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1. INTRODUCAO

Nas ultimas décadas, o conhecimento médico a respeito das funcdées dos
meniscos e do manejo terapéutico das lesdes meniscais cresceu significativamente.”
Os meniscos sao estruturas que contribuem para a manutencao da homeostase do
joelho humano, realizando transmissao e distribuicdo de carga, absorcao de impacto
e lubrificacdo articular, e também contribuem para a estabilidade articular,
principalmente rotacional.'? Historicamente, as lesées meniscais eram tratadas com
excisdo meniscal, pois pouco se conhecia do dano articular consequente a
resseccao de parte ou de toda essa estrutura. Entretanto, atualmente, inUmeros
trabalhos demonstram que a auséncia dos meniscos altera significativamente a
biomecénica do joelho, sendo o grau de degeneracao da cartilagem articular pos-
meniscectomia proporcional ao tamanho da resseccdo meniscal." Embora todo
esforco deva ser feito para preservar o maximo possivel do tecido meniscal no
tratamento das les6es meniscais complexas, meniscectomias totais ou subtotais
ainda sdo por muitas vezes necessarias.'

Sabendo da importancia de preservar os meniscos, técnicas de reparo
meniscal ganharam mais espaco nas ultimas décadas; critérios bem estabelecidos
para indicacdo do uso das suturas meniscais aumentam as chances de sucesso da
cirurgia e, portanto, se ha cicatrizacao meniscal, ha também preservacao do tecido e
minimiza-se o dano a cartilagem articular. Acredita-se que aproximadamente 30%
das lesbes sejam passiveis de reparo.® Outras alternativas surgiram para suprir a
deficiéncia do tecido, entre elas os substitutos e proteses meniscais, ainda em

diferentes fases de estudos.



O transplante de menisco humano também é uma das alternativas de
tratamento. Realizado pela primeira vez em 1989 por Milachowski e colaboradores,
é considerado método eficaz para reduzir a dor e restaurar a fungdo meniscal afim
de prevenir a degeneracdo da cartilagem articular apés meniscectomia total ou
subtotal. Esses beneficios ocorrem em pacientes de até 50 anos de idade e sem
evidéncias de desgaste avancado da cartilagem articular.'* Entretanto, ndo é um
procedimento simples e requer alguns cuidados para atingir os bons resultados
encontrados na literatura, como 85% de resultados clinicos excelentes ap6s cinco
anos.* Entre as dificuldades, vale lembrar o nimero limitado de doadores, o custo da
captacao, do processamento e do armazenamento, além da precisa correlacao dos
tamanhos, ja que o sucesso do transplante meniscal depende de uma
correspondéncia equivalente entre as dimensdes do menisco a ser doado e as
dimensées do joelho receptor.>>*®

Quanto as mensuragdes do menisco de doador de tecido musculoesquelético,
a largura e comprimento sao facilmente adquiridas utilizando-se instrumento digital
de medida com parametros visualmente identificaveis, como os cornos e a periferia
meniscal. Entretanto, ndo é com essa facilidade que se adquirem as medidas da
largura e comprimento do menisco que sera necessario ao receptor. Diversos
métodos de mensuragcdo meniscal foram descritos desde o surgimento do
transplante meniscal de joelho, utilizando radiografias simples, tomografia
computadorizada tridimensional, ressonancia magnética ou dados antropométricos,
como género, altura e peso dos pacientes, a fim de se obter o comprimento e a
largura meniscal.””®

A mensuragdo meniscal que utiliza radiografias do joelho nas incidéncias

antero-posterior e perfil, proposta por Pollard et al. em 1995, ainda € 0 método mais



utilizado. Leva em consideracao pontos 6sseos, entre eles as espinhas tibiais e as
extremidades do planalto tibial, para estimar a largura e o comprimento do menisco
com férmulas matematicas.® A tomografia € um exame que possibilita a visualizagdo
de mais detalhes e melhora a avaliacao das medidas, porém a radiagao excessiva €
um inconveniente do método. A ressonancia magnética, por sua vez, € um exame
considerado preciso para avaliagdo meniscal. Alguns parametros de imagem para
predizer o tamanho do menisco estdo bem descritos para se obter um aloenxerto
que melhor corresponda & geometria do menisco original.”'®'" Além dos exames de
imagem, Van Thiel et al.? propuseram uma equacéo de regressdo multivariavel para
estimativa da mensuracdo meniscal com dados antropométricos: género, altura e
peso dos pacientes.

O transplante de menisco é considerado como uma boa opcao de tratamento
para os pacientes com meniscectomias prévias. Aumentar a confiabilidade da
mensuragdo meniscal pré-operatéria € um dos passos para 0 sucesso do
transplante, na tentativa de melhorar o quadro clinico e postergar o aparecimento da

osteoartrose.



2. OBJETIVOS

Este estudo tem como objetivos:

1. Mensurar e comparar as medidas de largura e comprimento dos meniscos
do joelho direito e esquerdo de cada individuo através das radiografias e
ressonancias magnéticas de cada lado;

2. Correlacionar as medidas obtidas nos exames de imagem entre si e com os
dados antropométricos dos pacientes (género, altura e peso);

3. Determinar a acuracia e 0 método de mensuragao meniscal mais confiavel
e viavel para aumentar a precisao das medidas e elevar as chances de sucesso na

cirurgia de transplante meniscal.



3. METODOLOGIA

3.1. Desenho e local

Este € um estudo de desenho observacional, transversal, realizado em

ambulatério de hospital publico universitario.

3.2. Participantes e ética

Apos aprovacdo do Comité de Etica e Pesquisa em Seres Humanos da
instituicdo, os pacientes em acompanhamento médico no ambulatério do Grupo de
Cirurgia do Joelho da Santa Casa de Sao Paulo. Individuos com dor anterior nos
joelhos e que seriam submetidos a radiografias e ressonancia magnética bilateral
dos joelhos, por causas outras que ndo suspeita de comprometimento meniscal,
foram selecionados consecutivamente no ambulatério para participar do estudo, no
periodo de setembro de 2012 a junho de 2013. Foram incluidos no estudo apenas
0s pacientes que assinaram o termo de consentimento livre e esclarecido. Pacientes
com imaturidade esquelética, histéria de cirurgia prévia em qualquer um dos joelhos
e pacientes com qualquer tipo de lesdo meniscal, ligamentar ou artrose tibiofemoral

diagnosticada previamente ou detectada nos exames foram excluidos.

3.3. Medidas antropométricas e estimativas das medidas meniscais

Todos os pacientes incluidos foram submetidos a afericdo de peso (em

quilogramas) e altura (em centimetros) pelo mesmo avaliador. Para afericdo de



peso, utilizou-se balanga mecanica que foi calibrada antes de todas as medidas. O
individuo deveria estar com roupas leves e descalgos, posicionado no centro da
balanca e ereto, com o peso distribuido em ambos os pés. A medida foi realizada
duas vezes e foi anotada a média das medidas adquiridas. Para afericao de altura, o
individuo permanecia descalgo e ereto com os bragos estendidos ao longo do corpo
e a cabeca erguida e encostada no estadidmetro, juntamente com os ombros,
nadegas e calcanhares; a parte mével do equipamento fixava-se contra o alto da
cabeca. A leitura da estatura era realizada duas vezes consecutivas para que fosse
calculada a média.

A estimativa das medidas dos meniscos através dos dados antropométricos
foi feita de acordo com a descricdo realizada por Van Thiel et al.® Através de
equacoes de regressao matematica especificas para as medidas (largura e
comprimento) e individualizadas para cada um dos meniscos (medial e lateral),
utilizou-se o peso e a altura associados aos coeficientes que variam de acordo com
0 género e 0 menisco avaliado, conforme demonstrado abaixo na equagéo:

Dimensao meniscal (largura ou comprimento) = [coeficiente constante] +
[(coeficiente de altura x altura)] + [(coeficiente de peso x peso)]

Seguindo a orientagdo do artigo original,® o coeficiente de altura foi multiplicado

por 2,54, fator de conversao para correcao do valor em centimetros da altura.

