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MIASHIRO, Edson Hidenori. Padronizacdo de modelo animal de custo reduzido
para estudo da necrose isquémica da cabeca femoral: andlise por radiografia
digital, tomografia computadorizada, microscopia de luz, imunohistoquimica e estudo
da marcha. 2020. 101 f. Tese (Doutorado em Ciéncias da Saude) — Universidade
Estadual de Londrina; Londrina 2020.

RESUMO

Introducéo: A necrose isquémica da cabeca femoral (NICF) afeta adultos, entretanto
acomete também criancas, na forma da Doenca de Legg-Calvé-Perthes (DLCP).
Objetivos: Nosso objetivo € padronizar um modelo experimental de NICF para o
estudo da DLCP, com custo reduzido. Também, propde-se introduzir testes de
avaliacdo da marcha, proporcionando uma analise funcional. Material e métodos:
Onze leitdes machos foram submetidos ao procedimento cirdrgico no quadril direito,
sendo o esquerdo utilizado como controle. Induziu-se a necrose por meio de
cerclagem dupla sobre o colo do fémur direito (COLFD) com fio inabsorvivel.
Seccionou-se o ligamento redondo. Os leitdes foram divididos em: Grupo A, com oito
animais, sacrificando-se dois animais respectivamente na 22, 42, 62 e 82 semanas ap0s
a inducao da necrose e Grupo B, com dois animais, submetidos a todo procedimento,
exceto a cerclagem do COLFD para comprova-la como indutora da necrose (Sham).
Realizou-se a observacédo visual da marcha nos determinados tempos de estudo,
utilizando a Classificacdo de Etterlin et al: 0, marcha normal;1, marcha irregular; 2,
claudicacdo moderada e 3, claudicacdo severa ou auséncia de deambulacdo. O
Grupo B foi sacrificado na 62 semana. Os fémures foram dissecados e armazenados
por congelamento. A seguir realizou-se a radiografia digital (RD), tomografia
computadorizada (TC) e analise macroscopica. Mediu-se a altura da epifise (A) do
apice da superficie articular até o ponto médio da fise metafisaria. Mediu-se a largura
da epifise (D) do ponto maximo medial ao maximo lateral na transicdo cabeca-fise
metafisaria. Calcularam-se os coeficientes epifisarios (COE) por meio da razdo entre
“‘A” e “D”. Os fémures foram armazenados e preparados para microscopia de luz e
imunohistoquimica utilizando o “Transforming Growth Factor Beta 1”7 (TGF-B1).
Resultados: No Grupo A foram operados 9 leitdes, com 8 evoluindo para NICF direita
e 1 Obito por sepse. Todos os leitbes apresentaram marcha grau 2. As cabecas
femorais direitas apresentaram na RD e TC, areas de esclerose 6ssea, achatamento,
colapso e fragmentagédo. Os valores da “A” e do COE da cabecga femoral direita
apresentaram-se menores que os da contralateral e da “D” em 7 animais (87,5%). Nas
placas de crescimento das cabecas femorais direitas observaram-se condrdcitos
agrupados desordenadamente e separados por lacunas vazias. No Grupo B, Sham,
nao ocorreram sinais de NICF nos exames de imagem e histolégicos e apresentaram
marcha normal. O Grupo A, apresentou reducdo da expressdo do TGF-B1 nas
cabecas femorais direitas com 2 e 6 semanas de pds-operatério e esquerdas com
oito semanas. No Grupo B n&o houve diferencas de expressao entre os lados.
Conclusdes: O modelo experimental descrito, com estrutura simples demonstrou
alteracbes de isquemia nos exames de imagem, marcha e histo-morfologia. O
congelamento dos fémures possibilita a realizagcdo da RD e TC nos laboratorios de
humanos em data programada e sem 0 prejuizo do diagndéstico de isquemia por
imagem. Este recurso permite a conservagao da peca anatdmica até que seja possivel
realizar os exames.



Palavras-chave: Necrose da cabeca do fémur. Isquemia;. Modelos animais. Doenca
de Legg-Calvé-Perthes.



MIASHIRO, Edson Hidenori. Reduced-cost animal model standardization for
studying avascular necrosis of the femoral head: analysis with the use of digital
radiography, computerized tomography scan, light microscopy, immunohistochemistry
and gait studying. 2020. 101 p. Tese (Doutorado em Ciéncias da Saude) —
Universidade Estadual de Londrina; Londrina 2020.

ABSTRACT

Introduction: Avascular necrosis of the femoral head (ANFH) affects adults, however,
children are also affected as Legg-Calvé-Perthes Disease (LCPD). Objectives: Our
purpose is standardizing an experimental reduced-cost model of ANFH for LCPD
study. Additionally, the introduction of gait assessment testing is suggested in order to
provide a functional analysis. Material and methods: Eleven male piglets were
submitted to a surgical procedure on the right hip, and the left one was used as control.
Necrosis was induced by means of double cerclage on the right femoral neck (RFN),
with non-absorbable thread. The round ligament was sectioned. The piglets were split
in Group A, consisting of eight animals, of which two were sacrificed in Weeks 2, 4, 6,
and 8 each, respectively, after necrosis induction; and Group B, consisting of two
animals submitted to all procedure, except RFN cerclage, in order to prove it as
necrosis-inducing factor (sham). The gait was visually observed at the established
study timepoints, following the Classification of Etterlin et al: 0: normal gait; 1: irregular
gait; 2: moderate claudication; and 3: severe claudication or absence of deambulation.
Group B was sacrificed in the sixth Week. Femurs were dissected and stored under
freezing. Thereafter, digital radiography (DR), computerized tomography scan (TC),
and macroscopic analysis were conducted. Epiphysis height (H) was measured from
articular surface apex to metaphyseal physis mean point. Epiphysis width (W) was
measured from the maximum medial point to the maximum lateral point, on
metaphyseal head-physis transition. Epiphyseal coefficients (EC) were calculated
using the ratio between “H” and “W”. Femurs were stored and prepared for light
microscopy and immunohistochemistry using “Transforming Growth Factor Beta 1”
(TGF-B1). Results: In Group A, nine piglets were operated on, 8 of which progressed
to right ANFH, and 1 died from sepsis. All piglets experienced gait grade 2. Right
femoral heads showed, on DR and CT scan, areas with bone sclerosis, flattening,
collapse, and fragmentation. Right femoral head “H” and EC values were lower than
the contralateral ones, and lower than “W” in 7 animals (87.5%). In the right femoral
heads growth plates, chondrocytes were observed to be disordered and separated by
empty gaps. In Group B, Sham, there were no signs of ANFH on imaging and
histological testing, and gait was normal. Group A had reduced TGF-31 expression on
right femoral heads at 2 and 6 weeks post-surgery, and on the left ones, at eight weeks.
In Group B there were no differences between sides. Conclusions: The experimental
model described, with a simple structure, revealed ischemia changes on imaging tests,
gait and morpho-histology. Femurs freezing enables the conduction of DR and CT
scans in human laboratories at a scheduled date, without affecting the ischemia
diagnosis through imaging. This resource allows to preserve the anatomical piece until
the conduction of tests is possible.

Keywords: Femur head necrosis. Ischemia. Models. Animal. Legg-calvé-perthes
disease
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1 INTRODUCAO

1.1 DEFINICAO DE NECROSE ISQUEMICA DA CABECA FEMORAL

A necrose da cabeca do fémur é uma das principais doencas degenerativas que
afetam o quadril. Pode levar ao colapso da cabeca femoral (CF) resultando em deformidade
permanente e artrose desta articulagdo.! Normalmente afeta individuos com idade média de
30 anos, entretanto acomete também criancas. Nos adultos esta relacionada a traumatismos,
exposicdo a radiacdo, uso de alcool? e hemoglobinopatias.® Os métodos de tratamento clinico
incluem: a retirada de carga do membro afetado, drogas para baixar o nivel de lipidios,*®
anticoagulantes,® prostaciclina,”® vasodilatadores, bifosfonados,®° terapia com ondas de
choque e aplicacéo de pulsos eletromagnéticos.?

Nos adultos, foram descritos varios métodos de tratamento cirdrgico como a
descompressdo 6ssea,'?'* com ou sem enxerto 6sseo,'! a descompressdo 6ssea com
enxerto vascularizado, osteotomias!**6 e as artroplastias.***’

Apesar destes tratamentos, a CF tende ao colapso e consequente artrose do quadril.

Nas criancas, a necrose isquémica da cabeca femoral (NICF) pode ser causada por
lesdes traumaticas, iatrogénicas ou pela Doenca de Legg-Calvé-Perthes (DLCP).

1.2 DOENGA DE LEGG-CALVE-PERTHES

1.2.1 Introdugé&o

Em 1910, trés artigos foram publicados respectivamente por A. Legg, J. Calvé e G.
Perthes. Estes estudos descreviam uma nova afec¢do do quadril de criangas, diferente da
tuberculose articular que era a doenca mais comumente encontrada naquela época.*®?°

Desde entdo, cerca de 2.000 pesquisas foram publicadas em relacdo ao tema.?* As

pesquisas e publicacdes no Brasil datam de mais de 50 anos.?!

1.2.2 Epidemiologia

A incidéncia da DLCP é de, aproximadamente, 15 por 100.000 crian¢as, sendo mais
comum nos meninos na propor¢do de 5:1. A doenga é muito rara nos individuos
afrodescendentes e nos chineses.?? Existe uma maior incidéncia nos individuos de classe
social baixa.?? O inicio da doenca encontra-se em limites estreitos de idade, com média de 6

anos e limites de 2 a 13 anos, sendo que 80% possuem entre 4 e 9 anos.?
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1.2.3 Etiologia

A etiologia continua obscura, ocorrendo um distarbio da circulacdo arterial, da
drenagem venosa da CF em crescimento ou de ambos. Trueta e Harrison atribuiram a causa
da necrose ao fechamento dos vasos epifisarios localizados na regido postero-superior do
quadril. Eles demonstraram que, em criancas na faixa etaria dos quatro aos sete anos, a Unica
fonte de suprimento sanguineo para a epifise femoral proximal sdo os vasos epifisarios
laterais, os quais, por traumatismos ou processo inflamatério, levariam a DLCP por
consequente obstrugdo.24

Robert Salter observou que a extensao da fratura subcondral nas fases iniciais da NICF

era um fator prognéstico importante.2>2¢

1.2.4 Fisiopatologia

A DLCP é causada por uma isquemia e diversos graus de necrose da cabeca femoral.
A fratura por fadiga do osso necrético subcondral desencadeia o processo de reabsorcao do
osso desvitalizado e o quadro clinico da doenca.?? A CF sofre diversos graus de deformidade
com consequente diminuicdo da amplitude articular do quadril, encurtamento do membro e
marcha claudicante. Na fase adulta pode ocorrer o desenvolvimento de uma artrose do quadril.

