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EXCELENTISSIMO SENHOR DOUTOR DESEMBARGADOR FEDERAL PLANTONISTA DO
TRIBUNAL REGIONAL FEDERAL DA 5*REGIAOQ.

URGENCIA. MATERIA DE PLANTAO

Origem : Juizo da 132 Vara Federal - Secdo Judiciaria de Alagoas
Processo n° 0814457-78.2023.4.05.8000
AUTOR: CONSELHO REGIONAL DE MEDICINA DO ESTADO DE ALAGOAS

REU: ANAJARA NERESDA SILVA e OUTRO

AGRAVANTE : ANAJARA NERESDA SILVA

AGRAVADOQO : CONSELHO REGIONAL DE MEDICINA DO ESTADO DE ALAGOAS

ANAJARA NERES DA SILVA ( CLINICA TM FISIOTERAPIA) , pessoa juridica de direito
privado registrado sob o CNPJ n° 50.633.927/0001-37, com o representante legal, situado na Rua José
Tomaz da Silva Nono, 586, José Aulino, CEP 57690-000, Atalaia/AL, por seu representante legal,
conforme procuracdo anexada, com endereco profissional situado na Av. da Paz, Edf. Empresarial
Avenue Center, n. 1388, Sala 207 - CEP: 57.020-440 - Maceid/AL, local onde devera receber as
intimacdes, vem, a presenca de V ossa Exceléncia, propor, inconformado com a Deciséo Interlocutdria dos
autos originarios n° 0814457-78.2023.4.05.8000 proferida pelo MM. Juizo da 132 Vara Federal - Secéo
Judiciéria de Alagoas, interpor o presente recurso de

AGRAVO DE INSTRUMENTO COM PEDIDO LIMINAR INAUDITA ALTERA PARSE EFEITO
SUSPENSIVO

Tudo na forma do que dispdem os artigos 1.015 e ss. do CPC, mediante as razbes em anexo,
requerendo, para tanto, que, apos a analise dos argumentos de fato e de direito a seguir aduzidos, V. Exa.
se digne areformar a Decisdo proferida pelo Juizo de 1° Grau proferida em 14 de dezembro de 2023.

De acordo com o artigo 1.017, diploma processual civil, "a peticdo de agravo de instrumento sera
instruida obrigatoriamente, com cOpias da peticdo inicial, da contestacdo, da peticéo que ensejou a decisdo
agravada, da propria decisdo agravada, da certiddo da respectiva intimagdo ou outro documento oficial
gue comprove a tempestividade e das procuragdes outorgadas aos advogados da agravante e da agravada’'.
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Todavia, vale ressaltar que, no caso em tela, ha a incidéncia do paragrafo 5° do referido artigo, que
nos diz que " Sendo €l etrdnicos 0s autos do processo, dispensam-se as pegas referidas nosincisos | ell do
caput, facultando-se ao agravante anexar outros documentos que entender Uteis para a compreensao da
controversia’

Isto posto, estando preenchidos os requisitos objetivos e subjetivos para a interposicdo do presente
recurso de Agravo de Instrumento, requer a Agravante sgja 0 mesmo processado na forma legal para, no
meérito, dar-lhe inteiro provimento, reformando a decisdo ora hostilizada na sua inteireza.

Nestes termos, pede e espera deferimento.

Macei6/AL, 15 de dezembro de 2023.

ERICKSON LOURENCO DANTAS

OABJ/AL 11.831

EGREGIO TRIBUNAL REGIONAL FEDERAL DA 5*REGIAO

INCLITO DESEMBARGADOR PLANTONISTA,

1. DA TEMPESTIVIDADE

No que diz respeito a tempestividade do presente recurso ndo restam duvidas em raz&o da
intimagdo do Agravante ter sido realizada no dia 14.12.2023, quinta-feira, sendo, pois, interposto o
referido recurso na data seguinte, qual sgja, 15.12.2023 (sexta-feira), em sede de plantdo, em razéo da
urgéncia do caso em testilha.

Dito isto, comprova-se que tempestivo € o presente recurso, em razdo do seu protocolo ter sido
realizado nesta referida data, em 15.12.2023.
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2. DO PREPARO

Em se tratando do recolhimento das custas do referido recurso, cumpre destacar que a Agravante
realizou a referida diligéncia, haja vista o comprovante de recolhimento do referido recurso, cujo
documento comprobatdrio segue em anexo .

3. DA MATERIA DE PLANTAO - URGENCIA

Excelentissimo Senhor Desembargador Plantonista, cumpre destacar que em razéo da urgéncia do
caso em testilha ndo restam duvidas, razdo pela qual a parte Agravante se insurge contra decisao
interlocutdria proferida na data de ontem, 14.12.2023 (quinta-feira) e em razéo do prazo exiguo para a
reforma da referida decisdo vergastada, pois nesta data de 15.12.2023 (sexta-feira), ocorrerd a ministracéo
do Curso de Ultrassonongrafia Cinesiolégica Musculoesquel ética para Fisioterapeutas, a ser realizado
pela parte Agravante, na ministracéo do Professor Wagner Huan, conforme documentacdo em anexo.

Dessa forma, em razéo da intimac&o da parte agravante ter sido realizada na data de ontem,
14.12.2023 e o referido curso ser ministrado no dia seguinte, em 15.12.2023, a partir das 08h30 , néo ha
como a parte recorrente aguardar o expediente forense normal em busca de sua pretensdo, tendo em vista
gue o inicio do Curso de Ultrassonongrafia Cinesiolégica M usculoesquelética para Fisioter apeutas
ocorrer nesta presente data , estando, pois comprovada a urgéncia do manejo do presente viés em sede
de Plant&o, buscando a revogacéo da decisdo interlocutoria ora recorrida.

Assim sendo, € cabivel o presente recurso em sede de plantéo pela urgéncia do caso em tela,
conforme aduzido.

4. DOSFATOS

Inicialmente cumpre destacar que a parte agravada interpds a referida Acéo Civil Publica em
desfavor da parte agravante onde fora proferida a decisdo interlocutdria ora recorrida oriunda do juizo da
132 Vara Federal - Secdo Judiciaria de Alagoas que deferiu o pedido da parte agravada em relacdo a ndo

realizacdo do Curso de Ultrassonongrafia Cinesioldgica Musculoesquelética para Fisioter apeutas

designado para seu inicio em 15.12.2023, as 08h30, sendo dado continuidade ao mesmo nos dias
16.12.2023 e 17.12.2023.
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Pois bem, na data de 14.12.2023, nos autos originarios de n® 0814457-78.2023.4.05.8000, assim
fora proferida a decisdo orarecorrida, a saber:

"(...) 13. Aforaisso, pontuou o0 demandante que a "ultrassonografia’ € uma especialidade médica tanto
gue "para 0 médico obter registro e poder se anunciar como especialista em radiologia e diagndstico por
imagem, € necessaria a realizacdo de residéncia médica, em periodo ndo inferior a 03 (trés anos) ou por
meio de concurso realizado pela Associagdo Médica Brasileira/Colégio Brasileiro de Radiologia e
Diagnaostico por Imagem”, a0 passo que 0 curso em questdo , destinado a ndo médicos, tem duragdo de
apenas 03 (trés) dias.

14.Sendo assim, a partir de uma andlise perfunctéria do caso, propria do atual estégio processual, e
considerando os fundamentos apresentados, entendo que o pleito liminar atende satisfatoriamente ao
requisito da probabilidade do direito (fumus boni iuris).

15. Quanto ao requisito do periculum in mora , entendo-o manifesto, ja que o multicitado curso esta
marcado para se iniciar no dia de amanha (15.12.2023), ndo havendo sequer tempo habil para o exercicio
do contraditério.

16. Isto posto, DEFIFO atutela de urgéncia requestada.”
Macei0, 14 de dezembro de 2023.
RAIMUNDO ALVESDE CAMPOS JR.

Juiz Federal - 132Vara/AL

Nesse sentido, em sede de plantdo em raz&o da urgéncia do caso em tela, a parte Agravante
interpde o presente recurso, em virtude do tempo exiguo, tendo em vista a iminéncia da realizacéo do
Curso de Ultrassonongr afia Cinesiologica M usculoesquelética par a Fisioter apeutas designado para
seu inicio em 15.12.2023, as 08h30, sendo dado continuidade a0 mesmo nos dias 16.12.2023 e
17.12.2023, requerendo, para tanto, a reforma da decisio ora recorrida, pelos fatos e fundamentos

ue seguem.

Logo, outro caminho ndo h4, a ndo ser a interposi¢do do referido viés ser realizado em sede de Planté&o ,
tendo em vista que sequer, ao menos, for dada oportunidade para a parte agravante se manifestar antes da
realizacdo do referido curso que tera seu inicio nesta data, 15.12.2023, a partir das 08h30, a ser realizado
na cidade de Macei6-AL, com 12 inscri¢des ja efetuadas, conforme documentacdo comprobatoéria em
anexo.

Em sintese, Nobre Desembargador Plantonista, esses séo os fatos ora ocorridos.
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5. DO PEDIDO LIMINAR EM SEDE DE AGRAVO DE INSTRUMENTO

O Cddigo de Processo Civil (CPC) determina a concessao do pedido de antecipacdo de tutela nos
casos em gue estiverem presentes o fumus boni iuris e o periculum in mora , como se depreende da
mel hor interpretacdo do caput do art. 300 dalei codificada em pauta:

Art. 300 CPC - A tutela de urgéncia seré concedida quando houver elementos que evidenciem a
probabilidade do direito e o perigo de dano ou o risco ao resultado util do processo.

In casu, a Agravante preenche corretamente 0s requisitos ensejadores para a concessao de tal
medida, sendo vejamos:

Vale dizer: os provimentos cautelares nunca s&o um fim em si mesmos, e surgem sempre " da
existéncia de um perigo de dano juridico , derivado do atraso de um provimento jurisdicional definitivo (
periculumin mora)".

Pois bem, em se tratando do fumus boni iuris, ndo ha davidas, uma vez que recentemente, 0 Superior
Tribunal de Justica - STJ, j& se posicionou sobre 0 caso em testilha, tendo em vista ndo ser atribuicdo
exclusiva ao médico tal procedimento, conforme decisdo proferida nos autos do EDcl noREsp n.
1.592.450/RS, relator Ministro Gurgel de Faria, Primeira Turma, julgado em 22.11.2022, DJe de

31/1/2023).

PROCESSUAL CIVIL E ADMINISTRATIVO. AC}AO CIVIL PUBLICA. CONTROLE DE
LEGALIDADE. DECLARAQAO DE NULIDADE DE NORMA INFRALEGAL. POSSIBILIDADE.
RESOLUCOES NORMATIVAS. CONSELHO DE FISIOTERAPIA E TERAPIA OCUPACIONAL.
AUTORIZACAO. ATO RESERVADO A MEDICOS. IMPOSSIBILIDADE. 1. Embora no caiba a este
Tribunal examinar o pedido de inconstitucionalidade de norma em face da Constitui¢do, € possivel
promover o exame da legalidade das resolugbes normativas que eventualmente tenham contrariado o
Decreto-lei n. 938/1969. 2. No caso, como o pedido da inicial foi deduzido de ambas as maneiras
(declaracdo de ilegalidade e inconstitucionalidade), a agdo civil publica € viavel, ao menos em relacéo ao
primeiro pleito, sendo os autores partes legitimas para deduzi-lo. 3. O exercicio das profissdes de
fisioterapeuta e terapeuta ocupacional se desenvolve de acordo com os parametros dispostos Decreto-lei
n. 938/1969 (art. 1°), que, em seus arts. 3° e 4°, expressamente reservou aos profissionais a atividade de
executar métodos e técnicas fisioterapicos, terapéuticos e recreacionais. 4. Nao ha, na norma de carater
primario, autorizacdo para que os fisioterapeutas e terapeutas ocupacionais desempenhem atividades
como as de receber demanda esponténea, realizar diagndstico, prescrever ou realizar exames sem
assisténcia médica, ordenar tratamento e dar alta terapéutica, atividades reservadas aos meédicos. 5. O
STF, no julgamento da Representacdo 1.056/DF, considerou constitucionais os arts. 3° e 4° do Decreto-lei
n. 938/1969 e o art. 12 daLei n. 6.316/1975 e bem delimitou as atividades do fisioterapeuta e do terapeuta
ocupacional: a) a0 médico cabe a tarefa de diagnosticar, prescrever tratamentos, avaliar resultados; b) ao
fisioterapeuta e ao terapeuta ocupacional, diferentemente, cabe a execucdo das técnicas e métodos
prescritos (STJ, REsp 693.454/RS, Rel. Ministra ELIANA CALMON, Segunda Turma, julgado em
03/11/2005, DJ 14/11/2005, p. 267). 6. Hipbtese em que a interpretacdo sistematica entre os arts. 1°, 3° e
4° do Decreto-lei n. 938/1969 e os arts. 1°, 2°, parégrafo unico, I, 4°, X, Xl e X111 e881°e 7°, daLei n.
12.842/2013 reforca as conclusdes antes adotadas por esta Corte e pelo Supremo. 7. Deve ser mantida a
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possibilidade da pratica da acupuntura, quiropraxia, osteopatia e fisioterapia e terapia ocupacional do
trabalho pelos fisioterapeutas e terapeutas ocupacionais, porque, quanto a elas, ndo ha comando
secundario em abstrato que, pela sO existéncia, vulnere os preceitos normativos primarios que disciplinam
as atividades de fisioterapeutas, terapeutas ocupacionais, ou mesmo médicos. 8. Recurso especial
parcial mente provido.

(STJ - REsp: 1592450 RS 2016/0072200-2, Data de Julgamento: 21/06/2022, T1 - PRIMEIRA TURMA,
Data de Publicacdo: DJe 30/06/2022).

Logo, Exeléncia, patente a existéncia do fumus boni iuris tendo em vista ndo ser atribuicdo exclusiva do
meédico tal atribui¢do, conforme comprovado em decisdo do STJ acima transcrita.

Ja a respeito do periculum in mora , esta nitidamente comprovado , uma vez que o perigo da demora

podera ensegjar o cancelamento do Curso de Ultrassonongr afia Cinesiol6gica M usculoesquelética para
Fisioter apeutas designado para seu inicio em 15.12.2023 (nesta data, sexta-feira, as 08h30), sendo

dado continuidade ao mesmo nos dias 16.12.2023 (sdbado) e 17.12.2023 (domingo).

Dessa forma, estando presentes os requisitos ensejadores para deferimento da presente tutela requestada,
requer o deferimento da tutela antecipada inaudita altera pars no sentido de que sgja determinada a

realizacdo do Curso de Ultrassonongrafia Cinesiolégica M usculoesquelética para Fisioterapeutas
designado para seu inicio na cidade de Macei-AL, em 15.12.2023 (nesta data, sexta-feira, as

08h30), sendo dado continuidade ao mesmo nos dias 16.12.2023 (sdbado) e 17.12.2023 (domingo),

devendo, pois, ser intimada, em caréater de urgéncia, a parte Agravada CONSELHO REGIONAL
DE MEDICINA DO ESTADO DE ALAGOAS para cumprir tal determinacéo judicial, sob pena de
aplicacdo de multa diaria no valor de R$ 2.000,00 (dois mil reais), em caso de descumprimento.

6. DO EFEITO SUSPENSIVO

A respeito do pedido de efeito suspensivo, o proprio artigo 1.019 do Codigo de Processo Civil
aborda a possibilidade de atribuicdo do efeito suspensivo ao agravo pelo Relator, segundo a redagdo de
seuincisol, inverbis:

"Art. 1.019. Recebido o0 agravo de instrumento no tribunal e distribuido imediatamente, se ndo for o caso
de aplicacdo do art. 932, incisos |11 eV, o relator, no prazo de 5 (cinco) dias:

| - poderd atribuir efeito suspensivo ao recurso ou deferir, em antecipacdo de tutela, total ou parcialmente,
a pretensdo recursal, comunicando ao juiz sua decisao"

Faz-se ainda necessério, entdo, requerer que seja aplicado o efeito suspensivo ao cumprimento da
referida decisdo, até o pronunciamento definitivo da respectiva Camara, conforme se expde.

Eminente Desembargador Plantonista, a Agravante requer sgja atribuido efeito suspensivo no
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presente recurso em relagdo ao andamento principal do processo originario para que sejam evitadas
decisdes contraditérias e inseguranca juridica.

Dessa forma, requer seja deferido o pedido de efeito suspensivo do presente recurso, determinando
0 sobrestamento do processo originario de n° 0814457-78.2023.4.05.8000, em tramite na 132 Vara Federa
- Secdo Judiciaria de Alagoas, até o julgamento do mérito do referido recurso de Agravo de Instrumento
orainterposto.

7. DA REVOGACAO DA DECISAO INTERLOCUTORIA

A priori, com todas as devidas vénias, cumpre destacar que a referida Decisdo do Douto
Magistrado da 132 Vara Federal - Secéo Judiciaria de Alagoas merece ser reformada, uma vez que houve
nao ha que se falar em proibicdo na realizacdo do referido curso a ser realizado pela parte Agravante,
uma vez que ndo ha que se falar em atribuicdo exclusiva de profissional médico, conforme ja
decidido pelo STJ, nos autos do REsp: 1592450 RS 2016/0072200-2 , conforme decis&o transcrita no
pedido liminar orarequerido pela parte Agravante.

Ademais, € de grande relevancia destacar que a parte Agravada passou a se insurgir contra a
realizacdo do curso a ser realizado pela Agravante em relacdo ao Curso de Ultrassonongrafia
Cinesiolégica M usculoesquelética para Fisioterapeutas designado para seu inicio na cidade de

Maceido-AL, em 15.12.2023 (nesta data, sexta-feira, as 08h30), sendo dado continuidade ao mesmo

nos dias 16.12.2023 (sdbado) e 17.12.2023 (domingo), aduzindo que se trataria de atribuic¢éo exclusiva
do profissional médico, de acordo com aLei n®12.842, de 10 de julho de 2013.

Contudo, Exceléncia, na lista das atividades privativas do médico, conforme consta no 87° do art. 4° da
Lei n°12.842/2013 ressalva que:

§ 7° O disposto neste artigo sera aplicado de forma que sejam resguardadas as competéncias proprias
das profissbes de assistente social, bidlogo, biomédico, enfermeiro, farmacéutico, fisioterapeuta ,
fonoaudiologo, nutricionista, profissional de educacgéo fisica, psicologo, terapeuta ocupacional e técnico
e tecndlogo de radiologia.

Grifamos!
Nesse jaez, o referido artigo JAMAIS pode servir de fundamento para inibir os profissionais

fisioterapeutas de exercer de forma ampla sua competéncia, utilizando para tanto as ferramentas que
tenham disponiveis.

Ainda sobre o tema em foco, a Secéo Judiciéria do Distrito Federal também tem se posicionado
sobre a matéria, uma vez que fora NEGADO o pedido liminar formulado pelo Conselho Federal de
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Medicina (CFM) , sendo mantidas as resolucdes do Conselho Federal de Fisioterapia e Terapia
Ocupacional (Coffito) quanto a ultrassom, uma vez que o0s Fisioterapeutas tém autonomia e
conhecimento para solicitar, realizar e interpretar exame ultrassonografia cinesiol 6gica, cuja decisdo fora
proferida nos autos da Acédo Civil Publica n°® 1043821-22.2021.4.01.3400 tramitada na 20® Vara
Federal Civel da SIDF, a saber:

"(...) Aparentemente, as resolucdes do COFFITO apenas ampliaram as ferramentas de que o0s
fisioterapeutas podem se utilizar ao exercer sua competéncia, permitindo a realizacdo de exames, bem
como sua respectiva interpretacdo, por meio de laudo. Nesse sentido, manifestou-se o COFFITO (ID
613586355 - Pag. 20):

"(...) a ultrassonografia cinesiologica € utilizada com a finalidade de estabelecer o diagndstico funcional
(fisioterapéutico), visando auxiliar no tratamento e prognostico funcional (fisioterapéutico), pois constitui
importante processo avaliativo se o tratamento fisioterapéutico é eficaz ou ndo, bem como a necessidade
de gjustes no interesse da maior eficacia possivel para o paciente. A diversificagdo e variabilidade das
técnicas ou métodos fisioterapéuticos, a serem empregados no futuro podem ser medidas com o uso da
ultrassonografia.”

Ante a presungéo de legalidade do ato administrativo, presume-se que o mencionado Conselho ponderou
a necessidade de previsdo desta atribuicdo, bem como a capacidade do profissional fisioterapeuta de
exercé-la, de acordo com a sua formagao.

A prépria entidade autora afirma que o fisioterapeuta "na eventual hipétese de constatar situacdo grave,
dever4 remeter 0 caso ao médico responsavel”.

Ora, permitir que o profissional fisioterapeuta realize e interprete os exames que entende pertinentes, em
tese, apenas 0 auxiliara na constatacdo da gravidade do caso e contribuira para o encaminhamento do
paciente para o tratamento pertinente.

Destaque-se que ndo se pode supor (umavez que a ma-fé ndo se presume) gue os fisioterapeutas agiréo
de modo a extrapolar suas funcdes, requisitando exames que ndo estdo capacitados a redlizar/interpretar e
gue deixardo de realizar os encaminhamentos pertinentes ao constatarem a necessidade de
acompanhamento do caso por profissional médico. De todo modo, caso se verifique que os profissionais
extrapolaram suas fungdes, estes estardo sujeitos as san¢des previstas no ordenamento juridico.

Saliento ainda que as resolucdes do COFFITO de modo algum inibem a populacdo de procurar o auxilio
médico diretamente, apenas asseguram que os profissionais fisioterapeutas tenham uma ferramenta a mais
para o exercicio de suas fungdes.

Além da auséncia de verossimilhanca, destaco que ndo restou demonstrada a urgéncia que justifique a
concessdo de tutela provisoria, uma vez que sdo impugnadas resolucbes editadas nos anos de 2011 e
2017, tendo o presente feito sido g uizado apenas em 2021. Ademais, apesar do tempo decorrido desde as
resolucdes combatidas, a autora aponta apenas potencial dano em decorréncia destas, sem apontar
gualquer caso concreto em gue efetivamente tenha havido dano a salide de algum paciente em virtude do
exercicio pelos fisioterapeutas das atribuicdes previstas nas resolucées do COFFITO, o gque corrobora a
auséncia de periculum in mora. INDEFIRO, pois, aliminar.

Cite-se.
Apos, vista ao autor pararéplica e para que requeira a producdo das provas que entender pertinentes.

Em seguida, vista aré para especificacéo de provas.

Brasilia, data da assinatura
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datado e assinado el etronicamente)
Liviane Kelly Soares Vasconcelos

Juiza Federa Substituta da 20 Vara/SIDF

Assim, assiste razdo a Agravante para o deferimento do presente recurso, tendo em vista que tal
decisdo também fora confirmada na decisdo de mérito, sendo, pois JULGADA TOTALMENTE
IMPROCEDENTE a Acéo Civil Publica de n°® 1043821-22.2021.4.01.3400 tramitada na 20? Vara
Federal Civel da SIDF quefora ajuizada pelo Conselho Federal de Medicina (CFM).

Dessa forma, fica nitida a necessidade da reforma da Decisdo Interlocutéria ora recorrida para que
se preserve o principio da seguranca juridica nas referidas decisdes, sobretudo, em relacéo ao principio da
coisajulgada.

7. DOS PEDIDOS

Diante do exposto, requer sgja conhecido e provido o presente Agravo de Instrumento, da seguinte forma:

a) Seja, LIMINARMENTE, em sede de plantdo pela urgéncia do caso em tela, deferido o pedido
liminar de tutela antecipada inaudita altera pars com fundamento no art. 300 do CPC, tendo em vista a
existéncia dos requisitos ensejadores do periculum in mora e fumus boni iuris, sendo REVOGADA a
decisdo ora recorrida proferida nos autos originarios n° 0814457-78.2023.4.05.8000, em tramite na 132
Vara Federal - Secdo Judiciaria de Alagoas, no sentido de que segja ralizado por parte da Agravante o

Curso de Ultrassonongr afia Cinesiologica M usculoesquelética par a Fisioter apeutas designado para
seu inicio na cidade de Maceio-AL, em 15.12.2023 (nesta data, sexta-feira, as 08h30), sendo dado

continuidade ao mesmo nos dias 16.12.2023 (sabado) e 17.12.2023 (domingo), sendo ar bitrada multa

diaria de R$ 2.000,00 (dois mil reais), em caso de descumprimento da parte Agravada;

b) Seja deferido o pedido de efeito suspensivo no presente recurso, determinando a suspenséo do
andamento do feito do juizo de origem para que seam evitadas decisbes contraditorias até o
pronunciamento final do TRF - 52 Regi&o;

c) Seja intimada a parte Agravada CONSELHO REGIONAL DE MEDICINA DO ESTADO DE
ALAGOAS, autarquia federal, inscrita no CNPJ sob o n° 10.884.377/0001-04, com sede na Rua
Fausto Correia Wanderly, n° 90, Pinheiro, Macei6-AL, na pessoa de seu procurador legalmente
habilitado, YVES MAIA DE ALBUQUERQUE (082 - 99969-7951/ 082 - 3313-4346), inscrito na
OAB-AL 3.367, para, querendo, apresentar as devidas contrarrazdes no prazo legal;
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d) Seja, no mérito, reformada a Decisdo Interlocutéria ora recorrida no sentido de ser mantida a
realizacdo do Curso de Ultrassonongrafia Cinesioldgica Musculoesguelética para Fisioter apeutas

designado para seu inicio na cidade de Macei6-AL, em 15.12.2023 (nesta data, sexta-feira, as
08h30), sendo dado continuidade ao mesmo nos dias 16.12.2023 (sdbado) e 17.12.2023 (domingo);

€) Sejaintimado o Ministério PUblico Federal para oferecer parecer;

f) Seja, no mérito, conhecido e provido o referido recurso pelos fatos e fundamentos comprovados
no presente viés.

Nestes termos, pede e espera deferimento.

Macei6/AL, 15 de dezembro de 2023.

ERICKSON LOURENCO DANTAS

OABJ/AL 11.831

- Assinado el etronicamente por:

e d Processo: 0815869-85.2023.4.05.0000 ”"m
ERICK SON LOURENCO DANTAS - Advogado

23121507253914000000042038371

Data e hora da assinatur a: 15/12/2023 08:12:57
Identificador: 4050000.41970574
Para confer éncia da autenticidade do documento: https://pje.trf5.jus.br/pje/Processo/ConsultaDocumento/listView.seam 10/10
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INSTRUMENTO DE INSCRICAO DE EMPRESARIO INDIVIDUAL
ANAJARA NERES DA SILVA

Pelo presente instrumento particular de Ato Constitutivo:

ANAJARA NERES DA SILVA, BRASILEIRA , SOLTEIRA, EMPRESARIA, nascido(a) em 16/03/1998, n° do CPF
118.926.494-38, residente e domiciliada na cidade de Atalaia - AL, na LOTEAMENTO JARDIM I, n? SN, JOSE
PAULINO, CEP: 57690-000.

Resolve constituir como empresario individual, mediante as seguintes clausulas (art. 968, I, CC):

CLAUSULA | - DO NOME EMPRESARIAL (art. 968, Il, CC)
A empresario individual adotara como nome empresarial: ANAJARA NERES DA SILVA, e usara a expressao Clinica
TM Fisioterapia como nome fantasia.

CLAUSULA II - DO CAPITAL (art. 968, lll, CC)
O capital destacado em moeda corrente é de R$ 40.000,00 (quarenta mil reais).

CLAUSULA il - DA SEDE (art. 968, IV, CC)
O Empresério Individual terd sua sede no seguinte endereco: RUA JOSE TOMAZ DA SILVA NONO, n® 586, JOSE
AULINO, Atalaia - AL, CEP: 57690000.

CLAUSULA IV - DO OBJETO (art. 968, IV, CC)

O Empresario Individual tera por objeto o exercicio das seguintes atividades econdmicas: 8650-0/04 - ATIVIDADES
DE FISIOTERAPIA, 8599-6/04 - TREINAMENTO EM DESENVOLVIMENTO PROFISSIONAL E GERENCIAL, 8630-
5/06 - SERVICOS DE VACINAGAO E IMUNIZAGAO HUMANA, 8650-0/99 - ATIVIDADES DE PROFISSIONAIS DA
AREA DE SAUDE NAO ESPECIFICADAS ANTERIORMENTE, 8690-9/99 - OUTRAS ATIVIDADES DE ATENCAO A
SAUDE HUMANA NAO ESPECIFICADAS ANTERIORMENTE, 9313-1/00 - ATIVIDADES DE CONDICIONAMENTO
Fisico

Paragrafo unico. Em estabelecimento eleito como Sede (Matriz) sera(do) exercida(s) a(s) atividade(s) de 8650-0/04 -
ATIVIDADES DE FISIOTERAPIA, 8599-6/04 - TREINAMENTO EM DESENVOLVIMENTO PROFISSIONAL E

GERENCIAL, 8630-5/06 - SERVICOS DE VACINAGAO E IMUNIZACAO HUMANA, 8650-0/99 - ATIVIDADES DE

PROFISSIONAIS DA AREA DE SAUDE NAO ESPECIFICADAS ANTERIORMENTE, 8690-9/99 - OUTRAS
ATIVIDADES DE ATENGAO A SAUDE HUMANA NAO ESPECIFICADAS ANTERIORMENTE, 9313-1/00 -

ATIVIDADES DE CONDICIONAMENTO FiSICO.

E exercera as seguintes atividades:

CNAE N° 8650-0/04 - Atividades de fisioterapia

CNAE N? 8599-6/04 - Treinamento em desenvolvimento profissional e gerencial

CNAE N° 8630-5/06 - Servigos de vacinagao e imunizagdao humana

CNAE N 8650-0/99 - Atividades de profissionais da area de salude nao especificadas anteriormente
CNAE N°© 8690-9/99 - Outras atividades de atencéo a satde humana nao especificadas anteriormente
CNAE N° 9313-1/00 - Atividades de condicionamento fisico

CLAUSULA V - DECLARACAO DE DESIMPEDIMENTO (art. 37, I, Lei n° 8.934, de 1994)

O empresario declara, sob as penas da lei, inclusive que sdo veridicas todas as informagdes prestadas neste
instrumento e quanto ao disposto no artigo 299 do Codigo Penal, ndo estar impedido de exercer atividade empresaria
€ ndo possuir outro registro como Empresario Individual no Pais.

CLAUSULA VI - DO INICIO DAS ATIVIDADES E PRAZO DE DURAGCADO (art. 53, lll, F, Decreto n° 1.800/96)
A Empresa iniciara suas atividades em 09/05/2023 e seu prazo de duracéo sera por tempo indeterminado.
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INSTRUMENTO DE INSCRICAO DE EMPRESARIO INDIVIDUAL
ANAJARA NERES DA SILVA

CLAUSULA Vil - PORTE EMPRESARIAL
O empresario declara que a empresa se enquadra como Microempresa - ME, nos termos da Lei Complementar n®

123, de 14 de dezembro de 2006, e que ndo se enquadra em qualquer das hipéteses de exclusao relacionadas no §
42 do art. 32 da mencionada lei. (art. 32, I, LC n® 123, de 2006)

E, por estar assim constituido, assino o presente instrumento.
Atalaia - AL, 09 de maio de 2023

ANAJARA NERES DA SILVA
Empresario

[ Processo: 0815869-85.2023.4.05.0000
. Assinado el etronicamente por:

ERICKSON LOURENCO DANTAS - Advogado

Data e hora da assinatur a: 15/12/2023 08:12:57

Identificador: 4050000.41970710

Para confer éncia da autenticidade do documento: https://pje.trf5.jus.br/pje/Processo/ConsultaDocumento/listView.seam 2/2
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Gerado a partir de https://consulta.tesouro.fazenda.gov.br/gru_novosite/gru_simples_parte2.asp

SR. CONTRIBUINTE: ESTA GUIA NAO PODERA SER LIQUIDADA COM CHEQUE

L)

’ . ".
ﬁ MINISTERIO DA ECONOMIA
X
SECRETARIA DO TESOURO NACIONAL
Guia de Recolhimento da Unido
GRU JUDICIAL

Caédigo de Recolhimento 18720-8
Numero do Processo 08144577820234058000
Competéncia 12/2023
Vencimento 15/12/2023

Nome do Contribuinte / Recolhedor :
ANAJARA N. DA SILVA CLINICA TM FISIOTERAPIA

CNPJ ou CPF do Contribuinte

50.633.927/0001-37

Nome da Unidade Favorecida:

[STNDD37B99709BFF49CC80E8F1E48D4867D]

TRIBUNAL REGIONAL FEDERAL DA 5A.REGIAO UG/ Gestao 090031700001
Nome do Requerente / Autor: (=) Valor do Principal 100,00
CNPJ/CPF do Requerente / Autor: (-) Desconto/Abatimento
Secéo Judiciaria: Vara: Classe: (-) Outras dedugées
Base de Calculo: (+) Mora / Multa
Instrugdes: As informagdes inseridas nessa guia séo de exclusiva responsabilidade +)J /E
do contribuinte, que devera, em caso de duvidas, consultar a Unidade Favorecida (+) Juros / Encargos
dos recursos.
~ (+) Outros Acréscimos
SR. CAIXA: NAO RECEBER EM CHEQUE
Pagamento exclusivo na Caixa Econdémica Federal (=) Valor Total 100,00

85880000001-6 00000281187-1 20001512506-0 33927000137-3

T i o O o 0 A O O e A o O B 3 S s N T

SR. CONTRIBUINTE: ESTA GUIA NAO PODERA SER LIQUIDADA COM CHEQUE

MINISTERIO DA ECONOMIA
SECRETARIA DO TESOURO NACIONAL

Guia de Recolhimento da Unido
GRU JUDICIAL

Cédigo de Recolhimento 18720-8
Numero do Processo 08144577820234058000
Competéncia 12/2023
Vencimento 15/12/2023

Nome do Contribuinte / Recolhedor:
ANAJARA N. DA SILVA CLINICA TM FISIOTERAPIA

CNPJ ou CPF do Contribuinte

50.633.927/0001-37

Nome da Unidade Favorecida:
TRIBUNAL REGIONAL FEDERAL DA 5A.REGIAO

UG / Gestéo

090031 /00001

[STNDD37B99709BFF49CC80E8F1E48D4867D]

Nome do Requerente / Autor: (=) Valor do Principal 100,00
CNPJ/CPF do Requerente / Autor: (-) Desconto/Abatimento
Secéo Judiciaria: Vara: Classe: (-) Outras dedugées
Base de Calculo: (+) Mora / Multa
Instrugdes: As informagdes inseridas nessa guia sdo de exclusiva responsabilidade +)J /E
do contribuinte, que devera, em caso de duvidas, consultar a Unidade Favorecida (+) Juros ncargos
dos recursos.
~ (+) Outros Acréscimos
SR. CAIXA: NAO RECEBER EM CHEQUE
Pagamento exclusivo na Caixa Econémica Federal
9 (=) Valor Total 100,00

85880000001-6 00000281187-1 20001512506-0 33927000137-3

Processo: 0815869-85.2023.4.05.0000

Assinado el etronicamente por:

ERICKSON LOURENCO DANTAS - Advogado
Data e hora da assinatura: 15/12/2023 08:12:57
Identificador: 4050000.41970712

Para confer éncia da autenticidade do documento: https://pje.trf5.jus.br/pje/Processo/ConsultaDocumento/listView.seam

23121507403013200000042038511
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y 4
Valor Data
R$ 100,00 15/12/23

o Operacado realizada com sucesso!

Dados do Pagamento

Cédigo de barras
85880000001600000281187120001512506033927
0001373

Conta de débito

03545 | 1288 | 000856616763-3

Convénio
GRU JUDICIAL-EXCLUSI

Valor

100,00

Data de vencimento

15/12/2023

Data de débito
15/12/2023

Cédigo da operacéio
97559694

Chave de seguranca
RO9GU2HQTHGRPQT48

(] Vocé podera consultar futuramente essa e outras transagdes no

menu de consultas.
112



Em caso de dividas entre em contato através dos nossos canais de
atendimento, e informe o ID da transagdio presente neste comprovante.

Alo CAIXA: 4004 0104 (Capitais e reg. metropolitanas)
Al CAIXA: 0800 104 0 104 (Demais regides)
Pessoas com deficiéncia auditiva: 0800 726 2492
SAC CAIXA: 0800 726 0101

Ouvidoria: 0800 725 7474

Processo: 0815869-85.2023.4.05.0000
I Assinado eletronicamente por:
ERICKSON LOURENCO DANTAS - Advogado 23121507404038100000042038512

Data e hora da assinatura: 15/12/2023 08:12:57

I dentificador : 4050000.41970713

Para confer éncia da autenticidade do documento: https://pje.trf5.jus.br/pje/Processo/ConsultaDocumento/listView.seam 2/2
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Tribunal Regional Federal da 52 Regiao
PJe - Processo Judicial Eletrénico
Consulta Processual

Numero: 0814457-78.2023.4.05.8000

Classe: ACAO CIVIL PUBLICA

14/12/2023

Partes
Tipo
ADVOGADO YVES MAIA DE ALBUQUERQUE
AUTOR CONSELHO REGIONAL DE MEDICINA DO ESTADO DE ALAGOAS
REU WAGNER CRUZ HAUN
REU ANAJARA NERES DA SILVA
Documentos

Id. Data/Hora |Documento Tipo
4058000.1411638|14/12/2023 Decisao Deciséo

5 15:51 -
4058000.1409945|12/12/2023 ACP Documento de Comprovacgéo

0 13:51 -
4058000.1411740(14/12/2023 Intimagéao Expediente

1 16:31 —
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PROCESSO N°: 0814457-78.2023.4.05.8000 - ACAO CIVIL PUBLICA
AUTOR: CONSELHO REGIONAL DE MEDICINA DO ESTADO DE ALAGOAS
ADVOGADO: Yves Maia De Albuquerque
REU: ANAJARA NERES DA SILVA e outro
13* VARA FEDERAL - AL (JUIZ FEDERAL TITULAR)

DECISAO

Vistos etc.

1. Trata-se de acdo civil publica ajuizada pelo CONSELHO REGIONAL DE MEDICINA DE
ALAGOAS - CREMAL em face d¢ WAGNER CRUZ HAUN ¢ CLINICA TM FISIOTERAPIA ,
ambos qualificados na inicial, com o escopo de auferir provimento judicial que, em sede de tutela de
urgéncia, determine a suspensdo do curso intitulado "CURSO DE ULTRASSONOGRAFIA
MUSCOESQUELETICA" , marcado para ocorrer nos dias 15, 16 ¢ 17 de dezembro de 2023, sob pena de
multa didria de R$ 1.000,00 (mil reais) por aluno do referido curso.

2. Segundo o demandante, em sintese, o curso em questao ofende o disposto na Lei n® 12.842/13 (Lei do
Ato Médico) e na Resolucdo do Conselho Federal de Medicina - CFM n° 1.361/92, na medida em que o
respectivo conteudo programatico e as praticas a serem disseminadas sdo privativas de quem possui
graduacdo em Medicina, e ndo em Fisioterapia. Destarte, o indigitado curso nao poderia ser ministrado
pelo corréu WAGNER CRUZ HAUN (Fisioterapeuta) e nem para profissionais fisioterapeutas.

3. Anexou documentos eletronicamente.

4. O feito foi distribuido inicialmente para a 4* Vara Federal, cujo Juizo declinou da competéncia para
esta 13* Vara Federal/AL, por conexdo e prevencao (cf. id. 14104047).

5. Relatei. Decido.

6. A concessao de liminar, em se tratando de acdo civil publica, encontra assento legal no art. 12 da Lei n°
7.347/85, possibilitando, em juizo preambular, a antecipacdo da tutela pretendida nos moldes do art. 300
do novo Caodigo de Processo Civil, que assim dispoe: "a tutela de urgéncia sera concedida quando houver
elementos que evidenciem a probabilidade do direito e o perigo de dano ou o risco ao resultado util do
processo ".

7. Vé-se, pois, que houve a unificagdo dos requisitos para concessdo da tutela de urgéncia, seja ela
cautelar ou antecipada. Sao exigidos em ambos os casos: a probabilidade do direito e o perigo de dano ou
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o risco ao resultado util do processo.

8. O Enunciado 143 do Férum Permanente de Processualistas Civis assim disp0s acerca da redagao do art.
300 do Cdédigo de Processo Civil:

143. (art. 300, caput) A redagdo do art. 300, caput, superou a distin¢do entre os requisitos da
concessdo para a tutela cautelar e para a tutela satisfativa de urgéncia, erigindo a
probabilidade e o perigo na demora a requisitos comuns para a presta¢do de ambas as tutelas
de forma antecipada. 59 (Grupo: Tutela Antecipada).

9. Logo, a concessao da tutela de urgéncia depende, em primeiro lugar, da preponderancia dos fatores
convergentes a aceitagao do direito alegado na exordial. Em seguida, também se faz necessaria a presenca
de fundado receio de sofrer dano irreparavel ou de dificil reparacao.

10. E necessério, ainda, que a providéncia adotada antes do pronunciamento definitivo ndo esgote o
objeto da agdo. A reversibilidade, como visto, € nota marcante a influenciar o magistrado quando esse
aprecia medidas de cunho liminar, sob pena de converter o pleito em julgamento antecipado e, pior, sem
observancia do contraditorio e da ampla defesa.

11. No caso dos autos, pretende o Consclho autor impedir a realizagdo do " "CURSO DE
ULTRASSONOGRAFIA MUSCOESQUELETICA" , a ser ministrado pelo rétu WAGNER CRUZ HAUN
em parceria com a Clinica TM Fisioterapia , marcado para ocorrer nos dias 15, 16 e 17 de dezembro de
2023.

12. Pois bem. Considerando o teor do art. 1° da Resolugio CFM n. 1.361/1992: "E da exclusiva
competéncia do médico a execugdo e a interpretagdo do exame ultra-sonogrdfico em seres humanos,
assim como a emissdo do respectivo laudo”. Ademais, o art. 4° da Lei n. 12.842/2013 (Lei do Ato
Médico) confere privativamente aos profissionais da Medicina, dentre outras atribui¢des: a emissao de
laudo dos exames de imagem e a determinacao do prognostico relativo ao diagnostico nosoldgico (art. 4°,
alineas "f" e "g").

13. Afora isso, pontuou o demandante que a "ultrassonografia” ¢ uma especialidade médica, tanto que
"para o médico obter registro e poder se anunciar como especialista em radiologia e diagndstico por
imagem, é necessaria a realizacdo de residéncia médica, em periodo ndo inferior a 03 (trés anos) ou por
meio de concurso realizado pela Associagdo Medica Brasileira/Colégio Brasileiro de Radiologia e
Diagnostico por Imagem” , ao passo que o curso em questdo, destinado a ndo-médicos, tem duracio de
apenas 03 (trés) dias.

14. Sendo assim, a partir de uma andlise perfunctoria do caso, propria do atual estdgio processual, e
considerando os fundamentos apresentados, entendo que o pleito liminar atende satisfatoriamente ao
requisito da probabilidade do direito ( fumus boni iuris ).
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15. Quanto ao requisito do periculum in mora , entendo-o manifesto, ja que o multicitado curso esta
marcado para se iniciar no dia de amanha (15.12.2023), ndo havendo sequer tempo habil para o exercicio
do contraditorio.

16. Isto posto, DEFIRO a tutela de urgéncia requestada.

17. Intimem-se os réus da presente decisao, da forma mais expedita possivel, inclusive através do Oficial
de Justica Plantonista, caso necessario, assim como proceda-se, na mesma oportunidade, a citacdo dos
mesmos para, no prazo legal, oferecerem resposta e especificarem as provas que pretendam produzir.

18. Intime-se o Ministério Publico Federal para, no prazo de 10 (dez) dias, manifestar seu interesse em
integrar o polo ativo da presente acdo. Caso pretenda integrar o polo ativo, o MPF deve, no mesmo prazo,
ratificar ou complementar a peti¢do inicial.

19. Sendo requerido pelo MPF o ingresso no polo ativo, voltem os autos conclusos.

20. Intimagdes devidas. Providéncias necessarias, com urgéncia .

Maceid, 14 de dezembro de 2023.

RAIMUNDO ALVES DE CAMPOS JR.

Juiz Federal - 13 Vara/AL

Processo: 0819869-38.2023.4.05.8000
Assinado eletronicamente por:
231218 23

BRIGKHOM veXRENGPD ANTAS Mudicgado 050832669000000420883

Data e hora da assinatura: 18/12/2023 08:12:83

Identificadoi: 4058000.429763%4

Para conferéncia da autenticidade do documento: https:/pje.ift5.jus br/pje/Processo/Consul taDocumento/listView.seam 3/3
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1-Mary kyrze Guimaraes Batista
2- Marco Aurélio Albieri Dominato
3- Valéria Gonzalez Dominato

4- Rafael Mota Moitinho

5- Juan Fernandes Alves

6- Fatima Maria de Souza

7- Fabricio Arruda da Silva

8- Alexsandro Dos Santos Lima
9- Flavio Carlos Souza Ribeiro
10- Janio Glauco Beserra

11- Gustavo Henrique Albuguerque de Mendonca

12- Antonio Moreira de Almeida Neto

Assinado eletronicamente por: ml |‘|
ERICKSON LOURENCO DANTAS - Advogado

Data e hora da assinatur a: 15/12/2023 08:12:57

Identificador: 4050000.41970756

Para confer éncia da autenticidade do documento: https://pje.trf5.jus.br/pje/Processo/ConsultaDocumento/listView.seam 1/1
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i Processo: 0815869-85.2023.4.05.0000
Assinado el etronicamente por:
ERICKSON LOURENCO DANTAS - Advogado

. 23121508060869800000042038564
Data e hora da assinatura: 15/12/2023 08:12:57

Identificador: 4050000.41970764
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Data e hora da assinatura: 15/12/2023 08:12:57
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Para confer éncia da autenticidade do doc ment ht[p //pJ tn‘SJ b/pJe’Pr &so/C sultaDoc mqmoll sthNseam 1/1



https://pje.trf5.jus.br/pje/Processo/ConsultaDocumento/listView.seam

PROCESSO N2  0815869-85.2023.4.05.0000 - AGRAVO DE INSTRUMENTO

AGRAVANTE: ANAJARA NERES DA SILVA
ADVOGADO: Erickson Lourenco Dantas
AGRAVADO: CONSELHO REGIONAL DE MEDICINA DO ESTADO DE ALAGOAS
RELATOR(A): Desembargador(a) Federal Nenhum -

JUIZ PROLATOR DA SENTENGCA (1° GRAU): Juiz(a) Federal

DECISAQO

Recebido no plantéo.

Trata-se de agravo de instrumento interposto por ANAJARA NERES DA SILVA (CLINICA T™M
FISIOTERAPIA) contra decisdo proferida pelo juizo da 132 Vara da Secdo Judicidria de Alagoas, em
acao civil publica proposta pelo Conselho Regional de Medicina de Alagoas, deferiu a tutela de urgéncia
para determinar a suspensdo do curso intitulado "CURSO DE ULTRASSONOGRAFIA
MUSCOESQUELETICA" , marcado para ocorrer nos dias 15, 16 e 17 de dezembro de 2023.

Sustenta a agravante, em sintese, que se trataria de matéria de plantdo sob o fundamento de suposta
urgéncia em razdo de: @) a intimacao da parte agravante ter sido realizada na data de ontem, 14.12.2023 e
0 curso, gue ora se pretende a realizacdo, teria inicio hoje, em 15.12.2023, a partir das 08h30; b) ndo
haveria como aguardar o expediente forense normal em busca de sua pretensdo, tendo em vista que o
inicio do Curso de Ultrassonongrafia Cinesiol 6gica M uscul oesquel ética para Fisioterapeutas ocorrer nesta
presente data, estando, pois comprovada a urgéncia do manejo do presente viés em sede de Plantdo,
buscando a revogacéo da decisdo interlocutoria ora recorrida.

E o relatorio.

Os presentes autos vieram-me conclusos em face do art. 1°, § 1°, da Resolugdo n° 13/2009 deste TRF, que
atribui a0 Desembargador Federal Plantonista a prévia avaliagdo da urgéncia que mereca atendimento,
desde que vinculada a tutela ou medida premente e a defini¢éo da sua adequagao a apreciacdo em regime
de plant&o.

Entretanto, a hip6tese dos autos ndo se enquadra nos termos do dispositivo citado, pois o regime de
plantdo traduz excegdo ao principio do Juiz Natural (art. 5°, LIl e XXXVII, CF/88), sendo certo que a
urgéncia a provocar a atuacéo do plantonista ha que ser maior e mais exigente do que a que norteia
atividade do relator.

Se a mera possibilidade de dano de dificil reparacéo ou o0 abuso do direito de defesa autoriza a atuacéo do
relator natural, a intervencéo do plantonista somente deve ter lugar quando constatado, a um sO tempo,
gue a necessidade da protecdo jurisdicional tenha surgido no plant&o ou nos dias imediatamente anteriores
e que o provimento perseguido tenha de se realizar dentro do mesmo lapso temporal.

No caso em exame, ndo ha demonstracéo de perecimento do direito que justifique a apreciacéo da medida
no plantdo judiciario. Destague-se que o0 expediente forense se inicia hoje, as 9h, e, por sua vez, a parte
interpds o recurso, as 8h12, objetivando que segja proferida tutela a fim de assegurar o inicio do curso
descrito nas razdes recursais as 8h30. Ocorre que, diante daiminéncia do inicio do expediente, ndo estaria
caracterizada a urgéncia a justificar amanifestacdo do juizo plantonista.

Ademais, se reconhecido pelo juiz natural o direito a realizacdo do curso em questéo, este podera ser
ministrado hoje ou nos dias seguintes, inexistindo, assim, prejuizo para a parte recorrente diante da livre
distribuicdo do recurso. Nesse contexto, aguarde-se o pronunciamento do Juiz Natural da demanda, o qual
- caso assim entenda -, podera conceder a medida de urgéncia pleiteada.

Este o quadro, remetam-se os autos ao Gabinete do Desembargador Federal Relator, a quem couber por
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distribuicéo, para oportuna andlise da pretenséo.
Expedientes necessarios.
Intime-se.

Recife (PE), data da assinatura el etronica.

L eonardo Augusto Nunes Coutinho

Desembargador Federal Plantonista

23121509324873200000042039432

il Processo: 0815869-85.2023.4.05.0000
Assinado el etronicamente por:
LEONARDO AUGUSTO NUNES COUTINHO - Magistrado

Data e hora da assinatur a: 15/12/2023 10:28:09
I dentificador : 4050000.41971623
Para confer éncia da autenticidade do documento: https://pje.trf5.jus.br/pje/Processo/ConsultaDocumento/listView.seam 2/2
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PROCESSO N2  0815869-85.2023.4.05.0000 - AGRAVO DE INSTRUMENTO

AGRAVANTE: ANAJARA NERES DA SILVA
ADVOGADO: Erickson Lourenco Dantas
AGRAVADO: CONSELHO REGIONAL DE MEDICINA DO ESTADO DE ALAGOAS
RELATOR(A): Desembargador(a) Federal Nenhum -

JUIZ PROLATOR DA SENTENGCA (1° GRAU): Juiz(a) Federal

DECISAQO

Recebido no plantéo.

Trata-se de agravo de instrumento interposto por ANAJARA NERES DA SILVA (CLINICA T™M
FISIOTERAPIA) contra decisdo proferida pelo juizo da 132 Vara da Secdo Judicidria de Alagoas, em
acao civil publica proposta pelo Conselho Regional de Medicina de Alagoas, deferiu a tutela de urgéncia
para determinar a suspensdo do curso intitulado "CURSO DE ULTRASSONOGRAFIA
MUSCOESQUELETICA" , marcado para ocorrer nos dias 15, 16 e 17 de dezembro de 2023.

Sustenta a agravante, em sintese, que se trataria de matéria de plantdo sob o fundamento de suposta
urgéncia em razdo de: @) a intimacao da parte agravante ter sido realizada na data de ontem, 14.12.2023 e
0 curso, gue ora se pretende a realizacdo, teria inicio hoje, em 15.12.2023, a partir das 08h30; b) ndo
haveria como aguardar o expediente forense normal em busca de sua pretensdo, tendo em vista que o
inicio do Curso de Ultrassonongrafia Cinesiol 6gica M uscul oesquel ética para Fisioterapeutas ocorrer nesta
presente data, estando, pois comprovada a urgéncia do manejo do presente viés em sede de Plantdo,
buscando a revogacéo da decisdo interlocutoria ora recorrida.

E o relatorio.

Os presentes autos vieram-me conclusos em face do art. 1°, § 1°, da Resolugdo n° 13/2009 deste TRF, que
atribui a0 Desembargador Federal Plantonista a prévia avaliagdo da urgéncia que mereca atendimento,
desde que vinculada a tutela ou medida premente e a defini¢éo da sua adequagao a apreciacdo em regime
de plant&o.

Entretanto, a hip6tese dos autos ndo se enquadra nos termos do dispositivo citado, pois o regime de
plantdo traduz excegdo ao principio do Juiz Natural (art. 5°, LIl e XXXVII, CF/88), sendo certo que a
urgéncia a provocar a atuacéo do plantonista ha que ser maior e mais exigente do que a que norteia
atividade do relator.

Se a mera possibilidade de dano de dificil reparacéo ou o0 abuso do direito de defesa autoriza a atuacéo do
relator natural, a intervencéo do plantonista somente deve ter lugar quando constatado, a um sO tempo,
gue a necessidade da protecdo jurisdicional tenha surgido no plant&o ou nos dias imediatamente anteriores
e que o provimento perseguido tenha de se realizar dentro do mesmo lapso temporal.

No caso em exame, ndo ha demonstracéo de perecimento do direito que justifique a apreciacéo da medida
no plantdo judiciario. Destague-se que o0 expediente forense se inicia hoje, as 9h, e, por sua vez, a parte
interpds o recurso, as 8h12, objetivando que segja proferida tutela a fim de assegurar o inicio do curso
descrito nas razdes recursais as 8h30. Ocorre que, diante daiminéncia do inicio do expediente, ndo estaria
caracterizada a urgéncia a justificar amanifestacdo do juizo plantonista.

Ademais, se reconhecido pelo juiz natural o direito a realizacdo do curso em questéo, este podera ser
ministrado hoje ou nos dias seguintes, inexistindo, assim, prejuizo para a parte recorrente diante da livre
distribuicdo do recurso. Nesse contexto, aguarde-se o pronunciamento do Juiz Natural da demanda, o qual
- caso assim entenda -, podera conceder a medida de urgéncia pleiteada.

Este o quadro, remetam-se os autos ao Gabinete do Desembargador Federal Relator, a quem couber por
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distribuicéo, para oportuna andlise da pretenséo.
Expedientes necessarios.
Intime-se.

Recife (PE), data da assinatura el etronica.

L eonardo Augusto Nunes Coutinho

Desembargador Federal Plantonista

23121510342808800000042039949

il Processo: 0815869-85.2023.4.05.0000
Assinado el etronicamente por:
ISOLDA LUCIA MAGALHAES- Diretor de Secretaria

Data e hora da assinatur a: 15/12/2023 10:35:20
Identificador: 4050000.41972134
Para confer éncia da autenticidade do documento: https://pje.trf5.jus.br/pje/Processo/ConsultaDocumento/listView.seam 2/2
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JUSTICA FEDERAL

TRIBUNAL REGIONAL FEDERAL DA 52REGIAO
PROCESSO: 0815869-85.2023.4.05.0000 - AGRAVO DE INSTRUMENTO

Polo ativo Polo passivo
ANAJARA NERESDA SILVA AGRAVANTE CONSELHO REGIONAL DE
ERICKSON LOURENCO MEDICINA DO ESTADO DE  AGRAVADO
DANTAS ADVOGADO ALAGOAS
YVESMAIA DE
ALBUQUERQUE ADVOGADO

Outros participantes
Sem registros

CERTIDAO

CERTIFICO que, em 15/12/2023 11:08, o(a) ANAJARA NERES DA SILVA foi intimado(a) acerca de
Decisdo registrado em 15/12/2023 10:28 nos autos judiciais €l etréni cos especificados na epigrafe.

1 - Esta Certiddo é valida para todos os efeitos legais, havendo sido expedida através do Sistema Processo
Judicia Eletrénico - Ple.

2 - A autenticidade desta Certidao podera ser confirmada no endereco
https://pje.trf5.jus.br/pje/Processo/ConsultaDocumento/listView.seam , através do codigo de autenticacdo

n° 23121510342808800000042039949 .

3 - Esta Certiddo foi emitida gratuitamente em 15/12/2023 11:08 - Tribunal Regional Federal 5% Regi&o.

Processo: 0815869-85.2023.4.05.0000
Data e hora dainclusdo: 15/12/2023 11:08:11
I dentificador : 4050000.41972584

1/1



TRIBUNAL REGIONAL FEDERAL 52REGIAO

PROCESSO N°: 0815869-85.2023.4.05.0000

CLASSE: AGRAVO DE INSTRUMENTO

ADVOGADO: ERICKSON LOURENCO DANTAS

AGRAVANTE: ANAJARA NERESDA SILVA

AGRAVADO: CONSELHO REGIONAL DE MEDICINA DO ESTADO DE ALAGOAS
ADVOGADO: YVESMAIA DE ALBUQUERQUE

RELATOR(A): DESEMBARGADOR(A) FEDERAL ROBERTO WANDERLEY NOGUEIRA - 12
TURMA

Certidao de Distribuicéo

Tipo da Distribuicdo: Automatica.