3.4. Medidas radiograficas

As radiografias foram realizadas em aparelho com tecnologia digital (Philips,
Gerator Optimus 50), nas incidéncias antero-posterior e perfil, com a ampola

distando um metro do joelho e com calibradores especificos para correcao da



magnificacdo da imagem. As medidas de comprimento e largura dos meniscos foram
adquiridas em milimetros nas radiografias e realizadas de acordo com os métodos
descritos por Pollard et al.® As mensuragdes radiogréficas foram feitas por dois
médicos ortopedistas, especialistas em cirurgia do joelho, de maneira independente
e nao confrontados. A média entre as medidas dos avaliadores foi registrada,
conforme descrito adiante.

A largura dos meniscos foi adquirida, através de radiografia antero-posterior,
pela distancia entre duas linhas verticais perpendiculares a linha articular, sendo
uma tangente a margem da metafise tibial e a outra através da ponta da espinha
tibial de ambos os joelhos (Figura 1A), como a férmula demonstra:

Largura dos meniscos = 1,0 x distancia entre a espinha tibial (medial ou
lateral) e a extremidade do planalto tibial x % amplificagao.

O comprimento dos meniscos foi mensurado nas radiografias de perfil,
através da afericdo do tamanho do planalto tibial, sendo essa medida a distancia
entre duas linhas, uma da superficie anterior da tibia acima da tuberosidade e outra
linha paralela a esta que tangencia a margem posterior do planalto tibial (Figura 1B).
Segundo o método, o menisco medial corresponde a 80% da medida e o menisco
lateral corresponde a 70% do comprimento do planalto tibial no plano sagital,® razdo
das duas férmulas seguintes:

Comprimento do menisco medial = 0,8 x comprimento do planalto tibial x%
amplificagcdo; Comprimento do menisco lateral = 0,7 x comprimento do planalto tibial

X% amplificagéo.



Figura 1. Radiografias digitais do joelho esquerdo com calibradores no canto direito para
correcdo da magnificacdo e com as linhas tragcadas para mensuragao das
medidas meniscais de acordo com o método de Pollard. A. Radiografia antero-
posterior com linha horizontal que une a extremidade do planalto tibial medial a
espinha tibial medial, sinalizando o valor da largura do menisco medial; B.
Radiografia em perfil com a linha paralela a superficie articular que une a linha da
superficie anterior da tibia com uma linha paralela na margem posterior do
planalto tibial, esse valor é utilizado para aquisicdo do comprimento dos

meniscos.

Além da equacao de Pollard, para aquisicdo da medida do comprimento do

1.312 (método de

menisco lateral foi implementada a equagdo proposta Yoon et a
Pollard modificado), que consideram valores distintos para a medida como
demonstrado a seguir:

Comprimento do menisco lateral = (0,52 x comprimento do planalto tibial, de

acordo com o método de Pollard) + 5,2.

3.5. Medidas da ressonancia magnética



Os exames de ressonancia magnética foram realizados em aparelho de 1,5
Tesla (Intera, Philips) com bobina especifica de oito canais e utilizacdo de
sequéncias ponderadas em densidade de prétons (DP), T1 e T2 nos trés planos
(sagital, coronal e axial), sequéncias habituais adotadas pela instituicao para todos
os exames de joelho. Foi adicionada apenas uma sequéncia ponderada em DP com
cortes finos, adquiridas no eixo axial, direcionada para os espacos tibiofemorais
(turbo spin echo com saturacao de gordura, com parametros: tempo de repeticdo de
3.393 milisegundos e tempo de echo de 60 milisegundos; matrix size [fase X
frequéncia], 200 x 161, field of view 16 x 16 cm; espessura de cortes de 1,0 mm,
com intervalo de 0,3 mm), que permitem manipulacdo das imagens, com alteracéao
de plano e espessura.

As imagens foram formatadas em workstation (Philips Extended Brilliance
Workspace, V3.5.0.2250) por dois radiologistas com experiéncia em ressonancia
magnética do sistema musculoesquelético, de maneira independente, alterando a
espessura e o plano de orientacdo para demonstrar 0s meniscos em seus maiores
eixos no plano longitudinal, paralelo ao planalto tibial, contendo em uma Unica
imagem as raizes de insercao tibial e a periferia do corno anterior, do corpo e corno
posterior. Quando houve divergéncia, a média entre as medidas dos avaliadores foi
registrada, conforme descrito adiante. Foram realizadas imagens separadas para

cada um dos meniscos medial e lateral (Figura 2).
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Figura 2. Corte axial da ressonancia magnética do joelho em sequéncia ponderada em
densidade de protons (DP), para visualizacdo do menisco lateral em seu eixo
longitudinal, demonstrando as raizes (cabecas das setas) e extremidades do
corpo, cornos anterior e posterior (setas).

Apo6s avaliar as imagens, foram realizadas as medidas do eixo antero-
posterior (comprimento) e médio-lateral (largura) dos meniscos no plano
reconstruido. Para o comprimento meniscal, foi realizada a medida entre o ponto
mais anterior da extremidade do corno anterior e 0 ponto mais posterior da

extremidade do corno posterior (Figura 3).
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Figura 3. Corte axial da ressonancia magnética do joelho com sequéncia ponderada em
densidade de prétons (DP), para visualizacdo das extremidades dos cornos
anterior e posterior para tracar linha que corresponde a medida do comprimento.
A. Menisco lateral com 43,9 mm de comprimento, B. Menisco medial com 42,3

mm de comprimento.

Para determinar a largura meniscal, foi tracada uma linha unindo os pontos
mais centrais de cada raiz meniscal e foi medida a distancia do contorno externo do

corpo até esta linha, de maneira perpendicular a medida do comprimento (Figura 4).
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Figura 4. Corte axial da ressonancia magnética do joelho com sequéncia ponderada em
densidade de protons (DP). A linha verde mais central une cada raiz meniscal e a
outra linha verde mede o comprimento. A largura (linha amarela) foi mensurada
pela distancia do contorno externo do corpo meniscal até a linha verde central, de
maneira perpendicular. A. Imagem do menisco lateral e as linhas para medida do
comprimento (verde) e largura (amarela); B. Imagem do menisco medial e as

linhas para medida do comprimento (verde) e largura (amarela).

3.6. Analise estatistica

Os dados coletados foram organizados em tabelas e foram submetidos a
testes estatisticos para andlise. As variaveis continuas foram resumidas por média,
desvio padrdo (dp), mediana, valores minimo e maximo e as qualitativas, por
frequéncia absoluta (n) e relativa (%). Os pares de medidas foram comparados
pelo teste ndo-paramétrico de Friedman e, para fazer as comparagcées multiplas,

foram utilizados testes ndo paramétricos de Wilcoxon.
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Para validacdo dos dados obtidos pelos examinadores nos exames de
imagem (radiografias e ressonancia magnética), foram utilizados trés métodos
distintos: correlacdo de Pearson, coeficiente de correlacao intraclasse (ICC) e o
teste ndao paramétrico de Wilcoxon para avaliar a concordancia entre os
avaliadores. Como houve concordancia, optou-se por resumir as medidas pela
média entre os observadores.

A medida da acuracia foi realizada considerando-se a ressonancia
magnética como padrao ouro e o critério de acuracia foi estabelecido como 10% de
discrepancia do valor do padrao ouro.

Foi adotado o nivel de significancia de 0,05 (o = 5%) em todos os testes
estatisticos empregados e foi utilizado o programa estatistico SPSS versdo 15.0

para Windows para todas as andlises estatisticas.
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4. RESULTADOS

No periodo do estudo, foram incluidos 22 pacientes (44 joelhos), com média
de idade de 28,9 anos (variando de 18-41 anos), sendo 12 homens e 10 mulheres.

Para validacdo dos dados coletados, todas as correlacbes foram
significativas e fortes (correlacdo > 0,7), ndo demonstrando diferenca entre a
medida obtida pelos avaliadores, seja na radiografia ou na ressonancia magnética.
Pelo teste de Wilcoxon, ndo foi identificado nenhum discrepancia por parte dos
avaliadores (p > 0.05).

