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RESUMO

Introdugao: o bisturi, apesar de ser um invento muito eficaz, tem limitagées em relagao
a multifuncionalidade. Vivemos uma era na ortopedia com procedimentos de minima
invasdo, como: intervengdes guiadas por ultrassonografia, videoartroscopia, que é a
cirurgia mais prevalente na ortopedia, intervengdes ortopédicas para dor, cirurgias
percutaneas para o tratamento de celulites com o uso de agulhas hipodérmicas cortantes
(11), hidrodissecgédo, barbotagem, tratamentos guiados por termografia para dor,
acupuntura e outras estdo muito divulgadas. Objetivo: desenvolvimento de uma agulha
com ponta bisturi e empunhadura para cirurgias guiadas por ultrassonografia. Desenhar
uma roupagem para criar ergonomia e descarte em uma pega so para este guia metalico.
Método: Criacdo de uma agulha hipodérmica cortante baseada no guia de cateter
intravascular periférico 14 gauge, como o modelo baseline e dois outros modelos com
modificagao do bisel, sendo o primeiro com chanfro pontiagudo e o segundo com chanfro
intermediario. Criagdo de uma graduagao de seguranga em milimetros e uma marcagao
na ponta da agulha, além do desenvolvimento de uma capa de protegdao multifuncional,
que é uma empunhadura também. Tenotomia percutanea do tendao do musculo flexor
profundo do dedo de pé de porco foram realizados comparando os trés modelos.
Discussao: agulhas para cortes tém sido usadas informalmente desde 1958 com eficacia
e seguranca. A multifuncionalidade se refere a aspiragado, pungao e corte no mesmo
equipamento cirurgico. Na maior parte dos procedimentos, foram utilizadas agulhas e
guias de cateteres projetados para outros procedimentos; agulhas comuns. Conclusao:
a agulha hipodérmica de chanfro intermediario parece ter maior penetragéo na pele, corte
e resisténcia maior que a de chanfro mais prolongado. Parece ser a mais adequada para
0 uso. A roupagem de empunhadura e descarte de prote¢cao foram criadas.
Palavras-chave: agulhas; ecografia; ultrassom; ortopedia; procedimentos minimamente
invasivos; procedimentos cirurgicos de minimo acesso.



ABSTRACT

Introduction: although a surgical knife is a very efficient device it has multifunctionality’s
limit. nowadays an era of orthopedics with minimal invasive procedures eco guided; video
arthroscopies, which is the most common surgery in orthopedics; pain intervention
procedures; capsular distension, hydrodissection; dry needling; acupuncture,
thermography guided intervention and others. Objective: hypodermic needle knife
surgical device development and a multifunctional grip handle and safety discard device.
Method: development of using a peripheral 14 gauge metal intravenous catheter as a
baseline model and other the same shaft changing the bisel cuts in the other two models.
the first one an acute bevel and the other one with an intermediate bevel. visual tests were
performed. a multifunctional grip handle and safety discard device was created as well. a
comparative percutaneous deep flexor tendon muscle toe in pig butcher samples was
performed and results recorded.

Discussion: needles used as knives with efficacy and safety have been reported since
1958. This surgical device is multifunctional: incise, aspirate and infuse. Fewer needle
knife surgical devices were developed for these purposes and most of the researchers
refer to simple needles used as knives. Conclusion: the intermediate bevel seems to
have better tissue penetration, good edge and more resistance to the long bevel one in
vivo results. a multifunctional grip handle and safety discard device was created as well.

keywords: needle; ultrasound; echosonography; orthopedic; minimally invasive surgical
procedures; minimal access surgical procedures
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1. INTRODUGAO

Durante a época de estudante, era pratica comum a utilizagédo de agulhas
hipodérmicas, em especial da 40X12, para a realizagdo de pequenas incisées, drenagens
de abscessos, retirada de pontos, extracdo de miiase e outros procedimentos.

Durante a minha residéncia médica presenciei, no ambulatério de cirurgia de
mao, o uso de agulhas hipodérmicas para a liberagdo de dedos em gatilhos, devido a
prioridade dos leitos ser para cirurgias de maior porte.

Segundo Ward e Lubowitz (26), na videoartroscopia de joelho é pratica comum
0 uso de uma agulha hipodérmica 40x12 ou o uso do guia metalico do cateter endovenoso
14 gauge para a localizagdo do ponto 6timo dos portais videoartroscopicos lateral e
medial, com o objetivo de facilitagcdo técnica e exceléncia de tratamento.

Baseado nestes preceitos que eu consideraria medicina baseada em
evidéncias praticas, surgiu a ideia de utilizar a agulha hipodérmica e o guia metalico do
cateter endovenoso para incisdes de pele, que se torna uma ferramenta multifuncional.
Tem a fungéo de cortar, aspirar e infiltrar no mesmo instrumento, reduzindo o niumero de
instrumentos, de custo e de material de descarte hospitalar.

Por isso, em 2011 Ravaglia e Cliquet (21,22) desenvolvem um bisturi agulha
chamado de Arthroscopic Needle Surgical Device (ANKSD) para esta multifuncionalidade
de incisar a pele, aspirar e infiltrar. Aplicagées como drenagem de abscessos, liberagao
percutdnea de dedo em gatilho e tratamento cirdrgico percutdneo da moléstia de
Dupuytren pela técnica a aponeurectomia percutanea, como descrito por Lermusiaux em
1979 (14). A inovacéao dessa agulha é a parte interna ser ovalada ou eliptica para haver
maior superficie plana no bisel da agulha, o que proporciona maior area de corte
(19,20,21,22). Essa agulha obteve o certificado de propriedade de registro de desenho
industrial outorgado pelo INPI sob o numero BR 302012002612-1 (Anexo 3), e Carta
Patente de Invengao outorgada pelo INPI sob o numero Pl 1106478-1 (Anexo 4).
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Figure 1: custom arthroscopy needle knife surgical device (ANKSD)

I
|

1 - 14 gauge needle

} syringe

grip

needle cover

Figura 1: ANKSD Arthroscopic Needle Surgical Device
Fonte: acervo pessoal do pesquisador (Fabio F. A. Ravaglia)

Figura 2: Arthroscopic Needle Surgical Device. Detalhe
da agulha eliptica ou oval
Fonte: acervo pessoal do pesquisador (Fabio F. A. Ravaglia)

Em 2011, Ravaglia e Cliquet (21,22) realizaram um estudo comparativo do uso
de incisdes por videoartroscopia em joelho. No portal lateral foi utilizado o guia de cateter
intravascular periférico 14 gauge em metade dos casos. Na outra metade, foi utilizada a
agulha hipodérmica, com o uso de agulha 40x12. No portal medial, a lamina de bisturi
numero 11 foi utilizada. O estudo mostrou nos 99 pacientes que o uso do cateter

intravascular € superior em termos de manuseio em comparagao ao outro, apesar de
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resultados clinicos iguais e complicagdes iguais. Este estudo foi mais tarde confirmado
com 200 pacientes, sendo 100 para cada cateter (29).

Baseado nesta experiéncia, seguimos a pesquisa a fim de melhorar a
superficie de corte do guia metalico do cateter endovenoso para ser um bisturi e ndo
somente uma agulha. Desenhar uma roupagem para criar uma ergonomia a este guia

metalico.

Figura 3: Fotografia de cateter
para terapia endovenosa periférica.
Fonte: acervo pessoal do pesquisador (Fabio F. A. Ravaglia)

Figura 4: Fotografia do cateter
para terapia endovenosa periférica,
aberto nas suas partes.
Fonte: acervo pessoal do pesquisador (Fabio F. A. Ravaglia)
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Figura 5: Fotografia do guia metalico do

cateter endovenoso para terapia endovenosa
periférica, aberto nas suas partes.

Fonte: acervo pessoal do pesquisador (Fabio F. A. Ravaglia)

2. OBJETIVO

Desenvolvimento de uma agulha hipodérmica com ponta bisturi para diérese
cirurgica e para cirurgias ultrassonograficamente assistidas.
Desenhar uma roupagem para criar uma ergonomia e descarte em uma peca sé

para este guia metalico.

3. METODO

Dividiremos o método em trés fases:

3.1 12 FASE: Criagao de uma agulha com ponta bisturi
Criacdo de duas pontas cortantes com chanfros diferentes baseados no guia

metalico do cateter endovenoso 14Gx2 fabricado pela Laboratério B Braun (Anexo 5).
Teremos trés agulhas: a Baseline fabricada pela B Braun (I), uma com o chanfro

aumentado (ll), e a terceira com o chanfro intermediario (llI).
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Realizagdo de desenhos 2D e 3D, e criagdo de modelamento da roupagem
ergondmica para o uso como bisturi agulha.

Para o modelamento 3D e 2D da agulha e do modelamento da empunhadura dos
componentes foi utilizado o software CAD Creo Parametric 4.0 M040, desenvolvido pela
fabricante PTC Inc.

3.2 22 FASE: Estudo virtual de rigidez biomecanica
Para a analise dos designs propostos foi realizada uma analise estrutural de

rigidez do componente por meio do Método de Elementos Finitos (FEM). Foi realizada
uma analise comparativa entre as agulhas.

O carregamento aplicado foi de 10N.

O material adotado para a agulha foi SAE1020; e para a parte plastica, PET
(polietileno tereftalato).

Apos o modelo estar descrito com as condicdes de contorno necessarias, sao
realizados os calculos matriciais que nos dardo os deslocamentos dos Nés. A notagao
matricial que expressa estes deslocamentos nodais em relacdo as forgcas externas
aplicadas a estrutura, € formada por um conjunto de equagdes lineares algébricas, sendo

expressa na forma matricial pela equagao abaixo.

{fy=[kl{u}

Onde { f} € um vetor coluna que contém todos os carregamentos aplicados sobre os Nos,
cargas modais. NOs seria o ponto; linha, o plano de aplicagdo da carga ou forga a agulha.
A matriz [ k ] representa a matriz rigidez ou matriz propriedade, que representa a relagao
entre as forgas e deslocamentos nodais da estrutura. Para um exemplo de mola com dois
Nos em equilibrio, no qual se tem dois deslocamentos e duas forcas, € escrita conforme

a equacgao abaixo:

{F1|f2 Y= k11|k21 k12|k22 1{ uT|u2 }

Onde a matriz rigidez do elemento mola é definido de acordo com a equacéao abaixo:
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Ke = [k|-k -]}

Também nesta etapa sao feitas as escolhas de fungéo de aproximacgao, fungéao
interpolagao, o ajuste 6timo da funcao através dos métodos citados anteriormente, e séo
adicionadas as condi¢cdes de contorno. Todos os calculos destas fungbes e matriz sdo
feitos pelo solver do Abaqus, do qual s&o posteriormente extraidos os resultados por meio
de uma interface grafica mostrando as distribuicdes de tensdo e de deformagdo em
escalas de cores para facilitar a visualizagao desses resultados.

Como resultado, podemos observar que a distribuigdo de tensdo ao longo da
agulha permanece a mesma nos trés modelos. Porém, na ponta da agulha onde foi
modificado, o modelo 2 e 3 apresentam valores um pouco maiores devido a diminui¢gao
da espessura pelo formato do chanfrado.

Para a elaboracao desta atividade, foi utilizado o solver (solucionador) do software
Abaqus 2019 desenvolvido pela HKS Inc. de Rhode Island nos Estados Unidos,
atualmente comercializado através da SIMULIA sob a marca da Dassault Systemf1 ges
S.A.

3.3 32 FASE: Tenotomia percutanea do tendao do musculo flexor profundo do
dedo, guiada por ultrassonografia em dedos de pés suinos
Grupos: | 11

Foram selecionados nove pés de suinos divididos em trés amostras. Em cada
amostra foi realizada a tenotomia cirurgica em dois dedos (18 dedos foram testados no
total). Os 18 dedos foram divididos em trés grupos, sendo seis dedos operados por grupo.
A agulha baseline (I) foi utilizada em seis dedos; a agulha com chanfro maior (lIl) foi
utilizada em seis dedos; e a agulha com chanfro intermediario (lll) foi, igualmente,
utilizada em seis dedos.

As pecas selecionadas foram radiografadas nas incidéncias de frente e perfil para
analisar possiveis malformacdes ou danificacbes no transporte, frigorifico e agougue.
Nao houve nada detectado. Apenas em trés pecas havia arames na regiao calcanea, que
nao prejudicaram os testes. Exame de ultrassonografia foi realizado. Sec¢ao com as trés

agulhas na insercdo do flexor profundo dos dedos na altura da articulagéo
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interfalangeana distal superior do sesaméide do pé suino guiada por ultrassonografia. A
incisao é feita de medial para lateral com o portal latero superior e percutaneamente, o
tendao do flexor longo do dedo é seccionado sob visualizagado de ultrassonografia. O
procedimento é realizado no dedo vizinho também. Documentagao fotografica dos Raios
X e ultrassonografia das pegas sao realizadas.

Avaliagao por dissecgéo das pegas pos-procedimento em relagéo a irregularidade
e, também, se foi possivel ou ndo a tenotomia.

As secc¢des dos tendbes sdo comparadas, e o estado do bisturi agulha € analisado
quanto a avarias e quebras.

A geometria também €& avaliada quanto a forca de penetragcdo baseada na
angulacado do bisel da agulha bisturi, capacidade de corte, resisténcia, deformacéao e
quebra do instrumento.

A dissecgao é realizada com incisdo longitudinal mediana para pele, tecido celular
subcutaneo, do coério até o paratendao. Depois da abertura do paratendao, é visualizada
a tenotomia e avaliada a irregularidade da secg¢ao, assim como se foi possivel ou nao a
realizagao desta.

O ultrassom foi realizado com aparelho de ultrassonografia ultraportatil Lumify
produzido pela Philips. O transdutor € conectado a um tablet ou celular e através de um
aplicativo as imagens sao reproduzidas. Foi utilizado o transdutor linear de faixa de
frequéncia operacional de 12 a 4 Mhz; tamanho de abertura de 34 mm; captacao de
imagens 2D, doppler colorido direcionavel, modo-M, XRES avancado e imagens
harménicas multivariadas, sono CT; marcador de cateter venoso central com transdutor
USB e Micro B com cabo substituivel.

O tablet utilizado foi o Samsung Galaxy S6. O S6 é um tablet android tela
touchscreen de 10.5 polegadas e uma resolugao de 2560x1600 pixels

O aparelho de Raio X é da marca Emic, com filmes digitalizados e revelador digital
Fuji.

Os resultados foram anotados e analisados. Ressalta-se que os artigos
apresentados no corpo da tese e nos anexos sao publicagdes em periddicos de acesso

aberto.
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Baseados neste guia metalico para acesso intravenoso foram criadas duas

pontas cortantes. Uma com chanfro mais agudo, outra com chanfro intermediario 19.