A extensao da leséo a placa cartilaginosa de crescimento e o processo de reparacao
subsequente a isquemia ndo sao, ainda, bem conhecidos e precisam ser estudados para que

seja possivel desenvolver novas terapias.?’28

1.2.5 Tratamento

O tratamento da DLCP pode ser conservador®?12%30 gy cir(irgico.6-2*

O tratamento inicial tem sempre como objetivo melhorar a mobilidade do quadril e a
relagdo anatémica entre a CF e o acetédbulo, tentando diminuir o efeito deletério da afeccéo
sobre a articulacao.

A indicagéo precisa do melhor tipo de tratamento &, por vezes, dificil, variando entre o
acompanhamento clinico e radiogréafico da crianca e o tratamento conservador com uso de
tracdo, de aparelhos ortopédicos ou gessados, de abducéo do quadril ou operatério.?*

O tratamento cirdrgico indicado primordialmente nas fases iniciais da DLCP esta
fundamentado em duas vertentes distintas: a que indica a realizacdo de uma osteotomia

femoral proximal varizante e derrotativa e a que recomenda a osteotomia do osso iliaco, na
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regido inominada do 0sso. As duas osteotomias tém o objetivo de melhorar a cobertura da CF
comprometida.?t3t

O objetivo inicial do tratamento da NICF, tanto nas criancas como nos adultos, é
preservar a CF e evitar a evolucdo progressiva para a artrose do quadril, pois ocorre em
individuos jovens. Em muitos casos isso ndo € possivel e o comprometimento da CF € de tal
gravidade que a Unica alternativa de tratamento é substitui-la por uma prétese (artroplastia
total de quadril).

A artroplastia total do quadril € um método de tratamento que estd em desenvolvimento
continuo buscando uma protese que nao seja afetada pelos efeitos do seu desgaste. Porém,
complicacdes como: soltura da protese, luxacoes, lesBes neuroldgicas, discrepancias no
comprimento dos membros, infecgbes, fraturas periprotéticas e desgaste das superficies
continuam sendo descritas na literatura.32-°

Por serem mais ativos, 0s pacientes mais jovens sdo aqueles em que a artroplastia
sofre os efeitos do desgaste mais precocemente e, quando isso ocorre, é necessaria uma
cirurgia de revisao. As revisdes das artroplastias séo cirurgias muito complexas, pois, quando
se remove a primeira protese, ja existe uma perda 6ssea, tanto no fémur como no acetabulo,
dificultando a colocacédo da protese de revisao.

Muitas vezes a perda 0ssea € tdo severa que existe a necessidade do uso de enxerto
0sseo de banco de ossos. Infelizmente o acesso dos cirurgides ortopédicos ao enxerto de
banco de ossos em nosso pais € extremamente dificil, sendo uma realidade em poucos
hospitais.

O resultado disso sdo milhares de pacientes cadeirantes a espera de uma vaga para

uma cirurgia de revisdo de prétese pelo Sistema Unico de Satde (SUS).

1.3 MODELOS EXPERIMENTAIS

A escassez de material humano para estudo em fases precoces ou assintomaticas da
DLCP, torna necessarios os modelos experimentais com animais.*! Na literatura, trabalhos
demonstram a utilizacdo de cées,*** ratos,**° porcos®27:28.50-5 e coelhos.%6-°8

O modelo experimental suino foi originalmente descrito por Salter.>® Apesar de este
modelo ter sido usado para desenvolver alguns dos conceitos atuais a respeito da patogénese
da DLCP, pouco foi escrito sobre ele, incluindo as alteracbes isquémicas na placa de
crescimento em torno do centro secundario de ossificacdo.?’

A preferéncia por este animal ocorre devido a semelhanca com o quadril humano
quanto a vascularizacéo e desenvolvimento, por ter baixa taxa de complicacdes?’ e pelo maior

tamanho dos quadris o que facilita o procedimento cirdrgico.
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Entretanto, neste modelo, a avaliagdo do desenvolvimento da DLCP é limitada apenas
aos estagios iniciais da mesma, pois o crescimento e a maturidade 6ssea suina ocorrem com
maior velocidade.®

A amostragem e os métodos selecionados na realizacdo dos estudos utilizando o
modelo suino com inducéo da NICF por cerclagem do colo do fémur direito (COLFD) estéo
evidenciados no Quadro 1. Nesta analise, é possivel visibilizar que ndo houve grande variacédo
entre as caracteristicas das amostras.

Observou-se que a maior parte dos autores utilizou radiografia, tomografia
computadorizada e microscopia de luz. Estes exames possibilitaram estudar a deformidade
da CF, as alteracfes celulares e até mesmo o teste de drogas.

A microscopia eletrénica permitiu o estudo da microestrutura 0ssea e alteracdes da
hidroxiapatita do osso necrético. Um melhor entendimento da composicao estrutural do 0sso
necrético pode trazer mais informacdes sobre a atividade do osteoclasto. Assim, novos
tratamentos visando reduzir a reabsorgdo 6ssea poderdo surgir.5!

Exames de imunohistoquimica foram utilizados para estudar alteragfes na atividade
do osteoclasto e testar drogas para diminuir sua atividade e reduzir a reabsor¢cdo 0ssea e
reduzir a deformidade da CF.5?

Adapala e Kim, em 2016,% utilizando a RT-PCR (reverse transcription-polymerase
chain reaction), observaram que ha genes envolvidos em hipdxia celular, angiogénese e
inflamacéo na cartilagem articular da CF com necrose. I1SSo representa um novo avango no
estudo da cartilagem imatura apds a necrose isquémica, podendo ser um principio para novas

terapias.



20

Quadro 1 — Descricdo comparativa de estudos com modelos experimentais suinos, através do

ndamero com a amostra, tempo de eutanasia e variaveis de estudo

Autor AM I (s) P (kg) Eutanasia Exames Conclusdes
59 * * % * Retirada de carga e uso de Ortese
Salter, 1966 RX reduziram a deformidade da CF
Kim. Su. Kiu Colapso e fragmentacdo da .CF.
2’001’27 ’ 27 2-4 5-8 3d, 12 "a 83s RX, ML Desorganizagdo dos condrdcitos,
centros de ossificacdo acessorios
Kim. Skelton Alteragfes metafisérias Nvariandc_) de
Quiglley 2004’28 50 4-8 6-9 22, 423 88s RX, ML pequenos cistos a lesdes maiores
' infiltrando a metafise
Rowe et al 22, 42 83, Reducéo dg altura da epifise, retardo
500563 v 44 4-5 7-9 122,162, RX, ML do crescimento e fechamento
20%s prematuro da fise
Kim et al., 2005° o 4.5 6-8 8as RX, ML Redugéo‘da deformidade da CF com
0 uso do ibandronato
Kim, Morgan- Reducédo da deformidade da CF com
Bagley, 18 | 45 6-8 8%s RX, ML, EIM 8. uso de osteoprotegerina que
Kostenuik. 200662 iminuiu f\tl\{ldade do osteoclasto e a
' reabsorcdo 6ssea
. | 2a 4a ga O mdodzlo ?ode jse‘r.qtiligadDoLglajraNo
owe et al., a 1pa estudo das fases iniciais da .Na
2006°° 26 45 9 122'0;;6 ’ RX, ML 20%s ou ap6s desenvolve-se artrose
severa
. Estudo do Oncose e apoptose estavam
KO‘hggg'?"SSt al., 10 6-9 4-6 5806;430(1 DNA (TUNEL), | envolvidas no processo de necrose
' ME apos isquemia
RX. Teste de A .NICF‘ leva a diminuigéo da
Koob et al., 20071 18 6-8 * 23 423 83g corln ressAo resisténcia mecanica e,
P consequentemente, ao seu colapso
_ 1d. 22 4a A necrose da placa de crescimento
Kim et al., 20095 | 65 4-6 5-8 '833‘ ’ RX, TC, ML néo foi uniforme permanecendo areas
vidveis
Shapiro et al Diminuicao da ,_altura e
200952 ” 10 3 * 13, 23 423 82s RMN, ML alargamento da epifise femoral.
Colapso da CF
53 * TC com Interrupcéo da circulacdo da CF apés
Zang et al., 2010 5 6-8 3h, 48h contraste a cerclagem do COLFD
a ra oa Tratamento com perfuracdes da CF
Ko;gleltGSal., 12 5-6 5-6 3 ’162; % RX, ML com broca ndo diminuiu a
S .
deformidade
Dello Russo et al Diminuicdo da deformidade _da CF
201254 ” 10 12 10-15 12s RX,ML com lbandronato e plasma rico em
plaguetas
. 66 a A retirada de carga diminuiu a
Kim et al., 2012 16 6-8 6-8 8%s TC, ML deformidade da CE
Aruwajoye, Kim Alter{;\gées da apatita dq 0SSO0
Aswath 261561‘ 6 6-8 6-8 23, 83s TC, ML, ME necrético podem estar relacionadas
' com o aumento de sua reabsorcdo
Adapala, Kim Na cartilagem articular_ foram
201655 ' 18 6 * 24h, 23s, 43s RT-PCR observados genes envolvidos em
hipdxia, angiogénese e inflamacéo
Johnson et al Mapeamento _d_a’ _NICF no _COS,
201857 " 10 6 * 2d, 43s RMN, ML car_tllﬁgem epifisaria e cartilagem
articular

AM: amostra; CF: Cabeca femoral; COLFD: Colo do fémur direito; COS: Centro de ossificagdo secundaria;
d: dias; DLCP: Doenca de Legg-Calvé-Perthes; EIM: Exame de Imunohistoquimica; I: Idade; Kg: Kilogramas;
ME: Microscopia eletrdnica; ML: Microscopia de luz; P: peso; RMN: Ressonéncia magnética nuclear; RT-PCR:

(Reverse transcription-polymerase chain

reaction);

RX: Radiografia; s:

Semanas; TC: Tomografia

computadorizada; TUNEL: (Terminal deoxynucleotidyl-transferase mediated dUTP)

* Dado néo informado pelo estudo
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O procedimento cirtrgico foi detalhado por poucos autores, em especial Kim et al.?’
Nos estudos, a simulagdo da DLCP foi induzida cirurgicamente através de distintas etapas.
Nem todos os trabalhos descreveram explicitamente cada etapa realizada, mas o trabalho de
Kim et al.?’ foi utilizado como referéncia do procedimento cirlirgico em outros estudos.

