials. In both analyses,
verbal motivation was given by the evaluator to encourage participants push as hard
as they could. The values were in Kgf, converted in Newtons and then transformed in
Torque [Kgf x 9.8 x moment arm]. Finally, torque values were normalized by the

athlete’s body mass.

For the Isometric Plantar flexors strength measurement, athletes were
oriented to stay in prone-lying with the foot off the table and in a neutral position 2.
The dynamometer was placed at the metatarsal heads and stabilized with inelastic
straps to avoid the influence of the force generated by the assessor®® (Figure 2b).
Next, the participant was instructed to move his foot downward and apply maximal
force. In order to convert Newtons in Torque, the foot arm lever was quantified by
measuring the distance between the calcaneus posterior aspect and the first

metatarsal head®.

In the assessment of Isometric Hip External Rotators, athletes were seated

with their foot outside the table and with the arms crossing their chest!. The handheld
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dynamometer was putted in the tibia medial aspect five centimeters above de medial
malleolus (Figure 2c). One inelastic strap was placed around the handheld and a
second one around the tight of the assessed lower limb to avoid hip adduction. After,
the participants were instructed to external rotate their hip as hard as they could. To
permit Torque conversion, the distance between the medial femoral condyle and the

dynamometer center was measured and considered the arm lever.

INSERT FIGURE 2 HERE

Statistical Analyses

We performed the descriptive statistics of the following variables for data
characterization: VISA-A score, age, height, weight, sex, weight bearing dorsiflexion,
SFA, Ankle plantar flexors and Hip External Rotators normalized torque and Passive
Hip IR ROM. We choose the Classification and Regression Tree (CART) to analyses
the data. The CART is a robust analytic method that consider the non-linear
characteristic of the data® and it's potential to Interact with other variables to classify
a group 2. The CART splits the data from parent nodes to form subsets (sub nodes)
that are homogeneous and improves the data classification by searching the variable
that better identify each group?’. Additionally, it generates a graphical output along
with cut-off points that can easily be interpreted and applied by health professionals
in the clinical setting. In the present study, the CART model initialized with 51 athletes
in the first parent node. We configured the model to produce a partition when the
parent node had a minimum of 8 participants and the child notes had at least 4 while

a Gini index of 0.0001 was putted to amplify the node homogeneity. Additionally, we
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set up a maximum tree depth of 5 levels and selected the pruning method to
minimize overfitting. To assess the CART model accuracy, we generated a receiver-
operating characteristic (ROC) curve and set up an alpha level of 0.05 to test the
difference between the curve generated area and 0.5. Finally, we calculated the
prevalence ratios of each terminal node to have an estimation of the effect size found

in each association.

RESULTS

Fifty-one runners were recruited and came to the laboratory for the clinical
assessment. Of those, 26 (21 men and 5 women) were healthy and 25 (20 men and
5 women) had AT. From those diagnosed with AT, 12 had symptoms in the mid-
portion and 13 in the insertional region. This classification was based on the local of
symptoms; those with pain between 2 and 6 centimeters above the Achilles tendon
insertion was classified as mid-portion tendinopathy while those who reported pain at
the bone and Achilles tendon junction was classified as insertional tendinopathy®. The
demographic and anthropometrics characteristics of both groups are reported in the
Table 2. No differences were found between groups for age (p=0.99), height
(p=0.94), weight (p= 0.66), BMI (p=0.62), running experience (p=0.82) and weekly
training volume (p=0.47).

The CART analyses found passive hip IR ROM, Ankle PF Torque, SFA and
Hip ER Torque to be predictive of AT (FIGURE 3). Six different subgroups of
participants were produced with these variables to predict runners with and without
AT. The first variable selected was Hip IR ROM with a cut-off value of 29.33°. Those
with Hip IR ROM over 29.33° had more chance to be in the AT group (Terminal Node

2). In individuals with Hip IR ROM below this cut-off, the Ankle PF Torque entered in
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the model with 0.761 Nm/kg as the cut-off. The model found that the association of
Hip IR ROM below 29.33° and Ankle PF Torque below 0.761 identified runners
without AT (Terminal Node 3). When the Ankle PF Torque was above 0.761 Nm/kg,
SFA was the next variable to split the tree with a cut-off point of 5.53°. In this case,
runners without AT had Hip IR ROM <= 29.33°, ankle PF Torque > 0.76 Nm/kg and
SFA <= 5.53° (Terminal Node 5). For runners from the node with Hip IR ROM <=
29.33°, Ankle PF Torque > 0.76 Nm/kg, and SFA > 5.53°, Hip ER torque was added in
the model with a cut-off point of 0.61 Nm/kg . In this node, runners with Hip ER
torque below this value was identified with AT (Terminal Node 7). Finally, runners with
a Hip IR ROM <= 29.33°, Ankle PF Torque >0.76 Nm/kg , SFA >5.53, Hip ER > 0.61
Nm/kg and a Hip IR ROM <= 13.99° were identified in the AT group (Terminal Node
9). The risk or protective profiles associated with AT occurrence are illustrated in the

figure 4.