: :“WE "
=

Figura 6: Desenho dos chanfros do bisel do guia metalico do cateter para

terapia endovenosa periférica.

Fonte: acervo pessoal do pesquisador (Fabio F. A. Ravaglia)

Foram desenvolvidas trés propostas de agulhas como o design do corpo constante

e diferentes alternativas de pontas, todas com marcagao para identificagdo do bisel.

Foram realizados desenhos 2D e 3D anexos.

MARCACAO WA COR PRETA SEE DETAIL A
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Figura 7: Desenho grafico da agulha baseline numero |.
Fonte: acervo pessoal do pesquisador (Fabio F. A. Ravaglia)
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Figura 8: Desenho grafico da agulha baseline numero Il.
Fonte: acervo pessoal do pesquisador (Fabio F. A. Ravaglia)
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Figura 9: Desenho grafico da agulha baseline numero Il
Fonte: acervo pessoal do pesquisador (Fabio F. A. Ravaglia)
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Para o modelamento 3D e 2D dos componentes foi utilizado o software CAD
Creo Parametric 4.0 M040 9,10. Este software contempla um conjunto de aplicativos de
design auxiliados por computador (CAD) que dao suporte ao design de produtos para os
mais diversificados mercados, dentre eles areas agricolas, automotivas, hospitalares e
outras. O software é desenvolvido pela fabricante PTC Inc.

Foram realizados testes virtuais de rigidez e anélise do deslocamento quando

submetidos a forca de 10N na ponta da agulha 4,5,6.
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Para a analise dos designs propostos foi realizada uma analise estrutural de
rigidez do componente por meio do Método dos Elementos Finitos (FEM) (1,2,5,6,7.8).
Foi realizada uma analise comparativa entre as agulhas.

O Método dos Elementos Finitos (FEM) é um processo numérico para
determinar solugdes aproximadas dos valores sobre o contorno de equagdes diferenciais.
O FEM subdivide o dominio do problema em problemas menores, denominados
elementos finitos. Os modelos de elementos finitos podem ser formados por elementos
quadrilateros, triangulares, hexaedros e tetraédricos (12,15).

Na analise estrutural, o propdsito do método é a determinagdo dos
deslocamentos destes Noés na estrutura e, por consequéncia, as deformidades e tensdes
correspondentes a anadlise. Desta forma, uma discretizagcdo do meio continuo torna
possivel a solugdo de problemas reais de elevada complexidade. A discretizagao é
popularmente conhecida como malha de elementos finitos, que podem ser de varios tipos
como, por exemplo, elementos bidimensionais e tridimensionais.

Os elementos bidimensionais, ou elementos 2D, podem ser formados
através do elemento triangular ou quadrilateral (Figura 10), que discretizam superficies
planas como chapas, nas quais tem-se uma das dimensdes muito menor que as outras

duas.

No—_

Linha
MNodal
A

Elemento
Triangular

Elemento
Quadrilateral

(b) Bidimensional

Figura 10: Elementos tridimensionais ou elementos 3D podem ser formados
atraveés do elemento tetraédrico ou hexaédrico.
Fonte: dados da pesquisa
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Os elementos tridimensionais, ou elementos 3D, podem ser formados através
do elemento tetraédrico ou hexaédrico, utilizados na geragdo de malha em sélidos de

geometrias complexas.

Elemento
Hexaedrico

A

Flano Nodal

Elemento Tetragdrico

(c) Tri-dimensional

Figura 11: Modelo matematico das agulhas - foram utilizados elementos 2D e
3D, como elementos quadrilateros e triangulares e tetraédricos.
Fonte: Chapra (10)
Para o modelo matematico das agulhas foram utilizados elementos 2D e 3D
como elementos quadrilateros e triangulares e tetraédricos, com as respectivas

quantidades totais de elementos mostrados na Figura 12.
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Modelo 1: total 149553 elementos ‘ Modelo 2: total 147138 elementos Modelo 3: total 147218 elementos

Figura 12: Modelo matematico das agulhas - foram utilizados elementos 2D e 3D,
como elementos quadrilateros e triangulares e tetraédricos.

Fonte: dados da pesquisa

OBS: Todos os modelos tém haste interna como reforco para estrutura da agulha

modelada como elementos 3D tetraédricos.

O carregamento aplicado foi de 10N, porém, este valor pode ser diferente
durante a utilizagdo da agulha. Mas, para efeito de verificagdo de rigidez comparativa
entre os modelos € um valor adequado. O objetivo é gerar tensdes e deslocamentos e
ser comparado percentualmente entre os modelos baseline e propostas 1 e 2. Esse
carregamento € aplicado a um N6 do modelo de elementos finitos na ponta da agulha,
na diregdo do eixo Y, para gerar tensbes e deslocamentos no mesmo sentido de
utilizacdo da agulha bisturi (23,24,25).

3 | Todzs 2 agulhas 530 fizadas
= = = —+ ———! pela basa da parta plistica por
. " comectorss regides engastados

Carrezamento unitario no valor de -
10N no sentido do eixo ¥ Aplicade |~
em cada agulha

Figura 13: Carregamento aplicado foi de 10N nos N6s e o conector representa de
forma simplificada a regido do encaixe da seringa.
Fonte: dados da pesquisa
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A restrigdo aplicada ao modelo foi o deslocamento nos eixos de x,y e z, apenas
na regiao de fixagao da agulha na seringa, regido plastica da agulha, considerando como
sendo essa a unica regidao que prende a agulha. A restricdo de deslocamento é feita por
conectores rigidos e deslocamento = 0 no N6 deste conector. O conector representa de
forma simplificada a regi&do do encaixe da seringa.

O material adotado para a agulha foi SAE 1020 e para a parte plastica PET
(polietileno tereftalato). Embora ndo tenham sido utilizadas as propriedades especificas
do produto, ndo encontradas na bibliografia, esta consideragédo nao altera as conclusdes

técnicas da analise pelo fato de estarmos fazendo um estudo comparativo.

; i Base de plastico de PET

Tubo ehaste da agulha de Ago 1020

¢ |w YOUNG POISSON  DENS
. [ 1025 sag1020 210000. 0.3 7.85E0

(A "¢ [ 1001 peT 5050. 045  0.05£10]
Figura 14: Material adotado para a agulha foi SAE 1020 e para a parte plastica foi o
PET (polietileno tereftalato)
Fonte: dados da pesquisa

Name

Para o calculo da rigidez, o solver utilizado foi o Abaqus 2019. Abaqus é um pacote
de software comercial para analise por elementos finitos (CAE), que foi desenvolvido pela
HKS Inc de Rhode Island, dos Estados Unidos, e atualmente é comercializado pela
SIMULIA sob a marca da Dassault Systemf1 ges S.A.

Apds o modelo estar discretamente com as condigdes de contorno necessarias,
sao realizados os calculos matriciais que nos dardo os deslocamentos dos Nés. A
notacdo matricial que expressa estes deslocamentos nodais em relacdo as forcas
externas aplicadas a estrutura, € formada por um conjunto de equacdes lineares

algébricas, sendo expressa na forma matricial pela equagao abaixo.
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{fy=[kl{u}

Onde { f} é um vetor coluna que contém todos os carregamentos aplicados
sobre os NOs, cargas modais. A matriz [ k ] representa a matriz rigidez ou matriz
propriedade, que representa a relacdo entre as forcas e deslocamentos nodais da
estrutura 23, 24, 25. Para um exemplo de mola com dois N6s em equilibrio, no qual se

tém dois deslocamentos e duas forgas, escreve-se conforme a equagao abaixo:
{f1|f2 } =1 k11|k21 k12|k22 1 {ut|u2 }

Onde a matriz rigidez do elemento mola é definido de acordo com a equagéao

abaixo:
Ke = [k|-k -k|k}

Nesta etapa foram feitas as escolhas de funcdo de aproximacgao, funcao
interpolacao, e o ajuste 6timo da fungao através dos métodos citados anteriormente. E,
também, foram adicionadas as condi¢des de contorno. Todos os calculos destas fungdes
e matriz sdo feitos pelo solver do Abaqus, do qual posteriormente sao extraidos os
resultados por meio de uma interface grafica que mostra as distribuicdes de tenséo e de
deformacéo utilizando escalas de cores para facilitar a visualizagao desses resultados.

Para a elaboracao desta atividade foi utilizado o solver Abaqus 2019. Abaqus é
um pacote software comercial para a analise por elementos finitos (CAE), que foi
desenvolvido pela HKS Inc. de Rhode Island, nos Estados Unidos, e atualmente é

comercializado pela SIMULIA sob a marca da Dassault Systemes S.A.

4.1 Empunhadura e capa para prote¢ao no descarte

Além da agulha, uma proposta de criagdo de uma empunhadura que
também servisse de capa de protecao para descarte foi realizada, utilizando como base
as capas de protecdo de descarte ja existentes no mercado com a adaptagdo de um
sistema de empunhadura em dobradica e que pode percorrer ao longo da agulha através

de um anel de pressao.
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Figura 15: Desenho em 3D da capa de descarte com fungdo de empunhadura

quando aberta
Fonte: dados da pesquisa

Na Figura 16, podemos observar o desenho de aplicagdo das fungdes do

componente, atuando com empunhadura e como capa de descarte.

Funcdo Empunhadura Fungdo Capa de descarte

Figura 16: Funcionamento da empunhadura
Fonte: dados da pesquisa

O processo de montagem da empunhadura consiste em transportar a agulha
pelo furo presente na parte inferior da empunhadura.
Uma vez transpassada, a mesma pode ser deslocada até a posicdo de melhor

manuseio, conforme pode ser visto na Figura 17.
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Figura 17: Demonstragdo do processo de pressao entre a empunhadura e a
agulha
Fonte: dados da pesquisa

Sua fixacao se da através de um processo de pressao entre a empunhadura
e aagulha, em que as paredes da empunhadura geram uma forga nas paredes da agulha,

como representado na Figura 18.

Pressdo exercida pela
agulha na
empunhadura

Pressdo exercida pela
empunhadura na
agulha

Figura 18: Fixacao sob presséo

entre a empunhadura e a agulha

Fonte: dados da pesquisa
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Apos a empunhadura estar completamente sobre a agulha, ela ja estara
totalmente fixa. Este sistema possibilita a peca ter liberdade de adequacdo na sua
posicéo ao longo da agulha. Para conseguir esse deslocamento é necessario aplicar uma
forca sobre a empunhadura deslizando a mesma para tras, conforme necessidade de

cada profissional e de sua aplicagao.

Posigdo Inicial Posicdes Intermediarias Posicdo Final

Figura 19: Liberdade de adequacgéo na sua posigao ao longo da agulha
Fonte: dados da pesquisa

Como a empunhadura esta fixa por pressdo, ndo € necessario outro elemento de
travamento. Por motivos de seguranca, foi criado um sistema que, uma vez colocado,
nao permite que a empunhadura saia da agulha. O sistema funciona com uma simples
trava que sO permite o movimento para um dos lados da agulha (sistema similar ao

sistema de abracadeiras de fios e cabos).
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Figura 20: Trava que s6 permite o movimento para um dos lados da agulha
Fonte: dados da pesquisa

Apos o término do procedimento, a empunhadura € deslocada até a posigao
final e a parte mével deve ser girada em 180 graus até o travamento da pega, sistema de
click. Assim servia para auxiliar na execugao do procedimento, agora passa a ter a fungéo
de protecdo para o descarte seguro da agulha. Materiais perfurocortantes precisam de
descarte especial para que nao tragam risco ao meio ambiente e nem ao usuario.

O descarte das seringas, agulhas e outros produtos de uso unico, se feito de
forma segura, minimiza os impactos ambientais e evita o risco de acidentes e doencgas

para os usuarios, profissionais da saude e da limpeza urbana.
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Empunhadura na posigdo final Giro da parte moével Pronta para o descarte

Sistema de click

Figura 21: Posicao final e girado 180 graus a parte movel, até o travamento
da peca, sistema de click
Fonte: dados da pesquisa

Foi colocado um ponto na empunhadura para a orientagéo da posi¢ao do bisel,
porém nao é possivel garantir com 100% de exatidao a posigcdo do mesmo, uma vez que
por serem pecas com secdes cilindricas, o bisel pode estar em qualquer posi¢ao dos 360
graus. A eficacia esta atrelada a habilidade do operador no momento da montagem de

deixar o bisel alinhado a empunhadura.
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Figura 22: Ponto para a orientac&o do bisel e sistema de trava.
Fonte: dados da pesquisa

Legenda:

Matéria prima da empunhadura:

Plasticos Polimeros, com arranjos das moléculas da familia dos semicristalinos (PP. PE. PBT. ou
Poliamidas)

Peso: 0,005;

Processo de fabricagao: Injecao

Configuragao: Empunhadura fixada por pressao e capa de protegao de descarte.

Apos esta fase fizemos um estudo comparativo da performance das trés
agulhas em pés de suino adquiridos em agougues. Isso dispensa a liberacédo do comité
de ética em pesquisa ja que todas as liberagdes em relagcdo a normas e diretrizes em
pesquisa em animais foram realizadas no abatedouro do frigorifico e estao liberadas para
o consumo alimentar.

VISAO VENTRAL: distalmente para proximal temos sola, depois unha branca,
borda coronaria superficialmente. Mais profundamente parede (matriz da unha branca)
tendao extensor dos dedos, e, ainda mais profundamente, as falanges distal, tanto média

quanto proximal.
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VISAO LATERAL: a pele depois almofada e coxim plantar; depois o cério
seguido pelo tendao flexor profundo do dedo. Mais profundamente osso sesamdide e

depois falanges distal; média e proximal.

Figura 23: Fotografias do pé suino.
Fonte: acervo pessoal do pesquisador (Fabio F. A. Ravaglia)

Legenda A/B:
A. Foto de aspecto plantar com dedos e dedos acessorios

B. Aspecto lateral do pé de porco

Legenda C/D/E:

Falange proximal

Falange média

Falange distal

Articulacao interfalangeana distal
Articulacao interfalangeana proximal
Tendao flexor prof

Tendéao flexor sup

Osso sesamoide

ONoOORA~WON=



As pecas selecionadas foram radiografias nas incidéncias de frente e perfil.

Figura 24: Radiografias nas incidéncias de frente e perfil do pé do porco.
Fonte: acervo pessoal do pesquisador (Fabio F. A. Ravaglia)

Figura 25.1: Exame de ultrassonografia pré-procedimento.

34
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Figura 25.2: Exame de ultrassonografia do procedimento.
Fonte: dados da pesquisa

Figura 26: Exame de ultrassonografia intraoperatorio
Fonte: dados da pesquisa

Seccédo com as trés agulhas na inser¢céo do flexor profundo dos dedos na

altura da articulacao interfalangeana distal superior ao sesamoide do pé suino guiada por
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ultrassonografia. A incisdo é feita de medial para lateral com o portal latero-superior e
percutaneamente o tend&do do flexor longo do dedo é seccionado sob visualizagdo de
ultrassonografia.