Nenhum dos estudos apresentados no Quadro 1 evidencia como foi realizado o
acompanhamento pés-operatoério das amostras.

No modelo suino para o estudo da NICF, ndo ha qualquer trabalho demonstrando
algum tipo de avaliacao funcional da marcha das cobaias ap6s a inducéo da necrose.

A claudicacdo é um dos sinais clinicos da NICF. Ocorre pela dor e, posteriormente,
pela incongruéncia articular, osteoartrite e diminuicdo da mobilidade do quadril. O principal
sintoma associado a osteoartrite é a dor.®® Distlrbios de movimento podem ser consequéncia
deste sintoma levando a claudicacdo. Modelos experimentais utilizando animais tém sido
utilizados para o teste de drogas para a analgesia na osteoartrite por meio da andlise da
marcha em laboratério.®® Novas pesquisas devem ser realizadas associando achados de
exames laboratoriais e de imagem da NICF com os disturbios da marcha.
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2 JUSTIFICATIVA

Apesar de o modelo suino para o estudo da NICF ter sido descrito por Salter,>® em
1966, nos paises em desenvolvimento existe apenas um estudo descrito na Argentina, em
2012, por Dello Russo et al.>*

A falta de recursos financeiros, de estrutura fisica e de investimentos na area de
pesquisa dificultam a execucdo de pesquisas nesse sentido nestas regibes, apesar de
existirem profissionais capacitados. Assim, a busca de alternativas priorizando a capacidade
técnica do pesquisador faz-se necessaria para possibilitar esta linha de pesquisa nestes
paises.

De modo até surpreendente, ndo se constatam analises funcionais, como o estudo da
marcha com o modelo suino. A claudicacdo é um dos sinais clinicos da NICF, sendo
necessario, também, estudar as alteracdes da marcha nesse modelo, como uma forma

indireta de andlise clinica.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Padronizar um modelo experimental de isquemia da cabec¢a do fémur para o estudo
da DLCP com custo reduzido. Também, propde-se introduzir os testes de avaliacdo da
marcha, proporcionando uma analise funcional das alteracBes provocadas pela isquemia,

aspecto ainda ndo analisado nos estudos experimentais publicados sobre o assunto.

3.2 OBJETIVOS ESPECIFICOS

1 - Estudar as altera¢cdes da CF na DLCP através de radiografia digital e tomografia
computadorizada (TC) da CF inteira e congelada nos diversos tempos de estudo.

2 - Estudar as alteracdes de marcha nas cobaias nos diversos tempos de estudo e
classifica-las de acordo com a classificacdo proposta por Etterlin et al.®

3 - Estudar as alteragbes da placa de crescimento por microscopia de luz (ML), nos
diversos tempos de estudo em peca anatdémica congelada.

4 - Estudar as reacdes de imunohistoquimica do Transforming Growth Factor Beta 1
(TGF-B1) nos diversos tempos de estudo em peca anatdmica congelada.
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4 MATERIAL E METODOS

Estudo registrado sob o processo CEUA n°® 7028.2015.85 e aprovado pela Comisséo
de Etica no Uso de Animais (CEUA) da Universidade Estadual de Londrina (UEL) (Anexo A)

e seguiu The Animal Research Reporting in Vivo Experiments Guidelines.”

4.1 ESTUDO PILOTO

Realizou-se um treinamento da técnica cirirgica em quatro quadris de cadaveres de
leitbes com quatro semanas. Em seguida, realizou-se a dissec¢ao dos fémures para o estudo
da anatomia e padronizacdo das técnicas de analise. Cada experimento foi repetido duas
vezes para seguranca da técnica.

O objetivo primario foi padronizar um modelo experimental suino factivel (com andlise
dos resultados de exames de imagem e histologia), para pesquisadores de paises com menos
estrutura de pesquisa; e o objetivo secundario foi estudar as alteracdes da marcha observada

nos animais submetidos a esse modelo experimental.

4.2 AMOSTRA

A amostragem foi escolhida de acordo com a literatura disponivel (Quadro 1) e
sob orientacdo da Comiss&o de Etica no Uso de Animais (CEUA) da Universidade Estadual
de Londrina. Kim et al. demonstraram que as alteracdes anatémicas nesse modelo de estudo
ocorreram em 82% dos animais submetidos a cerclagem.?”?® A determinacdo do nimero
amostral ndo tem carater exclusivamente estatistico, pois depende, principalmente, da
disponibilidade dos espécimes a serem investigados e do padrao ético envolvido (que exige,
guase sempre, amostras de tamanho reduzido ou reduzidissimo).”®

Assim, na lei do retorno decrescente, (método de “equacdo de recursos’’t)
determinaram-se 2 leitdes por tempo de estudo no grupo A e 2 leitBes no grupo B para cada
tempo de estudo. Os leitdes foram divididos em dois grupos. O grupo A com oito animais,
sendo sacrificados dois animais respectivamente na 22, 42, 62 e 8% semanas apos a inducao
cirrgica da necrose por cerclagem do colo do fémur direito (COLFD) e com a seccédo do
ligamento redondo, e o grupo B com dois animais submetidos ao procedimento cirirgico com
a seccao do ligamento redondo e sem realizar a cerclagem do COLFD, para comprova-la
como fator indutor da necrose isquémica da cabeca do fémur (NICF) (Sham). Os leitBes deste
grupo foram sacrificados na 62 semana, pois a deformidade da CF € mais evidente a partir

deste periodo de isquemia.?’
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Onze leitdes, hibridos comerciais (cruzamento das racas Large White e Landrace),
machos, ja que a DLCP é cinco vezes mais frequente em meninos que em meninas,?
procedentes de um fornecedor regulamentado pela Vigilancia Sanitéria, pesando entre 4-6
kg, com idade variando de 3 a 4 semanas, foram alojados no setor de grandes animais do
Hospital Veterinario da Universidade Estadual de Londrina (Figura 1) em baias (Figura 2),
durante trés dias antes do inicio do experimento.

Duas cirurgias foram realizadas por semana de acordo com a disponibilidade do centro

cirargico, sendo sorteado no momento da cirurgia a qual grupo pertenceria o animal.

Figura 1 — Enfermaria do setor de grandes animais do
Hospital Veterinario da UEL

Fonte: O proprio autor



26

Figura 2 - Baias para alojamento dos animais, com 2 leitdes por
baia

Fonte: O proprio autor

4.3 PROCEDIMENTO ANESTESICO

O modelo anestésico realizado utilizou Acepromazina na dose de 0,05mg/kg via
intravenosa (IV). Depois de 15 minutos, foi aplicado Cloridrato de Cetamina na dose de
4mg/kg (IV) associado ao Diazepam na dose de 0,5mg/kg (V) para se proceder a inducéo
anestésica. Para conferir a analgesia, foi empregado 0,2ml/kg de Lidocaina 2% por via

epidural lombossacra.

4.4 TECNICA CIRURGICA

O procedimento foi realizado em ambiente cirtrgico (Figura 3) pelo mesmo cirurgido
ortopedista, especialista em cirurgia do quadril, auxiliado por uma residente do primeiro ano
de Medicina Veterinaria. Foram realizadas duas cirurgias por semana de acordo com a
disponibilidade do centro cirargico. O fémur operado foi o direito sendo utilizado o esquerdo
como controle. O leitdo foi posicionado em decubito lateral esquerdo (Figura 4). A via de
acesso utilizada foi a posterior sobre o quadril direito, usando como parametro a palpacao do
trocanter maior (Figura 5). Foi realizada a dissec¢ao por planos na seguinte ordem:
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pele, subcutaneo e fascia (Figura 6);

incisdo do musculo gluteo maximo e afastamento do musculo gliteo médio para
exposicao da capsula (Figura 7);

capsulotomia e tracdo longitudinal para a luxacdo do quadril. O ligamento redondo
foi identificado e seccionado para evitar irrigacao pela artéria do ligamento redondo
(Figura 8);

cerclagem dupla sobre o colo do fémur com fio Prolene 2 Ethicon® utilizando um
“passa fios” (Figuras 9, 10 e 11). Utilizou-se este fio grosso e inabsorvivel para
evitar 0 seu rompimento ao tensiona-lo para amarrar o né. A cerclagem foi
realizada de forma dupla para aumentar a sua seguranca e eficiéncia;
fechamento realizado por planos (capsula, musculatura glatea, subcutaneo e pele),
utilizando-se o fio Mononylon 2.0 Ethicon®;

suturacao da pele com ponto continuo utilizando o fio Mononylon 2.0 Ethicon®.

Figura 3 - Sala de cirurgia do setor de grandes animais do Hospital
Veterinario da UEL, onde foram realizados os procedimentos

Fonte: O proprio autor



Figura 4 — Descricdo do posicionamento do leitdo na mesa
cirdrgica

O leitdo foi posicionado em decubito lateral esquerdo na mesa de
cirurgia.
Fonte: O préprio autor

Figura 5 — Via de acesso cirurgica 1. Parametros da
via de acesso

A via de acesso longitudinal esta indicada pela seta preta. O
apice do trocanter maior do fémur estd indicado pela seta
branca.

Fonte: O proprio autor
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Figura 6 - Via de acesso cirurgica 2. Incisdo da pele, subcutaneo e
fascia

Descrigdo da via de acesso cirdrgica. Dissecgao por planos. Inciséo da pele
e subcutaneo e identificacdo da fascia (seta preta). Incisdo da fascia e
exposi¢do do musculo gliteo méaximo (Seta branca).

Fonte: O préprio autor

Figura 7 — Via de acesso cirurgica 3. Exposicao da cépsula
articular

Descrigdo da via de acesso cirtrgica. O musculo gliteo médio foi
afastado com o afastador de Farabeuf (seta branca). O nervo ciatico
foi visibilizado (seta preta maior) assim como a capsula articular
(seta preta menor).

Fonte: O proprio autor



Figura 8 — Via de acesso cirurgica 4. Capsulotomia com identificagéo
do ligamento redondo

Descrigdo da via de acesso cirdrgica. O musculo gliteo foi afastado com
Farabeuf (Seta branca maior). Foi realizada uma capsulotomia (Seta preta
maior). O ligamento redondo foi isolado para ser seccionado (Seta preta
menor). A cabecga femoral foi visibilizada (Seta branca menor).

Fonte: O proprio autor

Figura 9 — Fotografia do Instrumento cirurgico “passa fios”

Instrumento cirdrgico utilizado para a realizagcao da cerclagem em torno do
colo do fémur.

