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Figura 2
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Figura 4
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Lista de figuras e graficos

“‘Drawer test” ou teste de gaveta utilizado para a avaliagdo da
instabilidade da articulagdo MTF, analisando o grau de subluxacéo
sob estresse.

Teste de apreensao plantar do dedo.

Imagem no plano sagital ponderada em T2 com supressao de gordura
de uma placa plantar normal. Nota-se uma area mal definida de alto
sinal na regido central junto a insergdo da placa plantar compativel
com recesso normal (seta).

Imagens no plano sagital (A) e coronal — eixo curto (B) com
ponderacdo intermediaria de placa plantar normal. Placa plantar
normal com formato em “C” e baixo sinal ao nivel da cabega do
metatarso (seta, A e B). Um pequeno foco de alto sinal pode ser visto
no plano sagital da linha média e n&o pode ser interpretado
incorretamente como rotura (cabega de seta, A).

Sinal direto classico de rotura da placa plantar, apresentando-se como
descontinuidade focal da placa plantar, com interposicdo liquida,
caracterizada tanto no plano sagital (A) como no coronal — eixo curto
(B) nas sequéncias com ponderacgao intermediaria e com supressao
de gordura (setas). Note a presenga de edema da medular dssea na
base da falange proximal (*), assim como a distensado liquida do
recesso dorsal pelo derrame articular. Exame de artroscopia
correspondente (C).

Sinal do “pseudoneuroma”: alteracdo inflamatéria de partes moles
adjacente a insergdo da placa plantar, estendendo-se no espago
intermetatarsal, com alto sinal nas imagens coronais — eixo curto na
sequéncia com ponderagao intermediaria e com supressdo de
gordura (setas, A) e baixo sinal relativo nas imagens correspondentes
ponderadas em T1 (setas, B). Note o aspecto nodular caracterizado
no plano coronal nas sequéncias ponderadas em T1, mimetizando um
‘verdadeiro” neuroma interdigital. Porém, o pseudoneuroma é

relativamente assimétrico em relagdo a linha vertical tragcada pelo



espaco intermetatarsal (B), além de apresentar limites imprecisos.

Figura7 Imagem sagital em sequéncia com ponderagdo intermediaria,
demonstrando a distdncia PPFP, localizada entre a margem distal da
placa plantar (cabega de setas) e a base da falange proximal (*),
como indicado. Como referéncia para a medida desta distancia,
utilizou-se o plano sagital com o maior comprimento do tendao flexor.
Note o espessamento e alteragao de sinal do tend&o flexor adjacente,
assim como o derrame articular da metatarsofalangica.

Figura8  Alteracbes morfolégicas do complexo tendao interésseo/ligamento
colateral associadas a rotura da placa plantar. O afilamento e a
alteragdo de sinal intrassubstancial podem ser caracterizados nesta
imagem coronal — eixo curto nas sequéncias com ponderagéo
intermediaria com supressao de gordura (setas).

Figura9 Corte coronal no eixo curto em sequéncias com ponderagéo
intermediaria e com supressao de gordura (A) e T1 (B). Observa-se o
sinal do pseudoneuroma no segundo espacgo intermetatarsal e um
neuroma verdadeiro no terceiro espaco. No terceiro espacgo, nota-se
imagem nodular e simétrica em relagdo a linha mediana do espaco
intermetatarsal (cabega de setas). Enquanto que no segundo espaco,
nota-se imagem com limites imprecisos e assimétrica em relagédo a

linha mediana do segundo espaco intermetatarsal (setas).

Figura10 Corte coronal no eixo curto em sequéncias com ponderagéo
intermediaria e com supressao de gordura (A) e ponderada em T1 (B).
Importante alteracao inflamatéria e fibrose pericapsular nas partes
moles circunjacentes a insergdo lateral da PP na base da falange
proximal, estendendo-se no terceiro espago, sendo dificil a definicdo
de imagem nodular. A abordagem cirdrgica revelou neuroma
interdigital do terceiro espago e rotura da placa plantar

concomitantemente.

Grafico1 Curva ROC da medida da distancia PPFP
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Resumo

Objetivo: avaliar a performance diagnostica dos sinais diretos e indiretos no estudo de
ressonancia magnética das metatarsofalangicas do segundo e terceiro dedos,
supostamente relacionados a rotura da placa plantar, utilizando os achados cirurgicos

como referéncia.

Método: foram avaliados retrospectivamente 23 pacientes (13 mulheres e 10 homens;
60,5 +/- 8,1 anos) com quadro sintomatico de instabilidade da articulagao
metatarsofalangica do segundo e terceiro dedos, com exame de ressonancia
magnética realizado em aparelho de 1,5 T e submetidos a procedimento cirurgico. Os
exames de RM foram avaliados por dois radiologistas independentes. Usando os
achados cirurgicos como referéncia, foram calculados sensibilidade, especificidade e
acuracia de cada sinal nos estudos de RM para a detecg¢ao de rotura da placa plantar.
A analise de regressao logistica multivariada foi realizada para identificar quais
achados na RM poderiam estar associados, independentemente, com rotura de placa
plantar. A correlagao interobservador foi realizada usando o teste Kappa.

Resultados: 45 articulagbes metatarsofalangicas foram incluidas no estudo. A
presenca de fibrose pericapsular apresentou alta sensibilidade (91,2%), especificidade
(90,9%) e acuracia (91,1%) para o diagnostico de rotura da placa plantar. Utilizando
como valor de corte a medida de 0,275 cm, a distancia placa plantar — falange proximal
apresentou sensibilidade de 64,7%, especificidade de 90,9% e acuracia de 71,1% para

o diagndstico de rotura da placa plantar.

Conclusao: Em pacientes com quadro clinico compativel com instabilidade da
articulagdo MTF, alguns sinais diretos e indiretos demonstraram de bom a excelente

desempenho para o diagnoéstico de rotura da placa plantar.

Xiv



1 INTRODUGCAO

A metatarsalgia € queixa comum na pratica clinica, tendo como possiveis causas
trauma, instabilidade, sinovite e outras patologias inflamatérias (2. A articulagéo
metatarsofalangica (MTF) do segundo dedo esta frequentemente sujeita a instabilidade
e é descrita como o local mais comum de luxacdo do antepé ). Devido a alta
incidéncia de instabilidade da segunda metatarsofalangica em mulheres idosas,
Coughlin elaborou a hipotese na qual o uso prolongado de calgados com salto alto
determinariam forgas de hiperextensao crénica, levando a um alongamento da placa
plantar (PP) (. Por outro lado, a instabilidade da metatarsofalangica também pode
afetar homens adultos jovens e atletas ('4). A relevancia da placa plantar como
restritora estatica da subluxagao/luxagéo da articulagdo metatarsofalangica foi bem
documentada na literatura, uma vez que as lesbes da placa plantar tem papel
significativo no desenvolvimento da instabilidade da articulagdo metatarsofaléangica no
plano sagital ®-°). Apesar da importancia da placa plantar na estabilidade da articulagao

metatarsofalangica, ndo ha consenso sobre o tratamento das lesées da placa plantar
(10)

No passado, o diagnostico de lesbes da placa plantar por exames de imagem
era realizado somente com artrografia. Recentemente, a ressonancia magnética (RM) e
o ultrassom tém assumindo esse papel (""-%). Yao et al. observaram que focos de alto
sinal nas sequéncias sensiveis a liquido correspondiam a rotura da placa plantar e este
achado foi posteriormente confirmado com achados cirdrgicos (8. Este achado,
considerado como sinal direto para rotura da placa plantar (-8 provavelmente
representa a interposicao liquida junto a area de descontinuidade parcial ou total da
placa plantar. Outros estudos testaram este sinal direto em exames de RM para o
diagnostico de rotura da placa plantar, verificando-se certo grau de discrepancia de
desempenho no que concerne a especificidade (131920, Qutras alteragdes morfoldgicas
da placa plantar ndo foram testadas em relagédo a um padrao de referéncia. ldealmente,
a performance diagndstica da ressonancia magnética deveria ser testada utilizando um
protocolo de rotina para o antepé, representando a pratica clinica real de nosso
cotidiano. Além disso, existem poucos estudos que avaliaram o desempenho de sinais
indiretos em exames de RM, principalmente no tocante as alteragcdes das estruturas
circunjacentes, que podem estar relacionados a rotura da placa plantar. Umans et al.



procuraram identificar caracteristicas quantitativas e qualitativas em exames de RM
sem contraste que poderiam melhorar a deteccdo de rotura da placa plantar (1821,
Contudo, esses estudos nao dispdbem de achados cirurgicos como padrdao de

referéncia.

1.1 Objetivos

1.1.1. Objetivo Geral

Analisar o desempenho diagnostico da Ressonancia Magnética na avaliagdo das
lesbes da placa plantar.

1.1.2. Objetivos Especificos

Avaliar o desempenho dos sinais diretos nos estudos de Ressonancia Magnética

que possam estar relacionados com a rotura da placa plantar.

Avaliar o desempenho diagndstico dos sinais indiretos nos estudos de
Ressonancia Magnética que possam estar relacionados com a rotura da placa plantar.



2 REVISAO DA LITERATURA

As articulagbes metatarsofalangicas s&o articulagdes sinoviais do tipo bola e
soquete que, em conjunto com as articulagdes interfalangicas proximais e distais,
formam as articulagdes do antepé. Observando suas caracteristicas anatdmicas e
diferentes patologias relacionadas a este grupo de articulagdes, podemos dividi-las em
dois grupos: a articulagdo MTF do halux ou grande MTF e as pequenas ou menores
articulagdes MTFs, que englobam as MTFs do segundo ao quinto dedo (). Da mesma
forma, as respectivas placas plantares devem ser abordadas de maneira distinta. Neste
estudo, abordaremos especificamente as alteragdes relacionadas as placas plantares
da segunda e terceira articulagbes MTFs, em virtude da semelhanga anatémica e da

prevaléncia da patologia a ser analisada.

Anatomia

Ao nivel da articulagdo MTF, a falange proximal e a placa plantar constituem
uma unidade anatbmica e funcional que, associadas a suas insergdes e conexdes,

formam o principal aparato articular do antepé (22,

A placa plantar é uma estrutura fibrocartilaginea, constituida predominantemente
de colageno do tipo | (75% de sua composi¢ao), semelhante a composigao do menisco
no joelho (1%, As bandas de colageno tém orientagdo longitudinal nos dois tergos
dorsais da placa plantar. No terco plantar distal, as fibras s&o orientadas no eixo
transversal, ao nivel do ligamento intermetatarsal e em continuidade com o mesmo ).
Esta caracteristica anatdmica € consistente com sua fungéo, qual seja, sustentar as

forgcas de tensdo no plano longitudinal &.15),

A PP tem formato de retangular a trapezoidal, sua porgéo central logo abaixo da
cabeca do metatarso é mais larga e espessa que o segmento distal. A espessura da
PP pode variar entre 2 e 5 mm ©), sendo mais afilada no segmento proximal junto ao
metatarso, onde pode atingir até 0,4 mm de espessura (). O seu comprimento no eixo
longitudinal pode variar entre 16 e 23 mm e a largura entre 8 e 13 mm ©). Sua insergao

contém quantidade alta de condrdcitos, formando uma unido fibrocartilaginosa firme



junto a cartilagem hialina da base da falange proximal €23, Em sua origem, no colo da
regido metafisaria da cabega do metatarso, notamos uma fixagéo sinovial fina e frouxa
(7.8.23) Qutras estruturas apresentam conexdo com a placa plantar, entre elas a fascia
plantar, a bainha dos tenddes flexores, o ligamento transverso intermetatarsal, os

ligamentos colaterais e os tenddes interosseos ('-9).

Em relagcdo aos ligamentos colaterais, duas bandas podem ser identificadas,
originando-se da cabega do metatarso: o ligamento colateral proprio, que se insere na
base da falange proximal, e o ligamento colateral acessorio, que se insere diretamente
na PP (). Ambos contribuem para a estabilidade da articulagdo MTF, no entanto o
ligamento colateral acessorio, por sua relagdo direta com a PP, tem importancia sine
qua non para a estabilidade da articulagao (123).

A estabilizagao estatica da articulagdo MTF é realizada primariamente pela placa
plantar, capsula articular e ligamentos colaterais. Estudos com testes mecanicos
demonstraram que a placa plantar € o principal componente da estabilizagdo da
articulagdo MTF, sendo os ligamentos colaterais a segunda estrutura mais forte nesta
estabilizagédo 4.

A estabilizacdo dinamica é realizada pela acdo da musculatura extrinseca e
intrinseca do antepé, sendo que esta fungdo € dependente da integridade da placa
plantar. Os tenddes flexores longos e curtos sao flexores relativamente ineficientes da
articulacdo MTF. Em circunstancias normais, a flexao das pequenas articulagcbes MTFs
€ realizada essencialmente pelos musculos interosseos. Nao obstante, com a
subluxagdo dorsal da falange proximal pela rotura da placa plantar, os tenddes
interosseos migram dorsalmente em relagdo ao eixo central da articulaggdo MTF,
consequentemente perdendo a funcéo de flexdo da mesma. O tendao do lumbrical tem
trajeto inferiormente ao ligamento transverso metatarsal profundo, permanecendo com
trajeto plantar ao eixo de rotagao. Entretanto, devido ao angulo formado por essa polia,
pela subluxagcdo dorsal da falange proximal, o tenddo lumbrical também perde a
eficiéncia de flexdao da MTF (29,



Prevaléncia

A instabilidade da articulagdo MTF ocorre mais frequentemente em duas
populagdes distintas. A primeira é formada por mulheres sedentarias com mais de 50
anos de idade e a segunda por atletas jovens do sexo masculino “2%. Nery et al
publicaram uma série de casos com instabilidade da articulagdo MTF na qual 71% dos
casos eram do sexo feminino e a idade média de aparecimento da deformidade dos
dedos foi de 58 anos. No mesmo estudo, a segunda articulagdo MTF foi a mais
frequente, presente em 64%, seguida da terceira e quarta MTFs presentes em 32% e

4% dos casos, respectivamente ),

Etiologia

O trauma agudo pode levar a rotura da placa plantar e instabilidade da
articulacdo MTF, mas a principal causa é a alteragcado por atrito mecanico. Alteracdes
inflamatdrias crénicas podem contribuir para essas alteragcbes de atrito, no entanto
alguns autores acreditam que essa alteragdo inflamatoria ocorra por sobrecarga
mecanica da articulagdo MTF (2%, S3o causas de sobrecarga da articulagdo MTF:
segundo metatarso longo, hipermobilidade do primeiro raio, halux valgo e pé plano. O
uso de calcados com bico estreito e de salto alto também podem contribuir para a
instabilidade da articulagdo MTF, igualmente por sobrecarga mecanica na regido (. A
proliferacdo sinovial relacionada a artropatia inflamatdria, como a artrite reumatoide,
também pode levar a degeneragao e rotura das estruturas estabilizadoras, entre elas a
PP (26),

Quadro clinico e exame fisico

A rotura da placa plantar pode se apresentar como metatarsalgia aguda ou
cronica, sendo o segundo dedo mais frequentemente envolvido. A dor focal na face
plantar na base do dedo é a queixa mais comum 3. A instabilidade leva a um espectro
de sinais e sintomas, composta de sinovite, desvio do dedo, subluxacédo e consequente



luxac&do. Em fases iniciais, o diagnostico pode ser dificil por mimetizar outras patologias

comuns, como o neuroma interdigital ?7).

O “drawer test” ou teste de gaveta (figura 1) foi a ferramenta de exame fisico
mais importante detectada em estudo de Nery et al ), sendo a mais precisa e
confiavel para classificar e graduar as lesdes da PP antes da cirurgia. Em segundo
lugar, o achado mais comum descrito no mesmo estudo foi o de dor abaixo da cabeca
do metatarso (94%), mas sem capacidade de diferenciar as lesdes. A deformidade com
elevacao dorsal do dedo também foi outro achado clinico importante, correlacionando-
se com todos os graus de rotura da PP. A diminuicdo ou auséncia de apreensao
plantar do dedo (figura 2) n&o foi util para a diferenciagéo das lesdes, mas é uma boa

ferramenta para controle do tratamento 7).

Diagnéstico por imagem

A avaliagcdo da PP pelos métodos de imagem pode ser feita de diversas
maneiras. Inicialmente, utilizava-se da artrografia para a avaliagdo da integridade da
PP, bem como dos ligamentos colaterais. A presenga de contraste no interior da bainha
dos tenddes flexores é sinal indicativo de rotura da placa plantar. Além disso, é
possivel a avaliagdo dinamica da suficiéncia dos ligamentos colaterais no estudo de

artrografia convencional (?8).

O estudo de radiografia simples pode revelar caracteristicas associadas a rotura
da placa e a instabilidade da articulagdo MTF. Radiografias padrdes no eixo
anteroposterior podem dar informagbes sobre a magnitude das deformidades
angulares, congruéncia das articulagdes, presenca de alteragbes degenerativas ou por

artropatias inflamatorias, além de poder avaliar o comprimento do segundo metatarso
(25)

Até mesmo a tomografia computadorizada com “dupla energia” foi descrita como
ferramenta para a avaliagdo da rotura da placa plantar ®), porém sem aplicagédo na
pratica clinica. A artroRM também pode ser utilizada para esta avaliagao, entretanto, os
meétodos mais utilizados atualmente sao a ultrassonografia e a RM, por serem métodos

nao invasivos e com bom desempenho diagndstico.



O estudo ultrassonografico pode ser realizado com o paciente em posigéao prona
ou supino, utilizando transdutores lineares de alta frequéncia (9 a 15 MHz), para melhor
caracterizagao de estruturas superficiais. As imagens sao adquiridas preferencialmente
nos planos sagital e coronal, uma vez que a avaliagdo dinamica pode potencializar a
deteccdo de eventuais roturas. Para a aquisicdo destas imagens dinamicas, utiliza-se o
plano sagital com extensdo da MTF em até 15 graus ('®. As caracteristicas da PP na
ultrassonografia se assemelham as da placa volar dos dedos da mao, apresentando-se
levemente ecogénica e homogénea, com aspecto fibrilar e trajeto curvo seguindo a
orientagdo da cabeca do metatarso. A cartilagem hialina da cabegca do metatarso
subjacente apresenta-se como fina imagem linear hipoecodica, junto a imagem linear
hipercoica do coértex subjacente (131930) A rotura da placa plantar é descrita como
perda da ecogenicidade homogénea junto a insergdo, substituida por area focal
hipoecogénica. Esta imagem pode ser detectada somente a manobra dinamica com
dorsiflexdo da MTF (13:30),

O desempenho diagnodstico para detecgdo de rotura da PP utilizando a
ultrassonografia foi estudada por alguns autores. Gregg et al em estudo com pecas de
cadaveres detectaram sensibilidade de 100%, especificidade de 0% e acuracia de 96%
utilizando a ultrassonografia (9. Posteriormente, o mesmo autor realizou estudo
prospectivo, avaliando a correlagdo com estudos de RM e achados cirurgicos,
encontrando sensibilidade de 86%, especificidade de 64% e acuracia de 77% para
diagndstico de rotura da PP em pacientes sintomaticos e assintomaticos (3. Klein et al
realizaram estudo correlacionando os achados ultrassonograficos com achados de RM
e cirurgicos, encontrando uma melhor correlagdo da ultrassonografia com os achados
cirurgicos ©Y. Em seus estudos, somente avaliando casos pré-operatorios com
ultrassonografia, encontraram sensibilidade de 25%, especificidade de 91,1% e
acuracia de 90% para rotura da PP (0. Qutros autores também constataram bom
desempenho da ultrassonografia para o diagnostico da rotura da PP (1'32) porém vale
destacar que estes resultados foram obtidos com profissionais especializados e com
treinamento diferenciado em relagdo a formagdo convencional de um radiologista.
Fernandes et al. realizaram estudo correlacionando os achados ultrassonograficos com
a instabilidade da articulagdo MTF verificada ao exame fisico. Em 34,4% dos casos
assintomaticos com aspecto normal a ultrassonografia, verificou-se grau leve de

instabilidade 33, Ha ainda um forte componente operador-dependente na avaliagdo da



PP por ultrassonografia, sendo que sua utilizagdo ainda é restrita na pratica clinica fora
de grandes centros académicos.