Concorreu(ram): 12 Turma: Gab 9 - Des. ELIO SIQUEIRA, Gab 14 - Des. EDVALDO BATISTA, Gab
1 - Des. ROBERTO WANDERLEY. 22 Turma: Gab 6 - Des. PAULO CORDEIRO, Gab 7 - Des. PAULO
ROBERTO, Gab 15 - Des. EDILSON NOBRE. 3 Turma: Gab 2 - Des. ALEXANDRE LUNA FREIRE,
Gab 3 - Des. CID MARCONI, Gab 13 - Des. ROGERIO FIALHO MOREIRA. 42 Turma: Gab 10 - Des.
RUBENS CANUTO, Gab 11 - Des. MANOEL ERHARDT, Gab 12 - Des. VLADIMIR CARVALHO. 52
Turma: Gab 16 - Des. FRANCISCO ALVES, Gab 19 - Desa. JOANA CAROLINA, Gab 24 - Desa.
CIBELE BENEVIDES. 62 Turma: Gab 17 - Des. SEBASTIAO VASQUES, Gab 20 - Des. LEONARDO
RESENDE, Gab 23 - Des. RODRIGO TENORIO. 72 Turma: Gab 5 - Des. ROBERTO MACHADO, Gab
22 - Des. LEONARDO COUTINHO, Gab 21 - Des. FREDERICO DANTAS.

Impedido(s): -

Distribuido para: 12 Turma: Gab 1 - Des. ROBERTO WANDERLEY.

Processo: 0815869-85.2023.4.05.0000
Data e hora dainclusdo: 15/12/2023 11:56:08
Identificador: 4050000.41973105
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Excelentissimo Senhor Desembargador Relator

Dr. Roberto Wanderley

Ref. Agravo de I nstrumento de n° 0815869-85.2023.4.05.0000

CONSELHO REGIONAL DE FISIOTERAPIA E TERAPIA OCUPACIONAL DA 12 REGIAO
(CREFITO-1) , autarquia publica federal, inscrita no CNPJ sob 0 n° 11.425.519/0001-38, com sede na
Rua Henrique Dias, n° 303, Boa Vista, Recife/PE, CEP: 50.070-140, por seu procurador in fine ,
devidamente constituido por meio do instrumento procuratorio em anexo (doc. 1) , vem, a presenca de
V.Exa., com fulcro nos artigos 119 e seguintes do CPC, requerer habilitacdo nos presentes autos na
qualidade de AMICUS CURIAE , o que faz pelos fatos e fundamentos expostos na peticao anexa.

Data e assinatura registradas el etronicamente.

vy Processo: 0815869-85.2023.4.05.0000
Assinado el etronicamente por:
CARLOSFRANCISCO DA SILVA - Advogado 23121801474351500000042084901

Data e hora da assinatur a: 18/12/2023 01:53:01
I dentificador : 4050000.42016809
Para confer éncia da autenticidade do documento: https://pje.trf5.jus.br/pje/Processo/ConsultaDocumento/listView.seam 1/1
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Servico Publico Federal
Conselho Regional de Fisioterapia e Terapia Ocupacional da 12 Regido
CREFITO-1

Excelentissimo Senhor Desembargador Relator

Dr. Roberto Wanderley

Ref. Agravo de Instrumento de n°® 0815869-85.2023.4.05.0000

CONSELHO REGIONAL DE FISIOTERAPIA E TERAPIA
OCUPACIONAL DA 1* REGIAO (CREFITO-1), autarquia ptblica federal, inscrita no
CNPJ sob o n® 11.425.519/0001-38, com sede na Rua Henrique Dias, n® 303, Boa Vista,
Recife/PE, CEP: 50.070-140, por seu procurador in fine, devidamente constituido por meio
do instrumento procuratorio em anexo (doc. 1), vem, a presenga de V.Exa., com fulcro nos

artigos 119 e seguintes do CPC, requerer habilitacdo nos presentes autos na qualidade de

AMICUS CURIAE, o que faz pelos fatos e fundamentos delineados por meio dos

seguintes topicos:

1. DO CABIMENTO E DA LEGITIMIDADE
2. RESUMO DA DEMANDA E DECISAO AGRAVADA
3. BREVES CONSIDERACOES CONCEITUAIS SOBRE A ULTRASSONOGRAFIA

CINESIOLOGICA (MUSCULOESQUELETICA) E A AUSENCIA DE DANO CONCRETO
OU RISCO POTENCIAL A SAUDE DA POPULACAO

SEDE: Rua Henrique Dias, 303 | Boa Vista | CEP: 50.070-140 | Recife/PE.
Fone: 3081-5000/Fax: 3081-5030 | site: www.crefitol.org.br | e-mail: crefitol@crefitol.org.br
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Servico Publico Federal
Conselho Regional de Fisioterapia e Terapia Ocupacional da 12 Regido
CREFITO-1

4, FUNDAMENTACAO JURIDICA
| 4.1 PRELIMINAR - INEPCIA DA INICIAL DA ACAO DE ORIGEM

| 4.2. ULTRASSONOGRAFIA MUSCULOESQUELETICA NAO E ATIVIDADE
PRIVATIVA DE MEDICO (ATO MEDICO)

| 4.3. DAS COMPETENCIAS LEGAIS DO FISIOTERAPEUTA PARA REALIZAR
O EXAME DE ULTRASSONOGRAFIA MUSCULOESQUELETICA

| 44 DA EQUIVOCADA (OU MAL INTENCIONADA) INTERPRETACAO
DADA A LEI 12.842/2013 PELO CREMAL

5. DOS PEDIDOS

1. DO CABIMENTO E DA LEGITIMIDADE

1. O Cédigo de Processo Civil assegura, em seu artigo 138, que,

considerando a relevancia da matéria, a especificidade do tema objeto da demanda ou a

repercussao social da controvérsia, o juiz ou o relator podera admitir a participagao de

pessoa natural ou juridica, érgao ou entidade especializada no processo, na condigao de

“amicus curiae”:

Art. 138. O juiz ou o relator, considerando a relevincia da matéria, a especificidade do tema
objeto da demanda ou a repercussio social da controvérsia, poderd, por decisdo irrecorrivel,
de oficio ou a requerimento das partes ou de quem pretenda manifestar-se, solicitar ou
admitir a participacdo de pessoa natural ou juridica, érgdo ou entidade especializada, com
representatividade adequada, no prazo de 15 (quinze) dias de sua intimagdo.

SEDE: Rua Henrique Dias, 303 | Boa Vista | CEP: 50.070-140 | Recife/PE.
Fone: 3081-5000/Fax: 3081-5030 | site: www.crefitol.org.br | e-mail: crefitol@crefitol.org.br
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Servico Publico Federal
Conselho Regional de Fisioterapia e Terapia Ocupacional da 12 Regido
CREFITO-1

§ 1° A intervencdo de que trata o caput ndo implica alteracdo de competéncia nem autoriza
a interposicdo de recursos, ressalvadas a oposicio de embargos de declaragio e a hipdtese do

§3°.

§ 2° Caberd ao juiz ou ao relator, na decisdo que solicitar ou admitir a intervengdo, definir
o0s poderes do amicus curiae .

§ 3° O amicus curiae pode recorrer da decisio que julgar o incidente de resolugio de
demandas repetitivas.

2. Para Cassio Scarpinella Bueno!, “o amicus curiae ndo atua, assim, em
defesa de um individuo ou de uma pessoa, como faz o assistente, em prol de um direito de alguém.
Ele atua em prol de um interesse, que pode, até mesmo, ndo ser titularizado por ninguém,
embora seja partilhado difusa ou coletivamente por um grupo de pessoas e que tende a ser

afetado pelo que vier a ser decidido no processo”. (Grifado).

3. Segundo, ainda, o mesmo doutrinador, o Amicus Curiae,
desempenha, nessa ordem de ideias, “melhorar o debate processual e contribuir a uma decisio
mais justa e fundamentada” e legitimar “democraticamente a formagdo de precedente judicial, de
jurisprudéncia dominante ou de suimula, o que ¢é levado a efeito por meio da pluralizacdo do didlogo
processual para com locos, grupos, classes ou estratos da sociedade ou, ainda, para com 0rgaos,
instituigoes, poténcias publicas ou proprio Estado” de cujos interesses momentaneamente se

torna adequado representante, em juizo.

4. No presente caso, é evidente a relevancia da matéria, a especificidade

do tema objeto da demanda e, acima de tudo, a repercussao social da controvérsia.

! BUENO, Cassio Scarpinella. Curso sistematizado.

SEDE: Rua Henrique Dias, 303 | Boa Vista | CEP: 50.070-140 | Recife/PE.
Fone: 3081-5000/Fax: 3081-5030 | site: www.crefitol.org.br | e-mail: crefitol@crefitol.org.br
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Servico Publico Federal
Conselho Regional de Fisioterapia e Terapia Ocupacional da 12 Regido
CREFITO-1

5. A decisao combatida por meio do presente agravo de instrumento
determinou a suspensdo de curso oferecido por profissional fisioterapeuta intitulado
CURSO DE ULTRASSONOGRAFIA MUSCULO ESQUELETICA, sob o equivocado
argumento de que ultrassonografia musculo esquelética seria ATO MEDICO, de forma
que o resultado da presente demanda, assim como da demanda de origem, implicara

diretamente na atividade fiscalizatoria do requerente sobre os profissionais inscritos em

sua circunscricao.

6. E que o CREFITO-1, autarquia publica federal, instituida pela Lei
6.316/75, tem a incumbéncia de fiscalizar o exercicio profissional de fisioterapeutas e
terapeutas, profissoes devidamente regulamentadas pelo Decreto-Lei 938/69, e diante da
propositura da presente demanda, ha a real possibilidade desse r. Poder Judiciario
considerar, equivocadamente (com todas as vénias), que profissionais fisioterapeutas

estariam desautorizados a realizar o procedimento de ultrassonografia cinesioldgica.

7. Assim, propoe-se seja o CREFITO-1 admitido nos presentes autos, na

condi¢ao de AMICUS CURIAE, nos termos do art. 138 do CPC.

8. Caso se entenda por tal admissdo, passa-se a expor razoes de direito

com o intuito de melhorar o debate processual e contribuir para a uma decisao mais justa.

SEDE: Rua Henrique Dias, 303 | Boa Vista | CEP: 50.070-140 | Recife/PE.
Fone: 3081-5000/Fax: 3081-5030 | site: www.crefitol.org.br | e-mail: crefitol@crefitol.org.br
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Servico Publico Federal
Conselho Regional de Fisioterapia e Terapia Ocupacional da 12 Regido
CREFITO-1

2. RESUMO DA DEMANDA E DECISAO AGRAVADA

9. Na origem, o Conselho Regional de Medicina do Estado de Alagoas
(CREMAL) propds Acao Civil Publica em face do fisioterapeuta/professor WAGNER
CRUZ HAUN, devidamente inscrito no CREFITO sob o n° 161960-F, e da CLINICA T™M

FISIOTERAPIA, buscando — liminarmente — que os demandados se abstivessem de

realizar o CURSO DE ULTRASSONOGRAFIA MUSCOESQUELETICA nos dias 15 a 17 de
dezembro de 2023, na cidade Maceid, sob o argumento de que o exame de ultrassonografia
musculoesquelética seria ato privativo de medicina, e — no mérito — seja reconhecida a
ilegalidade do referido curso, com fundamento no inciso III do §4° do art. 4° da Lei
12.842/2013, assim como “nos incisos 111 do artigo 1° no caput do artigo 5° no caput do artigo 37

e no caput do artigo 196 todos da Major Lex” (sic).

10. No dia 14/12/2023, o r. Juizo de origem deferiu o pedido liminar em

decisao assim proferida:

11.  No caso dos autos, pretende o Conselho autor impedir a realizagio do ” "CURSO
DE ULTRASSONOGRAFIA MUSCOESQUELETICA” , a ser ministrado pelo réu
WAGNER CRUZ HAUN em parceria com a Clinica TM Fisioterapia , marcado para
ocorrer nos dias 15, 16 e 17 de dezembro de 2023.

12.  Pois bem. Considerando o teor do art. 1° da Resolucdo CFM n. 1.361/1992: "E
da exclusiva competéncia do médico a execucdo e a interpretacdo do exame ultra-
sonogrdfico em seres humanos, assim como a emissdo do respectivo laudo”.
Ademais, o art. 4° da Lei n. 12.842/2013 (Lei do Ato Médico) confere
privativamente aos profissionais da Medicina, dentre outras atribuicdes: a
emissdo de laudo dos exames de imagem e a determinagdo do prognéstico relativo
ao diagnéstico nosolégico (art. 4° alineas "f”’ e "g").

13.  Afora isso, pontuou o demandante que a "'ultrassonografia” é uma especialidade
médica, tanto que "para o médico obter registro e poder se anunciar como
especialista em radiologia e diagnéstico por imagem, é necessdria a realizacdo de
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residéncia médica, em periodo ndo inferior a 03 (trés anos) ou por meio de concurso
realizado pela Associacdo Medica Brasileira/Colégio Brasileiro de Radiologia e
Diagnostico por Imagem”, ao passo que o curso em questdo, destinado a ndo-
médicos, tem duracido de apenas 03 (trés) dias.

14.  Sendo assim, a partir de uma andlise perfunctéria do caso, prépria do atual estigio

processual, e considerando os fundamentos apresentados, entendo que o pleito liminar
atende satisfatoriamente ao requisito da probabilidade do direito ( fumus boni iuris ).

15.  Quanto ao requisito do periculum in mora , entendo-o manifesto, jd que o
multicitado curso estd marcado para se iniciar no dia de amanhd (15.12.2023), ndo havendo
sequer tempo hdbil para o exercicio do contraditorio.

16.  Isto posto, DEFIRO a tutela de urgéncia requestada.

11. Com o devido respeito, ha graves erros na decisao agravada, sendo

sua revogacao, por meio do presente agravo de instrumento, medida de justiga.

3. BREVES CONSIDERACOES CONCEITUAIS SOBRE A ULTRASSONOGRAFIA

CINESIOLOGICA (MUSCULOESQUELETICA) E A AUSENCIA DE DANO CONCRETO

OU RISCO POTENCIAL A SAUDE DA POPULACAQ

12. De inicio, faz-se imperioso esclarecer que a ultrassonografia

cinesioldgica (ou musculoesquelética) é “um procedimento usado por fisioterapeutas

para avaliar a morfologia e funcao muscular e dos tecidos moles relacionados durante o

exercicio e tarefas fisicas e é usado para auxiliar na aplicacio de intervencoes

terapéuticas destinadas a melhorar a funcao muscular”?2.

> TEYHEN D, S. Rehabilitative Ultrasound Imaging Symposium San Antonio, TX. Journal of Orthopaedic Sports and
Physical Therapy, v.36:A1-3, Maio 2006.
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13. Conforme é possivel se extrair da NOTA
TECNICA/2021/PROJUR/GT/SJDF/1043821-22 (doc. 3), acompanhada de intimeras
referéncias bibliograficas, o uso dessa técnica no ambito da fisioterapia tem sido crescente
ao longo dos ultimos 30 anos, o que foi possivel a partirdo trabalho de pesquisadores que
demonstraram os ganhos possiveis com a utiliza¢do do exame ultrassonografico nas rotinas

de tratamento e diagndstico fisioterapéutico.

14. Foi a partir da década de 1990 que o uso da ultrassonografia
cinesioldgica ganhou o aprego dos fisioterapeutas, com a publicagdo de uma gama de

estudos que comprovaram a seguranga, a viabilidade e a precisao desta ferramenta.

15. Ja nos anos 2000 (2006), foi realizado o primeiro simpdsio sobre o tema, o
qual fora promovidopela faculdade de fisioterapia da Army-Baylor University, localizada nos
Estados Unidos, quando o exame de imagem na fisioterapia recebeu o nome de

ultrassonografia reabilitativa ou cinesiologica, como é conhecida no Brasil.

16. Com a realizacdo do simposio, estabeleceu-se que a ultrassonografia

cinesioldgica é ferramenta apta ao fisioterapeuta, a fim de avaliar a melhoria da funcao

neuromuscular do paciente em tratamento fisioterapéutico, sendo possivel identificar

com maior certeza a presenca de qualquer alteragao morfofuncional,bem como o nivel de

evolucao do tratamento.

17. Diferente do que o CREMAL alega, trata-se, na verdade, de método

nao invasivo, que nio se utiliza de radiacio, ndo oferecendo nenhum risco a saude do

paciente.
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18. O exame possibilita ao fisioterapeuta, profissional devidamente
habilitado, a chegar a diagndsticos funcionais e avaliar a resposta morfofuncional ao
tratamento, quando o profissional de fisioterapia poderd precisamente definir possiveis

ajustes e prognostico do combalido.

19. Dentre as vantagens dessa avaliagdo a resposta morfofuncional do
tratamento, tem-se a possibilidade de detectar, no musculo, alteragdes no comprimento,
espessura, diametro, drea de seccdo transversa, volume, comprimento do fasciculo e
angulo de penagao, alteragOes funcionais neurofisiologicas; presenca de
edema/inflamagao neuromusculares e em tecidos moles; para avaliar a diminuicao da
capacidade contratil ede estiramento, promovendo um melhor feedback para pacientes que

estao passando por reaprendizado motor.

20. A fim de melhor ilustrar como ocorre o exame sob discussao,colaciona-
se fotografia de um estudo clinico retirado do artigo “Ultrassonografia Musculoesquelética —
Bases Tedricas para Avaliacio da Arquitetura Muscular em Pacientes Criticamente

Enfermos” (doc. 4 - Pag. 89), bem como do aparelho geralmente utilizado:
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21. Como se V¢, trata-se de procedimento relativamente simples e de grande

valia no acompanhamento e direcionamento do tratamento e evolugao do paciente.

22. Importante frisar que, no ambito da fisioterapia, o exame de
ultrassonografia cinesiologica é complementar ao tratamento de reabilitacio motora, a

partir do diagndstico fisioterapéutico.

23. Nao se pretende com exames feito por fisioterapeutas realizar

diagnoéstico de doencas, mas quantificar, qualificar e descrever limitacdo funcional,

que é alvo e finalidade da fisioterapia.
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24. O fisioterapeuta ndo entrega ao paciente o diagnostico médico, mas o
diagnostico fisioterapéutico (também denominado de cinético-funcional, cinesiofuncional
ou simplesmente funcional) se utilizando em sua avalia¢ao da Classificacao Internacional

de Funcionalidade (CIF)’ escala criada pela OrganizacaioMundial de Saude (OMS).

25. Conforme se demonstra nos topicos seguintes, a alegacao de que a
elaboracdo de diagndstico e progndstico é atividade exclusiva do profissional da medicina
¢ infundada, porquanto tais termos ndo sdo privativos de uma profissio, mas

“instrumentos de avaliacio complementarespara andlise semioldgica”, que no ambito

da fisioterapia tém “o propdsito de quantificar e qualificar as deficiéncias cinético-

funcionais”.

26. Conclui-se que de fato a ULTRASSONOGRAFIA CINESIOLOGICA é
um exame SIMPLES, MULTIDISCIPLINAR E NAO INAVISO, COM DIFERENTES

FINALIDADES A DEPENDER DO PROFISSIONAL DE SAUDE QUE APLICA,
INTERPRETA E LAUDA O REFERIDO EXAME E, QUE NAO IMPOE RISCOS AOS
PACIENTES.

27. Assim, ficou fécil perceber que os riscos alardeados pelo CREMAL

nao passam de argumentos genéricos e sem nenhuma comprovagao.

® Classificacéo Internacional de Funcionalidade — Organizagdo Mundial da Satde
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4. FUNDAMENTACAO JURIDICA

4.1. PRELIMINAR - INEPCIA DA INICIAL DA ACAO DE ORIGEM

28. Antes de adentrar no mérito, é importante registrar que o Juizo de

origem, infelizmente, ndo se deu conta de que a peticdo inicial da acdo de origem é

completamente inepta, pois que ha completa desconexdo entre pedidos e causa de pedir.

29. Em peticao bastante confusa, o CREMAL pretende, com a agao de
origem, seja reconhecida a “ilegalidade do curso de ultrassonografia musculo esquelética”.

Senao, vejamos trecho dos pedidos:

c) Que julgue procedente o presente pedido
declarando no mérito e determinando com
fundamento no inciso III do §4° do art. 4° da
Lei 12.842 de 10 de Julho de 2013 c/c nos
incisos III do artigo 1°, no caput do artigo

5°, no caput do artigo 37 e no caput do artigo

196 todos da Major Lex,|que é& ilegal o curso

programado pelo professor e conselheiro do
CREFITO/SC, WAGNER HAUN o primeiro demandado,
nos dias 15/16 e 17 de dezembro de 2023, gg§§9
DE ULTRASSONOGRAFIA MUSCOESQUELETICA,

confirmando por fim a liminar concedida;

SEDE: Rua Henrique Dias, 303 | Boa Vista | CEP: 50.070-140 | Recife/PE.
Fone: 3081-5000/Fax: 3081-5030 | site: www.crefitol.org.br | e-mail: crefitol@crefitol.org.br

11/36



Servico Publico Federal
Conselho Regional de Fisioterapia e Terapia Ocupacional da 12 Regido
CREFITO-1

30. No entanto, ndo apresenta, em toda petigdo, qualquer fundamento

legal sob o qual possa amparar-se para considerar o curso em questao “ilegal”.

31. Alids, o pedido em si é muito estranho: considerar que “o curso” seja

ilegal. Dificil de entender.

32. A peticdo nesse ponto é claramente ininteligivel.

33. Ao que parece, o que o CREMAL pretende é que a realizagao do
exame de ultrassonografia musculoesquelética seja considerada atividade privativa de
profissional médico, o que é um erro grave, ja que todas as atividades privativas do

médico estdao estabelecidas, de forma taxativa, no artigo 4° da lei 12.842/2013, e entre as

mesmas nao se encontra a realizacao do referido exame, como se demonstra adiante.

34. No entanto, embora o CREMAL utilize tal fundamento como causa de
pedir, o que se pede € outra coisa completamente diferente, ou seja, que “o curso”, e nao a

realizagao do exame, seja considerado ilegal. Ou seja, ficou bem confuso mesmo.

35. Em determinado trecho de sua peticao, o CREMAL, como que num
ato falho, acaba revelando a sua verdadeira intencao ao tentar impedir que profissionais
fisioterapeutas exercam livremente, e legitimamente, atividades econdmicas, como a
realizagao do curso em questdo, ao dizer que tais atividades se dao “de forma altamente

lucrativa”.
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"

eitas estas consideracgdes, é fato
que visa, através do ajuizamento de Acgdo Civil

Pablica em desfavor do professor que tenta

disseminar|de forma altamente lucrativa,l atividade

de fisioterapia que é exclusiva de médico pelo
comando legislativo e litisconsorte com local onde
se realizara curso de ultrassonografia
muscoesquelética, resguardar os interesses ndo sé
da saude dos pacientes, mas da coletividade de uma

forma geral.

36. Ou seja, fica claro que o que o CREMAL pretende com a agao de

origem € promover reserva de mercado para os profissionais da medicina.

37. Na alinea “c” dos pedidos como exposto no recorte acima, o CREMAL
utiliza como fundamento para pedir que seja o curso reconhecido como ilegal os seguintes
dispositivos normativos: inciso I1I do §4° do art. 4° da Lei 12.842 de 10 de Julho de 2013 c/c nos
incisos III do artigo 1°, no caput do artigo 5% no caput do artigo 37 e no caput do artigo 196 todos

da Major Lex (sic).

38. No entanto, tais dispositivos ndo guardam - minimamente -

qualquer relacio com eventual ilegalidade cometida pelos demandados ao realizar o

curso de ultrassonografia masculo esquelética.

39. Vejamos, na ordem apresentada pelo CREMAL.
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40. O inciso III do §4° do art. 4° da Lei 12.842 de 10 de Julho de 2013 nao
diz outra coisa além de que a invasao dos orificios naturais do corpo, atingindo érgaos

internos sao procedimentos invasivos:

§ 4° Procedimentos invasivos, para os efeitos desta Lei, sdo os caracterizados por
quaisquer das seguintes situagoes:

III - invasao dos orificios naturais do corpo, atingindo 6rgaos internos.

41. Nem com muito esfor¢o se consegue imaginar porque o CREMAL
trouxe esse dispositivo aos autos. E impensavel imaginar que a intengao seria classificar a
ultrassonografia musculo esquelética como “procedimento invasivo que atinge orgaos

internos”.

42. Considerando que um Egrégio Conselho Regional de Medicina ndo
cometeria tal equivoco, nao se imagina outra coisa, sendo, que a intencao foi mesmo

confundir o juizo agravado. O que, infelizmente, se conseguiu.

43. Os dispositivos Constitucionais citados pelo CREMAL na alinea “c”
dos seus pedidos também nao trazem nenhuma previsao que possa servir como parametro

ara considerar o curso de ultrassonografia muisculo esquelética “ilegal”. Vejamos:
d de ult f | lética “ilegal”. Vej

Art. 1° A Reptblica Federativa do Brasil, formada pela unido indissoltivel dos
Estados e Municipios e do Distrito Federal, constitui-se em Estado Democratico de
Direito e tem como fundamentos:

III - a dignidade da pessoa humana;
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Art. 5° Todos sdo iguais perante a lei, sem distingdo de qualquer natureza,
garantindo-se aos brasileiros e aos estrangeiros residentes no Pais a inviolabilidade
do direito a vida, a liberdade, a igualdade, a seguranga e a propriedade, nos termos
seguintes:

Art. 37. A administragdo publica direta e indireta de qualquer dos Poderes da
Unido, dos Estados, do Distrito Federal e dos Municipios obedecera aos principios
de legalidade, impessoalidade, moralidade, publicidade e eficiéncia e, também, ao
seguinte:

Art. 196. A satde ¢é direito de todos e dever do Estado, garantido mediante
politicas sociais e econdmicas que visem a redugao do risco de doenga e de outros
agravos e ao acesso universal e igualitario as agdes e servigos para sua promogao,
protecao e recuperacao.

44. Em outro trecho da petigao inicial, o CREMAL cita, como fundamento
para causa de pedir, o art. 12 de uma resolugao do Conselho Federal de Medicina — CFM
(Resolugao 1361/1992) onde, ai sim, de forma completamente ilegal, atribui-se ao
profissional médico a competéncia exclusiva para realizacao de exame de ultrassonografia,
como se o CFM tivesse poderes para atribuir competéncias exclusivas ou qualificagoes
profissionais ao médico, o que, segundo o inciso XIII do artigo 5% da CF s6 pode ser feito

por meio de LEI, sob pena de grave afronta ao Principio da LIBERDADE DE PROFISSAO:

XIII - é livre o exercicio de qualquer trabalho, oficio ou profissao, atendidas as
qualificagbes profissionais que a lei estabelecer; (grifado)

45. E mesmo que a referida resolugao do CFM pudesse estabelecer o que é
e 0 que nao é competéncia exclusiva do médico — mesmo assim — tal norma nao poderia
jamais servir como fundamento para o pedido formulado pelo CREMAL na agdo de
origem, ou seja, que o curso de ultrassonografia musculoesquelética seja reconhecido
“ilegal”.
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46. O CREMAL também utiliza como causa de pedir alguns dispositivos
previstos na Lei 12.842/2013, que regulamenta o exercicio da medicina, no entanto,
nenhum deles poderia servir como fundamento para se considerar o curso em questdao

como ilegal.

47. Enfim, hd uma completa desconexao entre causa de pedir e pedidos.
Nao ha qualquer fundamento na causa de pedir que mantenha a congruéncia com o

pedido ao final requerido.

48. O Cddigo de Processo Civil dispoe claramente que é inepta a petigao

inicial que nao possua causa de pedir. Vejamos o que dispode o art. 330, inciso I, do CPC:

Art. 330. A peticao inicial sera indeferida quando:
I - for inepta;

(-.)
§ 1° Considera- se inepta a peti¢ao inicial quando:
I - Ihe faltar pedido ou causa de pedir; (...).

49. O feito, nesse sentido, merece ser extinto sem resolucao de meérito,

conforme previsto no inciso I do artigo 485 do CPC.

Art. 485. O juiz ndo resolvera o mérito quando:
I - indeferir a peticao inicial;
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4.2. ULTRASSONOGRAFIA MUSCULOESQUELETICA NAO E
ATIVIDADE PRIVATIVA DE MEDICO (ATO MEDICO)

50. Em sua causa de pedir, que, como ja dito, ndo mantém a
minima congruéncia com os pedidos apresentados, o CREMAL alega,
equivocadamente, que a realizacdo de exame de wultrassonografia
cinesiolégica seria “ato médico”, a realizagdo de diagnodstico ¢

“prerrogativa” de médico.

Segundo a Lei n® 12.842 de julho de 2013, ou
Lei do Atc Medico, essa pratica é claramente
proibida por ndo médico, uma vez que a realizagdo
de procedimentos constitui comc prerrogativa
exclusiva do médico, wvisto que a realizagdo de
diagnostico €& prerrogativa e especialidade dos
médicos( trés anos) e ndo dos fisioterapeutas (trés

dias).

51. Ora, ato médico é a expressao popularmente usada para
denominar as atividades privativas do profissional da medicina, previstas,

de forma taxativa, no caput do artigo 4° da lei 12.842/2013:

Art. 4° Sdo atividades privativas do médico:
I- (VETADO);
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II - indicagdo e execugdo da intervencdo ciriirgica e prescrigido dos cuidados médicos pré e
pds-operatdrios;

Il - indicacdo da execucdo e execucdo de procedimentos invasivos, sejam diagndsticos,
terapéuticos ou estéticos, incluindo os acessos vasculares profundos, as bidpsias e as
endoscopias;

IV - intubagio traqueal;

V - coordenacdo da estratégia ventilatoria inicial para a ventilagdo mecinica invasiva, bem
como das mudancas necessdrias diante das intercorréncias clinicas, e do programa de
interrupcdo da ventilagdo mecinica invasiva, incluindo a desintubagdo traqueal;

VI - execugdo de sedagdo profunda, bloqueios anestésicos e anestesia geral;

VII - emissdo de laudo dos exames endoscdpicos e de imagem, dos procedimentos
diagndsticos invasivos e dos exames anatomopatoldgicos;

VIII - (VETADO);

IX - (VETADO);

X - determinagdo do prognéstico relativo ao diagndstico nosolégico;

X1 - indicacdo de internacdo e alta médica nos servicos de atencdo a satide;

XII - realizagdo de pericin médica e exames médico-legais, excetuados os exames
laboratoriais de andlises clinicas, toxicoldgicas, genéticas e de biologia molecular;

XIII - atestagdo médica de condigdes de satide, doencas e possiveis sequelas;

X1V - atestacdo do 6bito, exceto em casos de morte natural em localidade em que ndo haja
médico.

52. Observe-se que, em nenhum momento, a Lei prevé que a realizacao do

exame seria ato privativo de médico.

53. Alids, o inciso I do art. 4°, que elencava a formula¢do do diagnodstico

nosologico e respectiva prescricao terapéutica como atividade privativa do médico foi

vetado pela Presidéncia da Republica, ndao havendo base legal para se sustentar que a
formulagao de qualquer diagndstico nosologico, ou qualquer prescricao terapéutica sejam

atividades privativas.
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54. As razdes do veto sdo claras em = expressar a
INTERDISCIPLINARIEDADE na assisténcia a satide do sistema de satde brasileiro, assim
como a possibilidade de realizacdo do diagnostico nosolégico por profissionais de outras

areas que nao a médica.

“O texto inviabiliza a manuten¢ao de agdes preconizadas em protocolos e
diretrizes clinicas estabelecidas no Sistema Unico de Satide e em rotinas e
protocolos consagrados nos estabelecimentos privados de satide. Da forma como
foi redigido, o inciso I impediria a continuidade de intimeros programas do
Sistema Unico de Saude que funcionam a partir da atuacio integrada dos
profissionais de satide, contando, inclusive, com a realizacao do diagnostico
nosoldgico por profissionais de outras dreas que ndo a médica. E o caso
dos programas de prevengao e controle a maldria, tuberculose, hanseniase e

doencas sexualmente transmissiveis, dentre outros. Assim, a sancao do texto
poderia comprometer as politicas publicas da area de sauide, além de introduzir
elevado risco de judicializacdo da matéria." (Grifado)

55. Considerando que o exame de ultrassonografia musculoesquelética é
utilizado como recurso para formulagao de diagnostico (fisioterapéutico, e nao médico),
conclui-se que nao pode ser considerado atividade privativa do médico, em razao do veto
presidencial implementado pela Presidéncia da Republica, que, inclusive, buscou
resguardar a possibilidade de formulacdo de diagndstico por outros profissionais de

saude.

56. Alinha-se a essa interpretacao do veto o texto do § 7° do mesmo artigo,
que resguarda, de forma expressa, as competéncias proprias de varias profissdes na

aplicagao do art. 4% entre as mesmas, a do fisioterapeuta:
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§ 72 O disposto neste artigo serd aplicado de forma que sejam resguardadas as
competéncias proprias das profissdes de assistente social, bidlogo, biomédico,
enfermeiro, farmacéutico, fisioterapeuta, fonoaudiélogo, nutricionista, profissional
de educacdo fisica, psicdlogo, terapeuta ocupacional e técnico e tecnodlogo de
radiologia.

(Grifado)

57. Além do mais, ndao ha uma tnica norma vigente no ordenamento
juridico brasileiro que proiba ao fisioterapeuta a elaboragao de diagndstico por meio
ultrassonografia musculoesquelética, dentro da sua atuagdo profissional, o que, do
contrario, resultaria em restricao arbitraria da liberdade do exercicio profissional do

fisioterapeuta.

58. Nessa perspectiva, intentar uma restricdo sem previsao legal prévia
constitui a s6 tempo ofensa aos principios constitucionais insculpidos no art. 5% inciso II
(Principio da Reserva Legal) e XIII (Liberdade de Oficio), ambas cldusulas pétreas da

Constituicao Federal, assim como ao Principio da Livre Iniciativa prevista no art. 170.

59. O art. 5% inciso II da CRFB dispoe acerca do Principio Constitucional
da Reserva Legal, no sentido de que qualquer vedacdo ao exercicio de pratica, oficio,

atividade ou trabalho é permitida, ressalvada a proibigao legal neste sentido.

60. Sendo assim, se nao ha Lei no sentido formal proibindo uma
atividade, ndo é dado a administragio ou ao proprio Poder Judicidrio fazé-lo, o que

claramente se aplica ao exame de ultrassonografia musculoesquelética.
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61. Acerca do Principio da Reserva Legal importa registrar que a

interpretacao deve ser sempre no sentido inverso do que pretende o CREMAL.

62. Ou seja, nao havendo proibicao expressa em Lei, ndo é possivel
imputar a restrigao ao particular, definindo o Constituinte Originario em clausula pétrea
que “ninguém sera obrigado a fazer ou deixar de fazer alguma coisa sendo em virtude

de lei”.

63. Quanto a pretensao do CREMAL na agdo de origem, outro importante
postulado constitucional deve impedir o sucesso de sua empreitada, visto que a limitagao

pretendida busca limitar o exercicio de trabalho, oficio, que nao fora restringido em lei.

64. E necessaria uma andlise do tema sob o duplo enfoque: (i) auséncia de

norma proibitiva; (ii) da liberdade de trabalho, profissao, arte ou oficio.

65. A Constituigdo da Republica Federativa do Brasil garante a todos os

brasileiros o exercicio de qualquer trabalho, oficio ou profissao. A liberdade do exercicio
profissional é Direito Fundamental com previsao no artigo 5% inciso XIII do texto

constitucional:
Art. 52[...]

XIII — ¢ livre o exercicio de qualquer trabalho, oficio ou profissio, atendidas as
qualificagdes profissionais que a lei estabelecer

66. A segunda parte do inciso XIII do artigo 5° da Constituicdo prevé
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que, para o exercicio do direito de liberdade profissao, qualifica¢des profissionais devem

ser estabelecidas por lei.

67. Entende-se assim que todo brasileiro pode exercer profissao de sua
escolha, tendo como #nico limite para o exercicio desse direito, conforme disposto na

segunda parte do inciso, “as qualificagoes profissionais que a lei estabelecer” .

68. Essa restricao constitui-se como reserva legal qualificada ao direito

fundamental.

69. Segundo Gilmar Mendes (2008, p.309)* “[t]lem-se uma reserva legal
ou restrigao legal qualificada quando a Constituigao nao se limita a exigir que eventual
restricdo ao ambito de protecdo de determinado direito seja prevista em lej,
estabelecendo também, as condig¢oes especiais, os fins a serem perseguidos ou os meios

a serem utilizados." (Grifado).

70. E nesse sentido, as condi¢Oes especiais para o exercicio da profissao
de Fisioterapeuta estao delineadas na legislacao ordinaria, conforme se expde no

proximo tdpico.

4

constitucional. 3. ed., S3o Paulo: Saraiva, 2008, p. 309
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4.3. DAS COMPETENCIAS LEGAIS DO FISIOTERAPEUTA PARA
REALIZAR O EXAME DE ULTRASSONOGRAFIA
MUSCULOESQUELETICA

71. A profissao da fisioterapia foi regulamentada pelo Decreto-Lei

938/69, que assim estabelece em seu artigo 3%

“E atividade privativa do fisioterapeuta executar métodos e técnicas fisioterdpicos com a
finalidade de restaurar, desenvolver e conservar a capacidade fisica do ciente”.
(Grifado)

15. Assim, a elaboracao de diagnostico e laudos decorrentes de
ultrassonografia voltada a restaurar, desenvolver e conservar a capacidade fisica do
paciente ¢ licita ao fisioterapeuta, cabendo ao Conselho Federal de Fisioterapia e Terapia
Ocupacional exercer func¢ao normativa, editando os atos necessdrios a interpretacao e
execucao do quanto disposto na Lei 6.316/1975 e a fiscalizagao profissional (art. 5% 1II, da

Lei 6.316/1975).

Art. 5% Compete ao Conselho Federal:

I - eleger, dentre os seus membros, por maioria absoluta, o seu Presidente e o Vice-
Presidente;

II - exercer funcido normativa, baixar atos necessdrios a interpretagio e execugdo do
disposto nesta Lei e a fiscalizagdo do exercicio profissional, adotando providéncias
indispensdveis a realizacdo dos objetivos institucionais;

16. E, nesse sentido, amparado pela atribui¢ao conferida pela Lei 6.316/75,

ou seja, de exercer fungao normativa, o COFFITO publicou a Resolucdo 80, de 09 de maio

de 1987 (publicada no DOU n° 093 de 21/05/1987), que, em seu artigo 1°, dispoe:
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“E competéncia do FISIOTERAPEUTA, elaborar o diagndstico fisioterapéutico
compreendido como avaliagio fisico-funcional, sendo esta, um processo pelo qual, através de
metodologias e técnicas fisioterapéuticas, sdo analisados e estudados os desvios fisico-
funcionais intercorrentes, na sua estrutura e no seu funcionamento, com a finalidade de
detectar e parametrar as alteracOes apresentadas, considerados os desvios dos graus de

normalidade para os de anormalidade; prescrever, baseado no constatado na avaliacdo
fisico-funcional as técnicas prdprias da Fisioterapia, qualificando-as e quantificando-as; dar
ordenagdo ao processo terapéutico baseando-se nas técnicas fisioterapéuticas indicadas;
induzir o processo terapéutico no paciente; dar altas nos servicos de Fisioterapia,
utilizando o critério de reavaliagoes sucessivas que demonstrem ndo haver alteracoes que

indiquem necessidade de continuidade destas praticas terapéuticas.” (Grifado)

r7. No mesmo sentido, a Resolucao 4/2022 do Conselho Nacional de
Educacao, que institui Diretrizes Curriculares Nacionais do Curso de Graduacao em

Fisioterapia, e assim dispoe:

Art. 5° A formacao do Fisioterapeuta tem por objetivo dotar o profissional dos
conhecimentos requeridos para o exercicio das seguintes competéncias e
habilidades especificas:

[...]

VI - realizar consultas, avaliacdes e reavaliaces do paciente colhendo dados,
solicitando, executando e interpretando exames propedéuticos e complementares
que permitam elaborar um diagndstico cinético-funcional, para eleger e
quantificar as intervencdes e condutas fisioterapéuticas apropriadas,
objetivando tratar as disfun¢des no campo da Fisioterapia, em toda sua extensao
e complexidade, estabelecendo progndstico, reavaliando condutas e decidindo
pela alta fisioterapéutica;

18. Na mesma toada, por meio da Resolugao 428, que fixa e estabelece o

Referencial Nacional de Procedimentos Fisioterapéuticos, o COFFITO incluiu a

“Ultrassonografia cinesioldgica — por seguimento” entre os procedimentos listados no
capitulo que elenca Exames e Testes Funcionais de competéncia do profissional

fisioterapeuta.
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19. O Referencial Nacional de Procedimentos Fisioterapéuticos, nos
termos do art. 7° da Resolu¢ao COFFITO 428, “constitui-se em um instrumento bdsico para a
caracterizagdo do trabalho do FISIOTERAPEUTA no Sistema de Saiide Brasileiro, classificando e
hierarquizando os procedimentos fisioterapéuticos, baseados na saiide funcional e, a indices

remuneratorios adequados ao exercicio ético-deontologico da Fisioterapia brasileira”.

20. Dessa forma, conforme se verifica, o fisioterapeuta é profissional
técnica e legalmente habilitado pelo ordenamento juridico brasileiro para realizar
consultas e elaborar diagnostico fisioterapéutico, assim como para eleger e quantificar

qualquer conduta — e ndo apenas a ultrassonografia cinesioldgica — que objetive tratar

e/ou diagnosticar qualquer disfuncao no campo da Fisioterapia.

21 E foi exatamente nessa linha que o Tribunal Regional Federal da 5°
Regiao (TRF-5), no dia 16 de fevereiro de 2018, reconheceu, a unanimidade, a legitimidade
do fisioterapeuta para solicitar exames complementares vinculados a sua atividade
profissional, de modo a embasar o diagnostico fisioterapéutico, conforme se extrai do voto

do relator, desembargador Emiliano Zapata Leitdo:

TRF -5 (AC 0810503-32.2016.4.05.8400)
Voto do Relator
[...]

O cerne da questio reside em saber se o profissional fisioterapeuta pode ou nédo
solicitar exames complementares para embasar o seu diagndstico fisioterapéutico
ou se apenas os médicos tém a prerrogativa de solicitar tais exames.
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O Decreto-Lei n® 938/69, que dispde sobre as profissoes de fisioterapeuta e terapeuta
ocupacional, estabelece que é atividade privativa do fisioterapeuta executar métodos e
técnicas fisioterdpicos com a finalidade de restaurar, desenvolver e conservar a capacidade
fisica do paciente (art. 3°).

O Conselho Federal de Fisioterapia e Terapia Ocupacional - COFFITO, no uso das
atribuicdes que lhe foram conferidas pela Lei n® 6.316/75, editou a Resolugio n° 80, de
09/05/87, segundo a qual "o FISIOTERAPEUTA é profissional competente para buscar
todas as informagoes que julgar necessdrias no acompanhamento evolutivo do tratamento
do paciente sob sua responsabilidade, recorrendo a outros profissionais da Equipe de Saiide,
através de solicitacdo de laudos técnicos especializados; Bem como, os resultados dos exames
complementares, a eles inerentes (art. 3°).

No caso em exame, o Instituto de Radiologia de Natal Ltda, em resposta a notificacdo
extrajudicial feita pelo CREFITO1, justificou que a negativa em realizar o exame
complementar requerido pelo fisioterapeuta se fundamentou em parecer proferido pelo
Conselho Federal de Medicina (PC/CEM/N*®21/1985), pelo qual "a solicitagdo de exames
complementares, s pode ser feita por médico, ji que é complementacdo do exame clinico,
portanto, parte integrante do diagndstico médico, este que somente pode ser realizado por
profissional legalmente habilitado conforme art. 17 da Lei n° 3.268 de 30/09/57".

Ocorre que a Lei n° 12.842/13, que dispde sobre o exercicio da medicina, ndo
estabelece que a solicitacdo de exames complementares constitui ato privativo de
médico.

Confira-se:
"Art. 4° Sio atividades privativas do médico:

[..]

Ressalte-se que a Presidéncia da Repuiblica vetou a previsio contida no inciso I do referido
art. 4°, segundo a qual seria atividade privativa do médico "formulacdo do diagndstico
nosoldgico e respectiva prescrigio terapéutica”, sob a justificativa de que tal previsio
“impediria a continuidade de iniimeros programas do Sistema Unico de Satide que
funcionam a partir da atuagdo integrada dos profissionais de satide, contando, inclusive,
com a realizagdo do diagndstico nosoldgico por profissionais de outras dreas que nio a
médica”.

Considerando-se, portanto, que a solicitacdo de exames complementares nio se
encontra entre as atividades privativas do médico, ndo ha obice a que o
fisioterapeuta possa solicitar exames complementares vinculados a sua atividade
profissional, de modo a poder embasar o diagndstico fisioterapéutico.
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Com estas consideragoes, DOU PROVIMENTO 4 apelagio e inverto a sucumbéncia. E
como voto. Recife, 08 de fevereiro de 2017. (data do julgamento) Des. Federal EMILIANO
ZAPATA LEITAO - Relator Convocado.

22. E, especificamente, sobre a possibilidade de realizacao de exame de

ultrassonografia por profissional fisioterapeuta, em recente sentenca, no dia 24/10/2023,

o juizo da 20? Vara Federal Civel da Subsecao Judiciaria do Distrito Federal assim julgou

improcedente acao civil publica ajuizada pelo CONSELHO FEDERAL DE MEDICINA -

CFM em face do CONSELHO FEDERAL DE FISIOTERAPIA E TERAPIA
OCUPACIONAL - COFFITO.

23. Na acao, o CFM pretendia fosse “julgada procedente a pretensao a fim
de que seja declarada a nulidade das Resolugdes COFFITO n. 404/2011, 408/2011 e
482/2017, especificamente no que se fere a possibilidade de realizacao da ultrassonografia

pelos fisioterapeutas”.

24. A sentenca encontra-se anexada a presente peticao (doc. 2).

25. Além disso, também bem recentemente, no julgamento do REsp
1.592.450/RS, o STJ reconheceu a competéncia do fisioterapeuta e do terapeuta ocupacional

para diagnosticar doencas, prescrever tratamentos e solicitar exames complementares.
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m STJ Institucional Processos Jurisprudéncia Precedentes Comunid
DECISAO

25/11/2022 07:00

Para Primeira Turma, Fisioterapeuta e terapeuta
ocupacional podem diagnosticar e indicar tratamentos

Ao julgar os embargos de declaracdo no REsp 1.592.450, a Primeira Turma do Superior

Tribunal de Justica (STJ), por unanimidade, concluiu que & permitido ao fisioterapeuta e ao
terapeuta ocupacional diagnosticar doencas, prescrever tratamentos e dar alta terapéutica.

Com essa decisdo, o colegiado reformou seu entendimento anterior de que caberia
exclusivamente ao médico a tarefa de diagnosticar, prescrever tratamentos e avaliar
resultados, enguanto o fisioterapeuta e o terapeuta ocupacional, diferentemente, ficariam
responsaveis apenas pela execugdo das técnicas e dos métodos prescritos.

EMENTA

PROCESSUAL CIVIL. EMBARGOS DE DECLARACAO.
REQUISITOS. PRESENCA. CONSELHO DE FISIOTERAPIA E
TERAPIA OCUPACIONAL. EXERCICIO DAS PROFISSOES.
RESOLUCOES NORMATIVAS. INTERPRETACAO HISTORICO-
SISTEMATICA. LEI N. 12.842/2013. RAZOES DE VETO
DESCONSIDERADAS. ATOS RESERVADOS A MEDICOS.
ATIVIDADES DEBATIDAS NOS AUTOS. INEXISTENCIA.

[..]

4. Nao houve a devida atualizacio do Decreto-Lei n. 938/1969, que
prové sobre as profissdes de fisioterapeuta e terapeuta
ocupacional, isto é, enquanto, na pratica, as profissdes
seguramente evoluiram bastante nos ultimos cinquenta anos, a
legislacao continua engessada no texto daquela época.

5. Na decisao recorrida, destacou-se que acordaos do STF e do STJ,
em datas mais distantes, teriam concluido que nao cabe ao
fisioterapeuta ou terapeuta ocupacional diagnosticar nem indicar
tratamentos porque sua funcdo seria a de executar os métodos e
técnicas prescritos pelos médicos, atentando-se, porém, a
peculiaridade de que, apds os referidos julgamentos, teriam
decorridos longos anos, com evolucio de todas as carreiras
discutidas nos autos e ocorridos fatos supervenientes, buscando-se
trazer a discussio para o contexto atual.
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VOTO DO RELATOR (Ministro Gurgel de Faria)

Portanto, independentemente das convicgdes pessoais dos
julgadores sobre o tema em questdo, se a conclusao deve ser de que
nio ¢é vedado ao fisioterapeuta e terapeuta ocupacional
diagnosticar, prescrever e dar alta terapéutica, ndo ha como
reconhecer a ilegalidade das resolucdes tidas por irregulares no
acordio recorrido.

VOTO-VISTA (Ministro Benedito Gongalves)

No mesmo sentido, comungo do raciocinio do Ministro Gurgel de
Faria, ao reconhecer ter feito inicialmente uma interpretacao
sistémica das leis no voto inicialmente apresentado, mas destacando
a necessidade de, peculiarmente, no presente caso, fazer uma
interpretacdo sistematica-historica, pela relevancia da analise do
referido veto, possibilitando que fisioterapeutas e terapeutas
ocupacionais, sem ingressarem no campo médico, possam realizar
diagnésticos e solicitacio de exames para o tratamento de doencas
no escopo de suas respectivas areas de atuacio.

(Recurso Especial 1.592.450-RS | Ministro Relator: Gurgel de Farial
Data do Julgamento: 22 de novembro de 2022).

26. Portanto, resta evidente que o fisioterapeuta ¢é profissional
tecnicamente habilitado, e legalmente autorizado, para realizar, na sua pratica

profissional, o exame de ultrassonografia musculoesquelética.
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4.4. DA EQUIVOCADA (OU MAL INTENCIONADA) INTERPRETACAO

DADA A LEI 12.842/2013 PELO CREMAL

27. Na peticao Inicial, nos autos de origem, o CREMAL afirma que a Lei
12.842/2013, que regulamenta a profissao da medicina, teria atendido as expectativas da
classe médica, uma vez que teria dirimido toda e qualquer duvida sobre quais seriam as

atividades privativas dos médicos.

Com a edicdo da Lei n. 12.842/2013, a chamada
Lei do Atoc Médico, toda e qualquer davida gque
existia em relacdo aos atos gque podem ser
realizados pelos profissionais médicos foi
dirimida, Jj& gque expressamente estabelecidos em
lei, inclusive guails os atos privativos dessa

atuagao.

28. A realidade é outra.

29. Diferente o espirito de satisfacio que o CREMAL tenta transparecer,
os vetos implementados pela Presidéncia da Republica, e mantidos pelo Congresso

Nacional, causaram revolta na classe médica.
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Veja 7 Didlogos vazados Previdéncia Radar Paginas Amarelas Revista

Saude

Dilma sanciona Ato Médico, mas veta
diagnéstico exclusivo

Da Redagio

EPOC

= = T

CFM diz que vetos sao
agressao e traigao aos
médicos

Presidente do Conselho Federal de Medicina, &

Roberto D'Avila, diz que categoria vai lutar
para derruba-los no Congresso

AGENCIA BRASIL
/072013 - ZHGA - Atsakeacko 12/01/2003 12134

O pressdente do CFM, Roberto d'Avila, afirmou que os vetos de Dilma
B Ao Méckos o 3 5 Vaktor

Campanato/ABr)

30. Com se vé, a retirada da exclusividade aos médicos para diagnosticar,
representou um verdadeiro “balde de 4gua” fria no projeto de monopolizacio da

assisténcia a saude encampado pelo Conselho Federal de Medicina.
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31 Portanto, infelizmente, o que se conclui é que o CREMAL faltou com a

verdade nos autos de origem, induzindo o Juizo agravado ao erro, ao afirmar que “a

realizacdo de diagndstico é prerrogativa e especialidade dos médicos” (sic).

32 E para amparar tal afirmativa falsa, o CREMAL promoveu um

verdadeiro malabarismo hermenéutico na Lei 12.842/2013.

33. Inicialmente, para aumentar a confusao na cabega do r. Juizo de
origem, transcreveu o artigo 4° da Lei apontando o que seriam as atividades privativas do

médico em alineas, e ndo em incisos, como o texto verdadeiro:

Como o CREMAL citou a LEI Como a Lei, de fato, esta disposta
Art. 4* Sdo atividades privativas d At & S3o atvidades privatrvas do médco
megicos 1« (VETADOX —
b fattoack ) B N e :!n u?ﬂ:t’:nm;:«x A IRvengdo ORI @ (Xesrosd 308 Cudanos o

n NSCHI0 G xrCsd0 & edOudo df pOCeAmenios NVasVes, Sepam
ruidados médicos pré e pés GAgNOSHCOS, 1eAPMUICeS Cu eSMACOS, INCIUNGD OF ACeSS0s vasculanes profundos. as
bépsas ¢ 35 endoscopas

) indicagdo da execucd e execuch V - e acho tragutal

00dendC A0 0 esraag vertiatind ol pArs 3 ventiaclo mecincs nvasia

e ¢ dis MUCHNCAS NECRSAINSS Gante dis iMertondntas clincas, ¢ do PIograma de
nierm da ventiae o Mecnca awasiva, nciundo a desntuardo traqueal

Vi - exacutdo de $4dacho peolunds. DIOGQUENeS anesibsicos @ anesiena geral

as endoscopias; Vi - emessdo de laudo dos exames endoscopcos e de mmagem, dos procedimentos
GAGNSSHOOS FIrasvos € 305 exames ANFIoMOPAodoCos
agdo traqueal;
- (VETADO)
denacdc ia estratégia VI - (VETADO), 4.

(X - (VETADO), ‘-

X - determinacho do progndstico 1elaivg 30 Gagndstco noscldgco

A ANgoas ne a
< 83 A
ana errupcd acA
pech A . )
agso cal
e) e 8 eda 0
ve e esia
Jera

f] emissdo de laudo dos exames

endoscopicos - o images,
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34. Para nao chamar a atencdo do juiz de origem para os vetos
implementados no art. 42, 0o CREMAL - infelizmente — faltou com a verdade, ao ponto de

alterar a disposicao verdadeira da Lei, o que ¢ MUITO GRAVE.

o __r

35. Em seguida, fazendo mengao ao que seria alinea “g” do artigo 4% o

CREMAL conclui que “quem pode realizar o diagnostico nosologico: o médico” (sic):

O PROGNOSTICO PODE SER ENTENDIDO COMO O
“PARECER (CONCLUSAO) do médico a respeito e
evolucdoc provével de uma doenca”. Esse raciocinio
& logico, pois, o profissional que & competente
para realizar o diagnéstico nosoldégico
(verificacdo), serd aquele capacitado para definir

o progndéstico (conclusio), este ultimo, repita-se,

ato privative do médico (art. 4°, alinea “g”).

Dessa forma, essencial destacar que um grande
salto de qualidade legislativa feito na edicéo
dessa nova lei fol a conceituacdo e a previsdo de

quem pode realizar o diagnéstico nosoldgico: o

médico.

36. Ora, nesse ponto, observam-se trés inverdades:
i. Nao existe alinea “g” no artigo 4° da Lei 12.842/2013;

ii. A Leinao define progndstico como atividade privativa do médico;
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iii. O dispositivo da lei por meio do qual se pretendia tornar
diagnostico nosologico atividade privativa do médico foi vetado

pela Presidéncia da Republica (inciso I do art. 4°)

Presidéncia da Republica
@ Casa Civil
Subchefia para Assuntos Juridicos
= P
LEIN° 12,842, DE 10 DE JULHO DE 2013,

Dispde sobre o exercicio da Medicina

Art. 4° Sao atividades privativas do médico:

| - (VETADO);

MENSAGEM N° 287, DE 10 DE JULHO DE 2013.
Senhor Presidente do Senado Federal, MENSAGEM DE VETO
Comunico a Vossa Excelincia que, nos termos do § 1° do art, 66 da Conslituicad, decidi vetar parciaimente | por contrariedade ao interesse
plblico, o Projeto de Lei n® 268, de 2002 (n° 7.703/06 na Camara dos Deputados), que “Pispde sobre o exercicio daMedicna®

Ouvidos, os Ministérios da Sadde, do Planejamento, Orgamento e Gestao, da Fazenda e a Secretaria-Geral da Presidéncia da Repiblica
manifestaram-se pelo velo aos seguintes dispositivos.

Taciso 1 do caput e § 2° do art. 4°

I‘I = formulacao do dragndslico NosolOGIco  respectiva prescncao terapdutica,” |

Fonte: https://www.planalto.gov.br/ccivil 03/ ato2011-2014/2013/lei/112842 . htm

‘o __J

37. O que o inciso X, e ndo a inexistente alinea “g” do artigo 4% diz é que a
“determinagao do progndstico relativo ao diagndstico nosoldgico” é atividade privativa do

médico.

38. Ora, se diagnostico nosoldgico NAO E atividade privativa do médico,
em razao do veto implementado no inciso I do artigo 4° o respectivo progndstico também
nao o é.
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39. O prognostico, que se traduz como o eventual curso e evolucao de

uma condicdo, guarda relacao direta com determinado diagnostico.

40. Se o diagndstico nosoldgico for estabelecido por profissional

fisioterapeuta, o que se tem € um diagnéstico fisioterapéutico, e o respectivo progndstico

fisioterapéutico também serd formulado dentro das competéncias legais e técnicas

guardadas para o fisioterapeuta.