Fonte: O proprio autor
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Figura 10 — Descricdo da cerclagem 1

Descri¢édo da cerclagem. Passagem dos fios Prolene Ethicon®
em torno do colo do fémur utilizando o “passa fios”. Seta preta:
“passa-fios”. Seta branca: Prolene Ethicon®

Fonte: O proprio autor

Figura 11 — Descricdo da cerclagem 2

Descrigéo da cerclagem. Amarrias dos fios de Prolene 2 Ethicon® para a
cerclagem dupla em torno do colo do fémur.
Fonte: O proprio autor
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Os cuidados poés-operatérios foram realizados por revezamento entre trés médicas
residentes veterinarias.

Foi administrado o Tramadol na dose de 1mg/kg por via intramuscular (IM) a cada 12
horas para a analgesia durante todo o periodo de experimento. Para minimizar o processo
inflamatério decorrente da agressao cirdrgica e auxiliar no combate a dor, foi utilizado o anti-
inflamatério Flunixim Meglumine na dose de 1,1mg/kg uma vez ao dia por via IM, durante
cinco dias.

O antibidtico utilizado foi a penicilina Benzatina na dose de 20000 Ul/Kg por via IM a
cada 48 horas num total de trés aplicacBes. A ferida foi protegida com bandagem com
curativos diarios na ferida cirdrgica com limpeza com solucao fisiolégica seguida de aplicagédo
tépica de Clorexidine tépico. Os pontos de pele foram retirados no décimo dia de pos-
operatorio.

A eutanésia foi realizada nos momentos determinados com a aplicagéo IV de Tiopental
Sadico a 2,5% na dose de 10mg/kg, seguida de aplicacdo de Cloreto de Potassio por via IV.

O descarte dos animais foi feito por meio de incineracdo por empresa especializada

terceirizada.

4.5 AVALIACAO DA MARCHA

O ciclo normal da marcha no ser humano se faz em duas fases: fase de acomodacgéo
de posi¢éo, quando o pé entra em contato com o solo, e uma fase de oscila¢cdo, quando o
movimento é empreendido.”? A pata pélvica do leitdo faz o movimento similar ao membro
inferior do ser humano. Os leitdes foram observados deambulando no momento anterior a
realizacdo da anestesia, nos determinados tempos de estudo. Foram realizados trés testes
de marcha para cada animal, com a observagéo visual e a gravagéo digital da marcha em
superficie plana, sem irregularidades. Essas possiveis alteracbes de marcha foram
comparadas no grupo A e B (Sham), nos diversos tempos de estudo, e a fim de se verificar a
correlagdo das imagens de NICF com a presenca de claudicagdo. A classificagdo de marcha
utilizada foi a proposta por Etterlin et al.®® para porcos, que varia de 0 a 3, sendo:

Grau 0: normal;

Grau 1: marcha irregular com encurtamento do passo e carga desigual em um ou mais
membros;

Grau 2: claudicacdo moderada com desvio evidente da carga de um ou mais membros

e dificuldade clara de deambulacéao;
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Grau 3: claudicacdo severa sem apoio no membro afetado ou incapacidade de
marcha.

4.6 PREPARACAO DAS PECAS ANATOMICAS PARA OS EXAMES

Imediatamente apés o sacrificio, foi realizada a dissecao dos fémures pelo mesmo
cirurgiao.

As pecas foram fotografadas e armazenadas em refrigerador doméstico comum a
temperatura de -20 graus Celsius por duas semanas em média, antes da realizacdo dos
exames de imagem.

As normas da Vigilancia Sanitaria impedem que 0s animais sejam submetidos a
exames em laboratérios de humanos. A dissec¢éo e o congelamento dos fémures possibilitam
a realizacdo dos exames destas pecas anatdmicas nestes laboratérios.

Diferente de Kim et al.,?”?® que realizaram cortes frontais da CF de 3mm para
realizacdo da radiografia digital (RD), fizemos exames da CF inteira sem cortes.

Em ambos os grupos, os fémures foram submetidos a RD na incidéncia antero-
posterior e a tomografia computadorizada (TC) nos cortes frontal, axial e tri-dimensional (3D)
no Laboratdrio do Instituto de Radiologia Manoel de Abreu de Apucarana. Em todos os leitdes,
a cabeca femoral esquerda foi usada como controle. Foi utilizado o aparelho de RD Toshiba
modelo 12M 500MAS e o de TC da GE modelo Hispeed Dual.

Apés a realizagdo dos exames de imagem, os fémures foram cortados no seu 1/3
proximal, na regido central no plano frontal utilizando serra cirtrgica a Nitrogénio. Foram
identificados e armazenados em solugéo de formol a 10%.

A CF do leitdo imaturo é composta pelas seguintes regides anatdbmicas (Figura 12):

Centro de ossificacdo secundéria (COS) que possui um formato semiesférico;

Cartilagem epifisaria (CE), contornando o centro de ossificagdo secundaria;

3. Placa de crescimento (PC), localizada entre a cartilagem epifisaria e o centro de
ossificacéo secundéria e que é responsavel pelo crescimento circunferencial;
4. Fise metafisaria (FM), que cobre toda a metéfise proximal e é responsavel pelo

crescimento longitudinal da porgéo proximal do fémur.



34

Figura 12 — Corte frontal da cabeca femoral do leitdo imaturo

Descri¢do da cabeca femoral do leitdo imaturo. Corte frontal da
cabeca femoral normal no ponto médio. A cabec¢a femoral do
leitdo imaturo possui um centro de ossificacdo secundaria
(COS) envolto pela cartilagem epifisaria (CE). A placa de
crescimento (PC) fica entre a cartilagem epifisaria e o centro de
ossificagdo secundaria. A fise metafisaria (FM) localiza-se na
base do COS. A metafise (M) da parte proximal do fémur situa-
se abaixo da FM.

Fonte: O préprio autor

A altura (A) foi medida na peca seccionada, do apice da superficie articular até o ponto
médio da fise metafisaria. A largura (D) foi medida do ponto maximo medial ao maximo lateral
na transi¢cdo cabeca-fise metafisaria (Figura 13). As medidas foram tomadas por um anico
pesquisador.

Calcularam-se os coeficientes epifisarios (COE) por meio da razéo entre Ae D. O COE
indica o prognostico da DLCP. A diminuicdo do seu valor significa piora no progndstico%¢7374
(Figura 13).

Em seguida, armazenaram-se as pecas em solucéo de formol a 10%.
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Figura 13 — Altura e largura da epifise da cabeca
femoral

Descricdo da A, D e COE. A altura da epifise esta
representada pela seta fechada (A). A largura (D) da epifise
esta representada pela seta pontilhada. O COE é calculado
pela razao entre A e D.
Fonte: O préprio autor

Apo6s aproximadamente quatro meses, devido a questdes operacionais do servico e a
fim de testar a possibilidade do uso de cabecas femorais congeladas, as pegas foram
mergulhadas em acido etilenodiamino tetra-acético (EDTA) para descalcificacdo e
processadas rotineiramente para inclusdo em parafina. Cortaram-se os blocos no micrétomo
rotativo. Depositaram-se os cortes sobre as laminas que foram coradas em hematoxilina
eosina (HE) para avaliar as alteragfes na placa de crescimento (PC). Foram analisados por
microscopia de luz (ML) com amplia¢des de 40, 100, 140, 240 e 340 vezes no Laboratério de

Histologia da Universidade de S&o Paulo.
4.7 ANALISE IMUNOHISTOQUIMICA

Os exames foram realizados no Laboratério de Biologia de Tumores da Unioeste.

Os fragmentos 6sseos para a realizagdo de imunohistoquimica foram retirados no
momento prévio ao exame de ML. As laminas foram confeccionadas contendo cortes de tecido
(3 a 5 uM) representativos de cada experimento, fixados e incluidos em blocos de parafina.
As laminas permaneceram overnight em estufa 65°C e foram submetidas a desparafinizacdo
(xilol-alcool-agua). Em seguida, os cortes foram delimitados com caneta hidrofébica Dako
Pen® e realizou-se o bloqueio da peroxidase endégena em solucéo de peroxido de hidrogénio
10% por 30 minutos. A seguir, procedeu-se a incubacdo em soro fetal 1% por 1 hora. Em
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todas as laminas, ap0s a lavagem com Phosphate Buffered Saline (PBS), foram aplicados os
anticorpos primarios sobre cada corte “Transforming Growth Factor Beta 1”7 (TGF-$1, 1:300,
Santa Cruz Biotechnology), seguido de incubacdo em camara Umida por 16 horas a 4°C. Apés
a incubacéo, as laminas foram submetidas a dois banhos (5 minutos) em PBS e foi aplicado
sobre cada amostra o anticorpo secundario biotinilado fornecido pelo kit comercial, por 30
minutos em camara Umida a temperatura ambiente. ApGs este tempo, as laminas foram
lavadas em PBS (3 vezes de 5 minutos), seguido da aplicacdo de conjugado streptavidina-
peroxidase por 15minutos, em cAmara Umida e em temperatura ambiente. As laminulas foram
lavadas em PBS por 5 minutos 3 vezes e submetidas a revelacdo com o substrato-cromédgeno
diaminobenzidina (DAB) por 5 minutos. Em seguida foram contra-coradas com hematoxilina
férrica por 1 minuto, posteriormente lavadas em agua corrente por 5 minutos e desidratadas
em graduacgdes de alcool (70%, 85% e 100%), clarificadas em xilol e montadas e cobertas
com laminula utilizando meio de montagem néo aquoso (balsamo do Canadd). Analisaram-
se as laminas para obtencéo de score semiquantitativo de imunomarcacgéo do TGF-B1 atraves
do programa Image J desenvolvido pelo National Institute of Health (NIH) - USA.

Utilizou-se o TGF-B1, que pode ser utilizado como medida de indireta do dano e

alteracdo imune desencadeada pela NICF.%875.76

4.8 ANALISE ESTATISTICA

As descri¢cdes incluiram para as variaveis categoricas: célculo de frequéncia e
respectivo percentual; e para as variaveis escalares: célculo de média e respectivo desvio-
padrdo, maximo, minimo e percentis (25%, 50% (mediana) e 75%). Foi aplicado o Teste dos
Postos Sinalizados de Wilcoxon, com o intuito de verificarmos possiveis diferencas entre
ambos os lados, em cada grupo estudado, para as variaveis de interesse (A, D e COE) com
nivel de significancia (p) 0,050.