Nos estudos de RM, a placa plantar mostra-se como estrutura bicbncava nos
planos sagital e coronal, apresentando baixo sinal em todas as sequéncias, semelhante
a caracteristica de sinal das estruturas tendineas normais. A origem proximal da placa
apresenta-se, na maior parte das vezes, redundante e mais afilada em relagdo ao
restante da PP. A inser¢do na base da falange proximal pode apresentar area mal
definida de alto sinal, descritas como possivel degeneragdo, mas sem comprovagao
histoldgica na literatura. E importante destacar a presenga de um recesso na linha
média desta inser¢do, que nao deve ser confundida com rotura (figura 3), encontrada
em até 47% dos casos por Mohana-Borges et al (1%,

Diferentes protocolos de estudo com RM foram propostos para o estudo da PP
na literatura. Klein et al. ") e Sung et al. 2%, utilizando sequéncias ponderadas em T1,
T2 e STIR em aparelhos de RM com 0,3 T, reportaram bom desempenho diagnaostico,
com sensibilidade entre 73,9% e 95% e especificidade de 100%, porém ressaltando
que os protocolos utilizados foram realizados especificamente para as alteragdes de
cada PP, focados em cada articulacdo MTF, o que nao reflete nossa pratica diaria.

Atualmente em nosso pais, a maior parte dos aparelhos de RM disponiveis sdo
de 1,5 T ou 3,0 T, e esta € a configuragao preferida pela maior parte dos radiologistas,
inclusive para a avaliagdo da PP. Gregg et al. (1319 e Umans et al. (82" realizaram
estudos em aparelhos de 1,5 T e 3,0 T. Gregg et al. utilizaram sequéncias ponderadas
em T2 com supressao de gordura e em densidade de prétons, nos planos sagital, axial
e coronal, com area de interesse de até 10 cm e espessura de corte de 2 mm, sem
espacamento. Umans et al. utilizaram sequéncias ponderadas em T1 e densidade de
prétons com supressao de gordura nos eixos coronal e axial e sequéncias ponderadas
em T2 e densidade de protons com saturagdo de gordura no eixo sagital; com area de
interesse entre 10 e 12 cm e espessura de corte entre 2 e 3 mm no plano coronal (eixo

curto) e entre 2 e 2,5 mm no eixo axial (eixo longo) (18,

Em relagédo a artroRM, Kier et al. ®4 descreveram a utilidade da artroRM na
avaliacdo da metatarsalgia do segundo e terceiro dedos, todavia sem comparar o
desempenho diagnostico com a RM convencional. Lepage-Saucier et al. %
demonstraram que a associacdo da artroRM com a tracdo dos dedos € superior em



relagdo a RM convencional para a avaliacdo da cartilagem e da placa plantar em um

estudo com série de pecas de cadaveres.

Dinoa et al. descreveram os achados nos estudos de RM com contraste
relacionados a rotura da placa plantar. Segundo este estudo, uma parcela substancial
das lesdes da placa plantar (29,5%) foi somente caracterizada com o uso do meio de
contraste paramagnético endovenoso ¢), Vale destacar que os casos deste estudo

nao dispunham de correlagéo histopatolégica para o diagnostico das roturas.
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3 METODO

Pacientes

Este estudo foi aprovado pelo comité de ética de nossa instituicdo (UNIFESP), e
o termo de consentimento foi dispensado. Foi realizada busca retrospectiva do banco
de dados do departamento de ortopedia de nossa instituigdo entre Janeiro de 2009 e
Julho de 2012. Somente foram incluidos os pacientes que se enquadravam nos
seguintes critérios: (a) caracteristicas clinicas indicando instabilidade da articulagéo
metatarsofalangica, como histéria de desalinhamento progressivo dos dedos e/ou
presenca de espacgo entre o segundo e terceiro dedos, e algum grau de instabilidade
com drawer test positivo ©%); (b) ter realizado artroscopia diagndstica da articulagéo
metatarsofalangica; e (c) ter realizado um estudo pré-operatério de ressonancia
magnética do antepé em aparelho de 1.5 T. Assim, foram excluidos os casos com
cirurgia pregressa da articulacdo metatarsofalangica, artropatias inflamatorias,
neuropatia periférica, diabetes e doenga vascular periférica. Ao final, 45 articulacdes
metatarsofalangicas de 23 pacientes foram incluidas. Todos os pacientes incluidos
apresentavam algum grau de instabilidade ao exame fisico. A indicacao de artroscopia
foi baseada no exame fisico, como descrito na literatura 473, O estudo de ressonancia
magneética foi solicitado para confirmar a presenca e gravidade da lesdo da placa

plantar antes do procedimento artroscopico.

Protocolo de Imagem

Todos os exames de ressonancia magnética do antepé foram realizados em
aparelhos de 1,5 T, em trés servicos de radiologia independentes (Signa Excite HD
1.5T, GE Healthcare, Milwaukee, Wisconsin; Achieva 1.5T, Philips Medical Systems,
Best, the Netherlands; ou Aera 1.5T, Siemens, Erlangen, Germany). Todos os exames
foram realizados com bobina de extremidade dedicada, com paciente em posi¢cao
supina e com o antepé em posicao neutra. Como protocolo padrao, foi utilizada

sequéncia ponderada em T1 no plano coronal (eixo curto) e sequéncias com
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ponderagao intermediaria com supressdo de gordura, nos planos axial (eixo longo),
sagital e coronal (eixo curto). Os parametros utilizados para essas sequéncias sao
retratados no Quadro 1.

Avaliagao dos estudos de ressonancia magnética

Dois radiologistas especialistas em musculo esquelético (A.F.Y. e M.D.C.), com
12 e 11 anos de experiéncia na area, respectivamente, avaliaram independentemente
os estudos de ressonancia magnética. Os radiologistas ndo foram informados sobre
dados clinicos, relatérios iniciais das ressonéncias magnéticas e resultados da
artroscopia. Somente a segunda e terceira metatarsofalangicas foram avaliadas. Os

exames foram observados de forma randémica e sem os dados dos pacientes.

Uma série de achados hipoteticamente relacionados a rotura da placa plantar

foram avaliados:

1. Morfologia e sinal da placa plantar (sinal direto): A placa plantar normal é
descrita apresentando baixo sinal nas sequéncias ponderadas em T1 e T2
(19,28) (figura 4). Foram consideradas como rotura da placa plantar as
seguintes alteracbes, quando avaliadas nos planos coronal e sagital nas
sequéncias com ponderagao intermediaria: presenca de afilamento da placa
plantar, placa plantar ndo visualizada, e descontinuidade parcial ou completa
com interposigao liquida (figura 5) (16,17). A alteracéo de sinal da placa plantar
sem alteragdo da morfologia n&o foi considerada como rotura. O afilamento da
insercdo distal da placa plantar foi determinado em comparagdo com a
espessura de sua porgdo média no plano sagital: a inser¢ao distal deveria ser
mais espessa ou pelo menos igual a espessura da porgdo média para ser
considerada normal (9). A placa foi considerada como ndo caracterizada nos
casos com luxacgao/subluxagdo dorsal da falange proximal, com significativo

desvio da placa.

2. Todos os outros achados descritos em seguida foram considerados como

potenciais sinais indiretos.
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2.1Luxagao ou subluxagdo da articulagdo metatarsofalangica: caracterizada como
perda da congruéncia articular, com qualquer grau de desvio dorsal da falange

proximal, avaliada nas imagens sagitais.

2.2Edema da medular 6ssea: avaliado separadamente nos locais de fixacdo da
placa plantar (cabegca do metatarso ou base da falange proximal — figura 5) e
caracterizado como areas mal definidas de alto sinal nas sequéncias com

ponderacgao intermediaria.

2.3Fibrose pericapsular (sinal do “pseudoneuroma”): as alteragdes inflamatérias
circunjacentes a placa plantar estendem-se junto ao espago intermetatarsal,
criando uma imagem que se assemelha e, portanto, pode-se confundir com um
neuroma interdigital, especialmente nas sequéncias coronais ponderadas em
T1. Entretanto, diferentemente de um verdadeiro neuroma, a fibrose pericapsular
(18,36,37) relacionada aos casos de rotura da placa plantar apresenta-se, na
maior parte das vezes, com limites mal definidos, assimétrica em relagdo ao
espaco intermetatarsal, descrito por Umans et al. como de localizagado excéntrica
pericapsular (18) e apresentando sinal alto ou intermediario nas sequéncias com
ponderagcdo intermediaria (figura 6). Devido a frequente interpretagcéo
equivocada deste achado como neuroma, decidimos chama-lo de “sinal do

pseudoneuroma”.

2.4 A tenossinovite dos flexores foi definida com a presenca de qualquer quantidade

de liquido no interior de sua bainha, ao nivel da articulagdo metatarsofalangica.

2.5Complexo tenddo interosseo e ligamento colateral: avaliamos se o complexo
tendao/ligamento colateral estava afilado ou espessado, apresentando alteragao
de sinal no plano coronal (eixo curto) nas sequéncias com ponderagao em T1 e
intermediarias (figura 7). Avaliamos também a presenca de atrofia do ventre

muscular do interdsseo nas sequéncias coronais (eixo curto) ponderadas em T1.

2.6 A presenca de calosidade do coxim gorduroso plantar foi avaliada nos planos
coronais com ponderagdo intermediaria e em T1, mostrando-se como imagem
de aspecto nodular, com baixo sinal em ambas as sequéncias, subjacente as
cabecas dos metatarsais. A presenca de bursite subcapital foi avaliada na

mesma topografia anatdbmica, apresentando-se como cole¢do liquida bem
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definida com baixo sinal nas sequéncias ponderadas em T1 e alto sinal nas
sequéncias com ponderacgao intermediaria.

2.7 A bursite intermetatarsica foi considerada na presenga de qualquer quantidade
de liquido distendendo a respectiva bursa.

2.8A presenca de derrame articular da metatarsofalangica foi observada na linha
média do plano sagital em sequéncia com ponderagao intermediaria.

2.9Distancia placa plantar — falange proximal (PPFP): avaliou-se quantitativamente
a distancia entre a margem distal da placa plantar e a base da falange proximal,
em centimetros (cm), sendo esta medida realizada no plano sagital, em
sequéncia de ponderacdo intermediaria e ao nivel do trajeto do tendao flexor
(figura 8).

Artroscopia Diagnéstica e Cirurgia Aberta

Os exames de artroscopia foram realizados por um cirurgido ortopedista (C.N.)
com 30 anos de experiéncia em cirurgia de pé e tornozelo. O cirurgido teve acesso aos
resultados das ressonancias magnéticas pré-operatérias, mas n&o as avaliagbes
retrospectivas realizadas pelos dois radiologistas. O procedimento artroscopico foi
realizado por meio de dois portais (medial e lateral) localizados ao nivel da articulagao
metatarsofalangica com artroscépio de 2,7 mm e 30 graus. As por¢des distal e central
da placa plantar foram inspecionadas e palpadas com o probe, e as roturas das placas
plantares foram avaliadas. Os relatérios cirurgicos foram avaliados retrospectivamente
para presenca de rotura da placa plantar. Em todos os relatérios, houve avaliagdo da
morfologia da placa plantar e de sua integridade, definindo-se claramente se esta

apresentava-se rota (parcial ou completa) ou nao.

Todas as lesdes da placa plantar foram classificadas de acordo com o sistema
de graduacgdo anatdmica, descrito na literatura (Quadro 2) @439, Para cada grau de

lesao, foi realizado um procedimento especifico.

Para as lesdes de grau 0 e |, foi realizada radiofrequéncia junto a area de leséo.
Para todas as lesdes de grau |, também foi realizado o procedimento de osteotomia de
Weil. 4% Para as lesdes de grau Il e lll, fez-se reparo direto por via aberta e posterior
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reinsercdo. Para as lesdes de grau IV, realizou-se a osteotomia de Weil associada a

transferéncia de tend&o flexor para extensor (4041,

Quando o reparo por via aberta ou a osteotomia de Weil foram realizadas,
pudemos avaliar o espacgo intermetatarsico. Dessa forma, nas lesbées com grau |, Il, lll e

IV, foi possivel a avaliagdo do espaco intermetatarsal.

Analise Estatistica

O desempenho diagnostico de cada um dos sinais a ressonéncia magnética foi
avaliado, determinando-se especificidade, sensibilidade e acuracia, utilizando como
referéncia os achados cirurgicos para presenga ou auséncia de rotura da placa plantar.
Além de avaliar o desempenho diagndstico dos sinais diretos na ressonancia
magnética, consideramos também as alteragbes morfolégicas da placa plantar (nao-
visualizagao, afilamento ou descontinuidade) como possiveis sinais diretos de rotura da
placa plantar. O teste x? e o teste exato de Fisher foram utilizados para comparagao
das variaveis categoricas e o teste de Mann-Whitney para avaliagdo de potenciais
preditores continuos de rotura da placa plantar (distancia PPFP). Analisamos a curva
ROC visando avaliar o desempenho diagndstico da distancia PPFP para rotura da
placa plantar e a area abaixo da curva ROC foi calculada. Além disso, efetuamos
analise de regresséo logistica multivariada para selegdo das variaveis significativas,
com o intuito de verificar quais sinais estariam associados com rotura da placa plantar
diagnosticada durante a cirurgia. A analise multivariada incluiu somente os sinais que
demonstraram significancia estatistica apds a analise de regresséo logistica univariada.
A significancia foi definida como P > 0.05. A comparacgao das distancias PPFP para os
dois leitores foi feita com analise regressiva linear, usando o coeficiente de correlagao
de Pearson. A confiabilidade interobservador para todos os sinais avaliados foi
realizada com estatistica Kappa de Cohen. A analise estatistica foi realizada com o uso
de software especifico (SPSS, version 22.0 for Mac; SPSS, Chicago).
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4 RESULTADOS

Populagao estudada e achados cirurgicos

Utilizamos um grupo de estudo com 23 pacientes (13 mulheres e 10 homens) e
incluimos 45 articulagdes metatarsofalangicas (28 no segundo dedo e 17 no terceiro).
A idade média dos pacientes foi de 50,5 +/- 8,1 (DP) anos, variando entre 34 e 75
anos. O tempo médio entre a RM pré-operatoria e o procedimento cirurgico foi de 16,1
+/- 5,9 semanas, em um intervalo entre 3,9 e 26,5 semanas. Considerando as 45 PP
avaliadas por artroscopia, 34 (75,6%) apresentavam rotura e 11 (24,4%) nao
apresentavam rotura. Ocorreram 22 casos de rotura da PP na segunda articulagao

MTF e nove na terceira articulagado MTF (tabela 1).

Desempenho diagnoéstico dos sinais nos estudos de Ressonancia Magnética

As tabelas 2 e 3 retratam as articulagbes MTF categorizadas pelos sinais na
Ressonancia Magnética e a presenca ou auséncia de rotura da PP comprovada

cirurgicamente.

Observando as 34 roturas das PP diagnosticadas a cirurgia, somente uma
apresentou intensidade de sinal e morfologia normal no estudo de Ressonancia
Magnética. Os 33 casos de rotura da PP remanescentes apresentaram sinais positivos
na Ressonancia Magnética, 13 (38,2%) apresentaram descontinuidade parcial ou
completa com interposigdo liquida, 18 (54,5%) apresentaram afilamento sem
descontinuidade nitida e 2 (5,9%) apresentaram luxagao dorsal da falange proximal
com nao visualizagdo da placa. Em 11 casos, ndo foi caracterizada rotura da PP
durante a artroscopia, sendo que em 5 (45,5%) observou-se alteragao de sinal da PP,
mas sem alteragado morfolégica no estudo de RM; os outros 6 casos apresentaram sinal

e morfologia normais.

Considerando-se a presenga de qualquer alteragdo morfolégica da PP como
sinal para diagnodstico para rotura da PP, a Ressonancia Magnética apresentou
sensibilidade de 97,1%, especificidade de 100%, e acuracia de 97,8%. Separadas,
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porém, essas alteragdes morfolégicas exibiram baixa sensibilidade e acuracia (tabela
2).

O desempenho diagndstico de cada sinal indireto na RM para rotura da placa
plantar é apresentado na tabela 2. O sinal do pseudoneuroma demonstrou melhor
desempenho diagnostico entre os sinais testados, apresentando alta sensibilidade
(91,2%), especificidade (90,9%), e acuracia (91,1%) (p<0,001). A presengca de
anormalidade do complexo tendao interésseo-ligamento colateral demonstrou de
moderado a bom desempenho diagnostico para rotura da placa plantar, com
sensibilidade de 67,7%, especificidade de 72,2%, e acuracia de 68,9% (p=0,02).
Nenhum dos outros sinais indiretos alcancaram significAncia estatistica (tabela 3).

Associagao dos sinais na RM com rotura da placa plantar

Apos aplicar regressao logistica univariada, encontramos uma forte associagéo
da presenca do sinal do pseudoneuroma com rotura da PP, com uma razdo de
chances (OR) de 103,3 (95% IC, 9,6-1108,5; p< 0,001). Além disso, a presenga de
alteracdo do complexo tendao interésseol/ligamento colateral também demonstrou
associagao com rotura da PP (OR = 5,6 [95% IC, 1,2-25,2]; p=0,26). A presenga de
edema da medular éssea na falange proximal apresentou uma tendéncia a associagao
com rotura da PP (p=0,061). Nao constatamos associagao com significancia estatistica

para os demais sinais avaliados (tabela 4).

Utilizando o teste de Mann-Whitney, verificamos que a distdncia PPFP medida
na RM é significativamente maior nos casos com rotura de PP comprovada a cirurgia
(0,23 +/- 0,07 cm) (p=0,02). Fazendo uma curva ROC, encontramos uma area sob a
curva (A;) igual a 0,735, significativamente maior que 0,5 (p=0,02) (Grafico 1). Por
conseguinte, a medida da distancia PPFP é um bom preditor para rotura da PP.
Procurando um valor de corte, encontramos como melhor valor a distancia de 0,275
cm, observando que medidas iguais ou maiores que este valor, apresentam
sensibilidade de 64,7%, especificidade de 90,9% e acuracia de 71,1% para presencga
de rotura da PP. Apds aplicar analise de regresséo logistica univariada utilizando o
valor de corte mencionado, encontramos associagao significativa com rotura da PP
(OR = 18,3 [95% IC, 2,9-161,0]; p=0,009). A anadlise de regressdo logistica
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multivariada, incluindo somente os sinais de RM com associagédo significativa no
modelo univariado, demonstrou que o sinal do pseudoneuroma (OR = 117,6 [95% IC,
7,2-1931,9]; p=0,001) e a distancia PPFP (OR = 22,0 [95% IC, 1,1-434,7]; p=0042) sédo
0s unicos sinais independentemente associados a rotura da placa plantar, comprovada

a cirurgia.