O procedimento é realizado no dedo vizinho também. As pecgas foram
selecionadas de tamanho semelhante; sendo as maiores nado selecionadas.
Documentacgao fotografica dos raios x, ultrassonografias das pecgas séo realizadas. As
pecas foram radiografadas para afastar possiveis malformagées congénitas e possiveis
danos a pecga na manipulagao do frigorifico e agougue. Avaliagdo por disseccao das
pecas pos-procedimento. A dissecgéo é realizada com incisdo longitudinal mediana para
pele, tecido celular subcutaneo até o paratendao. Depois da abertura do paratendao, é
visualizado o tendéao, que é, entao, analisado.

O ultrassom foi realizado com aparelho Philips Lumify. Lumify € um aparelho
de ultrassonografia ultraportatil de alta qualidade produzido pela Philips. O transdutor é
conectado a um tablet ou celular e as imagens sao reproduzidas por meio de um
aplicativo.

A técnica cirurgica consistiu em incisao feita de medial para lateral, com o
portal latero-superior e percutaneamente o tendao do flexor longo do dedo é seccionado

sob visualizagdo de ultrassonografia.

"
Figura 27: A técnica cirurgica da tenotomia percutédnea do tendao do musculo
flexor profundo do dedo, guiada por ultrassonografia pela técnica out of plane

alignment.
Fonte: dados da pesquisa
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O procedimento é realizado no dedo vizinho também. Documentacao
fotografica dos raios x, ultrassonografia das pecas sdo realizadas. Avaliagdo por
dissecgao das pegas pos-procedimento. A dissecgao € realizada com incis&do longitudinal
mediana para pele, tecido celular subcutaneo até o paratendao. Depois da abertura do
paratendao € visualizado o tend&o que é, entao, analisado.

Os trés modelos foram analisados em relagdo a geometria, facilidade de

penetracao, superficie de corte, resisténcia e deformidade por fadiga.
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4.2 Artigo publicado: Research Square (this is a preprint; it has not been peer
reviewed by a journal).

Ravaglia F F A, Cliquet Jr. A. Developing A Needle-Knife Surgical Device. Research
Square. 2022. DOI: https://doi.org/10.21203/rs.3.rs-806258/v1 This work is licensed
under a CC BY 4.0 License.
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Abstract

Introduction:

Nowadays, a new era of orthopedic surgery is taking place. Procedures like video surgery, ultrasound-
guided interventions, invasive pain interventions, orthopedic procedures, hydro dissection, dry needling,
thermography-assisted pain management, and modern acupuncture started to be widely performed’~.

Background:

In 2011 and 2012, Ravaglia & Cliquet presented papers on an Arthroscopic Needle-Knife Surgical
Prototype Device (ANKSD)? in Prague, TWC 20112, and in Dubai, OWC 2012°. It was a paper presenting a
prototype of a needleknife for orthopedic procedures based on an 18G11/2 needle. Ravaglia and Cliquet
wrote the paper “Comparison of two different needles used as knife on knee arthroscopic portal scalpel
procedures”4, which was presented at the XXVI SICOT Triennial World Congress, in Guangzhou, China, in
2015. This research compares arthroscopic portal incisions using an 18G11/2 needle or a metal guide
intravenous catheter 14Gx2. They concluded that there were no differences in complications such as
infections, wound healing, hematoma, and skin healing time.

After this, these researchers started a virtual development of a new needle-knife surgical device.
Objective:

The aim of the project is a virtual development of a needle-knife surgical device to be useful for minimally
invasive ultrasound-assisted orthopedic surgical procedures, videos arthroscopic portals augmentation,
and other surgical procedures.

Method:

Three different needle devices were compared. One is a base model 1 and the other two are experimental
models (2 and 3). They are based on a metal guide for intravenous catheter 14Gx2". The base one model
1 is the metal guide for intravenous catheter 14Gx2"; the experimental model 2 is a flat beveled edge, and

experimental model 3 is a board bevel edge®7891011.121314.1516 They are all graduated, parylene-coated,
with a stop handle needle guard.

The devices are multifunctional: Infusion, aspiration, and surgical sever.

The devices were developed by 3D Design 3D STEP Standard Format, Catia V5 Format, and 2D Format
Design and 3D Model.

They were performed through simulation (Software Simulia Abaqus).

They were biomechanically simulated with Virtual Biomechanical Strength Simulation”.181920,
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The Strengths were assessed by Needle Strength Analysis (CAE Simulation)?'.
Results:

For the displacement result, stiffness assessment, we have 7.48 mm for the baseline needle, 8.08mm for
model 2, an increase of 8%, and for model 3 we have 7.75 mm, an increase of 3.6%.

Conclusion:

These devices seem suitable for echo-assisted orthopedic surgery interventions and other procedures
according to virtual analysis. Further in vivo procedures shall be performed.

Introduction:

Nowadays, a new era of orthopaedic surgery is taking place. Procedures like video surgery, ultrasound-
guided interventions, invasive pain interventions, orthopaedic procedures, hydrodissection, dry needling,
thermography-assisted pain management, and modern acupuncture started to be widely performed??2.

Background:

In 2011 and 2012, Ravaglia & Cliquet presented papers on an Arthroscopic Needle-Knife Surgical
Prototype Device (ANKSD)? in Prague, TWC 20112 and in Dubai, OWC 20123. It was a paper presenting a
prototype of a needle-knife for orthopaedic procedures based on an 18G11/2 needle. Ravaglia and
Cliquet wrote the paper “Comparison of two different needles used as knife on knee arthroscopic portal
scalpel procedures”®, which was presented at the XXVI SICOT Triennial World Congress, in Guangzhou,
China, in 2015. This research compares arthroscopic portal incisions using an 18G11/2 needle or a metal
guide intravenous catheter 14Gx2. They concluded that there were no differences in complications such

as infections, wound healing, hematoma, and skin healing time.

After this, these researchers started avirtual development of a new needle-knife surgical device.

Objective:

The aim of the project is a virtual development of a needle-knife surgical device to be useful for minimally
invasive ultrasound-assisted orthopaedic surgical procedures, videos arthroscopic portals augmentation,
and other surgical procedures.

Method:

Three different needle devices were compared. One is a base model 1 and the other two are experimental
models (2 and 3). They are based on a metal guide for intravenous catheter 14Gx2". The base one model
1 is the metal guide for intravenous catheter 14Gx2"; the experimental model 2 is a flat beveled edge, and
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experimental model 3 is a board bevel edge®789:10.111213,141516 They are all graduated, parylene-coated,
with a stop handle needle guard.

The devices are multifunctional: Infusion, aspiration, and surgical sever.

The devices were developed by 3D Design 3D STEP Standard Format, Catia V5 Format, and 2D Format
Design and 3D Model.

They were performed through simulation (Software Simulia Abaqus).
They were biomechanically simulated with Virtual Biomechanical Strength Simulation17:181920,

The Strengths were assessed by Needle Strength Analysis (CAE Simulation)21.

Results:
Stiffness Calculation:

A Structural Analysis of the component stiffness was performed for the analysis of the proposed designs
using the Finite Element Methodology (FEM). A comparative analysis of the needles was performed.

The Finite Element Method (FEM) is a numerical process to determine approximate solutions of boundary
values of differential equations. FEM subdivides the problem domain into smaller problems, called finite
elements. Finite element models can be formed by quadrilateral, triangular, hexahedral, and tetrahedral
elements.

In structural analysis, the purpose of the method is to determine nodal displacements in the structure and,
consequently, the deformities and stresses corresponding to the analysis. This way, a discretization of the
continuous medium allows the solution of high-complexity real problems. This discretization is popularly
known as finite element mesh, which can be of various types, such as two-dimensional and three-
dimensional elements.

The two-dimensional elements or 2D elements can be formed through the triangular or quadrilateral
element (shown in the figure below), which discretize flat surfaces such as plates, where one of the
dimensions is much smaller than the other two.

Three-dimensional elements or 3D elements can be formed through the tetrahedral or hexahedral
element, used in meshing solids of complex geometry. Figure 7

For the needles mathematical model, 2D and 3D elements were used as quadrilateral, triangular and
tetrahedral elements, with the respective total amounts of elements shown below. Figure 2

The load applied was 10N; however, this value may be different during the use of the needle, but for
checking the comparative stiffness among the models, it is an adequate value. The objective is to
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generate stresses and displacements and to compare in percentage baseline and proposal models 1 and
2. This loading is applied to a finite element model node at the tip of the needle in the Y-axis direction to
generate stresses and displacements in the same direction of use of the needle scalpel. Figure 3

The restrictions applied to the model were displacement in the x-, y-, and z-axes, only on the needle
fixation region on the syringe on the plastic region of the needle, considering this as the only region that
‘holds the needl€. This displacement restriction is done through rigid connectors and displacement = 0 at
the Node of this connector. The connector represents, in a simplified way, the region where the syringe
fits. Figure 4

The material adopted for the needle was SAE1020 and for the plastic part PET (polyethylene
terephthalate). Although the specific properties of the product, not found in the bibliography, were not
used, this consideration does not change the analysis technical conclusions, as we are doing a
comparative study.

To calculate stiffness, the solver used was the Abaqus 2019. Abaqus is a commercial software package
for finite element analysis (CAE) developed by HKS Inc., Rhode Island, USA, and is currently marketed by
SIMULIA under the brand of Dassault Systémes S.A. Figure 5

After the model is discreetly with the necessary boundary conditions, the matrix calculations that will give
us the nodal displacements are performed. The matrix notation expressing these nodal displacements in
relation to the external forces applied to the structure is formed by a set of linear algebraic equations,
being expressed in matrix form by the equation below.

{fy=1k]{u}

Where { f } is a column vector containing all the loads applied on the nodes, nodal loads. The matrix [k ]
represents the stiffness matrix or property matrix, which represents the relationship between the forces
and nodal displacements of the structure. For an example of a spring with two nodes in equilibrium,
where there are two displacements and two forces, it is written according to the Equation below:

{f1lf2} = [k11|k21 k12|k22 ] {u1]u2 }
Where the stiffness matrix of the spring element is defined according to the equation below:
Ke = [kl-k -klk}

Also in this step, the approximation function, the interpolation function, and the function optimal
adjustment are chosen through the methods mentioned above, and the boundary conditions are added.
All calculations of these functions and matrix are made through the solver Abaqus, where the results are
later extracted through a graphical interface showing the stress and strain distributions through color
scales to facilitate the visualization of results.
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As a result, below we can see that stress distribution along the needle remains the same in the three
models, but at the tip of the needle where models 2 and 3 were modified, they present slightly higher
values due to the decrease in thickness because of the bevel shape. We have the baseline at 164 Mpa,
model 2 at 221 Mpa, and model 3 at 190 Mpa.

For the displacement result, stiffness assessment, we have 7.48 mm for the baseline needle, 8.08mm for
model 2, an increase of 8%, and for model 3 we have 7.75 mm, an increase of 3.6%. Figure 6

As a comparative evaluation, it can be stated that model 3 showed characteristics that are very similar to
the baseline model in terms of stiffness (3.6%). This means that the performance during its application in
relation to the baseline (reference) will be very similar. Figure 7

Regarding the stresses obtained, model 3 showed an increase of 15% due to the reduction in thickness
generated by the bevel shape, but it is unlikely that a needle tip fracture will occur, considering there is no
such problem in the baseline model.

For future studies, it is of significant importance to find the mechanical properties of the needle for
greater accuracy of the analysis results, as well as the actual effort on the needle tip, since in addition to
what was considered in one direction, other efforts can be made at the time of its use.

For this activity, the solver used was Abaqus 2019. Abaqus is a commercial software package for finite
element analysis (CAE) developed by HKS Inc., Rhode Island, USA, and is currently marketed by SIMULIA
under the brand of Dassault Systémes S.A.

The present study compares three models. A control base model 1 and two experimental models, model 2
and model 3. Figure 8

Figure four: Final aspects of the model with sharp hazard cover protection fold and unfold.

Model 3 presented similar stiffness features compared to the baseline model 1 (3.6%). They have similar
performance. Figure 9

The tip of model 3 showed increased tension of 15%; but this does not mean fracture risk?2. Figure 10

Discussion:

We live in a new era of orthopaedic surgery. Procedures like Video Surgery, Ultrasound-Assisted Surgical
Interventions; Invasive Pain Interventions for Orthopaedics; hydrodissection, dry needling, thermography-
assisted pain procedures, and modern acupuncture procedures started to be widely performed’2.

During my medical training in Brazil, busy hospitals faced shortage of basic equipment in the casualty

department. Most of them due to logistic issues. It was evidence-based practice to use a ‘pink needle' “for
abscess drainage, small incisions, and suture removal”. Based on this evidence-based practice, this
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needle-knife was developed by Ravaglia & Cliquet and presented in papers of 2011 and 2012 on An
Arthroscopic Needle-Knife Surgical Prototype Device (ANKSD)? in Prague at TWC 20112 and in Dubai at
OWC 2012°. They presented a prototype of a needle-knife for orthopaedic procedures based on an
18G11/2 needle. Ravaglia and Cliquet wrote a paper - “Comparison of two different needles used as
knives on knee arthroscopic portal scalpel procedures” for the XXVI SICOT Triennial World Congress
Guangzhou, China, 2015. This research compares arthroscopic portal incisions using an 18G11/2 needle
or a metal guide intravenous catheter 14Gx2. They concluded that there were no differences in
complications such as infections, wound healing, hematoma, and skin healing time.

They decided to develop a new device with the strength of the metal guide intravenous catheter 14Gx2,
the cutting edge similar to the ANKSD, and strong enough to perform orthopaedic ultrasound-assisted
procedures. It is a multifunctional, echo translucent, graduated device, able to aspirate and inject fluids,
anesthesia, and therapeutic medicine.

The development of this device aims at incision target precision, avoiding soft tissue damage, facilitating
ultrasound-assisted surgery, and being a multifunctional tool.

Virtual experiments were developed before in vivo studies.

Conclusion:

These devices seem suitable for echo-assisted orthopaedic surgery interventions and other procedures
according to virtual analysis. Further in vivo procedures shall be performed.
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Three-dimensional Source: Chapra (1997)
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Modelo 1: total 149553 elementos Modelo 2: total 147138 elementos Modelo 3: total 147218 clementos

Figure 3

Page 10/14

47



48

The three Models and their elements: Model 1: total 149553 elements Model 2: total 147138 elements
Model 3: total 147218 elements NOTE: All models have an inner stem as a reinforcement for the needle
structure modelled as 3D tetrahedral elements.