Os resultados da imunoexpressdo do TGF- 1 foram comparados dois a dois, ou seja,
o lado direito contra o lado esquerdo nos determinados tempos de estudo, duas, quatro, seis
e oito semanas apos a indugéo da NICF. O teste utilizado foi o teste t de Student e o nivel de

significancia (p) adotado foi de 0,050.
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5 RESULTADOS E DISCUSSAO: ARTIGO CIENTIFICO

Foi adotado, nesta tese, 0 modelo de apresentacdo dos Resultados e Discusséo a
partir da redacdo de artigo cientifico original intitulado “Reduced-cost animal model
standardization for studying avascular necrosis of the femoral head”, submetido ao Journal

Orthopaedic Research de acordo com as regras estabelecidas pela revista.
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ABSTRACT

Our purpose is testing an experimental model of avascular necrosis of the femoral head, by
assessing gait, image scan, morpho-histology, enabling it to be used at lower cost in developing
countries. Eleven piglets were operated. Necrosis was induced by right femoral neck cerclage.
The piglets were divided in Group A, consisting of 8 animals, of which two were sacrificed,
respectively, in Weeks 2, 4, 6 and 8 each. and Group B, consisting of 2 animals (sham),
procedure with no right femoral neck cerclage, sacrificed in 6 weeks. Gait classification was
Etterlin et al’s. Frozen femurs were submifted to digital radiography and computerized
tomography scan. Epiphysis height and width and epiphysis coefficient were measured at
several timepoints. Light microscopy and immunohistochemistry with TGF-f1 were also
performed. One animal died of sepsis in Group A. In this group, claudication was observed in
all animals. On digital radiography and computerized tomography scan, the following were
observed: bone sclerosis, right femoral neck widening. flattening, femoral head collapse and
fragmentation. All epiphysis height values, and right femoral head epiphysis coefficient were
lower than the contralateral ones. In those, chondrocytes were observed as disordered and
separated by gaps. Decreased TGF-P1 expression at 2 and 6 weeks and on the left ones, at eight.
In Group B, no signs of necrosis were observed, and the gait was normal. Gait study was related
to necrosis. This model with frozen bones reproduced necrosis. Other studies are required to

investigate TGF-B1.

Keywords: Femoral head necrosis; Ischemia; Animal models; Legg-Calvé-Perthes disease.
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INTRODUCTION

Femoral head necrosis is one of the main degenerative diseases affecting the hip, and may
cause arthrosis,! affects young adults? and children, in whom it is named I egg-Calvé-Perthes
Disease (LCPD).? There is no treatment available yet to interrupt the injury and progressive
deformify of the femoral head (FH). and the scarcity of human material for LCPD study requires
experimental models to be performed with animals *1°

For using these models. a team of veterinary doctors and a specialized hospital for
performing procedures and post-surgery care are required. in addition to image, laboratory and
microscopy testing. for studying anatomical pieces.

There are few researchers in a limited number of research sites having access to veterinary
hospitals, usually associated with Universities, that have the abovementicned structure, even in
countries with higher economical level. In developing countries, only in Argentina there is one
study published in that experimental area,!! and considering those limitations, there is no
incentive for that research line to be developed.

Our purpose is standardizing an experimental model for femoral head ischemia. for LCPD
study, and enabling the use of that method by researchers from developing countries.
Additionally. the introduction of gait assessment testing is suggested, to provide a functional
analysis of changes caused by ischemia. which is an aspect that has not been assessed in
published experimental studies on the matter yet 11219
METHODS

This work was registered as process CEUA no. 7028.2015.85 and approved by the Ethics
Committee of our Instifution, and followed the guidance from ARRIVE Guidelines for

Reporting Animal Research.?®
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Pivotal study

A surgical technique training was performed, on four four-week old piglets corpses.
Thereafter, femurs were dissected for anatomy studying and standardization of analysis
techniques. Each experiment was repeated twice, for technique assurance.

The primary objective was standardizing a porcine experimental model (having an
analysis of image and histology testing results) viable to researchers from countries having less
research structure; and the secondary objective was studying the changes in gait observed on

animals submitted to that experimental model.

Sample

Sampling was chosen according to literature'>1° and under the guidance of the Ethics
Committee of our Institution. Kim et al.!>13 showed that anatomical changes in that study
model occurred in 82% of the animals submitted to cerclage. Sampling number determination
is not exclusively of statistic character, as it depends mainly on the availability of specimens to
be investigated and on the ethical standard involved (which almost always requires reduced or
very reduced size samples)?! Thus, in the law of diminishing returns (“resources equation”
method).?! 2 piglets by timeline in Group A and 2 piglets by timeline in Group B were
established. Piglets were divided in two groups. Group A, consisting of 8 animals, of which
two were sacrificed, respectively. in Weeks 2, 4. 6 and 8 each. after surgically induced necrosis,
and Group B, consisting of 2 animals submitted to surgical procedure with round ligament
section and no right femoral neck (RFN) cerclage, to prove it as an inducing factor for avascular
necrosis of the femoral head (ANFH) (Sham). The piglets in that group were sacrificed in Week
6, as FH deformity is more evident from that ischemia period on 2

Eleven piglets, male (because LCPD is five times more frequent in boys than in girls)™

commercial hybrids (crossing races Large White and Landrace). originating from a supplier

John Wiley & Sons, Inc.
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regulated by Health Surveillance, weighing between 4-6 kg. ages varying from 3 to 4 weeks
old, were lodged in stalls at the Veterinary Hospital, for three days before the beginning of the
experiment.

Two surgeries a week were performed. depending on the availability of the operating
room. and the group to which the animal would be assigned was randomized at the time of the

surgery.

Surgical technique

The anesthesia model used acepromazine 0.05mg/kg, intravenously (IV). After 15
minutes, ketamine hydrochloride 4 mg/kg (IV), associated to diazepam 0.5 mg/kg (IV) was
administered. Lidocaine 2% at 0.2 ml/kg were administered via lnmbosacral epidural

The same surgeon performed all procedures in the operating room. assisted by a
veterinary resident. The femur operated on was the right one, and the left one was used as
control. A piglet was positioned on left lateral decubitus (Fig. 1). The approach used was
posterior over the hip_ having as a parameter the greater trochanter palpation (Fig. 2). Dissection
by planes was performed at the following order: skin subcutaneous and fascia; gluteus
maximus muscle incision and gluteus medius muscle spreading for exposing the capsule; then,
capsulotomy and longitudinal traction for hip luxation. The round ligament was identified and
sectioned (Fig. 3), fo prevent blood supply by the round ligament artery. Double cerclage was
performed on the RFN with the use of Prolene 2 Ethicon® suture, with the use of a “wire
passer” (Fig. 4 e 5). That thick, non-absorbable wire was used to avoid breaking when straining
it to tie the knot, and double cerclage to increase its safety and efficacy. The closing was made
by planes (capsule, gluteal muscles. subcutaneous and skin). with the use of Mononylon 2.0
Ethicon® suture. Skin suture was performed with continuous stitching (Supplementary

Material 1).
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Post-surgery care was performed by three alternating resident veterinary doctors.
Tramadol was administered at 1 mg/kg intramuscularly (IM) every 12 hours. and anti-
inflammatery Flunixim Meglumine 1.1 mg/kg once daily by IM. for five days.

Benzathine penicillin was uvsed at 20000 IU/kg TM every 48 hours, in a total of three
administrations. Daily dressing was performed with the use of saline solution and chlorhexidine
administration. The stitches were removed on the tenth day post-surgery.

Euthanasia was performed by IV administration of sodium thiopental 2.5% at 10 mg/kg,
followed by IV admuinistration of potassium chloride.

Animals were disposed of by means of incineration performed by an outsourced

specialized company.

Gait assessment

Normal gait cycle in human beings comprises two stages: stance phase. when the foot
comes in contact with the floor, and swing phase, when the movement is performed. 2 Piglet
pelvic paw performs a movement that is similar to human being lower limb. Piglets were
observed when deambulating. at the moment previous to euthanasia. Three gait tests were
performed to each animal featuring visual observation and digital recording of gait on a flat
surface, with no irregularities. Those possible gait changes were compared in groups A and B
(Sham), at the several timepoints, and in order to verify the ANFH images correlation with the
presence of claudication. The gait score system used was that proposed by Etterlin et al. > for
pigs. which varies from 0 to 3, where grade 0: normal; grade 1: irregular gait with step
shortening and uneven load on one or more limbs: grade 2: moderate claudication with clear
deviation of load from one or more limbs, and clear difficulty to deambulate; and grade 3:

severe claudication with no support for the limb affected or failing at gait.
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Image scans

Right after animal sacrifice, the femurs were dissected and stored in a regular domestic
fridge at the average temperature of -20°C for two weeks on average, before tests were
performed.

Health Surveillance regulations forbid animals are submitted to testing in human
laboratories. Femurs dissection and freezing enable the performance of tests of those anatomical
pieces in those laboratories.

In both groups, digital radiography (DR) was performed at anteroposterior incidence, and
computerized tomography (CT scan), for front, axial and tridimensional (3D) sections on all
whole femoral heads, on average. two weeks after the sacrifice. Left FH was used as control.
Radiography device RD Toshiba model 12M 500MAS and GE CT scanner model Hispeed Dual

were used.

Femoral head description

Normal immature piglet FH comprises: (Fig. 6)

secondary ossification center (SOC). with semi-spherical shape;

—  epiphyseal cartilage (EC), surrounding SOC;

—  growth plate (GP)., located between EC and SOC center. respensible for
circumferential growth;

—  metaphyseal physis (MF) covering the whole proximal metaphysis, and responsible

for longitudinal growth of the femur proximal portion.

Description of measurements used on FH

After image scans were performed, femurs were cut on its proximal third. on the central

area on the front plane, with the use of a nitrogen-powered electric saw.
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Firstly. epiphysis height and width were measured for the sectioned piece. Height (H)
was measured from articular surface apex to metaphyseal physis mean point. Width (W) was
measured from the maximum medial point to the maximum lateral point, on metaphyseal head-
physis transition. Epiphyseal coefficients (EC) were calculated by using the ratio between A
and D. EC indicates LCPD prognosis. Reduced EC value indicates prognosis worsening 527
(Fig. 7). Measurements were taken by a single investigator.

Afterwards, the pieces were stored in a 10% formalin solution.

Light microscopy

After a period of about four months, due to service operational matters, and in order to
test the possibility of using frozen femoral heads, the pieces were immersed in ethylene diamine
tetra-acetic acid (EDTA) for decalcification, and routinely processed for inclusion in paraffin.
The blocks were sliced on a rotary microtome. The slices were deposited on slides stained in
hematoxylin-eosin (HE). to assess changes in GP. They were analyzed by light microscopy

(LM) with 40, 100, 140. 240 and 340 times magnification.