Adotou-se a ressonancia magnética como medida padrdao ouro e com ela
foram comparados os outros métodos de mensuracdo. O teste de Friedman foi
realizado e demonstrou-se significativo para todas as comparacgdes (p < 0.05). Para
cada variavel, largura e comprimento dos meniscos, foram feitas as comparacoes

multiplas para encontrar as diferencas (Tabela 1).
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Tabela 1. Medidas antropométricas, radiogréaficas e da ressonancia magnética para

a largura e comprimento de cada um dos meniscos

Média Desvio padrao Minimo Maximo Acuracia, % p*

Largura do menisco lateral (mm)

Método antropométrico  30.7 3.1 26.9 39.2 72.7
Método radiogréfico
Direito 34.8 3.3 29.3 411 36.4
Esquerdo 34.7 2.9 29.7 41.0 59.1 < 0.001
Ressonancia magnética
Direito 31.4 2.9 23.9 37.0
Esquerdo 31.7 2.9 25.1 38.8
Comprimento do menisco lateral (mm)
Método antropométrico  33.3 2.3 29.8 37.7 75.0
Método de Pollard
Direito 38.4 3.2 31.6 46.0 54.5
Esquerdo 38.5 3.2 32.2 46.7 40.9
Método de Yoon
Direito 33.7 2.3 28.7 39.6 86.4 < 0.001
Esquerdo 33.8 2.5 28.7 40.2 77.3
Ressonancia magnética
Direito 35.0 4.0 27.8 46.9
Esquerdo 34.2 3.7 27.6 44.0
Largura do menisco medial (mm)
Método antropométrico  30.7 2.2 27.8 34.9 68.2
Método radiogréfico
Direito 32.3 33.3 26.5 37.8 81.8
Esquerdo 32.6 3.5 27.2 38.0 72.7 < 0.003
Ressonancia magnética
Direito 32.7 3.1 26.2 41.0
Esquerdo 32.7 3.6 25.0 41.4
Comprimento do menisco medial (mm)
Método antropométrico  41.4 2.6 37.4 46.8 63.6
Método Pollard
Direito 43.7 3.4 36.1 52.6 95.5
Esquerdo 44.2 3.3 36.8 53.4 90.9 < 0.001
Ressonancia magnética
Direito 45.2 3.5 37.2 55.0
Esquerdo 45.1 3.6 36.6 54.3

*Resultados do teste de Friedman entre as medidas radiograficas, antropométricas e da ressonéncia

magnética.
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Nao houve diferenca entre as medidas radiograficas obtidas entre os lados
direito e esquerdo dos joelhos. Da mesma forma, a comparacdo dos valores
adquiridos com a ressonancia magnética também nao demonstrou diferenca entre
os lados.

Entretanto, as analises das comparacdées multiplas resultaram nos seguintes
dados (Tabela 2): o método radiografico de Pollard et al.® apresentou valores
superiores ao valor da medida da largura do menisco lateral quando comparado
com a antropometria € com a ressonancia magnética. Para o comprimento do
menisco lateral, o método de Pollard et al.® também demonstrou valores elevados,

comparados com o método radiografico descrito por Yoon et al.'?

, com a
antropometria e com a ressonancia magnética. Na andlise das medidas do menisco
medial, os valores dos métodos radiograficos e de ressonéncia magnética nao
demonstraram diferenga estatisticamente significante, exceto na medida do
comprimento do menisco medial do lado direito, no qual o método radiografico
subestimou em média 1,5 mm o valor obtido na ressonancia magnética, porém com
significancia estatistica. Ja os dados antropométricos subestimaram as medidas de

largura e comprimento do menisco medial, seja comparando-as com o método

radiografico de Pollard et al.® ou com a ressonancia magnética.
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Tabela 2. Resultados das comparagdes multiplas das medidas antropométricas (Anat),

radiograficas (Rx) e ressonancia magnética (RM)*

RxXAnat RxXRM RMXAnat Yoon XPollard Yoon XRM Yoon X Anat

Largura menisco medial

Direito p<0,001 p<0,001 p<0,001
Esquerdo p<0,001 p=0,149 p<0,001

Comprimento menisco medial

Direito p=0,002 p=0417 p=0,001
Esquerdo p=0,001 p=0426 p=0,004

Largura menisco lateral

Direito p<0,001 p<0,001 p=0,022 p < 0,001 p =0,024 p = 0,263

Esquerdo p<0,001 p<0,001 p=0,158 p < 0,001 p = 0,527 p=0,211
Comprimento menisco lateral

Direito p<0,001 p<0,001 p=0,094

Esquerdo p<0,001 p<0,001 p=0,028

*Resultados obtidos com o teste de Wilcoxon.

O comprimento radiografico dos meniscos mediais aproxima-se das medidas
da ressonancia magnética, com acuracia de 93,2%; por outro lado, os valores
radiograficos da largura foram inferiores, com acuracia de 77,3%.

Na avaliacdo da largura e comprimento dos meniscos laterais, a acuracia do
método de Pollard et al.? foi inferior em relagdo ao menisco medial, com acuracia

de 47,7% em ambas as medidas. O método de Yoon et al.'®

para o comprimento
do menisco lateral demonstrou valores mais préximos aos da ressonancia
magnética, com 81,8% de acuracia.

A antropometria para obtencdo das medidas meniscais, de largura e
comprimento, tem medianas semelhantes as da ressonancia magnética, porém, no
calculo da acuréacia das medidas, nao apresenta niveis elevados. A acuracia para o
comprimento e largura do menisco medial foi respectivamente de 63,6% e 68,2%,

enquanto que, para o menisco lateral, a acuracia foi de 72,7% para largura e 75%

para o comprimento.
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Artigo. Which are the most reliable methods of predicting meniscus size for

transplantation?
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WHICH ARE THE MOST RELIABLE METHODS OF PREDICTING

MENISCUS SIZE FOR TRANSPLANTATION?

ABSTRACT

Background: Although sizing of the meniscal allograft is crucial during
meniscus transplantation, the accuracy of meniscal measurement methods is
still in debate. A number of methods based on radiographic and magnetic
resonance imaging, as well as anthropometric data have been proposed, but

their reproducibility and reliability are still unclear.

Purpose: To compare lateral and medial meniscus measurements obtained
from plain radiographs, magnetic resonance imaging and anthropometric data
in order to determine which one of those methods is the most accurate and

reliable to establish approximate meniscal size.

Study Design: Cross-sectional study.

Methods: The MRI and plain radiographic images of 22 patients (44 knees)
followed at the Orthopedics Knee Outpatient Clinic of a tertiary teaching
institution were studied. The width and length of the medial and lateral
meniscus were measured using specific techniques. Data on gender, age,
body weight and height were used to develop a regression formula for
meniscal measurements (comparing both imaging methods) in order to
establish meniscal dimensions. Data validation was achieved using Pearson's
correlation, interclass correlation ceefficient, and Wilcoxon's noen-parametric

test for all variables, with a significance level established at 95%. Accuracy
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was established as a 10% measure discrepancy from the gold standard (MRI)

and was considered an average between right and left knees.

Results: No statistically significant difference was observed between the right
and left knee radiographic and MRl measurements. Lateral meniscal width on
plain radiographs was 47.7% overestimated compared to our gold standard
imaging study (MRI); anthropometric data were not statistically different from
MRI measurements. The length of the lateral meniscus was better assessed
by the anthropometric method and by Yoon's modified radiographic method.
Anthropometry underestimated the width and length of the medial meniscus
with an accuracy of 68.2% and 63.6%, respectively. The radiographic method
was comparable to MRI to establish all medial meniscus measurements with

an accuracy of 93.2% for length and 77.3% for width determination.

Conclusion: MRI of the contralateral unaffected knee is a reliable method of
obtaining meniscal measurements for allograft transplantation. Radiographic
measurements are comparable to those of MRI for the medial meniscus. The
anthropometric mathematical regression formula and medified radiographic
method are reliable for obtaining lateral meniscus measurements and

comparable to MRI findings.