4. Se o diagndstico nosoldgico, por sua vez, for estabelecido por

profissional médico, o que se tem ¢ um diagnostico médico, e o respectivo prognoéstico

médico serd formulado dentro das competéncias legais e técnicas guardas para o médico.

42. E assim se d4, sucessivamente, para todas as profissdes de satide.

43. Essa é a principal consequéncia juridica do veto implementado pela
Presidéncia da Republica no inciso I do artigo 4° da Lei 12.842/2013, que pretendia tornar

formulacao de diagnostico atividade privativa do médico.
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5. DOS PEDIDOS

72. Por tudo exposto, requer:

a. Seja o CREFITO-1 admitido nos presentes autos na condicao de AMICUS CURIAE,

aplicando, nesse sentido, as disposi¢oes trazidas pelo artigo 138 do CPC;

b. Sejam consideradas as contribuicoes trazidas pelo CREFITO-1 para revogar a liminar
concedida por meio da decisdao agravada e negar provimento ao presente agravo de

instrumento.

Nestes Termos,

Pede e Espera Deferimento,

Recife/PE, 18 de Dezembro de 2023.

Carlos Francisco da Silva

Advogado — OAB/PE: 46.301
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INSTRUMENTO PARTICULAR DE MANDATO

O CONSELHO REGIONAL DE FISIOTERAPIA E TERAPIA OCUPACIONAL DA 12
REGIAO (CREFITO-1), autarquia federal instituida pela lei n° 6.316/1975 , neste ato
representado por seu Presidente, Dr. FLAVIO MACIEL DIAS DE ANDRADE, brasileiro,
casado, fisioterapeuta, com inscricdo no CREFITO n° 46.142-F, inscrito no CPF n°
021.126.294-33 , RG n°® 4.460.224 SSP/PE, residente e domiciliado a Rua Francisco da
Cunha, 1910/1701, Bloco B, Boa Viagem, Recife/PE, CEP: 51.020-041, filho de
FRANCISCO DIAS DE ANDRADE E GERDA MARIA MACIEL DE ANDRADE, e-mail:
ftflaviomaciel@yahoo.com.br; constitui e nomeia seus procuradores: CARLOS
FRANCISCO DA SILVA, brasileiro, casado, advogado, inscrito na OAB/PE sob o n°
46.301 , CPF n°: 021 .569.804-54; CARLOS ALBERTO LOPES DOS SANTOS, brasileiro,
casado, advogado, inscrito na OAB/PE sob o n° 12.399, CPF n°® 097.642.164-04,
CLAUDIO PINHEIRO DE LIMA, brasileiro, casado, advogado, inscrito na OAB/PE 58.813,
CPF n° 834.673.434-49; DAVID FELIX RIBEIRO DA SILVA, brasileiro, solteiro, advogado,
inscrito na OAB/PE, sob o n°® 49.941, CPF n°: 107.355.064-85; JOSE LEANDRO DA
SILVA PINTO, brasileiro, solteiro, advogado, inscrito na OAB/PE sob o n° 49.266, CPF n°
095.798.034-55; aos quais confere e outorga os poderes da clausula ad judicia e et extra,
para representarem esta Autarquia Federal perante todas as esferas administrativas e
judiciais, a exemplo do ministério publico, cartorios extrajudiciais e érgdos judiciais, em
gualquer juizo, instancia ou tribunal, com amplos poderes para o foro em geral e especiais,
devendo promover todas as medidas juridicas cabiveis e necessérias a defesa de seus
interesses, podendo, inclusive, recorrer, transigir, firmar compromisso ou acordos,
reconhecer a procedéncia do pedido, renunciar ao direito sobre o que se funda a acdao,
receber, dar quitagdo, requerer parcelamentos de dividas, receber intimacdes,
documentagdes e notificacdes, representa-lo perante tabelides, escrivaes e oficiais de
cartorio, extrair copias, acessar dados sob sigilo fiscal e processos administrativos, agindo
em conjunto ou separadamente, podendo ainda substabelecer esta a outrem com ou sem
reservas de iguais poderes, e tudo o mais proceder para o fiel desempenho deste
mandato.

Recife/PE, 20 de Junho de 2023.

Dr. FLAVIO MACIEL DIAS DE ANDRADE
Presidente do CREFITO-1
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PODER JUDICIARIO
JUSTICA FEDERAL
Secao Judicidria do Distrito Federal
202 Vara Federal Civel da SUIDF

SENTENCA TIPO "A"
PROCESSO: 1043821-22.2021.4.01.3400

CLASSE: ACAOQ CIVIL PUBLICA (65)

POLO ATIVO: CONSELHO FEDERAL DE MEDICINA

POLO PASSIVO:CONSELHO FEDERAL DE FISIOTERAPIA E TERAPIA OCUPACIONAL
REPRESENTANTES POLO PASSIVO: ALEXANDRE AMARAL DE LIMA LEAL - DF21362

SENTENCA

Cuida-se de agdo civil publica ajuizada por CONSELHO FEDERAL DE
MEDICINA - CFM em face do CONSELHO FEDERAL DE FISIOTERAPIA E TERAPIA
OCUPACIONAL - COFFITO, objetivando “seja julgada procedente a pretensao a fim de que
seja declarada a nulidade das Resolu¢gées COFFITO n. 404/2011, 408/2011 e 482/2017,
especificamente no que se fere a possibilidade de realizagao da ultrassonografia pelos
fisioterapeutas, ja que ndo ha lei federal que permita e dé respaldo as atividades
dispostas em tal ato normativo, de carater infralegal, sendo declarada a nulidade das
resolugées com proibicdo de edicao de qualquer outra semelhante com o mesmo
objeto”.

Conta que o COFFITO editou “as Resolugdes n. 404/2011, 408/2011 e
482/2017, que visam autorizar tanto a realizagdo quanto a elaboragao de diagndstico e
laudos decorrentes de ultrassonografia cinesiolégica por fisioterapeutas”; que “a
realizacao de consultas, prescricdo de medicamentos, requisicao de exames e emissao
de laudo sédo atribuigées exclusivas do profissional médico, de acordo com a Lei n.
12.842, de 10 de julho de 2013, a Lei do Ato Médico”.

Alega que “o COFFITO exorbitou por completo as atribuicbes e
competéncias que |he sdo impostas pela lei”; que a emissdao de laudo dos exames
endoscopicos e de imagem, a determinagcdo do progndstico relativo ao diagndstico
nosoldgico e a realizagao de pericia médica, segundo art. 4° da Lei n°® 12.842/2013, sédo
atividades privativas de médicos; que é “in6bcua a pretensa intengdo esposada na
Resolugdao em questao, pois: o fisioterapeuta ndo esta capacitado a fornecer diagnéstico,
muito menos para emitir laudo; e, na eventual hipotese de constatar situagcdo grave,
devera remeter o caso ao médico responsavel”, o que acarretaria em perda de tempo,
recursos financeiros, e risco de diagndstico errado, prejudicando o paciente; que “inexiste
LEl na carreira do fisioterapeuta que lhe confira a prerrogativa de realizagdo de
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diagnostico, muito menos a realizagdo de exame de imagem, inexistindo qualquer
respaldo a atuacdo de tal profissional na realizagdo de ultrassom”; que, “atualmente, a
“Ultrassonografia” esta inserida dentro da listagem de especialidades médicas aprovadas
pela Comissao Mista de Especialidades, integrando o ramo da “Radiologia e diagnostico
por imagem” (Resolugdo CFM n. 2221/2018 que homologou a Portaria CME n. 01/2018).
Nesse ponto, cumpre informar que, para o médico obter registro e poder se anunciar
como especialista em radiologia e diagndstico por imagem, é necessaria a realizagao de
residéncia médica, em periodo néo inferior a 03 (trés anos) ou por meio de concurso
realizado pela Associagdo Medica Brasileira/Colégio Brasileiro de Radiologia e
Diagnéstico por Imagem”.

O COFFITO se manifestou acerca do pedido liminar por meio do documento
id. 613586355.

Foi indeferida a liminar (id. 655103481).

O COFFITO apresentou contestacao, alegando, preliminarmente, inépcia da
inicial, pois ndo possui causa de pedir préxima ou remota em relagao aos trechos dos
atos normativos impugnados.

No mérito, pugna pela improcedéncia total dos pedidos.
Réplica ao id. 819121588.

Decisdo id. 1247459288 indeferiu o pedido de ingresso, na condigdo de
amicus curiae, da Associagao Médica Brasileira — AMB e outros.

Ao id. 1281441781, o Ministério Publico Federal apresentou parecer, no qual
opina pela extingdo do processo, sem julgamento do mérito, em relagdo ao pedido
formulado em face da Resolugdo COFFITO n° 408/2011, conforme dispde o art. 485, VI,
do CPC; e pela improcedéncia dos pedidos formulados em relagcdo as Resolugdes
COFFITO n° 404/2011 e 482/2011.

E o relatério. DECIDO.

Trata-se, na hipotese, de agao civil publica em que se busca a anulagao de
ato administrativo praticado pelo Conselho Federal de Fisioterapia e Terapia Ocupacional
— COFFITO, ao editar as Resolugdes 404/2011, 408/2011 e 482/2017, que visam
autorizar tanto a realizacao quanto a elaboracao de diagnostico e laudos decorrentes de
ultrassonografia cinesioldgica por fisioterapeutas.

Conforme consignado na decisdo id. 655103481, a autora se insurge contra
a “elaboracao de diagnodstico e laudos decorrentes de ultrassonografia cinesiolégica por
fisioterapeutas”, sob o argumento de que se trataria de atribuicdo exclusiva do
profissional médico, de acordo com a Lei n°® 12.842, de 10 de julho de 2013.

Entretanto, observo que, ao listar as atividades privativas do médico, o §7°
do art. 4° da Lei n® 12.842/2013 ressalva que:
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§ 7° O disposto neste artigo serda aplicado de forma que sejam
resguardadas as competéncias préprias das profissdes de assistente social,
bidlogo, biomédico, enfermeiro, farmacéutico, fisioterapeuta, fonoaudidlogo,
nutricionista, profissional de educagao fisica, psicologo, terapeuta
ocupacional e técnico e tecndlogo de radiologia.

Destarte, entendo que o mencionado artigo nao pode servir de fundamento
para inibir os profissionais fisioterapeutas de exercer de forma ampla sua competéncia,
utilizando para tanto as ferramentas que tenham disponiveis.

Além disso, convém destacar recente posicionamento adotado pelo STJ,
segundo o qual cabe ao Judiciario respeitar o processo legislativo que nao estabeleceu
como privativo do médico a funcao de diagnosticar doencas e prescrever tratamentos.

Por ocasido do julgamento, fez-se uma analise da mensagem de veto dos
dispositivos da Lei n. 12.842/2013 (Mensagem n. 287/2013), verificando-se que foi
vetado o inciso | do caput e § 2° do art. 4°:

| - formulagdo do diagnostico nosoldgico e respectiva prescrigao
terapéutica;

§ 2° N&o sao privativos do médico os diagndsticos funcional, cinésio-
funcional, psicologico, nutricional e ambiental, e as avaliagbes
comportamental e das capacidades mental, sensorial e perceptocognitiva.

As razoes dos vetos foram as seguintes:

O texto inviabiliza a manutencao de agdes preconizadas em protocolos e
diretrizes clinicas estabelecidas no Sistema Unico de Salde e em rotinas e
protocolos consagrados nos estabelecimentos privados de saude. Da forma
como foi redigido, o inciso | impediria a continuidade de inimeros
programas do Sistema Unico de Saide que funcionam a partir da atuagio
integrada dos profissionais de saude, contando, inclusive, com a realizagao
do diagndstico nosologico por profissionais de outras areas que nao a
médica. E o caso dos programas de prevencdo e controle a maléria,
tuberculose, hanseniase e doengas sexualmente transmissiveis, dentre
outros. Assim, a sangao do texto poderia comprometer as politicas publicas
da area de saude, além de introduzir elevado risco de judicializacdo da
matéria. O veto do inciso | implica também o veto do § 2°, sob pena de
inverter completamente o seu sentido. Por tais motivos, o Poder Executivo
apresentara nova proposta que mantenha a conceituagao técnica adotada,
porém compatibilizando-a com as préticas do Sistema Unico de Salde e
dos estabelecimentos privados.

Diante disso, promovendo interpretagdo sistematica e histdrica de toda a
legislagdo supracitada, inclusive das razdes de veto, concluiu-se que o Judiciario deve
prestar deferéncia as discussdes que ja foram desenvolvidas na via propria, durante o
processo legislativo, e que melhor refletem valores democraticos. Assim, firmou-se a
compreensao de que, independentemente das convicgdes pessoais dos julgadores sobre
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o tema em questao, se a conclusao deve ser de que nao é vedado ao fisioterapeuta e
terapeuta ocupacional diagnosticar, prescrever e dar alta terapéutica, ndo ha como
reconhecer a ilegalidade das resolugdes discutidas.

Transcrevo a ementa do citado julgado do STJ:

PROCESSUAL CIVIL. EMBARGOS DE DECLARAGAO. REQUISITOS.
PRESENGA. CONSELHO DE FISIOTERAPIA E TERAPIA OCUPACIONAL.
EXERCICIO DAS PROFISSOES. RESOLUGOES NORMATIVAS.
INTERPRETAGAO HISTORICO-SISTEMATICA. LEI N. 12.842/2013. RAZOES
DE VETO DESCONSIDERADAS. ATOS RESERVADOS A MEDICOS.
ATIVIDADES DEBATIDAS NOS AUTOS. INEXISTENCIA.

1. Os embargos de declaragao tém por escopo sanar decisao judicial em
que haja obscuridade, contradicao, omissao ou erro material.

2. Antes de enfrentar a discussao devolvida nos aclaratérios, é necessario
promover breve digressdo a respeito do processo, a qual evidenciara a
complexidade relativa a seu julgamento.

3. Trata-se de agdo ajuizada em 2004 (portanto, ha quase vinte anos), e para
discutir possivel incompatibilidade entre legislagcao da década de 1960 com
resolugdes, em sua maioria, das décadas de 1980 e 1990, sendo certo que o
julgamento do apelo especial exigiu o olhar para tal passado sem se
descuidar dos fatos relevantes e supervenientes que aconteceram desde
aquelas longinquas datas.

4. Nao houve a devida atualizacdo do Decreto-Lei n. 938/1969, que prové
sobre as profissbes de fisioterapeuta e terapeuta ocupacional, isto &,
enquanto, na pratica, as profissdes seguramente evoluiram bastante nos
ultimos cinquenta anos, a legislagao continua engessada no texto daquela
época.

5. Na decisao recorrida, destacou-se que acordaos do STF e do STJ, em
datas mais distantes, teriam concluido que nao cabe ao fisioterapeuta ou
terapeuta ocupacional diagnosticar nem indicar tratamentos porque sua
funcao seria a de executar os métodos e técnicas prescritos pelos médicos,
atentando-se, porém, a peculiaridade de que, apds os referidos julgamentos,
teriam decorridos longos anos, com evolugdo de todas as carreiras
discutidas nos autos e ocorridos fatos supervenientes, buscando-se trazer a
discussao para o contexto atual.

6. Nesse cenario, entendeu-se que a ratio dos precedentes anteriores
permanecia incolume, em razao da interpretacao sistematica aplicada aos
arts. 19, 3% e 4° do Decreto-Lei n. 938/1969 e aos supervenientes arts. 1°,
2°, paragrafo unico, 11, 4°, X, Xl e Xlll e §§1° e 7°, da Lei n. 12.842/2013, que
dispGe sobre o exercicio da medicina.

7. Caso em que, ao promover interpretacao sistematica de dispositivos
legais aprovados, o acorddo recorrido incorreu em omissdo quanto as

normas vetadas e as razdes do veto, as quais, embora ndao tenham sido
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7.347/1985.

apresentadas pelas partes anteriormente, eram fundamentais a construgao
da exegese sistematico-histérica que foi ali desenvolvida.

8. Ao consultar a mensagem de veto dos dispositivos da Lei n. 12.842/2013
(Mensagem n. 287/2013), verifica-se que o art. 4°, |, o qual dispunha que era
ato privativo de médico a "formulagdo do diagnostico e respectiva
prescricao terapéutica" foi vetado, sob a justificativa de que, "... da forma
como foi redigido, o inciso | impediria a continuidade de inumeros
programas do Sistema Unico de Satde que funcionam a partir da atuacéo
integrada dos profissionais de saude, contando, inclusive, com a realizagao
do diagndstico nosoldgico por profissionais de outras areas que ndo a
médica [...]".

9. Prevaleceu durante o processo legislativo a ideia de que nado seria
privativo do médico a funcdo de diagnosticar doengas e prescrever
tratamentos, conclusao que nao foi espelhada na decisdo embargada.

10. No particular, mantendo-se fidelidade ao raciocinio desenvolvido no
acordao recorrido, mas promovendo interpretagao sistematica e historica
de toda a legislagao, inclusive das razdes do veto, conclui-se que o
Judicidrio deve prestar deferéncia as discussdes que ja foram entabuladas
na via propria, durante o processo legislativo, e que melhor refletem valores
democraticos.

11. Acolhimento dos embargos de declaragdo do CREFITO-5/RS e do
COFFITO, para sanar omissao e integrar o acérdao recorrido, emprestando
efeitos infringentes aos aclaratérios, de modo a negar provimento ao
recurso especial. Embargos de declaragdo do CREMERS e do SIMERS
rejeitados.

(EDcl no REsp n. 1.592.450/RS, relator Ministro Gurgel de Faria, Primeira
Turma, julgado em 22/11/2022, DJe de 31/1/2023.)

Pelo exposto, JULGO IMPROCEDENTES OS PEDIDOS, nos termos do art.

487, 1,do CPC.

Sem custas ou honorarios advocaticios, nos termos do art. 18 da Lei n°

Havendo recurso de apelacdo, a parte recorrida para contrarrazdes.

Apresentadas preliminares nas contrarrazoes, vista ao apelante. Tudo cumprido,
remetam-se ao TRF1.

Publique-se. Intime-se.
BRASILIA, 24 de outubro de 2023.

(assinado eletronicamente)
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NOTA TECNICA/2021/PROJUR/GT/SIDF/1043821-22

1. OBJETIVO

1.1. Andlise técnica acerca da competéncia e atuacdo do profissional
Fisioterapeuta na realizacéo de ultrassonografia cinesiologica.

2. INTERESSADO

2.1. Nota Técnica solicitada pela Procuradoria Juridica do Conselho
Federal de Fisioterapia e Terapia Ocupacional — COFFITO para Instrucédo do
processo n° 1043821-22.2021.4.01.3400, da 202 Vara Federal Civel da Secéao
Judiciaria do Distrito Federal, movido pelo Conselho Federal de Medicina —
CFM, em que se discutem as Resolu¢cées COFFITO n° 404/2011, 408/2011 e
482/2017.

3. FUNDAMENTACAO PREVIA

3.1. Os Exames Funcionais constam na lista de Procedimentos
Fisioterapéuticos contidos no Referencial Nacional de Procedimentos
Fisioterapéuticos (RNPF), onde a Ultrassonografia Cinesiologica é referendada.
A prescricdo de procedimentos referendados nos capitulos dos Atendimentos
Fisioterapéuticos descritos no RNPF depende do Diagnéstico Fisioterapéutico,
hipotetizado a partir de analise semiolégica desenvolvida durante a consulta
fisioterapéutica — procedimento também parte do RNPF, reconhecido e
contemplado pela Agéncia Nacional de Saude Suplementar (ANS). Todos o0s
exames funcionais descritos no RNPF sdo instrumentos de avaliacao
complementares para analise semioldgica sob 6tica do fisioterapeuta, ou seja,
com o propésito de quantificar e qualificar as deficiéncias cinético-funcionais,
caracterizadoras dos Diagndsticos Fisioterapéuticos. Tais Diagndsticos
pressupdem a necessidade de hipotetizar os respectivos Progndsticos
Fisioterapéuticos.

3.2. Nesse contexto vale fundamentar e enfatizar que as palavras
“‘Diagnéstico” e “Prognostico” nao sado termos privativos de uma unica
profissao.

3.3. Origem da palavra Diagnostico:

3.3.1. Do grego diayvworikdg, pelo latim diagnosticu (dia="através de,
durante, por meio de" + gnosticu="alusivo ao conhecimento de").
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3.3.2. base Indoeuropéia gn-, que gerou, em Grego, gnosis,
“conhecimento” e seus derivados. Gndme significava “razédo, entendimento”

3.3.3. Temos mais derivados importantes dessa raiz. Um deles é
diagnostico, de dia, “através” e gigndsko, “conhecer, saber’. O nome de uma
doenca € descoberto “através do conhecimento”, apds avaliar os sinais e
sintomas.

3.3.4. A etimologia da palavra diagnostico vem do grego “diagnoéstikos”,
que significa capaz de distinguir, de discernir.

3.3.5. Diagnosticar é o ato de analisar e fazer o recolhimento de dados
necessarios para avaliacao dos diversos problemas.

3.4. Para estabelecer qual é o problema (diagnéstico) — se doenca, se
deficiéncia cinético-funcional ou outro inerente a outra profissdo de saude — é
necessario a analise semioldgica desenvolvida durante a consulta, cujos
olhares clinicos e propositos sao distintos conforme as especificidades da
profissao.

3.5. Significado basico da palavra semiologia:

3.5.1. E a ciéncia geral dos signos.

3.5.2. Unido das palavras gregas semeion, que significa sinal, e logos,
estudo.

3.5.3. E uma area do conhecimento que se dedica a compreender os

sistemas de significacdo desenvolvidos pela sociedade. Tem por objeto os
conjuntos de signos, sejam eles linguisticos, visuais, ou ainda ritos e costumes.

3.5.4. Um signo é a combinacao do significado e o significante, ou seja,
do conceito com o objeto em si. Como por exemplo uma placa de transito. Ela
isolada é s6 um conjunto visual, de cores e desenhos. E a partir do significado
gue lhe dao que ela se constitui um signo, e ganha novo sentido.

3.5.5. Semiologia sob o olhar do médico: ato de analisar sinais e
sintomas — e exames complementares — inerentes a uma doenca.

3.5.6. Semiologia sob o olhar do fisioterapeuta: ato de analisar sinais e
sintomas — e exames complementares — inerentes a uma deficiéncia cinético-
funcional.

3.5.6.1. Especificidades da semiologia sob o olhar do fisioterapeuta:

3.5.6.1.1. Feita durante a Consulta Fisioterapéutica, visa identificar alteracdes
estruturais e/ou funcionais, sob a 6tica da deficiéncia cinético-funcional, a fim
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de quantificar e interpretar prejuizos a cinética humana, implicita no
Diagnostico Fisioterapéutico.

3.5.6.1.2. O exame clinico-funcional visa quantificar a deficiéncia cinético-
funcional — ou o risco da mesma — obtido na Consulta Fisioterapéutica, onde o
foco é a saude funcional.

3.5.6.1.3. Anamnese: Relato da disfuncdo cinética / Histéria da
Funcionalidade Atual (HFA) / Histéria da Funcionalidade Pregressa (HFP).

3.5.6.1.4. Exame Fisico: Interpretar a Deficiéncia Cinético-Funcional /
Limitacdo de atividades e/ou limitagdo da participacdo social ou 0s riscos
destas.

3.5.6.1.5. Exames Funcionais: Exames complementares executados e/ou
analisados pelo fisioterapeuta, que visam quantificar a deficiéncia cinético-
funcional e subsidiar a construgcdo do Diagndstico Fisioterapéutico.

3.5.6.1.6. Registros Assistenciais: feita durante o periodo de conducédo da
assisténcia fisioterapéutica, onde o diagnéstico e o prognostico podem sofrer
variacfes e consequente mudanca na prescri¢ao fisioterapéutica.

3.5.7. Definicdo de Diagndstico Fisioterapéutico:

3.5.8. processo de registro das impressdes relacionadas as deficiéncias
funcionais do movimento e de seus fatores causais, relacionados aos sistemas
mental, cardiovascular, respiratério e neuromioarticular. Neste sentido, é
necessario que o fisioterapeuta realize avaliagdo qualitativa e quantitativa das
funcdes e estruturas corporais relacionadas ao movimento, das limitacbes de

atividades e das restricbes a participagdo social, bem como dos fatores
pessoais e ambientais.

3.6. Origem da palavra Prognéstico:

3.6.1. Prognéstico € uma previsdo baseada em fatos ou dados reais e
atuais, que pode indicar o provavel estagio futuro de um processo.

3.6.2. Em suma, o progndstico € todo o resultado que é tido como uma
hip6tese ou probabilidade, ou seja, algo que pode acontecer devido as
circunstancias observadas no presente.

3.6.3. Diferenca entre diagndstico e progndéstico: o primeiro esta
relacionado unicamente com o conhecimento e condicdo do presente, ou seja,
ao que é observado no momento. Por outro lado, o prognostico € o
conhecimento prévio sobre algo que provavelmente pode acontecer no futuro,
resultado este obtido a partir de interpretacdes feitas com base no diagndstico.
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3.6.4. Isso significa que, no ambito da fisioterapia, o prognostico
fisioterapéutico esta intrinsecamente ligado ao diagndstico fisioterapéutico,
sendo o primeiro dependente do segundo para existir.

3.7. Definicdo de Progndstico Fisioterapéutico:
3.7.1. Parte do processo fisioterapéutico — consulta (semiologia) /
diagnéstico / prognéstico — proveniente do diagnostico fisioterapéutico,

estabelecido a partir da analise de dados semioldgicos observados no
presente, com o intuito de hipotetizar um estagio futuro de uma deficiéncia
cinético-funcional.

4. PARECER TECNICO-CIENTIFICO

4.1. A partir de uma perspectiva histérica, a ultrassonografia tem sido
utilizada tradicionalmente para fins médicos desde a década de 1950 com o
objetivo de avaliar as caracteristicas morfologicas e a integridade estrutural de
varios orgaos e tecidos. Contudo, com 0s avanc¢os no conhecimento a respeito
dessa tecnologia surgiu uma diversidade de aplicacbes as quais se
estenderam para além do uso tradicional. Dentre estas, vem se destacado a
utilizacao da ultrassonografia para fins reabilitativos.

4.2. O wuso da ultrassonografia para auxiliar na reabilitacdo
musculoesquelética vem se desenvolvendo rapidamente nos ultimos 30 anos.
A primeira publicacdo sobre o tema € datada de 1968 quando pesquisadores
correlacionaram volume muscular com a capacidade de geragao de forca. No
entanto, foi o trabalho de pesquisadores da Universidade de Oxford na década
de 1980 que chamaram a atencdo para 0 uso da ultrassonografia por
fisioterapeutas. Varios estudos demonstraram as vantagens dessa ferramenta
para melhorar as rotinas de tratamento e de diagndstico fisioterapéutico. Assim,
na década de 1990 ocorreu um grande interesse na aplicacdo da
ultrassonografia para fins fisioterapéuticos. Isso ocorreu a partir da publicacéo
de uma série de estudos comprovando a seguranca, a viabilidade e a precisao
desta ferramenta. Em maio de 2006, aconteceu nos EUA o primeiro simposio
internacional sobre a utilizacdo da ultrassonografia para fins fisioterapéuticos
promovido pela faculdade de fisioterapia da Army-Baylor University. O objetivo
desse simposio foi desenvolver diretrizes de boas praticas para o uso desta
ferramenta e desenvolver uma agenda de pesquisa internacional e colaborativa
relacionada ao uso da ultrassonografia por fisioterapeutas. Foi neste evento
que a ultrassonografia para auxiliar na reabilitacdo foi denominada de
ultrassonografia  reabilitativa, também conhecida no Brasil como
ultrassonografia cinesiolégica.
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4.3. Neste simpoésio foi estabelecido que a ultrassonografia
cinesiolégica € um procedimento utilizado por fisioterapeutas para avaliar a
morfologia e a fungcdo dos musculos e tecidos moles durante a realizagdo de
exercicios fisicos e de atividades da vida diaria. Portanto, Esta ferramenta vem
sendo utilizada para auxiliar na aplicacdo de intervenglOes terapéuticas
destinadas a melhorar a funcdo neuromuscular. Isso inclui fornecer diagnéstico
funcional e feedback ao paciente e ao fisioterapeuta para melhorar os
resultados clinicos.

4.4, Em resumo, a partir da ultrassonografia cinesiolégica é possivel
estabelecer com maior precisdo a presenca de alteragcbes morfofuncionais,
bem como o nivel de recuperagdo a partir das condutas fisioterapéuticas
estabelecidas. Desta forma, faz-se necesséaria a utilizacdo desta ferramenta por
parte dos fisioterapeutas.

4.5. A ultrassonografia cinesiologica é indicada tanto para diagnostico
funcional, quanto para auxiliar no tratamento, bem como para avaliar a
resposta ao tratamento. Esta ferramenta pode ser utilizada em qualquer fase
das alteracdes funcionais e nos mais diversos campos (do desporto a unidade
de terapia intensiva). Para uso diagnostico, a ultrassonografia cinesiologica
pode ser utilizada para detectar alteragbes morfofuncionais como:
comprimento, espessura, diametro, area de seccao transversa, volume,
comprimento do fasciculo e &angulo de penacdo, alteragBes funcionais
neurofisiolégicas; presenca de edema/inflamacdo neuromusculares e em
tecidos moles; para avaliar a diminuicdo da capacidade contratii e de
estiramento. Estes sao apenas alguns exemplos da utlizacdo da
ultrassonografia cinesiologica para uso no diagnéstico funcional. No que se
refere ao tratamento, a ultrassonografia cinesiolégica pode auxiliar como
feedback para pacientes e fisioterapeutas no processo de reaprendizado
motor. Com relacdo a utilizacdo desta ferramenta para a andlise da eficacia do
tratamento, o fisioterapeuta pode em tempo real e com precisdo verificar
objetivamente a melhora das alteraces morfofuncionais. Isso pode auxiliar o
profissional na determinacdo do plano terapéutico e nos seus possiveis
ajustes, bem como no estabelecimento de prognadstico funcional.

4.6. A ultrassonografia cinesiolégica é um meétodo nédo invasivo, sem
emissdo de radiacdo e capaz de gerar diagnosticos funcionais. Assim,
considerando a lei federal 12.842, de 10 de julho de 2013, a Resolucdo do
Conselho Federal de Fisioterapia e Terapia Ocupacional (COFFITO) 381/2010
e a Resolucao COFFITO 400/2011 (artigo 3°), o fisioterapeuta especialista esta
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habilitado para utilizacdo da ultrassonografia ndo s6 no campo da pesquisa,
mas também na pratica clinica.

4.7. A ultrassonografia cinesioldégica pode ser utilizada para
diagnosticar as alteracbes morfofuncionais, auxiliar no tratamento como
feedback e para o acompanhamento das respostas ao tratamento de qualquer
alteracéo funcional de 6rgéos e sistemas. Assim, a depender do objetivo esta
ferramenta pode ser utilizada diariamente ou quando o profissional julgar
necessario, no contexto de avaliacao e reavaliacoes.

4.8. A fim de compreender e utilizar devidamente a ultrassonografia
cinesioldgica, € necessario o conhecimento basico sobre os principios fisicos
envolvidos nesse método diagnostico. Essa técnica de imagem é baseada na
emissdo e recepcdo de ondas ultrassonicas, e as imagens sdo obtidas por
processamento eletrénico de feixes de ultrassom refletidos de maneira singular
pelas diversas estruturas do corpo humano. O conhecimento e o0 ajuste de
alguns parametros durante a ultrassonografia cinesiolégica sdo fundamentais
para a melhor aquisicdo das imagens.

4.9. Para utilizar a ultrassonografia cinesiologica de forma precisa o
fisioterapeuta precisa dominar as seguintes areas e disciplinas: (i) anatomia
geral do sistema musculo esquelético e do sistema nervoso; (ii) biomecénica;
(i) biofisica; (iv) radiologia aplicada a ultrassonografia;, e (v) principios da
ultrassonografia cinesiologica. Assim, a formacdo de um especialista em
ultrassonografia cinesiologica pode consumir até 200 horas entre aulas tedricas
e estagios.

5. POPULACAO ALVO

5.1. A populacdo-alvo que se beneficiard da Ultrassonografia
Cinesioldgica sdo individuos com agravos funcionais sistémicos a saude tanto
agudos quanto crdnicos, criancas, adolescentes, adultos e idosos, de ambos
os sexos. No Brasil, estima-se que 65% da populacdo adulta, pelo menos uma
vez ao ano, apresente dor lombar. Sdo quase 50.000 leitos nas unidades de
terapia intensiva com pacientes restritos ao leito com alto risco de desenvolver
a polineumiopatias da doenca critica. A partir de apenas dois exemplos citados
€ possivel estimar um publico alvo em torno de dezenas de milhdes de
pacientes.

5.2. Descricdo do problema de saude ao qual se aplica a tecnologia
proposta, incluindo a descricdo da doenca ou da condicdo de saude,
diagnéstico e prognadstico funcional, tratamentos conhecidos, bem como dados
epidemiologicos do problema de saude

Pagina6de9

SRTVS — Quadra 701 — Conjunto L — Edificio Assis Chateaubriand — Bloco Il, salas 602/614
CEP: 70340-906 - Brasilia (DF) — Tel.: (61) 3035-3800 - Fax: (61) 3321-0828 -www.coffito.org.br

6/9



COFFITO

) . S ‘.y‘ ‘. - - - - -
el Conselho Federal de Fisioterapia e Terapia Ocupacional
) e

e

5.3. Individuos com alteracdes funcionais em todas as especialidades
da fisioterapia, que sejam indicados para realizar avaliagdo e tratamento
fisioterapéutico, considerando que esse exame avalia e ajuda no tratamento
das alterac6es morfofuncionais.

5.4. Descricdo das evidéncias cientificas relativas a eficacia,
efetividade, acuracia e seguranca da tecnologia em saude proposta,
comparadas as tecnologias alternativas em saude, por meio de apresentacao
de revisdo sistematica ou parecer técnico-cientifico — PTC, desenvolvido de
acordo com a edi¢do atualizada das diretrizes metodoldgicas de elaboracéo de
PTC e de revisdo sistematica e meta-analise de estudos, publicadas por
fisioterapeutas no Brasil,

5.5. A ultrassonografia cinesiolégica vem sendo cada vez mais utilizada
na pratica clinica. Por se tratar de um procedimento de avaliacdo, para auxilio
no tratamento e para o acompanhamento dos individuos, ha guidelines que o
referenciam e recomendam em diversas condi¢cfes de saude.
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Int. Z. angew. Physiol. einschl. Arbeitsphysiol. 28, 26—32 (1968)

Calculation of Muscle Strength
per Unit Cross-Sectional Area of Human Muscle
by Means of Ultrasonic Measurement

Micuio Ixar and TETSUO FURKUNAGA
School of Education, University of Tokyo

Beceived February 2, 1968

Summary. By means of the ultrasonic photography of the cross-section of the
acting musecle bundle, together with the measurement of the mmscle strength
developed by the snbject with maximutn effort, the strength per unit area of the
muscle was caleulated in 245 healthy humsan subjects, including 119 male and 126
female.

The result was summarized as the following:

1. The ultrasonic method used in this work was possibly admitted as the best
way to caloulate the cross-sectional area of the muscle,

2. The arm strength was fairly proportional to the cross-sectional area of the
flexor of the upper arm regardless of age and sex.

3. The strength per unit cross-sectional area of flexor of the wpper arm was
6.3 kgfem? in the average, standard deviation of 0.81 kg/em®. When cross-sectional
area of muscle was measured at extensive position of the forearm the strength per
unit area was calculated to be 4.7 kgfem? at flexed position of the forearm.

4, Ag to the individual variation, the strength per unit area was distributed in
a range from 4 kgfem? to 8 kgfem?®,

5. The strength per unit cross-sectional area wasalmost the same in male and female
regardless of age. In addition o that, there was not found any significant difference
in ordinary and trained adult.

The muscle strength per unit cross-sectional area has been calculated
by many authors., It has been understood that the strength must be
proportional to the physiclogical cross-sectional area of the muscle
(HETTINGER, 1961). There are found, however, some differences among
the results of researches as the followings: 6—10 kgfem?® (F1ex, 1910},
6.24 kg/cm? (HERMARN, 1808), 9.2 kg/em? (MorrIs, 1948), 4 kg/cm? (HET-
TINGER, 1964},

The present authors have conducted a study to determine the strength
per unit cross-sectional area by means of ultrasonic method in living
human subject. They also intend to make clear whether some differences
exist among ages and sexes as well as trained and untrained.
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Calculation of Muscle Strength 27

Methods and Procedurss

1. Subjecis

As the subject 245 healthy persons of 119 male and 126 female participated to
the experiment.

2. Measurement of Maximum Strength

The muscle strength was measured at the arm flexor at the right angle of the
elbow joint in sitting position isometrically. The subject contracted the muscle
against the cloth belt attached over the wrist with maximum effort. The belt, 45 mm
wide, was connected with a straingauge tensiometer. The legs were extended on a
chair. To get the maximum strength, any special procedure, was not used. After
three trials for measurement, the highest value was adopted ag the maximum
strength of each individual.

3. Measurement of the Cross-Sectional Area of the Muscle

The subject was asked to keep the lying position, while his arm wag fixed to
extend to the bottom of the water tank {Fig. 1). The ultrasonic scanner circulates
around the upper arm to be tested for 30 sec. The pulsed echo reflects on the cathode
ray screent in brightness modulation.

3inch A-scape screen
Water lank---—-_} e 3 O
\\\ ] Scanner
- Y S
) \\\ Tr‘ansducer' O
Forearm holder-—~"
P’Iar‘kmg
Sinch B-scope screen
Handle ---~-1 Yt

Fig. 1. Scheme of ultrasonic equipment

The frequency of ultrasonic wave was chosen to be 2.25—5 megacycle {MC)
per second to get clear view of bone, muscle as well az subcutaneous fat. Fig. 2
shows the cross-sectional picture of the upper arm.

In this picture, the boundaries among subcutaneous fat, muscle, fascia and
hone were observed clearly. Under consideration of the structure of subcutaneous
fat and fascia, muscle of the upper arm was devided into flexor and extensor.

To measure the size of the tissues, a calibration curve was made by means of
bakelite maodels of several diameters,
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28 M. Ixal and T. FUKUNAGA:

Anterior

M.biceps brachli

M. brachialis

Medialis Lateralis

Posterior

Fig. 2. Cross-seotional view of human upper arm by ultrasonic method

4. Calculation of Absolute Strength

To ealculate the absolute strength of flexor muscle, biceps brachii, the following
procedure was applied. The arm of the subject flexed at the elbow joint at right
angle as the same position as in the measurement of strength, X-ray photograph

Width of Beltal

Fig. 3. Determination of felecrum {0, force point () and resistance point (R)
by means of X-ray photograph
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Caleulation of Muscle Strength 29

was taken as was shown in Fig. 3. The distance between the arm and X.ray tube
was held to he 2m.

From the picture, the lever arms were measured for further caleulation: The O
means the center of axis of rotation of the elbow joint at the condylus humexi which
acts as fulerum. The F means the point at which biceps brachii muscle attaches
tuberositas radii. It acts as the force point. The R means the point on which the
belt is applied connected with tensiometer which acts as the resistance point.

In order to know whether the ratio of “resistance arm” and “force arm™ may
change in advance of age, measurement was done in two groups of young boys and

Table 1. Ratio of lever arm for calculation of the absolute muscle strength

Age Number Ratioof _ resistance arm (OR)
of subjects leverarme = forge arm (OF)

Boys 5 5.08 4 0.10 {mean 4 8. .}

13

Adult men 10 4.81 4 0.32 {mean 4 8. v}

20—30

adult men (Table 1). From these results, any significant difference between the
averages of the ratio was not found in both groups (P > 0.1). Therefore the ratio
could be estimated to be 4.90 in the average with the standard deviation of 0.29.
Prom the measured strength (A ), the absclute strength (4) was calculated
as follows:
4 = M-490.

Result and Diseussion

The measured strength of the arm flexor was plotted against the
cross-sectional area of the flexor muscle as shown in Fig, 4.

This presents a close relationship between the strength of the arm
flexor and cross.sectional area of the flexor observed in all the subjects
including male and female, young and adulé of trained and untrained.

The strength per unit cross-sectional area of the muscle (kgfom?) was
calculated from the arm strength and the cross-sectional area of the
flexor of the upper arm. Table 2 presents the average of the strength
per unit area respected to age and sex.

It was found in Table 2 that the strength per unit area was almost
the same in male and female, regardless of age. In addition to that, there
was not found significant difference in ordinary and trained adult as
shown in Table 3,

As to the individual variation, the strength per unit area is distributed
in a range from 4 kg to 8 kg as shown in Fig. 5.

MoRris (1948) reported that the strength per unit area of the flexor
of the npper arm was 9.2 kgfem? in male, and 7.1 kgfem? in female
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Fig. 4, Relationship between arm strength and cross-sectional area of flexor

Table 2. The strength per unit cross-sectional area

Age Arm strength Flexor of upper arm  Strength per unit
{yrs) (kg) (em?®) cross-sectional area
{kg/cm?) of muscle
12 Ma(12) 14.7 4 2.9 121 £ 2.3 6.0 4+ 1.1
F(10) 131420 10,1 4 1.7 64409
13 M21y 176422 13.0 1 0.6 67109
F {9 131420 10.6 + 1.0 612111
14 M5y 1954 2.7 144 + 1.5 8.7 4 0.8
F 1) 119411 11.0 + 1.3 53408
15 M3 191434 143 + 21 6.6 109
F{i13) 141410 112 + 1.6 6.3+ 09
16 M12) 217432 16.6 4- 2.7 8.5 4 1.0
P (18) 144417 115 + 1.3 6.1 1 0.6
17 M{i8) 218429 16.9 + 2.7 6.4 + 0.9
F (8 150422 114+ LT 8.3 - 0.5
18 ¥4y 180420 13.56 + 1.6 58 1L 0.8
19 F{(a% 166419 136 +23 6.1 + 1.0
200 M({12) 274152 20,1 4- 2.9 6.7 +11
F(4) 1824286 4.5+ 1.8 8.2 + L8
Obese boys (7) 25.8 4 5.0 23.3 + 4.0 5.5 + 1.0
Univ.
Judomen (9) 34.5 4 3.0 273+ 1.3 64 4+ 0.9

# Bracket () shows the number of subject, M =+male, F == female. — ? Mean -+ 8. D.
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M. Iar and T. FuruNaca: Caleulation of Muscle Strength 3t

Table 3. Strength of ordinary male and trained Judo othleles

Subject N Arm strength Strength per unit area
Ordinary
20 yrs 12 2744 62kg 6.7 + 1.1 kgfom?
Judomen ¢ 345 £ 30kg 6.4 + 0.9 kgfem?
{Mean + 8. D.)
15—
Male
N Female
Pl
E] 7
5 /.y
% AV
; mi i 7
3 11Y L.
€ 7 n il
S 5L / WA A
z B 7 2%%%%%
‘amnn
1 W 297%2%7%7%
/B % 2%%%% %
o 7 %%%%%7%:
7/ 7 %%%%%%

40 5.0 6. 7.0 80 2.0
Strength per unit cross sectional aren of muscle (kgfem?)

[

Tig. 6. The individual variation of the strength per unit ¢ross-sectional ares of
the flexor musele

subject, based on the measurement of the passive strength. MoRRis
mentioned a possihility that the subject could exert the highest strength
of 10 kgfem® as suggested by Ficx, if the subject would be trained for
highest concentration.

Frankr (1920) reported the highest value of 11.1 kgfem? in the flexor
of the upper arm,

As to the measurement of the cross-sectional area of the flexor, other
authors, including Morr1s, FRANEKE, HERMANN, used the anatomical data
measured in cadaver and data observed in X-ray film in living subject.
Compared with these classical methods, the ultrasonic method could be
available to differentiate more accurately the tissue components of the
living subject.

The flexor of upper arm, including biceps brachii and brachialis, was
chosen for this experiment, because the musele fibers run parallel to the
longitudinal axis of the musele bundle.
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32 M. Ixa1 and T. Fururaca: Caleulation of Muscle Strength

On the other hand, the oaross-sectional area of the flexor was caleu-
lated, in an flexed position to an angle of 90 degrees, in a maximum. con-
traction. The cross-sectional area was larger by 349 in flexed position
than in extended one. According to these procedures, the strength per
unit area of the flexor was caleulated to be approximately 4.7 kgfom?
in the average.
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RHEUMATOLOGY AND
REHABILITATION

Vol. XIX August 1980 No. 3

MEASUREMENT OF QUADRICEPS MUSCLE WASTING
BY ULTRASONOGRAPHY*

By A. YOUNG, 1. HUGHES, P. RUSSELL, M. J. PARKER anp P. J. R. NICHOLSt

Oxford Rehabilitation Research Unit, University of Oxford,
Nuffield Orthopaedic Centre, Headington, Oxford 0X3 7LD

SUMMARY

Grey-scale ultrasonography can produce an image of the quadriceps muscle from which it is

possible to measure its cross-sectional area (CSA). The between-days coefficient of variation for

quadriceps CSA (at mid-thigh) in 14 legs of seven subjects each scanned on four days was
uced to 4.0%, by averaging four scans on each day.

Bilateral scans (at the mid-thigh level) were used to measure the severity of quadriceps
wasting in 21 otherwise healthy adult patients with a difference in thigh circumference following
unilateral knee immobilization or injury.

Quadriceps wasting as demonstrated by the scans was consistently more severe than the
disparity in whole thigh cross-sectional area at the same level or the disparity in anthropometric
estimates of Fat-free thigh volume, Investigations concerned with changes in quadriceps muscle
bulk must therefore use a technique (such as ultrasonography) which allows measurement of
the quadriceps itself.

IMMOBILIZATION or injury of the knee joint quickly results in weakness and wasting of the
ipsilateral quadriceps muscle, and the restoration of quadriceps strength is important
for the recovery of normal knee function and control (Duthie and Ferguson, 1973),
Since the measurement of quadriceps strength in patients with a recent history of lower-
limb trauma is often difficult, the need for, and the effectiveness of, physiotherapeutic
exercise are usually assessed on the basis of estimates of muscle bulk and not of strength.
Although their reproducibility is poor (Nicholas er al., 1976; Kirwan et al., 1979),
thigh circumference measurements are used to estimate changes in quadriceps buik.
Moreover, quite large changes in the size of the quadriceps may be obscured by the
variable thickness of the surrounding layer of subcutaneous fat (Ingemann-Hansen and

* Based on a paper presented at the Annual Provincial Meeting of the British Association for
Rheumatology and Rehabilitation, the Royal Society of Medicine, Section of Rheumalology
and Rehabilitation and The Heberden Society, Manchester, 12 and 13 July 1979,

t Dr. Nichols died on 8 September 1979.

Requests for reprints to Dr. A. Young.
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142 RHEUMATOLOGY AND REHABILITATION VOL. XIX NO. 3

Halkjaer-Kristensen, 1977) and the presence in the thigh of a large bulk of other muscles,
The latter remains a potential problem even if skinfold thickness measurements are
used to estimate the volume of subcutaneous fat.

Evidence from a muscle-biopsy study suggests that after tibial fracture the wasting
process may often be highly seiective, affecting the quadriceps much more than the other
thigh muscles (Sargeant et al., 1977). However, any attempt to extrapolate from cbser-
vations of muscle fibre size to conclusions about whole muscle size depends on major
assumptions regarding the number of fibres in the muscle and the extent to which the
biopsy findings are representative of events in the muscle as a whole.

This paper describes how ultrasonography may be used to provide an image of a
cross-section of the quadriceps and how the cross-sectional area of this image is affected
by knee injury and/or immobilization,

METHODS
Quadriceps scanning

An image of a transverse section through the quadriceps muscle group was obtained
by means of a conventional diagnostic ultrasound scanner with grey scale attachment
(Nuclear Enterprises, ‘Diasonograph NE4200%). Scans were made at a point (hereafter
referred to as ‘mid-thigh’) half-way between the greater trochanter and the lateral joint
line of the knee. The height of this point above the floor was recorded so that it could be
identified on future occasions.

Scanning was performed with the subject supine and his leg supported with the knee
extended. The leg was supported with the hip flexed to 5° (or sometimes 10°) to allow
scanning from more posterior points on the thigh circumference, thus ensuring that an
adequate image could be compounded. The scanning gantry was tilted through an
equal angle so that a transverse scan was still obtained. The best images were usually
obtained with a much attenuated sound input of frequency 2.5 MHz, and a compen-
sation rate of 5 dB/cm, with care being taken not to distort by compression. The last
condition was easier to meet when using a probe of small face area. The probe used was
Nuclear Enterprises NE4328 (13 mm LIF, 2.25 MHz). Arachis oil was used as the
coupling medium.

The scan image was photographed to give an ultrasonogram on Nuclear medicine
NMB film (Kodak) whichk was about half life-size.

Quadriceps cross-sectional area

The outline of the quadriceps group was traced from the photograph of each scan
and the cross-sectional area (CSA) of the quadriceps was measured by cutting-out and
weighing the tracing.

Thigh circumference

Thigh circumference was measured by tape measure, at ‘mid-thigh’, with the
subject standing.

Fat-free thigh volume
Thigh volume was estimated by measuring its circumference at three levels and
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YOUNG ET AL.: MEASUREMENT OF MUSCLE WASTING 143

treating the thigh as two truncated cones (after Jones and Pearson, 1969). The levels
were defined on the dominant or uninjured leg (normal subjects or patients respectively)
as (i) gluteal fold, (ii) knee plus one third sub-ischial height and (jif} narrowest point
above the knee. The citcumferences of the non-dominant (or injured) limb were measured
at the same heights above the ground.

The thickness of subcutancous fat was estimated by applying the regression equa-
tions of Davies and Sargeant (1975) to skinfold thickness measurements made anteriorly
and posteriorly at level (if). These measurements were made with Harpenden skinfold
calipers (British Indicators Ltd). The anterior skinfolds were measured with the subjects
standing, but for the posterior measurements it was necessary for them to lie prone
with the knee flexed, so that a measureable skinfold could be lifted. The fat-free thigh
volume was then calculated by subtraction of the estimated fat volume from the esti-
mated total thigh volume.

SUBJECTS

Repeatability study

Four female and three male adults participated in a study of the repeatability of
ultrasonographic measurements of quadriceps cross-sectional area. Two of the male
subjects had mild unilateral wasting secondary to knee injury,
Cross-sectional study of quadriceps wasting

Patients (five female and 16 male) were recruited from the physiotherapy ‘knee class’

TABLE
PATIENTS WITH UNILATERAL THIGH MUSCLE WASTING

Age Difference in mid-thigh
Diagnosis {years) Sex circumference
{cm) (%)
Meniscectomy 19 F 4.3 -1.9
Meniscectomy 19 M 1.8 -31.5
Meniscectomy 20 M 1.7 -3.1
Meniscectomy 26 M 0.5 —-1.0
Meniscectomy 27 M 1.9 -31.9
Meniscectomy 28 M 1.4 -3.0
Meniscectomy £] M 0.4 —-0.8
Knee injury 19 M 3.3 —6.8
Knee injury 23 M 1.3 -2.6
Knee injury 44 M 0.5 -1.0
Knee injury + POP 22 F 1.7 -3.3
Knee injury + POP 27 M 1.8 —4.2
Kneeinjury + POP 27 M 2.0 —-3.7
Knee injury + POP 34 F 1.6 -3.3
Fractured tibia 23 M 6.1 -12.4
Fractured tibia 29 F 2.7 —-5.9
Fractured tibia 31 M 2.8 —-4.5
Fractured tibia + pes anserinus transfer 35 M 2.9 -5.4
Pes anserinus transfer 39 M 1.6 -3.4
Arthrotomy 19 F 1.8 -3.6
Arthrotomy 36 M 0.5 -0.9
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144 RHEUMATOLOGY AND REHABILITATION VOL, XIX NO. 3

and from an orthopaedic out-patient clinic. These were essentially healthy young adults
(median age 27 years; range 19-44) who were referred to us if their therapist had measured
at least 2 cm discrepancy in mid-thigh circumference following knee injury or immo-
bilization (Table). (This difference was not always confirmed when the patients were
remeasured by the investigators.)

Patients with a history of injury to the other lower limb within the preceding two
years were excluded, as were any with clinical evidence to suggest denervation, muscle
disease, or inflammatory joint disease. The patients had a wide range of undetlying
orthopaedic diagnoses (Table), with post-meniscectomy patients forming the largest
single group.

RESULTS
Quadriceps scanning

It was always easy to distinguish the femur and the four parts of the quadriceps
in the transverse ultrasonograms (Fig. 1, Plate IX and Fig. 2, Plate X)}. Difficulties in
scan interpretation arose in two areas. The boundary between biceps femoris and the
quadriceps was sometimes hard to define where the short head of the biceps is closely
applied to the posterior aspect of the lateral mass of the quadriceps. A more difficult
boundary to define was that of vastus medialis with adductor longus and sartorius,

Satisfactory scans were obtained more readily for female subjects than for male
subjects. Of the males, those with the smallest skinfolds tended to be the hardest to
scan—distortion by compression was harder to avoid and, in the very lean, the trans-
ducer ringing period obscured the outer border of the muscle.

Repeatability study

Each thigh of each of the seven subjects was scanned four times on each of four
visits. The ‘between-scans” variance gave a coefficient of variation of 5.29%,. (Errors in
cutting out and weighing of the tracings made only a minimal contribution to this.)

The net ‘between visits’ coefficient of variation was 6.1%,. If the component of
variance attributable to the ‘between-scans’ variation was reduced by averaging each
subject’s four scans on each occasion, the net ‘between-visits’ coefficient of variation was
reduced to 4.09%,. '

Although the female subjects were easier to scan, there was no significant difference
between the coefficients of variation calculated for males and females, However this
could, of course, simply reflect the small number of subjects.

Cross-sectional study of quadriceps wasting

The same pattern of results was obtained for the post-meniscectomy group as for
the other patients and the results will therefore be reported together.

The injured/uninjured limb ratio for the mid-thigh circumference-squared was
consistently greater than the corresponding ratio for quadriceps cross-sectional area
{mean of four scans on each thigh) (Fig. 3). The two ratios show a weak, linear correlation
(r=0.50;0.05>P>0.01).

It appears that in these patients, the reduction in the cross-sectional area of the whole
thigh was consistently less than the reduction in quadriceps cross-sectional area. To test
whether this discrepancy might be explained simply by a greater thickness of sub-
cutaneous fat in the injured limb, the injured/uninjured limb ratios for quadriceps
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Fic. 1.—Normal transverse ultrasonogram made at the mid-thigh level in a 19-year-old girl
(VI = vastus intermedius; VL = vastus lateralis; RF = rectus femoris; VM = vastus medialis;
AL = adductor longus; S = sartorius; G = gracilis).
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F16. 3.—The injured/uninjured limb ratio for quadriceps cross-sectional area plotted against the
equivalent ratio for thigh circumference-squared. (The graph also includes the corresponding
weaker limb/stronger limb ratio for five normal young men.)

cross-sectional area were replotted against the ratios for fat-free thigh volume (Fig. 4).
The discrepancy between the ratios persists (P < 0.001), although it is less pronounced.

DISCUSSION
Quadriceps scanning

The use of ultrasonography to delincate individual skeletal muscles in man, and so
measure their cross-sectional area, was first described by Ikai and Fukunaga in 1968.
They subsequently used the technique in a study of the effects of physical training on
the strength of elbow flexion and the cross-sectional area of the anterior compartment
of the upper arm (Ikai and Fukunaga, 1970). However, their technique did not allow
adequate differentiation between muscles. Moreover, the procedure was not widely
applicable as it involved scanning the limb submerged in a water-bath. As a result,
there were no other published reports of this application of ultrasonography until
Dons e al. (1979) used it to obtain an indication of quadriceps cross-sectional area.
Difficulty in distinguishing muscle boundaries meant that they were limited to measuring
skin to bone thickness at 33° intervals around a 100° sector of the antero-lateral thigh
and did not actually measure quadriceps cross-sectional area.

Human muscle cross-sectional area has been measured in vive by computerized
axial tomography (Haggmark et al., 1978; Haggmark and Eriksson, 1979; Bulcke et al.,
1979). However this technique requires sophisticated and expensive equipment of very
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FiG. 4.—The injured/uninjured limb ratio for quadriceps cross-sectional area plotted against the
equivalent ratio for fat-free thigh volume. (The graph also includes the corresponding weaker
limb/stronger limb ratio for five normal young men.)

limited availability, Moreover, the radiation exposure entailed in axial tomography of an
extremity, although small (Perry and Bridges, 1973), still places significant ethical
limitations on the use of the technique for sequential measurements.

The principal advantage of computed tomography would be its superior image
resolution (Ferrucci, 1979a). However this study demonstrates that a practised operator
using a modern ultrasonic scanner can obtain a satisfactory image of a transverse section
through the quadriceps muscle group. Qur experience of scanning the quadriceps
suggests that other muscles could probably also be studied in this way, after a period of
preliminary experimentation to establish the appropriate details of scanning technique.,

The high reflectivity of fat for ultrasound means that an obese abdomen is difficult
to scan successfully (Ferrucci, 19798). However, a substantial layer of subcutaneous fat
facilitates thigh ultrasonography by minimizing deformation of the underlying muscle
during scan compounding. This is particularly relevant when scanning a limb of small
radius since adequate compounding is then impossible without significant compression
of the skin surface. Whatever its radius, a very lean thigh cannot be scanned successfully
by the technique described, since the ringing period of the transducer obscures the outer
boundary of the muscle. Such a limb would have to be scanned through a water-bath,

It also seems likely that a thigh with a substantial layer of subcutaneous fat also
has a greater amount of intermuscular fat which may make it easier to delincate the
intermuscular boundaries.