Dinmunohistochemical analysis

Bone fragments for performing immunochistochemistry were taken from frozen bones
right before the light microscopy examination. The slides were prepared containing tissue slices
(3 to 5 uM) representing each experiment, fixed and embedded in paraffin blocks. They
remained overnight in a 65°C oven, and were submitted to deparaffinization (xylene — alcohol
— water). Thereafter, the slices were delimited with hydrophobic pen Dako Pen™ and
endogenous peroxidase was blocked in a hydrogen peroxide solution at 10% for 30 minutes.
Then, incubation in fetal serum at 1% was performed for one hour. For all slides, after washing

with phosphate buffered saline (PBS). primary antibodies were applied on each slice

John Wiley & Sons, Inc.
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“Transforming Growth Factor Beta 1” (TGF-B1, 1:300, Santa Cruz Biotechnology), followed
by incubation in a humidity chamber for 16 hours at 4°C. After incubation, they were submitted
to two baths (5 munutes) in PBS. and the biotinylated secondary antibody supplied in the
commercial kit was applied on each sample, for 30 minutes, in a humidity chamber at room
temperature. After that time. they were washed in PBS (3 times for 5 minutes each), followed
by the application of streptavidin-peroxidase conjugate for 15 minutes, in a humudity chamber
and at room temperature. The glass slides were washed in PBS (3 times for 5 minutes each),
and were submitted to processing with substrate-chromogen (DAB) for 5 minutes. Then, they
were counter-stained with iron hematoxylin for 1 mimute, and washed in running water for 5
minutes, then dehydrated m alcohol graduations (70%, 85%., and 100%), clarified in xylol and
mounted and covered with glass slides, using a non-aqueous mounting medium (balm from
Canada). The glass slides were analyzed for obtaining immunomarking semi-quantitative score
for Transforming Growth Factor Beta 1 (TGF-$1) by using Image J program. developed by The
National Institute of Health (NIH) - USA.

TGF-§ is an immune system-regulating cytokine. It functions upon chemotaxis
regulation, lymphocytes, macrophages and granulocytes activation and maintenance. There are
three TGF-p isoforms in mammals: TGF-Bl. TGF-B2 and TGF-B3. The first one is the
predominant isoform. TGF-P controls start and ending of inflammatory response by regulating
chemotaxis, maintaining lymphocytes, defense cells, macrophages and granulocytes

TGF-$-1 was used. which may be used as an indirect measurement of damage and
immune change triggered by ANFH. 23! TGF- Bl is involved in bone regeneration. and

represents a promising approach also for treatment or treatment analysis
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Statistical analysis
The descriptions included, for categorical variables: frequency calculation and respective
percentage: and for scalar variables: calculation of average and respective standard deviation.
maximum. minimum and percentiles (25%. 50% (median) and 75%).

TGF-$1 immunoexpression results were compared by twos, ie.. right side against left
side, on the timepoints established. The test used was the Student’s T test, significance level

0.050.

RESULTS

There was one death by sepsis on the second day, in group A. and the dead animal was
replaced. totaling 11 animals in the experiment.

Concerning gait assessment, all piglets in group A had claudication (grade 2 from Efterlin
et al ™). It was observed that, in the gait swing phase, piglets could not raise the right foot from
the floor. dragging it due to reduced night hip mobility. They had moderate claudication with
clear deambulation difficulty. In group B. piglets had normal gait (Grade 0 from Etterlin et
al ), with no clandication (Supplementary Material 2).

On the DR, CT scan (Fig. 8-11 and Table 1) and macroscopic assessment of anatomical
pieces, m group A (Figs. 13-16 and Table 2). all right FH showed changes typical to ANFH. In
group B. no changes are observed (Fig. 12 and Tables 1 and 2).

In group A, all piglets had right FH epiphysis height and EC values lower than those of
the left FH. In this group. the right femoral epiphysis width was higher than those of the left in
7 piglets (87.5%). In group B. no differences were observed for measnrements between sides
(Table 3).

No right ANFH was developed in group B. and as a result. EC values were kept equal for

both sides. That fact supports that the necrosis inducing factor is RFN cerclage.

John Wiley & Sons, Inc.
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In histological assessment by LM. in group A, on right FH chondrocytes occurred, in a
disordered manner and separated by gaps. There was no clear separation between physis layers.
On left FH. a normal aspect was observed. 1.e.. chondrocytes aligned into columns and visible
division between physis layers: proliferative. hypertrophic and calcifying zones. In group B.
the same normal aspect as previously described for right and left FH, was observed (Fig. 17).

In the immunohistochemical reaction assessment in group A. reduced expression of TGF-
p1 expression was observed in right FH slides. at 2 and 6 weeks of ischemia. and on left FH at
eight weeks ischemia.

In group B, there was no difference in TGF-B1 expression between right and left FH (Fig.

18).

DISCUSSION

The suggested animal model featuring frozen bone pieces study and posterior surgical
approach provided ischemia and necrosis results on DR, CT scan, macroscopy and histology,
which could also be studied for limb functional changes. by means of gait studying.

An important technical point established in that study was posterior surgical approach,
which facilitated the procedure. as four-legged animals have limited abduction. making anterior
approach difficult. In all surgeries. upon dissection. the presence of a still tight cerclage was
observed on the right femoral neck. confirming it as a necrosis-inducing factor.

Although magnetic resonance imaging %11.% s the most sensitive test for diagnosing
ANFH. B CT scan®102532 apd DRIFIZIGI3ES showed the same changes . and that could be
observed in this study with frozen pieces: decreased and increased. respectively, height and
width of the femoral epiphysis, FH flattening, collapse and fragmentation. In addition. their

cost is lower.
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The use of more sensitive image scans for ANFH diagnosis, such as CT scan and MRL
is limited by the very few facilities available for animals. and by the forbidden use for animals
in human laboratonies. Therefore, it was required to dissect femurs for using those services.
Magnetic resonance imaging use in dissected femmrs is more difficult, as it requires the presence
of soft tissues. 1 e.. the whole animal should be examined and anesthetized. DR and CT scan.
on the other hand, could be performed for dissected bones.

Thus, femurs were dissected and frozen. and the image scans were performed as a
donation from an associate laboratory and subject to service availability.

It has been observed that this storage method may reduce costs, does not affect tests
quality and also enables its performance on a scheduled date. subject to service availability.
This feature allows using DR and CT scan even when they are not at your service.

Kim, Su and Qin, 200112 performed 3 mm thick front sections radiographies, with the
use of a diamond saw, for befter image definition. We do not have the material required for
performing millimetric slicing, so the whole FH was radiographed. Nevertheless, FH necrosis
signs were observed at only two weeks from RFN cerclage; and after six weeks, FH
fragmentation and collapse were observed, as in the above authors. Additionally, 3D CT scan
also enabled viewing mnjuries in further details. and 1t was also observed that freezing did not
impair the method.

Freezing did not affect LM results erther. Gaps occumred. separating disordered
chondrocytes, losing their alignment into columns, with no clear identification of proliferative.

Right femoral heads EC in group A were lower than the contralateral side, showing FH
flattening by necrosis, and the lower the EC, the greater the deformuty and worse the
prognosis. 725 However, the greater deformity was observed at six weeks ischemia, not eight.

A possible explanation would be that. in general on LCPD, the longer the progress time, the
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worse the FH deformity. with FH collapse varying directly with the amount of weight over the
joint.

Kim et al.® showed, in a porcine model, that the weight load over the hip worsens disease
prognosis. Our piglets were lodged with free movement. thus, the amount of load in the
ischemic limb depended on the voluntary activity amount of each guinea pig. A higher activity
degree in the piglet with 6 weeks ischemia could justify the greater deformity. Also Etterlin et
al,> by assessing the gait of piglets with arthrosis, observed that more active piglets had a better
gait pattern than the inactive ones, even when having severe changes in joints, due to more
developed muscles by exercising. Therefore, a more active guinea pig deambulates more,
imposes more load on the joint. thus deforming FH more heavily.

Another hypothesis would be the femoral heads at eight weeks ischemia had developed
neocirculation, however. that is ualikely. as during ANFH repair process, secondary accessory
ossification nuclei appeared, which promoted disordered and irregular growth providing the
fragmentation aspect on radiographies. 12 Maybe a longer study time, with controlled movement
and a higher number of guinea pigs could help explaining those findings.

ANFH progresses into arthrosis, causing functional damage in that joint! and. as a result.
claudication. There are no experimental models using gait functional assessment in LCPD
studies. In this study, it was possible to study gait and find very clear changes, with no need of
sophisticated instruments that could make the functional assessment difficult. Santangelo et
a1 3 2014, used a swine breed from Guinea, which spontaneously develop knee arthrosis, in
order to test flunixin meglumine effects. The authors used a computerized gait platform and
observed improvement in the gait pattern of animals using the medication.

Thus. a porcine experimental model featuring effective gait functional assessment and

with low cost, may be an opportunity to test new drugs for ANFH, making it possible to
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associate treatment effects from morphological and biochemical tests to clinical functional
changes in gait.

The surgical technique was that described by Kim, Su and Qiu, 2001.12 when those
authors were four times unsuccessful with 18 piglets. One piglet developed septic arthritis, and
three did not develop necrosis due to surgical technique failure upon cerclage. In our experiment
with 11 piglets, there was only one death by sepsis on initial post-surgery, and the ischemia
process was successful for all guinea pigs. There is no in-depth demonstration of the clinical
steps in the literature, having images with enough detail. or a systematization that could ensure
more success.

It is believed that our result may be justified by surgeries performed by a same
experienced surgeon, specialized in hip surgery. Although our operating room was simple,
having only minimal conditions. it was observed that those structural conditions were not
limiting. In addition, the main factor for procedure success was considered to be technical
knowledge.

Our opinion is that it is necessary to have a thorough knowledge of regional anatomy and
surgical technique. and it is fundamental to perform fraining in corpses. to gain qualification,
and to study piglets anatomy. Pre-surgery assessment and confinement, as well as post-surgical
veterinary care may also prevent losses.

Tao et al. 3! 2017, observed a decrease in TGF-B1 expression in femoral heads presenting
with avascular necrosis removed from patients submitted to total hip replacement for that
reason.

