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ARTIGO ORIGINAL 1 - PUBLICADO NA AMERICAN JOURNAL
OF ROENTGENOLOGY (AJR 2011; 196:W61-W65)

Ressonancia Magnética de joelho em adolescentes jogadores

de futebol assintomaticos: um estudo controlado

RESUMO

OBJETIVO: O joelho é a articulacao mais frequentemente lesada durante a
pratica de futebol por jovens atletas com idade entre 12 e 15 anos. A
ressonancia magnética (RM), por sua vez, € um método de imagem bastante
acurado no diagnéstico de lesbes relacionadas ao esporte. O objetivo deste
estudo transversal de casos e controles foi avaliar os joelhos de jogadores de
futebol adolescentes assintométicos utilizando uma ressonancia magnética de
campo aberto.

METODOS: Foram avaliados 56 joelhos de 28 adolescentes assintomaticos do
sexo masculino com idade entre 14 e 15 anos. Os patrticipantes foram divididos
em dois grupos pareados por idade e peso: jogadores de futebol (28 joelhos) e
controles (28 joelhos). Todos os exames foram realizados em uma RM de
campo aberto com 0.35 tesla e avaliados por dois radiologistas experientes,
cegados para os 2 grupos em estudo. As seguintes anormalidades forma
acessadas: derrame articular; edema d&ésseo medular; e anormalidades
meniscais, ligamentares, tendineas e cartilaginosas.

RESULTADOS: No grupo de jogadores de futebol, 18 joelhos (64,2%) tinham
uma ou mais alteracées a RM, sendo que, no grupo controle, apenas nove
joelhos (32,1%) tiveram uma ou mais anormalidade (p = 0,003). A prevaléncia
de edema désseo medular foi maior no grupo de jogadores de futebol (14
joelhos, 50%), sendo detectada em apenas um joelho (3,5%) do grupo controle
(p = 0,0001). Outras alteragcbes de imagem sem diferenca estatistica
significativa foram encontradas nos dois grupos: edema coxim adiposo
infrapatelar, cistos popliteos e cistos gangliénicos.

CONCLUSAO: Edema 6sseo medular ¢ uma anormalidade prevalente
encontrada na RM de joelho de jovens atletas jogadores de futebol. Os achados
de RM devem ser interpretados com cautela e com estreita correlagéo clinica.

PALAVRAS-CHAVE: Edema, Estudos de Casos e Controles, Adolescente,
Traumatismos do Joelho, Imagem por Ressonancia Magnética, Futebol,
Medicina Esportiva.




MRI of the Knee Joint in Asymptomatic Adolescent Soccer

Players: A Controlled Study

ABSTRACT

OBJECTIVE: The knee is the joint that is most frequently injured in boys 12—-15
years old who practice soccer, and magnetic resonance imaging (MRI) is an
accurate method of diagnosing sports-related injuries. The objective of this
cross-sectional case-control study was to evaluate the knees of asymptomatic
adolescent soccer players using open MRI.

METHODS: We evaluated 56 knees of 28 asymptomatic male adolescents 14—
15 years old. Participants were divided into two groups and paired by age and
weight: soccer players (28 knees) and control subjects (28 knees). All the
examinations were performed using a 0.35-T open-field MRI unit and were
evaluated by two experienced radiologists blinded to study groups. The following
abnormalities were evaluated: joint effusion; bone marrow edema; and
meniscus, ligament, tendon and cartilage abnormalities.

RESULTS: In the group of soccer players, 18 knees (64.2%) had one or more
MRI abnormalities, whereas in the control group nine knees (32.1%) had at least
one MRI abnormality (p = 0.003). The prevalence of bone marrow edema was
much greater in the group of soccer players (14 knees, 50%), whereas the same
abnormality was found in only one knee (3.5%) in the control group (p = 0.0001).
Other abnormalities that were not statistically significant with regard to study
group were also found in the two groups: infrapatellar fat pad edema, popliteal
cysts, and ganglion cysts.

CONCLUSION: Bone marrow edema is a prevalent abnormal finding on MRI
scans of knees of asymptomatic adolescent soccer players. MRI findings should
be interpreted cautiously and in close correlation with clinical findings.

KEYWORDS: Edema, Case-Control Studies, Adolescents, Knee Injuries,
Magnetic Resonance Imaging, Soccer, Sports Medicine




ARTIGO ORIGINAL 2 - PUBLICADO NA BRITISH JOURNAL OF
SPORTS MEDICINE, 2011

Ressonancia Magnética de joelho em adolescentes nadadores
de elite assintomaticos: um estudo controlado

RESUMO

OBJETIVO: A natacédo € uma atividade esportiva amplamente difundida, sendo
considerada uma forma ideal de exercicio, com pouco ou nenhum impacto
sobre os joelhos. No entanto, lesbes por microtrauma repetitivo ou uso
excessivo podem frequentemente afetar a articulacdo do joelho de jovens
atletas nadadores de nivel competitivo. As lesdes iniciais geralmente sao
assintomaticos por um periodo de tempo consideravel antes de causarem
desconforto ou dor articular. O objetivo do presente estudo foi avaliar por
ressonancia magnética (RM) os joelhos de jovens atletas assintomaticos
nadadores de elite e compara-los com um grupo controle pareado por idade e
peso, que ndo pratica nenhum esporte de impacto regularmente.

METODOS: Realizamos um estudo transversal controlado para avaliar 54
joelhos de 27 adolescentes assintomaticos com 14 a 15 anos de idade,
pareados por idade e peso. Os participantes foram divididos em dois grupos: 13
atletas nadadores de elite e 14 controles. Todos os exames foram realizados
em uma RM de campo aberto com 0.35 tesla e avaliados por dois radiologistas
experientes, cegados para os 2 grupos em estudo. As seguintes anormalidades
forma acessadas: derrame articular; edema ésseo medular; e anormalidades
meniscais, ligamentares, tendineas e cartilaginosas.

RESULTADOS: Um ou mais achados de imagem anormais foram detectados
em 18 joelhos do grupo de nadadores (69,2%, p = 0,013). Os achados mais
prevalentes nos atletas de natacdo foram edema do coxim gorduroso
infrapatelar (53,8%, p = 0,049), seguido de edema da medula 6ssea (26,9%, p =
0,022), edema da gordura pre-femoral (19%, p = 0,022) e derrame articular
(15,3%, p = 0,047).

CONCLUSAO: A prevaléncia de anormalidades de imagem detectadas pela
RM foi significativamente maior nos joelhos dos adolescentes nadadores de
elite. Esta alta prevaléncia de achados de imagem positivos em nadadores de
elite assintomaticos pode corresponder a alteragdes benignas ou lesdes pré-
clinicas, que devem ser melhor avaliadas em um estudo longitudinal de
seguimento.

PALAVRAS-CHAVE: Edema, Estudos de Casos e Controles, Adolescente,
Traumatismos do Joelho, Imagem por Ressonancia Magnética, Natacao,
Medicina Esportiva.




Magnetic Resonance Imaging of the knee in asymptomatic

adolescent swimmers: a controlled study.

ABSTRACT

OBJECTIVE: Swimming is a widespread sporting activity generally regarded as
an ideal form of exercise, which has little or no impact on the knees. However,
overuse or repetitive microtrauma injuries may often affect the knee joint of
young competitive swimmers. These early lesions are frequently asymptomatic
for a considerable period of time before causing discomfort or joint pain. The aim
of the present study is to use MRI to evaluate the knee joints of asymptomatic
young elite swimmers, comparing them to age and sex-matched controls that do
not practice any impact sports regularly.

METHODS: We perform a cross-sectional controlled study to evaluate 54 knees
of twenty-seven asymptomatic male adolescents aged 14 to 15 years, paired by
age and weight. Participants were divided in two groups: 13 elite swimmers and
14 control adolescents. We performed all the exams using a 0.35-Tesla open-
field MRI unit and evaluated by 2 experienced radiologists blinded to study
groups. The following abnormalities were evaluated: joint effusion; bone marrow
edema; and meniscus, ligament, tendon and cartilage abnormalities.

RESULTS: One or more imaging abnormalities were detected in 18 knees in the
group of swimmers (69.2%; p=0.013). The most prevalent findings in the
athletes were infrapatellar fat pad edema (53.8%; p=0.049), followed by bone
marrow edema (26.9%; p=0.022), edema of prefemoral fat pad (19%; p=0.022)
and joint effusion (15.3%; p=0.047).

CONCLUSION: Significantly more MRI abnormalities were found in the knee
joints of asymptomatic adolescent elite swimmers. This high prevalence of
positive imaging findings in swimmers may correspond to benign changes or
pre-clinical lesions, which should be evaluated in a follow-up study.

KEYWORDS: Edema, Case-Control Studies, Adolescents, Knee Injuries,
Magnetic Resonance Imaging, Swimming, Sports Medicine
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1 REFERENCIAL TEORICO

1.1 INTRODUCAO

Durante as ultimas décadas, a pratica de esporte e de atividades fisicas
tem se tornado extremamente popular. A crescente participacao de criangas e
adolescentes em esportes competitivos tem acarretado uma alta incidéncia de
lesbes osteoarticulares em um esqueleto ainda imaturo e ndo preparado para
suportar treinamentos rigorosos de um atleta de elite. Esta sobrecarga
estrutural aliada a pouca habilidade e baixo nivel técnico iniciais tem um
impacto significativo sobre o sistema locomotor, sendo o joelho e o tornozelo as
articulacbes mais acometidas.”? Nos jovens atletas de elite,
independentemente da modalidade esportiva, existem dois tipos ou
mecanismos principais de lesdo: a lesdo traumatica aguda e a lesdo por uso
cronico excessivo do sistema musculoesquelético ainda imaturo, denominada
lesdo por overuse.>® Lesdes traumaticas agudas séo por definicao resultado de
um evento agudo identificavel, causado por uma forgca desproporcional que, na
maioria das vezes, produz sintomas imediatamente. Em contraste, lesées por

overuse sao causadas por traumas de repeticio sem um evento agudo
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identificavel, que excedem a capacidade de recuperacao do esqueleto, sendo

pouco associadas a sintomas.” 8

O presente estudo, por incluir apenas atletas de futebol assintomaticos
com 14 e 15 anos de idade, tem por objetivo estudar preferencialmente lesées
por overuse, visto que a grande maioria das lesdes traumaticas agudas produz
sintomatologia articular imediata, no momento do trauma. Portanto, o enfoque
do presente trabalho é ampliar o conhecimento sobre as lesées osteoarticulares
assintomaticas, relacionadas ao uso crénico excessivo do joelho por atletas de

futebol oriundos de um clube profissional de Porto Alegre.