Cross-sectional study of quadriceps wasting
Inabiopsy study of seven patients with quadriceps wasting following lower-leg fracture
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and subsequent knee immobilization (Sargeant ef al., 1977), measurements of muscle
fibre size suggested that quadriceps atrophy might sometimes be much greater than would
be expected from anthropometric estimates of fat-free thigh volume. This conclusion
depended on the assumption that the fibre size measurements were representative of
events in the quadriceps as a whole. The work of Haggmark et al. (1978) lent some weight
to this assumption: they showed that for nine male subjects there was a linear relationship
between MFA and the CSA of vastus intermedius plus vastus lateralis as measured by
computerized axial tomography.

This study has now confirmed that, after knee injury or immobilization, estimates of
muscle wasting based on thigh circumference measurements seriously underestimate the
severity of the quadriceps wasting actually present. Moreover, this discrepancy cannot be
explained simply by a greater thickness of subcutaneous fat in the injured limb. It seems
that in these patients the wasting process is largely localized to the quadriceps itself,
sparing the other thigh muscles, Strictly speaking, confirmation of this requires a longi-
tudinal study since changes may also be occurring in the uninjured limb.

Small differences in thigh circumference are not only difficult to demonstrate
reliably (Nicholas er af., 1976; Kirwan er @l., 1979) but they may conceal large differences
in quadriceps cross-sectional area. A 2.5 ¢m difference in mid-thigh circumference
probably means a 22-339% difference in quadriceps CSA (95Y% confidence limits of
prediction, if larger thigh circumference = 50 cm).

For routine clinical practice, thigh muscle ultrasonography is too time-consuming
to have an important place as a measure of muscle wasting. Nevertheless, studies such
as this give a better appreciation of the true implication of a clinically demonstrable
difference in thigh circumference. On the other hand, ultrasonography is a potentially
useful tool for physiotherapy research since a study of the treatment of muscle wasting
demands measurement of the individual muscle group involved. Indeed, we should
suggest that it would be a waste of time to base any research study of quadriceps physio-
therapy on measurements of thigh circumference.
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Measurement of Quadriceps Cross-sectional
Area by Ultrasonography: A Description

of the Technique and its

Applications in Physiotherapy

Maria Stokes and Archie Young

obtain them.

The effect of physiotherapy on muscle growth can be evaluated by direct
measurements of the individual muscle concerned, eg. using ultrasound B-scanning.
The technique is suitable for adoption by physiotherapists to use independently or in
collaboration with specialists in diagnostic imaging. Details of the technique are
described, and the difficulties met while making and interpreting the scans are
discussed. The purpose of this paper is to stress the importance of muscle-size
measurements and to encourage physiotherapists to use ultrasound scanning to

INTRODUCTION

Physiotherapists spend a lot of time helping
patients build up their muscles, yet there are very
few objective tests to evaluate the effects of
treatment. Strength measurements, while very
useful, are not always appropriate e.g. when reflex
inhibition, pain, or fear of pain are present,
Measurements of muscle bulk cannot be made
accurately with a tape measure due to the
presence of varying amounts of subcutaneous fat
and other muscles in the limb. Muscle wasting
{Young ¢ al., 1982) and muscle growth (Young ¢!
al., 1983} are seriously underestimated by the
tape measure.

Grey-scale ultrasound B-scanning produces an
image of the muscle which allows accurate

measurement of its cross-sectional area (CSA)
(Ikai & Fukunaga, 1968; Young e al, 1980).
Computerised axial tomography (CAT) (Hagg-
mark ¢f al, 1978}, and nuclear magnetic resonance
{NMR) are other imaging techniques which can
also be used to measure muscle CSA. The advan-
tages of ultrasound over these methods are: that
ultrasound equipment is readily available in most
hospitals, there is no exposure to radition, and it
can be used independently by a physiotherapist.
Various muscles can be measured using ultra-
sound but this paper describes scanning of the
quadriceps. Details of the technique (including a
small repeatability study) and the problems
encountered are described.

SUBJECTS STUDIED

Maria Stokes PhD MCSP University Department of
Medicing, Royal Liverpool Hospital, PO Box 147,
Liverpool L69 3BX.

Archie Young BSc MD FRCP Departiment of Geriatric
Medicine, Royal Free Hospital Medical School, Hamp-
stead, London

Including the five normal subjects in the repeata-
bility study, 52 normal subjects (who took part in
research projects) and 12 patients have been
scanned by one of the authors who is a physio-
therapist. The subjects included two orthopaedic
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patients who had persistent problems of quadri-
ceps weakness due to knee joint injury and
ultrasound scanning was used to aid evaluation of
their treatment. The other patients had endocrine
‘myopathies’ and were being studied during their
medical treatment.

METHOD OF SCANNING THE
QUADRICEPS

The machine used is a compound B diagnostic
ultrasound scanner with grey scale attachment (A
Nuclear Enterprises, ‘Diasonograph NE 4200’ is
used but other compound B scanners would be
satisfactory). The frequency which produces the
clearest definition for scanning the quadriceps
(2.5 MHz) is similar to those used in therapeutic
ultrasound (0.75-3 MHz) but the power is about
1/100 of that used for treatment (Lunt, 1977). A
water-based coupling medium is used in prefer-
ence to oil as it produces better definition of the
image. When the probe is placed on the skin the
ultrasound beam is reflected back to the probe
from tissue interfaces which are at 90° to the beam
and these appear as dots on an oscilloscope screen
{Fig 1}. The probe is moved around the surface of
the thigh in a sweeping fashion and the dots
become lines {Fig 2). Gradually an image of a slice
through the thigh is built up on the screen. If the
image is satisfactory it can be photographed (Fig.
3).

Routinely, scans are made at mid-thigh which
is defined as haifway between the most prominent
point of the greater trochanter and the lateral
joint line of the knee (Young ¢t al., 1980). At this

probe —=

Fig. 1 The ultrasound beam is reflectad back to the
proba from tissue interfaces which it strikes at 90*. The
interfaces appsar as dots on the oscilloscope.

TN
—3
—
M

Fig. 2 As the probe is moved around the surface of the
thigh, the dots become lines building up a picture of a
cross-section through the thigh.

Fig. 3 Scan of a transverse section through mid-thigh.
VL =Vastus Lateralis, VM =Vastus Medialis, RF=Rectus
Femoris, VI=Vastus Intermedius, AL=Adductor Longus,

level in the thigh all the four heads of quadriceps
are well represented (although not in equal
proportions). When scanning is to be repeated at
a future date, a mark at the level of the scans is
traced on to a transparent sheet together with
permanent skin blemishes ¢.g. freckles and scars,
to allow accurate relocation of the site (Dons ¢2 al.,
1979). The subject lies supine with the knee
extended and the hip is slightly flexed (5°) by
supporting the leg with sandbags behind the knee
and ankle. The scanning probe is mounted in a
gantry which is positioned over the subject. The
angle of the hip in which the leg is supported
allows the probe to scan from the postero-lateral
aspect of the thigh, therefore compieting the
muscle outline. The scanning gantry is tilted
through an equal angle se that scans are made at
90° 1o the thigh.
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Fig. 4 Medial part of the thigh before completion of
scan.

" The medial part of the thigh is scanned first,
and detail occasionally becomes obscured afier
scanning the lateral side. In such instances scan-
ning is restarted, the medial part is photographed
{Fig. 4), and then the rest of the scan is completed.
Certain parts of the muscle outline are sometimes
difficult to define (vide infra) so the scan is first
photographed to preserve the basic cutline and
then extra coupling medium is placed at sites
where, by indenting the skin with the probe, the
ultrasound beams can be directed at 90° to the ill-
defined tissue interface (Fig. 5). The extra cou-
pling medium also serves to ‘build up’ the surface.
Each subject has 4 scans taken of each thigh, and
these are photographed. The quadriceps’ outline
is later traced from each scan and its CSA
measured with a MOP electronic planimeter
{Reichert-jung}. The mid-thigh CSA of a single
quadriceps on a single visit is calculated as the
mean of the results of four scans. The total time
taken to obtain the four scans on wo thighs,
photograph and develop them, is between 1/2 and
3/4 h. Obviously this would be too time-consum-
ing for routine clinical practice, but would be
acceptable in some clinical situations and in
research.

PHYSIOTHERAPY PRACTICE 33

Fig. 5 Indentation of the probe into the thigh has
allowed bstter definition of the boundary (arrowed)
betwaen vastus medialis and adductor longus.

Repeatability study

Five female volunteers from the hospital staff at
the Nuffield Orthopaedic Centre, Oxford took
part (Table 1). None of them had muscle,
neurological or joint disease. Each subject had
both quadriceps scanned on two occasions (rang-
ing from 3-11 days apart). There was good

Table 1

Bilateral measuremeants of quadriceps cross-sec-
tional area at mid-thigh, mads on two occasions,
in five normal women—repeatability study

Quadriceps CSA {cm?)

Right
Weight Age cv cv
{kg) (Age) Day1 Day2 (%) Day1 Day2 (%)

53 40 393 402 16 412 421 15
60 24 452 474 34 478 413 0.7
72 K 547 566 24 434 492 1.2
80 28 704 683 20 674 686 1.2
82 24 538 635 04 506 B35 39

Mean CV=2.0% Mean CV=1.7%

CSA=Cross-sectional area
Standard Deviation x100

CV=Coefficient of variation=
Mean
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agreement between the values for quadriceps
CSA obtained on the two occasions for all five
Subjects (Table 1). The coefficient of variation
between the visits was 29, which was lower than
that previously reported (4%,) by Young et al.
{1980). This difference may have arisen because
the earlier study’s method for re-locating mid-
thigh (by measuring the height from the floor)
was not as reproducible as using a transparent
sheet. This small study showed that measure-
ments made independantly by a physiotherapist
were at least as repeatable as those previously
reported.

Difficulties in making and interpreting the
scans

Learning how to operate the equipment was not
difficult, but much practice was required to
produce an image which was not distorted by
compression with the probe, but which still
showed good definition of the complete perimeter
of the quadriceps (Fig. 3). When scanning lean
thighs, the muscle was easily distorted by com-
pression, and the smaller amounts of inter-muscu-
lar fat led to poorer definition of muscle boundar-
jes; males were more difficult to scan than females
as they tended to have less fat.

Two parts of the muscle outline which were
oflten awkward to define were the boundaries
between biceps femoris (short head) and vastus
lateralis, and between vastus medialis and adduc-
tor longus (Fig. 3). The slight elevation of the
thigh and occasional deliberate indentations of
the skin improved these boundaries.

Including the repeatability study, 64 subjects
have been independently scanned on 90 occasions
{Table 2). Of 704 scans, only 20 were not
measurable (the accuracy of interpretation of the
outline was judged at the time of tracing the

Table 2
Total number of scans taken

Normal

subjects Patients Total
Number of subjects 52 12 64
Number of occasions 58 32 90
Scans taken 464 240 704
Scans not measured 4 16 20 {(2.8%)

scans). The outlines were not satisfactory in one
scan from each of 11 subjects, and two scans from
cach of three subjects. On one occasion, three
scans from one patient were destroyed due to
problems with the camera. Normally three more
would have been taken to replace these but the
patient had severe chronic bronchitis and was
unable to remain lying for more scans. Although
3%, of the scans were rejected, measurements of
quadriceps CSA were successfully obtained for all
of the subjects.

Research and clinical applications of
ultrasound scanning

Ultrasound scanning used in studies of muscle
wasting e.g. (Young ¢ al., 1982) showed that a
5%, reduction in mid-thigh circumference (mea-
sured using a tape measure) may conceal a 22—
33%, reduction in quadriceps CSA. Muscle
growth studies have alse included the use of
ultrasound scanning (lkai & Fukunaga, 1970,
Young ¢ al., 1983).

A normal range for the close relationship
between quadriceps’ size (using ultrasound scan-
ning) and its isometric strength has been estab-
lished for normal subjects of different ages (Young
e al, 1984 & 1983). Isometric strength was
measured with the subject seated, the hip and
knees at 90° and the lower leg dependant
{Edwards # 4l., 1977). An inextensible strap,
which was placed around the ankle (just above
the malleoli), was attached to a strain gauge at the
back of the chair, As the subject tried to straighten
his knee, the force exerted at the ankle was
recorded on an oscillograph. The ratio of quadri-
ceps strength to its CSA is the same in young and
old women (Young el ai., 1984) and in old men,
but in young men the relationship is not so
straightforward {Young ¢ al., 1985). The close
relationship in females was used to evaluate the
relative contributions to weakness of atrophy and
inhibition in two female patients with knee pain
and severe unilateral quadriceps wasting {Fig. 6).
The quadriceps strength of their injured limbs
was inappropriately low for the size of their
atrophic quadriceps. This suggested inhibition of
quadriceps contraction, either due to pain or
some other stimuli from the injured knee (Stokes
& Young, 1984). One of the patients received an
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Fig. 6 The evaluation of atrophy and inhibition in sports
medicine. The quadriceps size and strength of two
female patients with unilateral knee pain are shown in
relation to the normal femals range. (See text for
explanation of effect of intra-articular lignocaine.)

injection of lignocaine into the knee joint which
enabled her to exert more force, confirming that
the discrepancy between the original strength and
that expected for the size of the muscle was due, at
least in part, to afferent stimuli from the knee.
These investigations made important contribu-
tions to the correct selection and evaluation of
rehabilitation received by these two patients.
Also, they suggest that serial measurements of
quadriceps size might be more valuable than
strength measurements in patients with inhibition
{whether voluntary or involuntary}, particularly
those with joint disease.

Future work, involving scanning the thigh at
different levels, might provide evidence for or
against theories of selective atrophy and hypertro-
phy of the different heads of the quadriceps.

Ultrasound scanning has been used to look at
muscle in other ways apart from measuring its
size, For example, it has been used for investigat-
ing dystrophic muscle {Heckmatt et al., 1980).
Fornage ¢ al., (1982} used ultrasound to detect
muscle lesions in athletes and were able o
accurately assess their severity before embarking
on surgical repair. In a case report of a patient
with pyomyositis, real-time (RT) ultrasound and
CAT scanning were used for diagnosis, and RT
scanning was also used to guide percutaneocus
drainage of the abcess, thus avoiding surgery
(Yousefzadeh et of., 1982).
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CONCLUSIONS

Ultrasonography could be used to make measure-
ments of muscle size which are essential in
research and valuable in the clinical evaluation of
treatment. Itis hoped that this paper will encour-
age other physiotherapists to adopt the technique
and that as its use becomes more widespread, so
too will its applications in ather areas of physio-
therapy.
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B Evidence of Lumbar Multifidus Muscle

Wasting Ipsilateral to Symptoms in
Patients with Acute/Subacute Low

Back Pain

J. A. Hides,* M. J. Stokes, PhD,# M. Saide,t G. A. Jull,t and D. H. Cooper8

The effect of low back pain on the size of the lumbar
multifidus muscle was examined using real-time ultra-
souwnd imaging. Bilateral scans weare performed in 26
patients with acute unilateral low back pain (LBP) symp-
toms (aged 17-46 years) and 51 normal subjects (aged
18=32 yaars). In all patients, multifidus cross-sectional
area (CSA) was measured from the 2nd to the 5th lum-
bar vertebrae (L2-5) and in six patients, that of 51 was
aleo measured, In all normal subjects, CSA was mea-
sured at L4 and in 10 subjects measurameants were
made from L2-5. Marked asymmetry of multifidus CSA
was seen in patients with the smaller muscle being on
the side ipsilateral to symptoms (batwaen-side diffar-
ance 31 = 8%], but this was confined to one vertebral
level. Above and below this level of wasting, mean CSA
differences wera = 6%. In normal subjects, the mean
differences were < 5% at all vertebral levels. The site of
wasting in patients corresponded to the clinically detar-
mined level of symptoms in 24 of the 26 patients, but
there was no correlation between the dagree of asym-
matry and saverity of symptoms. Patients had rounder
musclas than normal subjects (measured by a shape
ratio index), perhaps indicating muscle spasm, Linear
measuramants of multifidus cross-section were highly
correlated with CS5A in normal muscles but less so in
wasted muscles, so C5A measurements are more accu-
rate than linear dimensions. The fact that reduced CSA,
i.e., wasting, was unilateral and isolated to one lavel
suggests that the mechanism of wasting was not gener-
alized disuse atrophy or spinal reflex inhibition, Inhibi-
tion due to perceived pain, via a long loop reflex, which
targeted the vertebral level of pathology to protect the
damaged tissuas was thea likely machanism of wasting.
The lack of correlation between severity of wasting and
symptoms highlights the need for objective measure-
mant in the assessment of the paraspinal muscles in
LBP. [Key words: low back pain, muscle size, lumbar
multifidus, real-time ultrasound)]

The paraspinal muscles play a vital role in the stability
and functional movement of the vertebral column but

From the *Departments of Physiotherapy and tRadiology, Mater
Hospital, Brisbane, Australia, 1Department of Physiotherapy, Univer-
sity of Queensland, Brisbane, and §Private Practice in Diagnostic
Ultrasound, Brisbane, Australia.

Accepted for publication July 9, 1993,

" their role in spinal dysfunction is unclear. The lumbar

multifidus, which is thought to be particularly impot-
tant for stability, is the largest and most medial of the
lumbar back muscles. It consists of five separate bands
which receive their own innervation.!s These bands
spread caudolaterally from the midline, each originating
from one lumbar vertebra and attaching to mamillary
processes, the iliac crest, and the sacrum, so they are
polysegmental,

Objective direct measurement of muscle might help
in the assessment of low back pain (LBP) and aid the
choice of appropriate treatment. Imaging techniques can
be used to measure muscle size and the relative advan-
tages of techniques such as ultrasound scanning, com-
puterized tomography, and magnetic resonance imaging
in rehabilitation have been discussed elsewhere,2¢ Real-
time (RT) ultrasound scanning was used in the present
study to measure the cross-sectional area (CSA)} of the
lumbar multifidus muscle. The degree of between-side
symmetry of multifidus CSA has been documented in
healthy young adults.? Linear dimensions can be mea-
sured on the images, e.g., depth or width of the muscle
cross-section, and these are mote rapid to obtain than
CSA. Some linear dimensions were defined and shown
to be highly correlated with CSA in normal muscles.?
Preliminary data from two patients with acute onset of
LBP at the level of the 4th—=5th lumbar vertebrae (L4-5),
in whom bilateral scans were taken at the level of symp-
toms, indicated that multifidus CSA was markedly re-
duced on the symptomatic side of the spine. This indi-
cated that ultrasound measurements may be useful for
assessing patients but a controlled study was needed to
establish the sensitivity of ultrasound measurements in
determining the vertebral level of dysfunction.

If muscle wasting with low back pathology were due
to disuse atrophy, perhaps from pain, a reduction in
muscle size might be expected to be seen throughout the
length of the muscle over different levels of the lumbar
spine. Reflex inhibition can also occur, even in the ab-
sence of pain,” and has a more specific pattern of wast-
ing. For example, with knee joint damage, afferent stim-
uli from the joint inhibit activation of alpha motor
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Table 1. Demographic Data for the Patients with Acute
Low Back Pain

Man Women

n 16 10
Age lyrl

Mean 232 336

S0 82 83

Range 1746 19-43
Weight (kg)

Mean 774 619

8D 9.2 13.2

Range 64-91 48-90
Height {m}

Mean 1.78 182

S0 0,05 on

Range 1.7-1.92 1.5-18
Duration of symptoms {days)

Maan 121 14.6

8D 139 16.6

Range 1-56 156

neurons to quadriceps via a spinal reflex mecha-
nism.711,24 If wasting in LBP patients were due to reflex
inhibition, the segmental anatomical arrangement and
innervation of the multifidus fascicles described earlier
might dictate that the site of greatest wasting would be
below the vertebral level of pathology and symptoms,
i.e., where the bulk of these segmental fascicles is situ-
ated. Unilateral symptoms might also produce unilateral
wasting, at least in the acute stage, which could be
assessed by the degree of asymmetry of muscle size.
Precise local examination of the muscle might therefore
help to elucidate the mechanisms of muscle wasting in
back pain patients, e.g., disuse atrophy or reflex inhibi-
tion,

The present study documented asymmetry of multifi-
dus CSA and shape in patients with acute and subacute,
unilateral, low back symptoms. Multifidus was exam-
ined at different levels of the lumbar spine to investigate
the possible mechanism of the wasting seen in acute
LBP. The correlation berween CSA and linear measure-
ments was also examined to see whether linear measure-
ments could accurately predict CSA in patients and thus
assess the clinical usefulness of RT ultrasound scanning.
Part of this work has been published as an abstract.2?

# Method

All subjects gave their informed consent and the study was
approved by the Medical Ethical Review Committees of the
University of Queensland and Mater Hospital, Brisbane.

Patients, Twenty six patients {16 males}, aged 1746 years,
suffering their first episode of LBP were studied. All had uni-
lateral symptoms, some with pain referral to the leg. Subjects
were recruited from the Accident and Emergency Department
of the Mater Public Hospital and University of Queensland
Physiotherapy Department Clinic. Most had no specific diag-
nosis other than acute or subacute LBP and were referred for
physiotherapy. Patient demographic details and duration of
symptoms are shown in Table 1,

Ten of the 26 patients had routine plain x-rays before
referral, The x-rays were teported as being normal in nine
cases and osteophytic lipping at L3-4 and L4-5 was present in
one subject (AC; aged 46). A subsequent CT scan in one
patient (AK) indicated a postero-lateral disc bulge, which en-
croached onto the thecal sac, at L5-51, Exclusion criteria were
previous history of LBP or injury, previous lumbar surgery,
observable spinal deformity (e.g. scoliosis), neurornuscular or
joint disease, and any sports or fitness training program in-
volving the back muscles within the previous 3 months.

Clinical Examination. On referral to physiotherapy, sub-
jects were examined by a manipulative physiotherapist. This
assessment was performed independently of the ultrasound
scanning, neither examiner being aware of the other’s findings.
The data extracted from this physical examination included
the area of the patient’s pain {as an inclusion critetion), their
movement status, and the lumbar level from which the ma-
nipulative physiotherapist considered symptoms were arising.

The area of pain was mapped on a body chart but quality
of pain was not evaluated. Active lumbar spine movements
wete examined. Because absolute measures of lumbar spine
ranges of movement do not provide discriminating informa-
tion in back pain patients due to large variability between
individuals,!- active movements were scaled to rank the effect
of the back condition on the movements of lumbar flexion,
extension, and lateral flexion. Based on the scale used by
Stakovic and Olof,2° a qualitative rating scale for each move-
ment was comprised: zero for no pain; one for pain only at
end of range; two when pain limited movement to a moderate
degree; and three when pain severely limited movement. For
later analysis, a movement index was calculated by dividing
the total movement score by a factor of four {as there were
four movements).

Straight leg raising (SLR) was measured using an oil-filled
precision Rippstein goniometer!8 and any differences between
sides associated with the production of back or leg pain was
recorded. The depree of SLR was taken at the limit of tolerable
pain or, in cases in which no pain was produced, it was
measured in the usual manner. The technique of manual ex-
amination was used to identify the patient’s symptomatic lum-
bar segment. This examination technique is commonly used by
manipulative physiotherapists in clinical examination. It is still
a controversial method and the number of studies investigat-
ing its sensitivity and specificity in detecting the symptomatic
level are limited, However, two studies to date have addressed
the issue, one in the cervical spine?? and one in the lumbar
spine.12 In these studies, the accuracy of manual examination
to detect the symptomatic level was tested against medical
diagnostic methods of either nerve or facet blocks,!3 or pro-
vocative discograms.12 The results of both studies indicate
high levels of sensitivity and specificity of manual examination
to nominate the painful level, More research is required to test
the validity of manual examination but, as in other clinical
studies of back pain,? it was used in the present study as the
population investigated {first episode of back pain of recent
onset) did not justify the use of mote invasive diagnostic
techniques such as zygapophysial joint or nerve blocks or, at
the extreme, discograms or myelograms.

The techniques of manual examination for the lumbar seg-
ments are described in physiotherapy and medical texts on this
subject.416 In the present study, the segments from T12-L1 to
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L5-51 were tested in each patient. In principle, the examiner
passively moves the lumbar segments while the patient is in a
recumbent position. In side lying, motion is induced in each
physiological direction using the pelvis as a lever and the tissue
resistance to motion is palpated between the spinous processes
of each adjacent lumbar level. When the patient is in the prone
position, cach segment is gently stressed with direct pressure
applied through the spinous process. Clinical decisions on the
symptomatic level are made on the basis of reproduction of the
patient’s pain on the test movements in conjunction with an
abnormal quality or quantity of tissue resistance to segmental
motion.

In the present study, a radiographer scanned the multifidus
at each level of the lumbar spine and first sacral level while the
physiotherapist independently examined each level for symp-
toms using manual examination. Two completely independent
assessments were therefore made of the clinical evidence of
back pain, To add to the research base of manual examina-
tion, some measure of its efficiency would be obtained if any
relationships were determined between the nominated painful
level and the pattern or site of any muscle wasting,

Normal Subjects. Fifty one volunteers (21 males, 30 females,
aged 19-32 years) from among hospital and university staff
and students were studied (Table 2). Exclusion criteria were as
for the patients {except those relating to the patients’ current
back problems).

Ultrasound Scanning, The technique has been described in
detail clsewhere.® Briefly, a real-time ultrasound machine
(Acuson 128XP) equipped with a SMHz curved (convex) ar-
ray was used (Figure 1), With the subject lying prone, the
lumbar spinous processes were palpated and marked on the
skin with a pen. Warmed gel was applied to the skin, and the
convex array placed transversely over the spinous process. An
image that included both the right and left multifidus muscles
simultaneously was then obtained. The image was stored on
the screen and an electronic on-screen calliper was used to
trace around each muscle border giving an immediate read-out
of the muscle CSA. Two linear measurements were also made
on each muscle cross-section and have been described previ-
ously.® These were defined as the greatest distance from border
to border, and then the greatest distance perpendicular to this,
These dimensions were in lateral and anteroposterior direc-

Table 2. Demographic Data for the Normal Subjects
Studied

Men Women

n 2 30
Age lyn)

Mean 250 pa k)

SD 49 KR}

Range 18-36 19-32
Woaight (kg)

Mean 128 59.7

SD 130 18

Range 52-96 43-78
Height {m}

Mean 1.79 167

8D 0.75 0.61

Range 1.68-1.94 1.55-1.17

Figure 1. The real-time uitrasound scanner {Acuson 128XP) used to
obtain images of the lumbar multifidus muscles. The transducer is
being held over the muscle at the level of the 5th lumbar vertebra
of @ back pain patient lying in the prone position,

tions and were measured to examine whether their relation-
ship with CSA was as close in wasted muscles as it is in normal
muscles,?

One investigator obtained the images on the screen and
another investigator, who was blind as to the side and level of
LBP symptoms in patients, made the measurements on the
scans. Photographs of scans were taken for permanent records
but measurements were not made on these, Bilateral imaging
was performed in all subjects. In 20 patients and 10 normal
subjects, multilevel images were made from the 2nd to the 5th
lumbar vertebrae (L2-5) and in 6 patients from L2-51. In 41
normal subjects, images were made at the L4 level.

The validity of ultrasound to measure CSA of multifidus at
different lumbar levels has been established against measure-
ments obtained by magnetic resonance imaging (MRI).2¢ In
that study, the lumbar multifidus was measured at five levels
{L,=5,) on different days by two independent radiographers.
The results revealed that there was no significant difference
between measurements made by MRI and ultrasound at any
level. The MRI scanning, through use of an axial pivot scan,
provided definitive proof of lumbar level location, thus indi-
cating that the specific lumbar level can also be made accu-
rately by ultrasound.

The repeatability of the scanning technique of multifidus in
the hands of one of the present investigators has been reported
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Table 3. Profile of Patient Data

Level* Length of
% Difference History Pain Movemant SLA Difference
Patient Us Clinical CSA {Days} Area Score (0-3) {Degrees)
AK Ls L5, 264 8 {LiLB-L 25t a0
SA L L5 464 12 (RILB 048 10
RM L Ls=5y 4.9 1 (RILB 20 15
LM Le Le-S, 396 i (R} LB (11 0
SPH Ly L8, 315 9 (R} LB-8 08 0
AC Ly Ly 354 2 {R) LB 1.2 0
WS L Las 353 7 e 05 0
MG Ls L-S, 34.0 13 {RI LB 1.0 20
MS L L3, 33 14 {uLe 1.0 0
MP Ly LS, 321 5 {R) LB 15 2
JP Ly LS, as 4 {R}LB-B 12 2
OH Ly Le-$, az 14 {Ljis-L 1.0 0
MW Ly LgS, 6 " (R} LB-B 05 é
SPe Ls LS, 308 9 {LL8-T 0.25 0
WK Ls LS, 304 1 (RILE 15 10
Fs Lg Le-5, 30.3 Y4 {LyLB 1.0 2
VT L Loy 29.0 14 {R}LB 0 3
LC Ls Ls-$, 206 56 {R) LB-T 1.0 20
EC Ly Ly 23 3 LjLe 15 10
BN Ly Les 213 3 {8 0.25 0
GP L LS, 7 1 {R) LB 12 8
BRK L, Lys 4.0 28 {R}LB-B 10 0
JH L, L3, 9 3 (R}LE 20 2
HLS L, - 19.6 15 {R}LB-B 0 8
L — 203
AF L Les 189 1 {LiLB 0.75 0
KC Lg L5, 145 56 ILILB 0.5 18

» US—lsvel of greatest percentage differance in CSA between sides measured by ultrasound; Clinical—symptomalic level as determinad by clinical manual

examination.

1 Calculated on fexion ard extension only as pain level too great for further examination,

SLR Suraight leg raise = difference (degrees} between ranges on the right and left sides.

Area of pain: LB = low back; LB-8 = low back with referral to buttock; LB-T = low back with referral to thigh; LB-L = low back with referral to lower leg.
Results are prasenied in order of degree of between-side difference in cross sectional area {CSA). I.e. wasling, which was ahvays greatest on the symptomatic

side.

previously and was shown to be very good.? Measurements
repeated between days were made with a coefficient of varia-
tion (CV) of 6% and those repeated within-day with a CV of
4,9%. There are no known risks with the use of ultrasound
imaging?! which is used extensively in obstetrics.

Statistical Analysis, Symmetry of measurements between the
two sides was assessed for muscle size and shape. The means,
standard deviations, and ranges were calculated on cach side,
and for the percentage differences between sides. Muscle shape
was determined by expressing the two linear measurements as
a ratio (anteroposterior dimension divided by lateral dimen-
sion). Between-side differences in size and shape were exam-
ined between the larger and smaller muscles in normal subjects
and symptomatic versus nonsymptomatic sides in LBP patients
using the Mann-Whitney U test, which was also used to ex-
amine differences berween groups.

Analysis of the multilevel data involved comparison of the
degree of asymmetry between the different vertebral levels by
analysis of variance (ANOVA). Duncan’s multiple range test,
which is a post hoc multiple comparison test, was used to
examine for significant differences between the ANOVA re-
sults at the different levels,

Pearson’s correlation was used to examine the relation-
ships: berween CSA and linear measurements {the latter being
multiplied); and between the degree of asymmetry of CSA and
the duration of symptoms, movement score and SLR difer-

ence. The chi-square test was used to compare the ulteasound
and manual findings with respect to the level of symptoms,

B Results

The US scans revealed that marked asymmetry, and thus
wasting, of multifidus CSA occurred in each patient and
was isolated to one vertebral level. This level corre-
sponded to that identified by the manipulative physio-
therapist as symptomatic in 24 of 26 patients (Table 3}.

In one of the two patients (JH) in whom wasting and
symptoms were not at the same level, wasting was great-
est at L4, whereas the manual examination indicated
symptoms at L5-S1. In the other patient (HLS), despite
reports of back pain, no painful lumbar segments were
found on manual examination yet considerable unilat-
eral wasting was found at L4 (19.6% between-side dif-
ference) and LS (20.3%). Omitting this one patient from
analysis, the results indicate consistency between the
segmental finding of muscle wasting and symptoms (chi-
square, P = 0.932} and lend support to the efficiency of
manual examination.

Muscle Wasting
Wasting in patients was demonstrated by asymmetry of
CSA at the level of symptoms which was significantly
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greater (P < 0.001) than between-side differences in the
normal subjects at all lumbar levels. This difference in
asymmetry is illustrated for patients (n = 26) at the level
of symptoms and normal subjects (n = 51) at L4 since
this level was measured in all subjects (Figure 2). Such a
comparison between the two groups is considered to be
valid since the degree of asymmetry in normal subjects
was similar at all vertebral levels (see below). In pa-
tients, the mean percentage between-side difference was
31 = 8% (range 14—-46%, P < 0.001) and in normal
subjects 3 = 4% (0-17%, P < 0.001) for the data in
Figure 2. Only two patients had a difference of less than
20% and four normal subjects greater than 10% so the
results were distinct for the two groups.

Multilevel Comparisons
Since the majority of patients showed greatest wasting
at L5 {n = 17), the multilevel scan results for this group
are illustrated to show the localized effect of pain (Fig-
ure 3a). Duncan’s multiple-range test confirmed that
results at LS were significantly different from those at
levels L2—4 (P < 0.05). Patients with symptoms at other
levels showed the same phenomenon (see below). The
normal subjects (n = 10) showed no differences (P <
0.05) between results at the different levels (Figure 3b),

104
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uide side
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Figure 2. Between-side differences in multifidus cross-sectional
area in fow back pain patients {n = 26} who showed greater
asymmetry than the normal subjects (n = 51). The degree of
asymmetry was significantly different between the two groups
{P < 0.001).
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Figure 3. Muitilevel scanning in (A} low-back pain patients re-
vealed a marked between-side difference in multifidus cross-
sectional area which was isolated to one vertebral level. Results
for patients with symptoms at tha level of the Sth lumbar (L5}
vertebra {n = 17) are shown and smaller differences are seen at
the 2nd to 4th lumbar levels {L2-4). Duncan's multiple range test
showed that asymmetry at L5 was significantly different {*P <
0.05) to that at other levels. Results in {B) normal subjects (n = 10}
were similar at all lavels,

To examine wasting below the level of symptoms,
which might indicate reflex inhibition, Duncan’s test
was also performed for measurements in relation to the
vertebral level of greatest asymmetry. This was possible
in 11 patients and the only significantly different results
occurred at the level of symptoms (Figure 4).

Muscie Shape Ratios
Shape ratios were previously found to differ between
normal males and females® and so the present data have

*
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Figure 4. Levels below the site of greatest asymmetry and corre-
sponding symptoms did not show large differences in multifidus
cross-sectional area. This analysis included 11 patients (4 with
symptoms at L3, 4 at L4 and 3 at L5). The numbers of observations
at aach level were; level above n = 11; level of symptoms n = 11,
1 level below n = 11; 2 levels below n = 5; 3 levels belown = 3.
Duncan’s Multiple Range Test showed that asymmetry at the level
of symptoms was significantly greater (* P < 0.05) than that at the
level above and levels bslow.
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Table 4. Muscle Shape Ratios in Patients and Normal
Subjects

Shape Ratio
Symptomatic Asymptomatic Between-side
Side Side Difference {%}
Patients
Males
Mean i11* 0.95 13
so 017 0.13
Females
Mean 1.20%%* 1.0 21
sD (1] 0.15
Normal subjacts
Larger value Smaller valug
Males
Mean 096 0.86 1]
sD 0.10 0.12
Females
Mean 0.84 014 1
sD 015 0.15

Significant difference between patients and normal subjects: * P < 0.05;
*EE P2 0.001.

Results show gender differences and also higher values (indicating rounder
musclas} in patients, particularly on the side of symptoms.

been analyzed separately for gender. In patients at the
level of symptoms, females had values for shape ratios
that represented a rounder muscle shape than in normal
females at L4 (P < 0.001). Ratios in male patients were
also rounder than in normal males (P < 0.01) as shown
in Table 4. The between-side differences in shape ratio
were similar in both normal groups and male patients,
whereas female patients showed greater asymmetry (Ta-
ble 4).

Multifidus CSA and Linear Dimensions

The correlations between multifidus CSA and the linear
dimensions (multiplied) at the level of symptoms in pa-
tients and L4 in the normal subjects are shown in Table
5. Correlations were highest in the normal subjects and
on the non-symptom side in male patients and poorest
on the symptomatic side in male patients and on both
sides in female patients.

Clinical Findings in Patients
The clinical profiles obtained from the patient examina-
tion are presented in Table 3. Seventeen patients had
LBP only while in five, pain was also referred to the

Table 5. Correlations {r) Between Linear Dimensions
{Multiplied} and Multifidus Gross-sectional Area in
Patients with Low Back Pain and Normal Subjects

Man Women
Patients
Symptom side 0.75 0.85
Non-symptom side 0.96 0.85
Normal subjects
Larger side 0.97 0,92

buttock, two into the posterior thigh and two down to
the leg. The manual examination techniques produced
pain at only one lumbar level and there was no referral
of pain to other specific segments on testing, The value
presented for the SLR test in Table 3 is the difference
between the range on the two sides. In 15 patients, SLR
produced back pain, and in five patients, it produced leg
pain, In the remaining six patients, SLR did not produce
symptoms,

Relationship Between Objective and Clinical Findings
As can be readily deduced from Table 3, there was no
relationship between CSA % difference and the duration
of symptoms (r = —0.34), movement index score {r =
0.37) or difference in SLR {r = 0.18). In patients with
symptoms for less than 14 days {n = 20, range 1-13
days, median 7.5) the between-side difference in CSA
was 33 = 7% (range 19—46%) and in those with a
history longer than 15 days (n = 6, range 15-56 days,
median 26) the difference was 25 * 8% (14-35%). The
CSA difference therefore tended to be greater in the
more acute patients (P < 0.05).

® Discussion

Unilateral wasting of multifidus on the symptomatic
side could be detected by RT ultrasound imaging in
acute LBP patients and this was isolated to one vertebral
level. The greatest effect of pain on muscle size occurred
at the same vertebral level as symptoms, found on clin-
ical manual examination, in the majority of patients (24
of 26). The severity of wasting (reflected by the degree of
asymmetry) was not related to the severity of any of the
clinical indicators of abnormality.

The rapidity of onset and localized distribution of
wasting suggests that disuse atrophy was not the cause
and that a selective mechanism was in operation, It was
hypothesized that if reflex inhibition occurred, the great-
est wasting would be seen below the level of symptoms
but this was not found (Figure 4). Another possibility
was selective atrophy of the shorter laminar fibers of
multifidus but these are infrequently present and only
contribute a very small percentage to multifidus CSA.3
Furthermore, the close proximity of multifidus to the
zygapophyseal joints might be expected to cause wast-
ing from local effects but some of the present patients
had symptoms suggestive of disc invelvement {con-
firmed in one patient) which is not directly associated
with the multifidus muscle, The asymmetry at the level
of symptoms did not indicate hypertrophy on the
asymptomatic side since values for CSA on this side
were consistent with those at adjacent levels and the
only CSA value which did not conform was that at the
site of symptoms.

Despite the nonspecific, and probably varied, diag-
noses of the patients, all but one showed marked asym-
metry at one vertebral level indicating that this may not
have been due to a local effect. Wasting at the level of
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symptoms may be explained by inhibition from per-
ceived pain, via a long loop reflex, preventing movement
to protect structures at the level of pathology. The rapid
onset of wasting may indicate a metabolic effect of
inhibition. One possibility is that the circulation could
be decreased by muscle spasm, thus influencing muscle
metabolism. The rounder shape of the muscle in the LBP
patients, indicated by the shape ratio, suggested that
spasm was present.

In the chronic situation, a CT scan study found gen-
eralized atrophy but also relative increases in multifidus
CSA on the symptomatic side.22 This finding is consis-
tent with histologic evidence of type I fiber hypertrophy
and type Il fiber atrophy?® and also increased paraspinal
muscle activation in chronic LBP.6 These long-term
changes may indicate an adaptative response to muscle
wasting.

The high correlation between CSA and linear mea-
surements found in the normal subjects in this and a
previous study? validates their use when the muscle is
not wasted. The sensitivity of linear measurements for
assessing CSA is reduced in wasted muscles (Table §)
and measurement of CSA is therefore more accurate,
Real-time ultrasound studies have also found high cor-
relations between linear and CSA measurements in the
normal anterior tibial muscles!” and quadriceps2s but
the latter study found that linear measurements were
poor predictors of muscle wasting.

The lack of correlation between the severity of wast-
ing and clinical findings is similat to that seen between
the severity of quadriceps inhibition with knee joint
pathology and the absence of pain and obvious effu-
sion.1%24 The clinical importance of this discrepancy is
that patients thought to have relatively trivial symptoms
can have marked wasting which can be missed by clin-
ical examination alone.

Although the muscles on the ‘uninjured’ side of the
spine may not always be ‘normal’, between-side differ-
ences in CSA are at least detectable in the acute phase.
Asymmetry, however, may be normal in some subjects,
e.g., sports involving predominantly unilateral use of
muscles. The significant between-side differences in CSA
in the present normal subjects were not clinically signif-
icant since a degree of asymmetry is to be expected.
Documentation of the degree of normal asymmetry is
more important than the level of significance to provide
reference data for comparison with patients. In the
present group of patients, there was a tendency for the
asymmetry of CSA to decrease with time indicating that
either wasting on the contralateral side was occurring or
that there was improvement on the injured side. The
usefulness of assessment of asymmetry may therefore be
limited to the acute phase after onset of LBP. Despite
these considerations, serial monitoring of a muscle,
without between-side comparisons, may still be useful.

The shape of the multifidus was slightly ovoid in the
transverse direction in the present normal males and

flatter in the females. Possible reasons for these differ-
ences have been discussed previously.? The female pa-
tients had rounder muscles than normal, perhaps indi-
cating muscle spasm (Table 4). Normal males have
fairly round muscles but the male patients had even
rounder muscles on the symptomatic side so spasm was
probably present although may be less evident than in
females,

In conclusion, the localization of multifidus wasting
to the side and level of symptoms indicates that wasting
may be due to inhibition from perceived pain via a
long-loop reflex pathway. The lack of correlation be-
tween ultrasound measurements and severity of symp-
toms highlights the need for objective measurement in
the assessment of LBP patients.
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Measurement of Quadriceps Cross-sectional
Area by Ultrasonography: A Description

of the Technique and its

Applications in Physiotherapy

Maria Stokes and Archie Young

obtain them.

The effect of physiotherapy on muscle growth can be evaluated by direct
measurements of the individual muscle concerned, eg. using ultrasound B-scanning.
The technique is suitable for adoption by physiotherapists to use independently or in
collaboration with specialists in diagnostic imaging. Details of the technique are
described, and the difficulties met while making and interpreting the scans are
discussed. The purpose of this paper is to stress the importance of muscle-size
measurements and to encourage physiotherapists to use ultrasound scanning to

INTRODUCTION

Physiotherapists spend a lot of time helping
patients build up their muscles, yet there are very
few objective tests to evaluate the effects of
treatment. Strength measurements, while very
useful, are not always appropriate e.g. when reflex
inhibition, pain, or fear of pain are present,
Measurements of muscle bulk cannot be made
accurately with a tape measure due to the
presence of varying amounts of subcutaneous fat
and other muscles in the limb. Muscle wasting
{Young ¢ al., 1982) and muscle growth (Young ¢!
al., 1983} are seriously underestimated by the
tape measure.

Grey-scale ultrasound B-scanning produces an
image of the muscle which allows accurate

measurement of its cross-sectional area (CSA)
(Ikai & Fukunaga, 1968; Young e al, 1980).
Computerised axial tomography (CAT) (Hagg-
mark ¢f al, 1978}, and nuclear magnetic resonance
{NMR) are other imaging techniques which can
also be used to measure muscle CSA. The advan-
tages of ultrasound over these methods are: that
ultrasound equipment is readily available in most
hospitals, there is no exposure to radition, and it
can be used independently by a physiotherapist.
Various muscles can be measured using ultra-
sound but this paper describes scanning of the
quadriceps. Details of the technique (including a
small repeatability study) and the problems
encountered are described.

SUBJECTS STUDIED

Maria Stokes PhD MCSP University Department of
Medicing, Royal Liverpool Hospital, PO Box 147,
Liverpool L69 3BX.

Archie Young BSc MD FRCP Departiment of Geriatric
Medicine, Royal Free Hospital Medical School, Hamp-
stead, London

Including the five normal subjects in the repeata-
bility study, 52 normal subjects (who took part in
research projects) and 12 patients have been
scanned by one of the authors who is a physio-
therapist. The subjects included two orthopaedic
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patients who had persistent problems of quadri-
ceps weakness due to knee joint injury and
ultrasound scanning was used to aid evaluation of
their treatment. The other patients had endocrine
‘myopathies’ and were being studied during their
medical treatment.

METHOD OF SCANNING THE
QUADRICEPS

The machine used is a compound B diagnostic
ultrasound scanner with grey scale attachment (A
Nuclear Enterprises, ‘Diasonograph NE 4200’ is
used but other compound B scanners would be
satisfactory). The frequency which produces the
clearest definition for scanning the quadriceps
(2.5 MHz) is similar to those used in therapeutic
ultrasound (0.75-3 MHz) but the power is about
1/100 of that used for treatment (Lunt, 1977). A
water-based coupling medium is used in prefer-
ence to oil as it produces better definition of the
image. When the probe is placed on the skin the
ultrasound beam is reflected back to the probe
from tissue interfaces which are at 90° to the beam
and these appear as dots on an oscilloscope screen
{Fig 1}. The probe is moved around the surface of
the thigh in a sweeping fashion and the dots
become lines {Fig 2). Gradually an image of a slice
through the thigh is built up on the screen. If the
image is satisfactory it can be photographed (Fig.
3).

Routinely, scans are made at mid-thigh which
is defined as haifway between the most prominent
point of the greater trochanter and the lateral
joint line of the knee (Young ¢t al., 1980). At this

probe —=

Fig. 1 The ultrasound beam is reflectad back to the
proba from tissue interfaces which it strikes at 90*. The
interfaces appsar as dots on the oscilloscope.

TN
—3
—
M

Fig. 2 As the probe is moved around the surface of the
thigh, the dots become lines building up a picture of a
cross-section through the thigh.

Fig. 3 Scan of a transverse section through mid-thigh.
VL =Vastus Lateralis, VM =Vastus Medialis, RF=Rectus
Femoris, VI=Vastus Intermedius, AL=Adductor Longus,

level in the thigh all the four heads of quadriceps
are well represented (although not in equal
proportions). When scanning is to be repeated at
a future date, a mark at the level of the scans is
traced on to a transparent sheet together with
permanent skin blemishes ¢.g. freckles and scars,
to allow accurate relocation of the site (Dons ¢2 al.,
1979). The subject lies supine with the knee
extended and the hip is slightly flexed (5°) by
supporting the leg with sandbags behind the knee
and ankle. The scanning probe is mounted in a
gantry which is positioned over the subject. The
angle of the hip in which the leg is supported
allows the probe to scan from the postero-lateral
aspect of the thigh, therefore compieting the
muscle outline. The scanning gantry is tilted
through an equal angle se that scans are made at
90° 1o the thigh.
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Fig. 4 Medial part of the thigh before completion of
scan.

" The medial part of the thigh is scanned first,
and detail occasionally becomes obscured afier
scanning the lateral side. In such instances scan-
ning is restarted, the medial part is photographed
{Fig. 4), and then the rest of the scan is completed.
Certain parts of the muscle outline are sometimes
difficult to define (vide infra) so the scan is first
photographed to preserve the basic cutline and
then extra coupling medium is placed at sites
where, by indenting the skin with the probe, the
ultrasound beams can be directed at 90° to the ill-
defined tissue interface (Fig. 5). The extra cou-
pling medium also serves to ‘build up’ the surface.
Each subject has 4 scans taken of each thigh, and
these are photographed. The quadriceps’ outline
is later traced from each scan and its CSA
measured with a MOP electronic planimeter
{Reichert-jung}. The mid-thigh CSA of a single
quadriceps on a single visit is calculated as the
mean of the results of four scans. The total time
taken to obtain the four scans on wo thighs,
photograph and develop them, is between 1/2 and
3/4 h. Obviously this would be too time-consum-
ing for routine clinical practice, but would be
acceptable in some clinical situations and in
research.
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Fig. 5 Indentation of the probe into the thigh has
allowed bstter definition of the boundary (arrowed)
betwaen vastus medialis and adductor longus.

Repeatability study

Five female volunteers from the hospital staff at
the Nuffield Orthopaedic Centre, Oxford took
part (Table 1). None of them had muscle,
neurological or joint disease. Each subject had
both quadriceps scanned on two occasions (rang-
ing from 3-11 days apart). There was good

Table 1

Bilateral measuremeants of quadriceps cross-sec-
tional area at mid-thigh, mads on two occasions,
in five normal women—repeatability study

Quadriceps CSA {cm?)

Right
Weight Age cv cv
{kg) (Age) Day1 Day2 (%) Day1 Day2 (%)

53 40 393 402 16 412 421 15
60 24 452 474 34 478 413 0.7
72 K 547 566 24 434 492 1.2
80 28 704 683 20 674 686 1.2
82 24 538 635 04 506 B35 39

Mean CV=2.0% Mean CV=1.7%

CSA=Cross-sectional area
Standard Deviation x100

CV=Coefficient of variation=
Mean
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agreement between the values for quadriceps
CSA obtained on the two occasions for all five
Subjects (Table 1). The coefficient of variation
between the visits was 29, which was lower than
that previously reported (4%,) by Young et al.
{1980). This difference may have arisen because
the earlier study’s method for re-locating mid-
thigh (by measuring the height from the floor)
was not as reproducible as using a transparent
sheet. This small study showed that measure-
ments made independantly by a physiotherapist
were at least as repeatable as those previously
reported.

Difficulties in making and interpreting the
scans

Learning how to operate the equipment was not
difficult, but much practice was required to
produce an image which was not distorted by
compression with the probe, but which still
showed good definition of the complete perimeter
of the quadriceps (Fig. 3). When scanning lean
thighs, the muscle was easily distorted by com-
pression, and the smaller amounts of inter-muscu-
lar fat led to poorer definition of muscle boundar-
jes; males were more difficult to scan than females
as they tended to have less fat.

Two parts of the muscle outline which were
oflten awkward to define were the boundaries
between biceps femoris (short head) and vastus
lateralis, and between vastus medialis and adduc-
tor longus (Fig. 3). The slight elevation of the
thigh and occasional deliberate indentations of
the skin improved these boundaries.

Including the repeatability study, 64 subjects
have been independently scanned on 90 occasions
{Table 2). Of 704 scans, only 20 were not
measurable (the accuracy of interpretation of the
outline was judged at the time of tracing the

Table 2
Total number of scans taken

Normal

subjects Patients Total
Number of subjects 52 12 64
Number of occasions 58 32 90
Scans taken 464 240 704
Scans not measured 4 16 20 {(2.8%)

scans). The outlines were not satisfactory in one
scan from each of 11 subjects, and two scans from
cach of three subjects. On one occasion, three
scans from one patient were destroyed due to
problems with the camera. Normally three more
would have been taken to replace these but the
patient had severe chronic bronchitis and was
unable to remain lying for more scans. Although
3%, of the scans were rejected, measurements of
quadriceps CSA were successfully obtained for all
of the subjects.

Research and clinical applications of
ultrasound scanning

Ultrasound scanning used in studies of muscle
wasting e.g. (Young ¢ al., 1982) showed that a
5%, reduction in mid-thigh circumference (mea-
sured using a tape measure) may conceal a 22—
33%, reduction in quadriceps CSA. Muscle
growth studies have alse included the use of
ultrasound scanning (lkai & Fukunaga, 1970,
Young ¢ al., 1983).

A normal range for the close relationship
between quadriceps’ size (using ultrasound scan-
ning) and its isometric strength has been estab-
lished for normal subjects of different ages (Young
e al, 1984 & 1983). Isometric strength was
measured with the subject seated, the hip and
knees at 90° and the lower leg dependant
{Edwards # 4l., 1977). An inextensible strap,
which was placed around the ankle (just above
the malleoli), was attached to a strain gauge at the
back of the chair, As the subject tried to straighten
his knee, the force exerted at the ankle was
recorded on an oscillograph. The ratio of quadri-
ceps strength to its CSA is the same in young and
old women (Young el ai., 1984) and in old men,
but in young men the relationship is not so
straightforward {Young ¢ al., 1985). The close
relationship in females was used to evaluate the
relative contributions to weakness of atrophy and
inhibition in two female patients with knee pain
and severe unilateral quadriceps wasting {Fig. 6).
The quadriceps strength of their injured limbs
was inappropriately low for the size of their
atrophic quadriceps. This suggested inhibition of
quadriceps contraction, either due to pain or
some other stimuli from the injured knee (Stokes
& Young, 1984). One of the patients received an
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Fig. 6 The evaluation of atrophy and inhibition in sports
medicine. The quadriceps size and strength of two
female patients with unilateral knee pain are shown in
relation to the normal femals range. (See text for
explanation of effect of intra-articular lignocaine.)

injection of lignocaine into the knee joint which
enabled her to exert more force, confirming that
the discrepancy between the original strength and
that expected for the size of the muscle was due, at
least in part, to afferent stimuli from the knee.
These investigations made important contribu-
tions to the correct selection and evaluation of
rehabilitation received by these two patients.
Also, they suggest that serial measurements of
quadriceps size might be more valuable than
strength measurements in patients with inhibition
{whether voluntary or involuntary}, particularly
those with joint disease.

Future work, involving scanning the thigh at
different levels, might provide evidence for or
against theories of selective atrophy and hypertro-
phy of the different heads of the quadriceps.

Ultrasound scanning has been used to look at
muscle in other ways apart from measuring its
size, For example, it has been used for investigat-
ing dystrophic muscle {Heckmatt et al., 1980).
Fornage ¢ al., (1982} used ultrasound to detect
muscle lesions in athletes and were able o
accurately assess their severity before embarking
on surgical repair. In a case report of a patient
with pyomyositis, real-time (RT) ultrasound and
CAT scanning were used for diagnosis, and RT
scanning was also used to guide percutaneocus
drainage of the abcess, thus avoiding surgery
(Yousefzadeh et of., 1982).
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CONCLUSIONS

Ultrasonography could be used to make measure-
ments of muscle size which are essential in
research and valuable in the clinical evaluation of
treatment. Itis hoped that this paper will encour-
age other physiotherapists to adopt the technique
and that as its use becomes more widespread, so
too will its applications in ather areas of physio-
therapy.
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™ Long-Term Effects of Specific Stabilizing Exercises for

First-Episode Low Back Pain

Julie A. Hides, PhD, MPhtySt, BPhty,*t Gwendolen A. Jull, MPhty, FACP* and

Carolyn A. Richardson, PhD, BPhty(Hons)*

Study Design. A randomized clinical trial with 1-year
and 3-year telephone questionnaire follow-ups.

Objective. To report a specific exercise intervention’s
long-term effects on recurrence rates in acute, first-epi-
sode low back pain patients.

Summary of Background Data. The pain and disability
associated with an initial episode of acute low back pain
(LBP) is known to resolve spontaneously in the short-term
in the majority of cases. However, the recurrence rate is
high, and recurrent disabling episodes remain one of the
most costly problems in LBP. A deficit in the multifidus
muscle has been identified in acute LBP patients, and
does not resolve spontaneously on resolution of painful
symptoms and resumption of normal activity. Any rela-
tion between this deficit and recurrence rate was investi-
gated in the long-term.

Methods. Thirty-nine patients with acute, first-episode
LBP were medically managed and randomly allocated to
either a control group or specific exercise group. Medical
management included advice and use of medications.
Intervention consisted of exercises aimed at rehabilitating
the multifidus in cocontraction with the transversus ab-
dominis muscle. One year and three years after treat-
ment, telephone questionnaires were conducted with
patients.

Results. Questionnaire results revealed that patients
from the specific exercise group experienced fewer recur-
rences of LBP than patients from the control group. One
year after treatment, specific exercise group recurrence
was 30%, and control group recurrence was 84% (P <
0.001). Two to three years after treatment, specific exer-
cise group recurrence was 35%, and control group recur-
rence was 75% (P < 0.01).

Conclusion. Long-term results suggest that specific
exercise therapy in addition to medical management and
resumption of normal activity may be more effective in re-
ducing low back pain recurrences than medical manage-
ment and normal activity alone. [Key Words: multifidus,
low back pain, rehabilitation] Spine 2001;26:E243-E248

The major costs of low back pain (LBP) have been iden-
tified with two groups: those who develop chronic LBP
and those who have recurrent disabling episodes of
LBP.'? These two groups incur 85% of the total
costs.'323:33 Efforts have been made to identify the
2-3% of patients who go on to develop chronic symp-
toms,”? but little is known about the factors that lead to
recurrence.
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It is documented and generally accepted that a single
episode of acute LBP has a favorable natural history with
respect to symptom reduction and restoration of func-
tion and work capacity in the short term." In the majority
of cases, the pain associated with an initial acute episode
resolves within 2—4 weeks.>”'-*! [t is estimated that
2-3% of patients go on to develop disabling chronic LBP
after an acute episode.’'®** However, the course of LBP
for most primary care patients is recurrent rather than
acute or chronic in the usual sense of these terms.*”

When the frequency of low back pain recurrences fol-
lowing an acute episode is examined, the recurrence rate
is found to be staggeringly high. Recurrence rates range
from 60% to 86% for patients suffering recurrences, par-
ticularly in the first year after the acute episode.>>°=3”
Bergquist-Ullman and Larsson® conducted a detailed
study of 217 workers in an industrial setting in Sweden.
The median duration of pain for the initial episode was
35 days and short-term resolution of painful symptoms
occurred in the majority of cases (70% within 2 months,
86% within 3 months). However, during the 1-year fol-
low-up, 62% of the patients experienced at least one
recurrence of LBP and a further 36% experienced two or
more recurrences. The median time from resolution of
the initial episode to the first recurrence of LBP was only
2 months. These high figures would suggest that it is
important to identify the factors that may relate to this
vulnerability to recurrence.