Clinical Relevance: This study emphasizes the importance of measuring the
width and length of the meniscus independently during preoperative sizing for
a meniscal allograft transplantation procedure. Using MRI as a gold standard,
the study also proposes other less costly and equally reliable methods of

obtaining such measurements.
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What is known about the subject: A number of methods have been
proposed to assess meniscal measurements, but it is not clear which ones are
the most accurate and reliable. Pollard proposed a method based on
establishing landmarks on plain radiegraphs of the knee to determine meniscal
width and length. This method is still widely used but presents a number of
flaws, especially when addressing the lateral meniscus. Yoon proposed a
modification to this method based on a mathematical model that should
increase accuracy. Computed tomography has also been used to determine
the measurements of the lateral meniscus independently, but it is costly and
exposes the patient to a great amount of radiation. Magnetic Resonance
Imaging (MRI) of the contralateral unaffected knee, although costly, is a
reliable and reproducible method of measuring both width and length of lateral
and medial meniscuses and is currently considered the gold standard. Other
authors believe that anthropometric data can substitute MRI in determining
meniscal dimensions. Van Thiel et al proposed a mathematical regression
formula to establish meniscal length and width using gender, height and
weight. There is no study to date comparing these methods of meniscal

measurements to establish which one is more cost-effective.

What this study adds to existing knowledge: This study is the first, to the
authors' knowledge, that compares almost all the available measurement
techniques (with the exception of 3-D computed tomography) in order to
establish accuracy and reliability in obtaining adequate meniscal
measurements for allograft transplantation. This study also proposes more

cost-effective options to the gold standard MRI.
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Key Terms: meniscal allograft transplantation; width; length; radiographic

measurement; magnetic resonance imaging.

INTRODUCTION

A significant increase in medical knowledge on the functions of the meniscus
and on the management of meniscal injuries has occurred in recent years.”
The meniscus play a key role in maintaining the balance of the human knee by
transmitting and distributing the weight load, by absorbing impact, and by

lubricating and stabilizing the joint, especially when submitted to rotational

forces. *7

Meniscal lesions are very commen and usually treated arthroscopically with
partial meniscectomy,? Total meniscectomies are rarely performed, although
indicated for complex and extensive meniscal lesions.” However, it is known
that the absence of the meniscus causes biomechanical abnormalities of the
knee joint, where the severity of degeneration of the joint cartilage is
proportional to the extension of the meniscal resection.® Therefore, every effort
must be made to preserve the meniscal tissue when treating complex
meniscal lesions; nonetheless there are cases where total or subtotal
meniscectomies cannot be avoided.” In such situations, a human meniscus
transplant is an efficient method of attempting meniscal function recovery."s
This method reduces knee pain and prevents degeneration of the joint
cartilage after subtotal or total meniscectemy in patients under 50 years of age

and with no evidence of advanced joint degeneration.'®® Success of human
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meniscal transplantations depends on accurate measurements to match the

donor and recipient knees 212"

A number of measurement techniques for the meniscus has been described
based on plain radiographs, 3-D computed tomography, magnetic resonance
imaging (MRI), and anthropometric data.>®*'> Meniscal measurements
obtained from plain anterior-posterior (AP) and lateral radiegraphic films, as
proposed by Pollard et al, are the most widely used.? This method employs
mathematical formulas to establish corrective factors of measurements taken
from specific bone landmarks on the tibia plateau in order to estimate the
width and length of the meniscus.? A number of more recent studies using MRI
have tried to establish a more geometrically accurate allograft size based on
specific meniscus measurements.*”>'* Van Thiel et al'®, proposed a
multivariate regression formula using anthropometric data such as gender,

height and weight to estimate meniscal measurements.

Increasing the reliability of preoperative meniscal measurements is of utmost
importance for allograft transplantation success. The objective of the current
study was to compare meniscal length and width, measured by different
technigues {anthropometric, plain radiographic, and MRI imaging), in order to
try to establish which of these methods was the most reliable and cost-

effective for determining meniscal size.
MATERIALS AND METHODOS

Following approval by the Institutional Review Board for Research in Humans,

a total of 22 adults scheduled to undergo radiographic and MRI| imaging of the
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knee due to chronic anterior knee pain secondary to pateliofemoral pain
syndrome were selected from the Orthopedics Knee Outpatient Clinic of a
tertiary teaching hospital. All subjects had an informed consent signed to enter
the study. Patients with skeletal immaturity, a history of past surgery to the
knees, those with lesions of the meniscus or knee ligaments, as well as those
with discoid meniscus and tibiofemoral joint arthritis were excluded from the

study.

Both knees were studied in all patients, thus a total of 44 knees were studied.
The mean age of the studied population was 28.9 years (ranging from 18 to 41
years); 12 were males and 10 were females. Comparisons between right and

left knee measurements were made for all the studied variables.

Anthropometric Data

All the participants had their weight {kg) and height (cm) measured. The
anthropometric measurements of the meniscus were made based on the

|15

methodology established by Van Thiel et al™, as follows:

Meniscus Size = [Constant coefficient] + [(coefficient of height x height)] +

[(coefficient of weight x weight)]

Height was converted to centimeters by dividing the height coefficient by

254"

Radiographic Measurements

Measurements were taken from plain AP and lateral radiographic films with the

ampule placed 01 meter from the knee using calibrators for correction of
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maghnification (Philips, Gerator Optimus 50, USA). The measurements of the
meniscus length and width were taken based on the methods proposed by
Pollard et al. According to Pollard et al® the width of the meniscus is measured
in the AP views by establishing the distance between two vertical lines
perpendicular to the joint line, one of them tangent to the margin of the tibia
metaphysis, and the other one between the medial and lateral tibial eminence
in both knees. The length of the meniscus is then measured on the lateral
radiographic views by establishing the size of the tibia plateau, and then a line
is drawn at the level of the articular line between the anterior surface of the
tibia above the tuberosity and a parallel line that is tangent to the posterior
margin of the tibia plateau. The medial meniscus corresponds to 80% and the
lateral meniscus to 70% of the measurement of the tibial plateau on the

sagittal plane.g

The equation proposed by Yoon et al® was also used to establish the length of
the lateral meniscus, as follows: (0.52 x length of the tibia plateau established

by Pollard’'s method) + 5.2.
All measurements were taken in centimeters.

All radiographic measurements were tested and re-tested by two experienced

orthopedic knee surgeons (authors), independently.
Magnetic Resonance Imaging Measuremenis

Magnetic rescnance imaging study was performed using a 1.5 Tesla device
{Intera, Philips, USA) and a specific 8-channel tube (Philips, USA). Pondered
proton density T1 and T2 sequences of the knee in the sagittal, coronal, and

axial planes were obtained. An additional pondered sequence in thin slice
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proton density was obtained in the axial plane directed to the femorotibial joint
spaces (turbo spin echo with fat saturation; 3393 milliseconds (ms) repetitions
and 60 ms echo time; matrix size [phase x frequency] 200x161, field of view
16 X 16 e¢m, 1.0 mm cut width, interval 0.3 mm). This technique allowed
manipulation of the plane and width of the MRI image slices. Images were
then formatted on a workstation (Philips Extended Brilliance™ Workspace,
V3.5.02250, USA) by two independent radiologists experienced in
musculoskeletal MRI imaging, who manipulated width and plane of crientation
of the images in order to achieve the best image of the long axis of the
meniscus on the longitudinal plane, paralle! to the tibial plateau. The objective
was to encompass in the same image the insertion roots of the tibia and the
borders of the anterior horn, body and postetior horn of the medial and lateral
meniscus separately (Figure 1). Anterior-posterior (length) and latero-lateral
(width) measurements of both meniscus were then obtained on reconstructed
images. Meniscal length was established by measuring the distance between
the most anterior point of the anterior horn and the most posterior point of the
posterior horn (Figure 2). Meniscal width was established by first drawing a
line that connected the more central points of each meniscal root and then
measuring the distance between the extemal contour and this line,

perpendicular to the length line (Figure 3).
Statistical Analysis

Statistical analysis was carried out using a commercially available software
package (SPSS version 15.0 for Windows, USA). Validation of data obtained
from the plain radiographic and magnetic resonance images was achieved

using three distinct methods: Pearson's Correlation, interclass correlation
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coefficient (ICC), and the non-parametric Wicoxon's test to evaluate inter-
observer reliability. Qualitative data were analyzed in absolute (n) and relative
(%) frequencies. Measurement pairs were compared using Friedman's non-
parametric test and multiple comparisons used Wilcoxon’s non-parametric
test. Measurement of accuracy was established using MRI as the gold
standard, with a 10% discrepancy rate. Statistical significance was established

at 95% (o= 5%).