Concordancia interobservador

A concordancia entre os dois radiologistas em relagdo aos sinais avaliados nos
estudos de RM foi substancial de forma geral: morfologia e sinal da PP (média k, 0,68
+/- 0,85), sinal do pseudoneuroma (média k, 0,79 +/- 0,98), e anormalidade do
complexo tendao interésseo/ligamento colateral (média k, 0,75 +/- 0,80). Para a medida
da distancia PPFP, houve concordancia substancial quando aplicamos o coeficiente de
correlagdo de Pearson (r = 0,815; p<0,001). Para todos os outros parametros,
encontramos concordancia excelente (k > 0,80).

Associagao com neuroma intermetatarsal verdadeiro

Observando as 45 PP incluidas neste estudo, 11 foram classificadas como grau
0; 4 como grau |; 10 como grau Il; 18 como grau lll; e duas como grau IV. Somente nos
casos de grau | a IV, a intervencéo cirurgica abordada permitiu a avaliagdo do espago
intermetatarsal. Desse modo, em 75,6% dos casos (34/45), conseguimos verificar a

presencga de neuroma intermetatarsal pela cirurgia.

Analisando os 34 casos, nos quais foi possivel a avaliagdo do espaco interdigital,
dois apresentaram neuromas interdigitais (figura 9), sendo que em somente um caso
houve concomitancia com sinal do pseudoneuroma no exame de RM (figura 10).
Outras 11 neurotomias foram realizadas, mas estes procedimentos foram realizados

em articulagdes MTF sem instabilidade e n&o incluidas no estudo.

Em 11 casos, o espaco interdigital ndo pode ser avaliado. Entre estes, somente
em um foi caracterizado o sinal do pseudoneuroma no estudo de RM. Este € o unico

caso no qual a concomitancia com um neuroma verdadeiro n&o pbéde ser verificada.
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5 DISCUSSAO

A RM com protocolo de rotina do antepé, realizada em aparelho de 1,5 T,
mostrou-se util para a avaliacdo de rotura da placa plantar em pacientes com quadro
clinico indicando instabilidade da articulagdo MTF. Encontramos, ainda, sinais na RM
que exibiram de bom a excelente desempenho para o diagndstico de rotura da PP e
associagao significativa com rotura da PP quando utilizados achados cirurgicos como
referéncia. Os resultados de nosso estudo demonstraram que a presenca de qualquer
alteragao da morfologia da placa plantar e de alguns sinais indiretos na RM retrataram
de boa a excelente acuracia no que diz respeito ao diagnostico de rotura da PP. A
analise de regressao logistica multivariada mostrou que o sinal do pseudoneuroma e a
distancia PPFP sao fortemente e independentemente associados com a rotura da PP

verificada a cirurgia.

A PP tem posicado central em cada articulagdo MTF e com multiplas fixacdes,
incluindo os ligamentos colaterais, ligamentos intermetatarsais, tenddes interésseos e a
bainha fibrosa dos tenddes flexores. A fungdo primaria da placa plantar € a
estabilizacao estatica da articulacdo MTF. A estabilizacdo dinamica € desempenhada
pela musculatura intrinseca e extrinseca do pé, porém, a habilidade dessa musculatura
para a estabilidade dinamica depende da integridade da placa plantar ©"). Nos casos
de suspeita de anormalidade ou lesdo da placa plantar, € crucial a utilizacdo de

métodos ndo-invasivos, como a RM, para avaliar a integridade da PP.

A utilidade da RM na avaliagédo da integridade da PP foi primeiramente descrita
por Yao et al.'%3%), Valendo-se de achados cirlrgicos como padrdo de referéncia,
verificou-se que um alto sinal focal, nas sequéncias sensiveis a liquido, deveria ser
interpretado como rotura da placa plantar (*®). Este achado & considerado como sinal
direto de rotura da PP (1617 representando uma descontinuidade parcial ou completa
da PP com interposi¢cdo liquida. Gregg et al. (319 analisaram o desempenho
diagnéstico da RM e da ultrassonografia para a avaliagdo da rotura da PP em dois
estudos. Primeiramente reportaram boa correlagédo entre os dois métodos com achados
em espécimes de cadaveres ('°) e, posteriormente, uma alta sensibilidade, mas com
baixa especificidade para os dois métodos na deteccdo de roturas da PP, utilizando

como referéncia os achados cirdrgicos (3. Outros estudos recentes demonstraram
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bom desempenho diagnostico da RM para detecgao de rotura da PP, com sensibilidade
variando entre 74% e 96% e especificidade variando entre 95% e 100% (2031,

No presente estudo, somente 13 (38,2%) roturas da PP apresentaram
descontinuidade com interposigéo liquida nos estudos de RM, logo, este sinal por si so
teve baixa sensibilidade e acuracia. Dois pontos devem ser ressaltados para justificar
essa discrepancia com outros estudos prévios: primeiramente, todos os casos de
instabilidade da articulagdo MTF em nossa amostra foram avaliados com artroscopia
diagnodstica que, por sua vez, potencializou um maior numero de pequenas roturas
incluidas no estudo; em segundo lugar, os exames de RM do antepé, em nossa
pesquisa, foram realizados com protocolo padrdo, sem a utilizagdo de protocolos com
alta resolucao utilizados em estudos prévios. Apesar do sinal direto de rotura da PP na
RM ser aceito amplamente, ndo ha consenso sobre outras alteragdes morfologicas que
possam estar associadas a rotura da PP. Em nosso estudo, outros casos de rotura da
PP verificados a cirurgia apresentaram-se como afilamento ou ndo-visualizagdo da
placa nos estudos de RM. Tais casos devem alertar os radiologistas sobre outras
alteragdes morfolégicas da PP apresentadas nos estudos de RM que possam
representar rotura. Quando combinadas todas as alteragbes morfolégicas em nossa
amostra, a RM mostrou excelente desempenho diagnostico.

Este € o primeiro estudo a avaliar o desempenho diagnéstico e a associagéo
com outros sinais na RM — a maior parte sinais indiretos de estruturas que
potencialmente possam acompanhar as roturas da PP — utilizando achados cirurgicos
como referéncia. Alguns desses sinais foram descritos recentemente ('®) e podem ser
uteis no diagnostico de rotura da PP. O sinal do pseudoneuroma mostrou-se
extremamente bom para a deteccdo de rotura da PP. Salientamos que o sinal do
pseudoneuroma se da pela alteragao inflamatéria pericapsular, que se estende junto ao
trajeto do nervo digital préprio plantar adjacente, lembrando um neuroma, porém
diferenciando-se do mesmo por ter, na maior parte das vezes, limites mal definidos e
assimétricos em relagdo ao espaco intermetatarsal. Alteracbées do complexo tendao
interésseo/ligamento colateral também podem ser Uteis na detecgéo de rotura da PP. A
medida quantitativa da distancia PPFP é igualmente util nesse diagnostico, notando
que valores maiores que 0,275 cm demonstraram bom desempenho diagndéstico para
deteccdo de rotura da placa plantar. A analise de regresséo logistica multivariada

revelou que o sinal do pseudoneuroma e a distancia PPFP maior que 0,275 cm estéo
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fortemente e independentemente associadas a rotura da PP verificada a cirurgia. Isto
posto, esses achados podem ser uteis no diagndstico de rotura da PP e devem ser
cuidadosamente avaliados nos casos com suspeita clinica, especialmente quando o

sinal direto classico ndo pode ser identificado nos exames de RM de rotina.

Expomos algumas limitagbes que nosso estudo apresenta. Por ser um estudo
retrospectivo, ndo foi possivel o controle dos diferentes protocolos de RM utilizados.
Além disso, nao foi aplicado protocolo de alta resolugdo especifico com area de
interesse (FOV) pequena e focada para cada articulagdo MTF. As aquisicbes dos
estudos de RM foram realizadas com parametros técnicos que abrangeram o antepé
por inteiro, portanto, isto pode ter reduzido o desempenho diagnostico de alguns sinais
avaliados. Por outro lado, os protocolos utilizados representam, de forma melhor, a
realidade de nossa pratica clinica. Verificamos que existe um viés de selecio inerente
a amostra, pelo fato de que somente pacientes indicados para a artroscopia foram
incluidos no estudo e, assim, a prevaléncia de rotura da PP foi alta. Em relagdo a
fibrose pericapsular que leva ao sinal do pseudoneuroma, ndo temos comprovagao
anatomopatoldgica da regido pericapsular, pois, infelizmente, o material ndo foi
coletado durante a intervencéo cirlrgica. A época das cirurgias, ndo pensavamos em
estudar a origem destas alteragdes, como a fibrose pericapsular. Apenas em um caso,
no qual verificamos a presenga do sinal do pseudoneuroma, nao foi possivel constatar
a concomitancia de um neuroma verdadeiro, sendo este fato uma limitagcao do estudo.
Por fim, a avaliagdo do desempenho e da associagdo para alguns sinais da RM,

principalmente alguns indiretos, foi limitada pela baixa prevaléncia em nossa amostra.

Enfatizamos, no entanto, que os achados no presente estudo, especialmente o
sinal do pseudoneuroma e a distancia PPFP, podem melhorar o desempenho dos
exames de RM de rotina para a deteccdo de roturas da placa plantar, quando a
descontinuidade com interposic¢ao liquida (o sinal classico e direto) néo for detectada.
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6 CONCLUSOES

Concluimos que a RM mostrou-se efetiva para o diagndstico de rotura da placa
plantar.

Considerando-se qualquer alteragdo morfoldégica da placa plantar, como sinal
direto de rotura, a RM demonstrou bom desempenho diagndstico. Verificamos, todavia,

gue os sinais diretos, quando avaliados isoladamente, demonstraram valor limitado.

Pudemos constatar que alteragbes morfolégicas, como afilamento e nao-

visualizacédo da PP nos exames de RM de rotina, podem representar rotura.

Os sinais indiretos, como o sinal do pseudoneuroma e a distancia PPFP, foram
uteis no diagnostico de rotura da PP, com bom desempenho diagndstico, bem como
forte e independente associacgao.
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7 ANEXOS

Quadro 1 — Protocolos de ressonancia magnética (1.5T): parametros para todas as
sequéncias. PIl: ponderagao intermediaria; FOV: area de interesse; SE (spin-echo); ms:

milissegundos; mm: milimetros.

T1w coronal Pl coronal eixo Pl Sagital Pl axial eixo

eixo curto curto longo
Sequéncia SE SE SE SE
Tempo de 400-660 2320-3270 2600-3200 2000-3100
repeticao
(ms)
Tempo de 10-15 45-55 50-60 45-60
eco (ms)
FOV 80-100 80-100 80-100 75-100
Espessura 3.0-4.0 3.0 3.0-4.0 3.0
(mm)
Nimero de 20-24 20-24 20-24 14-16
cortes

Matrix 350 - 512 350 - 512 350 - 512 350 - 512




23

Quadro 2 — Classificagdo anatémica da lesao da placa plantar.

Grau da lesao

Achados Anatomicos

0
I

Atenuacao e/ou luxacao da placa plantar

Rotura distal transversa (adjacente a insergdo na falange proximal
<50%); medial/central/lateral e/ou intrassubstancial

Rotura distal transversa (>50%); medial/central/lateral e/ou
intrassubstancial

Rotura transversa e/ou longitudinal extensa (pode envolver os
ligamentos colaterais)

Rotura extensa com aspecto em “button hole” (luxagéo)
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Tabela 1 — Caracteristicas demograficas da amostra.

Variavel N

Sexo Masculino 10

Articulagao avaliada I MTF 28

Presenca de rotura da PP Rotura ausente 11

Localizagao rotura da PP I MTF 25
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Tabela 2 — Sensibilidade, especificidade e acuracia dos sinais diretos na RM para

diagnostico de rotura da placa plantar.

Auséncia Rotura
Sinais diretos da PP na RM de rotura da PP p SenSIEllldade EspechCIdade AcuoraCIa
da PP _ (%) (%) (%)
_ (n=34)
(n=11)

Rotura parcial ou 0,015 38,3 100 53,3
descontinuidade completa da PP
com interposicao liquida

Presente 0 13

Ausente 11 21
Afilamento da insercao distal 0,002 52,9 100 64,4
comparada a espessura da
porgao central

Presente 0 18

Ausente 11 16
Nao visualizagao 0,023 59 100 28,9

Presente 0 2

Ausente 11 32
Qualquer alteragdao da morfologia <0,001 97,1 100 97,8
da PP

Presente 0 33

Ausente

11
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Tabela 3 - Sensibilidade, especificidade e acuracia dos sinais indiretos na RM para

diagnostico de rotura da placa plantar.

Auséncia

de rotura Rotura Sensibll Especifici| Acuracia
Sinais diretos da PP na RM da PP p idade o o
da PP (n=34) (%) dade (%) (%)
(n=11) ¢
Luxacao ou subluxagao dorsal 0,06 26,5 100 44 4
Presente 0 9
Ausente 11 25
Sinal do pseudoneuroma <0,001°2 91,2 90,9 91,1
Presente 1 31
Ausente 10 3
Edema da medular 6ssea da falange 0,07 44 1 90,9 55,6
proximal
Presente 1 15
Ausente 10 19
Edema da medular 6ssea da cabega do 0,1 20,6 100 44 4
metatarso
Presente 0 7
Ausente 11 27
Derrame da MTF 0,69 91,2 9,1 711
Presente 1 31
Ausente 10 3
Tenossinovite dos flexores 0,13 32,4 97,9 46,7
Presente 1 11
Ausente 10 23
Alteragao complexo tendao 0,022 67,7 72,7 68,9
interésseol/ligamento colateral
Presente 3 23
Ausente 8 11
Calosidade do coxim gorduroso plantar® 0,29 54,4 63,6 56,8
Presente 4 18
Ausente 7 15
Busite subcapital 0,57 2,9 100 26,7
Presente 0 1
Ausente 11 33
Busite intermetatarsica 0,81 67,6 36,4 60
Presente 7 23
Ausente 4 11
Atrofia e lipossubstituicdo parcial do 0,18 14,7 100 35,6
musculo interésseo
Presente 0 5
Ausente 11 29

@ Estatisticamente significante

® Um dos casos foi descartado devido a presenca de artefato no coxim gorduroso plantar.
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Tabela 4 -Associagao entre sinais indiretos na RM com rotura da placa plantar na

cirurgia.
Sinais indi Auséncla de Rotura da | Odds Ratio (95%
inais indiretos da PP na RM rotura_ da PP PP (n=34) cl) p
(n=11)
Sinal do pseudoneuroma 103,3 (9,6-1108,5) | <0,001 2
Presente 1 31
Ausente 10 3
Edema da medular 6ssea da falange proximal 7,9 (0,9-68,7) 0,061
Presente 1 15
Ausente 10 19
Tenossinovite dos flexores 4,8 (0,5-42,2) 0,159
Presente 1 11
Ausente 10 23
Alteragao complexo tendao 5,6 (1,2-25,2) 0,026°
interésseol/ligamento colateral
Presente 3 23
Ausente 8 11
Calosidade do coxim gorduroso plantar® 2,1 (0,5-8,6) 0,301
Presente 4 18
Ausente 7 15
Bursite intermetatarsica 1,2 (0,3 -5,0) 0,806
Presente 7 23
Ausente 4 11

@ Estatisticamente significante

® Um dos casos foi descartado devido a presenca de artefato no coxim gorduroso plantar.
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Figura 1 — “Drawer test” ou teste da gaveta utilizado para a avaliagado da instabilidade
da articulagdo MTF, analisando o grau de subluxagéo sob estresse.



Figura 2 — Teste de apreens3o plantar do dedo 7
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Figura 3 — Imagem no plano sagital ponderada em T2 com supressao de gordura de

uma placa plantar normal. Nota-se uma area mal definida de alto sinal na regido central

junto a insergao da placa plantar compativel com recesso normal (seta).
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Figura 4 — Imagens no plano sagital (A) e coronal — eixo curto (B) com ponderagéo
intermediaria de placa planta normal. Placa plantar normal com formato em “C” e baixo
sinal ao nivel da cabega do metatarso (seta, A e B). Um pequeno foco de alto sinal
pode ser visto no plano sagital da linha média e n&o pode ser interpretado

incorretamente como rotura (cabega de seta, A).
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Figura 5 — Sinal direto classico de rotura da placa plantar, apresentando-se como

descontinuidade focal da placa plantar, com interposicao liquida, caracterizada tanto no
plano sagital (A) como no coronal — eixo curto (B) nas sequéncias com ponderagéo
intermediaria e com supressao de gordura (setas). Note a presencga de edema da
medular éssea na base da falange proximal (*), assim como a distensao liquida do

recesso dorsal pelo derrame articular. Exame de artroscopia correspondente (C).
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Figura 6 — Sinal do “pseudoneuroma”: alteragao inflamatéria de partes moles adjacente
a insercao da placa plantar, estendendo-se no espaco intermetatarsal, com alto sinal
nas imagens coronais — eixo curto na sequéncia com ponderagdo intermediaria e com

supressao de gordura (setas, A) e baixo sinal relativo nas imagens correspondentes
ponderadas em T1 (setas, B). Note o aspecto nodular caracterizado no plano coronal
nas sequéncias ponderadas em T1, mimetizando um “verdadeiro” neuroma interdigital.
Porém, o pseudoneuroma é relativamente assimétrico em relagéo a linha vertical

tracada pelo espacgo intermetatarsal (B), além de apresentar limites imprecisos.
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Figura 7 — Alteragcdes morfoldgicas do complexo tenddo interésseo/ligamento colateral
associadas a rotura da placa plantar. O afilamento e alteragao de sinal
intrassubstancial podem ser caracterizados nesta imagem coronal — eixo curto na

sequéncia com ponderagao intermediaria com supressao de gordura (setas).
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Figura 8 — Imagem sagital em sequéncia com ponderacé&o intermediaria,
demonstrando a distancia PPFP, localizada entre a margem distal da placa plantar
(cabeca de setas) e a base da falange proximal (*), com indicado. Como referéncia

para a medida desta distancia, utilizou-se o plano sagital com o maior comprimento do
tendao flexor. Note o espessamento e alteragéo de sinal do tendao flexor adjacente,

assim como o derrame articular da metatarsofalangica.
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Figura 9 — Corte coronal no eixo curto em sequéncias em sequéncias com ponderagao
intermediaria e com supresséao de gordura (A) e ponderadas em T1 (B). Observa-se o
sinal do pseudoneuroma no segundo espaco intermetatarsal e um neuroma verdadeiro
no terceiro espacgo. No terceiro espago, nota-se imagem nodular e simétrica em relagéao
a linha mediana do espaco intermetatarsal (cabeca de setas). Enquanto que no
segundo espacgo, nota-se imagem com limites imprecisos e assimétrica em relagéo a

linha mediana do segundo espaco intermetatarsal (setas).
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Figura 10 — Corte coronal no eixo curto em sequéncias em sequéncias com
ponderagao intermediaria e com supressao de gordura (A) e ponderadas em T1 (B).
Importante alteracao inflamatdria e fibrose pericapsular nas partes moles
circunjacentes a insergao lateral da PP na base da falange proximal, estendendo-se no
terceiro espaco, sendo dificil a definicdo de imagem nodular. A abordagem cirurgica
revelou neuroma interdigital do terceiro espacgo e rotura da placa plantar em

concomitancia.
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reference standard.

MATERIALS AND METHODS. We retrospectively included 23 patents with symp-
tomatic instability of lesser MTP joints who had underpone preoperative 1.5-T MRI and sur-
gical assessment. The MEI examinations were independently assessed by two mmsculoskele-
tal radiologists. Using the surgical data as the reference standard, we calculated the sensitvity,
specificity, and accuracy of each MEI feature in the detection of PP tears. Multivariate logis-
tic repression analvsis was performed to identify which MRI features were independenidy as-
sociated with PP tears. Interobserver reliability was assessed using kappa statistics.