1.2 FISIOLOGIA DO FUTEBOL DE ALTO NiVEL

O desempenho do atleta que pratica futebol de alto nivel é influenciado
por diversos fatores, tais como biomecéanica do movimento, técnica, tatica,
desenvolvimento mental e fisico. Esforcos para melhorar o desempenho do
jogador de futebol durante treinamentos s&o concentrados principalmente na
técnica e na tatica, porém sao diretamente dependentes do preparo e da
resisténcia fisica do atleta. Durante uma partida de futebol, o atleta percorre
cerca de 10 a 12 quildmetros, intercalando atividades aerébicas e anaerdbicas
com periodos de repouso e de extrema atividade fisica, onde utiliza 80 a 90%

de sua capacidade aerébica maxima a cada 90 segundos aproximadamente.® '°
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Durante 90 minutos, o jogador necessita correr, saltar, chutar, combater o
adversario, mudar de direcdo abruptamente, acelerar, desacelerar, sustentar
contragcoes para manter seu equilibrio e controlar a bola para superar seu
oponente. Para atingir este alto desempenho, o atleta é submetido a
treinamentos rigorosos e complexos, que visam aumentar a capacidade

aerdbica, aperfeicoar fundamentos basicos do futebol, melhorar a habilidade e

simular situagdes reais de jogo.

O emprego de métodos de treinamento corretos e balanceados,
adaptados a capacidade fisica, estrutural e mental de cada atleta, é de extrema
importancia para alcancgar alto desempenho e, consequentemente, progredir
técnica e taticamente. Atletas de futebol bem preparados do ponto de vista
técnico, fisico e mental sdo menos propensos a desenvolverem lesbes
musculoesqueléticas, visto que suportam melhor a sobrecarga de exercicios e
conseguem evitar lesées.® Outro fator essencial na prevencdo de lesdes é
saber contrabalancar a quantidade e a intensidade dos treinamentos com o
tempo de recuperacdo entre as atividades fisicas ou partidas de futebol,
objetivando evitar lesées por overuse, muito comuns em jogadores de futebol

jovens e imaturos do ponto de vista musculoesquelético.'
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1.3 LESOES DE JOELHO NO FUTEBOL COMPETITIVO

De maneira geral, considerando os esportes competitivos de alto impacto
articular, existe uma proporcdo de duas lesées traumaticas agudas para cada
lesdo por overuse.? Estudos avaliando apenas jogadores de futebol de elite
com idade inferior a 18 anos tém demonstrado uma incidéncia ainda maior de
lesbGes traumaticas agudas comparativamente as lesées por overuse. Baxter-
Jones et al, avaliando prospectivamente jogadores de futebol de elite com idade
inferior a 16 anos, encontrou lesdes traumaticas agudas em cerca de 80% dos
atletas, sendo o joelho o local mais acometido. Em contraste, lesdes por
overuse foram descritas em apenas 20% dos jogadores de futebol deste
estudo, sendo, porém, de maior severidade quando comparadas as lesbes
traumaticas agudas.” Recentemente, Brink et AL, em estudo longitudinal
semelhante demonstrou uma menor discrepancia entre lesdes agudas e lesbes
por overuse (62% versus 38%, respectivamente)® Resultados similares foram
obtidos com jogadores de elite adultos, observando-se 73% de lesbes agudas
versus 27% de lesdes por overuse, sendo o joelho o terceiro local mais
acometido.' Por fim, Ekstrand et AL, em grande estudo de coorte que avaliou
31 times da liga profissional européia de futebol, ratificou os achados prévios
(69% de lesbes agudas versus 31% por overuse, apontando o joelho como

segundo local mais lesado.®

As lesdes traumaticas agudas, bastante conhecidas no meio cientifico e

extremamente comuns durante a pratica recreativa ou competitiva de futebol
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por criangas e adultos, sdo caracterizadas por sintomas articulares imediatos e
por um fator causal bem definido. Em contrapartida, as lesées por overuse,
muito discutidas e estudadas atualmente na literatura médica, devido ao
aumento progressivo da pratica de esportes competitivos, € um tipo especial de
lesdo que tende a ocorrer em atletas de elite, especialmente em jovens
iniciantes, como é o caso dos jogadores de futebol juniores. Em geral, as lesdes
por overuse sdo muito comuns durante treinamentos intensos e frequentes de

futebol'®

assim como em atividades esportivas que empregam movimentos de
repeticao, tal como na natacao de alto nivel. Estas lesdes de instalagdo crénica
e insidiosa resultam de um alto estresse fisiolégico sobre um esqueleto ainda
imaturo, incapaz de absorver e recuperar adequadamente os repetidos
microtraumas que o joelho do jovem atleta de futebol é submetido.5 ' 1718 e
Gall et al, em estudo longitudinal de 10 anos avaliando adolescentes franceses,
jogadores de futebol de elite, demonstrou que lesées por overuse tém uma
certa preferéncia por atletas mais jovens, com idade inferior a 14 anos, visto
que estes individuos possuem um esqueleto mais imaturo e estdo mais
propensos a lesdes relacionadas ao crescimento 6sseo.'® O mesmo estudo
ainda constatou que atletas com idade inferior a 14 anos apresentaram lesdes
de maior gravidade e em maior numero, especialmente durante treinamentos,
enquanto que, no grupo de jogadores mais velhos, as lesées de joelho foram
menos graves e ocorreram mais comumente durante partidas de futebol.

Segundo os autores, essa diferenca pode ser explicada pelo treinamento

excessivo para a idade, pela fragilidade da estrutura 6ssea do atleta mais
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jovem, pela menor coordenagdo motora e menor capacidade de evitar lesdes
ou pela sua técnica menos apurada, predispondo conseqientemente a um

nimero maior numero de lesoes.

1.4 DIAGNOSTICO POR IMAGEM DAS LESOES ASSINTOMATICAS DE

JOELHO NO ESPORTE DE ALTO IMPACTO

Os métodos de imagem utilizados por muitas décadas para a avaliagao
do sistema musculo-esquelético foram a radiografia convencional e a
cintilografia. Mais recentemente, a ultrassonografia e a ressonancia magnética
foram incluidas nos protocolos diagnésticos para avaliagdo das lesGes
relacionadas ao esporte.’® A ressonancia magnética (RM) é uma modalidade
diagnéstica sem radiagdo ionizante, com alto detalhamento anatémico,
amplamente utilizada para acessar o sistema musculoesquelético e que possui
alta acuracia no diagnéstico de patologias do joelho, tais como contusdo 6ssea,
derrame articular, lesdo ligamentar, cartilaginosa e tendinea.?>?® Devido a sua
alta acuracia para avaliagao do joelho, alguns cirurgides ortopédicos de grandes
centros tém preferido a RM como método diagnédstico pré-cirurgico de escolha,
deixando a artroscopia diagnéstica em plano secundario.?* Além disso, a RM
tem demonstrado alterar o raciocinio diagnéstico e o planejamento terapéutico

nos traumas agudos de joelho, muito comuns durante a pratica esportiva
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recreativa ou competitiva, possibilitando uma redugdo no numero de
procedimentos artroscopicos desnecessarios € um aumento na acuracia

diagnéstica.?®

O crescente avango tecnoldgico na area de diagnostico por imagem néo-
invasivo, em especial a RM, juntamente com o acesso facilitado da populacéo a
estas novas tecnologias, tem ocasionado um aumento significativo na
frequéncia de achados de imagem anormais em individuos assintomaticos. Em
atletas e individuos que praticam esporte regularmente, estudos tém mostrado
uma alta prevaléncia de lesdes musculoesqueléticas assintomaticas detectadas
incidentalmente, cujo significado clinico e potencial evolutivo ainda séao
incertos.?*?®?® Estudos semelhantes que avaliaram o joelho de atletas
assintomaticos adultos, incluindo jogadores de basquetebol, ginastas e
maratonistas, encontraram também uma ampla variacdo na prevaléncia de
achados de imagem positivos na RM.?**' O conhecimento das anormalidades
de imagem que podem ocorrer sem sintomatologia clinica € de extrema
importancia para o manejo adequado do esportista, visto que torna factivel a
detecgdo precoce de alteracdes articulares ainda incipientes e reversiveis.*
Durante a avaliagdo por imagem de um atleta de elite assintomatico, é
importante ressaltar que a subvalorizacdo de alguma lesdo potencialmente
deletéria ou a implementacdo de um tratamento ou intervengdo cirargica
desnecessaria pode acarretar danos irreparaveis a sua carreira.’> Nesse
sentido, a avaliagdo rapida e precisa de possiveis lesbes assintomaticas,

detectadas incidentalmente pela RM, € de crucial importancia e tem por objetivo
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a prevengéo, diagnostico e tratamento precoces destas lesées osteoarticulares

ainda em estégio inicial.