INSERT FIGURE 3 HERE

Prevalence Ratios (PR) of nodes 2, 3, 9 and 10 are described with its
Confidence Interval (Cl) in the TABLE 3. The PR of terminal nodes 5 and 7 was not
calculated since one of the two groups had not any participant. Therefore, only the
associations demonstrated in the terminal subnodes 2 and 9 were considered

statistically important.

INSERT FIGURE 4 HER

The CART Model classified correctly 92% of the participants from the control
group. To the AT group, the model was able to accurately classify 72% of the
participants. Therefore, this model had a total prediction percentage of 82.4% and the

Area under the ROC Curve was 0.88 (95% Confidence Interval: 0.78 — 0.97;
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standard error 0.048; p< 0.001) which was significant different from the null

hypothesis.
DISCUSSION

The purpose of this study was to verify the contribution of hip and foot factors
to AT occurrence in runners. The main finding was that interactions between foot and
hip factors might predicts AT occurrence in the runners. Passive Hip IR ROM, PF
Torque, SFA and ER Torque were able to distinguish runners with and without AT.
Also, the model showed a good accuracy to correctly classify runners according to AT
occurrence. These results also showed that different patterns may be related to the
same outcome, highlighting that runners with the same condition may have different

biomechanical profiles.

The first variable to appear in the model was passive HIP IR ROM. The
runners with more than 29.33° of passive hip IR ROM had an 130% increased
likelihood to have AT. It was proposed that increased hip IR ROM during running
could produce a twist action over the gastrocnemius muscle, leading to stress in the
Achilles tendon®’. In a previous cross-sectional study, Williams et.al. (2008) analyzed
the transverse plane motion of the tibia and knee during running in healthy runners
and in those with AT. Based on their results, the authors suggested that runners with
AT had a more internally rotated femur during running in comparison with healthy
runners. Despite these findings, previous studies did not show difference in hip IR

ROM either assessed clinically * ?* or through 3-D analyses during running (Creaby

et al., 2017) , between runners with AT and healthy controls. While these findings
may seem controversial, these results show no difference exists in hip IR ROM in

runners with and without AT, which do not exclude the possibility that some
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subgroups of patients with AT might have increased passive hip IR ROM as showed
our study. Also, the passive hip IR ROM alteration might be an adaptation adopted by
some runners with AT. In fact, Creaby et. al. (2017) showed that runners with AT
might experience differences in hip moments when compared to controls. One may

speculate that these distinct kinetics in hip joint might impact hip IR ROM.

In the terminal node 5, an interaction between lower passive hip IR ROM
(<29.33°), greater FP torque (>0.76) and lower SFA varus (< 5.53) was able to
accurately classify four runners without AT. We hypothesize that an adequate PF
torque allows the tendon-muscle unit to deal with stress, while a lower SFA varus
might be associated with reduced pronation during running. This interaction of
adequate individual capacity and reduced demand might be a protective profile for AT
development. In the terminal node 7, four runners with lower passive hip IR ROM,
adequate PF torque, but with greater SFA varus and reduced HIP ER torque
(<0.61Nm/kg) were identified with AT. Varus of SFA, in the presence of excessive
HIP IR, has been shown to predict rearfoot eversion®, while ER weakness may
increase hip IR during running . We speculate that the combination of increased
varus of SFA and reduced strength of ER might increase transverse plane motion of
the lower limb, thus adding strain to Achilles tendon. Despite its logical plausibility, no
conclusions can be made because the impossibility of Prevalence Ratio calculation

as well as the limited number of participants in terminals node 5 and 7.