RESULTS. Forty-five lesser MTP joints were inclnded The presence of pericapsular fi-
brosis was highly sensitive (91 2%),_ specific (30.9%). and accurate (71 1%, for the diagnosis of
PP tears. With a cutoff value of 0.275 cm, the PP—proximal phalanx distance had a sensigvity
of 64 7%, specificity of 909%, and accuracy of 711% in diagnosing PP tears.

CONCLUSION. In patients with clinical features indicating lesser MTP joint instabil-
ity, some direct and indirect MEI features exhibited pood to excellent diagnostic performance:

in detecting the presence of PP tears.
ain at the lesser metatarsopha-
langeal (MTP) joinis is a com-
P mon complaint, and several
causes have been described in-
cluding trauma, instability, synovits, and
other inflammatorv conditions [1, 2]. The
lesser MTP joint of the second toe is often
subject to instability and has been described
as the most common site of dislocation in
the forefoot [3]. The high incidence of sec-
ond MTP instability in older women led
Coughlin et al. [1] to hypothesize that the
long-term use of high-heel shoes leads to
chromic hyperextension forces, causing elon-
gation of the plantar plate (FP). MTP insta-
bility may alzo affect voung male athletes [1.
4]. The impertance of the PP as a stafic re-
straint 1o lesser MTP joint subluxation and
dislocation has been well documented, and
injuries of the PP play a significant role in
the development of sagittal plane MTP in-
stability [3-8]. Despite the importance of
the PP in terms of the stability of the lesser
MTP joints, there is no consensus regarding
treatment of PP injuries [9].

Inthe past, the imaging diagnosis cf PP ab-
normalities consisted primarily of arihroera-
phy_ More recently, MEI and ulirasound have
been used [10-14]. Yao et al. [13] found that
focal high signal intensity of the PP seen on
fimid-sensitive sequences was consistent with
PP tears, which were later confirmed by sur-
gical assessment. This feature, which is con-
sidered to be a direct sign of a PP tear [16,
17]. likely represents partial or complete dis-
continmty of the PP with finid interposition.
Other studies have tested MEI for detecting
PP tears using direct signs, such as the one
mentioned earlier, with some degree of dis-
crepancy regarding specificity [12, 18, 19].
Some morpholopic changes of the PP that
could represent tears were not tested against
a reference standard.

The performance of MRI in detecting PP
tears should, ideally, be tested nsing the stan-
fivot that are widely used in clinical practice.
Furthermore, there are few studies available
assessing the performance of the indirect
signs or features on MEI, mainly those af-
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TABLE I: MRI Protocols (1.5 T): Parameters for All Sequences

Coronal Short-Axis T1 Coronal Short-Axs Intermediate- | Sagittal Intermedsate-Weighted | Axal Long-Axis Intermediate-
Parametars Weighted SE Sequence Wiightad SE Sequence SE Sequence Weghted SE Sequence
TR {ms) 40— G60 2320-3270 26003200 2000-3100
TE {ms] 10-15 45-55 5060 4550
FOV {mm] B0-100 #0100 80100 75100
Secton theckness {mm) 3040 In 3040 i
Mo. of sections 20-24 20-24 -4 14-16
Matrix 350512 =« 350512 350512 = 350-512 350-512 « 350-512 350-512 = 350512

Note—All sequences were performed with fat suppression. SF = spin-echo.

fecting the surrounding structures at the MTP
joing, that could be related o PP tears. Umans
and colleagues [17, 20] sought to idendfy both
the qualitative and quanttative features on un-
enhanced MRI that might improve diagnostic
detection of PP tears. However, these studies
lack surgical data as the reference standard.

The aim of our study was to assess the di-
agnostic performance of the direct and indi-
rect MRI features hypothesized to be related
to PP tears, as well as their associations with
PP tears, using surgical findings as the refer-
ence standard.

Materials and Methods
Patients

This stady was approved by the ethics com-
mittes at Federal University of 5330 Paulo, and re-
quirement for inform ed consent was waived We
performed 2 retrospective search of the patient
database of the crthopedics department in our in-
stitution lim ited to the period from JTampary 2009
to July 2012, Only patients who m et the following
criteriz were incloded in the stody: clindcal fea-
tures indicating instability of 2 lesser MTP joint,
such as 2 history of progressive mizalignment of
toes or the presence of 2 zap between the second
and third toes, and with some depres of instzbil-
ity as indicated by a positive drawer test [21]; pa-

tients with diagnoetic arthroscopy of the lesser
WTP joint; and patients with 2 preoperatve 1.5-T
MRI examinztion of the forsfoot We exclndsd
patients with 2 history of MTP joint surgery and
thoss with inflam mavory arthropathies, peripher-
al menropathy, diabetes, amd peripheral vascular
dizezss. Ultmately, 45 lesger MTP joiniz of 13
patients were includad in the stody cobort. Al pa-
tients had some degres of joint instzhility at clini-
cal examination. The indication fior arthroscopy
was based om clinicz]l examinadon, as described
in the literature [22, 23]. MEI was requested w
confirm the presence and zeverity of PP lesions
before arthroscopy was performed.

MPF] Protocel

All MRI examinations of the forefoot were
performed using 1.5-T wmits (Signa Excite HD,
GE Healthcare; Achieva, Philips Healtheare; or
Asra, Siemens Healtheare) at three radiolozy de-
partments. For all examinations, a dedicated stan-
dard extremity coil was used, amd the subject
was supine with the forsfoot in a2 nenfral position
for scamming. The standard protocol comprised
Tl-weizhted spin-echo (SE) images in the coromal
chort zxizs and interm ediate-weighted 5E imazas
with fat smppression in the axial lomg axis, coromal
short axis, and sapittal plane. The parameters for
all the sequences are presented in Tabls 1

MR Assessment

Two musculeskelstal radiclogists who had 12
amd 11 year= of experience, respectively, at the
time of the smdv independently asseszed the MR
examinztions. The radiclozizts were pnfamiliar
with the clirical datz, the inidzl MBI reparts, znd
the arthroscopic resule. Omly the second and thind
MTE joimts were asseszed . The MBI exam inations
were presented random 1y and did mot comtEim any
patient imfiorm atiom.

Ten MFEI features that have been bypothesized
to be helpful in diagnosing PP tears were evaln-
ated. Firet, the PP morpholozy and siznal inten-
ity {dirsct features) wers evaluated The normal
PP iz described 2= having low siznz] intensity on
both T1- and T2-weizhted imapes [15. 24] (Fiz.
I). The following FP chanzes were assessed om
bothk =azittal and coromzl intermediate-weighted
far-suppreszed imazes and were considered as PP
tears: the presemce of PP thinming, nomvisibility
of PP, and partizl or complete discontimuity of the
PP with finid interposition [15, 16] (Fie. I The
pressmce of signal-imtensity changss in 2 PP with
mormal morphology was mot comsidered o be a
PP tear. Thinming of the distal insertion of the PP
was compared with the thickmess of its midpor-
tiorr: The distzl imsertion had to be thicker than or
at least equal in thickness 1o iz midporton o be
conzidered nom al [2]. The nonvisibility of the PP
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MRI Features of Metatarsophalangeal Plantar Plate Tears

Fig. 2—54-year-old woman with plantar plate (PP) tear.
A and B, Sagittal () and coronal shor-axis |B) inlermediate-weighled mages oblamed with fal suppression show classic direct MBI feature of PP tear: focal discontinuity
of PP with fluid interpesition | amows). Note presence of bone marrow edema at base of proximad phalam: | estersks] and dorsal metstersophslangesl jpint efusion.

€. Image obtained during arthroscopic axamination shows PP tear (amows).

was comsidered in cases of dorsal dislocation of
the proxim al phalanx with relevant PP deviation.

All of the MEI features discussed mext wers
considersd as potential indirect signs of FP tears.

Second, disloration or subloxation of the MTP
joint, which is characterized by a loss of comema-
ence with any dezree of dorszl dislocaton of the
proximzl phalans, was assessed on sapittal imagzes.

Third, bone marrow edema was evaliated sep-
arately at the zitez of PP insertion (ie, metatarsal
bead or the base of the prozimal phalanx [Fig. I]).
Bome mamow edema was defined as ill-defined
arezs of high =ignal imensity on intermediate-
weizhred fat-suppresssd images.

Fourth, the presence or absence of pericapsn-
lar fibrosi= {ie, the “psendomeurcma™ =iz was
noted. The presence of pericapeular inflam mato-
1y changss around the PP, extending imto the ad-
jacent interm etatareal space, cTeates 2 pattern that
often mimice a trus interm etztarsal newroma, es-
pecially on coronzl short-axis Tl-weizghed im-
apes. Unlike a true wenroma, pericapsular fibro-
sis 17, 22, 25] accompanying PP tears exhibitz a
modular mostly ill-defined pattern; it is relatively

AJR:208, August 2017

asym metric at the imtermetztarzal space. Umans
et zl. [I7] described pericapsular fibrosis as having
an ecceniric pericapsular location and 3= sppear-
ing 2z high or iterm ediate signal intensity o in-
termediate-weizhed far-suppressed images (Fip
3). Due to frequemt misdiaznosis of pericapsular
fibrosis as neurom 2, we decided to call this finding
the “psendoneuroma” sign.

Fifth, flexor dizitornm tenosynovits was de-
fined 2= any amount of finid within the tendon
sheath adjacent to the MTP joint

Simth, the interoszeous tendom—collaerzs]l liza-
meant complex was assessed o determine if the en-
dom-lizam ent com plex was thinned or thickensd and
whether it was displaying siznal-intereity chamees
on both coromal short-axis T1- and interm ediate-
weizhted fat-snppresssd imazes (Fiz. 4). We alo
evalnared for the presemcs of inteross=ons muscle
atropky om coromal shont-axis T1-weizhted imazes.

Zeventh, the presence of plantar fat-pad callo=i-
ties was assessed om both coronal short-axis T1-
and imtermedizte-weizhted fat-suppressed imap-
&5 a5 3 nodular pattern with low siznal imtemsity
on both sequences at the level of the metararsal

C

heads. The presence of subcapital bursitis was as-
sessed 2t the same anatomic site a5 well-defined
fiuid collections exhibiting low siznal intersity on
Tl-weighted images and high signal intensity on
irmerm ediate-weizhied fat-soppressed imazss.

Eichth, inermetatarsal bursids was assessed
and was comzidered present if any Huid distenton
was seem 2t the interm etatarsal borsas.

Hinth, the presence of an MTP joint =ffnzion
was asseszed om sazittal imtermedizte-weizhred
fat-zuppressed midline imapes.

Tenth, the PP—proximz] phalanz distance was
guantitztively assessed. It was defimed a= the dis-
tance berween the distal marzin of the PP and the
base of the promimal phalans in cembmeters and
was measured on sazirtal imcermedizte-weizhied
fat-zuppreszed midline imazes displaving the ad-
Jacent fexor tendon (Fie 5}

Arthroscopic examinatons were perform ed by
one semior orthopedic sureeom who had 30 vears
of experience in foot and ankls surgery 2t the tme
of the study. The surgeon was aware of the results

Fig. 3—48-year-old woman with planiar plate (PF)
tear,

Aand B, " Pspudomeuroma” sign Sppears a5
mflammatory changes of soff tissues adacent to
PP inzartion that extend into intermetatersal space
and exhibit high signal intensity [arows, Al on
coronzl short-axis mtermediate-weighted mage
with fat suppression [A) and relatmely kow signal
mienzity | arowes, Bl on cormespondmg 11-wesghted
image (B). Note nodutsr pattern depicted on coronal
1-weighted mage s mimicking appearance

of true interdigital nesrema. However, onlike
AU, tl s asy i

with respect to vertical Ene [B) drewn through
niermetatarsal space and also has il defined
CONDLFS.
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TABLE 2: Flantar Plate (PF) Lesion Anatomic Grading System

Injury Grade Anatomic Fndngs
] PP or capsular attenuation with or without dislocation
I Transwerse distal tear adpacent to insertion into proximal phalanx (= 50%); medial, central, or lateral area wath or without midsubstance tear
[] Transverse distal tear | 50%); medial, central, or lateral sres with orwithout midsubstance tear
n Transwerse tear, extensive longitudinal tear, or both; may involve collateral higaments
' Extensive tear with button hole {dislocaton)

of the preoperative MEI examination but was not
aware of the retrospective zsseszment of the MEI
exam inztions perform ed by both radiolozists. The
arthroscopic procedure uwsed two dorsal portaks
(medial amd laterzly placed over the MTP joint
with 2 2.7-mm, 30° arthroscope. The cenmal and
distzl portions of the PP wers inspected and pal-
pated with a probe, znd the PP tezrs were assessed.
The surzical reports were retrospectvely evaluar-
ed for decum entation of the presence of 2 FP tear.
All the reviewsd reports incheded FP maorpholo-
&Y assesment 2nd made clear whether the PP was
torn (partially or completsly) or not.

All PP lesions were classified according o an
zmatom ic prading svstem that has been described
in the Iteramre [3, 15, 24] (Tzble 1) A specific
procedurs according to each grade of PP lesion
was performed. For grade O and I lesions, radio-
frequency shrinkage of the PP was performed.
For prade I lesions, a Weil osteotomy was zlso
performed. For grade IT and IIT lesioms, a direct
open repair of the PP was followed by reinserton.
For grade IV lesions, 2 Weil asteotomy com bined
with 2 fexor-to-extensor tendon transfer was per-
form ed [Z7, 28].

When open repair or a Weil cstecton ¥ was per-
form ed, we could assess the interm etatarzal space.
Thuz, when grade I, I, I, and IV lesions were

present, we could evalnate for the presence of an
interm etatarsal nenroma.

Statistical Analysis

Using the surgical datz == the referemce stan-
dard for whether PP tears were present of ahssmt,
we aszessed the diapmostic performance of each
of the MREI feamres and determined the sensitiv-
ity, specificity, and accoracy of each In additon w
aszeszing the perform ance of each direct MEI fez-
ture, we comsidered the presence of any morpholoz-
ic change of the PP (ie., nomvisualization, thimning,
or discontimury) as 3 sign of 2 PP tear. A chi-square
test zmd 3 Fisher exact test were used for compar-
isom of cateporic variables, and a MMann-Whitney
test was used 0 examine potential comtinuous pre-
dictors of PP tzar= (ie., PP-prozimzl phalanx dis-
tanece). ROC curve analveis was perform ed o evale-
ate the diagnostic performance of the PP—proxim al
phalanx distance for discriminating a PP tear, and
the area wnder the FROC curve was calculated. In
addition, multivariate kopistic repression amalvsis
with a forward stepwise method for the selection
of significant variahles was perform ed to determ ine
which MFI feztures were associated with a PP tear
diagnosed at surgery, the multivariate amalysis in-
cloded gnlv the MRI features that showed statistd-
cal sigmificance after onivariate logietic regression

analvsis. Siznificamce was defined 2= a p < 003,
Com parisores of 2ll PPproximal phalanx dstance
measurements of both readers were performed by
lingar repression anzly=is peing the Pearson cor-
relation coefficient. Intercheerver relizhilice for all
MEFI features was evaluared with Coben kappa st2-
nstcs. Statistical anzlyses were performed wsimz
2 software packaze (SPSS for Macimmosh [Apple
Com puter], version 22.0, IBM).

Results
Study Population and Surgical Findings
From the studv group of 23 patients (13
women, 10 men), 45 lesser MTP joints (28 of
the second toe and 17 of the third toe) were
inciuded. The mean patient age was 605 =
8.1 (SD) vears (age range, 3475 years). The
mean time frame between preoperative MREI
and surgical assessment was 16.1 = 3.9 weeks
(range, 35-26.5 weeks). Of the 45 PPs eval-
uated arthroscopically, 34 (73.6%) had tears
and 11 (24.4%) had no tear. Twenty-five FP
tears affected the secomd MTP joint, and
nine affected the third MTP joint.

Diagnostic Performance of MR Features
Tables 3 and 4 show the MTP joints cai-

ezorized by MREI feature and the presence

TABLE 3: Sensitivity, Specificity, and Accuracy of Direct MRI Features in the Detection of Plantar Plate (PF) Tears

Mo PP Tear at PP Tear at Sensitwity | Specthcrty | Accuracy
[irect MRI Features of PP Surgery (n= 1] | Surgeryln=38}| p %) %] %)
Partsod or complete discontinuity of the PP with fhud inles position hos 2 1040 53.3
Prosem o 13
Absent 1 2
Thinning of distal insertion of PP compared with thickness of medportion 0.002 529 100 4.4
Present 0 18
Absent 1i 16
Nomasualization of PP 0023 58 100 289
Present 0 ]
Absent 1 3z
Any change in morphology of PP <00 971 104 978
Present ] 33
Absent n 1
Wa AJR:209, August 2017
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MRI Features of Metatarsophalangeal Plantar Plate Tears

TABLE 4: Sensitivity, Specificity, and Accuracy of Indirect MRI Features in the Detection of Plantar Plate (PF) Tears

NoPPTearat | PP Tear at Surgery Sensitnaty | Specificity | Accuracy
Indirect MRI Features of PP Tears Surgery|n=11} =34} P %) %) %)

Dorsal dislocation or subluxation 0.06 265 100 444
Present o ]
Absent 1n 5

Pseudoneuroma sign <0.0071% N2 90.9 311
Prosent 1 3
Absent 1 3

Prossmal phalanx bone marrow edema 0.o7 44 909 558
Presant 1 15
Abzend 10 19

Matatarsal head bone marrow edema o 206 ] LI
Present 0 7
Absent n n

MTP joint effusion 0.69 L1 a1 i
Present 1 E
Absent 10 3

Flexor tenosynovitis 01z 324 79 &457
Prasant 1 n
Absen 10 23

Interosseous tendon—collateral Rgament complex abnormality il 677 121 B89
Present ki 13
Absent B n

Fat-pad callosity® 023 54.4 BiG 568
Present 4 18
Absant 15

Subcapital bursitis 057 23 1] 267
Present o 1
Absent n i3

Intermetatarsal bursitis 0.8l 676 364 60.0
Present 3
Absent 4 n

Interosseous muscle atrophy and Fatty infiliraton 0.8 47 100 356
Presant o 5
Absent 1 b

Note—MTF - metatarsophalsngeal.

Ftatistically significant.

"0ne of the cases was discarded due to the presence of artifact in the plantar fat pad.

of absence of surgically proven PP tears. Of
34 PP tears diagnosed at surgery, only one
(2.9%) exhibited normal signal intensity and
morphology on MEI. Of the remaining 33
MTP joints with PP tears at surpery and pos-
itive findings om MRI, 13 (38.2%) showed
partial or complete discontinuity of the FP
with fiuid interposition, 1§ (34.5%) showed
thinning of the PP without visible disconi-
nuity, and two (3.9%) showed dorsal disloca-

AJR:209, August 2017

ton of the proximal phalans with nonvisnal-
ization of the PP. Of the 11 PPs without tears
observed during arthroscopy, five (@5.5%)
exhibited signal-intensity chamges but nor-
mal morphology on MREI the remaining six
cases displaved normal signal intensity and
morphology. Considering the presence of
any change in PP 2v, MEI had a
sensitivity of $7.1%. specificity of 100%. and
accuracy of 97 8% for diagnosing PP tears.