)'\ Todas as agullas 530 fixadas
e = ~—»{ pela base da parte plistica por
¥ conectores regidos engastados

Cmegmutamn;ﬁano\'lmu |
10N no sentido do eixo Y Aplicado |
em cada agulha g ——

Figure 4

Figure 4: Application of 10N on the tip of the three Models and fixed at the plastic part. All needles are
fixed at the base of the plastic part by rigid mounted connectors Single load of 10N in the direction of Y-
axis applied on each needle

| Base de plastico de PET

Tubo ehaste da agulha de A¢o 1020

¢ 1 Name  YOUNG POISSON  DENS
¢ [ 1025 SAE1020 210000, 0.3 7.85€-9
v [] 1001 PET 5050. 045 9.056-10
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Figure 5

Description of the three needles. Hub and shaft of a 1020 steel needle PET plastic base

3 v

164 Mpa 221 Mpa

190 Mpa

Modelo 1: Modelo dereferéncia Modelo 2: chanfrado maior Modelo 3: chanfrado menor

Figure 6

The stress distribution along the three needle Model 1: reference model Model 2: larger bevel Model 3:
smaller bevel

- A 8.08 mm -
18 mm Smm

Modelo 1: Modelo de referéncia Modelo 2: chanfrado maior Modelo 3: chanfrado menor

Figure 7

Displacement result and stiffness assessment
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Figure 8

Models’ Bisels 1, 2 and 3. Strength tests in all three models:

¥ &

221 Mpa

164 Mpa 190 Mpa

Modelo 1: Modelo dereferéncia Modelo 2: chanfrado maior Modelo 3: chanfrado menor

Figure 9

Strength tests results in all three models
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Figure 10

Strength tips tests stress results in all three models
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Abstract
Scope

Nowadays, a new era of orthopedic surgery is taking place. Procedures like ultrasound-guided interventions, invasive pain

orthopaedics interventions, started to be widely performed.
Objective

The aim of the project is a virtual development of a needle-knife surgical device to be useful for minimally invasive orthopaedic

surgical procedures and other surgical procedures.

Method

Three different needle devices were compared. One is a base model 1 and the other two are experimental models 2 and 3. They
are based on a metal guide for intravenous catheter 14Gx2". The base one model 1 is the metal guide for intravenous catheter
14Gx2"; the experimental model 2 is a flat beveled edge, and experimental model 3 is a board bevel Edge. They are all graduated,

parylene-coated, with a stop handle needle guard.

The devices were developed by 3D Design 3D STEP Standard Format, Catia V5 Format, and 2D Format Design and 3D Model.
They were biomechanically simulated with Virtual Biomechanical Strength Simulation (Sofiware Simulia Abagus)..
The Strengths were assessed by Needle Strength Analysis (CAE Simulation).

Results:

The present study compares three models. A control base model | and two experimental models; model 2 and model 3.
Model 3 presented similar features in rigidity to the baseline model 1 (3,6%). They have a similar performance.
The tip of model 3 increased a tension of 15%; but does not mean fracture risk 22. §

Conclusion:

These devices seem suitable for eco assisted orthopaedic surgery interventions and other procedures according to virtual analisis.

Further in vivo procedures must be performed.

Keywords: Ultrasound-Assisted Surgery; Needle-Knife Device; Virtual Development; Essay

Introduction

Nowadays, a new era of orthopaedic surgery is taking place. Pro-
cedures like video surgery, ultrasound-guided interventions, inva-
sive pain interventions, orthopaedic procedures, hydrodissection,
dry needling, thermography-assisted pain management, and mod-
ern acupuncture started to be widely performed [1, 2].

Background

In 2011 and 2012, Ravaglia & Cliquet presented papers on an Ar-
throscopic Needle-Knife Surgical Prototype Device (ANKSD) in
Prague, TWC 2011, and in Dubai, OWC 2012 [2, 3]. It was a paper
presenting a prototype of a needle-knife for orthopaedic proce-

dures based on an 18G11/2 needle. Ravaglia and Cliquet wrote
the paper “Comparison of two different needles used as knife on
knee arthroscopic portal scalpel procedures”, which was present-
ed at the XXVI SICOT Triennial World Congress, in Guangzhou,
China, in 2015 [4]. This research compares arthroscopic portal
incisions using an 18G11/2 needle or a metal guide intravenous
catheter 14Gx2. They concluded that there were no differences in
complications such as infections, wound healing, hematoma, and
skin healing time.

After this, these researchers started a virtual development of a new
needle-knife surgical device.
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Objective

The aim of the project is a virtual development of a needle-knife
surgical device to be useful for minimally invasive ultrasound-as-
sisted orthopaedic surgical procedures, videos arthroscopic portals
augmentation, and other surgical procedures [5].

Method

Three different needle devices were compared. One is a base mod-
el 1 and the other two are experimental models (2 and 3). They are
based on a metal guide for intravenous catheter 14Gx2”". The base
one model 1 is the metal guide for intravenous catheter 14Gx2”;
the experimental model 2 is a flat beveled edge, and experimental
model 3 is a board bevel edge [6-16] . They are all graduated, pa-
rylene-coated, with a stop handle needle guard.

The devices are multifunctional: Infusion, aspiration, and surgical
sever.

The devices were developed by 3D Design 3D STEP Standard
Format, Catia V5 Format, and 2D Format Design and 3D Model.

They were performed through simulation (Software Simulia Ab-
aqus).

They were biomechanically simulated with Virtual Biomechanical
Strength Simulation [17-20].

The Strengths were assessed by Needle Strength Analysis (CAE
Simulation) [21].

Results

Stiffness Calculation

A Structural Analysis of the component stiffness was performed
for the analysis of the proposed designs using the Finite Element
Methodology (FEM). A comparative analysis of the needles was
performed.

The Finite Element Method (FEM) is a numerical process to de-
termine approximate solutions of boundary values of differential
equations. FEM subdivides the problem domain into smaller prob-
lems, called finite elements. Finite element models can be formed
by quadrilateral, triangular, hexahedral, and tetrahedral elements.

In structural analysis, the purpose of the method is to determine
nodal displacements in the structure and, consequently, the de-
formities and stresses corresponding to the analysis. This way, a
discretization of the continuous medium allows the solution of
high-complexity real problems. This discretization is popularly
known as finite element mesh, which can be of various types, such
as two-dimensional and three-dimensional elements.

The two-dimensional elements or 2D elements can be formed
through the triangular or quadrilateral element (shown in the figure
one), which discretize flat surfaces such as plates, where one of the
dimensions is much smaller than the other two.

'S
Linha
Nodal
Elemento y's Elemento
Quadrilateral Triangular

(b) Bidimensional
Figure 1: Demonstration of the triangular or quadrilateral element
formed by Two-dimensional elements or 2D elementsQuadrilat-
eral element Node Nodal line Triangular element (b) Two-dimen-
sional

Three-dimensional elements or 3D elements can be formed
through the tetrahedral or hexahedral element, used in meshing
solids of complex geometry.

Elemento .
Hexaédrico

e

Plano Nodal

Elemento Tetraédrico

(¢) Tri-dimensional
Figure 2: Demonstration of the tetrahedral or hexahedral element
formed by Three-dimensional elements or 3D elements Hexahe-
dral element Nodal Plane Tetrahedral element (¢) Three-dimen-
sional Source: Chapra (1997)

For the needle’s mathematical model, 2D and 3D elements were
used as quadrilateral, triangular and tetrahedral elements, with the
respective total amounts of elements shown below.
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Figure 3: demonstration of the number of elements per Models.

Model 1: total 149553 elements
Model 2: total 147138 elements
Model 3: total 147218 elements

NOTE: All models have an inner stem as a reinforcement for the
needle structure modelled as 3D tetrahedral elements.

The load applied was 10N; however, this value may be different
during the use of the needle, but for checking the comparative stiff-
ness among the models, it is an adequate value. The objective is to
generate stresses and displacements and to compare in percentage
baseline and proposal models 1 and 2. This loading is applied to
a finite element model node at the tip of the needle in the Y-axis
direction to generate stresses and displacements in the same direc-
tion of use of the needle scalpel.

Camvgumenss e e i
103 80 omtde o i ¥ Aghicas
- ot e

Figure 4: demonstration of the Y-axis direction to generate stress-
es and displacements in the same direction of use of the needle
scalpel.

All needles are fixed at the base of the plastic part by rigid mount-
ed connectors Single load of 10N in the direction of Y-axis applied
on each needle

The restrictions applied to the model were displacement in the x-,
y-, and z-axes, only on the needle fixation region on the syringe
on the plastic region of the needle, considering this as the only re-
gion that ‘holds the needle’. This displacement restriction is done
through rigid connectors and displacement = 0 at the Node of this
connector. The connector represents, in a simplified way, the re-
gion where the syringe fits.

The material adopted for the needle was SAE1020 and for the
plastic part PET (polyethylene terephthalate). Although the spe-
cific properties of the product, not found in the bibliography, were
not used, this consideration does not change the analysis technical
conclusions, as we are doing a comparative study.

Base de plistico de PET

Tubo ¢ haste da agulha de Ago 1020

W dame YOG POKSON 0N

¢ [ 1025 sagron 210000. 03 78565
v Dieer per 5050, (YR Y=

Figure 5: Demonstratios=on of the materials used for the needle
and for the plastic.

Hub and shaft of a 1020 steel needle PET plastic base

To calculate stiffness, the solver used was the Abaqus 2019. Ab-
aqus is a commercial software package for finite element analysis
(CAE) developed by HKS Inc., Rhode Island, USA, and is current-
ly marketed by SIMULIA under the brand of Dassault Systémes
S.A.

After the model is discreetly with the necessary boundary condi-
tions, the matrix calculations that will give us the nodal displace-
ments are performed. The matrix notation expressing these nod-
al displacements in relation to the external forces applied to the
structure is formed by a set of linear algebraic equations, being
expressed in matrix form by the equation below.

Where { f} is a column vector containing all the loads applied on
the nodes, nodal loads. The matrix [ k ] represents the stiffness ma-
trix or property matrix, which represents the relationship between
the forces and nodal displacements of the

structure. For an example of a spring with two nodes in equilibri-
um, where there are two displacements and two forces, it is written
according to the Equation below:

(F1IR2 } = [ k11[k21 k1222 ] { ulju2 }
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Where the stiffness matrix of the spring element is defined accord-
ing to the equation below:

Ke = [kl -k[k}

Also in this step, the approximation function, the interpolation
function, and the function optimal adjustment are chosen through
the methods mentioned above, and the boundary conditions are
added. All calculations of these functions and matrix are made
through the solver Abaqus, where the results are later extracted

Modelo 2 chanfindo may Madlo 3

through a graphical interface showing the stress and strain distri-
butions through color scales to facilitate the visualization of re-
sults.

As a result, below we can see that stress distribution along the
needle remains the same in the three models, but at the tip of the
needle where models 2 and 3 were modified, they present slightly
higher values due to the decrease in thickness because of the bevel
shape. We have the baseline at 164 Mpa, model 2 at 221 Mpa, and
model 3 at 190 Mpa.

Figure 6: Comparison of the stress distribution along the needles.

Model 1: reference model
Model 2: larger bevel
Model 3: smaller bevel

For the displacement result, stiffness assessment, we have 7.48 mm for the baseline needle, 8.08mm for model 2, an increase of 8%, and

for model 3 we have7.75 mm, an increase of 3.6%.

L N ¥

248

S mm

Modelo 1 \Modeko de refenmcaa N

Sodelo I chanfrado maior

Figure 7: Displacement stiffness assessment.

As a comparative evaluation, it can be stated that model 3 showed
characteristics that are very similar to the baseline model in terms
of stiffness (3.6%). This means that the performance during its ap-
plication in relation to the baseline (reference) will be very similar.

Regarding the stresses obtained, model 3 showed an increase
of 15% due to the reduction in thickness generated by the bevel
shape, but it is unlikely that a needle tip fracture will occur, con-
sidering there is no such problem in the baseline model.

For future studies, it is of significant importance to find the me-
chanical properties of the needle for greater accuracy of the anal-

ysis results, as well as the actual effort on the needle tip, since in
addition to what was considered in one direction, other efforts can
be made at the time of its use.

For this activity, the solver used was Abaqus 2019. Abaqus is a
commercial software package for finite element analysis (CAE)
developed by HKS Inc., Rhode Island, USA, and is currently mar-
keted by SIMULIA under the brand of Dassault Systémes S.A.

The present study compares three models. A control base model 1
and two experimental models, model 2 and model 3.
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Figure 8: Design of the needle tip models.
Figure one: Models 1, 2 and 3.
Strength tests in all three models:

L
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Figure 9: Results of the models strength tests.

Figure two: Strength tests results in all three models
Figure Nine: Strength Tip Tests.

Modelo 3. chanfrado menor

Figure 10: results of the strength tips tests stress results in all three models
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Model 3 presented similar stiffness features compared to the base-
line model 1 (3.6%). They have similar performances.

The tip of model 3 showed increased tension of 15%; but this does
not mean fracture risk22.

Discussion

We live in a new era of orthopaedic surgery. Procedures like Vid-
eo Surgery, Ultrasound-Assisted Surgical Interventions; Invasive
Pain Interventions for Orthopaedics; hydrodissection, dry nee-
dling, thermography-assisted pain procedures, and modern acu-
puncture procedures started to be widely performed [1, 2].

During my medical training in Brazil, busy hospitals faced short-
age of basic equipment in the casualty department. Most of them
due to logistic issues. It was evidence-based practice to use a ‘pink
needle’ “for abscess drainage, small incisions, and suture remov-
al”. Based on this evidence-based practice, this needle-knife was
developed by Ravaglia & Cliquet and presented in papers of 2011
and 2012 on An Arthroscopic Needle-Knife Surgical Prototype
Device (ANKSD) in Prague at TWC 2011 and in Dubai at OWC
2012 [2, 3]. They presented a prototype of a needle-knife for or-
thopaedic procedures based on an 18G11/2 needle. Ravaglia and
Cliquet wrote a paper - “Comparison of two different needles used
as knives on knee arthroscopic portal scalpel procedures™4 for
the XXVI SICOT Triennial World Congress Guangzhou, China,
2015. This research compares arthroscopic portal incisions using
an 18G11/2 needle or a metal guide intravenous catheter 14Gx2.
They concluded that there were no differences in complications
such as infections, wound healing, hematoma, and skin healing
time.

They decided to develop a new device with the strength of the
metal guide intravenous catheter 14Gx2, the cutting edge similar
to the ANKSD, and strong enough to perform orthopaedic ultra-
sound-assisted procedures. It is a multifunctional, echo translu-
cent, graduated device, able to aspirate and inject fluids, anesthe-
sia, and therapeutic medicine.

The development of this device aims at incision target precision,
avoiding soft tissue damage, facilitating ultrasound-assisted sur-
gery, and being a multifunctional tool.

Virtual experiments were developed before in vivo studies.