The terminal node 9 showed the non-linear nature of the relationship between
passive hip IR ROM and AT occurrence. In this node, individuals with an adequate
PF Torque (>0.761 Nm/kg), increased varus of SFA (>5.53), adequate ER Torque (>
0.61 Nm/kg), but with importantly reduced passive hip IR ROM (<13.99°), had an

87% increased likelihood (PR= 1.875) of having AT. This biomechanical pattern may
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be a risk profile associated with AT. Interestingly, runners with increased passive hip
IR ROM (> 29.33; terminal node 2) or those with adequate PF torque, SFA alignment
and hip ER torque, but with passive hip IR ROM reduction (<13.99), had an
increased likelihood of having AT. These results suggest that intermediary values of
passive hip IR ROM could be optimal to runners when dealing with AT overload, and
due to different mechanisms, these contrasting findings might be associated with the
same outcome. We hypothesize that, while increased hip IR ROM might lead to AT
by increasing transverse stress in the Achilles tendon, a severe restriction on this
variable could increase leg stiffness, thus raising the braking forces during running,
which is a risk factor for AT 2. In fact, a systematic review found that leg stiffness has
a positive association with increased braking forces * during running, which might be
partially explained by a reduced hip IR ROM 2. Given that leg stiffness and braking
forces were not measured in our study, further studies are required to validate the

relationship between these variables and hip IR ROM in runners with AT.

Our study had some limitations. First, insertional and mid-portion Achilles
tendinopathy were not analyzed separately which may impact the generalization of
the results. Caution is needed in the extrapolation of these results to women, once
only a small part of the participants (19.6%) were female. Future studies should test
our cut-off points and interactions between variables and their predictive ability to
identify AT development. Moreover, prospective studies could analyze the cause-

effect relationship between clinical measures of hip and foot and AT.
CONCLUSION

The study showed that interactions between hip and foot clinical measures are

associated with AT occurrence in recreational runners. Specifically, interactions
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between passive hip IR ROM, SFA, PF torque and hip ER torque composed risk and
protective profiles for AT in this population. Clinicians should consider an individual
assessment of each runner given that subjects with the same condition might have

different biomechanical profiles.

TABLE 1. Description of the Intra and Inter-rater reliability, SEM and MDC
calculated on the pilot study.

Variable Intra-rater Inter-rater SEM MDC
reliability reliability

Weitgh 0.91 0.95 1.67 4.61
Bearing
Lunge Test
(°)
SFA(°) 0.94 0.92 1.13 3.13
Hip IR ROM 0.97 0.83 2.02 5.6
()
Ankle PF 0.96 0.96 0.03 0.07
ToBLE 2. Descriptive of independent variables, demographics and sport-
(Ratag pata
Masigtre MirgH1ax Sample * VGitbAT * Withogt AT*
Torque (n=51) (n=25) (n=26)
Aoe/k9) 19-55 35.94(8.84) 36.84(8.36) 35.07(9.36)
Body Mass 50-105 73.72(11.24) 73.90(11.65)  73.55(11.006)

fdehreviations: °= degree ; N= Newtons; m= meter; kg = kilograms; IR =
neégitalRptation ; RIOM-2.BAnge ofIMOBMER= Exterhd.Bthtor; PFAR&ATAr
Bidkors; SFA= ShaltkIForZ&st AlignaBhB(SEM= S2#B4(d. 8plor of Mibds(d<;)
RDTinylinimal Detect4t?8 Change 6.44(5.61) 6.70(5.48) 6.20(5.83)
Experience (y)

Weekly 1-7 3.86(1.37) 3.88(1.45) 3.84(1.31)

running

frequency

Weekly 15-100 38.13(19.05) 36.04(16.60)  40.15(21.27)
running

volume (km)

VISA-A 29-100 79.17(21.03) 62.52(17.04) 95.19(7.88)
Weigth 20-60 45.70(8.61) 44.80(10.27) 46.57(6.75)
Bearing Lunge

Test (°)

SFA(°) -5.26-26.86 12.63(7.21) 12.09(7.76) 13.16(6.7)

Hip IR ROM(°) 4-54.33 20.79(11.56) 23.80(13.49) 17.90(8.66)
Ankle PF 0.32-1.36 0.89(0.24) 0.92(0.24) 0.87(0.24)

Torque(Nm/kg)

Hip ER 0.35-1.82 0.76(0.22) 0.73(0.17) 0.79(0.25)

Torque(Nm/kg)

Abbreviations: Min= Minimum; Max= Maximum; AT= Achilles Tendinopathy; y=
Years; kg= Kilograms; m= Meters; BMI= Body Mass Index; Km= Kilometers; °=
degree; N= Newtons;

* Values are reported in mean and the Standard Deviation in parentheses:
mean (SD)
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TABLE 3. Prevalence Ration and its Cl 95% for each terminal mode of CART
model

Terminal node PR (95% CI)
Node 2 2.30 (1.49-3.56)*
Node 3 0.19 (0.03-1.25)
Node 5 }
Node 7 -
Node 9 1.87 (1.15 - 3.04)*
Node 10 0.57 (0.28 - 1.18)

In terminal node 5 and 7 PR was not possible to calculate since all athletes
were classified in just one group.