Separatelv, however, these features exhibited
lower sensitivities and accuracies (Table 3).
The diagnostic performance of each indi-
rect MRI feamre assessed for PP tears is pre-
sented in Table 4. The psendoneuroma sign
exhibited the best performance among the
sitive (91.2%). specific (P0.9%). and accurate
(9L1%) (p < 0.001). An interossecis tendon—
collateral lisgament complex abnormality ex-
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hibited moderate to good diagnostic perfoe-
mance for PP tears with a sensitivity of 67.7%,
specificity of 72.7%, and accuracy of 669%
(p=002). None of the other indirect MEI fea-
tures reached statistical significance (Table 4).

Associgtion of MR Features With Flontar
Flate Tears

After applving univariate logistic regres-
sion, we found that the presence of the pseu-
doneuroma sign was strongly associated with
PP tears, with an odds ratio (OF) of 1033
(#3% CI, 96-1108.5; p < 0.001). Further-
more, the presence of an intercsseous ten-
don—collateral ligament complex abnormal-
ity was also associated with PP tears (OF. =
5.6 [953% CI,1.2-2512]; p=0.016). A trend fo-
ward an association with PP tears was found
for proximal phalanz bone marrow edema
{p = 0.061). No statistically significant asso-
ciations were found for the other MREI fea-
tures assessed (Table 3).

Using the Mann-Whitney test, we found
that the PP-proximal phalanx distance mea-
sured on MEI is significantdy higher for MTP
joints with PP tears at surgery (mean, 0.38 =
019 cm) than for MTP joints without FP
tears at sorgery (023 = 0.07 cm) (p = 0.02).

Yamada et al.

Fig. 5—Sagittal intermedsate-waightad image of
49-year-obd man shows. plantar plate (PP}-proximal
L (e, which is localed between

Fig 8 P Batoralliga
f hology ef iated with
plantar plate (PP} taar n 54-year-old man. Thicksning

andi bstance signal-i ity ch af

complex [arows) ane seen oh this coronal shor-axs
imtermedste-weighted fat-sappressed image.

Using an ROC curve to identify a cutoff val-
ue for the PP—proximal phalanx distance, we
found this MET feature to be a good predictor
for PP tears (area under the ROC mrw.[.i;]:

distal margin of PP [amowhasds) and base of proximal

phalanx (asfersk). While length of lexor tendon wes
used as reference o sssess this measurement. Note

thackening and sigral-intensity changes of adgcent
fiexor tendon as well as metatersophatznges! jont
effusion,

0735 p=0020). A cuoff valne of 0273 cm
for the PP—proximal phalanx distance for PP
tears diagnosed at surgery gave a sensitivi-
W of 64.7%, specificity of 90.9%, and accu-

TABLE 5: Association Between Indirect MRI Features With Plantar Plate (PF) Tears at Surgery

Indirect MRI Features of PP

Mo PP Tear at Surgery
lr=11)

PP Tear st Surgery
{n=34)

Odds Rato
{95% Cl) P

Pseudoneuroma sign
Present
Absent
Praximal phalanx bone marrow edema
Present
Absent
Flaxor tenosynoitis
Present
Absent

Interosseous tendon—collateral ligament complex abrormality

Present
Absent
Fat-pad callosity®
Present
Absent
Intermetatarsal bursiis
Present
Absent

10 3

10 1

10 23

1 23
4 n

103.3(9.6-1108 5) <0001

79(0.5-63.7) 0061

4 B{05-422) 0153

5601.2-25.7)

0026

210588 0.3

1.200.3-5.0 01.806

Kaote—Thesa resuits are from univanate logistic regression. Dee to insufficient numbers, the other MAI features that we essessed could not be tested for sssocistions.

using hegistic regression models,
Atatstically significant.

BOne of the cases was discarded due o the presence of artifsctin the plantar fat pad,

We
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MRI Features of Metatarsophalangeal Flantar Plate Tears

racy of 71.1%. After a univariate logistic re-
eression analysis was applied using the same
cutoff value, the PP—proximal phalanx dis-
tance showed a significant association with
PP tears (OF. = 183 [@5% CL 25-1610];
b =000%. A multivariate logistic regression
analysis including only the MEI features that
showed significant associations on univari-
ate models revealed that the psewdoneuro-
ma sign {OF. = 1176 [#5% CI. T2-193197;
b =0001) and the PP-proximal phalanx dis-
tance (OB =220 [95% CL 1147 p =
0.042) were the onlv features independentlv
associated with PP tears at surgery.

Intarobserver Reliability

BReliability between both radiologists re-
garding the MRI features assessed was sub-
stantial overall: PP morphelogy and signal
intensity (mean w, 0.68 + 0.83), psendonen-
roma sign (mean . 0.79 = 098), and inter-
osseous tendon-collateral ligament complex
abnormality (mean «, 0.73 = 0.30). For the
PP-proximal phalanx distance, there was
a substantal agreement when applving the
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Pearson correlation coefficient (r = 0815 p =<
0.001). For all other parameters, we found
excellent agreement (x> 0.80).

Asspcigtion With True Intermetatarsal Neuroma
Of the 43 PP injuries in the smdy group.
11 were grade 0 lesions; four, grade I lesions;
10, grade II lesions; 18, erade I lesions; and
two, grade IV lesions. Therefore, in 73.6%
(34/45 lesions), we could verify the presence
of an intermetatarsal neuroma.
Among the 34 cases for which it was pos-
sible to evaluate the interdigital space, two
presented interdigital neuromas (Fig. 6) and
the psendoneuroma sign occurred in com-
comitance in only one case (Fig. T). Another
11 neurectomies were performed, but these
procedures were performed in MTP joins
without instability and were not included in
the study. None of these cases had the psen-
doneuroma sign detected on the MR studies.
In 11 cases, it was not possible to evalu-
ate the intermetatarsal space. Among these
cases, the psendoneuroma sign was idendfied
in only ohe. This case was the only case in

Fig. 6—Caoncorrent “pseudoncuroma” sign on second
miermetatarsal space and true neuroma on thard
miermetatarsal space n56-year-old woman

A and B, Coronal short-axis T1-weighted images
Nodular pattern {ammwieads) and symmatry m
relation to mtermetatarsal midine are seon in thind
miermelalarsal space, whereas il-delined margins
and asymmedry in relation to madEne | amows) are
saen in second inlermetalarsal space.

which the concomitance of a Tue neuroma
could not be surgically verified

Discussion

We found that rowtine MEI of the fore-
foot at 1.5 T is useful in the assessment of PP
tears when performed in patients with clini-
cal features indicating lesser MTP instabil-
ity. We also found that some MREI features
exhibit good to excellent diagnostic perfor-
mance for PP tears and significant associa-
tions with PP tears when nsing surgical data
as the reference standard. In particular, our
results showed that the presence of any mor-
phologic change in the PP and the presence
of some indirect features exhibited good
excellent accuracy in the diagnosis of PP
tears. Muoltivariate lopistic regression amal-
veis showed that the pseudoneuroma sign
and the PP-proximal phalanx distance are
strongly and independentiy associated with
PP tears detected at surgerv.

The FP has a ceniral location in each MTP
joint, with multiple atachments inchding
the collareral lizaments, intermetatarsal liga-

Fig. 7—A and B, Coronal short-axis intermediste -
wieighted fat-suppressed (&) and coronal shart- axés
Tl-weighted [B] images show mflammatory and
pericapsutar fibrosis changes of saft fssees adiacent
to PP insertion extending into third imtermetatarsal
space |amows].
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ments, interossecus tendons, and the fibrous
sheath of the flexor tendons. Static stabiliza-
tion of the MTP joint is the primary function
of the PP, and dynamic stabilization is pro-
vided by the exirinsic and intrinsic muscula-
ture of the foor. However, the ability of these
muscles to stabilize the joint relies on the in-
tegrity of the PP [25]. When an abnormal-
ity or injury of the PP is suspected, it is cru-
cial to rely on noninvasive methods, such as
MRI, to assess the integrity of the PP

Yao and colleagues [13, 24] first described
the usefulness of MREI in the evaluation of
PP inteprity. Using surgery as a reference,
they found that focal high signal intensity
of the PP visualized on fiuid-sensitive se-
quences should be interpreted as a PP tear
[15]. This finding is considered to be a direct
sign of a PP tear [15, 16], representing par-
tial or complete discontinuity of the PP with
fluid interposition. Gregg and colleagues [12,
18] assessed the performance of MEI and ul-
trasound in the evalnation of PP tears in two
studies. They reposted, first, a good comre-
lation between both methods and direct in-
spection of cadaveric feet [18] and. second,
2 high sensitivity but low specificity of both
methods for the detection of PP tears with
surgical correlaton [12]. Other recent stud-
ies showed goeod diagnostic performance of
MFI in the detection of PP tears, with sensi-
tivities ranging from 74% to 96% and speci-
ficities ranging from 93% to 100% [12, 30].

In the current study. only 13 (382%) PP
tears showed discontinuity of the PP with flu-
id interposition on MREI, so this sign by it-
self had poor sensitivity and accuracy. Two
points must be considered regarding this dis-
crepancy berween our results and those of
previous studies: First, all cases of instability
of the MTP joint in our sample were evalu-
ated using diagnostic arthroscopy, which po-
tentially increased the number of small tears
incloded in our smdy group. Second. in our
study, the MREI examinations of the fore-
foot were performed using standard proto-
cols, not high-resolution dedicated protocols
as were used in some previous studies. Al-
though the direct signs of PP tears on MRI
are widely accepted, there is no consensus
regarding other morphelogic changes of the
PP that could be related to tears. In the cur-
rent study, other cases of torn PPs at surgery
exhibited thinning or nonvisnalization of the
PP on MEI. These cases should alert radielo-
gists that other morphologic changes in the
PP seen on MEI may represent tears. When
combining all of the morphologic changes

We
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seen in our sample, MEI showed excellent
diagnostic performance.

This study is the first to assess the diag-
nostic performance and the associations of
other MEI features—most of which are in-
direct signs related to other stuctures that
may potentially accompany PP tears—with
surgical findings as the reference standard.
Some of these features were described re-
cenidy [17] and may be nseful in diagnosing
PP tears. The psendoneuroma sigh Was eX-
tremely good for the detection of PP tears.
Changes at the inierosseous tendon—collat-
eral ligament complex may also be useful
for the detection of PP tears. We also found
that the quantitative measurement of the PP-
proximal phalanx distance is useful, and val-
ues greater than 0275 cm exhibited good di-
agnostic performance in the detection of PP
tears. Multivariate logistic regression anaky-
ses revealed that the psendoneuroma sign
and a PP-proximal phalank distance great-
er than 0275 cm are strongly and indepen-
dently associated with PP tears detected at
surgery. Thus, these findings may be useful
in diagnosing PP tears and must be careful-
1y assessed in clinically suspect cases, espe-
clally when the classic direct sigm cannot be
detected at routine MFEI.

This study had some limitations. First, be-
cause of ifs rerospective nature, we could
not control for differences im MEI proto-
cols. Also, we did not apply high-resolution
protocols with small FOVs focused on each
MTP joint; the MFEI acquisitons were con-
ducted with technical parametels o cover
the entire forefoot This may have reduced
the diagnostic performance of some features.
Howrever, the protocols we used better repre-
sent the reality of clinical practice. Second,
there was an inherent bias in thar onlv pa-
tients referred to arthroscopy were included
in this study and the prevalence of PP tears
was high, introducing an additional selec-
tion bias. Fegarding the pericapsular fibrosis
that leads to the psesdoneuroma sign, we do
not have anatomopathologic analvsis of the
pericapeular region because, unforunately,
the material was not collected at the surgi-
cal interventions. At the tme of the surger-
ies, it was not our idea to study the origin of
these alterations as pericapsular fibrosis. In
only one case that showed the psendoneuro-
ma sign, the concomitance of a true neuroma
could not be verified and this is a limitation
of the study. Finally, the assessment of per-
formance and of associations for some of the
MFI features, mainly some of the indirect

signs, was limited by their low prevalence in
our sample.

Our study showed that other morpholog-
ic changes such as thinming or nomvisual-
ization of the PP at routine MFEI may also
represent PP tears. Furthermore, other MRI
features such as the psendomeuroma sigm
and the PP—proximal phalanx distance were
useful for the diagnosis of PP tears, with
good diagnostic performance and sirong
and independent associations. Assessment
of these features may increase the perfor-
mance of routine MFEI for the detection of
PP tears whenever discontinmity, the classic
direct sign, cannot be detected.
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Articles

MRI Evaluation of the MTP Plantar
Plates Compared With Arthroscopic
Findings: A Prospective Study

Caio Nery, MD', Michael J. Coughlin, MD?, Daniel Baumfeld, MD’,
Tania Szejnfeld Mann, MD', André Fukunishi Yamada, MD', and
Eloy Avila Fernandes, MD'

Abstract

Background: Instability of the lesser metatarsophalangeal (MTF) joints has been widely reported and plantar plate
insufficiency is a key part of this pathologic process. The diagnosis is made clinically but can be aided by imaging studies,
particularly magnetic resonance imaging (MRI); however, the sensitvity and accuracy of this method compared to direct
visualization of these lesions has not yet been established, nor has interohserver accuracy of MRI been assessed for
evaluation of plantar plate pathology. In this study, our goals were two identify the accuracy of the MRI in describing plantar
plate tears when compared to direct arthroscopic visualization using an anatomic grading system and to test the influence
of an anatomic grading system in the accuracy of the MRI readings.

Methods: Ve evaluated the clinical exam, MRI scans, and arthroscopic findings of 35 patients with lesser MTP instability.
Results: Using an anatomic grading system, a distinct improvement in the radiological evaluation and interpret@ation
occurred. Knowledge of the pattern of plantar plate tears by a radiologist enabled them to locate and describe the type
of tears of the plantar plate on the MRL The amount of training and the experience of the radiologist were also important
factors in our study. The senior radiclogists had much better levels of accuracy (Group A, 77.0%; Group B, BB.5%) than less
experienced radiclogists.

Conclusion: Prior knowledge of the pathophysiology and morphological types of lesions of the plantar plates was helpful
for accurate identification and description of the tears by the radiologist.

Level of Evidence: Level |, prospective comparative study.

Keywords: MRI, MTP plantar plate, arthroscopy

Instability of the lesser metatarso; ghalan.geal (MTP) joint

The diagnosis of nstability is made clmically but can be
has been widely reported ™*#'21%2% and plantar plate

improved by imaging studies %" Rﬂhma;ﬂn:malm

msufficiency may indeed be the central canse of this patho-
logic condition. [Lalnznasl o, plantar plate is cen-
traJ_l}' located on the plantar aspect of the lesser
metatarsophalangeal jomnt, with multiple iImportant attach-
ments. Thiz fibro-cartilagmous structore has an average
length of 16 mm, width of 9 mm, and iz 1.8 mm thigk 14227
The proximal origin of the plantar plate attaches loosely to
the metatarsal shaft, just proximal to the metaphysis of the
metatarsal head. Distally, the plantar plate mserts firmly and
directly into the plantar lip of mﬂogmxjmal phalanx just
distal to the articular surface."'™ rsfunction of the
plantar plate can lead to major mo[bll:ht].- HLEIEIEE Proyi
ous reports ¢ indicate that frequent use of high-heeled
or ill-fitting footwear s a major predisposing factor for
lesser metatarsophalangeal jomnt metability. The mstability
pattern has been classified with climical staging and ana-
tomic grading of plantar plate tears 1M1

arthrography, sonography, and magmetic resonsnce mmaging
QM[RI)ha\'ebemumdprexmh u}assessiheplanhr
plate "™ Radiographs may be helpful in evalnating the
magznitnde of the MTP jomt angular deformity, assessing joint
congnmty, ascertamme the presence of MP jomt a.r!.’mhs_ and
determining the metatarsal parabola =

Arthrography of the second MTP joint has been described
by several authors™™""" and may be helpful in assessing
capsular deterioration or nstability of the lesser MTP jomt.
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Dissemmation of contrast into the tendon sheath can mndi-
cate a plantar plate ruptura 11252

Vao et a”” and others™ " have reported that magnetic
resonance imaging iz usefl and reliable i the diapnoms of
plantar plate abnormalities and may improve the specificity
of thorough history and clinical examination. MEI is a
noninvasive altemative to arthrography and yaigs to differ-
entiate articular and nonarticular diagnoses #2473

A study of the metatarsophalangeal jomt m cadavers usmg
MEI arthrography described excellent anatomic detail of the
metatarsophalangeal joint capsule and plantar plate *® Gregg
et al reported the sensitivity of MEI to be up to 87%, and this
finding can be upgraded with the use of intra-articular con-
trast or an MRI combined with sonographic evaluation 7™

In the current study, cur primary purpose was to identify the
accuracy of MEI i describing plantar plate moptures when
compared to direct arthroscopic visualization using an ana-
tomic grading system_lus A secondary purpose of this smdy
was to test the mfluence of an anatomic gradmg system m the
accuracy of the MREI readmgs. While it has been used in open
procedures, 1t has not been used to define arthroscopic lesions
or used to compare arthroscopic fmdmgs with the MRI
images. " In a previous work we demonstrated that sach type
of tear should be treated differently with different results 1"

We hypothesized that previous kmowledge of the anatomic
grading system would help the clinician to frest the plantar
plate leston. The evaluation using a nonmvasive method such
as MEI may influence therapeutic decisions, allowing more
precise preoperative planning for each type of tear.

Material and Methods
Fatients

Between Jamuary 2009 and Jume 2010, 35 symptomatic
patients with instability of lesser MTP joints were prospac-
tively studied and treated with preoperative MEL arthroscopic
evaluation, and open surgical treatment of 62 lesser metatar-
sophalangeal jomnts. All patients that had complaints of fore-
foot pam and some element of lesser MTP jomt deformity
and mstability were enrolled m the study. Instabality was
noted by history with a progressive malalizmment of the toe,
gap between the second and third toes, or medial, lateral, or
dorzal deviation of the leszer toes, and all patients had some
degres of clinical instability on examination. All patients that
had a positive drawer sign then had a preoperative MREI
examination. The positive drawer test was related to a patho-
logical laxity of the joint when compared to the opposite foot
or adjacent MTP joints aszociated with pam.

Excluded from the study were 7 patients with previous
MTP joint surgery, mflammatory arthropathies, peripheral
neuropathy, diabetes, or peripheral vascular disease.
Twenty-eicht patients with instability of 33 lesser metatar-
sophalangeal joints met the inclusion criteria and were

enrolled m this stndy. We recerved approval by our mstitn-
tional ethics and research board.

Twenty patients were female (71%) and 8 were male (29%).
The averape age at the time of the surzery was 61 vears (range,
43-75). Eight patients had bilateral mvolvement (16 feet) and
20 had a umilsteral defoamity (20 feet). In this study we focused
o the evaluation and trestment of the second, third, and fourth
metatarsophalangeal joints Of the 36 feet we coumted 335
affected and 33 umaffected lesser MTP jomts. Ofthe 35 affected
MTP jomnts, the second was mvolved m 335 jomts (64%), the
third 18 joints (32%5), and the fourth 2 jommts (4%2).

MRI Imaging

All patients had an MR Some MRI studies were obtamed at
outzide hospitals prior to the referral to our facility, however,
all magnets used in the MRI studies were 1.0 to 1.5T, and
MPI scans were performed without contrast or an arthrogram.

We asked 4 radiologists to analyze the images: 2 attendmg
staff radiologists, with more than 10 years of MPI expenience,
and 2 radiclogy residents in trammng. None were mformed of
the surgical findings or of each other’s mpressions. They
were divided in 2 groups (Group A and Group B) matching 1
attending radiologist and 1 remdent n each group.