Although several processes are likely to be involved,
the model provided by Panjabi*®*” could provide an ex-
planation for recurrences after painful symptoms have
subsided. This model of spinal stability encompasses the
passive, active, and neural control subsystems. It has
been proposed that instability at the spinal segmental
level is a loss of control or excessive motion in the spinal
segment’s neutral zone, which is associated with injury,
degenerative disc disease, and muscle weakness.?®*” It
has been shown in in vitro biomechanical studies that
muscles can provide segmental stabilization by control-
ling motion in the neutral zone, and the neutral zone can
be returned to within physiologic limits by effective mus-
cle control.'*?8*! While various muscles may be able to
control and protect the spinal segments, one muscle that
has been investigated in relation to this role is the lumbar
multifidus. The multifidus provides segmental stiffness
and controls motion in the neutral zone.'***3**! Fur-
ther evidence of this stabilizing role has been provided by
in vivo animal research.”® Investigations have also dem-
onstrated a relation between multifidus muscle dysfunc-
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tion and poor functional outcome and recurrence of LBP
following disc surgery.”®-32

Optimal functioning of the muscle system is desirable
to control and protect the spinal segments following in-
jury. Despite initial resolution of painful symptoms, fail-
ure to protect spinal segments could increase the likeli-
hood of a recurrence of symptoms. Specific exercises
targeting the multifidus and transversus abdominis mus-
cles have been shown to decrease pain and disability in
chronic low back pain patients.”> Our research has
shown the occurrence of localized segmental dysfunction
of the multifidus muscle after an initial episode of acute
unilateral LBP."'>>'¢ To establish the low back pain recur-
rence rates in the two groups, the present study presents
the follow-ups of the patients from the study at 1 year
and 3 years after treatment.

H Methods

During a 6-month period, patients were recruited from a hos-
pital accident and emergency department.'® Men and women
were eligible for the initial study if they were aged 18 to 45
years, were experiencing their first episode of unilateral me-
chanical LBP for less than 3 weeks, and presented to the acci-
dent and emergency department because of this condition. In-
clusion and exclusion criteria are provided in detail
elsewhere.'® Thirty-nine patients were accepted into the study.
All patients gave their consent and the Medical Ethical Review
Committees of the University of Queensland and the Mater
Adult Hospital, Brisbane, Australia approved the study.

Assessment Procedures. Assessments for the short-term
phase of the trial were performed by two independent examin-
ers, who were blinded to group allocation and patient presen-
tation. The following assessments were conducted to establish
baseline levels and to monitor improvement over time: pain
(McGill Pain Questionnaire and Visual Analogue Scales), dis-
ability (Roland Morris Disability Index), range of motion (us-
ing inclinometers), habitual activity levels,> and muscle cross-
sectional area (using ultrasound imaging).'® The aim of the
long-term follow-ups was to determine the incidence of recur-
rence of LBP. To meet this aim, a telephone questionnaire was
selected as the most appropriate assessment tool. Method-
ologic research has indicated that well-designed telephone in-
terviews provide results comparable to face-to-face interviews®
and investigations of pain data obtained in this way also sup-
port the validity of telephone interviews.?®3® The question-
naires were administered by a research assistant who was not
involved in the first stage of the study and who was blind to
group allocation. The questionnaires used to determine the re-
currence rate of LBP episodes during the 1-year and 3-year year
follow-up periods were devised especially for the patients in
this study, as the information sought was specific to the design
and methods implemented. The questionnaire consisted of
three groups of questions, and took approximately 5 minutes
to complete. Questions related to episodes of LBP experienced
in the year after the study (1-year follow-up) and then in years
two to three (3-year follow-up). A general opening question
was used to determine whether patients had experienced any
episodes of LBP in the time period in question. Subsequent
questions determined the number of episodes experienced in
that time frame, their length, severity, precipitating factors, and

treatment sought. Ideally, it would have been useful to reimage
the patients” multifidus muscles. This was not possible because
many of the patients had relocated interstate or overseas.

Intervention and Patient Management. Patients in Group 1
(control group) received medical management, including ad-
vice on bedrest, absence from work, prescription of medica-
tion, and advice to resume normal activity as tolerated,
whereas those in Group 2 (specific exercise group) additionally
performed specific localized exercises aimed at restoring the
stabilizing protective function of the multifidus. The exercises
were designed specifically to activate and train the isometric
holding function of the multifidus muscle at the affected verte-
bral segment (in cocontraction with the transversus abdominis
muscle). Contraction of the multifidus was confirmed by real-
time ultrasound imaging. This rehabilitation approach is de-
scribed in detail elsewhere.!”>'?-3%31 The intervention period
was 4 weeks, and patients from the specific exercise group were
seen twice per week in this period.

Statistical Analysis. Data analysis was performed using the
SPSS statistics program. Comparability of baseline measure-
ments between the two groups was assessed using a one-way
analysis of variance (ANOVA) to examine differences in all
baseline measurements. ANOVA also was used to examine
differences between groups over time for all outcome measures
used. For ultrasound imaging data, the percentage difference
between the painful and nonpainful side was calculated for
each vertebral level measured. Analysis of muscle recovery was
conducted using the data from the most affected vertebral level
(i.e., the vertebral level with the largest percentage difference
between sides). For the 1-year and 2-3-year follow-up analysis,
the data were expressed as the likelihood of recurring LBP in
the control group relative to that in the intervention group. A
relative risk ratio of 1.00 indicates that patients in both groups
were equally likely to report recurring LBP. A large risk ratio
indicates that the treatment was effective, while a ratio less than
one would indicate that the treatment increased the likelihood
of recurrence. The significance of the treatment was determined
with a x? test. Because the three patients who were lost for
2-3-year follow-up were all from the control group, the anal-
ysis was repeated using the “best case” analysis, assuming that
the three patients had all completely recovered, and did not
suffer recurrences in this period.

H Results

Study Sample
Patients were randomly allocated to Group 1 (control, n
= 19) or Group 2 (specific exercise, n = 20). The demo-
graphics for the groups are shown in Table 1.

Baseline Characteristics
Comparability between groups was found to be satisfac-
tory at baseline for age, height, weight, duration of

symptoms, premorbid activity, and outcome measures
used.'®

Primary Outcomes for Weeks 1-4
Results of the short-term study have been presented in
detail in an earlier report,'® but in summary, ultrasound
imaging revealed that asymmetry of the multifidus mus-
cle was present with diminished muscle size evident on
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Table 1. Demographic Data for Groups 1 (Control) and 2 (Specific Exercise)
Group 1 (Control) Group 2 (Specific Exercise)
n=19 n=20
Mean SD Range Mean SD Range
Age (years) 31 8 17-45 31 7 22-44
Gender 9 male, 10 female 7 male, 13 female
Height (cm) 173 7 159-187 m 10 157-185
Weight (kg) 73 13 51-105 72 17 52-113
Duration of Symptoms (Days) 9 7 1-21 8 8 1-21
Smokers 7 — — 4 — —
Worker's Compensation 5 — — 8 — —
Pre-morbid Activity Levels
Work 3 8 1.8-4.1 3 7 1.6-4.3
Sport 2.3 1 1.5-4.3 2.8 1 1.5-4.8
Leisure 25 6 1-3.8 26 5 1.5-3.8

the patient’s nominated painful side in all cases. The
difference between the sides at the most affected vertebral
level was expressed as a percentage of the CSA for the
unaffected side at that level. The mean of these percent-
ages was 22% =+ 8.7% for the control group and 26% *+
8.7% for the specific exercise group (range, 12-46%).
Results at follow-up immediately after the intervention
period and at a 10-week follow-up examination revealed
that multifidus muscle recovery was not spontaneous on
remission of painful symptoms in control group patients.
In the control group, multifidus CSA at the most affected
vertebral level remained 16.8% = 9.3% less at 4 weeks
and 14% = 6.3% less at ten weeks. Muscle recovery was
more rapid and more complete in patients in Group 2
who received specific and localized exercises (P =
0.0001). Multifidus CSA at the most affected vertebral
level was only 0.7% = 2.5% less at 4 weeks and 0.2% =
3.3% less at ten weeks. The other outcome measure-
ments of disability and physical function were similar for
the two groups at the 4-week examination (pain and
disability had completely resolved in 90% of the pa-
tients). Although they resumed normal levels of activity,
patients in Group 1 still exhibited significantly decreased
multifidus muscle size at the 10-week follow-up exami-
nation, and the difference between groups was still sig-
nificant (P = 0.0001).

Long-Term Follow-Up

Study Sample The response rate to the questionnaire at
1 year was 100%, with all 39 patients interviewed. Three
patients could not be contacted for the 3-year interview,
despite records of work, residence, mobile phone, and
stable relative contact. All three were from the control

group. For the 3-year follow-up interview, questions re-
lated to recurrence of symptoms in the previous 2 years.

Overall Recurrence Rate and Risk of Recurrences
Results of the contingency x* analysis revealed that, in
the year after the initial episode, patients in the control
group were 12.4 times more likely to experience recur-
rences of LBP than patients in the specific exercise group
(x* (1) = 12.41, P < 0.001). Additionally, these patients
were 9 times more likely to experience LBP recurrences
in years 2-3 (x* (1) = 9.31, P < 0.01). The risk of pain
for each group is presented in Table 2, along with confi-
dence intervals. In year 1, approximately 1 patient in the
specific exercise group reported pain for every 3 patients
who did not, whereas approximately 4 patients in the
control group reported recurrences for every 1 that did
not. In years 2-3, the likelihood of reporting recurrences
of LBP in the exercise group increased slightly to around
2:5, while the likelihood of recurrences in the control
group reduced to 10:3. A repeat analysis of the data
using the best case analysis revealed that patients in the
control group were still 5.9 times more likely to suffer
recurrences of LBP than patients in the specific exercise
group in years 2-3 (x* (1) = 5.92, P = 0.015). Figure 1
shows the pattern of recurrence over time for each pa-
tient of the two groups. Figure 1(a) shows the control
group patients’ recurrence patterns and 1(b) shows the
specific exercise group patients’ recurrence patterns.

Number and Severity of Recurrent Episodes
For the first year, the mean number of episodes reported
by those in the control group was 4.2 = 3.4 compared
with 2.8 = 2 episodes on average for the specific exercise
group. Recurrent episodes of LBP were rated as “as se-

Table 2. Risk of Recurrent Episodes of LBP and Confidence Limits for Each Group in Year 1 and Years 2-3

Year 1 Year 2-3
Risk 95% Confidence Limits Risk 95% Confidence Limits
Exercise 33 .16 .68 37 17 .81
Control* 412 1.43 11.88 3.35 1.33 8.44

* Less than 5 subjects in the control group reported no recurrences of LBP in both years.
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Figure 1. Pattern of LBP recurrence over time for each patient of
the two groups. A, Control group. B, specific exercise group. 16 of
19 (84%) of the control group reported recurrences in the first year
after the acute episode compared with 6 of 20 (30%) of the specific
exercise group. In years 2-3, of the 16 patients from the control
group who had experienced recurrences in the first year, 2 were
lost to follow-up. 12 of 14 (86%) of the control group patients who
experienced recurrences in the first year reported continuing recur-
rences. For years 2-3 there were recurrences reported in 12 of 16
(75%). For the specific exercise group, of the 6 who experienced
recurrences in the first year, 4 continued to have recurrences during
years 2 and 3. Three subjects who had not experienced recurrences
in the first year reported acute injuries during years 2 through 3, with
7 of 20 reporting recurrences in years 2 through 3.

vere” as the original episode by 9 of 16 (56%) of the
control group and 2 of 6 (33%) of the specific exercise
group. For years 2-3, of those who experienced recur-
rences, 5 of 12 of the control and 4 of 7 of the specific

exercise group reported persistent low level LBP that was
subsequently aggravated by activities such as lifting. The
number of specific episodes reported by the remaining
patients in the two groups were similar (control group,
mean = 5 * 3.8 episodes, specific exercise group, mean
= 4.6 * 6.7). Recurrent episodes of LBP were rated as
“as severe” as the original episode by 2 of 12 (17%) of
the control group and 1 of 7 (14.2%) of the specific
exercise group.

Precipitating Factors

At 1 year, a traumatic incident initialed the recurrences
in 3 of 16 (19%) of the control group. These included
bending and lifting (2 patients) and a trampoline acci-
dent. In contrast, 4 of 6 (67%) of the specific exercise
group could relate traumatic incidences to recurrences.
These included carrying a patient and slipping, heavy
lifting (2 patients), and an incident that involved pulling
a heavy sail on a boat. For years 2-3, a traumatic inci-
dent was related to recurrences in the preceding 2 years
by 5 of 12 (42%) of the control group, and all (7 of 7) of
the patients from the specific exercise group who experi-
enced recurrences. The three patients in the specific ex-
ercise group who only reported episodes in years 2-3
related them to high-trauma incidents including a motor
vehicle accident, a work-related heavy lifting incident,
and an injury in representative level football. Apart from
these cases, patients of both groups most commonly re-
ported precipitating incidents related to lifting.

Treatment Sought

In the first year, treatment was sought by 8 of 19 (42%)
of the patients from the control group and 3 of 20 (15%)
of the specific exercise group. In all cases, this treatment
consisted of medical management (time off from work,
advice, medications) and physiotherapy treatment. A va-
riety of physiotherapy treatments were reported. How-
ever, the patients did not report that the treating physio-
therapists had prescribed specific multifidus exercises.
Contamination of the exercise outcome from the 1-year
follow-up can therefore be considered minimal. For
years 2-3, 4 of 16 (25%) of the control group sought
treatment in the 2-year period in comparison with 4 of
20 (20%) of the specific exercise group. Control group
patients accessed physiotherapy, medical management,
and one had received an orthopedic consult, whereas
patients from the specific exercise group received phys-
iotherapy only.

Patients Lost to Follow-Up
The three patients who were lost to follow-up for years
2-3 reported quite different patterns of recurrence over
the 1-year follow-up period. Patient 12, at 1 year, re-
ported that recurrent episodes started within 2—4 weeks
of the 10-week initial trial period. She had experienced
several episodes. The aggravating factor was prolonged
sitting (studying), after which she reported experiencing
pain at night. She did not suffer any traumatic predispos-
ing injuries to precipitate these recurrences, but reported
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that they were milder than the original incident, for
which she sought treatment. In contrast, patient 13 was
one of the 16% from the control group who had not
experienced any recurrences at the 1-year follow-up. Af-
ter bending over to make a bed during the 1 year fol-
low-up period, patient 19 experienced one 2-week epi-
sode of LBP as severe as the original incident, for which
treatment was sought. This had resulted in time off work
(2 days) but medications were not used.

H Discussion

The results from the control group, who were managed
medically and advised to resume normal activity, reflect
the reported high recurrence rate of LBP that occurs after
the initial episode.®*>=3” Their recurrence rate at 1 year
(84%) is similar to the rates previously reported and
furthermore, for 56% of these subjects, the recurrences
were reported as being as severe and disabling as the
original episode. In contrast, the group to whom specific
exercise was given to the multifidus reported only 30%
recurrence at 1 year and these were reported as being “as
severe” in only 33% of cases. Results from the control
group lead us to agree with the report of Von Korff and
Saunders*® in that the course of LBP for most primary
care patients is recurrent rather than acute or chronic in
the usual sense of these terms. Furthermore, as expressed
by Von Korff and Saunders,*” it is necessary to assess not
only the short-term outcome of the index episode but
also the long-term outcomes over a sufficient period of
time. The positive natural history of acute LBP in the
short-term, without provision of long-term follow-up,
may have led to an underestimation of the importance of
early intervention, which aims to prevent recurrences.
Results from the control group highlight that the greatest
number of recurrences (especially severe disabling ones)
occur predominantly in the first year after the original
episode.

Few detailed reports of long-term follow-up of acute
LBP are available. The most detail for the year following
the initial episode is provided by Bergquist-Ullman and
Larsson.®> However, little information is available for
longer-term outcomes. Von Korff and Saunders®” report
that LBP recurrence rates were similarly high at fol-
low-up at 2 years. In this study, recurrence rates re-
mained high for the control group for years two to three
(75%), but episodes reported as equally severe as the
original episode decreased from 56% to 17%. This in-
vestigation therefore demonstrated some moderation in
LBP over time, and it has been previously reported that
the risk of recurrence lessens 2 years after an acute epi-
sode.”* As the highest rate of severe disabling recurrences
occurred in the first year after the initial episode and one
of the major costs of LBP is in association with those who
have recurrent disabling episodes of LBP,'? it would ap-
pear that intervention may have its maximal benefits in
this period. However, long-term positive effects of the
intervention used were demonstrated in this study (30%
recurrence at 1 year to 35% recurrence rate for years two

to three). This long-term benefit was achieved with a
short intervention period (4 weeks).

There is now biomechanical evidence to explain the
role of the multifidus in stabilization of the lumbar seg-
ments.'*28>%*1 The rehabilitation approach aimed at
retraining the multifidus for its functional role of protec-
tion and control of movements of the vertebral seg-
ments.'*?8%*1 It is now possible to hypothesize how
this approach may be effective to account for the long-
term differences between the control and specific exercise
groups. Following an acute injury to the low back, a
deficit in the multifidus may leave the injured segment
susceptible to further injury. Specific exercise therapy
may be required to restore normal muscle function, with
the long-term sequelae of a deficient multifidus in control
subjects being a susceptibility to further injury and recur-
rence of LBP.

Furthermore, the biomechanical model provided by
Cholewicki and McGill* may help to explain why recur-
rences occurred with seemingly little provocation, espe-
cially in the control group subjects. The model high-
lighted the importance of muscles that provide spinal
segmental support, not only during high demand activi-
ties such as heavy lifting, but during low load activity
requiring only low muscle forces. Deficient stabilization
of lumbar segments caused by a deficient multifidus may
explain LBP recurrence with minimal or no predisposing
incidents.

This study provides one step forward in the knowl-
edge concerning the long-term effects of conservative
management for LBP patients. The results are promising
in that they suggest that specific exercises help to reduce
the high recurrence rate of LBP after the initial acute
episode, and this pilot study may be used to determine a
design model for further research. The limitations of this
study include the small sample size and limited outcome
measures (telephone questionnaire) for long-term fol-
low-up. More evidence in a larger study population is
required to further substantiate the findings of this study.

H Conclusion

The results from this study showed that subjects with
acute, first-episode LBP who received specific exercise
therapy in addition to medical management and resump-
tion of normal activity experienced fewer recurrences of
LBP in the long-term than subjects who received only
medical management and resumed normal activity. Bio-
mechanical research may explain why it is important to
focus on particular muscles for their stabilizing functions
in rehabilitation.

Additional research on larger subject populations is
required, and other factors will obviously be involved in
low back pain recurrence. However, in terms of preven-
tion of recurrences, this study might represent one step
forward in the optimal management of the acute low
back pain patient.
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H Key Points

e Following an initial episode of acute low back
pain (LBP), the recurrence rate is high.

e This randomized clinical trial followed acute low
back pain patients who undertook specific stabili-
zation exercises and control subjects for 3 years.

e Results showed decreased recurrence of low
back pain episodes in the specific exercise group
compared with the control group.
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INVITED REVIEW

ABSTRACT: Muscle ultrasound is a useful tool in the diagnosis of neuro-
muscular disorders, as these disorders result in muscle atrophy and intra-
muscular fibrosis and fatty infiltration, which can be visualized with ultra-
sound. Several prospective studies have reported high sensitivities and
specificities in the detection of neuromuscular disorders. Although not in-
vestigated in large series of patients, different neuromuscular disorders tend
to show specific changes on muscle ultrasound, which can be helpful in
differential diagnosis. For example, Duchenne muscular dystrophy results in
a severe, homogeneous increase of muscle echo intensity with normal
muscle thickness, whereas spinal muscular atrophy shows an inhomoge-
neous increase of echo intensity with severe atrophy. A major advantage of
muscle ultrasound, compared to other imaging techniques, is its ability to
visualize muscle movements, such as muscle contractions and fascicula-
tions. This study reviews the possibilities and limitations of ultrasound in
muscle imaging and its value as a diagnostic tool in neuromuscular disor-

ders.
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Ultrasound has been used in medical practice since
the early 1950s, when Wild and colleagues discov-
ered the ability of high-frequency ultrasonic waves to
visualize living tissues.?® Since then, the technique of
ultrasound has rapidly expanded, leading to its wide-
spread use in almost all fields of medicine because of
its non-invasiveness and real-time display. In 1980 it
was first discovered that diseased muscles showed a
different appearance on ultrasound compared to
healthy muscles.38 Subsequently, several studies have
established high sensitivities and specificities of ul-
trasound in the detection of neuromuscular disor-
ders.24:39:42,55,67.74.98 Currently, ultrasound is widely
available and ultrasound techniques have further
improved, resulting in display of muscle tissue with
resolutions up to 0.1 mm.!® This is higher than
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lar dystrophy; CT, computed tomography; DMD, Duchenne muscular dystro-
phy; EMG, electromyography; MRI, magnetic resonance imaging; SMA, spi-
nal muscular atrophy
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Muscle Ultrasound

resolution than can be achieved with, for example,
3-Tesla magnetic resonance imaging (MRI).?® In ad-
dition to muscles, ultrasound effectively images
nerves and peripheral nerve disorders, such as carpal
tunnel syndrome and neurinomas.57.29-53.91,92
Previous reviews on muscle ultrasound have fo-
cused primarily on trauma, malignancies, and infec-
tions of the musculoskeletal system.!430:34.61 In this
review, we describe the application of ultrasound in
patients with neuromuscular disorders. To present
diagnostic accuracy (i.e., sensitivity and specificity)
we reviewed only prospective studies. These studies
included patients with symptoms suggestive of a neu-
romuscular disorder. The control group consisted of
those with such symptoms but who eventually were
found to have no neuromuscular disorders. Instead,
they had other disorders, such as static perinatal
encephalopathy or motor delay with spontaneous
improvement without identifiable cause. Traumas
and infections were not included in these studies.

BASIS OF ULTRASOUND IMAGING

Sound waves and their echoes form the basis of
ultrasound images. A transducer sends out pulses of
high-frequency sound waves and receives their ech-
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FIGURE 1. Schematic representation of the composition of an ultrasound image. Partial reflections of the ultrasound beam occur when
the sound beam encounters a different tissue (A). The ultrasound image is created based on these returning echoes and their temporal
and acoustic properties. The amount of returning echoes per area determines the gray value of the image, that is, the echo intensity. In
diseased or aged muscles, replacement by fat and fibrous tissue occurs. Both fat and fibrous tissue have a different acoustical
impedance, thereby increasing the number of reflecting interfaces in the muscle, which gives the muscle a whiter appearance (B).

oes. The creation of an image from all returning
echoes is based on a computer analysis of the tem-
poral and acoustic properties of the echoes. Simpli-
fied, the time between sending and receiving the
ultrasound pulse determines the location of the cor-
responding pixel, whereas the amplitude of the
sound wave corresponds to the brightness of the
image.?>88 Reflection of sound waves occurs when
the ultrasound beam encounters tissue with differ-
ent acoustical properties, that is, acoustical imped-
ance, which comprises the combination of sound
velocity through and the density of the tissue.!8:25.88

Biological tissues contain mainly water and fat;
both are well capable of transmitting sound and have
only a small difference in acoustical impedance.
When encountering a different tissue (e.g., muscle
to fascia) the sound wave is partially reflected,
whereas most of the sound is transmitted to deeper
layers (Fig. 1A). The amount of returning echoes
per square area determines the gray value of the
image, that is, echo intensity. The largest differences
in acoustical impedance are found between bone
and air, which have sound velocities of approxi-
mately 300 and 4000 m/s, respectively, whereas in
muscle the sound velocity is approximately 1580
m/s.38 Therefore, transition to bone or air will cause
a strong reflection, resulting in a bright spot on the
ultrasound image. Consequently, because hardly any
sound gets through, no structures beneath such a
transition can be displayed.

When sound is transmitted through tissue, atten-
uation of the ultrasound beam occurs because of

680 Muscle Ultrasound

reflection, dispersion, and absorption of the sound.
Deeper structures are therefore more difficult to
display.?> This can be partially compensated for with
time-gain compensation, an integral part of image
generation that enhances the amplitude of the
sound coming from deeper structures. This has lim-
itations, however, and when overlying tissues absorb
too much sound, deeper structures cannot be visu-
alized.

The resolution of an ultrasound image must be
considered separately for the axial (depth along
the beam) and lateral direction (transversely
across the beam). The axial resolution is directly
related to the frequency of the transducer; at best,
it approaches the wavelength of the sound emitted
by the transducer.?>8% Diagnostic frequencies lie
in the range of 2-20 MHz, with corresponding
wavelengths of 0.8-0.08 mm. The lateral resolu-
tion of ultrasound is limited by the beam width
and is several times larger than the axial resolu-
tion.!® To achieve the best resolution, transducers
with a high frequency are preferable. However, the
depth of penetration is correlated inversely with
frequency.' Generally, 5- or 7.5-MHz probes are
used in muscle ultrasound studies, to ensure suf-
ficient depth penetration. Nowadays, it is also pos-
sible to use broadband transducers (e.g., 5-17
MHz), combining the advantage of high frequen-
cies to image superficial structures with high res-
olution and lower frequencies to reach deeper
structures.
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FIGURE 2. Normal ultrasound measurement of the biceps brachii muscle and surrounding tissues, measured at two thirds of the distance
from the acromion to the antecubital crease of the left arm. The right panel depicts the different structures schematically.

NORMAL MUSCLE

Normal muscle tissue appears as a structure with low
echo intensity (i.e., itis black in appearance). Muscle
tissue is divided by echogenic sheets of perimysial
connective tissue. This gives the muscle a speckled
appearance in the transverse plane (Fig. 2), whereas,
in the longitudinal plane, hyperechoic lines are vis-
ible, forming a linear or pennate structure (Fig. 3).
The sonographic appearance of muscle is fairly dis-
tinct and can easily be discerned from surrounding

FIGURE 3. Muscle ultrasound of the proximal part of a normal
anterior tibial muscle in longitudinal plane. Note the pennation
angle clearly visible in both the superficial part (*) and deeper part
(#) of the anterior tibial muscle, separated by the central fascia.
Double arrow indicates subcutaneous tissue.

Muscle Ultrasound

structures such as subcutaneous fat, bone, nerves,
and blood vessels. The boundaries of the muscle are
clearly visible, as the epimysium surrounding the
muscle is a highly reflective (echogenic) structure.
In normal subjects the bone echo is strong and
distinct, with an anechoic bone shadow underneath.
Subcutaneous fat has a low echo intensity, but sev-
eral echogenic septa of connective tissue may be
visible within this tissue layer. Nerves and tendons
are relatively hyperechoic compared to healthy mus-
cles, whereas blood vessels are hypo- or anechoic
circles or lines, depending on the direction of the
ultrasound beam49-61

All superficial muscles can easily be depicted
with ultrasound, although it can be difficult to
image individual small muscles when multiple
muscle groups overlap them. However, recent ul-
trasound technology using even higher frequen-
cies has made this less problematic. Deeper mus-
cles can be more difficult to visualize because of
the reflection or absorption of sound by superfi-
cial tissue layers.

Muscle Thickness. Muscle ultrasound is a reliable
method to measure muscle thickness and cross-sec-
tional area,”l.75:82 with a test-retest correlation of
0.98-0.99,71.77 and a 0.99 correlation with MRI.”!
Some studies have used ultrasound to establish mus-
cle thickness in healthy subjects.241.75:85.86 The estab-
lished normal values are dependent on the place of
measurement and the position of the subject. The
same measurement protocol should be applied to
use these normal values.
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FIGURE 4. Muscle thickness is dependent on age.*647 This
figure shows examples of the muscle thickness in men for the
biceps brachii, forearm flexor, quadriceps, and anterior tibial
muscles.

During childhood, muscle thickness increases
rapidly. The main variable to predict muscle thick-
ness in this age group is weight.86 Gender differences
do not influence muscle thickness until puberty,
when men start to develop thicker muscles than
women.>46:47 After puberty, muscle thickness in-
creases further, until a peak is reached between 25
and 50 years of age. Thereafter, muscle thickness
declines (Fig. 4).2224647.75 The influence of age and
gender is different for each muscle group and
should be taken into consideration when evaluating
muscle ultrasound scans of individual patients.

Muscle Echo Intensity. Muscle structure can also be
evaluated with muscle ultrasound by measuring mus-
cle echo intensity. Normal muscles are relatively
black, but different muscles have specific appear-
ances on ultrasound, because of the variability in
proportion of fibrous tissue and the orientation of
muscle fibers. For example, the anterior tibial mus-
cle is generally whiter than the rectus femoris.3¢
Muscle echo intensity increases with age, which
may be due to age-related muscle replacement by fat
and fibrous tissue.?>7* Figure 5 shows an example of
this age-related increase in muscle echo intensity of
the biceps brachii muscle, based on our database of
194 healthy volunteers (unpublished data). Fat and
fibrous tissue have a different acoustical impedance.
An increased number of reflecting interfaces in the
muscle gives the muscle a whiter appearance (Fig.
1B). Essentially, the same mechanism causes in-
creased muscle echo intensity in neuromuscular dis-
orders.?864 To describe muscle echo intensity, Heck-
matt and co-workers developed a visual grading scale

682 Muscle Ultrasound

70 1

| |
60 - .
T Ed Eg®
My = '
B 40 - .
2z
W
S 30
: - o
.; t‘. . ., .
ﬁ 20 3 "&' e L]
w L .
. ‘.
104 #* Men
= Women
0‘ T T T T 1
0 20 40 60 80 100
Age (years)

FIGURE 5. Age-related changes in muscle echo intensity of the
biceps brachii muscle, based on measurements in 194 healthy
volunteers. Muscle echo intensity is expressed as a value be-
tween 0 (black) and 255 (white). The values presented are spe-
cific for the ultrasound device used at our center. Other ultra-
sound devices will result in different values, but the shape of the
figure will be the same. The line represents the best non-linear fit.
In childhood, boys and girls have approximately the same muscle
echo intensity. After the age of 16 years, males have a lower
echo intensity than females. Muscle echo intensity increases
after the age of 40 years in both men and women.

in which grade I represented normal muscle and
grade IV a severely increased muscle echo intensity
with total loss of bone echo (Table 1).39 Additionally,
the distribution of increased echo intensity within
the muscle can be described, being either homoge-
neous or inhomogeneous. This feature can give ad-
ditional information about the presence of specific
neuromuscular disorders. Moreover, the visibility of

Table 1. Heckmatt score: visual grading scale to classify muscle
echo intensity.®°

Grade Ultrasound appearance

Grade | Normal

Grade Il Increased muscle echo intensity with distinct
bone echo

Grade lll Marked increased muscle echo intensity with a
reduced bone echo

Grade IV Very strong muscle echo and complete loss of

bone echo
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FIGURE 6. Transverse ultrasound image of a normal left quadriceps muscle (A) and of a patient with Duchenne muscular dystrophy
(DMD) (B). Both are 3.5 years of age. The rectus femoris muscle is encircled. The mean echo intensity is measured for this region, as
shown in the histograms below (scale: black = 0; white = 255). The rectus femoris of the DMD patient has increased muscle echo
intensity, with the corresponding histogram being displaced to the right. Note the fine granular pattern of echo intensity, homogeneously
spread among the muscle with attenuation of the ultrasound beam; that is, the echo intensity in deeper areas of the muscle is decreased
compared to the superficial areas. Fascia within the muscle, such as the central fascia in the anterior part of the rectus femoris (single
arrow), are more difficult to recognize in the DMD patient. VM, vastus medialis; VL, vastus lateralis; VI, vastus intermedius; F, femur;
double arrow, subcutaneous tissue. The quadriceps muscle was measured halfway along the line from the anterosuperior iliac spine to

the patella.

structures in and surrounding the muscle can pro-
vide additional clues about the presence of struc-
tural muscle changes. In several neuromuscular dis-
orders, such as muscular dystrophies and spinal
muscular atrophy, this finding can be as prominent
as the increase in muscle echo intensity.524

Visual detection of subtly increased muscle echo
intensity can be difficult, and its accurate interpre-
tation depends on the experience of the observer.
Different muscles have different appearances, and
muscle echo intensity increases with age. Moreover,
changes in system settings, such as increased gain,
can give muscles a whiter appearance that can be
mistaken for pathologically increased echo intensity.
Visual evaluation of muscle ultrasound has shown
relatively low interobserver agreement (kappa =
0.53), which further deteriorated when an inexperi-
enced observer interpreted the images.®? For this rea-
son, computer-aided techniques have been introduced
in image interpretation. Quantification of muscle echo
intensity can be achieved with gray-scale analysis (Fig.
6).5-35.54.55.64.69.74 Because this is more objective and
allows for statistical analysis, it is a robust clinical
technique and is also very suitable for research pur-
poses. Quantitative techniques improve the interob-
server agreement (kappa = 0.86).62

Muscle Ultrasound

An often-mentioned objection to quantitative
gray-scale analysis is that it is more time-consuming.
However, in our experience, quantification of echo
intensity can be done quickly. Evaluation of our
standard screening protocol (comprising four mus-
cles) takes less than 5 minutes. Before quantitative
muscle echo intensity can be used with different
ultrasound devices, system settings have to be ad-
justed and correction models have to be made in
order to use previously established normal values.
Otherwise, if a correction model is unavailable, a
completely new set of normal values for various age
groups has to be assembled.

In addition to quantitative echo intensity analysis,
visual evaluation still has its value. Focal changes in a
muscle that has a normal overall muscle echo inten-
sity can easily be detected visually. Moreover, visual
evaluation also provides information on the distribu-
tion of echo intensity within a muscle, that is,
whether it is homogeneous or inhomogeneous. New
developments in digital image analysis, such as tex-
ture analysis, are being designed to quantify these
alterations in muscle,>>59 as they are already used for
detecting focal changes in other tissues as well, such
as breast and prostate.!6:5!
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Sarcopenia. In healthy people, dramatic changes
take place in muscle during aging. This age-related
decline in muscle mass (sarcopenia) is thought to
result from a complex interplay between neurologi-
cal, metabolic, hormonal, nutritional, and physical
activity—related changes.8® It is associated with an
increased tendency to falling, dependency, nursing
home admission, and mortality.*+79 As muscle ultra-
sound can assess muscle thickness and quantify struc-
tural muscle changes such as fibrosis, it can be used
to evaluate the effects of sarcopenia. After the age of
40 years, muscle thickness gradually decreases, accel-
erating with increasing age. The rate of decline is
gender-dependent and different for each muscle
group, as shown in Figure 4.222:4647.7> For example,
at the age of 90 years, quadriceps muscle thickness in
men has decreased by 50% compared to its maxi-
mum muscle mass, which is a muscle thickness com-
parable to children under the age of 10 years.?

Care must be taken to avoid
measurement errors. A generous amount of contact
gel should be used to ensure optimal acoustic coupling
and to prevent pressure on the underlying tissues.
Occasionally, a water bath (i.e., immersion of the limb)
is necessary when imaging superficial structures, such
as muscles of the hand and foot.>%87 To compare
muscle thickness or muscle echo intensity between
subjects and over time, all measurements have to be
performed at the same anatomically defined locations,
with the subject in a standardized position. For exam-
ple, bending the knee will cause an alteration of the
direction of the muscle fibers in the quadriceps mus-
cle, resulting in an increased muscle echo intensity.3898
Contraction of a muscle results in an increased muscle
diameter and a decreased echo intensity, so it is nec-
essary that patients keep their muscles completely re-
laxed during the examination.*! Especially when mea-
suring in a transverse plane, it is important to place the
transducer perpendicular to the underlying tissue, as
oblique scanning will not only overestimate muscle
thickness*! but will also result in a decrease of muscle
echo intensity.!34276 Placing the transducer in a way
that an optimal bone echo and delineation of the
surrounding fascia is ensured can avoid this problem.

Measurement Errors.

ULTRASOUND IN NEUROMUSCULAR DISORDERS

Neuromuscular disorders usually lead to changes in
muscle morphology that can be visualized with ultra-
sound. Both atrophy and changes in muscle archi-
tecture can be assessed, the latter by measuring echo
intensity. Previous studies by Reimers and co-workers
have shown a strong correlation between the disrup-

684 Muscle Ultrasound

tion of normal muscle architecture and muscle echo
intensity.”+” From their studies, fat seems to be
especially responsible for the increased echo inten-
sity. However, in a recent study by our group, we also
established a significant and robust correlation with
fibrous tissue content.5?

Currently, muscle ultrasound is predominantly
used as a screening tool during the initial diagnostic
phase of patients with suspected neuromuscular dis-
orders. An abnormal ultrasound, and especially in-
creased muscle echo intensity, is indicative of such a
disorder. Other investigations, such as electromyo-
graphy (EMG) and muscle biopsy, are then neces-
sary to determine the type of neuromuscular disor-
der, but specific muscle ultrasound findings can give
additional clues that may help in directing the dif-
ferential diagnosis.

Prospective studies in children have shown that,
with visual evaluation of muscle echo intensity, the
presence of a neuromuscular disorder can be de-
tected with a sensitivity of only 67%—81% and a
specificity of 84%-92%.194298 Quantification of mus-
cle echo intensity improved the sensitivity to 87%-—
929 .35-62:64.67 With this high sensitivity, muscle ultra-
sound is very suitable for screening purposes.®? In
adults, no prospective studies investigating the diag-
nostic value of muscle ultrasound have yet been
performed.

The aforementioned sensitivities and specificities
represent the general ability of muscle ultrasound to
detect neuromuscular disorders. However, in spe-
cific neuromuscular disorders or in specific age
groups these values differ (Table 2). For example,
the sensitivity of ultrasound in detecting Duchenne
muscular dystrophy (DMD) in clinically affected pa-
tients approaches 100%,% whereas mitochondrial
myopathies will only be detected by ultrasound in
25%—-45% of the symptomatic cases.’> The diagnos-
tic value of muscle ultrasound has not been investi-
gated prospectively in other specific neuromuscular
disorders, and only small series of patients have been
reported. In children younger than 3 years of age,
muscle ultrasound shows a lower sensitivity (approx-
imately 75%).426398 This is largely explained by the
fact that structural changes within the muscle can
still be minor in the early stages of a neuromuscular
disorder. However, because the specificity of muscle
ultrasound for the presence of a neuromuscular dis-
order is high in these children (approaching 100%),
an abnormal ultrasound has major implications in
directing further—more invasive—investigations.

With muscle ultrasound one can also describe
the pattern of muscle involvement, which may help
in the differential diagnosis (Fig. 7).375%59 When
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Table 2. Ultrasound appearance in specific neuromuscular disorders.

Echo Muscle

) ; ! Studies on o
intensity: thickness: sensitivity Sensitivity
amount of amount of e (no. of
Type of disorder increase atrophy Remarks Age Assessment patients)*
General Nto 1 11 Nto | || El often more abnormal than muscle 0-21 v 67% (130)*2
thickness 0-18 v 81% (134)1°
0-18 o} 89% (65)°°
Myopathy

Dystrophy T N/ | Homogeneous fine granular 1-15 v 88% (25)*°
increases El. Normal or 3-7 v 95% (22)*?
decreased El in deeper areas of 3-9 q 100% (11)%8
affected muscle because of
increased attenuation. Preclinical
cases can be normal, except for
congenital dystrophies.

Congenital myopathy Nto1 11 |/ | Homogeneous increased El 4-32 v 80% (5)*°

0-9 % 57% (7)*2
1-13 q 100% (3)°®
Inflammatory myopathy
Dermatomyositis 1 N/ 1 (acute) Slight increase of El in acute phase, 7-14 % 60% (5)*2
| (chronic) more severe in chronic phase. El 2-18 q 100% (7)%®
is often focally increased. 21-77 a 67% (18)"*
Polymyositis 1 N/ 1 (acute) Slight increase of El in acute phase, 22-82 q 83% (30)"*
| (chronic) more severe in chronic phase. El
is often focally increased.
Inclusion-body ) Vi7d 4l Focal muscle involvement, 52-81 q 100% (13)"4
myositis asymmetrical, especially distal
muscles. Homogeneous increase
of El'in affected muscles

Metabolic myopathy N/ 1 N/ | Normal or only slightly increased El 0-14 \Y 50% (4)*?
with homogeneous distribution 0-18 q 46% (28)%°
within muscle; normal structures 0-9 q 70% (7)%8
within muscles remain visible.

Neurogenic
Anterior horn cell

SMA T Vi Inhomogeneous, moth-eaten 0-14 v 70% (27)*2
pattern. May be normal in very 0-6 v 92% (12)%®
young patients.

ALS 1 Ll Fasciculations most prominent No data available
feature. EI more abnormal than
atrophy.

Polyneuropathy AN | | (distal) Inhomogeneous, coarse granular 2-16 v 63% (8)*?
increase of El, distally more 3-15 a 100% (11)%8
severe than proximally.

Focal neuropathy Nto1 1 | | | (affected First ultrasound abnormalities visible 8-83 o} ~70% (255)%7

muscle) after 10 days. El more abnormal 14-70 q ~70% (100)°

than atrophy.

Abbreviations: q, quantitative gray-scale analysis; v, visual assessment of muscle echo intensity; N, normal echo intensity/muscle thickness; 7, slight increase
of echo intensity/muscle thickness; 1 1, moderately increased echo intensity; 1 1 1, severe increased echo intensity; |, slight atrophy; | |, moderate

atrophy; | | |, severe atrophy; El, echo intensity; SMA, spinal muscular atrophy; ALS, amyotrophic lateral sclerosis.

Reference indicated as numerical superscript.

there is selective muscle involvement, muscle ul-
trasound can identify diseased muscles and, sub-
sequently, direct muscle biopsy.36 It is important,
however, to avoid too severely affected muscles, as

Muscle Ultrasound

pronounced atrophy or fibrosis can also lead to
sampling errors and difficulties in interpreting the
results.0 Ultrasound is also used in guiding of
botulinum toxin injection of hypertonic muscles
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FIGURE 7. Schematic overview of the distribution of muscle echo intensity of a 49-year-old patient with dermatomyositis and a
35-year-old patient with a polyneuropathy. The gray values correspond to the amount of standard deviations above normal, after
correction for age and gender. Presenting ultrasound investigations in this manner helps in the differential diagnosis and in selecting

muscle biopsy location.

in cerebral palsy, as deep or small muscles may other-
wise be difficult to inject.39¢ Electromyography and
electrical stimulation of muscle can also be used for
this purpose, but, as they are painful and require co-
operation, they have limited use in children.®

Dynamic Muscle Ultrasound. In contrast to other im-
aging modalities, muscle ultrasound is not confined
to static images but can also be used for dynamic
imaging, such as in contracting muscles. It also pro-
vides quantitative data about changes in muscle con-
figuration during movement.!” This feature has
been used in patients with myositis, who were shown
to have less thickening of the muscles during con-

686 Muscle Ultrasound

traction than healthy controls. Fasciculations can
also be visualized dynamically as local thickening
and twisting in axial sections of relaxed muscle.93:94
They can easily be distinguished from other move-
ments like arterial pulsations (unifocal, rhythmic
movements) or voluntary muscle contractions (in-
volving the entire muscle) 33849394 although this can
be challenging in patients who are unable to lie still.
Ultrasound actually appears to be more sensitive in
detecting fasciculations than EMG, probably because
larger areas of muscle are sampled than with an
EMG needle.78:84.93.94 Moreover, with ultrasound it is
possible to see fasciculations during voluntary mus-
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FIGURE 8. Left quadriceps muscle of a 2-year-old boy with spinal muscular atrophy type 2 measured halfway along the line from the
anterosuperior iliac spine to the patella. The echo intensity is very inhomogenously spread among the muscle, with a moth-eaten pattern,
probably representing atrophic and hypertrophic muscle fibers. Normal structures within and surrounding the muscle are difficult to
distinguish. Muscle thickness is diminished. The right panel depicts the different structures schematically. RF, rectus femoris muscle.

cle contraction, which is impossible with EMG be-
cause of the summation of voluntary electrical po-
tentials recorded by the needle electrodes.”® The
cross-sectional area of a fasciculation is different for
smaller and larger muscles, with mean areas of 5
mm?® and 60 mm?, respectively, whereas in post-polio
patients this area can be even larger.%

Muscle Ultrasound for Discriminating Neurogenic Dis-
orders and Myopathies. Although the main ultra-
sound feature of both myopathies and neurogenic
disorders is an increased muscle echo intensity,
their appearance is different on muscle ultra-
sound. Neurogenic disorders usually show an in-
homogeneous increase of echo intensity with atro-
phy and, in young children, an increased
subcutaneous tissue diameter.*2+39 The latter is
especially prominent in floppy infants suffering
from spinal muscular atrophy (Fig. 8).40-85 Myop-
athies generally result in a homogeneous increase
of muscle echo intensity, often accompanied by a
preserved muscle bulk, as in DMD (Fig. 6b).*2439
In a study of 40 floppy infants, ultrasound showed
a 92% concordance with EMG findings in differ-
entiating between myopathies and neuropathies.*
Another study investigated the distribution of
quantitatively determined echo intensity and mus-
cle thickness in children’s muscles with various
neuromuscular disorders. In neuropathies, the
legs “not unexpectedly” showed more atrophy and
a higher echo intensity than the arms. Patients
with myopathies showed a more equal distribution
of muscle thickness and echo intensity throughout
their body. These features appeared to be very

Muscle Ultrasound

specific and made it possible to differentiate be-
tween neuropathies and myopathies with a positive
predictive values of 86% and a negative predictive
value of 84%.67 In adults, Maurits and co-workers
also successfully distinguished between myopa-
thies and neurogenic disorders using digital image
analysis.® They used muscle inhomogeneity and
white area index (which measures the presence of
patches of high echo intensity) as well as muscle
echo intensity of two proximal muscles. In chil-
dren with various neuromuscular disorders, how-
ever, this analysis was not found effective.>*

Muscle Ultrasound in Specific Neuromuscular Disor-
ders. The value of ultrasound in the detection of
specific neuromuscular disorders and differentiation
from other neuromuscular disorders has never been
investigated prospectively. Most studies are confined
to descriptions of ultrasound appearances. In what
follows we summarize the main ultrasound findings
in specific disorders, as presented in Table 2, which
also provides an impression of the possible sensitivity
of ultrasound in these disorders.

Muscular Dystrophies. Muscle ultrasound changes
in neuromuscular disorders were first described in
patients with DMD,%® and these patients show the
most striking abnormalities on muscle ultrasound.
In preclinical cases, muscle ultrasound can be nor-
mal,3*4267 but when the first clinical signs become
apparent, muscle ultrasound is abnormal in almost
every patient, showing normal muscle thickness with
increased muscle echo intensity.2+39-40 Within the
muscle, the echo intensity has an homogeneous
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(fine granular) distribution.?439 Proximal muscles
have the highest echo intensities, which can become
so high in advanced cases that the bone echo is
diminished or absent (Fig. 6B).3%-42.67 Similar find-
ings were reported in children with Becker and limb-
girdle muscular dystrophies; the severity of the ultra-
sound findings were found to be related to age and
clinical severity.?? The latter is in contrast to children
with congenital muscular dystrophies (CMDs),
where muscle echo intensity is severely increased in
almost all instances, but has shown no relation to age
or disease severity.2339 CMD is associated with exten-
sive histopathological muscle changes with an exten-
sive replacement of muscle by fat and connective
tissue, often appearing much more severe than the
clinical picture.??39 In some CMD cases, ultrasound
imaging may show striking differential involvement
of the quadriceps muscle with sparing of the rectus
femoris and a marked increase in echo intensity in
the vasti, which corresponds to needle biopsy and
MRI findings.?7-°7 In Bethlem myopathy, muscle ul-
trasound has revealed a peculiar echo density in the
anterior middle of the rectus femoris muscle, the
“central shadow sign,” centered around the central
fascia that is normally seen in this muscle.® This
corresponds to the myopathic process, which pro-
ceeds in an unusual outside-in fashion, that is, from
the fascia inwards.

Congenital Myopathies. Congenital myopathies are
a heterogenic group of inherited myopathies. Only a
few reports of ultrasound findings of these patients
are available, and in most the ultrasound examina-
tion was abnormal, but with highly heterogeneous
findings and selective muscle involvement corre-
sponding to the wide range of clinical pheno-
types.42,67

Patients with nemaline myopathy can show
marked selective muscle involvement (Fig. 9), al-
though the ultrasound scan can also still be normal
at clinical presentation.?*-42 Three patients with a
central core or minicore myopathy have been
described. All showing increased muscle echo in-
tensity.3?

Inflammatory Myopathies. Inflammatory myopa-
thies show specific changes on muscle ultra-
sound.*>67.74 Muscle echo intensity is increased with
focal alterations within the muscle, which makes it
possible to differentiate them from other myopa-
thies (Fig. 10A). In the acute phase of an inflamma-
tory myopathy, edema is present, resulting in slightly
increased muscle thickness with mild to moderately
increased echo intensity. As the disease progresses,

688 Muscle Ultrasound

FIGURE 9. Transverse ultrasound scan of the upper arm of a
1-year-old child with nemaline myopathy. The muscle echo in-
tensity is slightly increased in the biceps brachii muscle (Bi). The
brachialis muscle, however, shows a very high echo intensity
(arrow). H, humerus; double arrow, subcutaneous tissue.

muscle echo intensity further increases, and muscle
thickness declines.”*

In general, ultrasound findings in adult polymy-
ositis and dermatomyositis do not differ much from
those in childhood.” In polymyositis, muscle atro-
phy and increased muscle echo intensities are usu-
ally more pronounced in the lower extremities,
whereas in dermatomyositis the upper and lower
extremities are involved equally.”* Subcutaneous
and intramuscular calcifications, which are more of-
ten seen in children, are easily visible as highly echo-
genic structures with dorsal shadowing (Fig. 11).
Inclusion-body myositis shows more atrophy com-
pared to other inflammatory myopathies and a
strongly increased muscle echo intensity (Fig. 10B).
These findings can be focal and are often asymmet-
rical and most pronounced in the distal muscles.”>74

As not only muscles, but also surrounding fascia
are visible on ultrasound, a fasciitis can also be de-
tected with ultrasound, showing its fascial thicken-
ing. The borders of the muscle and surrounding
fascia are less well demarcated in fasciitis, and this
condition is often accompanied by myositis of adja-
cent muscles. In these muscles an increased muscle
echo intensity may be present (Fig. 12).56

Metabolic and Mitochondrial Myopathies. Metabolic
and mitochondrial disorders usually have normal or
only slightly elevated muscle echo intensity.2#+42:63.67
Sensitivities of 25%—45% have been reported in chil-
dren with mitochondrial myopathies, with even
lower sensitivities in children below the age of 5
years.%® Consequently, normal ultrasound findings
do not exclude the presence of a mitochondrial
myopathy. Higher sensitivities can probably be
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B: Inclusion body myositis

A: Dermatomyositis

FIGURE 10. Ultrasound image of the biceps brachii and brachialis muscle at two thirds of the distance from the acromion to the antecubital
crease in a 55-year-old man with acute, untreated dermatomyositis (A) and a 65-year-old man with inclusion-body myositis (IBM) (B). In
(A), a moderately increased echo intensity is visible with an inhomogeneous, patchy appearance. The muscle thickness is normal.
Conversely, the IBM patient (B) has severe atrophy and selective muscle involvement. The biceps brachii muscle shows a very high echo
intensity, whereas the brachialis muscle appears normal. The difference in resolution of both images is caused by a difference in
transducers: the left image is made with a broadband 5-17-MHz transducer, whereas in the right image a phased-array 7.5-MHz

transducer was used. Bi, biceps brachii muscle; Br, brachialis muscle; H, humerus; double arrow, subcutaneous tissue.

found in older children and adults with mitochon-
drial myopathies, as more structural muscle abnor-
malities are seen with increasing age.%® Muscle thick-
ness is often decreased.?7-48.60.63.72

Motor Neuron Disorders. Spinal muscular atrophy
(SMA) causes severe muscle atrophy that is visible on
ultrasound, accompanied by increased echo inten-
sity, although early in the course of the disease the
ultrasound scan can be normal.?4.39:40.4267 The distri-
bution of ultrasound abnormalities is distinct in
SMA. The lower limbs, and especially the quadriceps
muscle, show most abnormalities, whereas the biceps
brachii muscle is relatively spared.**67 Muscle echo
intensity has an inhomogeneous, moth-eaten pat-
tern, corresponding to areas with atrophic fibers
(bright areas) and groups of hypertrophic fibers
(black areas), as also seen in muscle biopsy (Fig.
8).2490 The structures normally seen within the mus-
cle (e.g., the central fascia in the rectus femoris) are
often not visible. Muscle outlines are well visible in
patients with a low to moderate elevation of the echo
intensity, but fade and disappear in severely affected

Muscle Ultrasound

patients, whereas the bone echo is preserved or
slightly decreased.

Muscle ultrasonography in patients with amyotro-
phic lateral sclerosis (ALS) shows a combination of
increased echo intensity, decreased muscle thick-
ness, and extensive fasciculations, even in the early
stages of the disease.>20.21.31.97 [n patients with sus-
pected ALS a higher degree of diagnostic certainty
can be reached when more body regions are affect-
ed.!! Ultrasound is capable of detecting fascicula-
tions and increased intramuscular fibrous tissue.3 As
these are early signs of lower motor neuron degen-
eration, ultrasound examination can help to
strengthen the diagnostic certainty of ALS in pa-
tients with a limited disease presentation.

Peripheral Nerve Disorders. EMG is the investigation
of choice in detecting peripheral neuropathies, with
high diagnostic accuracy even in young children
(88%—-100%),'943 and ultrasound of nerves can detect
common nerve entrapments.®7.29:5391.92 Muscle ultra-
sound, however, can also detect the consequences of
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FIGURE 11. Muscle ultrasound investigation of the quadriceps
muscle, at two thirds along the line from the anterosuperior iliac
spine to the patella of a 15-year-old, who had suffered from juvenile
dermatomyositis with a monocyclic course when she was 2 years
old. One year after diagnosis she developed severe subcutaneous
and intramuscular calcifications, especially in the right leg, causing a
flexion contracture of her right knee. Muscle ultrasound of the quad-
riceps muscle in a transverse plane revealed multiple subfascial
plaques of calcification, visible as echogenic structures casting a
shadow (white arrow). R, rectus femoris; V, vastus intermedius;
double arrow, subcutaneous tissue.

nerve damage by showing atrophy and increased echo
intensity in muscles innervated by the affected
nerve.>334267.87 Polyneuropathies thus result in muscle
ultrasound changes, with involvement being more se-
vere distally than proximally (Fig. 7).*> Muscle ultra-
sound appeared to be equally or slightly less capable of
detecting focal neuropathies than EMG, with a sensi-
tivity estimated at 70%. Increased echo intensity was
the most distinctive feature on ultrasound, and atrophy
was present in only one third of the patients. Muscle
echo intensity was strongly correlated with the pres-
ence of spontaneous activity on EMG. The earliest
ultrasound abnormalities appear 10-14 days after
nerve injury, which is when spontaneous activity ap-
pears on EMG.53387

MUSCLE ULTRASOUND COMPARED TO OTHER
DIAGNOSTIC TECHNIQUES

Besides ultrasound, other imaging techniques, such
as computed tomography (CT) and MRI, as well as
EMG, are frequently used in the diagnosis of neuro-
muscular disorders. Each approach has its specific
advantages and disadvantages compared to ultra-
sound. The use of muscle MRI has been researched
extensively in patients with neuromuscular disor-

690 Muscle Ultrasound

ders, especially in adults and in patients with inflam-
matory myopathies.?®5273 In children, MRI is capa-
ble of detecting neuromuscular disorders,!>5¢ but no
prospective studies have yet been performed. An
advantage of both MRI and CT compared to ultra-
sound is their ability to visualize deeper muscles,
especially when overlying muscles are severely affect-
ed.! Similar to ultrasound, MRI was less capable of
detecting pathological changes in early or pre-symp-
tomatic disease, and in metabolic or mitochondrial
myopathies.!>26 However, the major disadvantages
of MRI are its cost and the necessity of sedation in
young children. CT is also capable of detecting fatty
infiltration caused by neuromuscular disorders and
appears to be superior to MRI in detecting calcifica-
tions caused by inflammatory myopathies,®? but it
has the disadvantage of ionizing radiation. There are
no data on the predictive value of muscle CT in the
diagnosis of neuromuscular disorders.

The non-invasiveness of ultrasound as a screen-
ing tool in suspected neuromuscular disorders is in
sharp contrast to another frequently used tool, EMG,
which is far more uncomfortable. In a study of 498
children, 17% of the EMG investigations were ham-
pered by lack of cooperation because of fear or
pain.*® The sensitivity of EMG in detecting neuro-
genic disorders was very high in every age group
(88%-100%).1219-43 EMG has more problems in de-
tecting myopathies, especially in children. In floppy

FIGURE 12. Transverse measurement of a quadricps muscle
from a patient with eosinophilic fasciitis. The fascia surrounding
the rectis femoris is clearly thickened (*). The central fascia
separating the anterior part of the rectus femoris muscle is also
thickened and less well demarcated (arrow). F, femur; VI, vastus
intermedius; VL, vastus lateralis; R, rectus femoris. The mea-
surement was made halfway along the line from the anterosupe-
rior iliac spine to the patella.
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infants with myopathies, the EMG results correctly
predicted the final diagnosis in only 10%, whereas in
older children and adults sensitivities of 80% have
been reported.!219:43.81 As EMG is 2 measurement of
function, and ultrasound is concerned with struc-
ture, the use of both techniques is complementary
for the most part. Application of dynamic muscle
ultrasound can provide a bridge between the study
of muscle structure and function.®?
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Abstract

Background: Critical illness polyneuromyopathy (CIPNM) is a major cause of weakness in intensive care unit (ICU)
patients, but current diagnostic tests are limited. We evaluated the generalizability and validity of single nerve
conduction studies (NCS) and muscle ultrasound testing to identify CIPNM, and we also assessed the ability of
muscle ultrasound to prognosticate patient outcomes.