This study did not show reduced TGF-B1 expression in all right femoral heads in group
A, even though ANHF macroscopic, microscopic changes, radiographic and clinical signs have
been identified. This finding may be related to the small number of slides performed, limited

by the fact that the piece was required for other tests. The suggestion for a next experiment is
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allocating half the sectioned FH for immunohistochemical testing. and the other half to
macroscopic and histologic analysis. Thus, it would be possible to use larger fragments with a
higher amount of bone tissue. A larger number of guinea pigs will enable more accurate
conclusions.

The experimental model described and performed with a simple structure showed
ischemia changes in image, gait and histomorphology tests, except for TGF-f1
immunohistochemical analysis. Femurs freezing enables performing DR and CT scan in human
laboratories at a scheduled date and not affecting the ischemia diagnosis by image scan. This
resource allows investigators to preserve the anatomical piece until it is possible to perform the
tests. Nevertheless, immunohistochemical analysis did not show consistent results that could
be explained by our methodology.

The gait assessment showed a good correlation to the other ischemia findings. It may be

used as a new parameter, correlated to other biochemical and image scans.
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FIGURE LEGENDS

Figure 1. Description of piglet positioning on the operating table. The piglet was

positioned on left lateral decubitus on the operation table.

Figure 2. Description of the parameters of the surgical approach. Longitudinal approach
is indicated by the black arrow. The femur great trochanter apex is indicated by the white

arrow.

Figure 3. Surgical approach. Deep planes. Gluteus Medius muscle was spread with
Farabeuf (larger white arrow). A capsulotomy was performed (larger black arrow). The
round ligament was isolated to be sectioned (smaller black arrow). FH was identified

(smaller white arrow).

Figure 4. Description of wire passing for cerclage. 4.a — “Wire passer” instrument. 4.b -
Prolene 2 Ethicon® suture passing (white arrow). with the use of the “wire passer™ (black

arrow).

Figure 5. Cerclage over the right femur neck Cerclage description. Prolene 2 Ethicon®

suture tying for double cerclage around the femur neck.

Figure 6. FH description for immature piglet. Frontal section of the normal FH at the
mean point. Immature piglet FH has an EC surrounded by EC. GP is located between EC
and EC. MF is located on the EC basis. Metaphysis (M) of the femur proximal portion is

located under the MF.
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Figure 7. Description of H. W and EC. Epiphysis height is represented by the closed
arrow (A). Epichysis width (W) is represented by the dotted arrow. EC is calculated by

the ratio between H and W.

Figure 8. DR and CT scan for the proximal thirds of the sacrificed piglet right and left
femurs after 2 weeks from ischemic induction Discrete FH flattening visible in DR,
coronal CT scan and 3D CT. Presence of several sclerotic areas on right FH, suggesting
osteonecrosis, visible on coronal CT scan and axial CT scan (white arrows). Right femoral

neck widening visible on coronal CT scan (black arrows).

Figure 9. DR and CT scan for the proximal thirds of the sacrificed piglet right and left
femurs after 4 weeks from ischemic induction. On DR and coronal CT scan. axial CT
scan and 3D CT, a loss of semi-spherical shape on the right FH was observed, as well as

depression areas on the joint surface (arrows).

Figure 10. DR and CT scan for the proximal thirds of the sacrificed piglet right and left
femurs after 6 weeks from ischemic induction. Right FH total collapse and fragmentation
was observed on DR and CT scan, with loss of semi-spherical shape. A big enlargement
of femoral neck was observed (arrows). Collapse and fragmentation were detailed on 3D

CT scan.

Figure 11. DR and CT scan for the proximal thirds of the sacrificed piglet right and left
femurs after 8§ weeks from ischemic induction. On DR and CT scan. a loss of semi-
spherical shape and right FH flaftening were observed, as well as sclerotic areas

suggesting femur head necrosis (arrows).
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Figure 12. DR and CT scan for the proximal thirds of the sacrificed piglet right and left
femurs in Group B. Right FH do not show any difference when compared to the control
left FH. with no radiographic signs of ANFH, kept semi-spherical, with no depression

and sclerosis areas.

Figure 13. Pictures of sacrificed piglet FH after 2 weeks ischemia. A RFN widening was

observed (a<b). The black arrow indicates cerclage over RFN.

Figure 14. Pictures of sacrificed piglet FH after 4 weeks ischemia. Head flattening and

RFN widening were observed. The arrow indicates cerclage over RFN.

Figure 15. Picture of sacrificed piglet FH frontal section after 6 weeks ischemia. The
right FH shows shorter H and large W than the left control side. Right FH EC is deformed

and reduced. Loss of EC shape is observed.

Figure 16. Picture of sacrificed piglet FH frontal section after 8 weeks ischemia. The

right FH is thicker than the left side FH.

Figure 17. Picture of sacrificed piglet’s femurs growth plates 6 weeks post-surgery.
Photomicrography at 100 times magnification of sacrificed piglets femurs growth plates
6 weeks post-surgery. Figure 17.a: in GA, on right FH GP, the presence of chondrocytes
grouped in disorganized way (white arrow) and separated by large empty gaps was
identified. Figure 17.b: on left FH GP (control). chondrocytes were observed as aligned
into parallel-arranged columns (red arrow). Proliferative. hypertrophic and calcifying

zones are clearly divided and visible. The presence of vascular proliferation was observed
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on the calcifying zone (black arrows). Figures 17.c and 17.d: in GB. right and left FH
growth plates do not show differences. Normal aspect. showing clearly identified
proliferation, hypertrophic and calcifying zones and chondrocytes aligned into columns

(red arrows).

Figure 18. Description of TGF-B1 expression on FH. according to ischemia time.
Columns indicate TGF-B1 expression. CE: left FH from group B. CD: night FH from
group B. 2SE: left FH from piglets sacrificed at 2 weeks. 2SD: right FH from piglets
sacrificed at 2 weeks. 4SE: left FH from piglets sacrificed at 4 weeks. 4SD: right FH from
piglets sacrificed at 4 weeks. 6SE: left FH from piglets sacrificed at 6 weeks. 6SD: right
FH from piglets sacrificed at 6 weeks. 8§SE: left FH from piglets sacrificed at 8 weeks.

8SD: right FH from piglets sacrificed at 8 weeks.

SUPPLEMENTARY MATERIALS LEGENDS

Supplementary Material 1 — Cerclage passing on right femoral neck.

Supplementary Material 2 — Gait with claudication. The piglet drags its right back paw.
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Abstract 2 Provide an sccurate summary of the background, research objectives, Abstract -
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knock-out or tranggenic), genotype, health/immune status, drug or test
naive, previoue procedures, etc.

The ARRIVE guidelines. Originally published in PLoS Biology. June 2010°

John Wiley & Sons, Inc.



Page 27 of 53

Journal of Orthopaedic Research

65

Housing and 9 Provide detaile of: Imnes
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status of animale (e.g. weight, microbiological status, and drug or tect naive) | 277 _2303
prior to treatment or teating. (Thie information can often be tabulatad).

Numbers 15 a. Report the number of animals in each group included in each analyeis. Lines

analysed Report abeolute numbere (e.g. 10/20, not 50%”). 284 - 238
b. If any animale or data were notincluded in the analysis, explain why.

Outcomes and 16 Report the resulte for each analysie carried out, with a measure of precigion | |;ac 284 -

estimation (e.g.etandard error or confidence interval). 208

Adverse events 17 a. Give detaile of all important adverge events in each experimental group. T
b. Describe any modifications to the experimental protocole made to 209-303

reduce adverge evente.

Interpretation/ 18 a. Interpret the results, taking into account the study objectives and s
scientific hypothegeg, current theory and other relevant studieg in the literature. 308 - 206
implications b. Comment on the gtudy limitations including any potential sources of biss,
any limitatione of the animal model, and the imprecigion accocisted with
the reculte®.
c. Describe any implicatione of your experimental methods or findings for
the replacement, refinement or reduction (the 3Rs) of the use of animale
inresearch.
QGeneralisability/ 19 Comment on whether, and how, the findings of thig study are likely to e
translation tranclate to other epecies or systems, including any relevance to human 207 - 405
biology.
Funding 20 Lict all funding gourcee (including grant number) and the role of the 408 -414
funderie) in the study.
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Table 1. Description of changes found on right FH on DR and CT scan in timepoints

established in groups A and B.
Digital Coronal and Axial CT
Group A 3D CT scan
Radiography scan
2 weeks - Discrete FH - Discrete FH flattening - Discrete FH flattening
flattening - Presence of sclerotic
areas, suggesting
ANFH
- RFN widening
4weeks -Lossofright FH - Loss of right FH - Loss of right FH
semi-spherical shape  semi-spherical shape semi-spherical shape
and presence of joint  and presence of joint and presence of joint
surface depression surface depression surface depression
6 weeks - Right FH total - Right FH total - Right FH total
collapse and collapse and collapse and
fragmentation with fragmentation with loss  fragmentation with loss
loss of semi-spherical of semi-spherical shape of semi-spherical shape
shape and large and large femoral neck  and large femoral neck
femoral neck widening widening
widening
8weeks - Loss of semi- - Loss of semi- - Loss of semi-
spherical shape and  spherical shape and spherical shape and
flattening for the flattening for the right

John Wiley & Sons, Inc.
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right FH. Sclerotic FH. Sclerotic areas flattening for the right
areas suggesting suggesting ANFH FH.
ANFH
Group B Digital Coronal and Axial CT 3D CT scan
Radiography scan
6 weeks No change No change No change

CT: computerized tomography; FH: femoral head; ANFH: avascular necrosis of the

femoral head; RFN: right femoral neck

John Wiley & Sons, Inc.
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Table 2. Descriptions of changes found on right FH on the macroscopic analysis of

anatomical pieces from groups A and B.

Group A Macroscopic analysis
2 weeks RFN widening
4 weeks FH flattening and RFN widening
Total FH collapse and RFN widening.
6 weeks
Increased EC thickness
FH flattening.
8 weeks
Increased EC thickness
Group B Macroscopic analysis
6 weeks No changes

RFN: right femoral neck; FH: femoral head; EC: epiphyseal cartilage

John Wiley & Sons, Inc.
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Table 3. Description of epiphysis height and width measurements. FH epiphyseal index

and epiphyseal coefficient at timepoints after ischemia.

Group  Timepoint Measurements Piglet 1 Piglet 2
Side Side
R L R L
2 weeks H 08 1.0 10 1.1

1.7 1.6 16 1.6

EC 05 06 06 07

H T 4% G @

4 weeks W 19 1.8 2.0 1.9

& EC 05 07 05 06
H 09 10 04 12

6 weeks W 20 1.9 19 18

EC 04 05 02 07

H 09. 11 10 12

8 weeks W M08 23 3

EC 04 06 04 06

H 10 10 10 10

B 6 weeks W 19 19 19 19
EC 05 05 05 05

R: right; L: left: H: epiphysis height in cm ; W: epiphysis width in cm ; EC: epiphyseal
coefficient.