Each radiologist recemved 2 set of CD= with the MRI
mmages of all pabients but were unaware of the pathology. The
2 radiclogmsts in Group A were presented a report sheet for
them to describe the types of plantar plate lesions (morphol-
ogy. length, width) for them to record upon. The radiclogists
i Group B were presented a drawing with the Anatomical
Grading System (Appendx 1). Both groups were asked to
describe and report the pattemn of the plantar plate lesion.

The reports of Group A were analyzed by one of the
authors (TSM), who reviewed the descriptions of the radi-
ologistz and then classified each lesion according fo the
Anatomical Grading System.

The radiologists in Group B reported the classification of
each lesion accordmg the Anatomical Gradmg System pre-
sented' ™ (Appendix 1).

Arthroscopy

All patients underwent diagnostic MTP joint arthroscopy
by the semior author (CN). Only the symptomatic lesser
MTP joints were evaluated.

The arthrozcopic procedure used 2 dorsal portals (medial
and lateral) placed over the MTP joint, and a2 2.7 mm, 30
degree arthroscope was used. With light manual traction
applied to the digit. the central and distal portions of the plan-
tar plate were visualized, inspected. and palpated with 2
probe (see Figure 1).

At the arthroscopy the author reported the type of
plantar plate tear using the same grading system previously
mentioned '
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Figure |, Arthroscopy of the MTP joints: A, dorsal medial and lateral portals for the 2nd MTP joint of the right foot; B, positioning
of the 2.7 mm, 30 degree arthroscope in the medial dorsal portal of the 2nd MTP; C, arthroscopic image of 2 normal plntar plate

obrained with the same positioning showed in B.

There were 9 MTP joints classified as Grade 0. 8 a=
Grade 1, 5 as Grade 2, 27 as Grade 3, and 6 as Grade 4. For
the purpose of this study the arthroscopic findings and the
definition of the plantar plate lesion usmg this method were
considered as the landmeark for the MET observations.

Statistical Analysis

We compared the findings of the 2 groups of radiologists
and the diagnostic arthroscopy. Lesions detected by the
surgeon during the arthroscopic procedure but not by the
radiologist were counted as missed.

The number of radiologists in each group was deter-
mined by statistical criteria and was considered sufficient to
permit stahistical conclusions.

To test the comelation and reliability between the obser-
vations of the radiologists on the plantar plate lesions, we
used the Correlation Kappa Test.

The Weighted Kappa Test was used in the comelation
analysis of the MREI observations and the arthroscopic find-
ings. The sensitivity and specificity were also determmed
using this same test. We used a 95% confidence interval in
the calculation of the nterrater agreement statistic Kappa
{alpha error = 0.05).

Results

Using MR, radiologists were able to detect plantar plate
pathology at the lesser MTP jomts. Addibonally, prior
knowledge of the anatomic grading system increased the
identification and accuracy of the description of the pathology
by both the resident and attending radiologists.

Table 1 and Figure 2 display the comelation interval
values for each observer between plantar plate lesions

Table |. Correlation Between Magnetic Resonance Imaging

(MR) and Arthroscopic Findings (Kappa) by Observer

95% Confidence

Interval
Radiclogist Kappa Lower Upper
Agtending radiclogist, Group A ) e8 A4T
Atrending radiclogist, Group B £93 5B5 B0
Resident, Group A 152 033 an
Resident, Group B 305 147 443
-

(1

i]_;

[
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Figure 2. Correlation intervals values for each observer. The
error bars represents 95% confidence intervals of the mean.

1dentified on MRI and those described at the time of the
arthroscopy. When given the anatomic grading system
before the MRI, evaluations by both the residemt amd
attending radiclogists were nearly twice as likely to have a
positive comelation with arthroscopic findings as themr
uninformed counterparts.
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Table 1. Sensitivity, Specificity, Predictive Values (posithve and negative) and Missed Lesion by Observer

Balanced Miszed Posiove PredictveValue MNegatve Predicive Value

Sensuviny Spociiicty
95% Confidence Interval  95% Confidence Interval  Accuracy  Lestons  95% Confidence interval  957% Confidence Interval

Radiologist
Attending radiologlst 9% 7% 7% nx 80% 7%
{Group A) (7% 42%) (52, 95%) 5%, 94%) (6B B1%)
Attending radiologst 6% BI% % % 69% 9%
{Group B) @87%,99%) (2%, B7%) (57%.79%) (93%,97%)
Restdent (Groug A) 4% % 6% 5% nx nx
(6%.2630) (93%.99%) {9943 (4% 785)
Resident (Group B) 36% s 63% kTS 62% T6%
[@3%.50%) {B4%,95%) 43%.78%) (68%. B2%)

In Table 1, we prezent the results of the statistical anal-
ysis of the comrelation between the MEI and arthroscopic
findings (Kappa) relative to each observer, which shows the
improvement in the asreement in Group B. In Group A,
both the senior radiologist and the resident had a fair comrela-
tion between MEI images and arthroscopic findings.

Table 2 demonstrates the results of sensitivity, specific-
ity, and missed lesions as well as the positive and negative
predictive values of each observer. Agam, the low sensi-
tivity obtained by the attending radiologist and the resi-
dent of Group A contrasts with high level of sensitivity
observed in Group B, specifically by the attending radiol-
ogist (96.2%).

Considering the results in Table 2, we calculated the
balanced accuracy for each observer. The attending rad:-
ologists had better accuracy: Group A, 77.0%; Group B,
88.5%. The resident observers had less accuracy: Group A,
36.0%; Group B, 63.0%. The total accuracy for the radiolo-
gists of Group B (who were Imowledgeable of the anatomic
pattern. of plantar plate tears) was higher than those for
Group A (who had no notion of the patterns of plate tears).
The same pattern was found i the analysis of missed
lesions.

Discussion

The plantar plate iz a fibro-cartilaginens structure that pro-
vides MTP joint stabilfy ™ SR The contribution of
the plantar plate to metatarsalgia can be asseszed and diag-
nosed with physical examination 2328255234 A4 the onzet of
plantar plate deterioration, there are no digrtal deformites
and the joint instability can be very difficult to detect "* As
the condition progresses. separation of the toes can occur,
with eventusl progression to a multiplanar deformity > =%+
The progressive instability of the MTP joint can result from
different pattemns of tears of the plantar plate **

Each type of plantar plate tear has a particular treatment
and different postoperative results "' With that we believe
that the previous kmowledge of the Anatomic Grading
System helps the foot and ankle surgeon to do more precize

preoperative planning.

The MFE] appearance of the normal plantar plate has pre-
viously bean reported as a smooth, curvilinear, low-signal
structure abutting the plantar aspect of the metatarsal head
and attaching to mejpmximal phalanzeal base adjacent to
the joint surface """ In the sagittal plane, proton density—
weighted sequences depict the nommal plantar plate as 2 umform
hypo-mtense structure inserime onto the proximal phalanx
The plantar plate cradles the metatarsal head. providing 2
matching articular surface. The hypo-intense flexor tendon,
coursing beneath the plantar plate. appears to blend with it
maling the cleavage plane mdiscermible. The origm of the
plantar plate at the level of the metatarsal shaft just prox-
mmal to the flare of the metatarsal head is pootly delneated
from the flexor tendon_ The insertional fibers are well delin-
eated when compared to the articular cortex of the proximal
phalany

Coronal proton demsity—weighted and T2-weighted
fat-suppressed images of the plantar plate reveal a C-shaped
low-gignal-intenzity band centrally beneath the metatarzal
heads. On the plantar surface, a central groove on the plan-
tar plate accommodates the flexor tendons. The collateral
lizaments blend with the plantar plate at the base of the
proximal phalanx. On T2-weighted fat-suppressed images.
the plantar plate appears as a uniformly hypo-intense struc-
ture. The msertional fibers are also hypo-intense adjacent to
the articnlar cortex of the proximal phalans This latter find-
ing iz important in deciphering the normal plantar plate. In
itz distal central porhion, 1 1= possible to see a hyperntenze
area of 1 to 2 mum that represents the recess for the flexor
tendons™*7 {Figure 3A-3D).

The MRI findmgs of plantar plate paﬂmlogx have also
been well described. Increased signal intensity in the sagit-
tal and coronal planes and the identification of a disconfimuty
of the plantar plate at the bnse of the proximal phalswx are
the most common images " Tears appear hyperintense
on both proton density—weighted and T2-weighted fat-
suppressed mages.

Retraction of a tear iz best assessed on the sagittal
images. The coronal images assist in demarcating its loca-
tion in relation to the collateral hgaments and the flexor ten-
don. The tears are best evaluated through the coronal plane,
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Figure 2. MRl appearance of the normal MTP plantar plate: A, smooth, curvilinear, low-signal structure abutting the plantar aspect

of the metatarsal head and attaching to the proximal phalingeal base adjacent to the joint surface; B, the hypo-intense flexor tendon,
coursing beneath the plantar plate appears to blend with it, making the cleavage plane indiscernible. The origin of the plantar plate

at the level of the metatarsal shaft just proximal to the flare of the metatarsal head is poorly delineated; C, coronal proton density—
weighted and T2-weighted fat-suppressed images of the plantar plate reveal a C-shaped low-signal-intensity band centrally beneath
the metatarsal heads. On the plantar surface, a central groove on the plantar plate accommodates the flexor tendons; D, the collateral
ligaments blend with the plantar plate at the base of the proximal phalan.

as it is easy to detect all portions of the plate at the base of
the distal proximal phalanx_ It i more diffienlt to visualhize
tears in the sagittal plane as the MBI slices are not always
well alipned with the metatarsal longitudinal axis ** Partial-
or full-thickness tears can be zssessed i both planes.

With a Grade 0 lemon, there is attenuation of the plantar
plate, which is seen as laxity of the plantar plate during the
arthroscopic visualization In this prade, there was not a par-
tial- or full-thickmess plate tear; onlv an attenuation of the
plate could be seen using both methods (arthroscopy and
MRI). Partial fransverse distal mptures of either the medial or
lateral aspects of the distal plantar plate were classified as
Grade 1 tears. Complete distal transverse tears were classi-
fied as Grade 2 tears. When a complete tear extended proxi-
mally into the medial, lateral, or central aspects of the plantar
plate, it was classified a5 Grade 3 tear. Extensive disniption
of the plantar plate (manifested as 2 cruciform hypenntensity
in the center of the plantar plate) resembled a “plus™ shape,
and this was classified as a Grade 4 tear (Figure 4A-4D).

However, cases of advanced plate degeneration could be dif-
ficult to distmpuish from frank rupture

To enhance the dizgnosis of this condition, MRT 13 rec-
ommended, but the sensitivity and specificity of this method
compared to direct visualization has not yet been establis-
hed B35 Grage et al™ reported in 2006 that the MBI
can detect 71% of the full-thickmess tears and 23% of the
partial-thickmess tears occomng af the plantsr plate m=er-
tion onto the base of the proximal phalswe With chromic
tears, the plantar plate can be retracted, and the tear is easily
diagnosed because of the low sipnal intensity. Thiz may be
onz of the factors that can explam the low sensitivity on
MRI findings """ In this study, a tear was defined only
when there was hyperintensity of the signsl in the plantar
plate with thickening. We believe plantar plate pathology
Tepresents a comtinuous process of degeneration begnning
with a thickenmg phase due to disorgamzation of the colla-
gen fibers followed by an attennation phase and then finally
a rupture OCCurs.
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Figure 4. MRl appearance of the abnormal MTP plantar plate: Increased signal intensity in the sagittal and coronal planes and the
identification of a discontinuity of the plantar plate at the base of the proximal phalanx are the most common images.A and B (arrows);
C, tears (solid black arrow) appear hyperintense on both proton density—weighted and T2-weighted fat-suppressed images. Dl in the
Grade 0 lesion, there is attenuation of the plantar plate, which is represented by an altered signal intensity of this structure.

In our study, the use of the anatomic grading system sig-
nificantly aided the radiclogical evaluation. Prior kmowl-
edge of the typical patterns and classifications of tears
helped the radiologists to deseribe more accurately the type
of tear visualized. Comelation between the MBI and
arthroscopic findings was increased m Group B where the
anatomic grading system was given beforehand. The time
of traming and the experience of the radiolegist were also
important predictors in our siudy. The attending radiologst
had better levels of accuracy in Group A. 77.0%, and m
Group B, 88.3% (Table 2).

Although there was an improvement in the description of
the plantar plate tears when the anatomic grading system was
given beforehand, enly fair comrelation existed batween the
plantar plate lesions in the MEI studies and the arthroscopic
findings when all the observers were analyzed together.

Although MRI may zid m the idenfificabon of plantar
plate pathology at the MTP joint, use of an anatomic grad-
mg system was helpful in improving descrptions of MRT
findings and to better establish comelations befween image
findings and the anatomic lesions.

We conclode that a prior Imowledge of the znatomic
grading system of lesions of the plantar plates mimproved
identification and description of plantar plate tears by the
radiologist. We forther conclude that this improvement in
diagnostic accuracy holds true for both novice and expe-
nenced radiologists. We therefore propose that the
Anatomic Grading System be included in foot and ankie
fellowzhip training and in the radiclogy curricula and that
by doing so, MRI may become a more powerful and nse-
ful diagnostic tool in the treatment of plamtar plate
pathology.
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Appendix |
Anatomic Grading of Plantar Plate Tear
Grade Description
Plantar plate or capsular attenuation, and/or discoloration

o
I

o B

Transverse distal tear (adjacent to insertion into proximal phalanx [<50%): medial/laterallor central area} and/or midsubstance
tear (<50%)

Transverse distal tear (>50%); mediallaterallor central area andler midsubstance tear (=50%)

Transverse and/or longitudinal extensive tear {may involve collateral ligaments)

Extensive tear with button hole [dislocation).

Scheme of the Anatomic Grading System

G0 - Attennatign of the plantar plats.

31 - Partial distal oansverse ruphars - madial or lateral habves: “mirms"™ tear.

G2 - Comiplete diztal ransverse mpome

33 - Complete dista] ransverse mipture, extended prosimally: lsteral = “seven™ tear; central =T tear; medisl = mvered “seven” tear
G4 - Extensive dismiption of the plantar plsts (cmcifom): “phis™ tear.
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KEY POINTS

« Acute and traumatic injuries are more common at the first MTP joint and degenerative injuries are

the main cause of lesser MTP plantar plate tears.

+« MR imaging is the most powerful imaging tool to evaluate soft tissue and cartilaginous damage

related to the turf toe and plantar plate injuries,

« Familiarity with typical patterns and classifications of plantar plate tears of the lesser MTP joints en-
hances detection and characterization of the lesions by the interpreting radiologist.
. metatarsal supination and second metatarsal protrusion may comelate with plantar plate

tears

INTRODUCTION

Forefoot pathology is a most challenging orthope-
dic subject owing to the anatomic complexity, the
sophistication of its biomechanics, and the range
of pathology, stressors, and injury that may occur
over the course of a lifetime. The fine-tuned bal-
ance of the human forefoot can be disturbed by
subtle forces, repetitive trauma, and degenerative
conditions that set off a deleterious chain of events
that lead to pain, overload, and, finally, permanent
deformities.

Recognition that injuries to the greater and
lesser metatarsophalangeal (MTP) joints can be
terribly disabling has inspired increased interest
in research and treatment of MTP joint pathology.
The onset of new and efficient diagnostic and ther-
apeutic altermatives for forefoot pathology must be
based on robust knowledge of the regional anat-
amy, clinical observation, and an understanding
of the range of conditions that affect the MTP
joints.
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ANATOMY OF THE METATARSOPHALANGEAL
JOINTS

Although the general structure of MTP joints of
the great and lesser toes follows a similar
pattern, important anatomic differences exist
between the first and the second through fifth
rays. All 5 metatarsal heads are rounded and
convex in the sagittal plane, but the head of the
first metatarsal has a larger transverse than ver-
tical dimension, which results in a slightly flat-
tened appearance. Conversely, the heads of the
lesser metatarsals (second to fifth) are larger in
the vertical than the transverse dimension, result-
ing in a more slender appearance in the coronal
plane.”

The first metatarsal head has 2 different articular
surfaces. The superior surface, which articulates
with the proximal phalanx, is convex and wide,
extending to the dorsal aspect of the metaphysis.
A sagittal plane crest (the “crista”) divides the
plantar articular surface into 2 grooves, one for
each hallucal sesamoid. The medial groove is
deeper and wider than the lateral groove to
accommodate the larger tiblal sesamoid (Fig. 1).

Sagittal plane stability of the first ray MTP joint is
provided by the glenosesamoid apparatus, a
gliding and pressure-absorbing mechanism
formed by the 2 sesamoids embedded in a thick
fibrous tissue (Gillette, 18/2)'—in combination
with the intrinsic and extrinsic muscles of the
halluex. The medial plantar tubercle at the base of

the proximal phalanx of the hallux is the insertion
site for the medial head of the flexor hallucis brevis
{medial) and abductor hallucis tendons. The
plantar plate anchors to the adjacent inferior
margin of the proximal phalanx. The lateral head
of the flexor hallucis brevis (lateral) and conjoint
tendon of the adductor hallucis muscle ([adductor
hallucis oblique and transverse beliies) all insert
onto the lateral plantar tubercle of the proximal
phalanx. Both sesamoids are embedded in the
plantar plate, which receives fibers from flexor hal-
lucis brevis tendons, lateral deep intermetatarsal
ligament, plantar fascia, and suspensory liga-
ments (Table 1).

Of the hallucal sesamoids, the medial one is
slightly larger. A strong intersesamoid ligament
binds the tibial and fibular sesamoids and forms
the roof of a fibrous tunnel for the flexor hallucis
longus tendon (Figs. 2 and 3).

At the dorsal aspect of the first MTP joint, the
extensor systemn includes the extensor hallucis
longus and extensor hallucis brevis tendons and
the extensor hood that is composed of oblique
and transverse aponeurotic fibers that extend
around the capsule and blend on the plantar
aspect with the plantar plate and deep transverse
intermetatarsal ligament.

The lesser metatarsal distal articular surfaces are
bicondylar, with 2 plantar articular segments sepa-
rated by a central concavity; typically, the lateral
condyle is larger. In rare instances (1.8%)," there
are sesamoids of the lesser MTP joints.

Fig. 1. Metatarsal heads. (A) First metatarsal—the transverse dimension (1) is larger than the vertical dimension
(v). (B) Lesser metatarsals—the vertical dimension (v) is larger than the transverse dimension (t). LC, lateral
condyle; LS, lateral sesamoid; MC, medial condyle; M5, medial sesamaoid.

61



MR Imaging of the Plantar Plate

Table 1

Anatomy of the first MTP joint plantar plate ligaments and tendons

Anatomic Structure

Special Characteristics

FHB tendon (medial head)

Inserts on medial plantar tubercle at base of proximal phalanx of the
hallux

Abductor hallucis tendon

Inserts on medial plantar tubercle at base of proximal phalanx of the
hallux (together with FHE)

Plantar plate

Formed by fibers from the FHE tendon, lateral deep intermetatarsal
ligament, plantar fascia, and suspensory ligaments, with
contribution from aponeurotic fibers of extensor hood

Extends from distal margin of the intersesamoidal ligament

Inserts on inferior plantar margin of the proximal phalanx

Often difficult to visualize as distinct structure unless thickened or
surrounded by edema

FHE tendon (lateral head)

Inserts on lateral plantar tubercle of the proximal phalanx of the
hallux

Adductor hallucis tendon
(conjoint tendon from
oblique and transverse
muscle bellies)

Inserts on lateral plantar tubercle of the proximal phalanx of the
hallux (together with FHEB)

Proper collateral ligaments
(medial and lateral)

Course obliquely to insert on medial and lateral phalangeal tubercles

Accessory collateral ligaments
(medial and lateral)

Insert broadly along medial and lateral borders of the MTP joint
plantar plates

Hallucal sesamoids (tibial
and fibular)

The medial sesamoid is slightly wider and larger than the lateral

Intersesamoid ligament

Transverse ligament that runs between the tibial and fibular
sesamoids

Metatarsal-sesamoid
ligaments {medial
and lateral)

Thickened portions of the plantar capsule that may be hard to
distinguish from capsule

Originate with joint capsule from plantar aspect of first metatarsal
and attach to proximal margin of respective sesamoid

Sesamoidal-phalangeal
ligaments {medial and
lateral)

Extend from distal margin of sesamoids to plantar base of the
proximal phalanx

Abbreviations: FHB, Tlexor hallucis brevis; MTP, metatarsophalangeal.