RESULTS

Significant and strong correlations (r>0.7) were found for all radiographic and
MRI measurements obtained between both examiners with no bias (Wilcoxon
test; p>0.05). Thus, results were expressed as mean values of all studied
variables. MRI was established as the gold standard and all other resulis were
compared to those obtained by this imaging technique. Table 1 depicts the
differences found in width and length of the meniscus between each of the
studied measurement technigques. A significant difference was found between
measurements obtained by all three methods (Friedman’s test; p<0.05), There
was no statistically significant difference between right and left knee for any of
the measurements obtained both on plain radiographic films and on MRI.
Table 2 expresses multivariate Wilcoxon's test results comparing pairs of
measurement techniques. Pollard’s technique overestimated width of the
lateral meniscus when compared to anthropemetric and MRl measurements
{p<0.001). Same was observed for measurements of length of the lateral
meniscus, where not only anthropometric and MRI, but also plain radiographic
measurements using Yoon's technique, were significantly smaller than those

values found with Pollard’s technique (p<0.001).
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No statistically significant difference was found between radiographic and MRI
measurements of the medial meniscus, except for the right meniscus where
plain radiographic assessment underestimated its length in 1.5 mm when
compared 1o the MRI standard. Anthropometric data underestimated width and
length of the medial meniscus when compared to Pollard’s radiographic

measurement and MRI images.

The radiographic assessment of medial meniscus length was 93.2% accurate,
and width was 77.3% accurate when compared to the MRI standard. Lateral
meniscus width and length assessed by Pollard’s method was 47.7%

accurate, and by Yoon's method it was 81.8% accurate.

Although anthropometric measurements of meniscal width and length
presented median values similar to those of MRI, the accuracy was low.
Medial meniscus width and length measurements revealed an accuracy of
63.6% and 68.2%, respectively and for lateral meniscus the width and length

measurements revealed an accuracy of 72.7% and 75%, respectively.

DISCUSSION

A precise correspondence between meniscus allograft measurements and
those of the recipient knee is essential to restore meniscal function after
transplantation. When the graft is too small, forces across the meniscus are
increased and an unbalance in the femoral condyle occurs resulting in
compartment overload. On the other hand, when the meniscal allograft is too
large then it will not bear load and forces on the articular cartilage will increase

precipitating early degeneration of the knee joint.®'"" Only a small number of
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studies have focused on the consequences of measurement errors during
meniscus allograft transplantations, suggesting that only 5 to 10% of size

discrepancies could be well tolerated by the knee.*'®

Meniscal allografis should be side and type spec‘rﬁc12. The width of the
meniscus should preferably be obtained independently based on the latero-
medial dimension on the coronal plane, and its length to the antero-posterior
measurement on the sagittal plane®, since one measurement cannot and

should not be used to predict other.”®

According to Dargel et al?, although human knees are not symmetrical, they do
show a good correlation between right and left knee morphometric dimensions.
Likewise, the current study did not observe significant radiographic or MRI

discrepancies between right and left knee.

Haut et al® found that MRI is more accurate than plain radiographs in

determining meniscal geometry. Prodromos et al'

confirmed these findings
when comparing the measurements taken by plain radiographs of the
contralateral (non-diseased) knee to MRI| images, suggesting that MR| should
be the gold standard for assessment of meniscal size. The results of the

current study concur with these findings, which lead us to consider MRI

findings as our base data for comparisons.

The radiographic method of measuring the meniscus pre-operatively was
initially proposed by Pollard et al® in 1995, by establishing a correlation
between standard radiographic landmarks with meniscal dimensions so that
surgeons can order size-specific meniscal allografts. Although this method is

still widely used, a number of studies have shown that errors in magnification
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of the radiographic image, inaccurate determination of the bone landmarks,
rotational errors in the knee positioning, and difficulties in differentiating
bone/soft tissue interface all contribute to a low accuracy of this method.'*'7 18
Pollard ¢t al’ reported an error margin of 7.8%; however, other authors have
not been able to reproduce these results especially regarding meniscal length.
This was documented by Yoon et al"”, who proposed a modification to
Pollard's method by using a mathematical formula which was supposed to
predict this variable increasing accuracy from 40 to 92%. The current study

confirmed these findings for establishing the length of the lateral meniscus

{Pollard's method 47.7% vs. Yoon's method 81.8% accuracy).

No statistically significant difference was found in the Ilateral meniscus
measurements obtained from MRI when compared to Yoon's method, but
when compared to Pollard’s method, the measurement was overestimated in
Smm. Such an error of 10% could lead to transplantation failure. Pollard’s
method also overestimated the lateral meniscus width with a low accuracy of
47.7%. These findings strongly suggest that Pollard’s method is not reliable for
establishing lateral meniscus dimensions, and that Yoon's method can be

used to establish its length.

As for the medial meniscus, Pollard's method was as accurate as MRI for
establishing all measurements with the exception of length of the right medial
meniscus. Accuracy for right medial meniscus length was 95.5% although we

believe this was due to a relative small number of subjects.

Cther than imaging studies, Stone et al® proposed correlating pre-operatively

meniscal measurements to anthropometric data, such as height, weight, and
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gender, in order to minimize technical imperfections of the radiographic
methods and decrease costs related to MRI. The authors found that such data
is not only easily obtained but also correlates strongly to meniscal size.'® Van
Thiel et al'® later described a method of establishing meniscal size for
transplantation based solely on anthropometric data. The authors studied the
meniscus of 930 donors and developed a regression model based on gender,
weight and height that showed accuracy slightly higher than that of the
radiographic and MRI methods. However, there are potential limitations to this
study that can justify our findings. The most important is that the donor height
and weight were recorded from outside sources and do not represent exact
measurements taken using strict criteria, and the recorded weight represents
the exact weight of the donor at the time of harvest.'® Current series used Van
Thiel's anthropometric model finding no statistically significant difference in
measurement of the lateral meniscus when compared to MRI with an accuracy
of 72.7% for width and 75% for length. However, Yoon's method was more
accurate than Van Thiel's for medial meniscus, especially its length that was
significantly underestimated when compared to MRI and revealed a lower

accuracy than that of Pollard's method.

Authors concluded that in order to surgeons request bank tissues for a
meniscal allograft sized as similar as it gets to the meniscus that will be
implanted, contralateral meniscus width and length measurements on MRl is a
viable option to minimize size compatibility errors. However, anthropometric
data found in our study showed similar accuracy when compared to MRI,
suggesting that it can be safely used to establish measurement of the lateral

meniscus width, and that Yoon's method should be used to establish lateral

13

30



309

310

311

312

313

314

315

31

meniscus length. VWhen the medial meniscus is involved, Pollard's
radiographic method can be used to substitute MRI. Therefore, less costly
alternatives for meniscal graft size estimation are also available, especially for

patients with an injured contralateral knee.

Future studies with larger populations are necessary to confirm these findings
and to develop more accurate technigques of establishing meniscus

measurements for transplantation.
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Figure 1. MRI image of the lateral meniscus on the longitudinal plane. The arrows
indicate the rocts (arrow heads) and body extremities, as well as the anterior and
postericr horn,

Figure 2. MRI| images of meniscal length measured on the anteriorposterior cut.
2A. Lateral Meniscus; 2B. Medial Meniscus.
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Figura 3. MRI axial images of meniscal length (green line) and width (yellow line) 3A.
Medial Meniscus; 3B. Lateral Meniscus.