Methods: This was a prospective cohort study of mechanically ventilated medical, cardiac, surgical, and neurosurgical
ICU patients. We performed weekly strength testing, NCS, electromyography (EMG), and muscle ultrasound. We
calculated the sensitivity, specificity, and other test characteristics of single NCS and muscle ultrasound, and we used
multivariable regression models to assess the prognostic ability of muscle ultrasound.

Results: Ninety-five patients were enrolled. The incidence of probable CIPNM was 18% and did not differ significantly
by type of ICU (p =0.49). For diagnosing probable CIPNM, the peroneal motor NCS had a sensitivity of 94% (95%
confidence interval (Cl) 71-100%) and specificity of 91% (95% Cl 82-96%), the sural sensory NCS had a sensitivity of
100% (95% Cl 80—-100%) and specificity of 42% (95% Cl 31-54%), and abnormal muscle ultrasound echogenicity had a
sensitivity of 82% (95% Cl 48-98%) and specificity of 57% (95% Cl 43-70%). Abnormal echogenicity was associated with
reduced likelihood of discharge to home (9% vs 50%, p = 0.0001), fewer ICU-free days (median 3 (interquartile range
0-15) days vs 16 (9.3-19.3) days, p = 0.0002), and increased ICU mortality (42% vs 12%, p = 0.004).

Conclusions: In a diverse cohort of critically il patients, single NCS and muscle ultrasound achieved diagnostic

accuracy for patients at risk for CIPNM. The routine utilization of these tests could be beneficial for all critically ill
patients at risk for CIPNM.
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Background

Each year, approximately 1 million critically ill mechanically
ventilated patients worldwide develop intensive care unit-
acquired weakness (ICUAW) [1]. The prevalence of
ICUAW varies widely depending on factors such as the
presence of sepsis and multi-organ failure [2—-14]. Weak-
ness may be related to deconditioning (weakness without
electrophysiologic abnormalities) or critical illness poly-
neuromyopathy (CIPNM; weakness with electrophysiologic
abnormalities) [6, 9, 10, 15, 16]. Differentiating decondi-
tioning from CIPNM is clinically important, as these two
groups of patients have different outcomes and distinct
courses of recovery [17].

The diagnosis of CIPNM can be challenging. Muscle
strength testing is difficult to perform in acutely ill patients
and does not differentiate CIPNM from deconditioning
[18]. Although nerve conduction studies (NCS) and needle
electromyography (EMG) can delineate CIPNM from
deconditioning, these tests are time-consuming, mildly
invasive (for EMG), use expensive equipment, and require
specialized training.

A number of simplified screening tests for CIPNM
have been proposed. NCS of a single motor nerve (such
as the peroneal, also known as fibular, nerve) or sensory
nerve (such as the sural nerve) may be a relatively accurate
screening test for CIPNM [11-13]. The advantages of
single NCS include shorter testing duration (5-10 min
vs 60—90 min for full NCS/EMG), noninvasiveness, and
no need for volitional patient movement. Electrophysi-
ologic abnormalities are associated with deleterious
outcomes in critically ill patients, even in the absence
of weakness [17, 19]. However, a prior study examining
the accuracy of single peroneal and sural NCS as
screening tests for CIPNM focused almost exclusively
on patients with severe sepsis [11]. Therefore, the
generalizability of the accuracy of single NCS in screening
for CIPNM is relatively unknown. Muscle ultrasound is
also a promising technique to diagnose weakness by
examining decreases in muscle thickness or changes in
appearance (increased echogenicity) [20—34]. Muscle ultra-
sound has the potential advantage of being a relatively
quick and noninvasive test that utilizes equipment present
in most intensive care units (ICUs). However, the accuracy
of ultrasound changes in muscle thickness or echogenicity
to diagnose CIPNM remains unclear, and it is unknown if
ultrasound provides prognostic information beyond that
obtained from NCS/EMG.

The main purposes of our study were to determine the
generalizability of unilateral peroneal and sural NCS for
screening for CIPNM in a broader population, including
critically ill cardiac, surgical, and neurosurgical patients,
and to evaluate the accuracy of muscle ultrasound in
screening for CIPNM and prognosticating outcomes in
critically ill patients.
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Methods

This was a prospective observational cohort study con-
ducted at the University of Colorado Hospital, a tertiary
academic institution. We enrolled patients from the
medical, cardiac, surgical, and neurosurgical ICUs. The
study was approved by the Colorado Multiple Institutional
Review Board. All subjects or their proxies provided
written informed consent prior to inclusion in the
study. If a proxy was used for the initial consent,
re-consent of the subject was attempted during the
hospital course. Some of these data was previously pre-
sented as an abstract at the American Thoracic Society
International Conference 2018.

We identified potentially eligible patients using daily
screening for mechanically ventilated patients in the
electronic health record of our hospital. For medical,
cardiac, and surgical ICU patients, the study inclusion
criteria were: 1) intubation for > 48 h with hypoxemia or
hypercarbia in conjunction with severe sepsis or septic
shock; or 2) ICU stay for >48 h with multi-organ dys-
function and acute respiratory failure (PaO,/FiO; <
250) requiring mechanical ventilation. For neurosurgical
ICU patients, the inclusion criterion was intubation for >
48h with nontraumatic subarachnoid or intracerebral
hemorrhage. Exclusion criteria for all ICUs included age <
18 years, pre-existing neuropathy or myopathy, pharmaco-
logic paralysis, pregnancy, being a prisoner, time on mech-
anical ventilation and ICU stay of >7days, inability to
perform NCS/EMG on at least one arm and one leg (e.g.,
due to amputation or overlying equipment), or patient/
physician refusal to participate in the study.

After enrollment, we collected baseline information
on demographics, comorbidities, and Sequential Organ
Failure Assessment (SOFA) score. Each week, patients
underwent Glasgow Coma Scale (GCS) scoring, and
muscle strength testing was attempted using Medical
Research Council (MRC) scoring of six bilateral muscle
groups with a maximum score of 60. ICUAW was defined
as an MRC score of less than 48 [6].

Weekly NCS/EMG testing was performed with a Natus
Neurology Nicolet Viking EDX (Middleton, WI, USA)
according to previously described standard procedures
[11, 35]. Repetitive stimulation of the median motor
nerve was performed to exclude neuromuscular junction
defects, and F-waves were recorded from the tibial nerves
to screen for proximal nerve root disease (e.g., Guillain-
Barre Syndrome). The bilateral sural, radial, and median
sensory NCS were recorded using standard procedures
[11]. The bilateral peroneal, tibial, and median motor NCS
were recorded using surface electrodes over the extensor
digitorum brevis, abductor hallucis brevis, and abductor
pollicis brevis muscles, respectively. The compound motor
action potential (CMAP) responses were elicited from
standard distal and proximal sites of stimulation to
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calculate a conduction velocity and to assess for the
presence of conduction block or temporal dispersion.
After reviewing the studies and excluding patients with
defects in neuromuscular transmission or primary/acquired
demyelination, the sensory nerve action potential (SNAP)
and CMAP amplitudes were analyzed for abnormalities.
Unilateral concentric needle EMG examination was then
performed on two upper extremity and two lower extremity
muscles, one proximal and one distal in each limb, asses-
sing insertional activity, spontaneous activity, activation,
motor unit potential morphology, and recruitment pattern.
NCS and EMG are prone to differences in interexaminer
reliability but maintain high intraexaminer reliability [36].
Therefore, all NCS/EMG examinations were performed
by one electrophysiology-trained physician, who was
not blinded to the results of the index tests or reference
standard.

For muscle ultrasound, we used a Philips Sparq machine
(Amsterdam, Netherlands) with a linear-array transducer
with standardized gain and varying depth based on the
amount of overlying soft tissue and muscle size. The pa-
tients were examined in the supine position with extended
limbs and relaxed muscles. We performed bilateral scans
at standardized sites on the mid-biceps (halfway between
the tip of the acromion and antecubital skin crease with
forearm supinated), anterior mid-forearm (halfway be-
tween the antecubital skin crease and ulnar styloid with
forearm supinated), and mid-thigh (halfway between the
anterior superior iliac spine and superior midline border
of the patella). We measured muscle thickness and echo-
genicity in the axial plane (perpendicular to the underlying
bone or interosseous membrane) while avoiding compres-
sion of overlying soft tissues. To quantify muscle echo-
genicity, we utilized the visual four-point Heckmatt score
that correlates with clinical and histologic neuromyopathy
[29, 33]. All muscle ultrasounds were performed before
NCS/EMG by one trained examiner to minimize issues of
interexaminer reliability. Only medical, cardiac and surgi-
cal ICU patients underwent weekly muscle ultrasound due
to machine availability. Weekly NCS/EMG/ultrasounds
stopped once the patient left the ICU, died, developed
CIPNM or completed four weekly examinations.

The primary outcomes for this study were the sensitivity
and specificity of the unilateral peroneal motor and sural
sensory nerves for diagnosing CIPNM, using the previ-
ously reported most accurate cutoff amplitudes to define
test positivity for the peroneal and sural nerves (below
0.65 mV for peroneal and 4 pV for sural) and a reference
standard electrophysiologic definition of CIPNM based on
established criteria [11]. Patients were diagnosed with
CIPNM if they had: 1) SNAP amplitudes less than 80% of
the lower limit of normal in two or more nerves; and 2)
CMAP amplitudes less than 80% of the lower limit of nor-
mal in two or more nerves without conduction block.
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NCS were categorized as normal or abnormal using stand-
ard normal values for the electrophysiology laboratory
(normal amplitude > 1 mV for the peroneal nerve and > 10
pV for the sural nerve). We used this purely electrophysio-
logic definition of CIPNM (hereafter referred to as prob-
able CIPNM) as our reference standard as we anticipated
that most patients would not be awake and able to partici-
pate in voluntary MRC and EMG testing [8]. If the patient
could participate in testing, MRC and EMG were used to
classify the diagnosis definitively as neuropathy, myopathy,
both, or neither. For patients diagnosed with probable
CIPNM, the electrophysiological testing results at the time
the diagnostic criteria were fulfilled were used in all ana-
lyses. For the remaining patients who did not meet the
diagnostic criteria for probable CIPNM, data from their
last electrophysiological tests were used in all analyses.
Muscle ultrasound does not have established cutoffs to
define abnormal changes in muscle thickness or echogeni-
city that are associated with CIPNM. We thus evaluated
whether decreased muscle ultrasound thickness or increased
echogenicity were accurate screening tests for probable
CIPNM and if these muscle ultrasound abnormalities added
prognostic information on patient outcomes to that
obtained from NCS/EMG. We built a multivariable
regression model with selected predictors of age (continu-
ous variable), gender (binary variable), SOFA score for
disease severity (continuous), CIPNM status (probable
CIPNM vs none, binary), and muscle ultrasound echo-
genicity (abnormal vs normal, binary). The main predicted
outcome for assessing the incremental prognostic infor-
mation conveyed by muscle ultrasound was hospital dis-
charge disposition (home vs not home) using a nominal
logistic regression model with coefficient statistical signifi-
cance assessed using a Wald test. We also examined the
outcomes of ICU-free days and ICU mortality in second-
ary analyses.

We followed the Standards for Reporting Diagnostic
Accuracy (STARD) 2015 guidelines for reporting diagnostic
accuracy studies [37]. For our sample size calculation, since
prior studies showed ~ 95% sensitivity of the peroneal motor
and sural sensory nerves for CIPNM diagnosis [11-13], for
a test with 95% sensitivity, two-sided 95% confidence inter-
val (CI) width of 10%, and probable CIPNM prevalence of
20%, 92 patients would be needed [38]. Although our focus
for these screening tests was sensitivity, these same prior
studies showed ~ 75% specificity of the peroneal nerve for
CIPNM diagnosis and for a test with 75% specificity,
two-sided 95% CI width of 10%, and probable CIPNM
prevalence of 20%, 91 patients would be needed [38]. Base-
line data are presented as counts and percentage or medians
and interquartile range (IQR). We used chi-square tests for
categorical variables and ¢ tests or Wilcoxon tests for con-
tinuous variables. Outcomes are presented as percentages
for binary outcomes and medians and IQR for continuous
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outcomes. All analyses were performed using J]MP Pro 13
(Buckinghamshire, England). A p value less than 0.05 was
considered statistically significant and all significance tests
were two-sided. There was no adjustment performed for
multiple comparisons.

Results

From December 2015 to April 2018, 255 mechanically
ventilated patients met inclusion criteria and 155 were
excluded (Fig. 1), with the most common reasons includ-
ing an inability to obtain informed consent or refusal to
participate (1 =98, usually from lack of available proxy),
pre-existing neuromyopathy (# =29), and pharmacologic
paralysis (n =4). We initially enrolled 100 patients. After
enrollment and initial NCS/EMG were performed, five
subjects were discovered to have a history of pre-existing
neuromyopathy so they were excluded from further ana-
lysis. Thus, the final cohort included 95 patients (Table 1).
No patients withdrew from the study and outcomes were
collected on all patients.
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Patients were awake, following commands, and able to
participate in MRC strength testing at only 35% of study
visits. A total of 17 patients (18%) were diagnosed with
probable CIPNM, and only 1 of these 17 patients could
participate in voluntary EMG and MRC testing before
discharge to determine definitively if they had neuropathy,
myopathy, or both. Of the 17 patients diagnosed with
probable CIPNM, 15 were diagnosed at their first study
visit (the other 2 were diagnosed at study day 14 and day
21, respectively). Patients who developed probable
CIPNM had fewer 28-day ICU-free days (0 (IQR 0-1.5) vs
8 (0-17), p=0.007), were less likely to be discharged
home (6% vs 32%, p = 0.03), and were more likely to die in
the ICU (47% vs 18%, p = 0.01) or hospital (53% vs 19%,
p =0.004) when compared with patients who did not
develop CIPNM. There was no difference in days on
mechanical ventilation (10 (IQR 6.5-14.5) vs 9 (6-17),
p=0.67). The incidence of probable CIPNM did not
differ significantly by admitting ICU (p=0.49), and
there was a similar probable CIPNM incidence in the
medical (18%) and neurosurgical (21%) ICUs.

Met inclusion criteria (n=255)

\ 4

Excluded (n=155)

+ Declined to participate or could not
obtain informed consent (n=98)

+ Pre-existing neuromyopathy (n=29)

+ Pharmacologic paralysis (n=4)

+ Other reasons (n=24)

Enrolled (n=100)

A 4

Excluded (n=5)
+ Found to have pre-existing
neuromyopathy (n=5)

A 4

Included (n=95)

A 4

Lost to follow-up (n=0)

Discontinued intervention (n=0)

v

Analyzed (n=95)

Fig. 1 Study flow chart
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Table 1 Baseline demographic and clinical characteristics
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Variables Subjects (n=95) No CIPNM (n=78) Probable CIPNM (n=17)
ICU location

Medical 45 (47) 37 (47) 8 (47)

Cardiac 9 (9) 9(12) 0(0)

Surgical 13 (14) 10 (13) 3(18)

Neurosurgical 28 (29 22 (28) 6 (35)

Age, years 59 (43-70) 56 (43-65) 72 (59-77)
Gender, female 42 (44) 37 (47) 5 (29)
Race

White 68 (72) 56 (72) 12.(71)

Black 13 (14) 12 (15) 1(6)

American Indian or Alaska Native 3(3) 2(3) 1(6)

Asian (1) (M 0(0)

Other or not reported 10(11) 7 (9) 3(18)
Ethnicity, Hispanic 13 (14) 10 (13) 3(18)

Body mass index, kg/m? 28.7 (25-32.3) 28 (24.6-31.9) 294 (27.7-37.9)
Primary reason for admission

Subarachnoid hemorrhage 19 (20) 14 (18) 5(29)

Pneumonia 17 (18) 15 (19) 2(12)

Encephalopathy 9 (9) 7 (9 2(12)

Intracerebral hemorrhage 8 (8) 7 (9) 1(6)

Postoperative 7 (7) 7 (9 0 (0)

Nonpulmonary sepsis 7(7) 4 (5) 3(18)

Gastrointestinal bleed 5(5) 2(3) 3(18)

Congestive heart failure 303) 34 00

ARDS 33) 34 00

Myocardial infarction 2(2) 2 (3) 0(0)

Other 15 (16) 14 (18) 1(6)
Hospital length of stay, hours 108 (66-157) 108 (66-152) 116 (76-162)
Time on mechanical ventilation, hours 83 (63-133) 83 (63-134) 84 (69-135)
Central nervous system disease 11 (12) 8 (10) 3(18)
Alcohol use disorder 23 (24) 16 (21) 7 (47)
Diabetes 12 (13) 10 (13) 2(12)

HIV 0(0) 0 00
Total SOFA score 9 (6-12) 9 (6-11) 12 (8-14)
Total GCS score (eyes + motor) 4 (2-9) 7 (2-9) 2 (2-7)

Data are presented as count (percentage) or median (interquartile range)

ARDS acute respiratory distress syndrome, CIPNM critical illness polyneuromyopathy, GCS Glasgow Coma Scale, HIV human immunodeficiency virus, ICU intensive

care unit, SOFA Sequential Organ Failure Assessment

There were no statistical differences in the distribution
of the right and left CMAP amplitudes for the peroneal
nerve (0mV (IQR -0.6 to 0.4)) and SNAP amplitudes
for the sural nerve (0 pV (0-0)), and so the right and left
amplitude values were averaged when they were both
obtained. Using the previously reported most accurate
cutoff amplitudes for the peroneal and sural nerves
(0.65 mV for peroneal and 4 pV for sural) [11], the

peroneal motor nerve had a sensitivity of 94% (95% CI
71-100%) and specificity of 91% (95% CI 82-96%) for
diagnosing probable CIPNM compared with the refer-
ence standard, while the sural sensory nerve had a sensi-
tivity of 100% (95% CI 80-100%) and specificity of 42%
(95% CI 31-54%). The peroneal motor nerve had a positive
predictive value of 70% and negative predictive value of 99%,
whereas the sural sensory nerve had a positive predictive
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value of 27% and negative predictive value of 100% (Table 2;
Additional file 1: Figure S1 and Additional file 2: Figure S2).
The sensitivities were unchanged when using cutoff ampli-
tudes of 80% of the lower limit of normal for our laboratory
(Table 3). The global accuracy of each test (the sum of true
positives and true negatives divided by the total population)
was 92% for the peroneal motor nerve and 53% for the sural
Sensory nerve.

The 67 patients in the medical, cardiac, and surgical ICUs
who underwent muscle ultrasound had a median of one
study performed per patient; 33 patients (49%) had the
worst echogenicity score in any muscle of 2, and no mus-
cles had scores of 3 or 4. A muscle ultrasound echogenicity
score in any muscle of at least 2 out of 4 had a sensitivity of
82% (95% CI 48-98%) and specificity of 57% (95% CI 43—
70%) for diagnosing probable CIPNM compared with the
reference standard, along with a positive predictive value of
27% and negative predictive value of 94% (Additional file 3:
Figure S3). The global accuracy of the test was 61%. In all
of the patients with probable CIPNM and abnormal
echogenicity, the sural and peroneal single NCS were both
abnormal. Increased echogenicity was associated with a
reduced likelihood of discharge to home (9% vs 50%, p =
0.0001) and fewer ICU-free days (3 (IQR 0-15) vs 16 (9.3—
19.3), p = 0.0002) along with increased ICU mortality (42%
vs 12%, p = 0.004). We then determined if ultrasound added
prognostic information to that obtained from NCS/EMG.
For the main outcome of hospital discharge disposition,
abnormal muscle ultrasound echogenicity was associated
with a lower chance of discharge to home (odds ratio 0.42
(95% CI 0.2-0.86), p=0.02) after adjustment for all the
other predictors in the multivariable regression model. For
the secondary outcomes, there were no significant associa-
tions between abnormal muscle ultrasound echogenicity
and ICU-free days or ICU mortality. Only 13 patients had
repeated studies of muscle thickness, so we could not
examine changes in muscle thickness in this cohort.

The only adverse event was one thigh hematoma after
EMG that did not expand after holding pressure and did
not require further treatment intervention.

Discussion

In this prospective observational cohort study, we en-
rolled 95 heterogeneous critically ill intubated patients

Table 2 Results of index tests and reference standard

Peroneal motor Sural sensory No CIPNM Probable CIPNM
<065 mV <4 v

No No 32 0

No Yes 39 1

Yes No 1 0

Yes Yes 6 16

CIPNM critical illness polyneuromyopathy
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Table 3 Sensitivity and specificity of each nerve amplitude for
the diagnosis of probable CIPNM

Nerve Cutoff Normal Sensitivity Specificity
amplitude amplitude (95% Cl) (95% Cl)

Peroneal 0.65mV TmV 94% (71-100%)  91% (82-96%)
motor

Peroneal 08mV 1T mV 94% (71-100%)  90% (81-95%)
motor

Sural sensory 4 pV 10 pv 100% (80-100%) 42% (31-54%)
Sural sensory 8 pV 10 pv 100% (80-100%) 31% (21-42%)

Cl confidence interval, CIPNM critical illness polyneuromyopathy

and performed serial NCS, needle EMG, and muscle
ultrasound to examine simplified screening tests for
probable CIPNM. Individual peroneal CMAP and sural
SNAP amplitudes had good sensitivity for identifying
patients with probable CIPNM, and abnormal muscle
echogenicity was a good screening test for probable
CIPNM and a predictor of prognosis.

CIPNM is associated with a number of adverse patient
outcomes, including prolonged time on mechanical ven-
tilation, longer ICU and hospital stays, increased hospital
mortality, higher hospital costs, and a lower likelihood of
discharge to home [6, 7, 10, 11, 15, 16, 39—-42]. Following
hospital discharge, CIPNM is also associated with increased
1-year mortality [17, 41]. Furthermore, in survivors of acute
respiratory distress syndrome (ARDS) examined 5 years
after their initial illness, physical function was dimin-
ished whereas pulmonary function largely returned to
normal [43].

Our group previously published a prospective observa-
tional cohort study of medical ICU patients with severe
sepsis and/or acute respiratory failure requiring mechan-
ical ventilation to determine which specific motor or
sensory nerves accurately screened for CIPNM [11]. Using
an amplitude cutoff value from receiver operating charac-
teristic (ROC) curves of 0.65mV for the peroneal CMAP
and 4 pV for the sural SNAP, the unilateral peroneal
motor nerve was 94% sensitive and 74% specific and the
sural sensory nerve was 94% sensitive and 70% specific for
diagnosing CIPNM. Latronico et al. also explored the use
of unilateral peroneal motor NCS as a screening test
for CIPNM in a diverse ICU population and validated
the results in a primarily neurological ICU population.
This group also found the peroneal nerve to have excel-
lent sensitivity (100%) for CIPNM diagnosis with good
specificity (67—-85%) [12, 13]. Our study validates those
prior results and demonstrates their generalizability to
a broader critically ill patient population including pa-
tients with sepsis, neurologic emergency, and postoper-
ative respiratory failure. As one of the longest nerves in
the body, the utility of the peroneal nerve for diagnosing
CIPNM may be partially explained by its vulnerability to
tissue ischemia [13].
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Critically ill patients experience both muscle wasting and
a change in muscle appearance on ultrasound (increased
echogenicity) [20—24]. Measurements of muscle ultrasound
thickness and echogenicity have high inter-rater reliability
in both healthy [25-27] and critically ill patients [28, 29].
Even in the presence of critical illness and edema, muscle
thickness measurements at the biceps, mid-forearm, and
mid-thigh correlate well with lean body mass [27, 30].
Muscle thickness decreases faster in critically ill patients
with multi-organ failure [31]. Increased muscle echogenicity
may be caused by intramuscular inflammation, necrosis,
edema, fatty deposition, and/or fibrosis [29, 32, 33]. Our
study demonstrates that increased echogenicity is a good
screening test for probable CIPNM and is associated with
deleterious outcomes.

Strengths of our study include generalizability through
enrollment of a broad population of critically ill patients
with a variety of diagnoses from multiple ICUs. We
excluded patients with known pre-existing neuromyopathy
through medical record searches and questioning of patients
and proxies, supporting the validity of our findings. Single
nerve screening tests for CIPNM should only be used
in patients without pre-existing neuromuscular disease.

Our study has a number of limitations. The physician
performing the electrophysiologic tests was unblinded,
although muscle ultrasound was always performed before
NCS/EMG at each weekly visit so that electrophysiologic
testing results would not influence ultrasound interpret-
ation. Since peroneal and sural NCS results were included
as part of the reference standard criteria for probable
CIPNM and both the index and reference tests were
performed by the same specialist, the study was at risk of
incorporation bias, which may lead to overestimation of
diagnostic accuracy of our screening tests. We did not
perform nerve or muscle biopsies, but it is impractical to
perform these invasive procedures in most critically ill
patients. It is possible that some of the changes in muscle
echogenicity were due to edema, but fluid overload itself
may still be harmful [44]. The prevalence of probable
CIPNM in our study was 18%, which was slightly lower
than the 20% prevalence we expected in our sample size
calculations and led to wider confidence intervals for
index test sensitivity. We could not perform MRC
strength testing due to altered mental status in the majority
of study visits, consistent with prior literature demonstrat-
ing that most prolonged mechanically ventilated patients
are unable to perform manual muscle testing [18]. The
inability to perform manual muscle testing gives NCS and
muscle ultrasound a potential advantage, as these tests
require no active patient cooperation.

There are a number of implications of our study for
clinical management. Compared with full four-limb
NCS/EMG, unilateral single nerve NCS is quicker, less
painful for the patient, and could facilitate the diagnosis
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of CIPNM. The peroneal CMAP amplitude is 100- to
1000-times larger than the sural SNAP amplitude and
is thus easier to find in ICUs that frequently have elec-
trical interference. However, an abnormal peroneal or
sural NCS requires follow-up with full NCS/EMG (and
ideally muscle strength testing) to confirm a CIPNM
diagnosis. Abnormal muscle echogenicity is a good
screening test for probable CIPNM and provides add-
itional prognostic information to NCS/EMG. Simplify-
ing the diagnosis of CIPNM with single nerve NCS or
muscle ultrasound would have a dramatic impact on
clinical practice, leading to earlier diagnosis and increased
recognition of CIPNM, better prognostication for patients
and families, and more targeted use of treatments such as
physical therapy.

Conclusions

Peroneal motor and sural sensory single NCS are accurate
diagnostic tests for probable CIPNM, and muscle ultra-
sound echogenicity adds value for outcome prediction.
Future studies should examine whether these simplified
tests can identify good candidates for early ICU physical
therapy or be used to monitor therapeutic response.
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undergoing sural NCS index test. (DOC 43 kb)

Additional file 2: Figure S2. STARD flow diagram for 95 patients
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Additional file 3: Figure S3. STARD flow diagram for 67 patients
undergoing muscle ultrasound echogenicity index test. (DOC 44 kb)
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Rehabilitative Ultrasound Imaging:
Understanding the Technology and
Its Applications

strength-training protocols, and aging
on muscle size, and the relationship be-
tween muscle size and strength in differ-
ent populations (see Stokes and Young'?
for a review). This early research used
compound B-scanning, which enabled
whole cross sections of large muscles to
be captured, because the image could
be built up as the transducer was moved
over the skin. The compound technique,

rom an historical perspective, ultrasound imaging (USI)
has been used for medical purposes since the 1950s. The
primary use of USI continues to be for traditional radiological
goals, which consider the morphological characteristics
and structural integrity of various organs and tissues. However,
as the technology has been embraced as a safe, portable, objective,
and relatively inexpensive means of examination, the ingenuity
and diversity of applications has extended beyond these realms.

Ultrasound imaging related to muscu-
loskeletal rehabilitation has been devel-
oping rapidly since the 1980s. The first
report of muscle imaging linked to reha-
bilitation was in 1968, when Ikai and Fu-
kunaga® related the size of the upper arm
muscles to strength. However, it was the

at the University of Oxford in the 1980s
that sowed the seeds for the use of USI by
physical therapists. A striking finding of
their work was how dramatic limb mus-
cle wasting is underestimated with a tape
measure.'** Several studies of the quadri-
ceps muscle followed, including investi-
gation of the effect of knee joint injury,

which was expensive, was phased out as
a routine tool and replaced by real-time
USI (definitions are provided in the AP-
PENDIX) both in general medical and mus-
culoskeletal settings.

A recent (1990s) resurgence in the
interest of rehabilitative applications of
USI has been seen amongst clinical ther-
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work of Dr Archie Young and colleagues
apists. This stems from a series of studies
in which USI was used to detect atrophy
of the lumbar multifidus (isolated to
the side and spinal level of symptoms)
in individuals with acute low back pain
(LBP),” as well as to determine that re-
covery of this muscle was not automatic
when pain subsided,* thus required
specific training to reduce risk of future
episodes.*” In addition, these studies

[
© SYNOPSIS: The use of ultrasound imaging by sound imaging and instrumentation principles,
physical therapists is growing in popularity. This including an understanding of the various modes
commentary has 2 aims. The first is to introduce and applications of the technology with respect
the concept of rehabilitative ultrasound imaging to neuromusculoskeletal rehabilitation and in
(RUSI), provide a definition of the scope of this relation to other common imaging modalities. J
emerging tool in regard to the physical therapy Orthop Sports Phys Ther 2007,37(8):434-449.
profession, and describe how this relates to the d0i:10.2519/jospt. 20072350

larger field of medical ultrasound imaging. The
second aim is to provide an overview of basic ultra-

@© KEY WORDS: elastography, magnetic reso-
nance imaging, rehabilitation, sonography
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suggested that the biofeedback provided
by USI might facilitate the relearning
process. Since that time, applications of
USI with respect to many other muscles
of the trunk and limbs continue to be
investigated."?

Current applications of USI in reha-
bilitation essentially fall into 2 distinct
areas of musculoskeletal imaging: re-
habilitative USI (RUSI) and diagnostic
imaging. The former, which is the topic
of this special issue, includes evalua-
tion of muscle structure (morphology)
and behavior, as well as the use of USI
as a biofeedback mechanism. Specifi-
cally, this includes the measurement of
morphological features (morphometry),
such as muscle length, depth, diameter,
cross-sectional area, volume, and pen-
nation angles; changes in these features
and the impact on associated structures
(fascia and organs such as the bladder)
with contraction; tissue movement and
deformation (eg, high-frame-rate USI
and elastography); and qualitative evalu-
ation of muscle tissue density. Alterna-
tively, diagnostic USI involves examining
the effects of injury or disease on liga-
ment, tendon, and muscle tissues, which
requires different skills and training than
those needed for RUSL.*

In May 2006, the first international
meeting on RUSI was hosted by the US
Army-Baylor University Doctoral Pro-
gram in Physical Therapy in San Antonio,
TX. The purpose of the symposium was to
develop best practice guidelines for the use
of USI for the abdominal, pelvic, and para-
spinal muscles, and to develop an interna-
tional and collaborative research agenda
related to the use of USI by physical thera-
pists. At that symposium the participants
agreed on the use of the term RUSI. In ad-
dition, a position statement (below) was
created to help define this emerging tool in
the field of physical therapy.'?® This state-
ment, along with a visual representation
of how the practice of RUSI fits into the
larger field of medical USI, was endorsed
by delegates (FIGURE 1):

“RUSI is a procedure used by physical
therapists to evaluate muscle and related

soft tissue morphology and function dur-
ing exercise and physical tasks. RUSI is
used to assist in the application of thera-
peutic interventions aimed at improving
neuromuscular function. This includes
providing feedback to the patient and
physical therapist to improve clinical
outcomes. Additionally, RUSI is used in
basic, applied, and clinical rehabilitative
research to inform clinical practice. Cur-
rently, the international community is de-
veloping education and safety guidelines
in accordance with World Federation
for Ultrasound in Medicine and Biology
(WFUMB). Dated: 10 May, 2006.”2%

In addition to defining the scope of
USI with respect to physical therapy, the
position statement and diagram are in-
tended to guide therapists in acknowledg-
ing professional boundaries, as ultimately
the delegates’ goal is to see RUSI accepted
within the medical-imaging field. How-
ever, as the use of USI (both rehabilitative
and diagnostic) by physical therapists is
in its infancy, the need to establish train-
ing facilities for therapists in conjunction
with other imaging disciplines, including
their professional bodies, where possible,
is recognized as a priority.

This commentary aims to provide an
overview of basic USI and instrumenta-
tion principles as they relate to RUSI.

This will include an introduction to the
various modes of imaging, how USI fits
with respect to other more commonly
known imaging technologies, the type
of information that USI applications
can provide, how these applications may
be of value to the researcher and clini-
cian, as well as potential future lines of
investigation.

BASIC PRINCIPLES OF SOUND
WAVE PROPAGATION AND
INSTRUMENTATION

HIS SECTION IS INTENDED TO PRO-
Tvide a basic understanding of the

principles that underlie USI. The ge-
neric characteristics of USI units and the
physical properties of sound wave propa-
gation will be discussed. As a complete
appraisal of these topics is not possible
in this forum, the reader is encouraged
to refer to more thorough resources for
further discussion.”'3®

The Physical Properties of Sound

Ultrasound is defined as sound with a fre-
quency greater than 20 000 Hz, which is
the upper limit of the range registered
by the human ear. USI uses sound waves
primarily in the range of 3.5 to 15 MHz.
Ultrasound waves behave according to
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FIGURE 1. Fields of medical ultrasound imaging. Reproduced from Teyhen (2006)*2® with permission. Adapted from
Stokes (2005)" with permission from University of Southampton.

Musculoskeletal
Imaging

d

REHABILITATIVE

ULTRASOUND IMAGING
Evaluation/Biofeedback
Physical Therapists

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY

VOLUME 37 | NUMBER 8 | AUGUST 2007 | 435

10/60



Downloaded from www.jospt.org at on February 13, 2015. For personal use only. No other uses without permission.

Copyright © 2007 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

principles that apply to all sound waves,
which at the most fundamental level are
mechanical waves that travel via particle
vibration. Specifically, the source of a
sound creates oscillatory vibrations that
affect particles in the medium that lies ad-
jacent to it. These particles, in turn, affect
their adjacent particles, and so on. This
process is referred to as wave propaga-
tion.®* How far a sound wave propagates
and whether an echo is produced depends
on the strength of the sound source, the
properties of the media through which
the sound has to travel, and the number,
shape, and properties of the objects it en-
counters.” These behaviors can be sum-
marized by the principles of penetration
and attenuation.

Penetration Penetration refers to the
ability of sound to travel (depth) and is
influenced by the intensity (strength or
loudness), frequency, and speed of a sound
wave. The intensity of an ultrasound wave
refers to the rate at which energy is deliv-
ered per unit area and is determined by the
total power output (W) of an ultrasound
transducer, divided by its area (cm?), and
is expressed in units of mW/cm?. As the
intensity of an ultrasound wave increases,
so does the depth it can penetrate, the
strength of the echo that it can generate,
and the potential it has to induce biologi-
cal effects (heat and cavitation) within the
tissues it is traveling through.

Frequency is defined as the number
of oscillations that a wave undergoes in
1 second and is expressed in hertz (Hz).
The higher the frequency of sound, the
less the emerging wave will diverge. Due
to their relatively high frequency, ultra-
sound waves are cohesive and can be
used to selectively expose a target area.
The frequency of an ultrasound wave is
determined in the construction of the
transducer assembly. As a general rule,
the lower the frequency of a sound wave
the farther it will penetrate.

The speed at which an ultrasound
wave travels is determined by the density
and stiffness of the structure or medium
it is traversing. The more rigid the media
the faster sound will travel through it.

[ CLINICAL COMMENTARY ]

The average speed at which sound travels
through soft tissue is 1540 m/s, which is
similar to the velocity that it would travel
through water (1485-1526 m/s).* Fat is
less stiff than most soft tissue. Hence
sound traverses it at a slightly slower
speed (1450 m/s). Muscle and bone are
stiffer and consequently sound propa-
gates faster through them (1585 m/s and
3500m/s, respectively).

Attenuation As an ultrasound wave
propagates, it encounters changes in tis-
sue densities, or interfaces. Each tissue or
medium has a characteristic resistance
to sound referred to as acoustic imped-
ance. This value is dependent upon the
density of the medium and the speed at
which sound can travel through it. At
each interface between media of dissimi-
lar impedance, an ultrasound wave will
react and lose energy. Consequently, the
energy within a sound wave decreases as
it penetrates, until it is completely dis-
persed. This phenomenon, referred to
as attenuation, occurs through the pro-
cesses of reflection, scattering, refrac-
tion, and absorption. Although the first
3 processes contribute to the dispersion
of an ultrasound wave, most of its energy
is absorbed by the surrounding tissue in
the form of heat.”

When a sound wave encounters an in-
terface, the portion that is reflected back
to its source is referred to as “reflection”
and serves as the basis for image forma-
tion. The strength of a reflection depends
on the size of the reflecting medium, the
roughness of its surface, the incident
angle of the sound wave, and the differ-
ence in impedance of the 2 media that
create the interface.”” The more regular
the surface, the greater the difference in
impedance between tissues and the more
perpendicular the incidence angle; hence
the greater the reflection and brighter
(more white) the interface appears within
the ultrasound image. An obvious exam-
ple of this is the interface between bone
and muscle (FIGURE 2). Not only is there
a significant difference in the impedance
of these 2 tissues, but bone attenuates a
high percentage of the incident sound

FIGURE 2. A parasagittal ultrasound image of the mul-
tifidus (MF) muscle in the plane of the zygapophyseal
joints (Zyg). Note the increased echogenicity at the
muscle-bone interface. Reproduced with permission
Whittaker 2007.142

wave and, consequently, obscures the
view of deeper structures.

A sound wave can also scatter or re-
fract when it encounters an interface
between heterogeneous media. If, for
instance, the structures that comprise an
interface are very small, portions of the
wave will be scattered. Those portions
that travel back to the transducer are used
in image formation, while those that scat-
ter (the majority) are not. Alternatively, if
there is either a significant difference in
the speed that sound can travel though
the 2 tissues or if the interface is not at
a right angle to the ultrasound wave, the
wave will change its direction when it
crosses the boundary. This is referred to
as refraction and it too can be a detriment
to image formation through production
of positional errors.

The practical implication of attenua-
tion is that it limits penetration and con-
sequently the depth of the images that can
be generated.” Attenuation and frequency
have a direct relationship: the higher the
frequency of an ultrasound wave, the
greater the attenuation and the more shal-
low its penetration. Conversely, the more
attenuation, the more reflection and the
better the detail resolution (ability to show
detail) demonstrated in the ultrasound im-
age. Consequently, the choice of frequency
used for an imaging application will be de-
pendent upon the depth of the region or
structures of interest. Higher frequencies
(7.5-10.0 MHz) are more valuable for ex-
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FIGURE 3. (A) Depiction of the enhancement of a region deep to a fluid-filled structure. Enhancement occurs as
there is less attenuation of the propagating sound wave as it travels through a fluid-filled structure. (B) A transverse
ultrasound image demonstrating enhancement of the midline pelvic floor structures deep to the bladder. Reproduced

with permission Whittaker 2007.42
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FIGURE 4. (A) Depiction of how an acoustic shadow forms behind a strongly attenuating (hyperechoic) structure
such as bone. (B) A transverse ultrasound image demonstrating acoustic shadowing (AS) caused by the posterior
elements of a lumbar vertebra. Abbreviations: L, lamina; MF, multifidus; SP, spinous process. Reproduced with per-

mission Whittaker 2007.142

Edge
Shadow

=
3
IS
=8
1%
2
S
a

Bladder

FIGURE 5. (A) Depiction of an edge shadow produced when a sound wave is refracted (bent) around the edges of a
fluid filled structure. (B) A transverse ultrasound image demonstrating edge shadowing (ES) caused by the bladder.

Reproduced with permission Whittaker 2007.4

amining superficial structures (superficial
muscles, ligament, and tendons) and low-
er frequencies (3.5-5.0 MHz) for deeper

structures (deeper muscles, the bladder,
and contents of the abdominal/pelvic
cavities). As a general rule, the highest

frequency transducer that can image an
area of interest should be used.'*®
Artifact USI devices generate images
based upon several assumptions: sound
travels in straight lines, echoes only origi-
nate from objects located in the 2 dimen-
sions of the sound beam, the amplitude of
an echo is directly related to the reflect-
ing or scattering properties of the objects
it encounters, and the speed at which
sound travels through all the tissues is a
constant 1540 m/s.” If any of these as-
sumptions are violated, incorrect repre-
sentations of anatomy can occur. These
incorrect representations are referred to
as “artifacts” and can also be the result
of improper equipment operation or im-
aging technique. Artifacts can be both
a help and a hindrance, and result in
situations in which structures are either
not real, missing, improperly located, or
of improper brightness, shape, or size.
Those which have a greatest impact on
RUSI include enhancement, shadowing,
and reverberation.

Acoustic enhancement refers to an in-
crease in the amplitude of the ultrasound
echo coming from a structure that lies
behind a weakly attenuating structure,
such as a fluid-filled cavity (eg, bladder
[FIGURE 3]).7 As the ultrasound device as-
sumes that there is uniform attenuation
of the ultrasound wave as it propagates,
the tissues on the far side of the trans-
mitting structure appear brighter than
they should, as they are being exposed
with a less attenuated beam. When this
occurs, gain settings can be manipulated
to compensate.

Acoustic shadowing is the opposite of
enhancement. It refers to a reduction in
the sound wave echo from structures that
lie behind a strongly attenuating struc-
ture, such as bone (FIGURE 4)."° Specifical-
ly, ultrasound waves hit something that
blocks their path and everything behind
the blocking structure appears black, as
if it were within an “acoustic shadow.” A
shadow can also occur as a sound beam
is refracted (bent) from its original path
by passing close to a large, curved, fluid-
filled structure (FIGURE 5).%>6!
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Reverberation refers to multiple re-
flections and is a result of ultrasound
echoes bouncing between tissue layers
and the transducer. Specifically, when an
echo from a highly reflective surface that
lies parallel to the transducer face returns
to the transducer, a portion may be re-
flected back into the tissue to meet the
same interface, where it again is reflected
back to the transducer. Due to the time
delay of the echoes being registered at the
transducer, the depth of that interface is
portrayed progressively deeper within the
tissue. As the reflective echoes become
weaker, the artifact fades out (FIGURE 6).

Instrumentation

A typical USI device is a pulsed-echo
(generates a series of short ultrasound
waves at regular intervals) instrument
consisting of 2 components: a transduc-
er assembly (commonly referred to as a
“transducer” or “probe”), and an imaging
system. The transducer is responsible for
generating ultrasound waves, as well as
receiving the ultrasound echoes return-
ing from the tissues and converting them
into electrical signals. The imaging sys-
tem is the component of the technology
that receives the electrical signals rep-
resenting the echo from the transducer
and processes them so that they can be
displayed as a digital image.

Imaging System A USI system consists
of 4 generic components: the beam for-
mer, signal processor, image processor,
and visual display.”” In general terms, the
beam former is responsible for generat-
ing the electrical impulses that drive the
transducer assembly, as well as for ampli-
fying and digitizing the electrical signal
returning from the transducer assembly
that represents the ultrasound echo. The
signal processor is responsible for filter-
ing and compressing the electrical signal
before the image processor converts the
signal into an image presented on the in-
struments display.”

Transducer Assembly (Probe) A trans-
ducer assembly houses an array of crystals
(transducers), their electrical connections,
an acoustic lens, and damping material.
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FIGURE 6. (A) Depiction of reverberation which is caused when a portion of the ultrasound echo from a highly reflective
surface, lying parallel to the transducer, is reflected back into the tissue to meet the same interface where it again is
reflected back to the transducer. The time delay falsely portrays that interface at 1 or more levels deeper in the tissue
structure. (B) An ultrasound image demonstrating reverberation (lines on the left side of the image) produced by the
interface between the transducer and air at the skin surface (inadequate use of gel).

By definition, a transducer is a device that
converts one form of energy to another.”
Ultrasound transducers (also referred to
as “elements” or “crystals”), commonly
a ceramic formulation of lead zirconate
titanate, are piezoelectric elements that
produce voltage (electrical energy) when
deformed by an applied pressure such
as a sound wave (acoustic energy).” Al-
though not technically accurate, a trans-
ducer assembly is generally referred to as
simply a transducer or probe (the term
transducer will be used throughout this
commentary). The arrangement and the
operating frequency of the crystal ele-
ments, as well as the width of the field of
view (in metric) produced, are all taken
into consideration when describing a
transducer.

The arrangement, or array, of the ele-
ments within a transducer can be linear or
curved (also referred to as “curvilinear”).
A linear transducer contains many small
rectangular crystal elements mounted side
by side across its face. By triggering the
elements sequentially, a rectangular im-
age is built up from many vertical, parallel
scan lines with a width that approximates
the length of the array.”” The advantage of
a linear array is its wide near field, which
is appropriate for imaging small superfi-
cial structures (FIGURE 7). A curved trans-
ducer is similar except that the crystal
elements are formed into a curve rather
than a straight line, which results in a di-

verging (pie or sector shaped) image (FIG-
URE 8). The advantages of a curved array
is its wide far field, coupled with a small
“footprint,” which is suitable for imaging
deep abdominal structures.

A typical ultrasound transducer pro-
duces a range of frequencies around a
preferred (maximum efficiency) fre-
quency that is referred to as the “operat-
ing frequency” or “resonance frequency.’
The operating frequency of an ultrasound
transducer is predetermined by the thick-
ness of the crystal elements. It is com-
monplace that a transducer may have 2
distinct operating frequencies (eg, 3.5
and 5.0 MHz, or 7.5 and 10.0 MHz) and,
indeed, some are multifrequency.

BRIGHTNESS MODE AND
MOTION MODE USI

HERE ARE
(modes) available to display the
electrical signal representing the
ultrasound echo that returns from the

SEVERAL OPTIONS

tissues. The most common modes of dis-
play employed in rehabilitative settings
are “B” (brightness, brilliance) and “M”
(motion, movement) modes (b-mode and
m-mode, respectively).

B-Mode USI

B-mode displays the ultrasound echo as
a cross-sectional grey-scale image and is
the mode of display most typically associ-
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FIGURE 7. (A) A linear array ultrasound transducer.
(B) A sagittal ultrasound image of the thoracic spine
generated using a 7.5- to 10.0-MHz linear array trans-
ducer. Abbreviations: PV, paravertebral musculature; TP,
transverse process. Note the linear footprint and the
rectangular nature of the image.

ated with USI (FIGURE 9A). B-mode images
provide information gathered from the
entire length of the transducer and consist
of visible dots or pixels of varying degrees
of brightness that represent the location
and density of structures encountered by
the ultrasound beam. The brightness of
each pixel depends on the strength of the
echo, which in turn is determined by the
location and characteristics of the echo-
generating structure. The position or plot
of a pixel is established by considering the
direction of an ultrasound wave when it
enters the body, the length of time it takes
for the echo to return to the transducer,
and the speed at which sound can travel
through soft tissue.’®®

In contrast to other modes of display
(eg, m-mode), the relatively large field of
view available to b-mode, combined with
the real-time nature of USI, presents an
opportunity to view several structures
at once and, if warranted, over time.
Consequently, it can be used to depict
the morphology (eg, shape, size, com-
position, and resting state) of a struc-
ture (eg, muscle, nerve), the positional
relationship of several structures (eg,
muscle, nerve, bone, or organs such as
the bladder), as well as the characteris-

o

FIGURE 8. (A) A curved or convex array transducer.
(B) A sagittal ultrasound image generated from the
same location as in Figure 7B, using a 3.5- to 5.0-MHz
curved or convex array transducer. Abbreviations: PV,
paravertebral musculature; TP, transverse process.
Note the curved footprint and the pie or sector nature
of the image.

tics (simultaneous versus independent,
or phasic versus sustained increase in
muscle thickness) and the influence of
a dynamic event, such as a muscle con-
traction, on structures within the field
of view. Hence, it has been speculated
that b-mode USI may be able to en-
hance clinical rehabilitative outcomes
by contributing previously unavailable
information about the structure and be-
havior of muscle to the examination pro-
cess?3 70105106120 and by providing useful
feedback about the behavior of muscle
during therapeutic interventions.?%*593
Furthermore, because of its advantages
and capabilities, b-mode USI may have a
role to play in basic, applied, and clinical
rehabilitative research.?20:52.57.88,124
Clinical Applications of B-Mode USI:
Evaluation Although used extensively in
the laboratory, the clinical use of b-mode
USI and the evidence base supporting
it are in their infancy. That said, clini-
cians may look to related and emerging
research to speculate on the kinds of
information able to contribute to the ex-
amination process.™?

B-mode USI is well established as a

tool for measuring the static architec-
tural features of a muscle, the positional
relationships between muscles and/or
other structures, as well as changes in
these features and relationships over
time. For instance, measurements of
assorted muscle parameters (length,
depth, cross-sectional area) for a wide
variety of muscles, including the biceps
brachii,® masseter,'° cervical”” and lum-
bar*® multifidus, transversus abdomi-
nis,?? rectus abdominis," rectus femoris,’
supra and infraspinatus,® as well as the
vastus lateralis,'®” have been validated
through comparison to magnetic reso-
nance imaging (MRI). Furthermore, USI
has been used to describe the relation-
ship between the pelvic floor muscles
and the bladder wall,’*"'*3 the bladder
neck and symphysis pubis,'®® the blad-
der neck and anorectal angle,?® as well
as the bladder base and the urethro-
vesical neck.?’ As an extension of this
work, investigators have been able to
demonstrate acceptable interrater and
intrarater reliability for various mea-
surement applications,!s8817129 g gen-
erate normal reference ranges,!0+105120
to demonstrate differences in these pa-
rameters over time between normal and
various patient cohorts?100130.133 a9 g re-
sult of therapeutic interventions,” and
to investigate the relationship between
the size and strength of specific muscles
in varied populations.*6788145.146
Recently, the role that b-mode USI
has played in detecting the presence of
muscular degeneration resulting from
aging and/or chronic dysfunction has
been investigated. As muscular degen-
eration is associated with a decrease in
water and an increase in fat and fibrous
content,'®?¢ it results in greater echo-
genicity and a loss in the demarcation of
a muscle’s architectural features (muscle
contour, pennate pattern, and the cen-
tral tendon).5¢12* Although MRI is con-
sidered the gold standard for identifying
these changes, examples of these findings
have been reported with b-mode USI for
several muscles, including the cervical™
and lumbar™® multifidus, the rectus ab-
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dominis,” and the rotator cuff.”®* Fur-
thermore, with the use of a qualitative
evaluation tool that has incorporated
both the degree of demarcation of ar-
chitectural characteristics and muscle
echogenicity with respect to a reference
muscle at a set level of gain, Strobel et
al?* have concluded that b-mode USI is
moderately accurate for the detection of
significant levels of fatty atrophy in the
supraspinatus and infraspinatus muscles
when compared against MRI.

B-mode USI has also been used to
comment on changes in architectural fea-
tures of muscle, as well as the positional
relationships of muscles or other struc-
tures in both normal and patient popu-
lations during dynamic events, such as a
muscle contraction (voluntary and auto-
matic) or increases in intra-abdominal
pressure. Specifically, changes in archi-
tectural features of biceps brachii, tibi-
alis anterior, transversus abdominis, and
the internal and external oblique muscles
have been investigated and compared to
the amount of muscle activity present
with electromyography (EMG) during
voluntary contractions.’”®> Furthermore,
automatic changes in these parameters
have also been monitored during specific
tasks. For instance, Ferreira et al*’de-
scribed changes in the depth and length
of the lateral abdominal wall muscles
during a lower extremity lifting task,
while Kiesel et al” have described chang-
es in the depth of the lumbar multifidus
with a prone arm lift movement. B-mode
display has also been used to monitor the
position of the bladder base,' the blad-
der wall,"#132133 the bladder neck,2%106:133
and the anorectal angle®®? during vol-
untary pelvic floor muscles contractions,
increases in intra-abdominal pressure
(Valsalva maneuver),”* and lower ex-
tremity lifting tasks.’*

Although this work is valuable and
has provided insight into mechanisms of
neuromuscular dysfunction, it has also
highlighted the limits to the information
that USI can provide when considered in
isolation. Specifically, as the relationship
between actual muscle activity (measured
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FIGURE 9. (A) A brightness mode (b-mode) image of the lateral abdominal wall. Abbreviations: EO, external oblique;
10, internal oblique; TrA, transversus abdominis. (B) A split-screen image with b-mode on the left and motion mode
(m-mode) on the right. The m-mode image represents the information from the dotted line on the b-mode image
displayed over time (x-axis). Static structures produce straight interfaces while structures that change in thickness
or depth (in this case the TrA) create curved interfaces. The increase in depth of the TrA correlates to a contraction.
Reproduced with permission Whittaker 200742

with indwelling EMG) and changes in the
architectural features of a muscle (seen
with USI) is nonlinear,”>*” a change in
muscular dimensions may or may not in-
dicate an increase in muscle activity. The
relationship of these 2 factors is unique to
each muscle; however, there is generally a
rapid increase in muscle thickness associ-
ated with lower levels of muscle activity
(approximately less than 25% of maximal
voluntary contraction), which tapers as
activity increases.”” The discrepancy exists
due to limitations of 2-dimensional imag-
ing and the factors related to the length,
pennation pattern, and extensibility of a
muscle, as well as to the potential for a
change in architecture in the presence
of a competing force on the muscle (eg,
contraction of an adjacent muscle or an
increase in intra-abdominal pressure).>
Similar issues arise when describing the
relative change in position of a structure.
Due to these considerations, investigators
must take care during both the interpre-
tation and reporting process. Ultimately,
investigators must be adequately trained
and experienced to be able to detect, re-
liably measure, and interpret the causes
behind a change in one of these previous-
ly mentioned parameters. Furthermore,
care must be taken to limit reporting
to a change in the parameter measured
(eg, thickness) and acknowledge that
any conclusions regarding muscle acti-
vation or the mechanisms behind these

changes are an extrapolation of these
findings. Nevertheless, if these issues are
considered and appropriate care is taken,
accurate analysis and measurement are
possible.9,33,52,57,70,104,105,120
Clinical Applications of B-Mode USI:
Biofeedback The importance of coor-
dinated muscle effort (neuromuscular
control) has received considerable atten-
tion with respect to the rehabilitation of
cervical and lumbopelvic dysfunction,
as well as incontinence, in recent years.
This is due to an accumulation of evi-
dence pointing to altered neuromuscu-
lar control in individuals with persistent
and recurring symptoms.?152456.60,62,126
Moreover, investigations indicate that
these deficits do not consistently recover
with the resolution of pain*®' and are
not addressed with traditional exercise
programs focused on increasing strength
and functional capacity.'?” The extrapola-
tion of this work is that the initial focus
of rehabilitation may need to address
these motor control alterations through
a therapeutic intervention rooted in mo-
tor learning.6+13+135

As the real-time nature of b-mode USI
allows a patient and therapist to view a
muscle contraction and its impact on sur-
rounding structures directly, it is a unique
tool that may be a novel and previously
unavailable resource to the learning pro-
cess. First, it may serve as a tool that al-
lows a therapist to explain and physically
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demonstrate to a patient the subtleties
of specific motor control impairment;
second, it may serve as a comprehensive
form of biofeedback providing knowledge
of results and performance and enabling
the modification of motor response. Al-
though the literature is unclear as to how
this knowledge might enhance motor
learning or the permanence of these ef-
fects, recent findings®**593139 suggest that
real-time b-mode USI may enhance mo-
tor learning.

Research Applications of B-Mode
USI Research applications of b-mode
USI primarily involve assessment of the
morphological characteristics of muscle
(length, depth, diameter, cross-section-
al area, volume) and changes in these
characteristics, and the corresponding
effect on associated structures (fascia
and organs such as the bladder) with
contraction, dysfunction, or therapeutic
interventions, in an attempt to provide
insight into the mechanisms that underlie
alterations in the neuromuscular system.
Paramount to the investigative process is
the understanding that various factors
influence the robustness and reporting
of these measurements.

At the most fundamental level, this
involves the need for standardization of
imaging and measurement procedures.
This includes definition of measure-
ment site, definition of muscle borders,
as well as matters related to repeated
measurements, such as consistent pa-
tient positioning (eg, joint angle alters
muscle cross-sectional area and length),
transducer location, orientation, and
inward pressure. Ideally, a repeatable
transducer location is achieved through
the use of bony or fascial landmarks that
serve as standard reference points from
which measurements can be taken at
different points in time. If such refer-
ence points are not available within the
ultrasound image, then carefully defined
surface transducer locations generic be-
tween subjects?*1°%129 or regions of the
greatest visualized displacement of a
structure (eg, the region of the bladder
wall that exhibits the greatest displace-

ment during a pelvic floor muscles con-
traction)"*?> may be used. Relocation
of the ultrasound transducer can also be
aided by external markers (eg, freckles or
scars) that can be traced onto a transpar-
ent sheet to form a map of the site and
stored for future use.'?> Furthermore,
the sonographic convention in terms of
positioning the ultrasound device on the
right side of a supine subject (or left side
of a prone subject) is recommended dur-
ing research applications to aid in stan-
dardizing the orientation of the resulting
images.'® However, this protocol may not
always be feasible when assessing dy-
namic functional activities.