On each side of the lesser metatarsal heads,
there are bony tubercles (epicondyles) that provide
insertion sites for the MTP collateral ligaments
(proper collateral ligaments) and for the fan-

shaped suspensory metatarsoglencid ligaments
{accessory collateral ligaments).” The MTP joint
proper collateral  ligaments, which course
obliquely to insert onto the medial and lateral

Fig. 2 Anatomy of the first meta-
tarsophalangeal joint, medial view.
ABD, abductor; FHB, flexor hallucis
brevis; FHL, flexor hallucis longus.
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phalangeal tubercles, play an important role in sta-
bilization of the joint in the transverse plane. The
suspensory  (accessory  collateral)  ligaments
broadly insert along the medial and lateral borders
of the MTP joint plantar plates, which they
stabilize.

The rounded metatarsal heads articulate with
shallow, ovoid, concave bases of the proximal
phalanges. These "glenoid” cavities are smaller
than the articular surfaces of the metatarsal heads,
conferring a degree of inherent instability to the
MTP joints.

The anatomy of the lesser MTP joints is some-
what simpler than that of the first ray. The fibrocar-
tilaginous plantar plate is now recognized as the
primary stabilizer of the lesser MTP joints, espe-
cially in the dorsal-plantar direction®*® The
plantar plate firmly inserts onto the plantar bases
of the lesser toe proximal phalanges. Along with
its connections from the distal plantar fascia,
accessory collateral ligaments (suspensory liga-
ments) and deep transverse intermetatarsal liga-
ment, it acts as a cradle for the metatarsal
head.”” Dorsal and plantar interossei and lumbri-
cal tendons insert onto the bases of the proximal
phalanges, helping to maintain balance and func-
tion of the lesser MTP joints. At the central plantar
surface of the plantar plate, a fibrous tunnel ac-
commadates the flexor digitorus longus and brevis
tendons (Table 2).

Both the extensor digitorum longus and brevis
tendons cross the dorsal surface of the lesser
MTP joint inside a fibroaponeurotic sling—the
extensor hood—that helps to maintain joint bal-
ance (Figs. 4 and 5).

Fig. 3. Anatomy of the first meta-
tarsophalangeal joint, dorsal view
(the first metatarsal was removed).
FHB, flexor hallucs brevis; FHL,
[y flexor hallucis longus; LS, lateral
sesamoid; MS, medial sesamoid.

TURF TOE (FIRST METATARSOPHALANGEAL
JOINT)

Hyperextension injury of the first MTP joint was
first reported by Ryan and colleagues in 1975.
The following year, Bowers and Martin coined
the term “turf toe™ owing its prevalence in Amer-
ican football players injured while wearing flexible
shoes on artificial turf. "0

Unfortunately, varied pathologies of the first
MTP joint have been incorrectly bundled along
with the diagnosis of turf toe, creating some confu-
sion in the literature. '” The classic "turf toe” lesion
occurs when an axial force is applied to the foot
while the great toe is fixed to the ground with hy-
perextension of the MTP joint (Fig. 6). The gleno-
sesamoid apparatus and the plantar ligaments
are the most frequently injured structures.®®"
Depending on the intensity of the force applied
to the foot, injuries can range in severity from
mild sprain to complete disruption of the plantar
structures (Table 3).

In contradistinction to turf toe, “sand toe" was
described as an injury resulting from hyperplantar-
flexion of any of the MTP joints. This most
commonly occurs in barefoot beach wvolleyball
players, The most frequently affected structures
in sand toe are the extensor tendons, the extensor
hood and the articular capsule.'

Diagnosis
The diagnosis of the first MTP joint injuries is
based not only on an accurate history, but also

thorough physical examination and imaging
studies. It is important to identify the points of

63



MR Imaging of the Plantar Plate

Table 2

Proximal

Intrinsic muscdes acting in the dynamic stabilization and function of the metatarsophalangeal joints

Phalanx

Medial Plantar Tuberde (1)

Medial Metatarsophalangeal Joint

Fourth lumbrical (2)

Capsule (2) Lateral Plantar Tuberde
Great toe Abductor halluds + medial head of Adductor hallucis + lateral head of flexor
flexor hallucis brevis (1) hallucis brevis
Second toe First dorsal interosseous (1) Second dorsal interosseous
First lumbrical (2)
Third toe First plantar interosseous (1) Third dorsal interosseous
Second lumbrical (2)
Fourth toe Second plantar interosseous (1) Fourth dorsal interosseous
Third lumbrical (2)
Fifth toe Third plantar interosseous (1) Abductor digitus V + digitus V short flexor

tenderness, ecchymosis, and swelling to correlate
them with the deep anatomic structures potentially
involved in the lesion.

The MTP joint drawer test is very useful to estab-
lish and grade joint instability. It is important to test
the joint stability in different directions—varus
stress/valgus stress/hyperflexion—because of the
possibility of coexisting lesions in multiple planes.
Comparison with the asymptomatic contralateral
foot is extremely helpful.

Weight-bearing anteroposterior and lateral ra-
diographs may show avulsion fractures of the
proximal phalanx and sesamoids as well as prox-
imal migration of the sesamoids, which may
accompany complete rupture of the distal inser-
tion of the glenosesamoid apparatus.™ Waldrop
and colleagues'™ showed that, when the distance

between the sesamoids and the proximal phalanx
differed by 3 mm or more between the right and
left feet, then that was a significant and predictive
of severe injury to the hallucal plantar plate (Fig. 7).

A dorsiflexed lateral radiograph of the hallux or
fluoroscopic imaging can easily assess proximal
migration of the glenosesamoid apparatus, diasta-
sis of sesamoids, fractures or other coexisting
lesions,

MR imaging is the most powerful diagnostic tool
for assessment of soft tissue and cartilaginous in-
juries related to turf toe. By comparison, radiog-
raphy, arthrography, and computed tomography
have limited tissue contrast resolution, which is
necessary 1o delineate the fine anatomic struc-
tures of the MTP joint of the great toe.’* Although
high-resolution ultrasonography can delineate soft

Fig. 4. Anatomy of the lesser meta-
tarsophalangeal joints, dorsomedial
view. FDB, flexor digitorus brevis;
FDL, flexor digitorus longus,

i
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Fig. 5. Anatomy of the lesser metatarsophalangeal joints, coronal cut. EDB, extensor digitorus brevis; EDL,

extensor digitorus longus; NV, neurovascular.

Fig. 6 Hyperextension injury to the first metatarso-
phalangeal (MTP) joint. “Turf toe® injury ocours
when an axial force (black arrow) is applied to the
foot while the great toe is fixed on the ground,
with hyperexternsion of the MTP joint and rupture of
the glenosesamoid apparatus (gray arrow head).

tissue structures about the first MTP joint, it is not
useful for the evaluation of the associated osseous
and cartilaginous injuries.*®

The MR imaging protocol should include at least
1 non-fat-suppressed T1-weighted or proton
density-weighted sequence to delineate the anat-
omy (Figs. 8 and 9)."® Some authors prefer proton
density weighted sequences because of the supe-
rior detail of the ligaments and tendons and the
improved delineation of the chondral surfaces.'”
In addition, fat-suppressed proton density-
weighted sequences or short tau inversion recov-
ery sequences in the coronal, axial, and sagittal
planes are recommended for optimal evaluation
of fluid and edema associated with acute
pathology. '

The plantar plate and hallucal sesamoids are
analyzed best in sagittal and coronal short axis
planes. MR imaging can show variable patterns
related to heterogeneous signal intensity resulting
from a partial or complete tear of the plantar
plate.'® The lateral deep intermetatarsal ligament
is visualized only in the coronal short axis plane. '
Main collateral ligaments and sesamoid ligaments
are analyzed best in the axial long axis and coronal
short axis plane. Although it is not commonly per-
formed, and unnecessary in the context of acute
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Table 3

Classification and grading system for turf toe injury according to Anderson and Shawen
Injury Grade Description

Hyperextension (turf toe) I Attenuation of the glenosesamoid complex

Local tenderness, minimal swelling and ecchymosis
Partial tear of the glenosesamoid complex

Diffuse tenderness, moderate swelling and ecchymosis
Restricted painful movement

Complete disruption of the glenosesamoid complex
Severe tenderness, marked swelling and ecchymosis
Limited painful movement + positive MTP drawer test

Hyperflexion (sand toe)

Hyperflexion injury of MTP or interphalangeal joint
Lesser MTP joints may be involved

Dislocation I

A
e
nc

Dislocation of the hallux with the sesamoids

Mo lesion of the intersesamoid ligament

Associate disruption of the intersesamoid ligament

Associate transverse fracture of one of both sesamoids

Complete disruption of the intersesamoid ligament with
fracture of one of the sesamoids

Abbreviation: MTF, metatarsophalangeal.

Data from Anderson RB, Shawen 5B. Great-toe disorders. In: Porter DA, Schon LT, editors. Baxter's the foot and ankle in

sport. 2nd edition. Philadelphia: Elsevier Health Sciences; 2007, p. 411-33.

t

Fig. 7. {A) Plain standing radiograph of the right foot of a patient after acute hyperextension injury to the great
toe or “turf toe.” The lateral sesamoid is grossly displaced proximally suggesting a partial tear of the glenosesa-
moid apparatus. (B) Magnified view of the first metatarsal. The tibial sesamoid is in its normal position 3 mm
proximal to the phalangeal border and the fibular sesamoid lies 15 mm proximal in relation to the phalangeal
border indicating a significant injury.
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Fig. 8. MR images of a normal metatarsophalangeal hallucal complex. Coronal T2-weighted fat-suppressed im-
age (A) dermonstrate intersesamoid ligament with low signal intensity (straight arrow), deep to the normal flexor
hallucis longus tendon (curved arrow). Sagittal T2-weighted fat suppressed image (B): normal anatomy of the
sesamoid phalangeal ligament (straight arrow) and metatarsosesamoid ligament (curved arrow). Sesamoid
phalangeal ligament (straight arrow) can also be identified on coronal {C) and axial (D) planes.

Fig. 9. Squash player injury. Sagittal fat-suppressed T2-weighted MR image (A) of the first metatarsophalangeal
(MTP) illustrates a complete tear of the proximal medial sesamoid phalangeal ligament (arrow). Sagittal T1-
weighted MR image (B) of the first MTP. Note the proximal retraction of the medial sesamoid (arrow). Coronal short
axis fat-suppressed T2-weighted {0, demonstrates sesamoid-phalangeal ligament tear with adjacent edema (arrow).
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injury with posttraumatic fluid signal distention of
the joint, MR arthrography has been reported to
enhance visualization of many of these
structures. '

Treatment

First-line treatment of turf toe is conservative
based on “"RICE" (rest, ice, compression, and
elevation). Mon—weight-bearing protection or
immobilization of the joint is essential to control
pain and prevent additional tissue damage in
the acute posttraumatic period. After a few
days, as pain subsides, careful rehabilitation
commences. The challenge lies in finding the bal-
ance between the restoring the physiologic range
of motion and protecting the healing tissues.
Taping and rigid insoles are often used to protect
the great toe MTP joint, until recovery is
complete.

All grades of turf toe can be treated conserva-
tively; howewver, higher grade injuries take longer
to heal, with greater delay in return to full
activity. Fortunately, few cases of turf toe require
surgical treatment. According to McCormick and
Anderson,™® there are strict indications for
surgical treatment of turf toe that include
(Box 1): (1) large capsular avulsion with unstable
joint {coronal, sagittal or transverse planes), (2)
diastasis and/or refraction of the sesamoids
(fracture or bipartite), (3) traumatic hallux
valgus/varus deformity, (4) osteochondral injury
fincluding loose bodies), and (5) failed conserva-
tive treatment,®

Box 1

Indications for turf toe surgical treatment
Strict indications for surgical treatment of the
turf toe lesions

1. Large capsular avulsion with unstable meta-
tarsophalangeal joint (coronal, sagittal or
transverse planes)

2. Diastasis and/or retraction of the sesamoids
(fracture or bipartite)

3. Traumatic hallux valgusivarus deformity

4, Osteochondral injury (first metatarsal head),
including loose bodies

5. Failed conservative treatment (unstable and
painful joint)

Data from McCormick 11, Anderson RB. The great toe:
failed turf toe, chronic turf toe, and complicated sesa-
maid injuries. Foot Ankle Clin 2009;14:135-50; and
MeCormick 1), Anderson RBE. Turf toe: anatomy, diag-
nosis, and treatment. Sports Health 2010;2:487-94,

MR Imaging of the Plantar Plate

LESSER METATARSOPHALANGEAL JOINT
INSTABILITY

Although acute trauma can lead to lesser MTP joint
instahility {16%), instability of the lesser MTP joints
is more commeaonly a chronic, degenerative condi-
tion.” Compressive and tensile forces chronically
applied to the hyperextended MTP joint contribute
to attenuation and insufficiency of the stabilizing
structures, which ultimately results in a painful,
deformed, and dysfunctional toe.'® The “cross-
over toe” is the end-stage disabling deformity,
which was first described by Coughlin in 19870
(Fig. 10). Although the normal function of the lesser
MTP joints depends on an intricate balance be-
tween bones, articular ligaments, and tendons,
the deterioration and rupture of the plantar plate
seems to be the most important fact in the genesis
of lesser MTP joint instability.*

Acute pain under the affected metatarsal head
and the sensation of plantar swelling are the very
first clinical signs. A few days later, widening of the
interdigital space can be seen. Clinical distinction
of acute metatarsalgia owing to plantar plate tear,
intermetatarsal bursitis, interdigital (Morton) neu-
roma, and stress fracture may be very challenging.

The affected toe progressively loses “ground
touch” and “toe purchase” (the dynamic ability of
the toe to push against the ground, which con-
notes normal muscle balance and function), that
can be detected and measured using the “paper
pull out test. ™" The most predictive and reliable
test to identify and quantify MTP joint instability
is the Hamilton-Thompson MTP drawer test,
which measures the degree of subluxation or
dislocation at the MTP joint (Fig. 11).%

Coughlin and colleagues® proposed a Clinical
Staging System for MTP joint instability that corre-
lates toe alignment with the most important

Fig. 10. The classic crossover toe deformity. This repre-
sents end-stage deformity resulting from plantar
plate injury of the second metatarsophalangeal joint.
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Fig. 11. Hamilton-Thompson MTP
drawer test is a predictive and reliable
clinical test for MTP joint instability,
assessing the degree of subluxation
or dislocation under stress. P= 0001,
MTP. metatarsophalangeal.

Correlation Grade 0 (%) Grade 1(%) Grade 2 (%) Grade 3 (%) Grade 4 (%)
MTP drawer test: grade | 100 72 60 35 0
(=50%)
MTP drawer test: grade 2 0 a 40 az 35
{=50%)
MTP drawer test: grade 3 1} 0 0 13 29
(dislocatable)
MTP drawer test: grade 4 0 1] 0 0 35
(dislocated)

(From Nery C, Coughlin M), Baumnfeld D, et al. Classification of

halangeal joint plantar plate injuries:

history and physical examination variables. J Surg Orthop Adv 2014;23:218; with permission.)

physical findings (Table 4). Based on cadaveric
studies and a surgical series, an Anatomic Grading
System for the plantar plate lesions was pro-
posed®™™@?3 (Figs. 12 and 13, Table 5). This
anatomic grading has been shown to comelate
strongly with the clinical staging system. The com-
parison of the ability to identify and describe lesser
toes plantar plate tears by 2 groups of radiologists
(one who were knowledgeable of the anatomic
pattern of plantar plate tears and ancther that
had no notion of the anatomic patterns of the
tears) showed that familiarity with the anatomic
grading system improved radiologists’ diagnostic
accuracy in characterizing plantar plate tears,
which is an important help to the surgeons in pre-
operative planning.”**

D .

The primary evaluation of plantar plate injury is
basad on the clinical examination with adjunctive
diagnostic imaging. Radiographs, ultrasound im-
aging, and MR imaging have been the primary
diagnostic imaging tools used by clinicians to

assist in their evaluation.™ There has even been
reported utility of dual-energy computed tomogra-
phy in a recent case report.”®

At initial presentation, foot standing radiographs
are obtained to rule out other osseous pathology,
including fracture, dislocation, and advanced
osteonecrosis,” keeping in mind that both frac-
ture and early stage osteonecrosis are commonly
radiographically occult. Radiography is helpful for
assessment of MTP joint arthritis, hallucal sesa-
moid position, metatarsal length, phalangeal devi-
ation, subluxation, and hyperextension.

There are both developmental anatomic factors
that might predispose to, and acquired deformities
that may result from, plantar plate tears. Three
measurements based on anteroposterior weight-
bearing radiographs (an increased first metatarsal
declination angle, and increased second meta-
tarsal declination angle, and a second metatarsal
protrusion distance of =2 mm) were shown to
comrelate with plantar plate tear in greater than
¥5% of cases in a series reported by Klein and col-
leagues.”” This indicates that a long second meta-
tarsal likely predisposes to plantar plate tear. In a
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Table 4
MTP joint instability: Clinical staging system

Grade Alignment

Physical Examination

medial toe deviation

0 MTP joint alignment; pain with no deformity  Plantar pain, thickening or swelling under
MTP joint, reduced toe purchase, negative
drawer test

1 Mild misalignment, widening of web space, MTP joint pain and swelling, loss of toe

purchase, mild positive drawer test (<50%

subluxzable)

dorsal or dorsomedial deformity,
hyperextension of toe

2 Moderate misalignment, medial, lateral,

MTE joint pain, reduced swelling, ne toe
purchase, moderate pasitive drawer test
{=50% subluxable)

deformity, crossover toe or flexible

3 Severe misalignment, dorsal or dorsomedial

MTP joint and toe pain, little swelling, no toe
purchase, very positive drawer test

deformity, fixed hammertoe

hammertoe (dislocatable MTP joint) and flexible
hammertoe
4 Dorsomedial or dorsal dislocation, severe MTP joint and toe pain, little or no swelling,

no toe purchase, dislocated MTP joint, fixed
hammertoe

Abbreviation: MTPE, metatarsophalangeal.

recent publication by Umans and colleagues™
based on MR imaging, second metatarsal protru-
sion of greater than 4 mm was also found to trend
toward correlation with plantar plate tear (Fig. 14).