Results of Anthropometric, Rad ngraphic and MRI Measurements®

TABLE 1

Measurements, mm

Side Mean SD

Lateral Meniscus Width

Anthropometric

mathed m7 3l
Right 342 33

Radiographic method left 347 29
Fight 314 2%

TR laft 37 22

Lateral Meniscus length

Anthropometric

mathod 333 23
Right 334 37

Poltard's method left 285 32
Right 337 23

Yoon's method laft 333 23
Right 350 40

MR lefr 342 37

Medlal Menlseus Width

Anthropometric

method 07 22

Rediographic method Right 323 33
l=ft 326 35

MR Right 327 31
left 327 36

Medial Menlscus Length

Anthropometric

mathod 414 28

Poltard’s method Right 437 24
laft 443 33
Fight 452 35

MR1 left 451 38
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5. CONSIDERACOES FINAIS

A correspondéncia precisa entre as dimensdes do enxerto meniscal e as do
joelho receptor € um fator fundamental para restaurar a fungdo meniscal ap6s o
transplante. Meniscos transplantados de tamanho menor que o adequado levam a
uma incongruéncia no céndilo femoral, resultando em carga excessiva no
compartimento, enquanto meniscos maiores que o tamanho adequado estdo
predispostos a extrusdo, também alterando a biomecanica da articulagédo, levando a
degeneracdo precoce.>*®"™ Apesar de poucos estudos terem investigado as
consequéncias da imprecisao da mensuracao, estima-se que apenas 5% a 10% de
incompatibilidade nas dimensées seriam bem toleradas pelo joelho.'*'

O enxerto para transplante meniscal deve ser especifico de acordo com o
lado e o menisco lesionado. A nomenclatura utilizada para descrever as dimensdes
dos meniscos pode ser confusa. Por convencéo, a largura do menisco descreve sua
dimensao médio-lateral, no plano coronal; enquanto seu comprimento descreve sua
dimensao antero-superior, no plano sagital.® A obtencdo dessas medidas de maneira
independente é fundamental, pois ndo se pode predizer com precisao a medida de
uma dimensao a partir da outra.'®

Apesar de ndo existir simetria na anatomia dos joelhos direito e esquerdo de
um individuo, Dargel et al."” demonstraram que existe boa correlagdo entre as
dimensdées morfométricas dos joelhos humanos direito e esquerdo.
Comparativamente, em nosso estudo, também ndo encontramos diferengas com
significAncia estatistica entre as mensuragcdes meniscais dos lados direito e
esquerdo através dos métodos radiograficos e de ressonancia magnética.

Haut et al.” mostraram que a ressonancia magnética tem acuracia maior que as

radiografias em determinar a geometria meniscal, e Prodromos et al.'® confirmaram
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que a acuracia das mensuracoes obtidas a partir da ressonéncia magnética do lado
contralateral é superior ao método de mensuracao radiografico, propondo que esse
seja 0 novo método padrdao ouro para mensuracdo. Baseados nisso, conduzimos
nosso estudo considerando os valores da ressonancia magnética, o método padrao
ouro para realizar as analises comparativas, e, a partir de nossos resultados,
concordamos que a ressonancia magnética contralateral seja 0 método mais preciso
para a obtencédo das medidas em caso de comprometimento unilateral do joelho.

O método radiografico de mensuragdo meniscal foi descrito por Pollard et al.,®
estabelecendo correlagdo entre marcos ésseos anatdémicos e a dimensao dos
meniscos. Apesar de a avaliagao através de radiografias ainda ser considerada o
método de escolha por muitos autores, a literatura reporta menor acuracia dessas
medicoes decorrente de erros de magnificagao radiografica, identificacao errada de
marcos 6sseos, erros de rotagcdo no posicionamento do joelho para o exame e
dificuldade de diferenciar a interface entre estruturas 6sseas e de partes moles.>'9%
Pollard et al.® reportaram uma margem de erro de 7,8% em suas medidas.
Entretanto, outros autores nado foram capazes de reproduzir os resultados
encontrados por Pollard et al.® com a mesma acuracia, principalmente em relagéo ao
comprimento do menisco lateral, conforme documentado por Yoon et al.,'? que
propuseram uma nova equagao, conhecida como método de Pollard modificado,
para predizer essa variavel, com aumento da acurécia da mensuragédo de 40% para
92%. Em nosso estudo, encontramos que a acuracia da mensuracdo do
comprimento do menisco lateral pelo método proposto por Yoon et al.' foi de 81,8%,
enquanto que, pelo método de Pollard et al.® foi de 47,7%, ndo nos parecendo ideal
utilizar o método de Pollard et al.® para o comprimento do menisco lateral, j& que

este leva a valores superestimados dessa medida.



39

Em nosso estudo, ndo encontramos diferenca estatistica entre os valores do
comprimento do menisco lateral obtidos através da ressonancia magnética e do
método radiografico descrito por Yoon et al.'® J4 o método de Pollard et al.®
superestimou essa medida em aproximadamente 5 mm, o que consideramos um
dado significativo por se tratar de mais de 10% de erro, 0 que poderia levar a falha
do transplante. Além disso, em nosso estudo o método de Pollard et al.® também
superestimou a largura do menisco lateral, com acuracia de 47,7%. Dessa forma,
consideramos o método de Pollard et al.® pouco preciso para avaliagdo das
mensuracdes do menisco lateral, enquanto o método descrito por Yoon et al.'? é
uma opc¢ao adequada para medida do comprimento do menisco lateral.

Ja em relacdo ao menisco medial, o método de Pollard et al.® parece ser mais
eficiente. Os valores obtidos com esse método e os mensurados na ressonancia
magnética ndo demonstraram diferenca estatistica, exceto no comprimento do lado
direito, com acuracia de 93,2% para o comprimento e 77,3% para a largura do
menisco medial. Isso sugere que ha uma equivaléncia maior para o menisco medial
entre as medidas da ressonancia magnética e do método de Pollard et al.?

Na tentativa de reduzir os erros provocados pelas imprecisdes técnicas do
método radiografico e diminuir os custos dos exames de ressondncia magnética
contralateral, Stone et al.® propuseram correlacionar as dimensées meniscais com
os dados antropométricos e demostraram que a altura, o peso e o género, variaveis
facilmente obtidas, possuem correlagédo direta com o tamanho meniscal. Van Thiel et
al. demonstraram uma nova maneira de mensurar as dimensdes meniscais com
base apenas nos dados antropométricos dos pacientes. Os autores avaliaram 930
meniscos de doadores e desenvolveram um modelo de regressao que usa o género,

0 peso € a altura para obter o tamanho do menisco necessario para o transplante,
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com uma acuracia levemente superior que a acuracia descrita na literatura para os
métodos radiograficos e de ressonéancia. A partir do método proposto por Van Thiel
et al.,’ encontramos que os valores das medidas do menisco lateral nio
apresentaram diferenca estatistica em relacédo aos valores obtidos na ressonéancia
magnética, com acuracia de 72,7% para largura e 75% para o comprimento. No
entanto, encontramos que a acuréacia do método radiografico de Yoon et al.'? foi
superior ao proposto por Van Thiel et al.,’ cujo método também subestimou as
medidas do menisco medial, principalmente o comprimento, com diferenca
estatistica em relacdo as medidas da ressonancia magnética e com acuracia inferior
a obtida com o método de Pollard et al.?

Dessa forma, pode-se concluir que, em caso de indicacao de transplante de
menisco em pacientes que nao apresentem comprometimento meniscal no joelho
contralateral, o método que permite a mensuragdo mais adequada do comprimento
e largura de ambos 0os meniscos € a ressonancia magnética contralateral, sendo
esse 0o metodo de escolha em nossa opinido. Em pacientes que apresentam
comprometimento em ambos os joelhos ou quando ha necessidade de reducédo dos
custos com exames, nosso estudo sugere que a ressonancia magnética deve ser
substituida pela aquisicdo dos dados antropométricos para obter a largura do

menisco lateral e pelo método radiografico proposto por Yoon et al.'?

para mensurar
o comprimento meniscal lateral. J& em casos da substituicdo do menisco medial,
tanto para aquisicdo do comprimento quanto para largura, o método radiografico de
Pollard et al.® deve ser utilizado se necessario substituir a ressonancia magnética.