Conclusion

These devices seem suitable for echo-assisted orthopaedic surgery
interventions and other procedures according to virtual analysis.
The idea of a multifunctional device for cutting as well as aspi-
ration and infiltracion is very useful for some surgical procedures
ultrassom guided. Further in vivo procedures shall be performed.
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Abstract

Introduction: A new era of orthopedic surgery is happening nowadays. Procedures like Video Surgery, Ultrasound Guided
Interventions, Pain interventions invasive orthopedics procedures, hydrodissection, dry needling; thermography assisted pain
procedures and acupuncture started to be widely performed [1].

Objective: The aim of the project is to assess Ultrasonic assisted surgery in pig foot from butchery using three differences needle-
knife devices.

Method: All three needles were used for ultrasonic assisted surgery in pig feet from butchery. An ultrasonic assisted surgery was
performed in 9 nine pig feet. The two well developed digits were assessed. The pig has two larger central toes. These larger central
toes bear most of the weight, but the outer two are also being used in soft ground. Two tees each foot was assessed, one medial
and one lateral.

We numbered the pig foot from I to 1X in roman figures. The first three 1, 11 and 11l were used for needle A (control) for all medial
and lateral toes.

The samples IV, V and VI were used for needle B for all medial and lateral toes.

The samples VII, VII and IX were used for needle C for all medial and lateral toes.

The surgical technigue consists in an ultrasonic assisted percutaneous tenotomy of the deep flexor tendon between distal and
proximal phalanx near the sesamoid bone on the pig toe. Assessed for clinical release of the joint; gap in the plantar cushion pad
and ecographic assessment. A final open dissection was performed [2].

Results: Model 3 presented similar features in rigidity to the baseline model I (3,6%). They have a similar performance. The tip of
model 3 increased a tension of 15%; but does not mean fracture risk.

In ultrasonic assisted surgery in pig feet from butchery the geometry; puncture capability, cutting capability, tip deformation and
tip fracture.

Geometry: Group A Control; group € and then group B

Puncture capability: Group B; Group C and then Grupo A.

Cutting ability: Group C; then A and then B. (tip of B deformation)
Resistance: Group A; then group C and then group B. Deformation: needle B has a tip deformation in 50 % of the cases.

Conclusion: Two different bisel tips needle shapes were modified from the original one metal guide of an intravenous catheter in
order to improve the cutting ability as well as maintain the aspiration and infusion feature. One longer surface edge and another
one not so long. The longest, although supposed to be the best performer is not strong enough and deformed. The second one is the
most useful for needle knife instruments. More clinical study is recommended.

Keywords: Pig, Toe, Ultrasound Assessed Surgery, Needle-Knife
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Introduction

A new era of orthopedic surgery is happening nowadays. Proce-
dures like Video Surgery; Ultrasound Guided Interventions; Pain
interventions invasive orthopedics procedures, hydrodissection,
dry needling; thermography assisted pain procedures and acupunc-
ture started to be widely performed [1].

Objective

The aim of the project is to virtually develop a needle knife surgi-
cal device to be useful for these interventions. Ultrasonic assisted
surgery in pig foot from butchery was performed [1].

Method
Three different needles were compared by ravaglia and Cliquet

(2002) [1]. The same needles were used in this research.

All three needles were used for ultrasonic assisted surgery in pig
feet from butchery.

An ultrasonic assisted surgery was performed in 9 nine pig feet.

Figure 1: Pig Foot Sample.

The two well developed digits were assessed. The pig has two larg-
er central toes. These larger central toes bear most of the weight,
but the outer two are also being used in soft ground. Two toes each
foot was assessed; one medial and one lateral.

We numbered the pig foot from I to IX in roman figures. The first
three I, II and III were used for needle A (control) for all medial
and lateral toes.

The samples IV, V and VI were used for needle B for all medial
and lateral toes.

The samples VII, VII and IX were used for needle C for all medial
and lateral toes.

The surgical technique consists in an ultrasonic assisted percuta-
neous tenotomy of the deep flexor tendon between distal and prox-
imal phalanx near the sesamoid bone on the pig toe. Assessed for
clinical release of the joint; gap in the plantar cushion pad and
ecographic assessment. A final open dissection was performed [2].
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Figure 2: Xray of pig foot antero posterior and lateral view

Figure 3: Ultrasound assisted surgery image.
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Table 1: Distribution of the pig feet and the needle used for each foot and each toe. Samples numbers in roman figures from I to

IX.
M 1L 2M 2L M 3L

I A A A A A A
Il A A A A A A
111 A A A A A A
% B B B B B B
v B B B B B B
VI B B B B B B
VII ¢ e C (€ ¢ (&
VIII (¢ € (@ (€ @ (6
IX (¢ (8 C (© & c
Needle Knife used A, B and C. medial pig toe M and lateral pig toe assessed L

Results

Model 3 presented similar features in rigidity to the baseline model
1 (3,6%). They have a similar performance. The tip of model 3
increased a tension of 15%:; but does not mean fracture risk. In
ultrasonic assisted surgery in pig feet from butchery the geome-
try; puncture capability, cutting capability, tip deformation and tip
fracture.

Geometry: Group A Control; group C and then group B
Puncture capability: Group B; Group C and then Grupo A.
Cutting ability: Group C; then A and then B. (tip of B deforma-
tion)

Resistance: Group A; then group C and then group B.
Deformation: needle B has a tip deformation in 50 % of the cases.

Two different bisel tips needle shapes were modified from the orig-
inal one metal guide of an intravenous catheter in order to improve
the cutting ability as well as maintain the aspiration and infusion
feature. One longer surface edge and another one not so long. The
longest, although supposed to be the best performer is not strong
enough and deformed. The second one is the most useful for nee-
dle knife instruments.

Conclusion
These devices seem suitable for surgery interventions according to
virtual analysis and ultrasound assisted surgery.

Two different bisel tips needle shapes were modified from the orig-
inal one metal guide of an intravenous catheter in order to improve
the cutting ability as well as maintain the aspiration and infusion
feature. One longer surface edge and another one not so long. The
longest, although supposed to be the best performer is not strong
enough and deformed. The second one is the most useful for nee-
dle knife instruments. More clinical study is recommended [3-9].
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ABSTRACT

Purpose

It is common practice during arthroscopy to use a needle prior to a cutting
knife to help target the correct entry point. This avoids damaging healthy
structures and reduces healing time and scarring. However, once the knife
itself is introduced, the risk of iatrogenic damage increases, potentially
increasing the risk of post-operative complications like wound and joint
infections, and ultimate cartilage damage. To develop a safer surgical
instrument that is both cost-effective and environmentally-friendly, we
designed and performed preliminary (pilot) testing on an Arthroscopic

Needle-Knife Surgical Device (ANKSD) prototype.

An ANKSD prototype was developed using a 14-gauge 1.75-inch hypodermic needle, 10 cc syringe, and
modeled handle. We then tested the device on 99 knees, using the ANKSD for the lateral portal and a
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standard knife for the medial portal; and compared the two sides in terms of time to suture removal,
presence of discharge or incomplete healing, and post-operative complications. A preliminary
assessment of cost savings was performed. Results: Overall, all but one of 198 portals healed well
without discharge; that one portal had been created with the ANKSD, but the discharge resolved and
wound healed on oral antibiotics taken at home within 6 days. No other complications resulted at either
portal. A comparison of the two portals revealed no statistically-significant differences in outcomes, but
use of the ANKSD was less time-consuming and cheaper, and had the additional advantage, relative to
the standard blade, of allowing for both the injection and aspiration of fluids.

Conclusion

The prototype ANKSD we have developed, using a 14-gauge hypodermic needle attached to a 10 cc
syringe, appears to be a safe, effective and cost-effective alternative to a standard surgical cutting knife

during knee arthroscopy. Further in-vivo testing is warranted.

INTRODUCTION
Arthroscopy of the knee is among the most common orthopaedic procedures performed, ranking first in some
countries like the United States 1. It is utilized in a variety of settings and for a variety of injuries, as well as disease
conditions like osteoarthritis [*2. Though serious complications generally are rare, they can be catastrophic,
including deep venous thromboses 1, 2, sometimes fatal pulmonary emboli 2, 3, septic arthritis 4, 5, and damage
to adjacent vessels and nerves 6-8. Concern over the potential for damage to surrounding neurovascular structures
is typically reduced by means of using a simple needle to enter the joint space, prior to introducing the arthroscope

or utilizing a surgical knife, since the risk of neurovascular damage from a needle is considered exceedingly low 4],

Over the past 20 years, the concept of using a needle as a knife has gained increasing support, but virtually only for
gastrointestinal procedures '°l. Though initially and primarily used for procedures involving the biliary tree and
pancreas, like Endoscopic Retrograde Cholangio Pancreatography (ERCP), sphincterotomies, papillotomies, and the
drainage of pancreatic pseudocysts 9-17 , it has more recently gained acceptance in procedures involving virtually
all other parts of the gastrointestinal tract 18-21 , as well as the urethra 22 . More recently still, its use to dissect

the arachnoid membrane during microneurosurgery has been reported 23, 24.

However, reports of its use in orthopedic procedures are limited to a few brief papers published in Chinese
language journals 25-27. For the purposes of potentially deriving both a safer and less-expensive alternative to
traditional arthroscopy using a surgical scalpel, we designed an Arthroscopy Needle-Knife Surgical Device (ANKSD)
and present our results comparing it to a traditional surgical blade in 99 consecutive knee arthroscopy procedures
at a university hospital in Brazil .. The main objectives of this pilot study were (1) to see if there is any difference in
the use of the ANKSD versus surgical blade in terms of the procedure itself and post-operative period; and (2) to

identify potential advantages and disadvantages of using a needle knife [7].

MATERIALS AND METHODS
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Before data collection commenced, the study protocol was approved by the university ethics board for research on
human subjects, and all subjects provided their signed consent prior to being enrolled in the study 8. Subjects were
recruited over the 16 months from November 2010 through February 2012. To be eligible, an individual had to be
at least 18 years of age and undergoing either unilateral or bilateral knee arthroscopy procedures for repair of
either an anterior cruciate or medial meniscus tear. Patients were excluded if they had already known septic
arthritis, inflammatory arthritis or any other systemic condition that would alter the arthroscopy procedure or impair
wound healing I, Patients who underwent bilateral knee arthroscopies had each knee evaluated and analyzed
separately. Instruments the initial ANKSD prototype was an 18-gauge, 1%z inch needle attached to a 10 cc syringe.
As will be noted later in the Results section, after the first few cases, several problems were noted with this needle.
It was too malleable, the bevel was small, the cutting area was small, and there was no handle or shield protective
needle cover. Because of this, it was decided to upgrade in size to the same needle used as a catheter for
peripheral intravenous therapy, which is 14-gauge x1.75 inches, for all further medial incisions. This needle was
found to be easier to use and more accurate while performing the portal incision 29, From this, the final ANKSD
was designed with a 14-gauge by 1.75 inch needle that is elliptic and not rounded; this unique design has several
advantages, particularly increased needle stiffness, bevel, and cutting surface area. With the attached syringe, it is
possible to aspirate and inject while cutting (111, For ease of handling, a handle was attached for gripping, and a
protective needle cover was developed 28. The surgical blade used to create the lateral arthroscopy port was a
disposable #11 blade attached to a disposable knife handles 2!,

Arthroscopic procedure

Each arthroscopy procedure was performed by the same surgical team following usual surgical practices, except
that our newly-designed ANSKD prototype (described above) was used exclusively for the lateral portal, whereas a
standard surgical knife (also described above) was used for the medial portal, following the introduction of an 18-
gauge needle to localize the joint space [13), Patients were first placed under sedation and given spinal anesthesia.
Esmarch and pneumatic tourniquets were used after an intravenous antibiotic infusion of 1.5 g cefuroxime. Aseptic
and antiseptic technique was used, including chlorhexidine 4% and drape placement over the previously-marked
knee, which was flexed to 100 degrees |4, The lateral portal needle was inserted into the midpoint of the soft spot
in the transverse line passing through the inferior pole of the patella. With an 18-gauge needle, the skin was
severed longitudinally, an equidistant 0.5 cm above and below needle placement. The subcutaneous tissues and
knee capsule then were incised using the 18-gauge needle by performing several small strokes. Once created, the
incision was dilated using a small artery (mosquito) forceps in all directions. A 5 mm arthroscopic canula and trocar
or obturator set then were introduced into the lateral portal and a normal saline infusion begun. For the medial
port, an 18-gauge needle was introduced medially guided by video augmentation. After insertion into the joint
space, the 18-gauge needle was removed and a number 11 cutting knife (disposable blade and handle) was used
to sever the skin, subcutaneous tissues and capsule. As for the lateral port, the medial incision was dilated with a
small artery (mosquito) forceps in all directions. Subsequent to this, the arthroscopic procedure was performed to
address the patient’s pathology using standard treatment. Ultimately, both portals were closed with number 4-0
mononylon mattress stitches, in accordance with Donati 15171, Opsite dressings with pads were used, followed by a
simple bandage. All patients underwent standard post-operative follow-up in the Surgery clinic, at which time their
arthroscopy port incisions were inspected by the attending surgeon for drainage and closure and, when

appropriate, their sutures removed 1821l Statistical analysis: Since some patients underwent bilateral
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arthroscopies and others underwent repeat arthroscopies over the 16 months of recruitment, rather than analyzing
cases per subject, they were analyzed per procedure (i.e., per knee). Since this was a pilot study, analysis was
limited to descriptive analysis (including means and standard deviations) and Pearson x2 analysis to compare the
lateral and medial portals (ANKSD vs. standard knife) in terms of the percentage with discharge and percentage
with total healing. More specifically, the two portals were compared statistically with respect to the following
outcomes: (a) days to suture removal; (b) presence/absence of complete healing at the time of the final post-
operative assessment in clinic; and (c) presence/absence of any discharge from either portal at any time during the
course of follow-up. All quantitative analyses were performed in the statistical program SPSS version 20.0, with all
inferential analyses two-tailed and p<0.05 set as the threshold for statistical significance 22251, Qualitatively, any
issues with the ANKSD prototype were noted, and specifically if its use affected the ease or time of the arthroscopy
procedure. For cost analysis, since the procedures were identical except for the use versus non-use of the #11
surgical blades, and all surgeons utilized needles to access the joint through both portals, the only difference in
cost was the price of one surgical blade per procedure, which was determined by accessing the manufacturer's

website order page.

RESULTS
Over the study recruitment period, a total of 99 knee arthroscopy procedures were performed following the study
protocol, in 64 different patients. Six patients (12 knees) underwent bilateral procedures, and there were 23 repeat
procedures 261, The vast majority were simple arthroscopies for medial meniscal repair, versus 16 complex
arthroscopies for anterior cruciate ligament repair. Of the 99 procedures, 56 were performed on females versus 43
in males. The mean age of subjects at the time of surgery was 42.0 years. Procedures were evenly split between

the right and left knee (Table 1).