1.5 ACHADOS ANORMAIS NA RESSONANCIA MAGNETICA DE JOELHO EM

JOGADORES DE FUTEBOL E ATLETAS DE ELITE ASSINTOMATICOS

As seguintes anormalidades de imagem podem ser observadas no joelho

de atletas de elite assintomaticos:

a) Edema ésseo:

Até onde se sabe, ndao foram publicados estudos utilizando RM para
avaliar a presenca de edema ésseo nos joelhos de jogadores de futebol
assintomaticos. Entretanto, o edema 6sseo, detectado incidentalmente através
da RM, tem sido descrita em outras modalidades esportivas de alto nivel ha

mais de 20 anos.?83334

Este achado anormal, observado em atletas
assintomaticos pela RM, tem despertado a atencdo da comunidade cientifica
sobre a relagcdo existente entre estas alteragdes de imagem e a presenca ou
auséncia de dor articular em esportistas. Em estudo conduzido por Major et al,?®

avaliando o joelho de jogadores de basquetebol assintomaticos antes do inicio
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da temporada de competicées, demonstrou areas de edema 6sseo em mais de
40% dos individuos avaliados. Segundo os autores, este achado incidental de
edema 6sseo provavelmente esta relacionado a transmissdo de carga axial
através dos meniscos para o 0sso subcondral, resultando em microfraturas e/ou
contusdes Osseas. Outros autores relacionaram o edema 6sseo a presenca de
hemorragia, edema désseo ou liquido, achados que também podem ser
encontrados em diversas patologias acometendo o joelho.®® Este tipo de edema
0sseo (figuras 1 e 2) esta geralmente associado a lesdo de joelho por overuse,
comum em atletas jovens assintomaticos e jogadores de futebol de alto nivel.
Além disso, este edema 06sseo sem dor pode, em alguns casos, evoluir
desfavoravelmente para fratura de estresse (figura 3), principalmente naqueles
atletas de elite que persistem com treinamentos rigorosos, sobrecarregando

sobremaneira as articulagdes dos joelhos.
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Figura 1 - Atleta assintomatico: Imagem coronal STIR mostrando edema 6sseo
no condilo femoral medial. Fonte: Soder et al, AJR 2011

Figura 2 - Atleta assintomatico: Imagem axial STIR mostrando edema ésseo na
patela. Fonte: Soder et al, AJR 2011
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Figura 3 - Atleta assintomatico: Imagem coronal STIR mostrando hipersinal linear
no plato tibial, sugerindo fratura de estresse. Fonte: Soder et al, AJR
2011

b) Anormalidades nos Coxins Gordurosos:

Nao existem trabalhos na literatura utilizando RM de joelho para avaliar
alteragdes nos coxins gordurosos em atletas de futebol assintomaticos. A
maioria dos estudos disponiveis que avaliaram os coxins gordurosos por RM
examinaram individuos com dor anterior no joelho.*** Anormalidades da
gordura prefemoral tém sido descritas em atletas e ndo atletas.®® *” Na RM,
alteracbes no coxim gorduroso prefemoral estdo relacionadas a sinal de
gordura, sinal intermediario (similar a intensidade de sinal do musculo ou
cartilagem) e sinal de liquido. Acredita-se que exista um pingamento da gordura
prefemoral durante a extensdo do joelho, da mesma forma como ocorre com a
gordura infrapatelar em atletas. Foi demonstrada associac¢ao significativa entre
dor anterior no joelho e hipersinal em T2 da gordura quadricipital, ao nivel do

recesso suprapatelar (figura 4).%’




Referencial Tedrico 26

Anormalidades da gordura infrapatelar de Hoffa podem ser causadas
pelo pingcamento durante os movimentos repetidos de flexdo e extensdo do
joelho, por lesdes secundarias a injaria/ruptura ligamentar ou por trauma
direto.® Estas alteragdes comumente sdo acompanhadas por dor no
compartimento anterior do joelho e aumento de volume na regiédo infrapatelar.
Nas imagens de RM, pode-se observar hipersinal da gordura de Hoffa, com ou
sem derrame articular associado (figura 5). Outra localizacdo possivel do
edema dos coxins gordurosos € na porcao supero-lateral da gordura
infrapatelar (figura 6). Neste caso, além das causas supracitadas, o edema
nesta topografia também pode ser explicado pelo mal-alinhamento da patela em
relacdo a tréclea femoral, o que levaria a uma instabilidade fémoro-patelar
transitoria, com consequente pingamento da porgcédo lateral e superior da

gordura de Hoffa.*

Figura 4 - Imagem sagital ponderada em DP com saturacao de gordura
mostrando aumento de volume e edema da gordura quadricipital.
Fonte: Roth et al, AJR 2004
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Figura 5 - Imagem sagital ponderada em T2 com saturagao de gordura mostrando
espessamento e edema da gordura de Hoffa (setas). Fonte: Saddik et al,
Skeletal Radiol 2007

Figura 6 - Atleta assintomatico: Imagem sagital STIR mostrando edema da
porcao supero-lateral da gordura de Hoffa (seta). Fonte: Soder et al,AJR
2011




Referencial Tedrico 28

c) Derrame articular:

Até o presente estudo, nenhum trabalho avaliou a presenca de derrame
articular em jogadores de futebol assintomaticos. Apenas o estudo conduzido
por Major et al descreveu derrame articular nos joelhos de atletas de
basquetebol assintomaticos pela RM, tendo observado uma prevaléncia de 35%
desta alteracdo nos jogadores estudados. Contrariamente, Kaplan et al, em
estudo semelhante, ndo detectou derrame articular de joelho pela RM em
jogadores profissionais de basquetebol. Outros estudos utilizando RM de joelho
avaliaram cadaveres e individuos sintomaticos com desarranjos internos,
objetivando correlacionar o volume de liquido articular com a presengca ou
auséncia de lesdes no joelho.**? Kolman et al, estudando derrame articular
nos joelhos de pacientes com e sem desarranjo interno através da RM,
encontrou um valor preditivo negativo de 86% utilizando um ponto de corte de
10 mm (didmetro anteroposterior ao nivel do recesso suprapatelar lateral —
figura 7 e 8), com sensibilidade de 92% e especificidade de 60%. Apesar disso,
este estudo demonstra limitagdes que impedem o emprego disseminado deste
ponto de corte na prética clinica para avaliagdo dos derrames articulares pela
RM. Por ndo existir uma medida fisioldgica de liquido articular que possibilite a
diferenciagéo de joelhos com e sem patologia, esta mensuragao ainda é alvo de

questionamentos.** *!
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Figura 7 - Imagem sagital ponderada em DP com saturacao de gordura
mostrando derrame articular no recesso suprapatelar. Fonte: Kolman et
al, Skeletal Radiol 2004

Figura 8 - Atleta assintomatico: Imagem sagital STIR mostrando derrame articular
no recesso suprapatelar e edema da gordura prefemoral. Fonte: Soder
et al, submetido para BJSM.
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d) Anormalidades nas Plicas Sinoviais:

O estresse cronico e repetitivo que o joelho do atleta € submetido pode
ocasionar alteragbes nas plicas sinoviais. Alem do presente estudo, que
descreveu edema da plica sinovial infrapatelar em atletas assintomaticos de
futebol (figura 9), apenas Major et al avaliou jogadores de basquetebol
assintomaticos por RM, onde descreveu anormalidades de imagem envolvendo
a plica sinovial infrapatelar (figura 10). Os demais estudos que avaliaram
anormalidades em plicas sinoviais foram realizados em pacientes com dor
anterior no joelho (figura 11).** De maneira geral, alteracdes nas plicas
sinoviais sdo caracterizadas por espessamento e inflamacéo da plica, podendo
ou ndo estar associadas a derrame articular.*” As alteragdes acometendo a
plica sinovial podem ser agudas ou crbnicas, dependendo do tipo de esporte
praticado, assim como da frequéncia e intensidade dos treinamentos.
Atividades fisicas com flexao e hiperextensdo do joelho podem ocasionar o
pingamento da plica sinovial contra o co6ndilo femoral, sendo o principal
mecanismo de injuria, ocorrendo geralmente em esportes caracterizado por

saltos e corridas.*>*°
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Figura 9 - Atleta assintomatico: Plica infrapatelar alterada (seta). Inagem sagital
STIR. Fonte: Soder et al, AJR 2011

Figura 10 - Atleta assintomatico: Plica infrapatelar alterada (setas). Imagem
sagital focada ponderada em T2 com saturacao de gordura. Fonte:
Major et al, AJR 2002
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Infrapatelfar
plica

Figura 11- Plica infrapatelar espessada (seta) Imagem sagital ponderada em T1.
Fonte: K.A.L Peace et al, Clinical Radiol 2006

e) Lesoes de Menisco:

Nenhum estudo avaliou patologia meniscal em joelhos de jogadores de
futebol assintomaticos por RM. Apesar disso, estudos prévios realizados em
atletas assintomaticos de basquetebol, futebol americano, ginastas e
maratonistas encontraram uma prevaléncia de les6es meniscais silenciosas que
variou entre 9 e 20%.2%23348 Em criancas e adolescentes que praticam esporte
competitivo, € pouco comum encontrar qualquer tipo de lesdo meniscal, salvo
naqueles atletas que ja apresentam alguma anormalidade meniscal congénita,
tal como menisco discéide, ou quando existe injiria ligamentar associada.*® A

avaliacdo dos meniscos medial e lateral em criangas e adolescentes pela RM
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requer certo cuidado, devido a sua maior vascularizagdo em relagdo aos
adultos, gerando um hipersinal fisiolégico intra-substancial, que pode simular
ruptura (figura 12).4"°% %" Em termos gerais, os critérios para determinar leséo
de menisco pela RM basicamente sdo alteragcdo de sinal intra-substancial e
alteracdo na morfologia/contornos do menisco, sendo classificados em 3 graus
distintos.®® Lesdes grau | sdo caracterizadas por aumento de sinal intra-
substancial irregular, que ndo se estende para a superficie articular. As lesbes
grau Il geralmente estdo associadas a processo degenerativo e caracterizam-se
por aumento de sinal intra-substancial linear, que pode se estender até a
margem capsular, sem determinar descontinuidade. Lesdes grau Ill sao
caracterizadas por um aumento de sinal linear ou complexo que se estende até
a superficie articular, com descontinuidade em seus contornos, podendo
inclusive estarem associadas a perda de substadncia ou fragmentagdo do

menisco, com visualizagao de fragmentos longe do menisco de origem.
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Figura 12 - Ruptura meniscal (A) versus vaso intrameniscal (B). Imagens
coronais ponderadas em DP com saturagao de gordura. Fonte:
Sanchez et al, Magn Reson Imaging Clin N Am, 2009

f) LesGes da Cartilagem Articular:

Segundo a literatura, ndo foram encontrados estudos avaliando a
cartilagem articular do joelho em jogadores de futebol assintomaticos por RM.
Em uma revisao sistematica sobre lesdes condrais de joelho, cuja amostra
incluia 14% de atletas assintomaticos de basquetebol e maratonistas, a
prevaléncia de lesdes condrais de espessura total nestes individuos foi de
59%.273% 53 Considerando todos os atletas incluidos no estudo, sintomaticos e
assintomaticos, a prevaléncia do mesmo tipo de defeito condral foi de 36%. Isso
demonstra que boa parte das lesdes condrais pode ocorrer sem manifestacao

clinica. A RM é uma excelente ferramenta para a avaliacdo da cartilagem
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articular. No entanto, um numero consideravel de lesGes condrais pode
permanecer indetectavel pela RM até o procedimento artroscopico,
especialmente as lesdes cartilaginosas de espessura parcial.>* A avaliagao por
imagem das superficies condrais visa detectar defeitos de espessura parcial ou
total, assim como alteracées na espessura e na intensidade de sinal, que séao
caracterizadas por hipersinal no local da lesdo.*'" °* °" % Hg 4 graus de lesdo
condral identificados através da RM: grau |- irregularidade da cartilagem com
edema; grau Il — afilamento de mais de 50% da espessura da cartilagem, mas
nao de toda a sua espessura (figura 13).; grau lll- lesdo de toda a espessura da
cartilagem, mas sem sinais de edema d&sseo; e grau IV- lesdo de toda a

espessura da cartilagem, com sinais de acometimento 6sseo subcondral.’