Related predisposing morphology includes sub-
tle cavus foot structure, mildly increased meta-
tarsus adductus, a supinated foot, or a forefoot
varus deformity, all of which result in a plantar-
flexed “shortened” position of the first ray. With

relative shortening of the first ray, the second
metatarsal is relatively “lengthened.” Resultant
overload of the second metatarsal head and
plantar structures, including the plantar plate, pre-
disposes to tissue deterioration. As the supporting
soft tissue structures deteriorate, toe deformity
ensues and manifests radiographically as trans-
verse plane splaying of the digits (tiblal deviation
of the second toe and fibular deviation of the third

Fig. 12. Anatomic grading system of
lesser metatarsophalangeal joint
plantar plate tears: grade 0 = attenu-
ation; grade 1 = partial transverse
distal tear (<50%)—lateral or
medial; grade 2 = complete trans-
verse  distal tear (=50%—100%);
grade 3 = combination of tranms-
verse and longitudinal tears — "7,
“T." or “inverted 7° shapes, grade
4 = extensive tear with buttonhole.
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Fig. 13. Sagittal MR image of the second metatarsopha-
langeal joint, showing an extensive plantar plate tear
with the characteristic buttonhole appearance (arrow).

toe), sagittal plane instability (varus angulation of
the second MTP joint angle =67), or both.

The metatarsal parabola is an old, but useful,
concept that aims to understand the physiclogic
relationship between the lengths of the metatar-
sals in a normal subject. According to Maestro,
"im the nomnal parabola the metatarsal heads
were positioned according to a geometric pro-
gression by a factor of 2."*7 This concept defines
forefoot radiologic images where one can see the
second metatarsal 3 mm longer than the third
that is & mm longer than the fourth that is 12 mm
longer than the fifth metatarsal (the harmonic mor-
photype).” ™ It can be assessed according to 3
methods: (1) the arc method described by Hardy
and Clapham, (2) the second metatarsal protrusion

Table 5
Anatomic grading system of plantar plate tears

Grade Patterns of Soft Tissue Evolvement

0 Plantar plate and capsular
attenuation and/or discoloration
1 Transverse distal tear adjacent to

insertion to the proximal phalanx
(=50%, more frequently at the

lateral area)

2 Transverse distal tear (>50%, almost
100%)

3 Transverse distal tear (>50%,

frequently 100%) combined with a
longitudinal extensive tear: Medial
(inverted *7" shape), Central (*T"
shape) or Lateral (*7* shape)

4 Extensive tear with buttonhole
{dislocation) resulting from the
combination of transwverse and
longitudinal tears. Little or no
plantar plate tissue to repair

Fig. 14, Second metatarsal protrusion. A line tangent
to the most distal points of the first and third metatar-
sals heads is drawn. The "second metatarsal protru-
sion” is the perpendicular distance (in millimeters)
from this baseline to the distal tip of the second mela-
tarsal head. Note that the landmarks of the distal bor-
ders of the metatarsal heads may lie on adjacent
images and may be necessary to sooll between
them to determine exactly your references.

distance, and (3) the harmonious morphotype
method described by Maestro and colleagues.
All methods were found to be of equal usefulness
by Klein and colleagues.” This description is use-
ful for assessing disharmonious morphotypes that
are associated with pathology, and for surgical
planning to correct the metatarsal parabola. In
radiologic evaluation, weight-bearing anteropos-
terior and lateral views suffice, without the need
for special forefoot or toe views ™

MR imaging and ultrasound examination provide
further details in the diagnostic evaluation of
plantar plate pathology. The plantar plate is a su-
perficial fibrocartilaginous structure which is easily
accessible and visible in its entirety by ultra-
sound™?' (Figs. 15 and 16). Gregg and col-
leagues™ compared ultrasound and MR imaging
detection of plantar plate pathology in both symp-
tomatic and asymptomatic feet and found only fair
comrelation between MR imaging and intraocpera-
tive findings, whereas longitudinal and transverse
plane sonographic images showed moderate to
high correlation, respectively.™ It should be noted,
however, that operative correlation was available in
only 10 of the 160 symptomatic joints.™ Klein and
colleagues™ also compared plantar plate ultra-
sound and MR imaging with a surgical gold stan-
dard and showed that MR imaging and
ultrasound examination were both highly sensitive
[73.9% and 91.5%, respectively), but MR imaging
offered 100% specificity, whereas ultrasound ex-
amination was poorty specific. In all series, sonog-
raphy is extremely sensitive for detection of plantar
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Fig. 15. MR images of a normal lesser metatarsophalangeal joint. Sagittal T2-weighted fat-suppressed image (A):
normal appearance of the plantar plate (PP; straight arrow) with low signal intensity, deep to the normal flexor
tendons (curved arrow). Coronal T2-weighted fat-suppressed image (8) of the central portion of a normal PP
(strafght arrow) at the level of the metatarsal head. In the same image, one can see the normal flexor tendons
(curved armow). Distally it is possible to see normal insertion of PP (straight arrow) at the base of proximal phalanx
{C). This insertion can also be seen in the sagittal plane (straight arrow) (D).

plate pathology, but is relatively nonspecific in dis-
tinguishing between degeneration and tear.

Although MR imaging and ultrasound examina-
tion are appropriate modalities for the evaluation
of plantar plate, ultrasound performance is
strongly user dependent, and reproducible only
in the hands of highly skilled professionals. Based
on our experience, MR imaging is affords a greater
degree of reproducibility between different
institutions.

Different MR imaging protocols for evaluation of
the plantar plate have been reported in the litera-
ture. Podiatrists Klein and colleagues™ and Sung

and colleagues™ reported good diagnostic perfor-
mance using 0.3 T MR imaging, imaging in 3
orthogonal planes using T1, T2 and short T1 inver-
sion recovery sequences. Most radiologists, how-
ever, favor imaging of small parts using high field
strength MR imaging, given the inherent superior-
ity in spatial resolution and practical advantage of
more rapid imaging time. Gregg and colleagues™
and Umans and colleagues™ used 1.5 T and
3.0 T MR imaging. Gregg and colleagues™ per-
formed proton density fast-spin echo seguences
and T2-weighted fat-suppressed fast-spin echo
saguances in the coronal, axial, and sagittal

Fig. 16. Plantar plate (PP) ultrasound image of the second metatarsophalangeal, sagittal plane. (4) Mormal
appearance of PP as a labral-like, slightly echogenic and homogeneous structure (curved arrow). (B) Hypoedhoic
area of discontinuity {arrow) in the distal attachment of the PP, adjacent to the base of the proximal phalanx,

compatible with PP tear.
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planes using a 10 cm field of view and 2-mm slices
with no gap. Umans and colleagues™ performed
axial long axis and coronal short axis T1-
weighted and fat-suppressed proton-density,
T2-weighted and sagittal fat-suppressed proton-
density, or T2-weighted images using 10- to 12-
cm field of view and 2- to 3-mm slice thickness
in the short axis and sagittal plane and 2- to 2 5-
mm slice thickness in the long axis images.

Although arthrography is not widely used in the
evaluation of plantar plate tears, it has been re-
ported as a useful adjunct to MR imaging. Yao and
colleagues'® first reported pathalogic communica-
tion of MTP intraarticular contrast with the flexor
tendon sheath as diagnostic of plantar plate tear us-
ing conventional arthrography. Subsequently, using
a cadaveric model, Mohana-Borges and col-
leagues™ showed MR arthrography to be superior
to standard MR imaging for depiction of the articular
surface of plantar plate, proximal and distal attach-
ments, and the connections of plantar plate with
collateral ligaments. Kier and colleagues™ later
described the use of MR arthrography for the evalu-
ation of painful conditions of second and third MTP
joints, but did not compare the relative diagnostic
performance of conventional MR imaging to MR
arthrography. Recently, Lepage-Saucier and col-
leagues™ reported the combination of toe traction
and MR arthrography to be superior to conventional
MR imaging in assessment of articular cartilage and
plantar plate pathology in a small cadaveric series.

In our experience, MA imaging of the plantar
plate is ideally performed using high field units,
typically without intraarticular contrast using a
small field of view and small surface coil. Axial
long axis and coronal short axis T1-weighted,
sagittal, axial long axis, and coronal short axis
fat-suppressed T2-weighted or proton-density im-
ages should be obtained, with contiguous thin sli-
ces no thicker than 3 mm in the sagittal and
coronal short axis. It is important to achieve high
spatial resolution, because tears can be guite
small and the plantar plate measures only 12 mm
in the transverse plane.

MR IMAGING OF THE NORMAL PLANTAR
PLATE

In the sagittal plane, proton-density and T2-
weighted sequences depict the normal plantar
plate as a uniform dark signal. The plantar plate
cradles and articulates with the metatarsal head.
The hypointense flexor tendon courses beneath
the plantar plate and seems to blend with it, with
a typically nondiscemnable intervening cleavage
plane. The origin of the plartar plate at the level
of the metatarsal shaft, just proximal to the flare

of the metatarsal head, is poorly delineated from
the flexor tendon. The insertional fibers are well-
delineated against the articular cortex of the prox-
imal phalanx,™

Umans and Elsinger reported a normal,
discretely marginated, high signal intensity zone
at the midsagittal phalangeal insertion of the
plantar plate that measures up o 2.5 mm.*
Mohana-Borges and colleagues™ subsequently
clarified that this represents an anatomic recess,
which they identified in the midsagittal plane in
47% of imaged MTP joints. This normal capsular
recess must not be mistaken for a plantar plate
tear (Fig. 17).

In coronal short axis proton density and T2-
weighted fat-suppressed images, the plantar plate
appears as a C-shaped low signal intensity band
centered under the metatarsal head. On the plantar
surface a central groove accommodates the flexor
tendons. The plantar plate is of low signal intensity,
similar to the flexor tendons. The proper collateral
ligaments blend with the plantar plate at their inser-
tion bilaterally onto the base of proximal phalane.
The insertional fibers are also hypointense adjacent
to the articular cortex of the proximal phalarne.®’
Collateral ligaments have a close relationship with
the imerosseous, abductor digiti minimi, and flexor
digiti minimi brevis tendons. Distally, these com-
plexes are attached both to the base of the prox-
imal phalanges and the plantar plate. Axial long
axis images are best for evaluating the attachment
of collateral ligaments onto the bilateral base of the
proximal phalanges, but coronal short axis and
sagittal images are necessary for evaluating the
integrity of the plantar plate.™

MR IMAGING OF PLANTAR PLATE TEARS

Yao and colleagues'™ first described the utility of
MR imaging in evaluating plantar plate tear 3%
Using a surgical gold standard, they found that

Fig. 17. T2-weighted fat-suppressed MR image of a
normal plantar plate (PP), sagittal plane. Poorly
defined area of moderately increased signal intensity,
compatible with normal PP recess (armow).
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Fig. 18. T2-weighted fat-suppressed MR image of direct sign of plantar plate (PP) tear, sagittal (A) and coronal (B)
planes of the third metatarsophalangeal. Replacement of normal low signal PP fibers with a hyperintense foous
{arrow), compatible with PP tear. The intact proximal portion of the plantar plate is seen on the sagittal image

{curved arrow).

focal high signal imtensity of the plantar plate iden-
tified on fluid-sensitive sequences correlated with
plantar plate tear.™ A bright T2 signal defect at
the insertion of the plantar plate is accepted as a
direct sign of a plantar plate tear™Fig. 18).
Tears appear hyperintense on both proton
density-weighted and T2-weighted fat-sup-
pressed images. Retraction of a tomn plantar plate
is best assessed in the sagittal plane. Coronal
short axis images best delineate the location of
tear in relation to the collateral igaments and flexor
tendon. Although the distinction can be difficult,
partial versus full-thickness tears can be assessed
in both the sagittal and coronal planes.

Umans and colleagues™ reported intermetatar-
sal space nonneuromatous lesions in association
with plantar plate tear. Pericapsular fibrosis ac-
companies most cases of plantar plate tear and,
like some Morton neuromas, it is intermediate
signal on T1- and TZ2-weighted images™
(Fig. 19). The key difference is that pericapsular
fibrosis is eccentrically located within the inter-
space and broadly abuts the plantar lateral and
lateral aspect of the MTP joint, whereas Morton
neuroma is centrally located within the interspace,
typically extending plantar to the level of the deep
transverse intermetatarsal ligament. The impor-
tance of this finding is 2-fold. Eccentric pericapsu-
lar fibrosis is now recognized as a useful comrelate,
which may be more readily apparent than a small
defect, for the diagnosis of plantar plate tear, It
has also been recognized that many cases of
plantar plate tear with associated pericapsular
fibrosis have been misdiagnosed and mistreated
as neuroma. Misdiagnosis of plantar plate tear
and pericapsular fibrosis and mistreatment; neu-
roma can prolong pain and dysfunction, permit
development of progressive deformity, and
possibly adversely affect outcomes of definitive
surgery.

Although the classic direct sign of plantar plate
tear on MR imaging is widely accepted, repre-
sented by partial or complete discontinuity of the
plantar plate on fluid-sensitive sequences with fluid
interposition, there is no consensus regarding
other morphologic changes of the plantar plate
seen on MR imaging studies. In our experience,
other changes include thinning or nonvisualization
of the plantar plate, pericapsular fibrosis, increased
distance between the distal margin of plantar plate
and the base of the proximal phalanx, and distor-
tion of the interosseous tendon and collateral liga-
ment complex, all of which might help in the
diagnosis of plantar plate tear. In our unpublished
data (André F. Yamada and colleagues, 2016),
pericapsular fibrosis was strongly associated with
plantar plate tears, with an odds ratio of 103.3
(95% confidence interval, 9.6-1108.5; P<.001). In
addition, these data indicated that the distance be-
tween the distal margin of plantar plate and the
base of the proximal phalanx, with a cutoff value
of 0.28 cm, showed a significant association with
plantar plate tears (odds ratio, 18.3; 95% confi-
dence interval, 2.9-161.0; P = .009).

TREATMENT

The acute posttraumatic form and early stages of
chronic, degenerative lesser MTP joint instability
can be treated conservatively. The main purpose
of noninvasive treatment is pain control, combined
with protection and stabilization of the forefoot.
This is achieved with taping of the central lesser
toes in slight flexion, temporary suspension of
weight bearing and reduction of the range of mo-
tion of the affected joints. Corticosteroid injections
must be avoided because of the potential damage
to the soft tissues of the region.

Successful treatment lies in the balance be-
tween joint rehabilitation and the protection of
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Fig. 19. Coronal shart axis fat-suppressed T2-weighted (A) and T1-weighted (B) images. Pericapsular fibrosis ac-
companies most cases of plantar plate tear and, like some Morton neuromas, it is intermediate signal on T1 and
T2 weighted images (arrow). Unlike neuromas, pericapsular fibrosis is positioned eccentrically within the interme-
tatarsal space (line), abutting the second metatarsophalangeal lateral capsule and PP.

the healing tissues. Unfortunately, outcome
studies suggest that although conservative ther-
apy may reduce or eliminate pain, deformity and
MTP instability tend to worsen over time. When
conservative therapy fails to reduce discomfort
and deformities worsen, surgery is indicated.

Older surgical techniques focused on restora-
tion of joint function through soft tissue transfers
and reconstruction, but did not attempt to repair
the main anatomic structures. Based on un-
published research by Dr Garry P. Jolly, Ford
and colleagues® in 1998, demonstrated that
direct plantar plate repair was a viable altermnative
for stabilization of the lesser MTP joints. Ever
since, repair and reinsertion of the plantar plate
orto the base of the phalanx has been considered
the surgical treatment of choice. Controversy re-
mains as to whether or not there is a need to
combine plantar plate repair with Weil osteotomy
and how to address grade 4 lesions in which there
is no salvageable soft tissue.

MNew treatment alternatives must focus on the
early stages of MTP joint instability to achieve bet-
ter patient outcomes. Based on the litera-
turg#P0I4 and our own experience, 4%
our goals in the treatment of patients with plantar
plate tear are to:

1. Correct the metatarsal parabola (to comrect
lesser metatarsal head protrusion);

2. Reduce pressure under the metatarsal head (to
alleviate metatarsalgia);

3. Create room to permit access to the plantar
plate (to reinsert it and repair it); and

4. Repair the orginal anatomic structures and
tissues,

5. Consider the impact on the whole forefoot (pay
attention to PIP and DIP joints)

In our service, we are using a treatment algo-
rithm™ for the lesser MTP joint instability based

on the Anatomic Grading System that can be sum-
marized as follows:

« Grade 0 and 1 tears—arthroscopic radio-
frequency shrinkage plus Weil ostectomy.

o Grades 2 and 3 (all variants)—plantar plate
repair and reinsertion through the dorsal
approach plus capsular and ligament
reefing plus Weil osteotomy.

= Grade 4—flexor digitorus longus tendon
transfer to the extensor hood plus Weil
osteotomy.

In our practice, all joints are first evaluated by
MTF joint arthroscopy. This enables us to grade
the tear and treat according to the algorithm as
described. The direct repair and reinsertion of
the plantar plate in the proximal phalanx can be
performed wvia dorsal or plantar approaches.
The dorsal approach is greatly preferred because
it permits evaluation and comection of the dy-
namic and static anatomic structures. Length-
ening of the extensor tendons, repairing and
balancing the proper and accessory collateral
ligaments and joint capsule, and shortening an
elongated metatarsal is almost impossible
through a plantar approach. Repair of the plantar
plate via a dorsal approach has only been made
possible by innovations in surgical instruments
and techniques, which have only been available
in the last 5 years.

Generally, the transverse component of the tear
is debrided and reinserted onto the base of the
proximal phalanx. Once sutures secure the plantar
plate at its phalangeal insertion, they are passed
through bone holes and tied in the dorsal aspect
the proximal phalanx. Longitudinal tears are
repaired using two or three 4-0 or 5-0 nonabsorb-
able sutures. Lateral soft tissue reefing may be
performed as needed to improve toe alignment
and stability.
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The most common postoperative complications
are arthrofibrosis and joint stifness. This is likely
owing to the extent of dissection and soft tissue
release in a small anatomic area, It is essential,
therefore, to perform all the surgical steps as
gently as possible to minimize scarring and retrac-
tion of the transected structures. Reefing and
balancing the joint and careful hemostasis in all
dissected planes at the end of the procedure helps
prevent these complications.

POSTOPERATIVE

Healing occurs within 6 weeks but requires
anather 4 to 6 months for complete maturation. It
is important to protect the toes during this period.
We recommend keeping the toes in 207 of flexion
in a postoperative shoe for 6 weeks. An aggressive
rehabilitation program starts at the end of the first
week to reduce scaring at the incision site,
strengthen the flexor tendons, and maintain joint
mability. It is crucial to prevent passive and active
dorsiflexion of the toes for 6 weeks to avoid
damaging the plantar plate sutures. Low-heeled
shoes with wide toe boxes are advised for
6 months after the surgery, during which time
high-impact sports activities should be avoided.
Return to play should occur gradually and care-
fully, to protect the surgical repair and prevent
rednjury.

EXPECTATIONS

Direct plantar plate repair using a dorsal approach
are promising. Some studies reported excellent
pain relief with improved digital strength and
realignment at an average follow-up of 1.5 years.**
Recently, authors have reported favorable results
in the treatment of early stages of plantar plate in-
juries with better postoperative resutts when
compared with correction of later stages with
gross instability. These results suggest that surgi-
cal treatment of MTP joint instability in the early
stages might yield better outcomes.

SUMMARY

The complex anatomy of the MTP joints is critical
for proper balance and biomechanics. Imaging
studies, particularly MR imaging, play a crucial
role in diagnosing plantar plate tear and turf toe
injury and for the heterogeneous group of disor-
ders affecting the first and the lesser MTP joint.
Equipped with knowledge of local anatomy and
the diverse pathologies that can affect this com-
plex, the radiologist can help the referring clinician
or surgeon 1o determine the appropriate treatment

MR Imaging of the Plantar Plate

plan to minimize morbidity and facilitate faster re-
covery and rehabilitation.
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