Table 1. Demographics and clinical characteristics of 99 knee arthroscopies.

Number of knees operated on 99
Number of different subjects 64
Number of bilateral arthroplasties 12
Number of repeat arthroplasties 23
Number of simple arthroscopies 83
Number of complex arthroscopies 16
Number of males (by procedure) 43
Number of females (by procedure) 56
Mean age (years) 42
Standard deviation 113
Minimum age 19
Maximum age 64
Number of right knees 50
Number of left knees 49
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In all 99 cases, sutures were removed from the medial and lateral portal incisions on the same day, the mean time
to suture removal being 7.3 days (range 5 to 13 days). Subjects were followed for an average of 8.2 days post-
operatively (range 5 to 14 days), at which time all 99 medial portal incisions (standard knife) were completely
healed versus 98 of 99 (99.0%) of lateral portal incisions (ANKSD, x2=1.005, p=0.316).Similarly, discharge was
noted from no medial versus only one (1.0%) lateral portal incision (x2=1.005, p=0.316). No other complications
were noted. After the first several cases, the only difficulties noted using the needle-knife that it was a bit too
flexible, and that the bevel and cutting surfaces were so small that cutting was slightly tedious. For this reason, a
decision was made to increase the needle size to 14-gauge x1.75 inch, thereby increasing its firmness and the
bevel and cutting surface length, and thereby the ease of cutting 127} From that point on, no further difficulties were
noted. Of particular note was the increased ease of not having to withdraw the needle and replace it with a surgical
blade, thereby seeming to reduce the duration of the procedure (though time was not formally measured). In terms
of cost, one disposable knife set with a single handle and a #11 blade was found to cost $12.99 for the handle and
roughly $0.27 US per blade when purchased in a box of 100 ($26.99 for the box), for a total unit cost of $13.26
US. Since needles and syringes already were used by all the surgeons, there was no additional cost of the needle-

knife device (Table 2).

Table 2. Outcomes of 99 knee arthroscopies.

Number of knees operated on 99

Days to suture removal

Mean 73

Standard deviation 1.2

Minimum 5 5

Maximum 13

Days to final post-operative assessment

Mean 8.2

Standard deviation 1

Minimum

Maximum 14

ANKSD with discharge 1.0% p 0.316 p=0.316

Standard blade with discharge 0.0% 0.00%

ANKSD with total healing 99.0% p 0.316 P=0.316

Standard blade with total healing 100.0% 100.00%
DISCUSSION

The concept of using a needle for fine cutting is not new the term needle-knife first appeared in the medical
literature in 1952 29. However, it was not until the late 1980’s and early 1990’s that needle-knife techniques
started to be adopted widely, and this was virtually always for procedures relating to the pancreas, in particular
sphincterotomies and the resection of bile duct papillomas 14,30. More recently, though it continues to be used
extensively for biliary tree related procedures like Endoscopic Retrograde Cholangiopancreatography (ERCP) 11 ,

pancreatic sphincterotomies 10,17 and biliary papillotomies 14,30,31, the range of gastrointestinal disorders for
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which a needle-knife is used has expanded dramatically to include the release of oesophageal stenosis 18 , biopsy
of gastrointestinal tumours virtually anywhere along the Gl tract’s length 19,21 and repair of leaking surgical
anastomoses following resections of Gl tract segments 20 28, In several instances, a needle-knife has been
compared with traditional surgical blades in this setting and found to yield comparable if not enhanced results, at
lower cost, and with no additional risk 12,15,17,21,25,30. In two recently-published papers, simple 18-gauge 24
and 25-gauge 23 needles have been used to cut through the arachnoid during micro-neurosurgical procedures,
again with good results. In Mexico City, Nathal reported more than 350 cases in which an 18-gauge needle was
used instead of a standard arachnoid knife, all without incident 24. In this setting, the disparity in cost between the
non-disposal arachnoid knives, which are made from stainless steel, titanium, or diamond-tipped materials and,
hence, very expensive, can be quite stark [29), And, though such blades are labelled ‘non-disposable’, repeated use
and repeated cleaning causes the blades to become dull, so they do need to be replaced on a frequent basis. In
this setting, three advantages of using simple hypodermic needles for cutting are (1) that they are disposable by
nature, and hence always maximally sharp; (2) their cost is minimal; and (3) they are readily available. The same
can be said of arthroscopy procedures, especially in countries or other settings where the cost of thirteen plus
dollars per procedure is not so insignificant, and where sterilization procedures may not be as reliable as in more
technologically-advanced settings [2°l, In our series, the only difference between 99 portals created with a simple
needle and syringe and 99 created using a standard surgical knife was a single case of minimal drainage and
delayed wound closure, which required a short course of antibiotics at home and prolonged total healing by roughly

6 days. In exchange, the cost savings over 99 procedures would have been roughly $1300.

We found, however, that using a larger bore needle (gauge 14 instead of 18%2) was preferable because the thinner
needle was overly flexible. Comparing the smaller and larger bore needle is akin to comparing Gigli wire bone saws
vs. a pneumatic power oscillating bone saw, in that the latter required fewer strokes to create the right size incision

[31],

CONCLUSION

This paper is the first published assessment of needle-knife use for an orthopaedic procedure outside the
Chinese language literature. Our results are a clear indication that further research on this potentially-useful
surgical alternative is warranted. Clearly, our study has limitations, including the lack of randomization; the use

of both treatments on each knee (as opposed to patients receiving exclusively one approach or the other); the
absence of long-term follow-up and outcomes like ultimate pain level and function; our failure to compare
outcomes of interest like the actual procedural time needed for arthroscopy using the ANKSD versus standard
knife, since operating room time is a sizeable, though often overlooked determinant of treatment cost; and a
more detailed economic analysis that includes the cost of antibiotics and other medications with one approach
versus the other.

Another advantage not yet mentioned of a needle over a blade is that the former can be mutli-purpose, not just
cutting, but also available for the infusion of fluid into or aspiration of fluid out of the joint. In injured knees, both
functions can be of value, as dried blood or other debris is rinsed away and then aspirated out of the joint to aid in

visibility and facilitate repair.

RRIOB| Volume 11 | Issue 3 | March, 2022

69



Research & Reviews: Journal of Medical and Health Sciences ISSN: 2319-9865

AKNOWLEDGEMENT
Luiz Carlos Proenga Domingues, Mechanical Engineer, President d2eng, Sao Paulo SP Brazil E-mail:
d2eng@d2eng.com.br

REFERENCES

1. Kim TK, et al. Neurovascularcomplications of knee arthroscopy. Am J Sports Med. 2012; 30:619-629.

2. lliha OA, et al. Deep venous thrombosis after kneearthroscopy: a meta-analysis. Arthroscopy. 2005; 21:727-730.
3. Reigstad O, et al. Complications in knee arthroscopy. Knee Surg Sports Traumatol Arthrosc. 2006; 14:473-477.

4. Marmor S, et al. Joint infection after kneearthroscopy: medicolegal aspects. Orthop Traumatol Surg Res
2009;95:278-283.

5. Wind WM, et al. Infection following knee arthroscopy. Arthroscopy. 2001; 17:878-883.

6. Krivic A, et al. Lesion of thecommon peroneal nerve during arthroscopy. Arthroscopy. 2003;19: 1015-1018.

7. Hussein R, et al. Management of knee arthroscopy portals. Knee. 2001; 8:329-331.

8. Peicha G, et al. Transsection of the peroneal nerve complicating knee arthroscopy: casereport and cadaver study.
Arthroscopy. 1998; 14:221-223.

9. Azar RR, et al. Wire-guided pancreatic pseudocyst drainage by using a modified needleknife and therapeutic
echoendoscope. Gastrointest Endosc. 2006;63:688-692.

10. Buscaglia JM, et al. Pancreatic sphincterotomy: technique,indications, and complications. World J Gastroenterol
2007;13:4064-4071.

11. Gullichsen R, et al. Needle-knife assistedERCP. Surg Endosc. 2005; 19:1243-1245.

12. Katsinelos P, et al. Needle-knife papillotomy:a safe and effective technique in experienced hands.
Hepatogastroenterology. 2004; 51:349-352.

13. Lim JU, et al. Early Use of Needle-Knife Fistulotomy IsSafe in Situations Where Difficult Biliary Cannulation Is
Expected. Dig Dis Sci. 2012.

14. Rabenstein T, et al. Benefits andrisks of needle-knife papillotomy. Gastrointest Endosc. 1997;46:207-211.

15. Siegel JH, et al. The needle knife: a valuable tool indiagnostic and therapeutic ERCP. Gastrointest Endosc 1989;
35:499-503.

16. Tham TC, et al. Needle-knife sphincterotomy and post-ERCPpancreatitis: time to lower the threshold for the
needle? Gastrointest Endosc. 2010; 71:272-274.

17. Varadarajulu S, et al. Randomized trial comparing needle-knifeand pull-sphincterotome techniques for
pancreatic sphincterotomy in high-riskpatients. Gastrointest Endosc 2006; 64:716-722.

18. Canhoto M, et al. Needle-knife incisional treatment of refractory esophagic caustic stenosis. Endoscopy 2011,
43:UCTN:E386.

19. de la Serna-Higuera C, et al. EUS-guided single-incision needle-knife biopsy: description and results of a new

method for tissue sampling of subepithelial Gl tumors. Gastrointest Endosc 2011; 74:672-676.

RRIOB| Volume 11 | Issue 3 | March, 2022

11

70



Research & Reviews: Journal of Medical and Health Sciences ISSN: 2319-9865

20. Zhou JI, et al. Endoscopic Needle Knife Therapy for Anastomotic Leakage Following Anterior Resection for Rectal
Cancer. Colorectal Dis. 2011.

21. Zhou PH, et al. Advantages of endoscopic sub mucosal dissection with needle-knife over endoscopic mucosal
resection for small rectal carcinoid tumors: a retrospective study. Surg Endosc 2010; 24:2607-2612.

22. Fritsche HM, et al. Water-jet-aided transurethral dissection of urothelial carcinoma: a prospective clinical study. J
Endourol2011; 25:1599-1603.

23. Leach PA, et al. A 25-gauge needle used as an arachnoid knife in micro neurosurgery. Br J Neurosurg 2004;
18:506.

24, Nathal E. Arachnoid knife from a hypodermic needle Technical note. Surg Neurol 2007; 68:541-543.

25. Lu D, et al. Small needle-knife for the treatment of heel pain according to its classification. Zhongguo GuShang
2010; 23:616-619.

26. Zeng GG, et al. Effects of needle knife relaxingtherapy on tension of local soft tissue and pain of osteoarthritis
of knee. Zhongguo Zhen Jiu. 2008; 28:244-247.

27. Zhao XH, et al. Close lysis with needle knife for thetreatment of gluteus contracture. Zhongguo Gu Shang

2009; 22:517-518.

28. Arthroscopic Needle-Knife Surgical Device (ANKSD). 2011.

29. Ot'lan RG. Needle-knife in tissue therapy, preliminary communication. Vestn Oftalmol. 1952; 31:44.

30. Dowsett JF, et al. Needle knife papillotomy: howsafe and how effective? Gut. 1990; 31:905-908. [Crossref]
[Pubmed]

31. Baillie J. Needle-knife papillotomy. Gastroenterol Hepatol (N Y) 2010;6:759-761.

RRIOB| Volume 11 | Issue 3 | March, 2022

12

71



72

4.6 Artigo Publicado: Medical & Clinical Research

Ravaglia F F A, Cliquet Jr. A. Arthroscopic needle knife for knee video arthroscopic
surgical portals. Medical & Clinical Research. 2022; 7(8):01-03.

ISSN: 2577 - 8005

Resiurch Asiiels Medical & Clinical Research

Arthroscopic needle knife for knee video arthroscopic surgical portals

Fabio FA Ravaglia"’, Alberto Cliquet Junior*

Department of Surgery, University of Campinas, UNICAMP,

Brazil ‘Corresponding author

Fabio FA Ravaglia, Department of Surgery, University of Campinas,
UNICAMP, Brazil.

Department of Orthopedics and Traumatology, University of
Submitted: 30 Jul 2022; Accepted: 10 Aug 2022; Published: 16 Aug 2022

Campinas, UNICAMP, Brazil.

Citation: Fabio FA Ravaglia, Alberto Cliguet Junior (2022) Arthroscopic needle knife for knee video arthroscopic surgical
portals, Medical & Clinical Research 7(8):01-03,

Abstract

Introduction: A new era of orthopedic surgery is happening nowadays. innovative procedures like video surgery; Ultrasound
Guided Interventions; Pain interventionist orthopedics procedures; plastic surgery (cellulites subcision treatment); hydrodissection
injections; dry needling; thermography assisted pain procedures and acupuncture started to be widely performed [3].

Objective: The aim of the research is to assess the possibility of a needle knife surgical device to perform portals of knee video
arthroscopic surgical interventions and to evaluate the two diferentes needle-knife surgical devices [7-9].

Method: 200 consecutive knee Video Arthroscopies performed by the same team were divided in two groups: A and B.

Group A: the lateral portal used a hypodermic needle 40X12 (18Gx 1°1/2) for portal performance.

Group B submitted a lateral portal using a metal guide for intravenous catheter 14Gx2".

The medial portal, a 11 blade knife, was used for both cases.Comparison of two groups by assessing wound healing time;
superficial and deep infection; pain, cosmesis by a third person nurse.A surgeon s opinion for friendly use comparing group A
or B was made [8, 9].

Results: There were nor superficial or deep knee infections. No wound healing problems, same time of healing. No difference in
pain related to the wound. Cosmesis were similar: The surgeon s choice was the metal guide for intravenous catheter 14Gx2"is
more friendly due to the rigidity in comparison to a hypodermic needle 40X12 (18Gx 1'1/2).

Conclusion: The two needles seem suitable for knee video arthroscopy surgical interventions. The surgeon s choice was the metal
guide for intravenous catheter 14Gx2 " is more friendly due to the rigidity in comparison to the 40x12 needle [7-9].

Keywords: Knee, Video Arthoscopy, Portals, Needly Knife Surgery

Introduction Objective

Anew era of orthopedic surgery is happening nowadays. innovative  The aim of the research is to assess the possibility of a needle
procedures like video surgery; Ultrasound Guided Interventions;  knife surgical device to perform portals of knee video arthroscopic
Pain interventionist orthopedics procedures; plastic surgery surgical interventions and to evaluate the two diferentes needle-
(cellulites subcision treatment); hydrodissection injections; dry knife surgical devices.

needling; thermography assisted pain procedures and acupuncture

started to be widely performed [3-6].
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Figure 1: Two different devices for portal in video knee arthroscopies by using a metal guide for intravenous catheter 14Gx2” and the

lateral portal used a hypodermic needle 40X12 (18Gx 1°1/2).