Figura 13 - Atleta assintomatico: Imagem axial ponderada em T2 com saturacao
de gordura mostrando lesao grau Il da cartilagem patelar. Fonte: Major
et al, AJR, 2002
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d) Anormalidades no Tendao Patelar (“Joelho do Saltador”)

AlteracGes de sinal na RM acometendo a porgdo proximal do tendao
patelar sdo bastante comuns no atleta de elite (figura 14), mesmo na auséncia
de sintomas.*® ¢ O joelho do saltador é uma patologia bastante comum em
atletas jovens, principalmente quando sua atividade esportiva exige a extensao
repetida e abrupta do joelho, como é o caso das lesdes por overuse.”® Major et
al encontrou uma prevaléncia de 24% de anormalidades no tenddo patelar,
examinando jogadores de basquetebol assintomaticos, através da RM.%
Estudos posteriores utilizando a ultrassonografia na avaliacdo do tendao patelar
de atletas assintomaticos conseguiram detectar pequenas alteracdes tendineas
capazes de predizer quais atletas desenvolveriam posteriormente sintomas
relacionados a lesdo do tendao patelar, demonstrando a importancia do

diagndstico por imagem no periodo pré-sintomatico.” %

Figura 14 - Atleta assintomatico: Imagem sagital T2 com saturacao de gordura
mostra espessamento do tendao patelar com focos de hipersinal
intrassubstancial (seta). Os achados de imagem sao compativeis com
joelho do saltador. Fonte: Major et al, AJR 2002
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1.6 NOVAS PERSPECTIVAS

Atualmente, estudos apontam para uma nova direcdo: atletas
assintomaticos de diversas modalidades esportivas tém apresentado
anormalidades de imagem quando submetidos a RM e comparados a
populacdo em geral.?> #*2 Estas atividades esportivas, de maneira semelhante
ao futebol,sdo caracterizadas pelo alto impacto articular, expondo o atleta de
elite a lesbGes traumaticas de repeticdo que sobrecarregam cronicamente seu

sistema musculoesquelético.

Embora a investigacdo por imagem de atletas sem queixas
musculoesqueléticas relevantes seja incomum e inviavel financeiramente na
pratica clinica, deve-se considerar que alteracbes de imagem insuspeitas
detectadas pela RM podem sugerir algum tipo de intervengdo preventiva ou
terapéutica precoce a fim de evitar o desenvolvimento de deficiéncias funcionais
no futuro. Por isso, entender melhor os achados incidentais de imagem em
atletas adolescentes assintomaticos pode prevenir interpretagdes equivocadas,
como a subvalorizacdo ou supervalorizagdo de certas anormalidades de
imagem. Talvez em um futuro préximo, novos estudos longitudinais sejam
capazes de demonstrar que a avaliagdo por imagem do esportista visando a

deteccao pré-clinica de qualquer anormalidade musculo esquelética seja uma
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estratégia a ser adotada rotineiramente em beneficio dos atletas e do esporte

como um todo.
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2 JUSTIFICATIVA

Estudos utilizando RM para avaliar atletas e ndo-atletas assintomaticos
demonstraram a importancia da estreita correlagéo clinico-radiologica, a fim de
evitar a subvalorizacdo ou supervalorizagdo de alteragcbes de imagem

detectadas incidentalmente.20:2427:33,51,59-61

O diagnéstico precoce destas
anormalidades de imagem em atletas de elite assintométicos pode alertar o
médico do esporte quanto a existéncia de lesdes por overuse, possibilitando
uma mudanca ou readaptacdo na preparacao fisica do atleta e, caso

necessario, a instituicdo de um tratamento rapido e adequado.

Existem poucos estudos utilizando a RM para avaliar o joelho de atletas
de elite assintomaticos.?®%33* Além disso, até o momento, nenhum estudo
avaliou o joelho de jogadores de futebol assintomaticos com idade inferior a 18
anos, através da RM. Diante disso, o presente trabalho visa estudar, por RM, o
joelho de adolescentes assintomaticos, jogadores de futebol de alto nivel,
comparando com um grupo controle de adolescentes que nao pratica esporte

de alto impacto.
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3 OBJETIVOS

3.10BJETIVO PRINCIPAL

Verificar se a pratica competitiva de futebol por adolescentes

assintomdticos estd associada a alteragbes no joelho pela RM.

3.2 OBJETIVO SECUNDARIO

Comparar os achados de imagem em 2 grupos de adolescentes
assintomdticos: jogadores de futebol e individuos controles que n&o praticam

esporte de impacto.
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4 HIPOTESE

4.1 HIPOTESE

Os autores sustentam a hipétese de que a RM serd capaz de detectar
uma maior prevaléncia de lesdes osteoarticulares no joelho dos jogadores de

futebol.
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OBJECTIVE. The knee is the joint that is most frequently injured in boys 12-15 years
old who practice soccer, and MR is an accurate method of diagnosing sports-related injuries,
The ohjective of this cross-sectional case-control study was (o evaluate the knees of asymp-
tomatic adolescent soccer players using open MREL

SUBJECTS AND METHODS. We cvaluated 56 knees of 28 asymptomatic male ado-
lescents 14-15 vears old. Participants were divided into two groups and paired by age and
weight: soccer plavers (28 knees) and control subjects (28 knees). All the examinations were
performed using a 0.35-T open-field MRI unit and were evaluated by two experienced radi-
ologists blinded 1o study groups. Bone marrow signal, articular cartilage, meniscus, and fat
pad abnormalities and the amount of fluid were assessed,

RESULTS. In the group of soccer playvers, 18 knees (64,3%) had one or more MRI abnor-
malities, whereas in the control group nine knees (32.1%) had at least one MRI abnormalicy
{p = 0.03). The prevalence of bone marrow edema was much greater in the group of soccer
players (14 knees, 50%), whereas the same abnormality was found in only one knee (3,65
in the control group (p = 0.0001). Other abnormalities that were not statistically significant
with regard to study group were also found in the two groups: infrapatellar fat pad edema,
popliteal cysts, and ganglion cysts,

COMCLUSION. Bone marrow edema is a prevalent abnormal finding on MRI scans of
knees of asymptomatic adolescent soccer players. MR findings should be interpreted cau-

tiously and in close correlation with clinical findings.

occer s the most popular and
widely played sport worldwide,
s especially among children and
adolescents [1]. The knee is the
joint that s most frequently injured in boys
1213 years old who practice soccer [2]. The
optimal imaging twol in the evaluation of
knee injuries is MRI, which has been shown
o be an accurate method of diagnosing
sports-related injuries, such as bone contu-
sion; joint effusion; and cartilage, ligament,
meniscus, and tendon lesions [3-7].

MRI studies of asymptomatic adults o
evaluate different regions of the musculo-
skeletal system have shown the importance
of the correlation between clinical examina-
tion and MRI findings [8—12], High percent-
ages of abnormalities have been found in the
general population and in athletes without
compatible clinical symptoms. MRI stud-
ies that evaluated the knees of asymptom-
atic adult athletes, including basketball play-
ers, gymmnasts, and marathon runners, have

shown wide variations in the prevalences of
abnormalitics [3, 8, 13-15]. The differences
hetween the clinical and radiologic findings
Justify studies of groups of asymptomatic
athletes, so minor bone and articular lesions
may be detected early while still ar a revers-
ible stage.

According to a previous study of asymp-
tomatic  National Basketball  Assaciation
players conducted by Walczak et al. [13],
baseline MRI studies of the knee may be
clinically useful to prevent injury and im-
prove diagnostic accuracy, which may reduce
the amount of time athletes cannot play in
games or practice and may accelerate reha-
bilitation after injury. Moreover, MRI scans
to evaluate athletes with new symplomatic
lesions in the future may be compared with
the baseline scans obtained when the athlete
was still asymptomatic, Finally, MRI screen-
ing may provide a better understanding of
bone changes found incidentally that may of-
ten be misinterpreted as abnormalities or as
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causes of symptoms in symptomatic individ-
uals who play sports often.

MRI to evalvate the knees of asympto-
matic adult or adolescent soccer players may
be a wsetul and innovative technique for the
early detection of ostecarticular lesions,
This study compared MRI findings of knees
of asymptomatic adolescent soccer players
with those of adolescents who did not prac-
tice impact sports regularly, matched accord-
ing o age and sex.

Subjects and Methods

Thiz study was approved by the ethics in re-
search committee of the insttution where it was
conducted. An informed consent form was signed
by all participants and their legal guardians.

Participants

Thiz cross-sectional controlled study, conduct-
ed from October to November 2009, enrolled 28
volunteer adolescent boys whose knees were ex-
amined separately, in a total of 56 MR scans. The
athlete group comprised 28 MRI exami
of 14 asymptomatic soccer players born in 1994

nalions

or 1995 who had been recruited to join the junior
section of a professional soceer team. The con-
trol group comprised 28 MRI examinations of 14
asymptomatic adolescent boys matched 1o players
according o age and weight and who did not prac-
tice any impact sport,

All soceer players followed an intense practice
routine that cansisted of circuit training workours
with acrobic and anacrobic exercises with and
without the ball supplemented by running {sprint-
ing and jogging). plyometric and isometric ex-
ercises, and soccer training skills (kicking, ball
control, heading. dribbling, passing. and tackling)
ranging from 3 1o 3.3 hours per day for 5 days a
week. All contrel group participants practiced
sports only sporadically in school at a freguency
not greater than once a week for less than 1 hour
each time. No study participant was referred to
MEI examination because of clinical problems.