To facilitate comparisons between
studies and the development of reference
data for clinical purposes, it is suggested
that future reports related to muscles size
and other characteristics include mean,
standard deviation, range, and 95% confi-
dence intervals. Moreover, as these values
have been found to vary based on gender
and body mass index,'°>""*12° comparison
between individuals may be enhanced by
standardizing the values across subjects
by normalizing the postevent by the pre-
event measurement and expressing this
as a percentage.'?

With respect to statistical analysis,
different tests have been used to inves-
tigate the reliability of USI measures,
most commonly intraclass correlation
coefficients (ICC)" with standard error
of measurement (SEM) and minimal
detectable change (MDC).?® Bland and
Altman tests also provide a clinically
meaningful measure of the magnitude
of agreement (95% limits of agreement)
independent of the true variability in the
observations.” These tests have their indi-
vidual strengths and weaknesses, and no
single test is sufficient to reflect reliabil-
ity fully.!ov10315 Tt is recommended that
future studies use all of these methods of
analysis to enable comparison between
reliability studies.

Although b-mode USI has limita-
tions, it nonetheless appears to provide
an opportunity to gather novel informa-
tion. Hence, future work should focus on

determining its clinical utility as both an
evaluative and therapeutic tool. Further,
investigation should be undertaken into
its ability to predict symptomatology, ap-
propriateness for intervention, as well as
categorization of subjects into homoge-
neous cohorts for interventional studies.

M-Mode Ultrasound Imaging

Unlike b-mode, which generates a cross-
sectional image of an anatomical region
using information gathered from the en-
tire length of the transducer (FIGURE 9A),
m-mode displays information collected
from the midpoint of the transducer as
a continuous image over time (as repre-
sented as the dotted line on FIGURE 9B).
With time on the a-axis, and the depth
of the underlying anatomical structure
on the y-axis, the m-mode image repre-
sents changes in thickness, or depth of
a structure, over time and is, therefore,
referred to as “time-motion” mode. For
example, the image in FIGURE 9B displays
the change in thickness of the transver-
sus abdominis muscle from a resting to
contracted state over time.

Investigators have found m-mode
USI to be a reliable technique to mea-
sure muscle thickness.%%9%2 Further,
changes in muscle thickness measured
by m-mode have been correlated to those
generated by b-mode.*>'*7 McMeeken
et al®?> found acceptable agreement be-
tween the 2 display modes for measur-
ing changes in thickness of the lateral
abdominal wall muscles. The intrarater
ICC value for b-mode was 0.989, for m-
mode 0.981, and the between-mode reli-
ability was 0.817.

M-mode also provides an opportu-
nity to assess the depth of a structure
over time and allows for the calcula-
tion of the relative timing of muscular
thickness changes. For example, Mittal
et al*® used m-mode USI to assess the
temporal relationships between circular
and longitudinal muscle contractions
during esophageal peristalsis. More ap-
plicable to physical therapy, Vasseljen et
al'*® used high-frame-rate m-mode USI
to detect the onset of lumbar multifidus
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activity associated with limb motion,
while Bunce et al®*? found that m-mode
USI was able to assess functional com-
ponents of the lateral abdominal muscles
during treadmill walking.

Until recently, m-mode has been a
mode of display used almost exclusively
in echocardiography to assess the struc-
ture and motion of the myocardium and
the heart valves.?*®7143 Specifically, it has
been used to assess morphological and
functional changes in the myocardium
during isometric exercise? and endur-
ance training,’®*>"2 as well as compari-
son of these changes between different
populations (athletes,® nonathletes,
and obese individuals'®) and as a func-
tion of age.””

In addition to the above applica-
tions, m-mode USI has been used to
assess pulmonary function, specifically
diaphragm excursion, motility, and pa-
ralysis.>32397813 Furthermore, it has been
found to be beneficial in assisting and
guiding treatment in those with muscu-
lar dystrophy. Researchers assessing dia-
phragmatic motion using m-mode USI
have found that gender, body mass index,
waist circumference, and age influence
the amount of excursion.®® These find-
ings highlight the need to further assess
the effects of these variables on measure-
ment of muscular function when using
m-mode for RUSI.

Although the use of m-mode USI in
the assessment of muscle behavior is rela-
tively new,®96982140 it appears to have the
potential to provide unique information.
Specifically, it may assist investigators in
describing changes in the function of the
lateral abdominal wall, posterior spinal,
and pelvic floor muscles associated with
dysfunction.

HIGH-FRAME-RATE USI

ONVENTIONAL M-MODE ULTRA-
sound images are constructed from
data updated approximately 25 to
50 times per second. Although these
frame rates are capable of detecting de-
formation (thickness) and changes in
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Ultrasound, Horten, Norway).

FIGURE 10. (A) Tissue velocity imaging. In the bottom left of the figure is a grayscale brightness mode ultrasound
image of the bladder base during subsequent pelvic floor contractions. It is used to navigate and localize 3 measuring
points (red, green, and yellow circles). Above this is the same image with tissue velocity analyzed via colour Doppler
for the 3 sites. By plotting the velocity (cm/s) of the sites (x-axis) against time (y-axis), it can be determined that in
this example there is no difference in velocity between the points. Scanner: Vivid 7, GE-Vingmed Ultrasound, Horten,
Norway. Note the bladder is sparingly filled to better demonstrate displacement. (B) Strain rate imaging. Strain rate
analyses (the rate by which strain occurs) of the same data involve plotting the strain rate period (1/5) against time
(s). In this example strain rate differs at the 3 sites. The tissue marked by the yellow point has a negative strain rate,
indicating that the tissue is compressed at the beginning of the contraction. The tissue marked by the red point initially
exhibits a positive strain rate, indicating elongation; it then exhibits a negative strain rate indicating compression.
The tissue marked by the green point undergoes mild compression and elongation (Scanner: Vivid 7, GE-Vingmed

the depth of a muscle, they are not high
enough to provide information related to
the normal anticipatory response dem-
onstrated by certain muscles?>**6°5 and
the loss of this response with dysfunc-
tion.?*55587 In fact, to be able to record
anticipatory muscle response (defined as
a contraction occurring from 100 milli-
seconds before and up to 50 milliseconds
after activation of a prime mover?39),
frame rates need to be on the order of
500 frames per second.*°

Although intramuscular EMG is con-
sidered the gold standard for evaluating
onset of muscle activity, high-frame-rate
m-mode USI is a promising noninvasive
alternative, as it allows for the visual-
ization of the onset of deformation of
muscle as it starts to contract. For in-
stance, Vasseljen et al'*® demonstrated
that high-frame-rate m-mode USI,
captured at 500 frames per second, has
comparable accuracy (when based on
averaged values of repeated trials) to in-
tramuscular EMG in detecting the onset
of lumbar multifidus activity in healthy
individuals. The superficial location of
multifidus and the use of a high-fre-
quency (12-MHz) transducer made the
high frame rate and ultimately the inves-
tigation possible.

High-frame-rate m-mode USI, along-
side methods such as tissue Doppler, falls
into a category of imaging aimed at inves-
tigating tissue deformation, motion, and
strain. As indicated above, high-frame-
rate m-mode USI can be used to detect
the onset of muscle deformation, as it
shortens and thickens with a contraction.
In contrast, tissue Doppler can be used to
calculate tissue strain and strain rates,**
as well as tissue velocity (FIGURE 10). Both
deformation and velocity imaging can be
derived from conventional ultrasound or
tissue Doppler data; however, strain and
strain rate require postprocessing.

Limitations of high-frame-rate USI
vary across scanning devices. In gen-
eral, the limitations of high-frame-rate
m-mode are similar to b-mode in that
they detect the earliest onset of motion
induced by muscle contraction, whether
as a result of actual contraction or the
displacement of surrounding tissue.
Furthermore, although contraction of a
muscle produces displacement in 3 di-
mensions, m-mode applications are only
capable of providing information about
movement towards or away from the
transducer.”

Although the majority of studies em-
ploying high-frame-rate m-mode USI are
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focused on describing the cyclic motions
and deformation of the heart,’?® devel-
opments and experiences in the field of
echocardiology hold potential for the de-
scription of a variety of parameters relat-
ed to the contraction of skeletal muscles
in rehabilitation. Specifically, research
is required to determine whether high-
frame-rate m-mode USI is helpful in in-
vestigating the location of the onset of a
contraction within a muscle, differences
in the onset of muscle activity within
and between individuals or populations
(symptomatic versus asymptomatic), and
these at different points in time, as well
as the sequence, timing, and patterns of
muscle activation. These insights may
provide valuable information to our un-
derstanding of automatic and voluntary
muscle activity.'*!

ELASTOGRAPHY

T IS POSSIBLE TO POSTPROCESS THE

electrical signal produced from the

echo returning from the tissues to the
transducer in such a way as to quantify
tissue movement and deformation in re-
sponse to internal or external mechani-
cal forces.’®9? In the last decade, several of
these techniques (elasticity imaging and
speckle tracking), including elastography,
have been developed.

Elastography was initially conceived
with a goal of quantifying the subjective
information conveyed by palpation of
harder areas within softer tissues, such
as in the clinical detection of tumors
(eg, breast, prostate).”??* In the classical
elastography method, the ultrasound
transducer is used to slightly compress
the tissue, while a rapid series of succes-
sive ultrasound images is acquired. Using
cross-correlation methods to postprocess
the ultrasound data, displacement and
strain images are calculated and represent
the amount of movement that small seg-
ments of individual A-lines (the electrical
signal coming from a single transducer)
undergo during the tissue compression.??
A-line segments with more relative mo-
tion correspond to softer tissue (assum-

ing a uniform strain distribution within
the tissue).

The technique has since been ex-
tended to other applications, including
the use of external sources of tissue mo-
tion (such as vibration), as well as natu-
rally occurring internal motions (such
as breathing, cardiac wall motion, and
arterial pulsation).”>'°% Furthermore, in-
creased availability of high-frame-rate
USI devices has allowed for the use of
handheld transducers, which has simpli-
fied the frame-suspended setups used in
earlier applications.” Due to these ad-
vancements, clinical applications have
expanded to include the detection of liver
fibrosis and deep-vein thrombosis.?¢1%?
Musculoskeletal applications include the
quantification of soft tissue displacement
and strain in response to a variety of ex-
ternally applied mechanical inputs such
as tension, compression, and acupunc-
ture needle manipulation.?%#76

To date, tissue elasticity imaging
techniques have not been used for re-
habilitation purposes; however, they
hold potential for the detection of dif-
ferences in the biomechanical properties
of muscle and its associated connective
tissue in response to physical tasks. It is
important to keep in mind that elastog-
raphy images do not directly represent
tissue elasticity but, rather, tissue dis-
placement and strain. However, in con-
ditions in which local tissue stress can
be calculated (or estimated), strain and
stress values can be used to map local
tissue stiffness.

Although these elastic imaging tech-
niques hold potential for rehabilitation,
some practical difficulties need to be
overcome. These include access to the raw
electrical ultrasound signal (not avail-
able on most commercially available USI
equipment) and the need for postprocess-
ing of the ultrasound data, which preclude
real-time feedback. Despite these limita-
tions, the dynamic spatial mapping of tis-
sue strain over time offers exciting new
possibilities for quantifying the behavior
of soft tissues in response to externally or
internally generated perturbations.

USI VERSUS OTHER IMAGING
METHODS

—
HE IDENTIFICATION, EVALUATION,
and monitoring of various musculo-
skeletal disorders is expanding due

to technological advancements associated

with MRI, CT, and USI. Specifically, new
and innovative applications are improv-
ing clinical understanding of the under-
lying mechanisms and sequelae common
to musculoskeletal disorders.!:30:40:47.66,54

As such, it is important to consider how

USI and the information that it can pro-

vide compares to these other imaging

technologies.

MRI, CT, and USI provide insight
into various features of the muscular
system, both in asymptomatic as well
as symptomatic individuals.?#9:70.77105,120
In particular, they provide useful quali-
tative/quantitative measures concern-
ing the muscular system, including the
consequential muscular degeneration
(atrophy and fatty infiltrate) shown to
be common in patients with low back
pain,122475166758495 nack pain, 30407485 and
other peripheral musculoskeletal disor-
ders.”?* Although MRI is considered the
gold standard for musculoskeletal imag-
ing, emerging applications of USI and CT
are capable of providing insight into in
vivo features of the musculoskeletal sys-
tem. Each imaging method has strengths
as well as weaknesses (TABLE).

Magnetic Resonance Imaging

MRI, unlike USI, has multiplanar and
multislice imaging capabilities. It is con-
sidered the gold standard for the evalu-
ation and quantification of soft aqueous
muscular degeneration, as it provides re-
liable measures of degenerative changes
in muscle such as fatty infiltration and
atrophy.1,11,30—31,40,52,66,83,84,90,95 There are
2 conventional MRI sequences: T1 and
T2 weighted. Images from T1-weighted
scans demonstrate excellent anatomical
contrast of fat and other soft aqueous
tissues (eg, skeletal muscle).”® Alterna-
tively, T2-weighted scans provide out-
standing detail related to the features
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of inflammation that are suggestive of
neopathological conditions. The draw-
backs of MRI remain cost, accessibility,
constraints in the number of joints that
can be investigated per session, limited
real-time imaging capacity, and vari-
able patient tolerance (eg, claustropho-
bia, metallic implants, pacemaker, and
pregnancy).

Computerized Tomography

CT, like MRI but unlike USI, permits
multislice imaging and can offer better
scan resolution and shorter imaging times
than MRI. However, it is not without the
inherent risks associated with exposing a
patient to ionizing radiation. CT is useful
in diagnosing traumatic musculoskeletal
injuries, such as fractures, and has been
effectively used to evaluate and quantify
cross-sectional area of paraspinal muscu-
lature in patients with low back pain.?>7
While CT produces high-quality images,
they are dependent on tissue densities in
order to provide contrast. When tissue
densities between pathologic and adja-
cent anatomy are similar, contrast media
may be required for differentiation, ren-
dering CT inadequate if a patient has a
history of contrast reaction.®°

Ultrasound Imaging

USI, although less sophisticated in terms
of resolution than MRI and CT, has ad-
vantages as a safe, cost-effective, porta-
ble, and clinically accessible method for
gathering information about the static
characteristics of muscle,*79-7074105,120,124 54
well as muscle behavior during dynamic
events.’*”7 As such, it shows promise as
a tool in musculoskeletal examination
and treatment. Moreover, unlike CT,
USI does not expose the patient to ion-
izing radiation and is well tolerated by
patients. A feature unique to USI is its
dynamic capability of scanning in real
time, which makes it superior to MRI
and CT for evaluating mobile structures
such as tendons, nerves, and muscles,
and it may become an important tool for
directing appropriate physical therapy
treatment decisions.”?” However, as high-

[ CLINICAL COMMENTARY ]

COMPARISONS BETWEEN DIFFERENT IMAGING MODALITIES

USED IN THE ASSESSMENT OF MUSCULOSKELETAL DISORDERS*

MRI usl CT
Cost Expensive Inexpensive Intermediate
Ease of accessibility Difficult Easy Difficult
lonizing radiation None None Yes
Supports intervention Yes Yes Yes
Operator-dependent No Yes No
Imaging capability
Planes Multi Variable axes to joint surface Multi
Anatomy
Muscle Excellent Good Fair
Fat Excellent Fair No role
Tendons and sheaths Good Excellent No role
Ligaments Good Excellent No role
Synovial membrane Good Excellent No role
Bone Excellent Good Good
Cartilage Good Excellent Fair
Inflammation Excellent Good No role
Number of joints/session Few Many Few
Real-time scanning Cardiac only Yes No
Patient tolerance Variable Good Variable

* Adapted from Tan et al'*” with permission.

imaging.

Abbreviations: CT, computerized tomography; MRI, magnetic resonance imaging; USI, ultrasound

lighted throughout this commentary,
USI is not without disadvantages and is
highly operator dependent. Perhaps the
most promising feature of USI is its ac-
cessibility and the feasibility for physical
therapists to acquire the skills needed to
incorporate its use into clinical practice.
However, evidence for its use in differ-
ent applications within rehabilitation is
needed before widespread routine clini-
cal use can be promoted.

FUTURE CONSIDERATIONS

T IS UNCLEAR WHETHER THE EVALU-

ation of muscular and motor control

abnormalities differs across imaging
technologies, muscle, body regions, body
side, varying diagnoses, and assorted
anthropometric variables. Further, the
value of USI from a pathoanatomical and
pathophysiological perspective, although
under investigation, has yet to be deter-
mined. Although innovations in muscu-
lar imaging research are enhancing our

understanding of muscle dysfunction,
degeneration, and control, and slowly
influencing clinical practice, there is a
need to standardize techniques that are
cost effective, reliable, easily accessible,
and well tolerated by both patients and
clinicians in order to ensure their appro-
priate use.

Future research efforts should address
the diagnostic and prognostic validity of
USI in patients with acute musculoskel-
etal pain and a wide variety of muscu-
loskeletal disorders by comparing USI,
MRI, EMG, and perhaps CT results.
Randomized control trials are also need-
ed that include comparison of interven-
tions incorporating RUSI to those that
do not to examine whether USI biofeed-
back improves outcomes. Ultimately,
such studies could provide appropriate
evidence-based evaluation and treat-
ment strategies that incorporate RUSI as
an outcomes measure. Routine adoption
of RUSI in physical therapy requires ap-
propriate training programs.
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CONCLUSION

HE GOAL OF THIS COMMENTARY HAS

been to provide an overview of ba-

sic USI and instrumentation prin-
ciples, including an understanding of the
various modes and applications of the
technology with respect to neuromuscu-
loskeletal rehabilitation and in relation to
other common imaging modalities. In do-
ing so, we hope that the reader has gained
a greater understanding of the value of
this tool both from a clinical as well as an
investigative perspective. Although other
imaging modalities may be superior in
providing some, although not all, of the
information available with USI, there is
growing access to, and evidence in sup-
port of, its use by physical therapists. As
such, it is imperative that there is support
for further investigation with regard to its
potential and also a greater understand-
ing of its limitations, as it is likely that
the full significance of USI in relation to
rehabilitation has yet to be established.
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Acoustic shadowing—The reduction of sound wave echoes from
structures that lie behind a strongly reflecting or attenuating struc-
ture (eg, bone)™

A-line—An electrical signal corresponding to the scattering and re-
flection of ultrasound from tissue or other media, generated from a
single ultrasound transducer either used alone, or as part of a linear
(brightness-mode) array

A-line segment—A small portion of an A-line used in elastography
cross-correlation analysis

Artifact—Incorrect representations of anatomy or motion (eg, situ-
ations that result in structures that are not real, missing, improp-
erly located, or of inaccurate brightness, shape, or size). Examples
include acoustic shadowing, edge shadowing, enhancement, and
reverberation™?

Attenuation—The reduction in the intensity or amplitude of a sound
wave, expressed in decibels (dB/cm!/MHz!) and caused by absorp-
tion, scattering, and reflection of the sound wave as it travels. As at-
tenuation increases, penetration decreases”™

B-mode—Brightness or brilliance mode

Cavitation—Refers to the production and behavior of gas bubbles
within a liquid when exposed to the sound wave. This behavior
can be variable (eg, oscillation or collapse) and depends upon fac-
tors such as the size of the cavity, and the nature of the immediate
environment”!

Doppler imaging—The basic principle of Doppler ultrasound lies
in the observation that the frequency of a sound beam reflected back
to its source is altered when it encounters a moving object.*® As the
change in frequency is proportional to the velocity of the object, Dop-
pler imaging can be used to display flow (blood) or tissue velocity

related information

Echogenic—A structure or material that produces echoes (eg, reflec-
tion of ultrasound waves). The more echogenic a structure or sub-
stance is, the whiter it will appear within an ultrasound image'*

Edge (refractile) shadowing—Refers to specific type of acoustic
shadow that is generated when a sound wave encounters an object
with a curved surface (eg, bladder or cyst). The shadow is observed at
the lateral margins of the object where the sound beam contacts the
interface at a very oblique angle. As a result of both refraction and
reflection, none of the incident sound returns to the transducer from
this region and a shadow results

Enhancement—The strengthening of a sound wave echo distal to
a weakly attenuating structure (eg, a fluid-filled organ such as the
bladder)™

Far-field—The bottom half of the ultrasound screen, which represents
that part of the body furthest from the ultrasound transducer?

Field of view (FOV)—Refers to what is visible on the ultrasound dis-
play FOV and is dictated by the shape (curvilinear versus linear) and
width of the transducer, as well as the depth setting of the image dis-
play. The ultimate depth of the FOV is determined by the frequency
of the transducer, the power setting of the ultrasound device, as well
as the characteristics of the medium that is being imaged

Frame rate—The number of frames of echo information stored each
second”™

Frequency—The number of oscillations a molecule or a sound
wave undergoes in 1 second. Frequency is expressed in Hz'*:
1 Hz = 1 ¢ycle per second; 1 kHz = 1000 cycles per second; 1 mHz =
1000000 cycles per second
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Gain—Refers to amplification (expressed in dB) of the echoes return-
ing from the tissues back to the transducer. The degree of amplifica-
tion is under the voluntary control of the operator2

Hyperechoic—A structure or substance that is more echogenic
(whiter and brighter on the ultrasound screen) than surrounding tis-
sue. The surface of bone and dense fascia are examples of hyperechoic
media?

Hypoechoic—A structure or substance that is less echogenic (darker
on the ultrasound screen) than surrounding tissue. Fluids such as
blood and urine are examples of hypoechoic media'*

Impedance—The resistance that a tissue or medium has to sound.
Acoustic impedance depends upon the density of the medium and the
speed at which sound can travel through it. It is expressed in rayls?

Incidence angle—The angle between the sound coming from the
transducer (incident sound) and a line perpendicular to the bound-
ary of a medium?™

Intensity—The rate at which energy is delivered per unit area.”” The
intensity of an ultrasound wave is determined by the total power out-
put of the transducer (W) divided by its effective radiating area (cm?)
and expressed in units of mW/cm?

M-mode—Motion mode, sometimes referred to as time-motion (TM)
mode

Morphology—The study of form and structure.>® With respect to
muscle, this refers to describing characteristics of its dimensions (eg,
cross-sectional area, length, shape ratios, and depth/thickness), as
well as tissue composition

Morphometry—The quantitative measurement of form.™ With
respect to muscle, this refers primarily to measurement of its di-
mensions (eg, cross-sectional area, length, shape ratios, and depth/
thickness). Morphometry does not consider tissue composition

Motor control—“An area of study dealing with the understanding of
the neural, physical, and behavioral aspects of movement.”'"" Relates
to the timing, magnitude, and sequencing of muscle activation and
relaxation

Motor learning—A set of internal processes associated with practice
or experience leading to relatively permanent changes in the capabil-
ity for motor skill™

Muscle behavior—Observable activity or the response of muscle dur-
ing a specific event or given set of circumstances. The behavior of
muscle can be described by changes in its electrical properties over
time or architectural characteristics (cross-sectional area, length,
depth/thickness, or relationship to adjacent structures)

Muscle cross-sectional area (CSA)—A quantitative 2-dimensional
measure of the plane of a structure created by cutting through it
transversely.” Anatomical CSA refers to the CSA at 90° to the long
axis (or direction) of the muscle fibers. Physiological CSA is not mea-
sured 90° from the long axis of the muscle fibers. Physiological CSA is
commonly generated with rehabilitative ultrasound imaging (RUSI),
for instance with muscles that have complex internal architecture
such as the lumbar multifidus in which the fascicles pass in a caudal-
lateral direction over the vertebrae

Muscle inhibition—Reflex inhibition is the reduction or elimination
of muscle activity associated with afferent stimuli from joint recep-
tors that reduce activation of alpha motor neurons in the anterior
horn of the spinal cord (eg, reflex inhibition of quadriceps has been
demonstrated in the presence of knee joint damage in the absence of
pain).”” Voluntary inhibition refers to an unwillingness to contract a

muscle due to pain or fear of pain

Muscle thickness (depth)—A quantitative linear measure from the
superficial to deep aspects of a muscle.?® Baseline or resting thickness
refers to the thickness of a muscle in a perceived resting state

Near-field—The top half of the ultrasound screen, which represents
that part of the body closest to the ultrasound transducer'

Operating frequency—The preferred (maximum efficiency) fre-
quency of operation of a transducer.”” The operating frequency can
also be referred to as the resonance or main frequency

Penetration—Refers to the ability for sound to travel through media,
thereby influencing image depth. Penetration is dependent upon the
strength (intensity) and frequency of the sound wave, as well as the
compressibility of the medium that it travels through. In descriptive
purposes, penetration refers to image depth7>*2

Pixel—An abbreviation of “picture element.” A pixel refers to the
smallest unit of a digitized, 2-dimensional image. A pixel can be de-
scribed by its location (a set of  and y coordinates), as well as its
brightness?

Piezoelectric effect—A phenomenon in which some materials (ce-
ramic, quartz, etc) produce a voltage or electrical current when de-
formed by an applied pressure, such as sound™

Real-time ultrasound imaging (RTUS)—The rapid sequential dis-
play of ultrasound images resulting in a moving presentation”>'?

Reflection—As a sound wave propagates it attenuates (loses energy).
Reflection is one form of attenuation and refers to the portion of the
sound wave that is reflected back towards the source of the sound.
This reflected wave is received and processed to generate an ultra-
sound image7>!*?

Refraction—Refers to the change in direction of a wave when it
crosses a boundary. It comes from the modification of a Latin term
meaning “to turn aside””

Resolution—A measure of the ability of an instrument to show
detail'?®

Scatter—Describes the generation of secondary waves (fractions) in
response to the primary sound wave encountering a rough surface or
heterogeneous media. Scattering is often referred to as diffusion’>'*?

Sonography—The term used to describe imaging resulting from
ultrasound. The Latin word sonus is sound, and the Greek word
graphien is to write™

Sound—Mechanical energy that propagates through air, water. or
any other matter in an orderly, rhythmic fashion, as determined by
the molecular makeup of the transmitting medium?13#

Strain—Mechanical deformation of a structure as the result of stress

Strain rate —Strain rate refers to the instantaneous strain (or change
in strain) per time unit. The strain rate has the same direction as
the strain (eg, negative strain rate during shortening, positive strain
during elongation)

Transducer—Any device that converts one form of energy into an-
other. The piezoelectric crystal is a transducer that converts electrical
energy into sound energy and vice versa™

Transducer assembly (commonly referred to as a transducer)—

Consists of the transducer elements, their associated casing, and
dampening material?'3*
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Rehabilitative Ultrasound Imaging:
The Roadmap Ahead

DEYDRE S. TEYHEN, PT, PhD, OCS’

J Orthop Sports Phys Ther 2007:37(8):431-433. doi:10.251%jospt.2007/0107

ver the past decade, researchers have identi-

fied associations between neuromusculosk-
eletal disorders such as low back pain and
underlying neuromuscular control deficits.®

However, reliable and valid noninvasive measure-

ment strategies that could be employed in a clinical

setting have been scarce. Evidence for the use of ul-

trasound imaging as a strategy to assist with these

patient populations is growing. The use of ultrasound

technology for medical applications began in the

1950s and it has proven to be an effec-
tive, safe, and relatively inexpensive tool
for assessing morphologic characteristics
and structural integrity of visceral organs
and soft tissues. Specifically related to
physical therapy practice, the use of ul-
trasound to assess muscle morphology
and guide rehabilitation decision mak-
ing can be traced back to the late 1960s.%
Over the last decade there has been rapid
development of this technique, with reli-
able and valid noninvasive measurement
procedures that can be employed in a
clinical setting.

The use of ultrasound imaging in the
rehabilitation of neuromusculoskeletal

disorders has been coined rehabilita-
tive ultrasound imaging (RUSI). RUSI
has been defined as “a procedure used
by physical therapists to evaluate muscle
and related soft tissue morphology and
function during exercise and physical
tasks...and is used to assist in the appli-
cation of therapeutic interventions aimed
at improving neuromuscular function.”®
RUSI has been advocated to improve
the understanding of the relationship
between motor control and function, to
determine which patients may benefit
from a specific exercise treatment ap-
proach, to enhance treatment efficacy via
augmented feedback, and to document

the benefits of specific exercise treat-
ment approaches. Early RUSI research
has been promising.

In an effort to more thoroughly define
the role of RUSI, the US Army-Baylor
University Doctoral Program in Physical
Therapy hosted an international sympo-
sium on RUSI in May 2006. Previously
published symposium abstracts*® speak
to the goals of the meeting, which among
others included the development of a
set of RUSI measurement standards for
the assessment of muscle function and
the exploration of future applications of
RUSI.?° This special issue of the JOSPT
and another to be published in October
2007 represent an additional product
of the symposium: a collection of com-
mentaries, case reports, and research
reports that document current applica-
tions and evidence for RUSI in patients
with neuromusculoskeletal disorders,
with a goal of providing a roadmap for
future research in this area. Between the
2 special issues on RUSI, 5 manuscripts
were written by the symposium delegates
to provide an overview of RUSI technol-
ogy,?> how RUSI has been applied in both
clinical and research settings to study the
musculature of the abdominal wall,?' pos-
terior spine,’ and pelvic floor,>* and the
potential of RUSI as a biofeedback tool
to help with rehabilitation.*

! Assistant Professor, US Army-Baylor University Doctoral Program in Physical Therapy, San Antonio, TX; Research Consultant, Spine Research Center and the Defense Spinal Cord
and Column Injury Center, Walter Reed Army Medical Center, Washington, DC. The opinions or assertions contained herein are the private views of the author and are not to be
construed as official or as reflecting the views of the Departments of the Army or Defense. Funding for the International Symposium on Rehabilitative Ultrasound Imaging was through
the Advances in Medical Practice program sponsored by the Office of the Surgeon General, United States Army.
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Additionally, in these special issues,
researchers and clinicians report on the
following areas of particular interest:

o Assessment and Analysis of Altered Mo-
tor Behavior in Individuals With Neu-
romuscular Dysfunctions Researchers
have used RUSI to assess the lateral
abdominal musculature behavior dur-
ing the abdominal drawing-in ma-
neuver,'®2! and pelvic floor function'
during the active straight-leg-raise test.
In this special issue, the behavior of the
lateral abdominal musculature during
a simulated weight-bearing lower ex-
tremity task will be described,” demon-
strating similar findings to a previous
investigation using a non-weight-bear-
ing lower extremity task.? Additionally,
authors describe the morphometry and
behavior of the deep trunk muscles
among different populations, such as
those with unilateral lower extremity
amputations'” and a case report assess-
ing an individual with both low back
pain and stress urinary incontinence.'
However, research to identify changes
in altered motor function associated
with improvements or deterioration in
the associated neuromuscular disorder
as measured by RUSI remains lacking.

o Identification of a Subgroup of Patients
Who Would Benefit From a Specific Ex-
ercise Strengthening Program In the
October 2007 issue on RUSI, Kiesel
and colleagues® will provide prelimi-
nary evidence comparing changes in
muscle behavior based on the treat-
ment-based classification system for
patients with low back pain.! Although
preliminary evidence has suggested
that those that met the stabilization
clinical prediction rule may have al-
tered motor behavior during the ab-
dominal drawing-in maneuver,> more
research is needed to prospectively
address this relationship. Addition-
ally, future research is required to
determine if specific measurements
obtained by RUSI may be helpful in
further identifying those predicted to
succeed with a stabilization exercise
approach.’

» Use of Visual Feedback to Assist With
Lumbar Stabilization Exercises A Case
Report is presented in this special is-
sue describing the role of RUSI as a
feedback device in a patient with both
low back pain and stress urinary in-
continence.’ In the October 2007 spe-
cial issue, a commentary* outlining the
literature to date and future research
directives will be presented. Although
preliminary evidence is encouraging,
researchers should focus on whether
RUSI can not only enhance motor
learning but also improve outcomes.
Further, it is theorized that RUSI may
be a helpful training tool for a certain
subgroup of patients with low back
pain; however, it is currently unknown
how to identify patients who may ben-
efit from a RUSI-enhanced treatment
approach.

o The Influence of Treatments on Mus-
cular Behavior A Case Report? and
case series™ within these 2 special is-
sues on RUSI will describe changes in
muscular behavior immediately fol-
lowing spinal manipulation. Research-
ers are currently evaluating the ability
of RUSI to assess change in muscular
behavior associated with spinal ma-
nipulative therapy using randomized
control trials to better understand how
manipulation influences neuromuscu-
lar control.

o Other Applications Although RUSI
has been mostly used to assess mus-
cular behavior of the lumbopelvic
region, its use in other areas is prom-
ising. For example, the use of RUSI
to assess the muscles of the cervical
spine is a growing field of inquiry.!"
In these 2 special issues researchers
will describe new techniques to as-
sess the lower trapezius muscle" and
the plantar foot fat pad.’ Other ap-
plications, such as assessment of the
vastus medialis morphometry, the ro-
tator cuff muscles, and other extrem-
ity muscles, may eventually also prove
to be helpful in the assessment and
treatment of associated neuromuscu-
lar dysfunctions.

Initial evidence for the use of RUSI
for research and clinical practice to assess
neuromuscular dysfunction is encourag-
ing. It is our hope that these 2 special
issues will increase interest in further
exploring its research and clinical appli-
cations to enhance the delivery of effec-
tive interventions for our patients. As this
area of research evolves and we are able
to achieve an international consensus on
RUSI measurement standards, we will be
able to develop normative databases and
more readily compare data across stud-
ies. We look forward with anticipation to
the realization of the ideas and research
generated from these 2 special issues. We
hope that the manuscripts and specifically
the commentaries, which outline interna-
tionally agreed-upon research priorities,
will help inspire future lines of research
because “scientific research consists in
seeing what everyone else has seen, but
thinking what no one else has thought”
(Albert Szent-Gyorgyi). Finally, I would
like to thank the other delegates of the in-
ternational symposium (Dr John Childs,
Dr Jim Elliott, Dr Timothy Flynn, Dr Ju-
lie Fritz, Dr Norman Gill, Ms Haldis Haug
Dahl, Dr Sharon Henry, Dr Maria Stokes,
Dr Judith Thompson, Dr Julie Whitman,
and Ms Jackie Whittaker) and the au-
thors in these special issues for helping
to establish the roadmap ahead.
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B INTRODUGAO

A perda de massa muscular com consequente deterioragdo da fun¢do é um achado comum
em pacientes internados na unidade de terapia intensiva (UTI). Em pacientes criticamente
doentes, imobilizagdo, sepse e faléncia de multiplos 6rgaos, entre outros, estdo associadas
a significativa perda de massa muscular. Esses fatores sdo independentes para o surgimento da
fraqueza muscular adquirida na UTI — uma consequéncia da doenga critica.’

A fraqueza adquirida na UTI é um preditor importante de morbidade e mortalidade e de
incapacidades funcionais durante a internagdo e ap6s a alta hospitalar.! Nos casos nao tratados,
essas disfungdes podem permanecer por anos, mesmo ap6s o periodo de internagdo.? Algumas
intervengdes, como a reabilitagdo precoce, tém sido propostas para prevenir ou atenuar a perda
de massa muscular e a subsequente fraqueza adquirida na UTI. Contudo, até pouco tempo,
a avaliagéo da arquitetura muscular, a beira leito, era dificil de ser realizada na pratica clinica,
tornando-a pouco viavel.

Tentativas iniciais para avaliagdo da massa muscular por meio de medidas antropométricas (por
exemplo, perimetria) mostraram grandes limitagBes. A perimetria sofre importante influéncia do
balango hidrico do paciente e ndo se mostrou acurada quando comparada aos métodos néo
invasivos considerados padrao-ouro, como a tomografia computadorizada (TC), o escaneamento
com dual-energy X-ray absorptiometry (DEXA) efou a ressonancia nuclear magnética (RNM).4
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Por outro lado, avaliagdes por meio de TC, DEXA e/fou RNM n&o s&o viaveis para realizagdo
diaria a beira do leito. Nesses exames, 0s pacientes precisam ser transportados para o setor de
radiologia, o que envolve riscos significativos, além de grande demanda operacional.

Em fungdo do impacto da fraqueza muscular adquirida na UTI sobre os desfechos clinicos,
pesquisas recentes tém se concentrado em desenvolver métodos néo invasivos capazes de
avaliar a arquitetura muscular a beira do leito.*>” Nesse cenario, a ultrassonografia (USG) é
considerada uma ferramenta confiavel, acurada e vidvel para a avaliagdo muscular de pacientes
na UTI.58 Com o avango tecnologico, os dispositivos para USG se tornaram portateis € com
capacidade equivalente aos equipamentos de maiores dimensdes e menor mobilidade.

Por meio dos dispositivos de ultrassom (US), é possivel avaliar a arquitetura muscular, que é
definida pelas seguintes variaveis:

espessura;
area de secc¢&o transversa;
ecointensidade ou ecogenicidade;
angulo de fasciculo ou de penagao;
comprimento do fasciculo.

Com esses parametros é possivel medir a perda de massa,>® inferir a diminuicdo da forca
muscular’®''e detectar a presencga de necrose com deposicdo de colageno e gordura no musculo,
além de realizar o diagnostico de doengas neuromusculares. '

emerge como uma importante ferramenta diagnostica e para mensuragao de resultados.
E um método ndo invasivo, sem emissao de radiagdo e capaz de gerar diagnosticos
funcionais. Assim, considerando a lei federal 12.842, de 10 de julho de 2013, a Resolugéo
do Conselho Federal de Fisioterapia e Terapia Ocupacional (COFFITO) 381/2010® e a
Resolugdo COFFITO 400/2011"" (artigo 3°), o fisioterapeuta especialista esté habilitado
para utilizagdo da USG n&o s6 no campo da pesquisa, mas também na pratica clinica.

. Em virtude de suas caracteristicas, a USG para avaliagdo da arquitetura muscular na UTI
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B OBJETIVOS

Ao final da leitura deste artigo, o leitor sera capaz de:

descrever os principios biofisicos e os conceitos basicos da utilizagdo da USG na avaliagdo da
arquitetura muscular em pacientes criticos;

reconhecer as bases para determinagao da validade, da reprodutibilidade e da aplicabilidade
da USG para utilizagdo na avaliagdo musculoesquelética de pacientes criticos;

identificar o processo de aquisi¢do das imagens de USG para a avaliagdo musculoesquelética
de pacientes criticos;

caracterizar os principais processos de analise das imagens de USG para avaliagdo da
espessura, da area de secgdo transversa, da ecointensidade, do angulo de fasciculo e do
comprimento do fasciculo muscular;

reconhecer a importancia do uso da USG para avaliagdo do musculo diafragma.

| PROFISIO | FISIOTERAPIA EM TERAPIA INTENSIVA ADULTO | Ciclo 8 | Volume 4| St
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B ESQUEMA CONCEITUAL
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B REFERENCIAL HISTORICO

O impacto da doenca critica no sistema musculoesqueltico tem sido estudado ha séculos, mas
s6 em 1984 Bolton e colaboradores'® publicaram o primeiro landmark. O dano muscular é comum
e estd associado a consequéncias em longo prazo que afetam a recuperagéo de forma drastica,
além de ocorrer precoce e rapidamente durante a primeira semana apds admisséo na UTI.

LEMBRAR

Mesmo em individuos jovens saudaveis, curtos periodos de imobilizagdo e desuso
muscular levam a perda substancial de massa muscular acompanhada por uma
sinalizacdo molecular catabdlica precoce.?

Como ja descrito, a avaliagdo da atrofia muscular esquelética tipicamente necessita de
equipamentos de alto custo, com técnicas complexas de imagem ou de métodos invasivos, como
a bioépsia muscular. Esses métodos, com frequéncia, ndo estao disponiveis no cenario da terapia
intensiva;?' por isso, ha um crescente interesse pelo uso da USG para avaliagdo da arquitetura e
da fungdo musculares (Figura 1)."

| PROFISIO | FISIOTERAPIA EM TERAPIA INTENSIVA ADULTO | Ciclo 8 | Volume 4| 3

Figura 1— Tipos de equipamentos de USG em suas proporgdes reais. E possivel ver a grande
diferenca nas dimensoes de um US portatil (a esquerda) e de um US convencional, destinado
predominantemente para um posicionamento fixo (a direita).

Fonte: Adaptada de Sonarmed (2018).%
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O primeiro ensaio clinico a utilizar a USG para a avaliagdo musculoesquelética de pacientes
criticos data de 1995.2 Desde entdo, vem crescendo o numero de publicagdes nessa area,?
representado na Figura 2.

GOyl @
1995 2004 2008 2013 2014 2015 2016

Figura 2— Linha do tempo com os principais ensaios clinicos que utilizaram medidas de USG para avaliagdo da arquitetura
muscular em doentes criticos com desfecho.

Fonte: Adaptada de Gruther e colaboradores (2008);° Sarwal e colaboradores (2015),° Parry e colaboradores (2015),° Campbell e colaboradores
(1995); Reid e colaboradores (2004);% Cartwright e colaboradores (2013);% Baldwin e Bersten colaboradores (2014);?” Mendes e colaboradores
(2015),% Puthucheary e colaboradores (2015), Fischer e colaboradores (2016).

B PRINCIPIOS BIOFiSICOS E CONCEITOS BASICOS DE
ULTRASSONOGRAFIA

PRINCIPIOS BIOFiSICOS

A fim de compreender e interpretar devidamente um exame ultrassonografico, € necessario o
conhecimento basico sobre os principios fisicos envolvidos nesse método diagndstico. Essa
técnica de imagem € baseada na emissao e recepgao de ondas ultrassonicas, € as imagens
sao obtidas por processamento eletronico de feixes de US refletidos de maneira singular pelas
diversas estruturas do corpo humano.?' O conhecimento e o ajuste de alguns pardmetros durante
a USG s&o fundamentais para a melhor aquisicdo das imagens.

0 som é a sensagao percebida pelo ouvido provocada por ondas mecanicas geradas
pela vibragdo de um corpo elastico e propagadas por meio material (gas, liquido
ou sélido). O US define-se, entdo, como uma série de ondas mecanicas causadas
pela vibragdo de um corpo elastico (cristal piezoelétrico) e propagadas por um meio
material (exemplo: tecido corporal), cuja frequéncia excede a de um som audivel
pelo ouvido humano — maior do que 20 quilo-Hertz (20kHz).*"
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Entre os parametros que sdo frequentemente usados na USG, estéo:

frequéncia;

velocidade de propagagéo;
interacdo dos tecidos com o US;
angulo de incidéncia;

atenuagéo;

frequéncia de repetigao de pulso.

A seguir, serdo descritas resumidamente cada uma das variaveis utilizadas na USG.

Frequéncia

A frequéncia de uma onda é o numero de ciclos de presséo e descompresséo que
ocorre em um segundo.””

Afrequéncia € mensurada em ciclos por segundo ou Hertz, sendo determinada pela fonte de som
que a emite e pelos meios através dos quais viaja. As frequéncias utilizadas na USG para fins de
diagnéstico variam de 2 a 28 mega-Hertz (MHz). Para avaliagdo do tecido muscular, em geral, &
utilizada uma frequéncia média de 7,5MHz *'

Velocidade de propagagao

A velocidade de propagacéo é aquela com que 0 som se propaga através de um meio. Em tecidos
moles, a onda sonora se propaga a uma velocidade média de 1.540 metros por segundo (m/s).
A velocidade de propagacédo do som varia de acordo com o tipo e as caracteristicas do material
pelos quais 0 som é propagado.’'

Os fatores que determinam a velocidade do som através de um material s&o a densidade e
a compressibilidade deste. Materiais com maior densidade e menor compressibilidade
transmitem o som com maior velocidade. Dessa forma, essa velocidade varia em cada tecido —
por exemplo, no tecido adiposo, as ondas sonoras se movem mais lentamente do que no 6sseo
€, N0 meio gasoso, a velocidade de propagacéo é tao lenta que as particulas que o contém néo
podem ser avaliadas pela USG.*

LEMBRAR

A velocidade de transmissdo é inversamente proporcional a compressibilidade;
assim, em tecidos em que as moléculas s&o mais compressiveis, 0 som € transmitido
mais lentamente.*’

| PROFISIO | FISIOTERAPIA EM TERAPIA INTENSIVA ADULTO | Ciclo 8 | Volumed | &
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Interagao dos tecidos com o ultrassom

Quando a energia acustica interage com os tecidos do corpo, suas moléculas s&o estimuladas, e a
energia é transferida de uma molécula para a outra adjacente. A energia acustica se move através
dos tecidos por meio de ondas longitudinais, e as moléculas desses tecidos oscilam na mesma
direcdo. Essas ondas sonoras s&o basicamente rarefacdes e compressdes periodicas do meio
em que se propagam.*'

Quando uma onda de US passa através de um tecido, uma série de eventos ocorre e, entre
eles, ha a reflexdo de feixes de US para o transdutor, que é chamado de eco, que ocorre na
interface entre os dois materiais e fornece evidéncias de que um material é diferente do outro.
Isso é conhecido como impedancia acustica, e € o produto da densidade e da velocidade de
propagagao do som no tecido.*

O contato de dois materiais com impedancia acustica diferente resulta em uma interface entre os
dois. Assim, a impedancia (Z) é igual ao produto da densidade (D) de uma velocidade média (V)
do referido som, ou seja, Z = VD.*

Quando dois materiais tém a mesma impedancia acUstica, esta interface ndo produz eco. Se a
diferenca de impedéancia acustica € pequena, um eco mais fraco ira ocorrer. Por outro lado, se a
diferenga for grande, um forte eco sera gerado e muitos feixes de US serdo refletidos.*

Nos tecidos moles, a amplitude do eco produzido na interface entre eles é uma pequena
porcentagem das amplitudes incidentes. Quando a escala de cinza é utilizada, os ecos mais
intensos geram imagens em tom branco (hiperecoicas); os ecos mais fracos séo observados em
varias tonalidades de cinza (hipoecoicos); e quando nao ha reflexdes, as imagens sao observadas
em preto (anecoica).’!

Angulo de incidéncia

A intensidade com que o feixe de US ¢é refletido também depende do angulo de incidéncia ou
insonag&o. A reflexdo € maxima quando a onda sonora incidente é perpendicular a interface entre
dois tecidos. Caso o feixe de US se afaste apenas alguns graus a partir da perpendicular, o eco
nao volta para o centro da fonte emissora (tecido) e sera detectado apenas parcialmente pela fonte
receptora (transdutor).*'

Atenuagao

Enquanto as ondas de US se propagam através de diferentes interfaces de tecidos, a energia
ultrassbnica perde poténcia, € a intensidade diminui progressivamente quando incidem em
estruturas mais profundas. Esse fendmeno é conhecido como atenuagéo e pode ser secundario
a absorgao ou a dispersdo dos feixes. A absorgao envolve a transformagéo da energia mecanica
em calor, e a dispersao ¢ o desvio da direcdo de propagacéo da energia.

atenuador por absorgéo e dispersdo da energia. Ja o ar absorve de forma potente a

‘ Os liquidos sdo considerados ndo atenuadores, enquanto 0 0sso é um importante
energia e a dispersa em todas as direcdes.
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Frequéncia de repetigéo de pulso

A energia elétrica que atinge o transdutor estimula os cristais piezoelétricos nele contidos e estes
emitem os pulsos ultrassonicos. Os transdutores ndo emitem pulsos de maneira continua, e sim
geram grupos ou ciclos de pulsos ultrassonicos, pois o transdutor precisa alternar duas fases —
emissdo de US e recepcéo dos ecos.!

A frequéncia com que o gerador produz pulsos elétricos por segundo é chamada de frequéncia
de de repeticio de pulso, a qual determina o intervalo de tempo entre as duas fases (emisséo e
recepcdo do US). Esse intervalo de tempo deve ser suficientemente preciso, porque os feixes
de US precisam alcangar um ponto em determinada profundidade e depois retornar como ecos
para o transdutor antes que um préximo pulso elétrico seja emitido. Assim, a frequéncia de pulso
de repeticao depende da profundidade da imagem e, em geral, alcanga de 1.000 a 10.000kHz.*"

Cada um dos feixes de US recebido é digitalizado e passado para a memdria grafica, e s&o
ordenados e processados graficamente na forma de pontos brilhantes no monitor. Pelo menos
uma sequéncia de 20 varreduras por segundo é exibida em tempo real.*"

o ATIVIDADES

1. Por meio dos dispositivos de US, é possivel avaliar a arquitetura muscular. Com
esses exames, pode-se avaliar a perda de massa muscular, inferir a diminuigdo da
forga, detectar a presenca de necrose com deposicéo de colageno e de gordura no
musculo. Essa ferramenta vem sendo utilizada em vérias pesquisas no campo da
fisioterapia. Com base na legislagéo brasileira e na regulamenta¢&o do COFFITO,
assinale a alternativa correta.

A) Para a realizagdo de pesquisas com utilizagdo de USG, os fisioterapeutas precisam
da supervisao de um médico.

B) Os fisioterapeutas sé podem utilizar exames de USG para fins de pesquisa, cabendo
a parte do diagnéstico apenas aos médicos.

C) Os fisioterapeutas podem utilizar a USG em qualquer cenario e para qualquer tipo
de diagnostico.

D) Pode ser utilizada por fisioterapeutas ndo s6 no campo pesquisa, mas também na
pratica clinica para fins de diagndstico funcional.

Resposta no final do artigo
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2. Assinale a alternativa correta com relagéo ao impacto das doengas criticas no sistema
musculoesquelético.

A) O dano muscular geralmente ocorre apenas apds a terceira semana da admisséo na UTI.

B) Enquanto em individuos idosos o dano muscular ja ocorre em curtos periodos de
imobilizacdo e desuso, em mais jovens, tende a ser menos severo e demorar mais
tempo para se iniciar.

C) Mesmo em individuos jovens saudaveis, curtos periodos de imobilizagao e desuso
muscular levam a uma grande perda de massa muscular acompanhada por uma
sinalizagdo molecular catabolica precoce.

D) Os equipamentos para avaliagdo da atrofia muscular esquelética estéo facilmente
disponiveis no cenario da terapia intensiva.

Resposta no final do artigo

3. Com relagéo a velocidade de propagacéo do som, é correto afirmar que

A) ¢ invariavel conforme o material no qual 0 som se propaga.

B) materiais com menor densidade e maior compressibilidade propagam o som com
maior velocidade.

C) avelocidade de propagagao das ondas sonoras, no meio gasoso, € bem mais rapida
do que em meio adiposo ou em tecido 6sseo.

D) as ondas, no tecido adiposo, se movem mais lentamente do que no dsseo.

Resposta no final do artigo

4. Quanto a atenuagdo da energia ultrassonica nos diferentes materiais, € correto
afirmar que

A) os 0sso0s sdo importantes atenuadores por absorgéo e dispersdo da energia sonora.
B) estarelacionada com a disperséo, que ¢ a transformagédo da energia sonora em calor.
C) o ar é considerado nao atenuador da energia ultrassonica.

D) os liquidos absorvem fortemente a energia sonora e a dispersam em todas as diregoes.
Resposta no final do artigo

TRANSDUTORES

Um transdutor &€ um dispositivo que transforma um fenémeno fisico, como presséo e temperatura,
em outros tipos de sinais, geralmente elétricos. No caso de transdutores de US, a energia
ultrassénica é gerada no transdutor a partir de um sinal elétrico. Conforme ja descrito, os cristais
piezoelétricos transformam energia elétrica em potenciais acusticos e vice-versa.

LEMBRAR
O transdutor atua tanto como emissor quanto receptor de US.
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Os quatro tipos basicos de transdutores s&o (Figura 3):

m setorial;
m anular;
B CONvexo;
m linear.

Figura 3 — Tipos de transdutores de US. Os dois transdutores no centro da imagem
580 o convexo e o linear e séo os mais utilizados para avaliagdo musculoesquelética.
Fonte: Landwind Medical (2014).%?

Os transdutores diferem apenas na forma como seus componentes sdo organizados. Os lineares
sd0 0s mais comumente utilizados em USG musculoesquelética; contudo, os convexos, com
frequéncias médias de 7,5MHz, também podem ser utilizados para essa finalidade.'

Os transdutores lineares sado constituidos por um numero varidvel de cristais piezoelétricos,
geralmente 64-256, os quais tém formato retangular e estdo posicionados uns em frente aos
outros. Nesse tipo de transdutores, os cristais trabalham em grupo e, ao serem eletricamente
estimulados, emitem simultaneamente feixes ultrassonicos em paralelo (Figura 4A). Em virtude
dessa disposicao paralela dos feixes, a imagem é gerada sem distorgoes nas extremidades.
Ja os transdutores convexos apresentam feixes que se distanciam nas extremidades laterais,
gerando imagens com perda de resolugéo nas extremidades laterais (Figura 4B).

Figura 4 — Transdutores lineares e convexos. Representagdo esquematica da disposi¢do dos feixes dos cristais. No
transdutor linear (A), os feixes séo paralelos e, por isso, néo ha distorcédo das imagens nas extremidades laterais. No transdutor
convexo (B), os feixes divergem na lateral, apresentando imagens com algum grau de distor¢do nas extremidades laterais.
Fonte: Nomura (2016).%
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Um tecido pode ser observado com maior definicdo ultrassonografica se os feixes
de US apresentarem incidéncia perpendicularmente as interfaces de tecido. Dessa

forma, os transdutores lineares que apresentam essas caracteristicas (Figura 5A)

sdo recomendados para estudo das estruturas retilineas que formam o sistema
musculoesquelético. Ocasionalmente, 0 uso de transdutores convexos é mais adequado
para determinadas areas anatdmicas, como axila ou zona poplitea, por exemplo. Outra
empregabilidade do transdutor convexo é no aumento do campo de visdo, passando de
retangular para trapezoidal (Figura 5B).

Figura 5— Imagens ultrassonogréficas musculares geradas pelos transdutores lineares e convexos. A) Imagem ultrassonografica
muscular em formato retangular gerada por um transdutor linear. B) Imagem trapezoidal gerada por um transdutor convexo.
Fonte: A: Arquivo de imagens dos autores; B: Arts e colaboradores (2010).%

CRIAGAO DAS IMAGENS

As imagens de US s&o formadas por uma matriz de elementos de imagem. As imagens em escala
de cinza séo geradas pela exibigdo dos ecos que retornam ao transdutor como elementos de
imagem (pixels), e seu brilho depende da intensidade do eco que é captado pelo transdutor.

O

O transdutor € acoplado na superficie do corpo do paciente, por meio de uma camada
de gel, para remover o ar entre as superficies. Com o estimulo elétrico, os cristais
piezoelétricos comegam a vibrar e transmitem feixes de US de curta durag&o, os quais
se espalham dentro do paciente, onde s&o parcialmente refletidos e transmitidos pelos
tecidos sem trajeto. A energia ultrassonica refletida no transdutor (eco) produz vibragdes
nos cristais, que sdo transformadas em pulso elétrico e, depois de amplificadas e
processadas, traduzidas em imagens.
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O circuito receptor pode determinar a amplitude da onda de som e o tempo de retorno total de
transmissao, uma vez que acompanha tanto sua transmissao quanto seu retorno. A amplitude do
eco determina a tonalidades de cinza.®

LEMBRAR

Ecos muito fracos geram imagens com cores proximas do preto na escala cinza,
enquanto aqueles mais intensos produzem imagens com tonalidade préxima a cor
branca.®

MODALIDADES DE ECOGRAFIA

Os equipamentos de USG podem operar em varias modalidades de ecografia e, entre elas, ha os
modos A, B, M e Doppler. Cada modalidade tem caracteristicas peculiares e aplicabilidades bem
definidas. Neste artigo, serdo explorados os modos B e M, pois s&o os empregados na avaliagao
musculoesquelética. A seguir, seréo descritas algumas caracteristicas desses modos.

Modo B

0 modo B (B = brilho) ou 2D gera imagens bidimensionais na coloragéo da escala de cinza. E o
mais utilizado para diagnéstico em geral, principalmente em fun¢éo do grande niimero de regiées
anatémicas que podem ser observadas. A Figura 5, apresentada anteriormente, exemplifica
imagens nesse modo, que também é o mais utilizado para avaliagdo da arquitetura muscular.

Modo M

O modo M (M = movimento) mescla caracteristicas dos modos A e B. Essa configuragao é utilizada
para analisar qualitativa e quantitativamente o movimento de estruturas, como valvulas
cardiacas.

Para avaliag&o dos musculos estriados esqueléticos, o modo M vem sendo empregado
a fim de verificar a movimentagéo do diafragma.

Da mesma forma do modo B, o brilho da linha mostrada é modulado de acordo com a amplitude
do sinal recebido. O modo M é similar ao A, porque os ecos séo coletados em apenas uma direcao
e apresentados na direcdo horizontal do monitor. Qualquer movimento da estrutura ao longo do
campo ultrassonografico é representado com movimentos horizontais das linhas da imagem.
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AFigura 6, a seguir, apresenta uma imagem ultrassonografica em modo M.

1CU, PAPAGEORGIOU G.H.
%

SPONTANEOUS
BREATHING

g

1

X Distance
Time
Slope

Figura 6 — Imagem em modo M mostrando a excurséo diafragmatica durante respiragao
espontanea. A distancia entre as setas mostra a excurséo (1,9cm). E possivel calcular o tempo
inspiratério e o tempo total de duragéo do ciclo.

Fonte: Matamis e colaboradores (2013).%

PLANOS ANATOMICOS DE AVALIAGAO

A USG musculoesquelética é realizada em trés planos anatdmicos, que sdo o coronal, o
transversal e o longitudinal (Figura 7).