The aim of the research is safety; efficacy and viability assessment
of portals performance by using two different devices for portal in
video knee arthroscopies by using a metal guide for intravenous
catheter 14Gx2” and the lateral portal used a hypodermic needle
40X12 (18Gx 1°1/2) [7-9].

Method

200 consecutive knee Video Arthroscopies performed by the same
team were divided in two groups: A and B. Group A: the lateral
portal used a hypodermic needle 40X12 (18Gx 1°1/2) for portal
performance. Group B submitted a lateral portal using a metal
guide for intravenous catheter 14Gx2”.

The medial portal, a 11 blade knife, was used for both cases.

Figure 2: Group A: the lateral portal used a hypodermic needle 40X12 (18Gx 1°1/2) for portal performance. Group B submitted a lateral
portal using a metal guide for intravenous catheter 14Gx2”. The medial portal, a 11 blade knife, was used for both cases.

Comparison of two groups by assessing wound healing time;
superficial and deep infection; pain, cosmesis by a third person
nurse.
A surgeon’s opinion for friendly use comparing group A or B was
made.

The operative wound was assessed by a third person (Nurse) in the
follow up after 5, 8, 10 e 15 days until the suture removal.

The wound was assessed by redness (rubour); wound dehiscence;

discharging and suture removal time. Only the arthroscopic wound
was assessed.

Comparison of two different needles used as knife on knee
arthroscopic portal scalpel were made by assessing wound healing
time; superficial and deep infection; pain, cosmesis and surgeon
opinion for friendly use [7-9].

Results
200 knees were performed. There were 61% men and 39% women,
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70% simple arthroscopies and 30% Anterior Cruciate ligament
Repair. The mean age was 46 years old, age variation from 21
years old to 76 years old. No wound healing events occurred.

Statistical Significance
100 knee arthroscopies were assessed in group A and 100 knee
arthroscopies were assessed in group B.

There were nor superficial or deep knee infections. No wound
healing problems. Same time of healing. No difference in pain
related to the wound. Cosmesis were similar,

The surgeon’s choice was the metal guide for intravenous catheter
14Gx2” is more friendly due to the rigidity, more stability, and
more cutting edge surface in comparison to a hypodermic needle
40X12 (18Gx 1°1/2) due to be longer, thicker and bigger than the
hypodermic needle. .

Discussion

Needle Knife is more used for gastrointestinal surgery. Few
reports using Needle Knife in Orthopedics are made; especially in
Chinese literature [3-9].

Application of a hypodermic needle 40X12 (18Gx 1°1/2) has
been used successfully at Hospital Lariboisiere, in Paris, by
Jean Lermusiaux,MD (French rheumatologist) Dupuytren’s
percutaneous treatment using a needle knife. The same surgical
method has been used in several medical services throughout the
world. 2

During my medical training in Brazil, busy hospitals faced
shortage of basic equipment in the casualty department. Most of
them due to logistic issues. It was evidence-based practice to use
a ‘pink needle” “for abscess drainage, small incisions, and suture
removal”. Based on this evidence-based practice, this needle-knife
was developed by Ravaglia & Cliquet and presented in papers
of 2011 and 2012 on An Arthroscopic Needle-Knife Surgical
Prototype Device (ANKSD) [2] in Prague at TWC 2011 [2] and in
Dubai at OWC 2012. They presented a prototype of a needle-knife
for orthopedic procedures based on an 18G11/2 needle [3-9].

The usage of a needle instead of a knife sounds awkward; but if you
have different devices to slice a cheese like knife; wires; prairies
and so on with at least the same precision. The same way for bone
cutting there are different devices like giglis” wire, oscillating and
reciprocating saw with at least similar results [1].

In this research it was compared two different needles to be used as
a knife for arthroscopic portal approach.

It was compared a hypodermic needle 40X 12 (18Gx 1°1/2) shorter;
thinner and smaller to the metal guide for intravenous catheter
14Gx2”.

The second device is longer, thicker and bigger than the previous
one. This gives more stability, rigidity and more cutting edge
surface.

The advantages of using a needle knife is due to the short bisel
layer by layer precisely being open avoiding neighborhood tissue
damage, such as cartilage. It is not necessary to replace a knife
after finding the optimum cutting portal place as it is being used for
several surgeons worldwide [10]. This method is multifuncional
for cutting; aspiration and injection at the same device. Maybe less
costly than using more than one instrument [3-9].

Conclusion
The two needles seem suitable for knee video arthroscopy surgical
interventions [7, 8].

The surgeon’s choice was the metal guide for intravenous catheter
14Gx2” is more friendly due to the rigidity in comparison to the
40x12 needle [7, 8].

This method is multifuncional for cutting; aspiration and injection
at the same device. Maybe less costly than using more than one
instrument.
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5. DISCUSSAO

Ha registros da existéncia de um bisturi desde a Idade da Pedra, no Periodo
Mesolitico, 8.000 a.C. Em 1910, o Dr. John B. Murphy's criou escalpes, que na verdade
eram navalhas especiais, influenciado pelo invento de King G. Gillette patenteado em
1904 (18).

Morgan Parker, em 1915, patenteou o bisturi em duas partes. Este bisturi é
praticamente o mesmo utilizado por nés nos dias de hoje (18). Ou seja, utilizamos o
mesmo bisturi ha mais de 100 anos e tudo nos leva a crer que o utilizaremos por muitos
anos mais, o que denota a importancia desse grande invento.

O bisturi, apesar de ser um invento muito eficaz, tem limitagdes em relagao a
multifuncionalidade. Neste sentido, o bisturi agulha poderia oferecer fungdes
complementares em procedimentos cirurgicos que necessitam de pungao, aspiragao e
corte.

O conceito de utilizar uma agulha para cortar ndo é novo. O instrumento
chamado de Needle Knife apareceu pela primeira vez na literatura em 1952. Porém, a
adocao de técnicas utilizando o bisturi agulha tornaram-se mais comuns no final dos anos
80 e inicio dos anos 90 do século XX. Foram utilizados principalmente para cirurgias
ligadas ao pancreas, especialmente em esfincter, ostomias e ressecg¢ao de papilomas
nos ductos pancreaticos. Mais recentemente, o uso costumeiro do bisturi agulha
aumentou para cirurgias no trato biliar com procedimentos de colangiopancreatografia
retrograda endoscopica (CPRE), esfincterotomia pancreatica e papilotomos biliares. A
utilizacdo do bisturi agulha aumentou tanto na cirurgia gastrointestinal quanto para
liberagcdo de estenose de esbdfago, bidpsia de tumores gastrointestinais em todo trato
gastrointestinal, e reparagao de fistulas de anastomoses devidas a ressecg¢ao intestinal
pregressa (19,20,21,22).

Varios estudos foram realizados comparando o bisturi convencional ao bisturi
agulha. Eles concluiram que n&o ha vantagens, menor custo, multifuncionalidade e nem
riscos adicionais.

Em 1979, um médico reumatologista francés, Dr. Lermusiaux (14), descreve o

tratamento cirurgico de cirurgias de aponeurectomia por agulha no tratamento de
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contratura da Moléstia de Dupuytren. Em 2012, Gary (25) concluiu que & um
procedimento seguro e que pode ser realizado em consultérios, com baixas taxas de
complicagbes. Recidivas sado frequentes em pacientes jovens com contratura na
articulagao interfalangeana proximal.

O uso de agulha bisturi para incisar a membrana aracnoide foi realizado em
procedimentos neurocirurgicos, um destes utilizando agulhas de 18G e, outro, agulha de
25G, alcangando bons resultados. Em 2007, Nathal, da Cidade do México, utilizou uma
agulha de 18G na inciséo de 350 aberturas da membrana aracnéide, em 350 pacientes
submetidos a tratamento neurocirurgico. Nenhum incidente negativo foi registrado (17).

Relatos de uso de bisturi agulha na ortopedia iniciam em publicacbes na
literatura médica chinesa. Em 2008, Zeng e colaboradores descrevem o efeito do bisturi
agulha para a liberagao de tensao de partes moles no tratamento de dores em gonartrose.
Em 2009, Zhao e colaboradores fizeram o uso de bisturi e agulha para liberagao de
contraturas gluteas. Em 2010, Lu e colaboradores descrevem uma classificagdo e uso de
pequenos bisturis agulhas para o tratamento de dor calcanea (19,20,21,22).

Relatos da cirurgia percutdanea no mundo n&do sao novos. Lorthinoir Jr., em
1958, descreveu o método de tratamento subcutédneo de dedo em gatilho (25). Em 1992,
D. Eastwood e colaboradores publicaram um trabalho no Reino Unido sobre a liberagao
percutdnea do dedo em gatilho, sendo um procedimento de consultério. Eles utilizaram
uma agulha hipodérmica de 21G na liberagdo da polia A1, que se mostrou eficaz,
conveniente, segura e bem tolerada. Bons resultados em 94% dos pacientes analisados
nos 13 meses de seguimento clinico (25).

No Brasil, Edson S Sato e colaboradores no Departamento de Ortopedia e
Traumatologia da Universidade Federal de Sao Paulo estudaram, em estudo prospectivo,
o resultado do tratamento do dedo em gatilho pela liberagao percutanea da polia A1 e as
complicacbes associadas ao método utilizado. O material consistiu de 76 dedos em
gatilho pertencentes a 65 pacientes, submetidos a liberagédo percutanea da polia A1 com
agulha hipodérmica 40 x 12, em regime ambulatorial. O método do tratamento pela via
percutanea mostrou-se eficiente, resultando em 100% de correcao do gatilho (25).

Em 2008, Paulius descreveu o uso de cirurgia percutanea para dedo em

gatilho, percutédnea e auxiliada por ultrassonografia (24).
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O cirurgido plastico Chacur desenvolveu a técnica Gold Incision® para o
tratamento estético de celulite. Ele desenvolveu uma agulha com ponta de baioneta
maciga, cuja parte canulada termina no inicio desta ponta em baioneta no Vs distal da
agulha. A ponta em baioneta tem funcdo de seccionar as membranas de fibrose que
causam a depressdo de pele e pelo orificio bilateral sdo injetados PMMA para o
preenchimento estético (11).

Em 2011, Ravaglia e Cliquet desenvolvem um bisturi agulha chamado de
ANKSD Arthroscopic Needle Surgical Device, em que a inovagao consistia no fato da
agulha ser oval ou eliptica para haver maior superficie de corte no bisel da agulha e
proporcionar maior area de corte (19,20,21,22).

Ravaglia e Cliquet realizaram em estudo comparativo do uso de incisées por
videoartroscopia em joelho. No portal lateral foi utilizado o guia de cateter intravascular
periférico 14 gauge, em metade dos casos, consecutivamente. Na outra metade, foi
utilizada a agulha hipodérmica, agulha 40x12. No portal lateral, a lamina de bisturi
numero 11 foi utilizada. O estudo mostrou, nos 99 pacientes, que o uso do cateter
intravascular € superior em termos de manuseio em comparagao ao outro, apesar de
resultados clinicos iguais e complicagdes iguais. Este estudo foi mais tarde confirmado
com 200 pacientes. A avaliacdo se da por uma terceira pessoa ndo presente na
intervencgao cirurgica, considerando tempo de cicatrizacdo, infecgao superficial, infecgao

profunda, dor na ferida dos portais, cosmesis e opinido subjetiva do cirurgiao (21,22).
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Figura 28: Fotografia dos portais, sendo o da direita realizado pela agulha
hipodérmica 40x12 (18Gx1 '12); o da esquerda pelo guia metalico do
cateter endovenoso 14 Gx2"; e os portais mediais realizados por bisturi
l&mina 11.

Fonte: acervo pessoal do pesquisador (Fabio F. A. Ravaglia)

Os resultados foram semelhantes, sem alteracdes nas cicatrizes e sensibilidades
nos portais. Na opinido do cirurgido, o Guia Metalico do Cateter parece ser melhor devido
a maior espessura e superficie de corte.

No trabalho de Ravaglia e Cliquet sobre o desenvolvimento de um equipamento
cirurgico baseado no guia metalico do cateter endovenoso, podemos observar, como
mostra na Figura 29, que a distribuicdo de tensdo ao longo da agulha permanece a
mesma nos trés modelos. Porém, na ponta da agulha onde foi modificado, o modelo 2 e
3 apresentam valores um pouco maiores devido a diminuigdo da espessura pelo formato
do chanfrado. Temos o baseline em 164 Mpa, o modelo 2 com 221 Mpa e o0 modelo 3

com 190 Mpa (19).

E(,y

2
[ 164 Mpa LB | 190 Mpa

Modelo 1: Modelo dereferéncia Modelo 2: chanfrado maior Modelo 3: chanfrado menor

Figura 29: Distribuicdo de tensao ao longo dos trés modelos de agulhas
Fonte: dados da pesquisa
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Para o resultado de deslocamento, avaliagdo da rigidez, temos para a agulha
baseline 7,48 mm, o modelo 2 com 8,08 mm, um aumento de 8%. Para o modelo 3 temos

7,75 mm, um aumento de 3,6%.

8.08 mm J—
7.48 mm .75 mm

Modelo 1: Modelo de referéncia Modelo 2: chanfrado maior Modelo 3: chanfrado menor

Figura 30: Resultado do deslocamento nos trés modelos de agulhas

Fonte: dados da pesquisa

Como avaliagcdo comparativa pode-se afirmar que o modelo 3 apresentou
caracteristicas muito similares ao modelo baseline em relagéo a rigidez (3,6%). Isso
significa dizer que o desempenho durante a sua aplicagdo em relacédo ao baseline
(referéncia) sera muito similar.

Em relagao as tensdes obtidas, 0 modelo 3 apresentou um acréscimo de 15%
devido a reducao de espessura gerada pelo formato do chanfro, porém é pouco provavel
que ira ocorrer uma fratura da ponta da agulha considerando que n&o ha esse problema
no modelo baseline.