The inclusion eriteria for the soccer players
were being asymptomatic, being an athlete in the
Junior section of a soccer weam, being 14 or 15
years old, and having practiced soccer on a eam
for the past 3 years at a minimum frequency of
five umes o week, The exclusion criteria were o
history of surgery or any tranmatic knee lesion
that led to discontinuation or decreased frequen-
oy of soccer practice. ostecarticular abnormali-
ties or malformations. a history of chronic disease
{e.g.. diabetes: hypertension; rhenmatic, cardiac,
renal, respiratory, or neurologic disease; chronic
liver disease), and a body mass index (BMI) of
greater than 25,

We2
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The inclusion criteria for the control group
were being asymptomatic and being 14 or 15 years
old. The exelusion eriteria were practice of impact
sports more than once a week in the previous &
months, a history of surgery or any traumatic knee
lesion that led 1o the imerruption of daily activi-
ties, osteoarticular abnormalities or malforma-
tions, a history of chronic disease (diabetes: hy-
pertension; rheamatic, cardiae, renal, respiratory,
or neurologic disease; chronic liver disease), and
a BMI of greater than 25.

The asympromatic status of athletes was con-
firmed by means of extensive questioning, adapt-
ed from a previous questionnaire |16, in which
the following were investigated: pain, functional
limitations, mechanical symptoms, and any dis-

comfort in the knees in the & months preceding
MR examinaticn,

MRI

All MR examinations were performed using
a 1.35-T open-field magnet (Magnetom C, Sie-
mens Healtheare) and a transmit-and-receive knee
coil. The standardized imaging protcol incleded
STIR images {TR/TE, 4.750/19; inversion time,
140 milliseconds) in the axial, coronal, and sag-
inal planes: fast spin-echo (FSE) prodon density
images (1L660/19) in the sagittal plane; FSE T1-
weighted images (525/19) in the sagittal plane;
amd A0 pradient-echo images in the axial plane
(300423; Aip angle, 30°). The imaging parameters
were a matrix of 256 = 128, slice thickness of 3.5
mm with an interslice gap of 0.8 mm, and a field
of view af 16 cm.

The images were evaluated 10 detect abnormal-
ities. The following abnormalities were evaluated:
Joint effusion; bone marrow edema; and menis-
cus, ligament, tendon, and cartilage abnormali-
ties, Abnormalities were classified by struciure
as follows: ligaments, rupture or change in thick-
ness or signal intensity on Tl-weighted, prowon
density-weighted, or STIR weighted sequences;
meniscus, changes or discontinued outline of the
articular surface or changes in signal intensity on
proton density-weighted and STIR weighted se-
quences: articular cartilage, increased signal in-
tensity, changes in contour or surface smoothness,
or reduced thickness on 3D gradient-echo and
STIR weighted sequences: bone marrow edema.
increased signal intensity on STIR or decreased
signal on Tl-weighted sequences in comparison
with adjacent bone; tendons, changes in signal in-
tensity on Tl-weighted, proton density—weighted,
and STIR weighted sequences or changes in thick-
ness in comparison with normal tendon segments:
and joint efTusion, classified as absent when there
was = 3 mm of synovial fluid in the suprapatellar
bursa and as present when there was = 5 mm [ 17].

Image Analysis

All images aequired from the 56 examinations
were saved on a workstation for later analysis.

Two radiclogists with 3 years” experience in mus-
culoskeletal imaging evaluated all examinations
independently. Observers were blinded 1o sty
groups, In cases of disagreement, the findings were
discussed until the observers reached a consensus,

Statistical Analysis

A Microsoft Excel spreadsheet was used 1o
store data, and statistical analyses were conduct-
ed using a software package (SPSS, version 1310,
SPSS). Results were statistically significant at a p
vilue of < (.05, The Fisher's exact test was used o
evaluate differences in frequency of changes be-
tween the two groups. Interobserver agreement
was assessed using kappa statisties,

Results
Participant Characteristics

The study and control groups had similar
baseline demographic characteristics, The
mean age of the group of players and that of
the control group was 1486 + 0155 vears (SDY)
and 1485 = 043 years, respectively: mean
weight, 5780 + 7.85 kg and 58,50 + 6.90 kg;
and mean height, 168 £ 007 m and 167 +
0,06 m, BMIs ranged from 15.00 to 22.10:in
the group of players and from 1701 10 21.72 in
the control group.

Clinical examination revealed that none of
the 28 participants had pain or any other type
of knee symptom.

Knee Abnormalities

The analysis of all 56 knees of the two
groups revealed that 27 (48,29%) had one or
more abnormalities detected using MR

In the group of 14 soccer plavers, 28 knees
were examined and MRI revealed one or
more abnormalities in 18 (64.3%) of the
knees. The most frequently seen abnormali-
ty was bone marrow cdema, which was
found in 14 knees (50%) in the medial femo-
ral condyle (Fig. 1), patella (Fig. 2), and tib-
ial plateau in order of greater frequency,
Omne of the athletes had bone marrow edema
in the tibial plateau of both knees, and the
imaging features were similar to those found
in stress fracture, such as subtle periosteal
edema. marrow edema, and fracture lines
that are often not seen on radiographs, This
athlete was under climical observation; a
conventional radiograph was also obtained
but showed no abnormality. He remained
asymptomatic and his physical activities were
not discontinued.
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Fig. 1—15-year-old asymptomatic male soccer
player. Coronal STIR MR image (TR/TE, 4,750418;
inversion time, 140 millisecands| shows bone marrow
adema |arrow] in madial femoral condyle.

The second most prevalent abnormality
was edema in the infrapatellar fat pad {Hoffa
fat pad), which was seen in 100f the 28 knees
(35.7%). In nine knees {32.1%). edema in the
infrapatellar fad pad ran along the infrapa-
tellar plica (Fig. 3). Only two knees (7.19%)
had edema in the superclateral portion of the
infrapatellar fat pad (Fig, 4), In one of the

knees, edema was detected in those two re-
gions of the infrapatellar fat pad. Other less
frequent abnormalities were also found in the
knees of the soccer players, such as ganglion
Ccysts in two knees (7.1%), patellar tendinitis
in one knee (3.6%), and a small popliteal cyst
in one knee (3.6%).

1n the control group composed of 14 asymp
tomatic individuals, 28 knees were examined

and MRI revealed one or more abnormalities
in only ning (32.1% ). The most frequent finding
i of the infrapatellar fat pad, which
was seen in seven of the 28 knees (25.0%).
Edema ran along the infrapatellar plica in
four knees (14.2%) and the superolateral

wias eile

portion of the infrapatellar fat pad in four
knees (14.3%). One of the knees had edema
in the two portions of the infrapatellar fat
pad. Small popliteal cysts were found in two
knees (7.1%). In contrast to the study group,
anly one knee in the control group (3.6%) had
bone marrow edema, which was found in the
medial femoral condyle.

The Fisher's e

1 test revealed a statisti-

cally significant difference in the overall fre-

AJR:196, January 2011
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Fig. 2—14-yaar-pld asymptomatic male saccar
pleyer. Sagittal STIR MR image (TR/TE, 4,750/13;
inversion time, 140 milliseconds) shows bone marrow
adema |amow] in patalla.

quency of abnormalities between the two
groups (p = 0.03) because of the greater prev-
alence of abnormalities in the group of adoles-
cent soccer players. The difference in frequen

¢y of bone contusion between groups was also
statistically ificant (p = 0L0001) and was
much greater in the group of soccer players,
The differences between the two study groups

Fig. 3—15-yaar-pld asymptomatic male soccar
playar. Sagittal STIR MR image (TR/TE, 4,750/19;
inversion time, 140 milliseconds) shows infrapateliar
tat pad adama |arrew] along infrapatellar plica

with regand 1o other knee abnormalities were
nad statistically significant.

Evaluation of the 56 MRI examinations did
nob reveal any meniseus, ligament, or carlilage
abnormalities and revealed no joint effusions.
There was no correlation between the knee
abnormalities and dominant leg in the soc-
cer players and control subjects. Interchserver
agreement (k) was 0.82 for all evaluations.

Mome of the athletes in this study had any
knee symptoms during the &-month follow-up
period after the end of the study. Athletes with
abnormal findings were under observation by
their soccer club health care department. The
abnormalities found using MRI were reported
1o the sports phiysician responsible for the ath-
letes in the club. No athlete received addition
al treatment because of our study findings,

Discussion

The main finding in this study was that asymp-
tomatic adolescent soccer plavers already had
some type of bone abnormality that could be
detected by MRI This may change the way

ng finding

are interpreted and valued
for soccer players who undergoe MRI to inves:
tigate any suspected trauma or osteoarticular
lesion. The isolated finding of bone marrow
edema without compatible symptoms may,
depending on the context, have no clinical im-
portance. Previous studies that evaluated the
sping, the shoulder, and the knee of asymp-
tomatic athletes and nonathletes using MRI

Fig. 8—14-year-old asymptomatic boy in contral
group. Sagittal STIR MR image (TR/TE, 4,750019;
inversion time, 140 millisecondsh shows edema
\arrow in superolateral portion of infrapatellar fat pad.
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TABLE I: Knee Abnormalities: MRI Findings in 56 Knees

Mo. (%) of Subjects
Abnormality Soccer Players {n=28} | Control Group [=28) o
One of more abhormalities 14(64.2) 9132.1) 0.03
Bone marrow edema 141(50.0) 1136 0.0001
Infrapatellar fat pad edema 10135.74 T125.00 NS
Ganglion cyst 2 — N3
Popliteal cyst 113.8) 2 NS
Menisci N3
Ligaments - o N§
Articular cartilage = = NS
Joint effusion — — NS

MNote—Dash [—)indicates that MR revealed 0 abnormalities. NS = not significant.

iSignificant difference at p< 0,05,

found that this imaging technique may detect
several musculoskeletal changes without clin-
ical significance [3, 813, 18],