Abbreviation: PR: Prevalence Ratio; Cl= Confidence Interval

* Indicate statistical significance
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FIGURE 1. Quantification of ankle dorsiflexion range of motion (A); Position to shank-

forefoot assessment (B); Quantification of SFA angle with 2D software (C)
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FIGURE 2. Quantification of hip IR ROM (A); ankle Plantar Flexors strength assessment
(B); hip external rotators strength assessment




56

FIGURE 3. Classification and Regression Tree model for Achilles tendinopathy:.
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FIGURE 4. Factors and Profiles associated with Achilles Tendinopathy occurrence.
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4. CONSIDERACOES FINAIS

O objetivo desta dissertagao foi investigar as interagdes entre fatores clinicos do
quadril e tornozelo com a ocorréncia de tendinopatia do calcaneo em corredores recreacionais.

Desta forma, um estudo do tipo transversal, com o mesmo objetivo foi conduzido.

No estudo realizado, foi avaliado, por meio de uma abordagem baseada nos em
analises ndo-lineares, a associacdo entre variaveis biomecanicas locais ¢ nao-locais com a
ocorréncia de TC. Neste estudo, uma grande amplitude de movimento passiva de rotagao
medial do quadril foi capaz de classificar os corredores com TC. Além disto, as interagdes
entre amplitude de movimento passiva de rotagdo medial do quadril, forca muscular de
flexores plantares, alinhamento perna-antepé e for¢a muscular dos rotadores laterais do
quadril foi capaz de predizer os corredores com e sem TC. Interessantemente, a amplitude de
movimento passiva de rotagdo medial do quadril demonstrou um carater ndo-linear ja que foi
associada com a ocorréncia de TC tanto em amplitudes excessivas quanto em amplitudes

reduzidas.

Assim, o estudo identificou diferentes perfis de associagdo entre fatores
biomecanicos ¢ a ocorréncia de TC em corredores. Todos os fatores identificados sao
possiveis de serem avaliados no contexto clinico e sujeitos a modificagdo diante de uma
intervengdo especifica. Portanto, os profissionais que atendem pacientes com este perfil,
podem avaliar e tracar estratégias de prevencdo ou tratamento levando em consideragdao os

possiveis perfis biomecanicos encontrados neste estudo.
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APENDICE A - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

INOMEE : .ottt e e e e e e eeee ettt e—eeeeeeee ettt et tetettar i ————————

DOCUMENTO DE IDENTIDADE N°: ..ottt SEXO: Mo F o
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Vocé esta sendo convidado pela professora Luciana De Michelis Mendonga como
participante da pesquisa intitulada “Identificacao dos fatores preditores e suas interagdes para
o desenvolvimento de Tendinopatia do Calcaneo em corredores” POR SER CORREDOR DE
RUA COM VOLUME SEMANAL MINIMO DE 15 QUILOMETROS E APRESENTAR
TENDINOPATICA DO CALCANEO OU AUSENCIA DE HISTORICO DE LESAO NOS
ULTIMOS TRES MESES. Vocé ndo deve participar contra sua vontade. Leia atentamente as
informagdes abaixo e faca qualquer pergunta se desejar, para que todos os procedimentos da
pesquisa sejam esclarecidos.

Esta pesquisa tem como objetivo identificar os fatores preditores de membros
inferiores e suas interacoes para o desenvolvimento de Tendinopatia do Calcaneo em
corredores. Desta forma sera proposito da pesquisa verificar a contribui¢do de fatores
biomecanicos como amplitude de movimento do tornozelo, for¢a e flexibilidade dos musculos
da perna e alinhamento dos membros inferiores para o desenvolvimento de tendinopatia de
calcaneo em corredores.