Na utilizagdo empirica, ao utilizar agulhas ou guias metalicos como bisturis em
grandes incisdes percebi dificuldades em segurar a agulha de maneira estavel e evitar a
sua rotacao devido ao atrito dos tecidos. Para tal, o Stop criado para ser utilizado em
diferentes pontos da agulha, bem como coloca-la alinhada com o bisel paralelo, é de
suma importancia em um desenvolvimento de bisturi e agulha. A capa com dupla funcao
empunhadura e descarte é fundamental também para facilitagéo técnica do equipamento

cirurgico.
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Figura 31: Ponto para a orientagdo do bisel e sistema de trava

Fonte: dados da pesquisa

No experimento realizado por Ravaglia e Cliquet no pé de porco, pode-se
considerar que os suinos sado geneticamente 98% semelhantes aos humanos. Hoje em
dia varios xenotransplantes estdo sendo realizados. Relatos de colegas cirurgides em
treinamentos de técnica cirurgica de colecistectomia por video em porcos referem grande
similaridade externa entre uma vesicula humana feminina e uma vesicula suina, devido
as dimensdes. Por este motivo o pé de porco foi escolhido, assim como uso de pecas de

agougue, a fim de evitar a necessidade de aprovagao em comité de ética em pesquisa.
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Figura 32: Peca de suino mostrando as similaridades externas

Fonte: acervo pessoal do pesquisador (Fabio F. A. Ravaglia)

Neste experimento a técnica cirurgica foi utilizada a out-of-plane alignment
(transverse or short axis), isto é: a agulha é colocada perpendicularmente ao transdutor.
A ponta da agulha é visivel e parte da haste. O desenvolvimento desta agulha bisturi

previu um ponto de identificacdo do bisel para facilitar a localizagéo da ponta e facilitagao

da cirurgia por esta técnica.
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Figura 33: Marcacgao no bisel da agulha para
identificacdo da agulha no procedimento cirurgico
Fonte: acervo pessoal do pesquisador (Fabio F. A. Ravaglia)

Nos experimentos com porco as agulhas com bisturis puderam cortar o tendéo
flexor dos dedos completamente. As bordas dos tenddes ficam irregulares em todos os
trés aparelhos. A capacidade de penetracdo € maior quanto mais agudo € o angulo do
bisel. Portanto, o bisturi chanfrado maior teve mais facilidade em penetrar na pele,
seguido pelo chanfrado menor e, depois, pelo aparelho referéncia. A agulha com chanfro
maior foi a unica que deformou bastante, contudo, sem fratura da ponta em nenhum caso.
A ponta baseline ou de referéncia € a mais rigida, seguida pela de chanfro menor e,

depois, a de chanfro intermediario.

Como resultado, a agulha com chanfro melhor teve melhor performance,
porém mais deformidade. A agulha controle apresenta boa rigidez, resisténcia e corte. A
agulha de chanfro menor apresentou boa rigidez, resisténcia e corte. Superior ao
controle.

Segundo Shah e colaboradores, em 2018 (26) o numero total de
procedimentos artroscopicos multiarticulares nos Estados Unidos foi de 1,77 milhdo. No
periodo entre 01 de janeiro de 2019 e 30 de janeiro de 2021 estima-se que 13 milhdes
de procedimentos cirurgicos foram realizados (16).

O preco de um bisturi descartavel com cabo esterilizado a seco, lamina 11,
no Brasil é cerca de R $2,20 (prego final). Um Jelco 14 sem trava de protegdo
aproximadamente R$1,30 (pregco Mercado Livre), e uma agulha com dispositivo de
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seguranga 1,20X40MM 18GX1 12 custa em torno de R $0,15 (pregco Mercado Livre).
Precos de outubro de 2022.

Se pensarmos que este bisturi desenvolvido no trabalho agulha custe por volta
de trés vezes o prego da agulha com dispositivo de seguranga 1,20X40MM 18GX1 12,
ainda € bem mais barato que um bisturi.

Levando em consideragao a otimizacdo de custos hospitalares, custos das
operadoras de saude cada vez mais altos e o grande crescimento de procedimentos
minimamente invasivos, ganha maior for¢ca a utilizacdo de um equipamento
multifuncional.

A utilizagdo intraoperatéria da ultrassonografia propicia a visualizagdo n&o
invasiva, interativa, dinamica e imediata dos vasos e nervos, o que a diferencia de outros
métodos de imagem. Como a imagem por ultrassom melhorou tremendamente na ultima
década, ele vem se tornado indispensavel para varios procedimentos invasivos
anestésicos e acredito que no futuro préximo, também, ortopédicos.

Considerando o trabalho de Ravaglia e Cliquet sobre o desenvolvimento de
um equipamento cirurgico baseado no guia metalico do cateter endovenoso para
resultados de estudos futuros, é de significativa importéncia levantar as propriedades
mecanicas da agulha para uma maior precisao dos resultados das analises, bem como o
real esforgo na ponta da agulha que, além do que foi considerado em uma dire¢ao, pode
ocorrer outros esforcos no momento de sua utilizagdo. Nos ultimos 20 anos o bisturi
agulha tem se tornado cada dia mais popular na literatura ortopédica e, mais
recentemente, nos procedimentos assistidos por ultrassom (19,20,21,22).

Excluindo o desenvolvido pelo cirurgido plastico Chacur, no Rio de Janeiro, da
técnica Gold Incision® com o uso da Golden Needle® para o tratamento percutaneo de
celulite liberando as fibroses subcutaneas com a Golden Needle® e injetando o PMMA
para preenchimento subcutdneo e dar a melhora estética, a maior parte dos
procedimentos foram utilizados por agulhas e guias de cateteres projetados para outros

procedimentos (11).
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Fonte: Dr Roberto Chacur (imagem autorizada)

Figljra 35: Golden Needlé® e a técnica Gold Incision®
Fonte: Dr Roberto Chacur (imagem autorizada)
A agulha é por si s6 um instrumento de corte. Ela é desenvolvida para
romper a solugao de continuidade da pele ou veia para administracdo de medicamentos
OuU pungao sanguinea.

A aplicagédo da agulha com ponta bisturi seria em todas as cirurgias. Em geral,
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cirurgia videoartroscopicas e videocirurgias, cirurgias auxiliadas por ultrassonografia,
incisdes de fixadores externos, cirurgias percutaneas e procedimentos que necessitam
de puncao, infiltragao e incisao.

Estes trabalhos sdo inovadores, pois desenvolvem, testam virtualmente e in
vivo instrumentais cirurgicos desenvolvidos para serem bisturis com ponta agulhas.

O trabalho prova que € possivel utilizar uma agulha com ponta bisturi
multifuncional para incisar a pele, puncionar e aspirar utilizando o mesmo instrumento.

Pesquisas futuras, para possivel utilizagdo em humanos, devem ser realizadas
também para aprimorar o instrumental com sensor de pressao dos tecidos, para otimizar
a eficacia e diminuir riscos. Além de avancos possiveis em variacbes de calibre,

navegados, neuroestimulagcao acoplada e saidas para radiofrequéncia pulsatil e continua.

6. CONCLUSAO

A agulha hipodérmica de chanfro intermediario parece ter maior penetracéo na
pele, corte e resisténcia maior que a de chanfro mais prolongado. Parece ser a mais
adequada para o uso.

A roupagem de empunhadura e descarte de protegao foram criadas.
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Distinguished Speaker of the presentation entitled Developing a needle-knife surgical
device at a Virtual Event - 3rd Advanced Materials Science held during March 21-23, 2022
Peers Alley Media: 1126 59 Ave East, V5X 1Y9, Vancouver BC, Canada World Congress.
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Anexo 2: Dispensa da aprovagao no comité de ética em pesquisa para avaliagao
do Sistema CEP-CONEP
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Anexo 3: Certificado de registro de desenho industrial outorgado pelo INPI, sob o
numero BR 3020120026121

1PI=—
REPUBLICA FEDERATIVA DO BRASIL e
MINISTERIO DO DESENVOLVIMENTO, INDUSTRIA E COMERCIO EXTERIOR

INSTITUTO NACIONAL DA PROPRIEDADE INDUSTRIAL
DIRETORIA DE CONTRATOS, INDICAGOES GEOGRAFICAS E REGISTROS

CERTIFICADO DE REGISTRO DE DESENHO INDUSTRIAL
BR 302012002612-1

0 INSTITUTO NACIONAL DA PROPRIEDADE INDUSTRIAL concede, automaticamente, sem exame (_16
mérito, o presente CERTIFICADO DE REGISTRO, que outorga ao seu titular propriedade do desenho industrial
discriminado neste titulo, em todo o territério nacional, garantindo os direitos dele decorrentes, previstos na legislagdo
em vigor.

(21) Namero do Depésito: BR 302012002612-1

(22) Data do Depésito: 23/05/2012

(45) Data de Concessao: 17/06/2014

(52) Classificagao Intemacional de Desenhos Industrias: 24-02

(30) Prioridade Unionista:

(54) Titulo: CONFIGURAGAO APLICADA EM PUNHO PARA MANUSEIO DE SERINGAS

(73) Titular: FABIO FERRAZ DO AMARAL RAVAGLIA, Médico(a). CGC/CPF:10336140843. Enderego: RUA ITAPEVA,
490, 10° ANDAR, SALAS 101/102, BELA VISTA, SAO PAULO, SP, BRASIL(BR), 01332-000, Brasileira

(72) Autor: FABIO FERRAZ DO AMARAL RAVAGLIA; LUIZ EDUARDO FERRAZ DO AMARAL; LUIZ CARLOS
PROENGA DOMINGUES

Prazo de Validade: 10(dez) anos contados a partir de 23/05/2012, mediante o recolhimento da taxa quinquenal de
manutencao (Artigos 119 e 120 da LPI) e observadas as demais condicbes legais.

Registro Concedido em: 17 de Junho de 2014.

Expedida em: 05 de Novembro de 2015.

Assinado digitaimente por:
Breno Bello de Almeida Neves
Diretor de Contratos, Indicagbes Geogréficas e Registros
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Anexo 4: Carta patente de invengao outorgada pelo INPI, sob o numero PI
1106478-1

Tt

REPUBLICA FEDERATIVA DO BRASIL
MINISTERIO DO DESENVOLVIMENTO, INDUSTRIA E COMERCIO EXTERIOR
INSTITUTO NACIONAL DA PROPRIEDADE INDUSTRIAL

CARTA PATENTE N° Pl 1106478-1

O INSTITUTO NACIONAL DA PROPRIEDADE INDUSTRIAL concede a presente PATENTE DE
INVENGAO, que outorga ao seu titular a propriedade da invengao caracterizada neste titulo, em todo o territorio
nacional, garantindo os direitos dela decorrentes, previstos na legislagao em vigor.

(21) Numero do Depdsito: Pl 1106478-1

(22) Data do Depésito: 01/11/2011

(43) Data da Publicagdo do Pedido: 24/04/2013
(51) Classificagdo Internacional: A61B 17/32

(54) Titulo: INSTRUMENTO CIRURGICO PARA ARTROSCOPIA E DEMAIS PROCEDIMENTOS CIRURGICOS

(73) Titular: FABIO FERRAZ DO AMARAL RAVAGLIA, Médico(a). Enderego: Rua Itapeva, 490 - 10° andar, salas
101-102 - Bela Vista, S0 Paulo, Brasil (BR/SP), CEP: 01332-000.; LUIZ EDUARDO FERRAZ DO AMARAL
RAVAGLIA, Engenheiro(a) Quimico(a). Enderego: Rua Itapeva, 490 - 10° andar, salas 101/102 - Bela Vista,

Sao Paulo, Brasil (BR/SP), CEP: 01332-000.; LUIZ CARLOS PROENCA DOMINGUES, Engenheiro(a).
Endereco: Rua Itapeva, 490 - 10° andar - salas 101/102 - Bela Vista, S&o Paulo, Brasil (BR/SP), CEP: 01332-
000.. FABIO RAVAGLIA, Aposentado(a), CGC/CPF: 01921304804. Enderego: RUA ITAPEVA, 490 - 10° ANDAR -
SALAS 101/102, BELA VISTA, SP, Sao Paulo, Brasil (BR/SP), CEP: 01332-000.

(72) Inventor: FABIO FERRAZ DO AMARAL RAVAGLIA; LUIZ EDUARDO FERRAZ DO AMARAL RAVAGLIA; LUIZ
CARLOS PROENGA DOMINGUES

Prazo de Validade: 20 (vinte) anos contados a partir de 01/11/2011, observadas as condigdes legais.

Expedida em: 3 de Maio de 2016.

Assinado digitalmente por:

Jalio César Castelo Branco Reis Moreira
Diretor de Patentes
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Anexo 5: Catalogo da empresa B Braun
A B. Braun é uma empresa de saude que fabrica produtos de anestesia, medicina

intensiva, cardiologia, terapias de substituicdo renais e cirurgias, além de oferecer
servigcos para hospitais e clinicas. Lider no mercado de saude, a empresa esta presente
em mais de 50 paises. Sediada em Melsungen, na Alemanha, chegou ao Brasil em 1960
e, atualmente, ocupa uma posigcao de destaque no segmento na regido da Ameérica do
Sul.

Descricado do guia metalico de cateter endovenoso 14Gx2 fabricado pela empresa
B Braun.
Material: Ago Inox 304 com 0,2 mm de espessura
Peso: 0.7g
Processo de fabricacdo: Laminacgao a frio, corte, desbaste por retifica e rebolo ou lixa;
Configuragao: 14Gx2”;
Dimensao: 2,2x50 mm
Vazao: 345ml/mim

Graduacgao: Graduacao inicial de seguranga de 5 mm, as demais de 10 mm.

Referencial técnico da agulha

- Dimensdes da figura abaixo:

2,2

15 . .8



- Graduacao:

Imagem do Ultrassom Cadigo de Seguranga® llustragao

As duas primeiras graduagdes serao de 5 mm e as proximas a cada 10 mm.

O comprimento da base do canh&o até o bisel € de 50 mm.
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Anexo 6: Research Square preprints are published under a CC-BY 4.0 LICENSE

Mark Brewin (Research Square Platform)
Sep 6, 2022, 14:37 EDT
Dear Fabio Ferraz do Amaral Ravaglia,

Thank you for your query. Research Square preprints are published under a CC-BY 4.0
LICENSE, meaning the author retains full copyright for their work. Further, you are more

than welcome to re-use material posted as a preprint on our platform.

For your reference, your work "Developing a Needle-Knife Surgical Device" (MSID:
8e3ea725-6724-447a-a9c0-fa0483cab55a) has been posted as a preprint on Research
Square through the optional in review preprint service offered by SpringerNature during

journal submission to Scientific Reports.

A preprint posted on the Research Square Platform is issued an official DOl and becomes
a part of the citable scholarly literature. DOIs are intended to be permanent records and
cannot be fully removed. Additionally, GoogleScholar, ResearchGate, EuropePMC and
Crossref automatically index preprints, creating a permanent digital presence. In Review

preprints remain posted regardless of the status at the journal.

However, please note that the DOI also ensures that your work is properly linked to you,
which helps avoid another individual claiming credit for your work. Finally, preprints are
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Anexo 7: Permissao para utilizar imagem em tese de PHD Unicamp Dr. Roberto
Chacur

Roberta Mathias <contato@robertochacur.com> 5 de setembro de 2022 11:32

Para: Fabio F A Ravaglia <fabiofaravaglia@gmail.com>

Ola Fabio, tudo bem?!
Claro, foi autorizado pelo Dr. Roberto Chacur.

Depois nos mande um resumo sobre o mesmo
€ seu uso.
Desejamos boa sorte!

Atenciosamente,
Roberta Mathias
Nos siga nas redes sociais @drchacur
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