Bone marrow edema is a focal signal of ab-
normality in the subchondral bone marrow,
and its appearance is thought to represent mi-
crotrabecular Fractures, hemaorrhage, and ede-
ma of the marrow without disruption of the
adjacent cortices or overlying articular carti-
lage [19]. Bone marrow edema is the result of
repetitive microtrauma caused by direct bone
impact during sports practice that is not com-
pletely absorbed by the buffering system (i.e.,
menisci and articular cartilage) and is trans-
mitted to the underlying bone [3, 7], Other au-
thiors suggest that bone marrow edema may
be a precursor of stress fractures, as shown in
a study conducted by Major [20], This theo-
ry may explain why one of the soccer play-
ers had more severe bone marrow edema in
the tibial plateau of both knees and an im-
aging appearance similar (o that of a stress
fracture. This finding, not seen on MRI of
the other asyvmptomatic athletes, shows that
more severe bone abnormalities may also be
detected when using MRI to examine asymp-
tomatic athletes, This difference between the
two study groups may be explained by the
high intensity of exercising and impact in the
group of highly trained athletes in compar-
ison with the study group of students who
practiced sports only sporadically.,

Asymptomatic soccer players may have
bone marrow edema, which can be detect-
ed using MREI, and this knowledge may be
extremely useful in the evaluation of symp-
tomatic soccer plavers. Bone edema detected
using MRI has often been implicated as the
cause of knee symploms; however, as seen in
this study., it may also be found in asympiom-

Wed

atic individuals. Therefore, the clinical signif-
icance of bone edema in symptomatic soccer
players should be interpreted in close corre-
lation with the lesion site seen on MRI scans
and the site of symptoms, such as pain and in-
creased sensitivity, reported by the patient.
Another relatively frequent but not statis-
tically significant abnormality in the group
of soccer players and in the control group
was edema of the infrapatellar fat pad, which
was found in 35.7% and 25.0% of the knees,
respectively, Two patterns of distribution and
prosition were seen for edema of the infrapa-
tellar fat pad: In soccer players, it ran mainly
alomg the infrapatellar plica, whereas in the
control group, it was found at an equal fre-
quency in the superolateral portion of Hoffa
fat pad and along the infrapatellar plica,
There are several possible explanations for
the presence of edemas of the infrapatellar
fat pad, but the one most often accepted is
that edema results from impingement of the
infrapatellar fat pad or plica between adja-
cent bone struclures as a consequence of ex-
cessive knee hyperextension or rotation and
repetitive microtrauma, which causes edema
and inflammation of the infrapatellar plica
[21. 22]. Another possible explanation is pa-
tellar maltracking, which may lead to transi-
tory and repetitive impingement of the supe-
rolateral portion of the infrapatellar fat pad
between the lateral femoral condyle and the
patella and may result in a change in signal
imtensity in this area [23]. Also, falls on the
knee and direct trauma from the soccer ball
may be possible causes of signal intensity
changes seen in the infrapatellar fat pad.
This study did not detect any joint eff
of meniscus, ligament, or cartilage lesion in
the knees of the asymptomatic boys enrolled

in the study, The fact that no cartilage lesion
was found in the 36 MRI scans may be char-
acteristic of asymptomatic soccer players in
this age group. However, the sensitivity of
low-field MRI (0.35-T) in detecting cartilage
lesions, in comparison with meniscus and lig-
ament lesions, is lower than that of high-field
units [24], which may be one of the limita-
tions of this study. Therefore, further stud-
ies should be conducted using high-field MR
magnets to evaluate the prevalence of possi-
ble cartilage lesions in the knees of asymp-
tomatic adolescent soccer players.

The impact of these lesions on asympiom-
atic athletes may be established only in longi-
tudinal studies conducted over several years
to determine whether chronic ostecarticular
lesions, such as ostecarthritis, in these ath-
letes will eventually develop. This may justify
some type of intervention in physical prepara-
tion or mavbe in a physical therapy program.,

Although the soccer players enrolled in
this study did not have any complaints of pain
or history of trauma in the 6 months that pre-
ceded MRI, competitive athletes are aceus-
tomed to bearing pain to remain training and
net lose their place on the main team, which
makes us believe, as Major and Helms [3] re-
ported, that these athletes are probably as-
ymptomatic. Another limitation of this study
is that most athletes suffer falls that are un-
decumented even if the athlete is questioned.
Therefore, we cannot rule out the possibility
that some of these lesions were not caused by
other types of trauma mechanics.

In conclusion, bone marrow edema is a com-
mon finding on MRI of clinically asymptomal-
ie youth soceer players and is the most prevalent
change. Bone marrow edema was practical-
Iy absent on MR studies of the contral group.
Therefore, MRI detection of bone marrow ede-
ma may not always be associated with symp-
toms in soccer players. Conversely, a finding of
bome marrow edema on an MR scan of a symp-
tomatic soccer player should be considered in
case the site of svmptoms is associated with the
location of the imaging abnormalities,

Acknowledgment

We thank the soceer players who agreed o
participate in the study, the coach Luis Alberto
Esteves for his help in recruiting athletes and
fior logistic support, and the Cruzeiro Sport Club
for allowing us to-contact the soccer players.

References

1. Dworak 1, Junge A, Graf-Baumann T, Peterson L,
Football is the most popular sport werldwide. Awt

AJR:196, January 2011




Artigo Original 1

53

[

w

=

o

-

=

oo

B

S Sports Med 2004 32 [zuppl 1]:35-458
Kakavelukis KN, Viazkis 5, Viahakis 1. Charis-
ais 0. Soceer injuries in childhood, Seand § Med
Sei Sporrs 2005 13:175-178

Major Ni#, Helms CA, MR imaging of the knee:
findings in asymplomatic collegiate basketball
players. AR 2002 179:6:41 644

Diisler DG, Recht MP, McCauley TR, MR imag-
ing of articular cartilage. Skefers! Radio! 2000;
29:367-377

Bohndort K. Imaging of acute injuries of the articu-
lar surfaces (chondral, esteochondral and subchon-
dral fractures). Skeferal Radio! 1999; 28:345-560
Zanetti M, Plirrmann CW, Schmid MR, Romere
), Seifert B, Hodber J. Patients with suspected me-
miscal tears: prevalence of abnormalities seen on
MEI of 100 symptomatic and 100 contralateral
asymptomatic knees. AJE 2003 181635641
Kornaat PR, de Jonge MC, Mags M. Bone marrow
edema-like signal in the athlete. Eur § Radisl
2008; 67:49-53

Kaplan LD, Schurhoff MR, Selesnick H. Thorpe
M., Uribe J'W, Magnetic resonance imaging of the
knee in asympromatic professional basketball
players. Arthroscopy 2005; 21:557-561

LaPrade RE. Bumett OM Ind, Veenstra MA,
Hodgiman CG. The prevalence of abnormal miag-
netic resonance imaging findings in asymptomatic

knees: with correlation of magnelic resonance im-
aging to arthroscopic findings in symptomatic
knces, Am J Sports Med 1994; 22:739-745

Knee MRI of Asymptomatic Athletes

10 Boden SD. Dravis DO, Dina TS, et al. A prospec-
tive wnd Blinded investigation of magnetic reso-
nance imaging of the knee: abnormal findings in
asymptomatic subjects. Clie Owthop Relar Res
1992; 282 177-185

. Boden S0, Davis DO Dina TS, Patronas BJ, Wi-
esel 3W. Abnormal magnetic-resonance scans of
the lumbar spine in asymplomatic subjects: o pro-
spective investigation, J Bore o Sarg Ame | 990,
T2:403-408

. Sher J5, Uribe IW, Posada A, Murphy BJ, Zlatkin
ME. Abnormal findings on magnetic resonance

=

images of asympiomatic shoulders, J Bove Jodnr
Swerg Am 19495, TT10-15
. Walczak BE. McCullech PC, Kang RW, Zelazny
A, Tedeschi F. Cole BJ. Abnormal findings on
knee mognetic resonance imaging in asympom-
atic NBA players. J Knee Suerg 2008; 21:27-33
14, Ludman CM, Hough DO, Cooper TG, Gottschalk
A, Silent meniscal abnormalities in athletes:

]

magnetic resonance imaging of asymplomatic
competitive gymnasts. S J Sporis Med [999: 33
A14-416
- Stahl R, Luke A, Ma CB, et al. Prevalence of
pathologic findings in asymptomatic knees of

n

marathon runners before and after a competition
in comparisen with pliysically active subjects: a
30T magnetic resonance imaging study. Steleral
Radiol 2008; 37627618

16, Hisher I, Miinster A, Klein ). Eypasch E, Tiling T.
Walidation and application of a subjective knee

b

questionnaire. Kieee Surg Sporrs Trowmanod Ar-
Hirese 1995; 3:26-33

Fishwick NG, Learmonth [, Finlay DB, Knee of-
fusions, radiology and acwte knee trauma. Be J
Radiol 1994; 67:934-937

. Brunner MC, Flower SF, Evancho AM, Allman

=

FL, Apple DF, Fajman WA, MR of the athletic
knee: findings in asymplomatic professional has-
ketball amd collegiate foothall players, Invest Ra-
alied 1989 34:72-75

Armdt WF 3rd, Truax AL, Barnett FM. Simmons
GE, Brown DC. ME diagnosis of bone contusions
of the knee: comparizon of coronal T2-weighted
fnst spin-echo with fat spturation and fast spin-
echo STIR images with conventional STTR imag-
cu ASR 1996 166:119-124

Major MM. Role of MEI in prevention of metatar-
sal stress fractures in collegiate basketball play-
ers. AJR 2006; 186:255-258

. Snddik I, MeMally EG, Richardson M. MREI of

23,

2

[

=y

Hefta's fan g, Skeletad Realiof 2004, 33:433-444

Cothran RL. McGuire PM. Helms CA, Major
MM, Attarian DE, MR imaging of infrapatellar
plica imjury. AR 2003 180:1443-1447

Lopis E. Padrdn M. Amterior knee pain. Eur J Ra-
died 2007: 62:27-43

. Kladny B, Glisckert K, Swoboda B, Beyer W, We-

aeloh G. Comparison of low-field (0.2 Tesla) and
high-field (1.5 Tesla) magnetic resonance imaging
of the knee joint. Arch Orthop Trauma Surg 1995,
114:281-286




ANEXO




55

ARTIGO ORIGINAL 2

Magnetic Resonance Imaging of the knee in asymptomatic

adolescent swimmers: a controlled study.