Estudos futuros sao importantes para validar essas hipoteses e desenvolver

técnicas ainda mais precisas para mensuracao meniscal no individuo que recebera o
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menisco, minimizando as falhas da medida e aumentando a compatibilidade para

que as taxas de sucesso do transplante meniscal elevem-se ainda mais.
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Pacientes cujos exames néo foram realizados de acordo com as especificagdes acima, pacientes com histéria
de cirurgia prévia em qualquer um dos

dois joelhos e pacientes com qualquer lipo de lesdo meniseal, ligamentar ou artrose libiofemoral diagnosticada
previamente ou detectada nos

exames.

Objetivo da Pesquisa:

Mensurar os meniscos de pacientes sem lesdo através de radiografia e ressonancia magnética dos jeelhos e
correlacionar esses valores entre si e com os dados antropométricos dos pacientes (género, altura e peso),
afim de escolher o enxerto meniscal

mais préximo do tamanho ideal para o paciente candidato ao transplante homdlogo de menisco.

Avaliagao dos Riscos e Beneficlos:

Pesquisa retrospectiva, composta por consulta a exmaes e prontudrios, sem risco para os participantes.
Beneficios: Aumentar a confiabilidade da mensuracao meniscal é fundamental para o sucesso do transplante
homaélogo de menisco.

Comentarios e Consideracdes sobre a Pesquisa:

Curriculo do pesquisador de acordo, pesguisa sem risco para os participantes, critérios de inclusdo e exclusao
detalhados, or¢gamento detalhado (R$ 4750,00) e declaracdo do pesquisador quanto acs gastos da pesquisa,
cronograma de acordo, justificativa guanto auséncia de TCLE.

Consideragdes sobre os Termos de apresentacio obrigatéria:

Cosnta carta de aulorizagao da Diretoria Técnica, da Comissao Cientifica do Departamento de Ortopedia e
Traumatologia da ISCMSP, carta da Comisséo Cientifica do setor de Radiologia e Diagnéstico por Imagem da
ISCMSP e termo de compromisso do pesquisador quanto a iniciar a pesquisa somente apos aprovagédo do CEP

Recomendacgdes:
projeto aprovado

Canclusdes ou Pendéncias e Lista de Inadequagdes:

projeto aprovado

Situacdo do Parecer:

Aprovado

Mecessita Apreciacdo da CONEP:
Néo

Enderego: SANTA ISABEL

Baimo: VILA BUARQUE CEP: 01.221-010

UF: SF Municipio: SAQ PAULO

Telefone: 1111-7676 Fax: 1111-7676 E-mail: eticamedbemadete@santacasasp.orgbr
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Assinado por:
Melson Keiske Ono
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AJSM Manuscript Submission Guidelines

The American Journal of Sports Medicine (AJSM) 1= the
official publication of the American Orthopaedic Society for
Sparts Medicine.

The editor of AJSM, Bruce Reider, can be contacted wia
e-mail at breider@ajsm.org.

Manuscripts must not be under simultaneous consideration
by any other publication, before or during the peer-review
process. Papers presented at AOSSM meetings must bhe
submitted to the Journal for first. rights of refusal. Authors are
respongible for submitting papers of presentations directly to
the Journal. Articles published in A.JJSM may not be published
elzewhere without written permission from the publisher.

Manuscripts should cite any other work by one or more of
the eo-authors that is relevant to the subject matter of the
current submission or that used any of the same subjects,
animals, or specimens being reported in the current submizsion,
This includes manuscripts that are currently under
preparation, arve being considered by journals, are accepted for
publication, or already published. In any of these cases, the
relationship to the current aubmission should be made clear.

All review articles (such a2 systematic review, meta-
analysis) submitted will be considered for the Current
Concepts section. Authors with ideas for current concepts
should contact the associate editor, Timothy Fogter, ND, to
find out if AJSM has recently publizhed a review article on
that topic of if there i= a similar submission in progress,
Contact Dr Foster at currentconcepts@ajsm.org to inguire
about vour idea or submit already completed papers directly
to the journal at http/ajsm-submit.highwire.org.

SUBMISSIONS

Authora should register on our onling submission site at
httpafajam-submit. highwire.orgl to submit manuscripts,

When rmanuscripts have been received by the editorial
office, the corresponding authorvillbe sent an acknowledgment
glving an assigned manuscript number, which should be used
with all subsequent correspondence for anvthing related to
that particular manuseript.

The following items are required on submigsion:

1. Blinded manuseript including the abstract and figures
legends, No identifying information should appear in
the uploaded manuscript. Please remove author names,
initials, and nstitutions. State or country names may be
used, but do not include specific locations such as cities
or regions,

2. Journal Contributer Publishing Agreement and AJSM
Author Disclosure Statement. These forms are available
for download from the author area of the submission
zibe. The correaponding author must complete the forms
and return them to AJSM by e-mail or npload them
online as a PDF or Word file using the *upload legal
documents” option. As an alternative to the AJSM
digclosure form, authors may submit the TCMIE
dizelosure form along with the AJSM supplemental form
available on our website.

3. Acopy of the THB or other agency approval (or waiver) if
animal subjects or hurnan subjects or tissues or health
information were used. This information should be

uploaded with the dizclozure and publishing forms and
not as a supplemental file,

Cover letter, acknowledgments, and suggested reviewers are
optional. If a paper has more than 5 authors, a cover letter
detailing the contributions of all authors ehould be included in
the appropriate box on the aubmission page. Only those
inwolved in writing the paper should be included in the author
line. Others should be listed as a footnote or acknowledgment.
While there is no limit on the number of authors, no more than
12 will be hsted on the masthead of the published article;
additional authors will be listed af the end of the article.

MANUSCRIPT FORMATS

Manuscript pages should be double-spaced with eonsecutive
page numbers and continuous line numbers. The abstract
should be included with the manuscript as well as being
entered in the Metadata section (except for caze reporta, which
do not reguire abstractz). Manuscripts should be 6008 words
or fewer {including abstract and references). There are also
limitations on figures, tables, and references; =ee guidelines
below. The systerm handles most common word processing
formats; however, Word and PDF are preferred.

MANUSCRIPT PREPARATION
Abstract

Abstracts should summarize the contents of the article in 350
words or less. The abstract should be structured in the
following format:

Background: In one or two sentences, summarize the
seientific body of knowledge surrounding your study and
how thizs led to your investigation.

Hypothesis/Purpose: State the theoryiies) that you are
attempting to prove or disprove by wour study or the
purpose if no hypothesis exists.

Study Design: [dentify the overall design of your atudy.
See list balow,

Methods: Succinetly summarize the overall methods you
used in your investigation. Include the study population,
type of intervention, method of data eollection, and length
of the studw

Results: Eeport the meost important results of your study
Only include positive results that are statistically
significant, or important negative results thatare supported
by adequate power. Report actual data, not just P values.

Conclusion: State the answer to your original question or
hypothesis, Summarize the most important conelusions
that can be directly drawn from your study.

Clinical Relevance: If yours was a laboratory study
deseribe its ralevance to clinical eports medicine,

Key Terms: [nclude at least 4 key termea for mdexing. When
submitting an article, yvou will be asked to choosze from a
list of terms that are used for assigning reviewers, These
terms can be used in the manuscript as well. The lst can
be found at hittp:fajsm-submit highwire.org/submission/
editexpertize

50



2 Munuscript Submission Guidelines

What is known about the subject: Pleaze state what. is
currently known about this subject to place your study in
perspective for the reviewers.

Whait this study adds to existing knowledge: Pleaze
atate what this study adds to the existing knowledge,

The last two items are for reviewers only and are not included
in the word count, but should appear at the end of the abstract
in the uploaded text.

Study Designs

Meta-analysis: A systematic overview of studies that pools
results of two or more studies to obtain an overall answer
to a guestion or interest. Summarizes gquantitatively the
evidence regarding a treatment, procedure, or azzociation.

Systematic Review: An article that examines published
material on a clearly described subject in a systematic
way. There must be a deseription of how the evidence on
this topic was tracked down, from what 2ources and with
what inclusion and exclusion criteria.

Randomized Controlled Clinical Trial: A group of
patients is randomized into an experimental group and a
control group. These groups are followed up for the
variables /| outcomes of interest.

Crossover Study Design: The administration of two or
more experimental therapies one after the other in a
zpecified or random order to the sgame group of patients.