Plano coronal

>—> Plano transversal

Plano longitudinal

Figura 7 — Apresentagéo dos planos anatémicos da USG musculoesquelética.
Fonte: Fredrik (2014).%
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transversal e longitudinal sdo comumente os escolhidos. A espessura, a area de
seccao transversa e a ecointensidade podem ser avaliadas tanto no plano transversal
quanto no longitudinal. Entretanto, o dngulo e o comprimento do fasciculo ndo podem
ser avaliados no plano transversal (Figuras 8ABC).

e Para avaliagdo da arquitetura muscular, em pacientes criticamente enfermos, os planos

Figura 8 — Posicionamento do transdutor nos diversos planos anatémicos. A imagem
apresenta o posicionamento do transdutor no quadriceps femoral nos diversos planos
anatbémicos, com suas respectivas imagens ultrassonograficas em modo B, a direita.
As setas azuis descrevem a diregdo da marca de referéncia do transdutor. A) Plano
longitudinal com a marca de referéncia do transdutor apontada para a dire¢do cranial.
B) Plano transversal com a marca de referéncia do transdutor apontada para a lateral.
C) Plano coronal com a marca de referéncia do transdutor apontada para a diregéo cranial.
Fonte: Arquivo de imagens dos autores.
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Todos os transdutores apresentam uma marca de referéncia em alto-relevo na sua
borda (Figura 9), a qual tem o objetivo de orientar o posicionamento do transdutor no
plano anatdémico. Por conveng&o, nos planos longitudinal e coronal, a marca deve ser
apontada em direc&o cranial; ja no plano transversal, deve ser orientada para a lateral
do corpo (ver Figura 8B).

Figura 9 — Marca de referéncia no transdutor para orientagédo do posicionamento nos diversos
planos. Por convengéo, essa marca é sempre apontada para uma diregéo estabelecida em cada
plano anatémico. As setas azuis destacam a marca de referéncia de um determinado transdutor.
Fonte: Arquivo de imagens dos autores.
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5. Assinale a alternativa correta com relagao aos transdutores de US.

A) Nos transdutores convexos, a imagem é formada sem distorgdes nas extremidades.

B) Nos transdutores lineares, os cristais trabalham em grupo e, ao serem eletricamente
estimulados, emitem os feixes ultrassénicos em paralelo.

C) Nos transdutores lineares, os feixes de US divergem na lateral, resultando em imagens
com distorgdes nas extremidades laterais.

D) Os transdutores lineares séo os mais indicados para areas anatémicas.

Resposta no final do artigo

6. Assinale a alternativa correta em relacéo a criagéo das imagens de USG.

A) Aenergia ultrassonica recebida pelos transdutores é convertida em pulsos elétricos
nao amplificados, os quais s&o diretamente traduzidos em imagens.

B) Astonalidades de cinza naimagem séo determinadas pelo tempo de retorno total de
transmissao.

C) Enquanto ecos mais fracos resultardo em tonalidades de cinza mais proximas do branco,
os mais fortes geram imagens com cores mais préximas do preto na escala de cinza.

D) O circuito receptor pode determinar a amplitude da onda de som e o tempo de retorno
total de transmiss&o, uma vez que acompanha tanto sua transmiss&o quanto seu retorno.

Resposta no final do artigo
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7. Assinale a alternativa correta em relagao as modalidades de ecografia utilizadas para
a USG musculoesquelética.

A) O modo B gera imagens tridimensionais coloridas.

B) O modo M é utilizado para analisar qualitativa e quantitativamente o movimento de
estruturas, como valvulas cardiacas.

C) No modo M, os ecos sao coletados em mais de uma dire¢do, sendo apresentados
na direcao vertical no monitor.

D) No modo B, o brilho da linha muda de acordo com a amplitude do sinal recebido,
enquanto no M esse brilho varia conforme a frequéncia do eco recebido.

Resposta no final do artigo

8. Na avaliagdo da USG musculoesquelética, é correto afirmar que

A) apenas pode ser realizada no plano transversal e em pacientes criticamente enfermos.

B) a espessura e a area de secgéo transversa podem ser avaliadas apenas no plano
transversal.

C) aespessura, a area de secgao transversa e a ecointensidade podem ser avaliadas
tanto no plano transversal quanto longitudinal.

D) o angulo do fasciculo pode ser avaliado apenas no plano transversal.

Resposta no final do artigo
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9. Assinale a alternativa correta quanto a marca de referéncia no transdutor, no sentido
de orientar o posicionamento nos diversos planos.

A) No plano longitudinal, deve ser apontada na direcéo cranial.

B) No plano coronal, deve ser apontada para a lateral do corpo.

C) No plano coronal, deve ser apontada para a lateral do corpo e, no transversal, pode
ser ignorada.

D) No plano transversal, deve ser apontada na direcéo cranial.

Resposta no final do artigo

B VALIDADE E APLICABILIDADE DA ULTRASSONOGRAFIA
MUSCULAR EM PACIENTES CRITICOS

A USG musculoesquelética representa uma modalidade atrativa em diferentes cenarios, uma vez
que é segura, facilmente aplicavel, ndo invasiva e pode ser realizada na admisséo hospitalar
sem a cooperagao do paciente. Por isso, a USG vem sendo utilizada para avaliar a trajetéria das
mudangas na estrutura dos muasculos esqueléticos ao longo da internagao.? Entretanto, para isso,
sua validade e reprodutibilidade precisaram ser determinadas.

VALIDADE

A validade expressa a capacidade de um teste em medir aquilo que se propde a medir.
A reprodutibilidade, uma propriedade psicométrica que reflete 0 grau em que uma medida é
consistente e livre de erros, é fundamental para qualquer tipo de avaliagdo e é um pré-requisito
para classificar o quanto adequado é um teste.>

Os estudos que compararam a validade da USG com os exames considerados padrao-ouro para
avaliagdo da arquitetura muscular ndo encontraram diferengas significativas entre ambos.3%
Amedida da espessura do musculo periférico por USG foi validada tanto em individuos saudaveis*4!
quanto naqueles com disturbios neuromusculares.” Além disso, vem sendo demonstrada
excelente reprodutibilidade da avaliagéo ultrassonografica quantitativa da espessura muscular®?
e da ecointensidade®'* em pacientes criticos. Também foi descrita excelente reprodutibilidade inter
e intraexaminador, independentemente do nivel de experiéncia do profissional.>61440-43

Vale ressaltar que existem dois momentos distintos na avaliagdo da arquitetura muscular que
podem interferir na validade e reprodutibilidade do método — a aquisigéo e a analise das imagens
(serdo abordadas mais detalhadamente em outra sessdo deste artigo).
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tem sido sugerida como um dos principais fatores que impedem o uso generalizado da
USG em contextos clinicos e de pesquisa. E imprescindivel padronizar essas medidas
entre os examinadores para conseguir boa reprodutibilidade,?® o que é possivel com
breves sessdes de treinamento e padronizagdo dos protocolos.*? S6 dessa forma é
possivel que os fisioterapeutas tomem decisdes acertadas sobre seus pacientes a partir
das medidas de USG e produzam resultados validos para comparagao de resultados.
A padronizagao dos métodos de USG pode, ainda, viabilizar a publicacdo de futuras
metandlises sobre o tema.¥

‘ A variabilidade dos achados durante aquisi¢do das imagens por diferentes avaliadores

Tanto a avaliacdo da espessura quanto da ecointensidade precisa seguir rigorosamente um
protocolo. Uma particularidade sobre a avaliagdo da ecointensidade pode ser importante para
determinacédo de medidas validas e reprodutiveis — a regido de interesse (ROI).

A definigo da ROI vem sendo conduzida pela técnica do quadrado® ou pela técnica do
tragado™ (ver Figuras 14A e B). Ambas tém demonstrado boa reprodutibilidade, porém a defini¢ao
da populagao e a delimitagéo criteriosa da ROl podem impactar profundamente nos resultados. 4

‘ LEMBRAR

A excelente reprodutibilidade da técnica do quadrado foi mensurada por Caresio
e colaboradores* em individuos saudaveis. Entretanto, reprodutibilidade nao
é sindnimo de validade.”® Mulsculos saudaveis apresentam imagens de USG
homogéneas e, assim, qualquer ROl podera ser definida, desde que excluidas
regides 6sseas e fascias. Contudo, em pacientes com doengas neuromusculares, 0s
musculos podem apresentar heterogeneidades focais nas imagens de USG." Por
isso, a escolha da técnica do quadrado pode ndo ser a mais adequada, dependendo
da populag&o estudada.

Atécnica do tragado (Figura 14A) possui a vantagem de mensurar a maior quantidade de musculo
disponivel nas imagens, sendo capaz de avaliar com maior precisdo musculos heterogéneos.
Contudo, ¢é importante ressaltar que, assim como a técnica do quadrado, é preciso utilizar uma
ROI que exclua regides 6sseas e de fascias na técnica do tragado.

APLICABILIDADE

Os estudos em pacientes criticos utilizam primariamente a espessura®?® ou a area de secgédo
transversa muscular.”# Somente ha pouco tempo a avaliagéo da ecointensidade comegou a
ser utilizada na UTI.™

associado a diminuicdo da forca muscular e da capacidade funcional durante o
despertar de pacientes criticamente enfermos.® Parry e colaboradores® sugeriram que
a ecointensidade poderia ser utilizada como marcador prognéstico enquanto o paciente
nao é capaz de cooperar com testes funcionais volitivos.

e Um estudo recente demonstrou que o aumento na ecointensidade muscular esteve
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O aumento na ecointensidade muscular, independentemente da espessura, esta correlacionado
negativamente com a forga muscular.®4” Em idosos, a ecointensidade encontra-se aumentada
em fungdo da substituicdo muscular por tecido adiposo e fibroso.* Uma forte correlacdo entre
ecointensidade e tecido fibroso/adiposo intramuscular foi descrita previamente em individuos
saudaveis,* em idosos* e naqueles com doencas neuromusculares.™

Puthucheary e colaboradores?® demonstraram, por meio de bidpsia, que mudangas na
ecointensidade refletem a ruptura da arquitetura muscular em nivel celular em doentes
criticos, também observada em pacientes com sepse grave por Grimm e colaboradores. ™

Parry e colaboradores® detectaram uma piora de 9% na qualidade muscular medida pelo aumento
na ecointensidade apds 5 dias de internagdo na UTI, enquanto Puthucheary e colaboradores®
encontraram um aumento na ecointensidade de 8% ao longo de 10 dias, mas apenas em pacientes
que desenvolveram necrose muscular.

No despertar da UTI, Parry e colaboradores® observaram uma forte correlagdo positiva entre a
espessura e os desfechos funcionais, conforme medido pelo Escore Perme de Mobilidade em UTI
(PFIT-s) (r=0,82) e pela Escala de Mobilidade de UTI (IMS) (r = 0,84) na alta da UT| e descreveram
ainda forte correlagéo negativa entre ecointensidade e desfechos funcionais, também mensurados
pelo PFIT-s (r=-0,77) e IMS (r = -0,73) na alta da UTI.

admissdo na UTI era um preditor independente de mortalidade e estava associada a
maior incapacidade funcional. No entanto, ainda nao esta claro se é a mudanca no
tamanho muscular desde a linha de base ou o tamanho absoluto do musculo & admissao
que é o preditor mais importante do desfecho funcional e da mortalidade.*

. Um estudo retrospectivo com idosos* demonstrou que a baixa massa muscular a

Em individuos saudaveis sob imobilizagao, Wall e colaboradores? observaram redugao de 3,5% na
massa muscular do quadriceps no quinto dia. Em doentes criticos, Puthucheary e colaboradores
demonstraram redugéo de 12,5% na area de sec¢éo transversa do musculo reto femoral no sétimo
dia apés admissdo na UTI. Ja Parry e colaboradores® descreveram redugdo na espessura do
reto femoral de 16,6% no quinto dia. Por outro lado, Fischer e colaboradores® observaram um
aumento na espessura muscular do quadriceps nos trés primeiros dias apds cirurgia toracica em
individuos criticamente enfermos, com uma correlagéo positiva entre as mudangas na espessura
muscular e o balango hidrico cumulativo.

Esses autores mostraram que 0 aumento na espessura, na verdade, era liquido dentro do
muUsculo e nao hipertrofia.*® Em individuos com sepse grave, a ecointensidade aumentou
mesmo na presenga de balango hidrico negativo, com dano estrutural especifico na arquitetura
muscular." Esses achados sugerem que a ecointensidade e a espessura sao impactadas de
forma diferente pelo acimulo de fluido intramuscular e podem refletir mudangas diferentes
na arquitetura muscular, devendo, portanto, ser avaliadas e acompanhadas em pacientes criticos.

forma precoce em individuos criticamente enfermos ja nas primeiras 24 horas apds a
internag&o. " Portanto, a avaliacdo da arquitetura muscular deve ser realizada o quanto
antes apos a admissao hospitalar; caso contrario, a detecgdo de mudangas significativas
pode ser subestimada.

a Fica claro que a deterioragéo da espessura e da ecointensidade muscular inicia-se de
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W AQUISICAO DAS IMAGENS ULTRASSONOGRAFICAS

Nesta secdo, serdo abordadas as técnicas utilizadas para aquisi¢ao das imagens de forma precisa
e reprodutivel em trés musculos — biceps braquial, reto femoral e tibial anterior, pois é o primeiro
passo para se obterem resultados acurados.

Para a escolha da frequéncia do transdutor, vale ressaltar que, quanto maior, melhor sera a
resolugdo das imagens, porém com menor profundidade de visualizagdo. Na maior parte dos
estudos que analisam os musculos, a frequéncia é ajustada entre 5 ¢ 10MHz*"%" (com média de
7,5MHz).3+%2%% A escolha do tipo de transdutor dependera da estrutura a ser avaliada, podendo ser
utilizados tanto os transdutores lineares quanto os convexos.

ecointensidade, de um modo geral, é escolhida a porgdo que corresponde a area de
maior espessura daquele misculo.®* A fim de evitar a compresséao do transdutor sobre
a regido, uma quantidade generosa de gel deve ser aplicada. Para melhor aquisi¢éo da
imagem, o transdutor precisa ser posicionado perpendicularmente a pele. 344

@ Para realizagdo das medidas de espessura, da area de secgdo transversa e da

Qualquer mudanga no posicionamento do transdutor pode levar a mensuragdes erradas da
arquitetura muscular. Para cada musculo, devem ser realizadas trés imagens consecutivas, sendo
0 transdutor desacoplado e entdo reposicionado para realizagdo das demais imagens, com o
intuito de minimizar a variagdo das medidas.>*

Os pacientes podem ser posicionados de diversas formas; o mais importante é que as avaliagdes
sejam sempre na mesma postura. Comumente, eles s@o colocados em dectbito dorsal, com
bragos e pernas em extensao e completamente relaxados. Os estudos em doentes criticos tém
utilizado principalmente o plano transversal para aquisi¢éo das imagens com objetivo de avaliar
a espessura, a area de secgao transversa e a ecointensidade muscular.®

Arts e colaboradores* descreveram um protocolo interessante que pode ser utilizado na UTI.
Nesse estudo, os autores avaliaram diversos musculos, entre eles, tibial anterior, reto femoral e
biceps braquial. Para a medida do musculo biceps braquial, o transdutor deve ser posicionado a
dois tergos craniocaudal da distancia entre 0 acrémio e a fossa cubital (Figura 10A). Para o musculo
reto femoral, a imagem é realizada a 50% da distancia entre a espinha iliaca anterossuperior e a
borda superior da patela (Figura 10B) e, no mUsculo tibial anterior, o transdutor & alocado a 25%
craniocaudal da distancia entre a borda inferior da patela e o maléolo lateral (Figura 10C).*
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A partir da aquisicdo dessas imagens, sera possivel a realizacdo das medidas de espessura, da
area de secgao transversa e de ecointensidade.

Figura 10 — Avaliagéo ultrassonogréfica a beira do leito. Posicionamento do transdutor
para aquisi¢do das imagens dos musculos biceps braquial, reto femoral e tibial anterior,
de acordo com o protocolo proposto por Arts e colaboradores. A) Biceps braquial. B)
Reto femoral. C) Tibial anterior.

Fonte: Arquivo de imagens dos autores.
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O angulo do fasciculo pode ser mensurado em diversos musculos, €, em pacientes criticos, o
vasto lateral tem sido o mais utilizado.® Para realizagdo das medidas do angulo do fasciculo
no vasto lateral, o paciente devera ser posicionado em decubito dorsal. De acordo com Ando e
colaboradores,* o angulo do fasciculo pode ser avaliado a 50% da distancia entre o trocanter
maior e o epicondilo lateral do fémur. O transdutor devera estar orientado no mesmo plano dos
fasciculos e perpendicular a pele.

LEMBRAR

O angulo do transdutor é variavel conforme o eixo longitudinal dos fasciculos;
portanto, varia entre os individuos. O alinhamento apropriado do transdutor permite
a visualizagdo sem interrupgao de varios fasciculos por meio da imagem.®

Apods a aquisicdo das imagens, € iniciada uma nova etapa — a analise dessas imagens — que
pode ser realizada no proprio software do equipamento de USG como também em softwares
especificos para tratamento de imagens 945

Os softwares para tratamento de imagens apresentam mais recursos do que os dos equipamentos
de USG, e, por isso, vém sendo mais utilizados.**% Uma boa opgéo é o software livre ImageJ,
que permite todas as formas de avaliagdo da arquitetura muscular.
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Para saber mais:

0 software ImageJ pode ser baixado em http://imagej.nih.gov/ij/.%

B ANALISE DAS IMAGENS ULTRASSONOGRAFICAS

A combinagdo do avango tecnolégico com o avango da medicina tem possibilitado melhores
métodos de aquisicdo de imagens e, consequentemente, facilitado o diagndstico clinico e
funcional. A importancia de se determinar a relagdo entre estrutura e fungdo vem aumentando, e
com ela, a preocupagao em se realizar analises acuradas.%

Os fabricantes de dispositivos de aquisido de imagem geralmente incluem um software de
processamento de imagem, porém esses programas ndo costumam ser muito flexiveis, limitando
ou mesmo impedindo a manipulagéo de imagens mais complexas.®

O ImageJ é um software de dominio publico, ou seja, ndo ha qualquer taxa ou licenga necessaria
para adquiri-lo. Funciona em qualquer sistema operacional e € de facil manuseio, além de
possibilitar uma série de manipulagdes na imagem a ser analisada. Realiza desde medidas mais
simples, como a de espessura, ecointensidade, area de secgéo transversa e angulo de fasciculo,
até mais complexas.®

A sequir, serdo descritas as técnicas para analises da espessura, da ecointensidade, da area de
secgdo transversa e do angulo de fasciculo para cada musculo.
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ESPESSURA

Para a medida de espessura do musculo biceps braquial, é tragada uma linha entre o ponto
mais alto do Umero até sua fascia superficial. A medida de espessura iré incluir o misculo braquial
(Figura 11).3

Tecido
subcutaneo

braquial

‘ » Braquial
Feixe 7 Umero

neurovascular

Figura 11 — Medida de espessura do musculo biceps braquial.
Fonte: Adaptada de Arts e colaboradores (2010).%

Para a medida de espessura do misculo reto femoral, é tragcada uma linha entre o ponto mais
alto do fémur até sua fascia superficial. Essa linha, que inclui os musculos reto femoral e vasto
intermédio, foi descrita por Arts e colaboradores como uma medida alternativa para mensuragéo
global da espessura do masculo quadriceps femoral (Figura 12).3

Pele

Tecido
subcuténeo /.
Fascia £
central /~Zve....
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medi

Vasto
intermédio

Figura 12 — Medida de espessura do musculo reto femoral.
Fonte: Adaptada de Arts e colaboradores (2010).%
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Para a medida de espessura do musculo tibial anterior, é tragada uma linha a partir da membrana

interossea até a fascia superficial desse musculo (Figura 13).%

Tecido

subcutaneo

Membrana
interéssea

—

Fibula <~

Figura 13 — Medida de espessura do musculo tibial anterior.
Fonte: Adaptada de Arts e colaboradores (2010).%

ECOINTENSIDADE

O calculo da ecointensidade podera ser determinado por meio da anélise da escala de cinza.
AROI (Figuras 14A e B) é selecionada com o intuito de incluir o maximo de musculo, devendo ser

evitados o0ssos e fascias.®

Figura 14 — Contorno do musculo reto femoral. A partir dessa anélise, pode-se calcular a ecointensidade e a area de
secgdo transversa. Nessa imagem, foi utilizada a técnica do tragado para determinagéo na ROI. A) ROl com técnica

do tragado. B) ROl com técnica do quadrado.
Fonte: Arquivo de imagens dos autores.
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ULTRASSONOGRAFIA MUSCULOESQUELETICA— BASES TEORICAS PARAAVALIAGAO DAARQUITETURA MUSCULAR EM PACIENTES CRITICAMENTE ENFERMOS

A ecointensidade correspondente de cada musculo sera a média das trés imagens. O resultado
sera um valor entre 0 e 255, onde 0 corresponde a cor preta e 255 a cor branca.*#” No misculo
biceps braquial, a ROI corresponde somente a esse musculo, ndo sendo incluido o musculo
braquial para a medida. No exame do quadriceps femoral, os musculos devem ser verificados
separadamente para que as fascias ndo sejamincluidas na avaliagdo. Os valores de ecointensidade
variam entre os equipamentos de USG; nesse sentido, € necessario utilizar sempre 0 mesmo
equipamento, além de manter os mesmos ajustes de ganho de sinal para medidas comparativas.*

em individuos com doengas neuromusculares, a técnica do tragcado parece ser mais

e A determinacdo da ROI por ser realizada também pela técnica do quadrado, porém,
apropriada.%

AREA DE SECGAO TRANSVERSA

Assim como para a medida de ecointensidade, a medida da area de secgdo transversa é feita
a partir do delineamento do musculo a ser avaliado e cada mUsculo deve ser tragado em sua
totalidade, evitando fascias e 0ssos circundantes (ver Figura 14A). Essa medida corresponde ao
volume muscular e é mais sensivel do que a espessura para detectar a perda de massa muscular.%

ANGULO DE FASCICULO

O angulo de fasciculo corresponde a média dos angulos encontrados nas imagens, mensurados
a partir da angulagéo entre o fasciculo do musculo avaliado e sua aponeurose profunda.* Seu
aumento resulta em menor transmiss&o da forga muscular para o tend&o.s

Em virtude da desorganizagao e diminuigdo da qualidade das fibras musculares, em muitos pacientes,
nao é possivel realizar amensuragdo do angulo de fasciculo (Figura 15) e, por conta dessas dificuldades
técnicas, poucos estudos realizaram a mensuragao desse angulo em pacientes criticos.’
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Figura 15— Avaliagéo do &ngulo do fasciculo do misculo vasto lateral. E possivel ver a diferenga na escala
de cinza e nos contornos dos fasciculos (imagem mais branca e com menor definigdo dos contornos dos
fasciculos em A). A) Imagem ultrassonografica do vasto lateral de um paciente com 29 anos de idade, do
sexo masculino, no 9° dia de pds-operatério de ressecgdo de tumor cerebral e em ventilagdo mecénica.
Angulo = 19°. B) Imagem ultrassonogréfica do vasto lateral de um individuo saudavel, 27 anos de idade,
do sexo masculino. Angulo = 18°,

Fonte: Arquivo de imagens dos autores.

COMPRIMENTO DO FASCICULO

O comprimento do fasciculo e seu angulo funcionam como preditores das propriedades
contrateis da musculatura esquelética.®® Em casos de comprimento do fasciculo, ha correlagéo
direta com a velocidade de contragdo.%

Ha varios modelos que se baseiam em algoritmos para realizagao da medida do comprimento do
fasciculo, tendo em vista que, normalmente, o transdutor é incapaz de captar todo o fasciculo de
um grande musculo (como é o caso do vasto lateral), necessitando de formulas para estima-lo.52%

O comprimento do fasciculo pode ser estimado pela seguinte formula:®

. Comprimento do fasciculo = seno(y + 90°) x EM / seno(180° - (y + 180° - 6)

| PROFISIO | FISIOTERAPIA EM TERAPIA INTENSIVA ADULTO | Ciclo 8 | Volume 4 | &8
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ULTRASSONOGRAFIA MUSCULOESQUELETICA— BASES TEORICAS PARAAVALIAGAO DAARQUITETURA MUSCULAR EM PACIENTES CRITICAMENTE ENFERMOS

O y representa o angulo entre a aponeurose superficial e profunda (tendo em vista que a imagem
pode ndo estar com as aponeuroses paralelas entre si, funcionando como um fator de corregéo),
0 0, representa o angulo do fasciculo e 0 EM a espessura muscular. Para a medida de espessura
muscular no plano longitudinal, serédo tragadas duas linhas na imagem — uma no inicio e outra no
fim, a partir da aponeurose profunda até a aponeurose superficial do vasto lateral. A espessura do
musculo vasto lateral é a média das duas linhas (Figura 16).%

Figura 16 — Avaliagéo da espessura no plano longitudinal. As
linhas amarelas correspondem a distancia entre as aponeuroses
profunda e superficial do musculo vasto lateral. A média das duas
linhas corresponde a espessura muscular.

Fonte: Arquivo de imagens dos autores.

ATIVIDADES

10. Aescolha adequada do transdutor, bem como os ajustes realizados no equipamento
de USG, séo fundamentais para aquisi¢do adequada das imagens. Qual transdutor
pode ser utilizado para avaliagdo de musculos estriados esqueléticos?

A) Linear, com frequéncia de 1-5kHz.

B) Convexo, com frequéncia de 10-25MHz.

C) Linear, com frequéncia de 5-10MHz.

D) Linear ou convexo, com frequéncia de 5-10kHz.
Resposta no final do artigo
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11. Assinale a alternativa correta a respeito das técnicas utilizadas para definicdo da ROI.

A) Atécnica do quadrado vem sendo abandonada, por ndo demonstrar boa reprodutibilidade.

B) Atécnica do tragado possui a vantagem de mensurar a maior quantidade de musculo
disponivel nas imagens, sendo capaz de avaliar com mais precisdo musculos
heterogéneos.

C) Natécnicado tragado, é possivel utilizar uma ROI sem excluir regides 6sseas e de fascias.

D) Atécnica do quadrado apresenta 6tima reprodutibilidade e validade, pois € precisa
mesmo em pacientes com doengas neuromusculares, os quais podem apresentar
heterogeneidades focais nas imagens de USG.

Resposta no final do artigo

12. Assinale a alternativa correta sobre a ecointensidade muscular.

A) O aumento da ecointensidade muscular esta correlacionado com a diminui¢&o da
forga muscular apenas se acompanhado de redugéo na espessura.

B) Adiminui¢ao da ecointensidade muscular é um forte indicador de perda de forca muscular.

C) Em idosos, a ecointensidade muscular esta diminuida, em raz&o da substitui¢do
muscular por tecido fibroso e adiposo.

D) Foi demonstrado, por meio de bidpsia, que mudangas na ecointensidade refletem
a ruptura da arquitetura muscular em nivel celular em doentes criticos, estando,
portanto, 0 aumento da ecointensidade relacionado a perda de forga muscular e da
capacidade funcional.

Resposta no final do artigo

13. Assinale a alternativa correta a respeito da realizagédo das medidas de espessura,
da area de secgdo transversa e de ecointensidade.

A) Em geral, é escolhida a parte que corresponde a maior espessura do musculo a ser
analisado.

B) Para que a mensuragao realizada néo sofra interferéncias, deve ser aplicada apenas
uma fina camada de gel.

C) Para cada musculo, devem ser realizadas duas imagens consecutivas, sendo que o
transdutor ndo devera ser movimentado.

D) O paciente deve ser posicionado preferencialmente em decubito ventral, com bragos
e pernas em extensao.

Resposta no final do artigo

14. Para a avaliagdo do angulo do fasciculo no vasto lateral, é correto afirmar que

A) essas medicdes devem ser feitas com o paciente em decubito ventral.

B) o angulo do fasciculo pode ser avaliado a 50% da distancia entre o trocanter maior
e 0 epicondilo lateral do fémur.

C) devera estar posicionado perpendicularmente ao plano dos fasciculos.

D) as medigbes devem ser realizadas com o paciente em posicéo lateral, e o transdutor
devera estar posicionado no mesmo plano dos fasciculos.

Resposta no final do artigo
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o
—
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15. Quanto aos softwares de analise de imagens de USG, é correto afirmar que

A) até as andlises mais complexas podem ser realizadas com os softwares de
processamento de imagem inclusos pelos fabricantes dos dispositivos de aquisigao
de imagem.

B) o Imaged é um software de facil manuseio e de grande flexibilidade na andlise de
imagens, mas que tem pouca utilizagdo, em fungéo do alto custo de aquisi¢éo.

C) apesar de o ImageJ ser um software livre, ha a desvantagem de néo possibilitar a
medida de espessura e de ecointensidade dos musculos.

D) olmaged é um software livre, que funciona em qualquer sistema operacional e permite
a realizagéo de medidas mais simples até as mais complexas, que néo podem ser
realizadas com os softwares disponibilizados pelos fabricantes dos dispositivos de
aquisi¢do de imagem.

Resposta no final do artigo

16. Quanto a anélise das imagens de USG para célculo da ecointensidade, é correto
afirmar que

A) a ROl deve ser selecionada de modo que se inclua 0 méximo de musculos, 0ssos e
fascias.

B) aROI, no musculo biceps braquial, deve incluir o musculo braquial para a medida.

C) a ecointensidade correspondente de cada musculo sera a média de trés imagens
analisadas, sendo o resultado um valor entre 0 e 255, onde 0 corresponde a cor preta
e 255 a branca.

D) adeterminacéo da ROI, em pacientes com doengas neuromusculares, deve ser feita
apenas pela técnica do quadrado.

Resposta no final do artigo

17. Assinale a alternativa correta a respeito da analise de imagens para a medida da
area de secgdo transversa.

A) Essa medida corresponde ao volume muscular e é mais sensivel do que a da
espessura para detectar a perda de massa muscular.

B) Para a medida da area de secgéo transversa, deve ser tragada a circunferéncia da
parte mais espessa do musculo.

C) Na medida da area de secgdo transversa, deve-se tragar a totalidade do musculo,
incluindo as fascias.

D) A medida da area de secgao transversa pode dar indicagdes quanto a alteragdes
musculares, mas é menos precisa do que a medi¢ao da espessura para detectar a
perda de massa muscular.

Resposta no final do artigo
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18. O angulo do fasciculo & um parametro da arquitetura muscular utilizado para inferir
a capacidade de contragdo muscular. Em relagdo a medida de angulo do fasciculo,
marque V (verdadeiro) ou F (falso).

() Oaumento desse angulo resulta em menor transmiss&o da forga muscular para o
tendéo.

() Poucos estudos realizaram a mensuragéo do angulo do fasciculo em pacientes
criticos.

() Otransdutor devera ser posicionado paralelamente a pele, em corte transversal.

() Oangulo do transdutor varia conforme o eixo longitudinal dos fasciculos; portanto,
varia entre os individuos.

Assinale a alternativa que apresenta a sequéncia correta.

) —
) —
) —

V
F
V
F

Resposta no final do artigo

W ULTRASSONOGRAFIA DO MUSCULO DIAFRAGMA

A USG é uma ferramenta de diagnéstico cada vez mais comum na UTI, em funcdo de sua
facilidade de aplicabilidade, seu baixo custo, pela rapida curva de aprendizado, pela variedade de
informagdes que pode oferecer sobre diferentes 6rgdos e tecidos e por no ser invasiva. A medida
que o entusiasmo em torno desse topico cresce, aumentam também seus campos de aplicagéo
clinica e de pesquisa.®

Entre esses novos campos de aplicagdo, o uso da USG para avaliagdo do musculo diafragma vem
se expandindo exponencialmente.® Ao longo dos Ultimos anos, um nimero crescente de artigos
tem sido publicado sobre o assunto e, até 2016, mais de 1.800 publicagdes em lingua inglesa
foram encontradas.®’

Estudos mostram que parémetros, como a excurséo do diafragmatica, a espessura e a fragéo de
espessura, podem ser usados para quantificagdo da disfungdo e atrofia do diafragma e para a
mensuracdo do esforgo respiratorio em pacientes sob ventilagdo mecanica (VM). Clinicamente,
esses marcadores sao importantes para predizer o sucesso de extubagao e avaliar o efeito do
treinamento muscular inspiratdrio.

—_
o
w
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ESTRUTURA DO DIAFRAGMA E PARAMETROS AVALIADOS

Do ponto de vista funcional e anatdmico, o diafragma é caracterizado por duas principais areas — a area
de aposigao (Figura 17A), que tem contato direito com o gradil costal interior, e a cupula, composta
pelo centro do tenddo diafragmatico. Ambas as estruturas estdo cercadas pela pleura parietal.

Zona de
aposi¢ao

Clpula
esquerda

ULTRASSONOGRAFIA MUSCULOESQUELETICA— BASES TEORICAS PARAAVALIAGAO DAARQUITETURA MUSCULAR EM PACIENTES CRITICAMENTE ENFERMOS

Diafragma Diafragma

crural direito crural esquerdo
A

Figura 17 — Anatomia diafragmética e medida da espessura diafragmatica. A) Zona de aposicéo diafragmética para medida
de espessura. B) Espessura do diafragma em modo M, com a espessura inspiratéria (B-B, D-D) e a expiratéria (A-A, C-C).
Fonte: A: Adaptada de TeachMeAnatomy (2017);%2 B: Goligher e colaboradores (2015).%

Na pratica clinica, em geral, séo analisados dois pardmetros para avaliagéo do diafragma, que s&o
as medidas da excursao e da espessura.

da cupula diafragmatica, além do tempo inspiratério e da duragéo total do ciclo.®%
Aavaliagao da espessura diafragmatica é realizada durante o momento da contragéo
desse musculo, em que ocorre 0 encurtamento €, portanto, 0 aumento de sua espessura.
A medida de espessura diafragmatica esta relacionada diretamente com a geragéo de

‘ A avaliagdo da excursao diafragmatica permite analisar a velocidade e a mobilidade

forga.®
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Servico Publico Federal
Conselho Regional de Fisioterapia e Terapia Ocupacional da 12 Regido
CREFITO-1

Excelentissimo Senhor Desembargador Relator

Dr. Roberto Wanderley

Ref. Agravo de Instrumento de n® 0815869-85.2023.4.05.0000

CREFITO-1, j& qualificado nos autos, vem, pelo presente, promover
emenda a petigao de id. 4050000.42016810, o que faz nos seguintes termos:

No topico 5. DOS PEDIDOS, onde se lé:

b. Sejam consideradas as contribuigoes trazidas pelo CREFITO-1 para revogar a
liminar concedida por meio da decisao agravada e negar provimento ao presente

agravo de instrumento.

Leia-se

b. Sejam consideradas as contribui¢des trazidas pelo CREFITO-1 para revogar a
liminar concedida por meio da decisao agravada e dar provimento ao presente
agravo de instrumento.

Pede e Espera Deferimento,

Recife/PE, 18 de Dezembro de 2023.

Carlos Francisco da Silva

Advogado — OAB/PE: 46.301

SEDE: Rua Henrique Dias, 303 | Boa Vista | CEP: 50.070-140 | Recife/PE.
Fone: 3081-5000/Fax: 3081-5030 | site: www.crefitol.org.br | e-mail: crefitol@crefitol.org.br

il Processo: 0815869-85.2023.4.05.0000
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CARLOSFRANCISCO DA SILVA - Advogado 23121809575501400000042087344
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PROCESSO N°: 0815869-85.2023.4.05.0000 - AGRAVO DE INSTRUMENTO
AGRAVANTE: ANAJARA NERES DA SILVA

ADVOGADO: Erickson Lourenco Dantas

AGRAVADO: CONSELHO REGIONAL DE MEDICINA DO ESTADO DE ALAGOAS
ADVOGADO: Yves Maia De Albuguerque

RELATOR(A): Desembargador(a) Federal Roberto Wanderley Nogueira- 12 Turma
MAGISTRADO CONVOCADO: Desembargador(a) Federal Marco Bruno Miranda Clementino
JUIZ PROLATOR DA SENTENCA (1° GRAU): Juiz(a) Federal

DECISAO

O Desembargador Federal ROBERTO WANDERLEY NOGUEIRA (Relator): Trata-se de agravo de
instrumento interposto por ANAJARA NERES DA SILVA, em face de decisdo prolatada pelo Juizo da
132 Vara Federal da Secdo Judiciaria de Alagoas, que deferiu tutela de urgéncia para suspender
liminarmente do curso intitulado "CURSO DE ULTRASSONOGRAFIA MUSCOESQUELETICA",
marcado para ocorrer nos dias 15, 16 e 17 de dezembro de 2023, a ser ministrado por Wagner Cruz Haun,
fisioterapeuta.

Em suas razdes, a agravante sustenta a necessidade de reforma da decisdo, por considerar ndo haver
proibicdo na realizacdo do curso, pois a matéria ndo se trata de atribuicdo exclusiva de profissional
médico. Apresentou Acorddo do STJ, bem como jurisprudéncia da 20? Vara Federal Civel da SIDF.

Requer tutela recursal, para que segja atribuido efeito suspensivo ao recurso. No mérito, requer a
revogacao da decisdo recorrida, para gue seja dado prosseguimento ao referido curso.

Cumpre ressaltar que o referido agravo de instrumento fora distribuido inicialmente ao plant&o, porém,
apos andlise do Exmo. Desembargador Plantonista, este entendeu ndo haver "demonstracdo de
perecimento do direito que justifique a apreciacdo da medida no plantdo judiciério. Destaque-se que 0
expediente forense se inicia hoje, as 9h, e, por sua vez, a parte interpds o recurso, as 8h12, objetivando
gue sgja proferida tutela a fim de assegurar o inicio do curso descrito nas razdes recursais as 8h30. Ocorre
que, diante da iminéncia do inicio do expediente, ndo estaria caracterizada a urgéncia a justificar a
manifestacdo do juizo plantonista. Ademais, se reconhecido pelo juiz natural o direito a realizacdo do
Curso em guestdo, este podera ser ministrado hoje ou nos dias seguintes, inexistindo, assim, prejuizo para
a parte recorrente diante da livre distribuicdo do recurso™. (4050000.41971623).

O Conselho Regiona de Fisioterapia e terapia ocupacional da 12 Regido - CREFITO-1 apresentou
peticdo, requerendo que o mesmo segja admitido nos autos na condicdo de Amicus Curiae .

Decido.

Inicialmente, admito o CREFITO-1 aos presentes autos, na condi¢cdo de Amicus Curiae, naformado art.
138 do CPC.

E possivel a tutela recursal (art. 1.019, |, do CPC) quando evidenciada a probabilidade do recurso e o
risco de dano grave ou de dificil reparagéo (art. 995, paragrafo Unico, do CPC).

Compulsando aos autos, verifico que a decisio recorrida deferiu a liminar do CREMAL, suspendendo o
curso em epigrafe, por considerar que a matéria € de exclusividade da &rea médica, verbis:

8. O Enunciado 143 do Forum Permanente de Processualistas Civis assim dispds acerca da
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redacdo do art. 300 do Codigo de Processo Civil:

143. (art. 300, caput) A redacéo do art. 300, caput, superou a distingdo entre
0S requisitos da concessdo para a tutela cautelar e para a tutela satisfativa
de urgéncia, erigindo a probabilidade e o perigo na demora a requisitos
comuns para a prestacdo de ambas as tutelas de forma antecipada. 59
(Grupo: Tutela Antecipada).

9. Logo, a concessao da tutela de urgéncia depende, em primeiro lugar, da preponderancia
dos fatores convergentes a aceitacdo do direito alegado na exordial. Em seguida, também
se faz necessaria a presenca de fundado receio de sofrer dano irreparavel ou de dificil

reparacao.

10. E necessario, ainda, que a providéncia adotada antes do pronunciamento definitivo n&o
esgote 0 objeto da acdo. A reversibilidade, como visto, é nota marcante a influenciar o
magistrado quando esse aprecia medidas de cunho liminar, sob pena de converter o pleito
em julgamento antecipado e, pior, sem observancia do contraditorio e da ampla defesa.

11. No caso dos autos, pretende o Conselho autor impedir a realizagdo do ""CURSO DE
ULTRASSONOGRAFIA MUSCOESQUELETICA", a ser ministrado pelo réu WAGNER
CRUZ HAUN em parceria com a Clinica TM Fisioterapia, marcado para ocorrer nos dias
15, 16 e 17 de dezembro de 2023.

12. Pois bem. Considerando o teor do art. 1° da Resolugdo CFM n. 1.361/1992: "E da
exclusiva competéncia do médico a execucao e a interpretacéo do exame ultra-sonografico
em seres humanos, assim como a emissao do respectivo laudo”. Ademais, o art. 4° da Lei n.
12.842/2013 (Lei do Ato Médico) confere privativamente aos profissionais da Medicina,
dentre outras atribuigdes. a emissdo de laudo dos exames de imagem e a determinacdo do
prognostico relativo ao diagndstico nosoldgico (art. 4°, alineas "' e "g").

13. Afora isso, pontuou o0 demandante que a "ultrassonografia’ € uma especialidade
médica, tanto que "para o médico obter registro e poder se anunciar como especialista em
radiologia e diagnodstico por imagem, € necessaria a realizacao de residéncia médica, em
periodo ndo inferior a 03 (trés anos) ou por meio de concurso realizado pela Associacao
Medica Brasileira/Colégio Brasileiro de Radiologia e Diagnéstico por Imagem", ao passo
gue 0 curso em questdo, destinado a ndo-meédicos, tem duracao de apenas 03 (trés) dias.

14. Sendo assim, a partir de uma andélise perfunctéria do caso, prépria do atual estagio
processual, e considerando os fundamentos apresentados, entendo que o pleito liminar
atende satisfatoriamente ao requisito da probabilidade do direito (fumus boni iuris).

15. Quanto ao requisito do periculum in mora, entendo-o manifesto, ja que o multicitado
curso estd marcado para se iniciar no dia de amanha (15.12.2023), ndo havendo sequer
tempo habil para o exercicio do contraditério. (Decisdo agravada, id. 4058000.14116385).

Apesar da exposicdo da parte agravante, entendo néo se ter desincumbido do 6nus de demonstrar a
ocorréncia do risco de dano grave ou de dificil reparacéo (art. 995, paragrafo unico, do CPC), pois, na
hipotese de ser reconhecida a possibilidade da realizacdo do curso objeto desta lide, este podera ser
realizado em data futura, visto que a data marcada para o evento jafora transcorrida.

Com estas consideragoes, INDEFIRO A TUTELA RECURSAL, recebendo o recurso apenas em seu
efeito devolutivo . Intimem-se as partes desta decisdo. Comunique-se ao Juizo da 132 Vara Federal da
Secdo Judicidriade Alagoas.

Intime-se a parte agravada para contrarrazoar o recurso no prazo de 15 (quinze) dias (art. 1.019, 11, do
CPC).
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A Subsecretaria da Turma para providéncias de estilo.

Recife, data da validagéo.

ROBERTO WANDERLEY NOGUEIRA

Desembargador Relator

RWN/phba

23121812461150300000042089841

il Processo: 0815869-85.2023.4.05.0000

Assinado el etronicamente por:
ROBERTO WANDERLEY NOGUEIRA - Magistrado
Data e hora da assinatura: 18/12/2023 15:05:14
I dentificador : 4050000.42021683

Para confer éncia da autenticidade do documento: https://pje.trf5.jus.br/pje/Processo/ConsultaDocumento/listView.seam 3/3
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PROCESSO N°: 0815869-85.2023.4.05.0000 - AGRAVO DE INSTRUMENTO
AGRAVANTE: ANAJARA NERES DA SILVA

ADVOGADO: Erickson Lourenco Dantas

AGRAVADO: CONSELHO REGIONAL DE MEDICINA DO ESTADO DE ALAGOAS
ADVOGADO: Yves Maia De Albuguerque

RELATOR(A): Desembargador(a) Federal Roberto Wanderley Nogueira- 12 Turma
MAGISTRADO CONVOCADO: Desembargador(a) Federal Marco Bruno Miranda Clementino
JUIZ PROLATOR DA SENTENCA (1° GRAU): Juiz(a) Federal

DECISAO

O Desembargador Federal ROBERTO WANDERLEY NOGUEIRA (Relator): Trata-se de agravo de
instrumento interposto por ANAJARA NERES DA SILVA, em face de decisdo prolatada pelo Juizo da
132 Vara Federal da Secdo Judiciaria de Alagoas, que deferiu tutela de urgéncia para suspender
liminarmente do curso intitulado "CURSO DE ULTRASSONOGRAFIA MUSCOESQUELETICA",
marcado para ocorrer nos dias 15, 16 e 17 de dezembro de 2023, a ser ministrado por Wagner Cruz Haun,
fisioterapeuta.

Em suas razdes, a agravante sustenta a necessidade de reforma da decisdo, por considerar ndo haver
proibicdo na realizacdo do curso, pois a matéria ndo se trata de atribuicdo exclusiva de profissional
médico. Apresentou Acorddo do STJ, bem como jurisprudéncia da 20? Vara Federal Civel da SIDF.

Requer tutela recursal, para que segja atribuido efeito suspensivo ao recurso. No mérito, requer a
revogacao da decisdo recorrida, para gue seja dado prosseguimento ao referido curso.

Cumpre ressaltar que o referido agravo de instrumento fora distribuido inicialmente ao plant&o, porém,
apos andlise do Exmo. Desembargador Plantonista, este entendeu ndo haver "demonstracdo de
perecimento do direito que justifique a apreciacdo da medida no plantdo judiciério. Destaque-se que 0
expediente forense se inicia hoje, as 9h, e, por sua vez, a parte interpds o recurso, as 8h12, objetivando
gue sgja proferida tutela a fim de assegurar o inicio do curso descrito nas razdes recursais as 8h30. Ocorre
que, diante da iminéncia do inicio do expediente, ndo estaria caracterizada a urgéncia a justificar a
manifestacdo do juizo plantonista. Ademais, se reconhecido pelo juiz natural o direito a realizacdo do
Curso em guestdo, este podera ser ministrado hoje ou nos dias seguintes, inexistindo, assim, prejuizo para
a parte recorrente diante da livre distribuicdo do recurso™. (4050000.41971623).

O Conselho Regiona de Fisioterapia e terapia ocupacional da 12 Regido - CREFITO-1 apresentou
peticdo, requerendo que o mesmo segja admitido nos autos na condicdo de Amicus Curiae .

Decido.

Inicialmente, admito o CREFITO-1 aos presentes autos, na condi¢cdo de Amicus Curiae, naformado art.
138 do CPC.

E possivel a tutela recursal (art. 1.019, |, do CPC) quando evidenciada a probabilidade do recurso e o
risco de dano grave ou de dificil reparagéo (art. 995, paragrafo Unico, do CPC).

Compulsando aos autos, verifico que a decisio recorrida deferiu a liminar do CREMAL, suspendendo o
curso em epigrafe, por considerar que a matéria € de exclusividade da &rea médica, verbis:

8. O Enunciado 143 do Forum Permanente de Processualistas Civis assim dispds acerca da
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redacdo do art. 300 do Codigo de Processo Civil:

143. (art. 300, caput) A redacéo do art. 300, caput, superou a distingdo entre
0S requisitos da concessdo para a tutela cautelar e para a tutela satisfativa
de urgéncia, erigindo a probabilidade e o perigo na demora a requisitos
comuns para a prestacdo de ambas as tutelas de forma antecipada. 59
(Grupo: Tutela Antecipada).

9. Logo, a concessao da tutela de urgéncia depende, em primeiro lugar, da preponderancia
dos fatores convergentes a aceitacdo do direito alegado na exordial. Em seguida, também
se faz necessaria a presenca de fundado receio de sofrer dano irreparavel ou de dificil

reparacao.

10. E necessario, ainda, que a providéncia adotada antes do pronunciamento definitivo n&o
esgote 0 objeto da acdo. A reversibilidade, como visto, é nota marcante a influenciar o
magistrado quando esse aprecia medidas de cunho liminar, sob pena de converter o pleito
em julgamento antecipado e, pior, sem observancia do contraditorio e da ampla defesa.

11. No caso dos autos, pretende o Conselho autor impedir a realizagdo do ""CURSO DE
ULTRASSONOGRAFIA MUSCOESQUELETICA", a ser ministrado pelo réu WAGNER
CRUZ HAUN em parceria com a Clinica TM Fisioterapia, marcado para ocorrer nos dias
15, 16 e 17 de dezembro de 2023.

12. Pois bem. Considerando o teor do art. 1° da Resolugdo CFM n. 1.361/1992: "E da
exclusiva competéncia do médico a execucao e a interpretacéo do exame ultra-sonografico
em seres humanos, assim como a emissao do respectivo laudo”. Ademais, o art. 4° da Lei n.
12.842/2013 (Lei do Ato Médico) confere privativamente aos profissionais da Medicina,
dentre outras atribuigdes. a emissdo de laudo dos exames de imagem e a determinacdo do
prognostico relativo ao diagndstico nosoldgico (art. 4°, alineas "' e "g").

13. Afora isso, pontuou o0 demandante que a "ultrassonografia’ € uma especialidade
médica, tanto que "para o médico obter registro e poder se anunciar como especialista em
radiologia e diagnodstico por imagem, € necessaria a realizacao de residéncia médica, em
periodo ndo inferior a 03 (trés anos) ou por meio de concurso realizado pela Associacao
Medica Brasileira/Colégio Brasileiro de Radiologia e Diagnéstico por Imagem", ao passo
gue 0 curso em questdo, destinado a ndo-meédicos, tem duracao de apenas 03 (trés) dias.

14. Sendo assim, a partir de uma andélise perfunctéria do caso, prépria do atual estagio
processual, e considerando os fundamentos apresentados, entendo que o pleito liminar
atende satisfatoriamente ao requisito da probabilidade do direito (fumus boni iuris).

15. Quanto ao requisito do periculum in mora, entendo-o manifesto, ja que o multicitado
curso estd marcado para se iniciar no dia de amanha (15.12.2023), ndo havendo sequer
tempo habil para o exercicio do contraditério. (Decisdo agravada, id. 4058000.14116385).

Apesar da exposicdo da parte agravante, entendo néo se ter desincumbido do 6nus de demonstrar a
ocorréncia do risco de dano grave ou de dificil reparacéo (art. 995, paragrafo unico, do CPC), pois, na
hipotese de ser reconhecida a possibilidade da realizacdo do curso objeto desta lide, este podera ser
realizado em data futura, visto que a data marcada para o evento jafora transcorrida.

Com estas consideragoes, INDEFIRO A TUTELA RECURSAL, recebendo o recurso apenas em seu
efeito devolutivo . Intimem-se as partes desta decisdo. Comunique-se ao Juizo da 132 Vara Federal da
Secdo Judicidriade Alagoas.

Intime-se a parte agravada para contrarrazoar o recurso no prazo de 15 (quinze) dias (art. 1.019, 11, do
CPC).
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A Subsecretaria da Turma para providéncias de estilo.

Recife, data da validagéo.

ROBERTO WANDERLEY NOGUEIRA

Desembargador Relator

RWN/phba

23121815154653400000042091924

JOSE FABIANO SILVA BARBOSA - Diretor de Secretaria
Data e hora da assinatur a: 18/12/2023 15:16:49

I dentificador: 4050000.42023751

Para confer éncia da autenticidade do documento: https://pje.trf5.jus.br/pje/Processo/ConsultaDocumento/listView.seam 3/3

il Processo: 0815869-85.2023.4.05.0000
Assinado el etronicamente por:
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JUSTICA FEDERAL

TRIBUNAL REGIONAL FEDERAL DA 52REGIAO

PROCESSO: 0815869-85.2023.4.05.0000 - AGRAVO DE INSTRUMENTO

Gab 1 - Des. ROBERTO WANDERLEY - 12Turma

RELATOR(A): DESEMBARGADOR(A) FEDERAL ROBERTO WANDERLEY NOGUEIRA

Polo ativo Polo passivo
ANAJARA NERESDA SILVA AGRAVANTE CONSELHO REGIONAL DE
ERICKSON LOURENCO MEDICINA DO ESTADO DE  AGRAVADO
DANTAS ADVOGADO ALAGOAS
YVESMAIA DE
ALBUQUERQUE ADVOGADO

Outros participantes

MINISTERIO PUBLICO CUSTOS
FEDERAL LEGIS
CERTIDAO

CERTIFICO que, em 18/12/2023 16:04, o(a) ANAJARA NERES DA SILVA foi intimado(a) acerca de
Decisdo registrado em 18/12/2023 15:05 nos autos judiciais €l etréni cos especificados na epigrafe.

1 - Esta Certiddo é valida para todos os efeitos legais, havendo sido expedida através do Sistema Processo
Judicia Eletrénico - Ple.

2 - A autenticidade desta Certidao podera ser confirmada no endereco
https://pje.trf5.jus.br/pje/Processo/ConsultaDocumento/listView.seam , através do codigo de autenticagdo
n° 23121815154653400000042091924 .

3 - Esta Certiddo foi emitida gratuitamente em 18/12/2023 16:04 - Tribunal Regional Federal 5% Regiéo.

Processo: 0815869-85.2023.4.05.0000
Data e hora dainclusdo: 18/12/2023 16:04:14
I dentificador : 4050000.42025110
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JUSTICA FEDERAL

TRIBUNAL REGIONAL FEDERAL DA 52REGIAO

PROCESSO: 0815869-85.2023.4.05.0000 - AGRAVO DE INSTRUMENTO

Gab 1 - Des. ROBERTO WANDERLEY - 12Turma

RELATOR(A): DESEMBARGADOR(A) FEDERAL ROBERTO WANDERLEY NOGUEIRA

Polo ativo Polo passivo
ANAJARA NERESDA SILVA AGRAVANTE CONSELHO REGIONAL DE
ERICKSON LOURENCO MEDICINA DO ESTADO DE  AGRAVADO
DANTAS ADVOGADO ALAGOAS
YVESMAIA DE
ALBUQUERQUE ADVOGADO

Outros participantes

MINISTERIO PUBLICO CUSTOS
FEDERAL LEGIS
CERTIDAO

CERTIFICO que, em 19/12/2023 08:52, o(a) CONSELHO REGIONAL DE MEDICINA DO ESTADO
DE ALAGOAS foi intimado(a) acerca de Decisdo registrado em 18/12/2023 15:05 nos autos judiciais
el etréni cos especificados na epigrafe.

1 - Esta Certiddo € valida para todos os efeitos legais, havendo sido expedida através do Sistema Processo
Judicia Eletronico - Ple.

2 - A autenticidade desta Certidéo podera ser confirmada no enderego

https://pje.trf5.jus.br/pje/Processo/ ConsultaDocumento/listView.seam , através do cddigo de autenticacéo

n° 23121815154653400000042091924 .

3 - Esta Certidao foi emitida gratuitamente em 19/12/2023 08:52 - Tribunal Regional Federal 5 Regi&o.

Processo: 0815869-85.2023.4.05.0000
Data e hora dainclusdo: 19/12/2023 08:52:20
I dentificador : 4050000.42046399
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JUSTICA FEDERAL

TRIBUNAL REGIONAL FEDERAL DA 52REGIAO

PROCESSO: 0815869-85.2023.4.05.0000 - AGRAVO DE INSTRUMENTO

Gab 1 - Des. ROBERTO WANDERLEY - 12Turma

RELATOR(A): DESEMBARGADOR(A) FEDERAL ROBERTO WANDERLEY NOGUEIRA

Polo ativo Polo passivo
ANAJARA NERESDA SILVA AGRAVANTE CONSELHO REGIONAL DE
ERICKSON LOURENCO MEDICINA DO ESTADO DE  AGRAVADO
DANTAS ADVOGADO ALAGOAS
YVESMAIA DE
ALBUQUERQUE ADVOGADO

Outros participantes

MINISTERIO PUBLICO CUSTOS
FEDERAL LEGIS
CERTIDAO

CERTIFICO que, em 28/12/2023 23:59, o() MINISTERIO PUBLICO FEDERAL foi intimado(a) acerca

de Decisdo registrado em 18/12/2023 15:05 nos autos judiciais el etrdnicos especificados na epigrafe.

1 - Esta Certiddo é valida para todos os efeitos legais, havendo sido expedida através do Sistema Processo
Judicia Eletrénico - Ple.

2 - A autenticidade desta Certidao podera ser confirmada no endereco
https://pje.trf5.jus.br/pje/Processo/ConsultaDocumento/listView.seam , através do codigo de autenticagdo
n° 23121815154653400000042091924 .

3 - Esta Certiddo foi emitida gratuitamente em 29/12/2023 00:12 - Tribunal Regional Federal 5% Regi&o.

Processo: 0815869-85.2023.4.05.0000
Data e hora dainclusdo: 29/12/2023 00:12:31
I dentificador : 4050000.42178330
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EXMO. SR. DESEMBARGADOR FEDERAL RELATOR E DEMAISMEMBROS DO EGREGIO TRIBUNAL
REGIONAL FEDERAL DA 5*REGIAO.

REF.: 0815869-85.2023.4.05.0000

Ciéncian®44695/202 3

Pelo M inistério P Ublico F ederal, ciente d a Decisdo (i d. 4050000.42021683 ) .

Recife, d ata da assinatura eletronica.
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SONIA MARIA DE ASSUNCAO MACIEIRA

PROCURADORA REGIONAL DA REPUBLICA

Processo: 0815869-85.2023.4.05.0000

Assinado el etronicamente por:

SONIA MARIA DE ASSUNCAO MACIEIRA - Procurador
Data e hora da assinatur a: 06/02/2024 22:57:50

I dentificador : 4050000.42050458

Para confer éncia da autenticidade do documento: https://pje.trf5.jus.br/pje/Processo/ConsultaDocumento/listView.seam 2/2

23121913101855100000042118691
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