BRITISH JOURNAL OF SPORTS MEDICINE, 2011 - online




56

Uriginal article

"Hospital Sao Lucas, Pontificia
Universidade Catélica do Rio
Grande do Sul (PUCRS}, Porto
Alegre, Brazil

2Grémio Nautico Unido, Porto
Alegre, Brazil

“School of Medicine and
Graduate School of Medicinc,
Pontificia Universidade
Catdlica do Rio Grande do Sul
(PUCRS), Porto Alegre, Brazil

Correspondence to
Ricardo Bernardi Soder, Av
Mariland, 1372, Apta 501,
MonL"Serrat, Postal Cude
90440-190, Porto Alegrs, RS,
Brazil;

ricsader@gmail.com

Accepted 1 March 201

MRI of the knee in asymptomatic adolescent
swimmers: a controlled study

Ricardo Bernardi Sader,! Mariana Damian Mizerkowski," Rose Petkowicz,?

Matteo Baldisserotto®

ABSTRACT

Background Swimming is a widespread sporting
activity generally regarded as an ideal form of exercise,
which has little or no impact on the knees. However,
overuse or repetitive microtrauma injuries may often
affect the knee joint of young competitive swimmers.
These early lesions are frequently asymptomatic for a
considerable period of time before causing discomfort or
joint pain.

Purpose The aim of the present study is to use MRI

to evaluate the knee joints of asymptomatic young elite
swimmers and to compare them with age- and sex-
matched controls who do not practice any impact sports
regularly.

Study design Cross-sectional case—control study.
Material and methods The authors performed a
cross-sectional controlled study to evaluate 54 knees of
27 asymptomatic male adolescents aged 14-15 years,
paired by age and weight. Participants were divided

in two groups: 13 elite swimmers and 14 control ado-
lescents. The authors performed all the exams using a
0.35-T open-field MRI unit and evaluated by two experi-
enced radiologists blinded to study groups. The images
were evaluated to detect the presence or absence of
abnormalities.

Results One or more imaging abnormalities were
detected in 18 knees in the group of swimmers (69.2%;
p—0.013). The most prevalent findings in the athletes
were infrapatellar fat pad edema (53.8%; p=0.049),
followed by bone marrow edema (26.9%; p—0.022),
edema of prefemoral fat pad (19%; p=0.022) and joint
effusion (15.3%; p—0.047).

Conclusion Significantly more MRI abnormalities were
found in the knee joints of asymptomatic adolescent
elite swimmers. This high prevalence of positive imaging
findings in swimmers may correspond to benign changes
or preclinical lesions, which should be evaluated in a
follow-up study.

INTRODUCTION

Swimming is a popular recreational sport activity
that has been frequently employed as a medical
therapy all over the world. Many physicians have
recommended this low-impact aerobic exercise to
relieve symptoms of patients with degenerative
knee joint lesions as a complementary preopera-
tive and postoperative treatment.! It can be used
as an adjuvant therapy for patients undergoing
orthopaedic treatments and surgery because this
activity provides muscle building and cardiovascu-
lar training.? As complementary to pretreatment-
and post-treatment, swimming improves posture
and spinal alignment, by reducing pressure along

the vertebral column and by relaxing muscles.
As well, it has been indicated for obese people to
weight loss since this low-impact activity does
not overload knee joints.

In contrast to recreational swimming, competi-
tive swimmers frequently face overuse-related
pain and musculoskeletal injuries. Most of them
start high-performance swimming at an early age
and maintain these training workouts over many
years, which are associated with repetitive move-
ments and microtraumas that may evolve to del-
eterious osteoarticular lesions.?~?

The most common osteoarticular lesions affect
the shoulder and in general are caused by impinge-
ment of the supraspinatus and biceps tendons
against the overlying coraco-acromial arch. The
knee joint is the second most common cause of
complaints in competitive swimmers and has been
frequently compromised by injuries linked to dif-
ferent biomechanical patterns based on the swim-
ming style or related to rigorous practice techniques
adopted by some athletes.* © | he vast majority of
knee injuries has been found in elite athletes who
swim breaststroke or butterfly styles. There are
differences in leg movements between swimming
styles. The leg motion in the breaststroke is the
most damaging for the knee. This swimming style
causes stress on the medial compartment of the
knee joint.® Most of these lesions are caused by the
whip kick movement, which places a valgus load on
the lateral aspect of the knee and commonly affects
the medial and the patellofemoral compartments.”

Although swimming is traditionally associated
with upper limb injuries, it is also associated with
lower limb symptoms including knee pain.® MRI
is useful for diagnosing musculoskeletal swim-
ming injuries. MRI s the most accurate imaging
method for the diagnosis and confirmation of
osteoarticular lesions associated with sports prac-
tice, such as bone marrow oedema (BMO), joint
effusion, as well as cartilage, ligament, tendon
and meniscal lesions.” 12

Because of a high percentage of incidental MRI
abnormalities in the general population and in
some athletes who have no compatible complaints,
it is often recommended that clinicians correlate
examination findings with imaging findings.!! 19-1
Studies that focused on the knee joints of asymp-
tomatic adult athletes, including basketball players,
gymnasts and marathon runners, reported a range
of positive imaging findings.” 11 1% 29-23"|'hig clini-
co-radiological discrepancy suggests that new stud-
ies in asymptomatic athletes should be conducted
tor preclinical detection and treatment of carly and
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still reversible osteoarticular changes. Furthermore, abnormal
preclinical and incidental imaging findings may suggest an early
intervention in order to avoid the development of future func-
tional disabilities. To our knowledge, there has been no such
study of incidental imaging findings in the knees of asymp-
tomatic swimmers.” 1® 24 Therefore, we used MRI to evaluate
the knee joints of asymptomatic young elite swimmers and we
compared those data with findings in age- and sex-matched
controls who do not practice any impact sports regularly.

METHODS
This study was approved by the Ethics in Research Committee
at the institution where it was conducted.

Patients

This cross-sectional controlled study, conducted from October
to November 2009, enrolled 27 volunteer male adolescents
whose knees were examined separately, which totalled 54
MRI scans. The athlete group comprised 26 MRI exams of 13
asymptomatic elite swimmers recruited from a local team that
competed in national championships. All participants in the
group of elite swimmers followed an intensive practice routine
of at least 3 h and 30 min per day 5 days a week, ranging from
20-25 h per week of pool training and 5 h of dry-land training
invelving flexibility and resistance work. Training sessions were
graded into four levels of physical intensity: low-intensity aero-
bic, anaerobic threshold, maximal aerobic and maximal lactic.
The control group comprised 28 MRI exams of 14 asymptom-
atic adolescent boys matched to swimmers according to age
and weight and who did not practice any impact sports. The
individuals of the control group practiced sports only some-
times in school at a frequency not greater than once a week
for less than 1 h each time. All participants and their guardians
provided informed consent to participate in the study.

The inclusion criteria for the group of swimmers were (1)
being asymptomatic, (2) being an athlete in the junior section
of a swimming association, (3) being 14 or 15 years old and (4)
having practiced swimming in the team for the last 3 years ata
minimum frequency of 5 times a week. Exclusion criteria were
(1) history of surgery or any traumatic knee lesion that led to
practice discontinuation or decreased frequency; (2) osteoar-
ticular abnormalities or malformations and history of chronic
disease (diabetes, hypertension, rtheumatic, cardiac, renal,
respiratory or neurological disease, chronic liver disease) and
(3) body mass index (BMI) greater than 25.

The inclusion criteria for the control group were (1) being
asymptomatic and (2) being 14 or 15 years old. The exclusion
criteria were (1) practice of impact sports more than once a
week in the last 6 months; (2) history of surgery or any trau-
matic knee lesion that led to the interruption of daily activities;
(3) osteoarticular abnormalities or malformations and history
of chronic disease (diabetes, hypertension, theumatic, cardiac,
renal, respiratory or neurological disease, chronicliver disease)
and (4) BMI greater than 25.

Magnetic resonance imaging

All the exams were performed using a 0.85-T open-field mag-
net (Magnetom C; Siemens, Erlangen, Germany) and a trans-
mit-receive knee coil. The following protocol was used: short
tau inversion recovery (STIR) images (TR/TE, 4750/19, inver-
sion time= 140 ms) in the axial, coronal and sagittal orienta-
tions, fast spin-echo proton density images (TR/TE, 1660/19)
in the sagittal plane and fast spin-echo Tl-weighted images

20fb

(TR/TE, 525/19) in the sagittal plane. A matrix of 256 x 128, a
slice thickness of 3.5 mm with an interslice gap of 1.1 mm and
a field of view of 16 cm were utilised.

The images were evaluated to detect presence or absence
of abnormalities. The following abnormalities were evaluated:
joint effusion, bone marrow edema, and meniscus, ligament,
tendon or cartilage abnormalities. Changes were analysed and
structures were classified as abnormal if they met to the fol-
lowing criteria:

1. ligaments — rupture or changes in thickness or in sig-
nal intensity in proton density (PD)- and STIR-weighted
sequences;

2. meniscus — changes or discontinued outline of the joint
surface or changes in signal intensity in the PD- and STIR-
weighted sequences;

3. articular cartilage — increased signal intensity, changes in
outlines ot reduced thickness;

4. bone marrow — increased signal intensity in the STIR-
weighted sequences in comparison with adjacent bone;

5. tendons — changes in signal intensity in PD- and STIR-
weighted sequences or changes in thickness in comparison
with normal tendon segments;

6. joint effusion — absent when there was less than 5 mm of
synovial fluid in the suprapatellar bursa and present when
there was 5 mm or more, classified as small, moderate or
large amount.

7. infrapatellar and prefemoral fat pad — changes in signal
intensity in PD- and STIR-weighted sequences.

Image analysis

All images acquired from the 54 exams were saved in a work-
station for later analysis. Two radiologists with atleast 5 years
of experience in musculoskeletal imaging evaluated all exams
independently. Observers were blinded to study groups. In
case of disagreement, the findings were discussed until a con-
sensus was reached.