Cohort Study: Involves identification of two groups
{cohorts} of patients, one which did receive the exposure
of interest, and one which did not, and following these
cohorta forward for the outeome of interest.

Case-Control Study: A astudy that invelves identifying
patients who have the outcome of interest (cases) and
patients without the same outeome {controlz), and lonking
back to see if they had the exposure of interest.

Cross-Sectional Situdy: The observation of a defined
population at a single point in time or time interval.
Exposure and outecome are determined simultanecusly.

Case Series: Describes characteristics of a group of patienta
with a particular dizease or who have undergone a
particular procedure. Dezign may he prospective or
retrospective. No control group iz used in the study
although the discussion may compare the results to other
published outcomes,

Case Report: Similar to the case series, except that only
one or a 2mall group of cases iz reported.

Descriptive Epidemiology Study: Observational study
dezeribing the injuries occurring in a partieular sport.
Controlled Laboratory Study: An in vitro or in vivo
investigation in which 1 group receiving an experimental
treatrment iz cornpared fo 1 or more groups recaiving no

treatment or an alternate treatment.

Descriptive Laboratory Study: An in vive or in vitro
atudy that describes characteristice such as anatomy,
phy=iology, or kinesiology of a broad range of subjects or
a specific group of interest. Authors should choose the
design that best fits the study.

The Editor will make the final determination of the study
design and level of evidence bazed on the Center for Hvidence

Bazed Medicine guidelines,

Text

In general, follow the standard IMBAD (Introduction,
Materials and Methods, Reaults, Discussion) format for

The American Jowrnal of Sporis Medicine

writing scientific articles. The author is responsible for all
statements made in the work, including copyeditor changes,
which the author will have an opportunity to verify. Authors
with limited fluency in English should have the paper
reviewed or edited by a native English apeaker to ensure clear
presontation of the work. Papers including human or
animal subjects must inelude a statement of approval
by appropriate agencies in the text, and a copy of the
approval letter must be uploaded with the submission.
If approval was not required, authors must upload a
waiver statement from the appropriate agency. For case
reports, include a letter from the patient granting permission
for hizg'her information o be included in the publication.

Reports on surgery, except in rare instances, require a
minimum follow-up of 2 years.

TUse generic names of drogs or deviees, If a particular brand
was uzed in a study; insert the brand name along with the name
and location of the manufacturer in parentheses after the generic
name when the drug or device is first mentioned in the text,

Tlee metric units in measurements (centimeter vs inch,
kilogram vs pound).

Abbreviationz should be used sparingly. When abbreviations
are used, give the full term followed by the abbrevialtion in
parentheses the first time it is mentioned in the text, such as
fomur-ACL-tibia complex (FATC).

Use of a CONSORT flow diagram is recommended to
illustrate the grouping and flow of patients in all clinical
astudies, whether randomized clinical trials or otherwiss,

Statiatical methodz should be described in detail. Aetual P
values should be used unless less than 001, Reporting of 85%
confidence intervals iz encouraged.

Acknowledgment

Type the acknowledgments in the box provided on the
submiszsion page; do not include it in the manuseript. This
information will be added to the accepted manuscript at the
time of publication. Give credit to technical assistants and
professional colleagues who contributed to the guality of the
paper but are not listed as authors, Please briefly describe the
contributions made by persons being acknowledged. Note:
anyone who has contributed to the preparation of the
submitted text must be included on the author
disclosure form, under Statement of Authorship, and
diselosures ineluded there.

Referances

References should be double-spaced in alphabetical order and
numbered according to alphabetical listing, Except for review
articles, references should be limited to 60. If references are
not in alphabetical order the uploaded file will be REJECTED
and will have to be resubmitted with the references in the
correct form. When author entries arve the same, alphabetize
by the first word of the title. In general, use the Index Medicus
form for abbreviating journal titles and the AMA Manuwal of
Style (10th ed) for format. Note: Heferences must be retrievable.
Do not inelude in the reference list meeting presentations that
have not been published. Data such as presentations and
artieles that have been submitted for publication but have not
been accepted must be put in the text as unpublished data
immediately after mention of the information (for example,
“Smith and Jones (unpublished data, 2000} noted .."). Personal
communications and other references to unpublished data are
discouraged. For review purposes, unpublished references that
are clegely related to the submitted paper or are important for
understanding it should be uploaded as supplemental filea
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References will be linked to Medline citations for the
reviewers. Authors can include articles that are in Epublish
mode. To ensure that these Epub referemces are linked
correctly, please provide the PMID number from Medline at
the end of the reference. For example: Emery CA, Meecuwizze
WH. Injury rates, risk factors, and mechanizms of injury in
minor hockey. Am J Sports Med. 2006 Jul 21; [Epub ahead of
print] PMID: 16861677

Figures and Tables

Figures and tables should not exceed & journal pages. One
journal page equalz 1 large table or figure, 2 medium-sized
tablez or figures, or 4 amall tablee or figures, Medium-eized
tables and figures will be a page width and half the length of
the page; small tables and figures are L-colmnn width and
take up half the length of the page or leas.

Any material that iz submitted with an article that has
been reproduced from another source {that is, has been
copyrighted previously) must conform to the current copyright
regulations. It 15 the author’s responsibility to obtain written
permission for reproduction of copyrighted material and for
providing the editorial office with that documentation before
the material will be reproduced in the Journal.

All image files for figures should be labeled with the
Figare number (label each part if figures include
multiple parts, eg, 2A, 2B). Be sure to include figure legends
in the text. The figure legond should include deseriptions of
each figure part and identify the meaning of any symbols or
arrows, Terms used for labels and in the legend must be
conziztent with those in the text.

Color will be used in the Journal where needed (eg, histology
alides or surgical photographs), All other figures, such as bar
graphs and chartz, should be submitted in black and white.

Figures for papers accepted for publication must meet the
image resolution requirements of the publisher, Sage
Publications. Files for line-based drawings (no gravscale)
should ideally be aubmitted in the format they were originally
created; if submitting scanned versions, files should be 1200
dots per inch {dpi} Color photos should be submitted at 600
dpi and black-and-white photos at 300 dpi.

Charts and graphs can he submitted in the original form
created {eg. Word, Excel, or PowerPoint). Photographs or
scanned drawings embedded in Word or PowerPoint are not
aceeptable for publication. If figures are ernbedded in the
submitted manuscript for ease of reading they should alzo
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be submitted as separate files for vse in the publication
Process.

All photographs of patients that disclose their identity must
be accompanied by a aigned photographic release granting
permission for their likenesa to be reproduced in the article, If
thi= i= not provided, the patient's eyes must be occluded to
prevent recognition.

For tables, the svstem accepts most comrnon word processing
formats. Tables should be numbered conzecutively and have a
title that describes the content and purpose of the tahle.
Tahbles should enhance, not duplicate, information in the text.

Videos

Usze of supplementary video iz encouraged. Videos may he
submitted with a manuscript and, if approved by the editor,
will be posted online with the article when published. Video
submission is strongly encouraged for manuscripts reporting
surgical, examination, or exercise techmiques or injury
mechanisms. For more information about the format
requirements for videos, please review the Video Format Guide.
For detailed information pertaining fo copyright and
permissions requirements, view the Video Permizzion and

Fair Use Quick Guide. For videos with identifiable subjects,
subjects will need to sign the Audio-Visual Likeness Release
form, It is the author’s responsibility to submit signed release
formes, if necesaary, for each video.

AGCEPTED MANUSCRIPTS

Once an article i accepted and typeset, authors will be
required to carefullv read and correct their manuscript proofs
that have been copyedited by the publisher. Any extensive
changes made by authors on the proofs will be charged to
authors at the rate of $2 a lino. Authors are respongible for
ordering reprints of their articles: a reprint order form is
provided with the page proofa. Completed articles will be
publizhed on our website before print publication.

NIH-Supported Studies

Authors of zbudies funded hy grants from the National Institutes
of Health can deposit a copy of their accepted final peer-
reviewed manuscript and associated figure/table filos (pre-
typeset versions) to the NIH database after a 12-month embargo
period from the time their article is publizhed in AJSM.
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