John Wiley & Sons, Inc.
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Figure 1. Description of piglet positioning on the operating table. The piglet was positioned on left lateral
decubitus on the operation table.

38x28mm (300 x 300 DPI)

John Wiley & Sons, Inc.

70

Page 32 of 52



Page 33 0f 53

Journal of Orthopaedic Research

Figure 2. Description of the parameters of the surgical approach. Longitudinal approach is indicated by the
black arrow. The femur great trochanter apex is indicated by the white arrow.
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Figure 3. Surgical approach. Deep planes. Gluteus Medius musde was spread with Farabeuf (larger white
arrow). A capsulotomy was performed (larger black arrow). The round ligament was isolated to be sectioned
(smaller black arrow). FH was identified {(smaller white arrow).
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4.z - "Wire passer” instrument,

6x24mm (300 x 300 DPI)
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4.b - Prolene 2 Ethicon® suture passing {white arrow), with the use of the "wire passer” (black arrow).

37x24mm (300 x 300 DPI)

John Wiley & Sons, Inc.
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Figure 5. Cerclage over the right femur neck. Cerclage description. Prolene 2 Ethicon® suture tying for
double cerclage around the femur neck.

44:30mm (300 x 300 DPI)
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Figure 6. FH description for immature piglet. Frontal section of the normal FH at the mean point. Immature
piglet FH has zn EC surrcunded by EC. GP is located between EC and EC. MF is located on the EC basis.
Metaphysis (M) of the femur proximal portion is located under the MF.

28x19mm (300 x 300 DPI)

John Wiley & Sons, Inc.
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Figure 7. Description of H, W and EC. Epiphysis height is represented by the closed arrow (A). Epiohysis
width (W) is represented by the dotted arrow. EC is calculated by the ratio between H and W,

28x19mm (300 x 300 DPI)

John Wiley & Sons, Inc.
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2 WEEKS
RIGHT LEFT

DR

CTscan -
coronal

CTscan -
axial

3D CT scan

Figure 8. DR and CT scan for the proximal thirds of the sacrificed piglet right and left femurs after 2 weeks
from ischemic induction. Discrete FH flattening visible in DR, coronal CT scan and 3D CT. Presence of several
sclerotic areas on right FH, suggesting osteonecrosis, visible on coronal CT scan and axial CT scan (white
arrows). Right femoral neck widening visible on coronal CT scan (black arrows).
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4 WEEKS
RIGHT LEFT

DR

CT scan -
coronal

CT scan —
axial

3D CT scan

Figure 9. DR and CT scan for the proximal thirds of the sacrificed piglet right and left femurs after 4 weeks
from ischemic inductiocn. On DR znd coronal CT scan, axial CT scan and 3D CT, a loss of semi-spherical
shape on the right FH was observed, as well 25 depression areas on the joint surface (amrows).

57x72mm (300 x 300 DPI)

John Wiley & Sons, Inc.
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6 WEEKS

LEFT

CT scan -
coronal

CT scan - ’
axial

3D CT scan

Figure 10. DR and CT scan for the proximal thirds of the sacrificed piglet right and left femurs after 6 weeks
from ischemic induction. Right FH total collapse and fragmentation was observed on DR and CT scan, with

loss of semi-spherical shape. A big enlargement of femoral neck was observed (arrows). Collapse and
fragmentation were detailed on 3D CT scan.

58x66mm (300 x 300 DPI)

John Wiley & Sons, Inc.
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8 WEEKS
RIGHT

DR

CT scan -
coronal

CT scan -
axial

3D CT scan

Figure 11, DR and CT scan for the proximal thirds of the sacrificed piglet right and left femurs after 8 weeks
from ischemic induction. On DR and CT scan, a loss of semi-spherical shape and right FH flattening were
ocbserved, as well as sclerotic areas suggesting femur head necrosis (arrows).
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John Wiley & Sons, Inc.
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GROUP B
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Figure 12. DR and CT scan for the proximal thirds of the sacrificed piglet right and left femurs in Group B.
Right FH do not show any difference when compared to the control left FH, with no radiegraphic signs of
ANFH, kept semi-spherical, with no depression and sclerosis areas.
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Figure 13. Pictures of sacrificed piglet FH after 2 weeks ischemia. A RFN widening was observed (a<b). The
black arrow indicates cerclage over RFN.
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Figure 14, Pictures of sacrificed piglet FH after 4 weeks ischemia. Head flattening and RFN widening were
observed. The arrow indicates cerclage over RFN.
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Figure 15. Picture of sacrificed piglet FH frontal section after 6 weeks ischemia. The right FH shows shorter H
and large W than the left control side. Right FH EC is deformed and reduced. Loss of EC shape is observed.

44x18mm (300 x 300 DPI)

John Wiley & Sons, Inc.

85



Journal of Orthopaedic Research

Figure 16, Picture of sacrificed piglet FH frontal section after 8 weeks ischemia. The right FH is thicker than
the left side FH.

40x13mm (300 x 300 DPI)

John Wiley & Sons, Inc.

86

Page 480of 53



Page 49 0f 53 Journal of Orthopaedic Research

Right femoral head

Figure 17.a: in GA, on right FH GP, the presence of chondrocytes grouped in disorganized way (white arrow}
and separated by large empty gaps was identified.

26x23mm (300 x 300 DPI)
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Left femoral head

Figure 17.b: on left FH GP (control}, chondrocytes were cbserved as aligned into parallel-arranged columns
(red arrow). Proliferative, hypertrophic and calcifying zones are clearly divided and visible. The presence of
vascular preliferation was cbserved on the calcifying zone (black arrows).
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Right femoral head

Figures 17.c and 17.d: in GB, right and left FH growth plates do not show differences. Normal aspect,
showing clearly identified proliferation, hypertrophic and cakifying zones and chondrocytes zaligned into
columns (red arrows).
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Left femoral head

Figures 17.c and 17.d: in GB, right and left FH growth plates do not show differences. Normal aspect,
showing clearly identified proliferation, hypertrophic and cakifying zones and chondrocytes zligned into
columns (red arrows).
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4

TGF-p1IHC score

CE CD 2SE 25D 4SE 4SD 6SE 6SD 8SE 85D

Figure 18. Description of TGF-B1 expression on FH, according to ischemia time. Columns indicate TGF-B1
expression. CE: left FH from group B. CD: right FH from group B. 25E: left FH from piglets sacrificed at 2
wieeks. 25D: right FH from piglets sacrificed at 2 weeks, 4SE: left FH from piglets sacrificed at 4 weeks.
4SD: right FH from piglets sacrificed at 4 weeks. 6SE: left FH from piglets sacrificed 2t 6 weeks. 6SD: right
FH from piglets sacrificed at 6 weeks. 8SE: left FH from piglets sacrificed at 8 weeks, 85D: right FH from
piglets sacrificed at 8 weeks.

59x35mm (300 x 300 DPI)
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6 CONCLUSOES

1 - As alterac6es da CF na DLCP foram reproduzidas na radiografia digital e tomografia
computadorizada utilizando-se a CF congelada e inteira.

2 - A avaliacdo da marcha demonstrou boa correlacdo com as alteracdes
macroscépicas e exames de imagem.

3 - As alteracbes da isquemia na placa de crescimento foram visibilizadas por
microscopia de luz.

4 - Na analise imunohistoquimica ndo houve diminuicdo da expresséao do TGF-f1 em

todas as cabecas femorais direitas com necrose isquémica.
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ANEXO A

Universidade
Estadual de Londrina .

COMISSAO DE ETICA NO USO DE ANIMAIS
OF. CIRC. CEUA N° 085/2015 Londrina, 28 de Maio de 2015.

Prezado Pesdulsador, -

A CEUAJUEL reunida em 19 de Maio de 2015 avaliou o projeto de pesquisa
Intitulado “Estudo em modelo animal da necrose isquémica da cabega femoral por
meio de radiografia digital, ressonancia magnética, exames laboratoriais, microscopia
de luz e eletrénica”, registrado sob o processo CEUA n°7028.2015.85, pesquisa do Ceniro
de Ciéncias da Salide, desenvolvido sob sua responsabilidade. O projeto estd aprovado
para execugéo entendendo-se que os principios éticos postulados pelo Conselho Nacional
de Controle de Experimentagdo Animal estdo respeitados.

Serdo utilizados 10 suino chos, oriundos de cruzamento das linhagens Large
white e Landrace, com idade entre :pesando de 5 a 8 kg e provenientes de
propriedade particular. O projeto te
de radiografias digitais, ressonénci
eletrdnica num modelo animal.
anestesiados com aceprgl
aplicagéo de cloridrato de-ce
0,5 mg/kg, a necrose da cabeg
e sera realizada a capsu
cerclagem dupla no colo
tubos plasticos com vacuo
da eutandsia para avaliacdo de m

to;” os animais serfio divididos em grupos,
ja intraperitoneal de 0,05 mglkg procedido de
g associado ao diazepam na dose de
5. cifurgicamente em ambiente estéril
a:luxacéo do quadril seguida de
Il 'de sangue serda coletados em
i rurgia e 10 ml antes do momento
nflamatorios, serfio realizadas radiografias
digitais na incidéncia antero-posterior do fér essondncia magnética apés a eutanasia e
a dissecgio e as amosiras serdo s’ em:solugdo de glutaraldefdo e paraformaldeido
para anglise por microscopia eletrénica E previsto que os protocolos experimentais sejam
executados em 36 meses. B
Cumpre orientar que caso pretendam-se quaisquer alteragbes no protocolo
experimental aprovado, deve-se submeter o novo protocolo @ apreciagéo da CEUA/UEL
anteriormente & éxecugéo das modificagtes. .
Coloco-me & disposicdo para quaisquer esclarecimentos que se fizerem
necessaria. Sem mais para o momento, subscrevo, cordiaimente,

&% 2 .
Prof. Dr. Waldiceu Aparecido V&rri Junior
Coordenador da CEUA/UEL

limo. Sr.

Prof. Dr. Silvio Henrique Maia de Aimeida-

Coordenador do Projeto

Departamento de Cirurgia

Centro de Ciéncias da Saude )

Com cépia para Sra. Edilamar dos Anjos (Chefe da DCA/PROPPG), Diretor(a) do Hospital
Veterinario da UEL, Chefe do Departamento de Cirurgia e Diretor(a) do Centro de Ciéncias
da Saude.
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