Statistical analysis

Data were stored in a Microsoft Excel spreadsheet and analy-
sed using the Statistical Package for the Social Sciences, version
18.0 (SPSS, Chicago, Illinois, USA). Results were statistically
significant at a ‘p’ value <0.05. The Fisher’s exact test was used
to evaluate differences in frequency of changes seen between
the two groups. Interobserver agreement was assessed using
‘K’ statistical test.

RESULTS
Participant characteristics
Baseline demographic characteristics were similarin the study
and control groups. Mean age in the group of swimmers and
in the control group was 14.73 = 0.52 and 14.85 + 0.43 years
(mean + SD); mean weight, 57.80 + 7.85 and 58.50 = 6.90 kg
and mean height, 1.69 + 0.08 and 1.67 + 0.06 m. All individu-
als were male. BMI ranged from 17.79 to 23.43 in the group of
players and from 17.01 to 21.72 in the control group.

Clinical examination revealed that none of the participants
reported pain or any other type of knee symptom.

Knee abnormalities

The analysis of all 54 knees of the two groups revealed that 27
of the 54 knees (50%) had one or more abnormalities detected
by MRL
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In the group of athletes, composed of 13 elite swimmers,
26 knees were examined. MRI revealed one or more abnor-
malities in 18 (69.2%) of these 26 knees. The most frequent
abnormality was signal change in infrapatellar fat pad (Hoffa's
fat pad) found in 14 knees (53.8%). In 9 knees (34.6%), the
infrapatellar fat pad edema ran along the infrapatellar plica.
Eight knees (30.7%) had edema in the superolateral portion
of the infrapatellar fat pad (figure 1). In three of the knees, the
edema was detected in both the portions of the infrapatellar fat
pad. The second most prevalent abnormality was bone bruis-
ing found in 7 knees (26.9%) in the medial femoral condyle
(figure 2), the tibial plateau and the patella in order of greater
frequency. The third most prevalent abnormality was edema
in the prefemoral fat pad found in 5 knees (19.2%, (figure 3).
Joint effusion was detected in 4 knees (15.3%) (figure 3). No
meniscus, ligament or cartilage abnormalities were found in
the evaluation of the MRI scans of swimmers.

In the control group, which comprised 14 asymptomatic
individuals, 28 knees were examined. MRI revealed one or
more abnormalities in only 9 (32.1%) of these 28 knees. The
most frequent abnormality was infrapatellar fat pad edema,
which was seen in 7 of the 28 knees (25%). The edema ran
along the infrapatellar plica in 4 knees (14.2%) and was found
in the superolateral portion of the infrapatellar fat pad in 4
knees (14.2%). One of the knees had edema in the two por-
tions of the infrapatellar fat pad. Small popliteal cysts were
found in two knees (7.1%). Differently from the study group,
only one knee in the control group (3.5%) had bone marrow
edema, found in the medial femoral condyle. No meniscus, lig-
ament or cartilage abnormalities, and no joint effusions were
found in the evaluation of the control group MRI exams.

The Fisher’s exact test revealed a statistically significant dif-
ference in the overall frequency of abnormalities in the two
groups (p=0.013) with a greater prevalence of abnormalities in
the group of adolescent elite swimmers (table 1). The difference

Figure 1 A teenage asymptomatic male swimmer. Edema in the
superolateral portion of infrapatellar fat pad {arrow). Sagittal STIR MR
image (TR/TE, 4750/19).

Soder RB, Mizerkowski MD, Petkowicz R, et af. 8 J Sports Med [2011). doi:10.1136/bjsm. 2010 083345

in frequency of infrapatellar fat pad edema, bone bruises,
prefemoral fat pad edema and joint effusion between groups
was statistically significant (p<0.05), and was much greater in
the group of elite swimmers. The differences in other knee
abnormalities were not statistically significant between the
two groups of adolescent boys. Interobserver agreement was
0.82 () for all evaluations.

DISCUSSION

The most important finding of the present study was that
MRI of the knee joint revealed more imaging abnormalities in
the asymptomatic elite swimmers than in the control group.
Although swimming does not cause direct impact on the bone
and ligament structures of the knee joint, it produces a chroni-
cally repetitive leg movement that may be associated with the
imaging changes found in this study.™

Infrapatellar fat pad edema, found in more than half of the
athletes (53.8%), may be related to the high rate of repeated
knee joint extension movements during workout series, which
can result in fat entrapment in the anterior femorotibial joint
space. Similar findings have been shown in athletes who prac-
tice high-impact sports® and in some prospective repotts eval-
uating non-athletic individuals. These studies have revealed
that positive MRI findings are not always associated with
symptoms,”® although anterior knee pain may be related to
MRI inflammatory signal changes along the infrapatellar
plica® or suprapatellar fat pad.” %

Similarly, prefemoral signal changes, found in 19% of the
swimmers, have already been described in previous reports
focusing on athlete and non-athlete individuals.?”” 2* In these
studies, MRI signal abnormalities were associated with fat sig-
nal, intermediate signal (similar intensity of muscle or carti-
lage) and fluid signal. They have suggested that the prefemoral
fat pad may also be entrapped during knee extension in ath-
letes along with the infrapatellar fat pad. Furthermore, when

Figure2 A teenage asymptomatic male swimmer. Bone contusion
in the medial femoral condyle {arrow). Coronal STIR MR image
(TR/TE, 4750/19).
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Figure3 A teenage asymptomatic male swimmer. Prefemoral fat
pad edema and joint effusion (arrows). Sagittal STIR MR image
(TR/TE, 4750/19).

Table 1 Knee abnormalities — MRI findings

Swimmers Control group

MRI abnormality (n=26) (n=28) p Value
One or more abnormalities 18 (69.2%) 9(32.1%) 0.013
Bone marrow edema 7(26.9%) 1{3.5%) 0.022
Prefemoral fat pad edema 5(19.2%) - 0.022
Infrapatellar fat pad edema 14 {53.8%) 7(25%) 0.049
Joint effusion 4(15.3%}) - 0.047
Menisci - - NS
Ligaments - - NS
Articular cartilage - - NS

Significant difference atp < 0.05.
NS, not significant.

the signal corresponded to fat in this topography, there was
no significant association with mass effect or knee pain, and
this may be an explanation for this finding in asymptomatic
patients in the present study.

Another frequent knee abnormality revealed by MRI was
bone contusion, found in 26.9% of swimmers. This imag-
ing finding has been described in athletes of several different
sportst! 28 80 and has not been fully associated with symp-
toms, not eveninelite athletes. Major and Helms’ have found
knee BMO in asymptomatic basketball players and have sug-
gested that this abnormality may be assigned to the direct
transmission of repetitive impact through articular cartilage
to the underlying bone, which would cause this character
istic bone signal change. Another possible explanation for
BMO in athletes has been reported by Vanhoenacker and
Snoeckx® who suggested that as a physiological response to
repeated stress, a biomechanical change occurs as a result of
training which leads to the development of edema in certain
knee compartments. Regarding elite swimmers, the source
of joint stress may be related to repetitive knee flexion and
extension during leg movements in freestyle, butterfly and

40fh

backstroke, and also associated with medial impaction dur-
ing the whip kick movement in the breaststroke. The clini-
cal meaning of BMO has been a focus of discussion since
it was first described by MRI many years ago.5! Currently,
there are still questions about the association between bone
edema and knee pain.?? Major and Helms’ have raised a
hypothesis that bone contusion in asymptomatic basketball
players may be related to initial stress lesions at very early
stages. Similarly, Lazzarini ef 4°° have used MRl in order to
determine whether running can cause BMO and have sug-
gested it may be a result of the sports activity itself, Kornaat
et al'! also suggested BMO as a continuum injury that starts
from physiologic response te biomechanical load and ends
in stress fracture.

Joint effusions were revealed in 15.3% of swimmers.
Previous reports have described minor joint effusions in
asymptomatic subjects, who were not associated with sports
practice or knee lesions.® In athletes, it has been described as
an MRI finding in asymptomatic individuals.?3 24 Boks et 4/24
have described ditficulty to determine which volume of joint
effusion would be physiological or pathological. On the other
hand, larger cut-off points have been correlated with knee
joint lesions. Although joint effusion can be frequently related
to an underlying lesion (eg, cartilage lesion, meniscal tear or
ligament injury), no such abnormalities were detected in the
performed MRIs.

In this study, the athletes had practiced all swimming
styles in a similar frequency, duration and intensity of work-
outs, because they had not yet specialised in one style. This
may be one of the limitations of this study, because it was not
possible to correlate an association between swimming style
and MRI abnormalities. The cross-sectional design and the
relatively small number of evaluated athletes were other pos-
sible study limitations. Certainly, a longitudinal study with
a larger number of athletes would allow further inferences.
Another limitation was the low-field magnet used in the pres-
ent study, which has slightly less sensitivity for detection of
cartilage lesions compared to high-field units.?® Despite this,
no cartilage lesion was found in any of the 56 scanned knees.
To confirm these findings, a high-field magnet should be used
in a subsequent study.

All evaluated athletes had regular check-ups by a physician
in their swimming association. The observed imaging find-
ings were described and reported to this physician in order to
initiate a possible intervention.

In conclusion, the most prevalent abnormalities found in
this study were infra- and suprapatellar fat pad edema, BMO
and joint effusion. These results are consistent with previous
studies in asymptomatic athletes of other sports,” 111320213536
The high prevalence of positive imaging findings detected
in the group of asymptomatic swimmers may correspond
to possible benign changes or preclinical lesions, potentially
deleterious in the future. To address these specific questions,
longitudinal cohort studies should be conducted to better
understand the significance of these early imaging abnormali-

ties revealed by MRI.
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Mast of the previous raports have usad MRI to avaluate knes
jpint sbrormalities of asymptomatic sthietes in diffenent
sport modalities, such as soccer, basketball and gymnastic.
To R best of cur know ledge, mo study has evaluated MRI
abremalitios of knea jaints in asymptomatic young elite
SW imimers.

Wihat this study adds
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jeints of young elite swimmers. This advanced imaging
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However, 3 follow-wp longitudinal study is necessary to better
unciirstand the sgnificance of these early MR abnormalitses
detected in this group of elite swimmars.
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