Para a avaliagdo da for¢ca da musculatura do quadril vocé devera realizar elevagdo e
rotacdo da perna com o maximo de for¢a possivel enquanto permanece sentado ou deitado
sobre a maca. Da mesma forma durante a avaliacdo da for¢a dos musculos do tornozelo vocé
devera realizar méxima contragao para abaixar o pé enquanto estiver deitado sobre a maca
com a barriga para baixo. Durante a avaliacdo da flexibilidade muscular vocé deitara sobre a
maca e o seu pé sera colocado passivamente na maxima amplitude em duas posi¢des distintas,
uma com joelho flexionado e outra com joelho extendido. Posteriormente a maéxima
amplitude do seu tornozelo sera mensurada enquanto vocé€, em pé, inclina o corpo a frente
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sem tirar o calcanhar do chdo. Por fim para mensurar o alinhamento entre sua perna e pé sera
mensurado fotos serdo tiradas dos seus membros inferiores enquanto vocé permanece deitado
sobre a maca. OS PARTICIPANTES COM TENDINOPATIA DO CALCANEO
RESPONDERAO AINDA UM QUESTIONARIO PARA AVALIAR A GRAVIDADE DA
LESAO.

As medidas escolhidas para a avaliacdo dos participantes a ndo trardo danos emocionais ou
morais. E possivel que os testes de forgas gerem cansago ou dor muscular tardia. Caso
apresente qualquer dano no sistema muscular apos a avaliagdo vocé serd imediatamente
encaminhado para tratamento que serda fornecido pelos pesquisadores e consistira em
aplica¢do de técnincas adequadas (aplicacdo de calor, gelo, alongamento e uso de s recursos
manuais) para a condigdo apresentada. AO RESPONDER O QUESTIONARIO E POSSIVEL
QUE HAJA ALGUM CONSTRANGIMENTO. PARA MINIMIZAR QUALQUER
DESCONFORTO O QUESTIONARIO SERA APLICADO EM UM SALA RESERVADA E
VOCE PODERA RECUSAR RESPONDER QUALQUER PERGUNTA. POR FIM, EXISTE
O RISCO DE SUA

Local e data / / /

Assinatura do voluntario:

Assinatura do pesquisador:

IDENTIFICACAO QUE SERA MINIMIZADO ATRAVES DA UTILIZACAO DE UM
CODIGO NUMERICO PARA CARACTERIZACAO DOS PARTICIPANTES.

A qualquer momento vocé pode desistir de participar e retirar o seu consentimento.
Sua recusa ndo trard nenhum prejuizo em sua relagdo com os pesquisadores ou com a
instituicao — Universidade Federal do Ceara (UFC).

Os resultados desta pesquisa trardo beneficios indiretos para vocé, uma vez que
auxiliard a populagdo de corredores na indicacdo do perfil de atletas que tém maior chance de
desenvolver tendinopatia de calcaneo. Com essa informagdo em maos os profissionais de
educacao fisica e fisioterapeutas poderao propor estratégias de prevengao nesta populagao.
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0S DADOS OBTIDOS ATRAVES DESSA PESQUISA SERAO DIVULGADOS
MAS O SIGILO SOBRE SUA IDENTIFICACAO SERA ASSEGURADO. Vocé recebera
uma copia deste termo onde constam o telefone e o endereco do responsavel pela pesquisa,
podendo tirar suas duvidas sobre o projeto de pesquisa e de sua participacdo, agora ou a
qualquer momento.

Em caso de davida entrar em contato com o pesquisador responsavel:

Declaro que estou ciente dos procedimentos e que todos os dados e informagdes por
mim concedidos serdo totalmente sigilosos, ndo sendo revelada de forma alguma a minha
identificacdo.

Declaro que, ap6s convenientemente esclarecido pelo pesquisador e ter entendido o
que me foi explicado, consinto em participar da presente pesquisa.

Local e data / / /

Assinatura do voluntario:

Assinatura do pesquisador:

Pesquisador Responsavel: Prof Dr. Luciana De Michelis Mendonca

Telefone: 31 9 88882945

Endereco: lucianademichelis@yahoo.com.br

Comité de Etica em Pesquisa

Endereco: Campus JK — Prédio da Reitoria — Rodovia MGT 367 — Km 583, n° 5000 — Alto da
Jacuba — Diamantina/MG_



70

CEP: 39100-000
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Coordenador: Prof. Dr. Disney Oliver Sivieri Jinior
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Titulo da Pesquisa: Identificacdo dos fatores preditores e suas interagdes para o desenvolvimenio de
Tendinopatia do Calcdneo em comedores.
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Numero do Parecer: 2.6877.630

Apresentagao da Notificagao:

Titulo da Pesquisa: |dentificagio dos fatores preditores e suas interagdes para o desenvolvimento de
Tendinopatia do Calcdneo em comedores

Objetive da Notificagao:

Envio de relatoric parcial.

Avaliagao dos Riscos e Beneficios:
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