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ARTIGO ORIGINAL / ORIGINAL ARTICLE

Analise da interface formada entre o polifluoreto de vinilideno
(piezelétrico e nao piezelétrico) e o tecido 6sseo de ratos

Analysis of the interface formed among the poli (viniilidene) fluoride (piezoelectric and non-
piezoelectric) and the bone tissue of rats

Bianca CaLLegAr!, Dr WiLLiam Dias BELANGERO?

RESUMO

O objetivo deste estudo foi analisar a interface formada entre o
polifluoreto de vinilideno (PVDF - piezelétrico e nao piezelétrico) e o
tecido 6sseo do rato. Foram implantados em 40 ratos, na regiao inter-
condiliana do fémur esquerdo, vinte tubos de PVDF [P(VDF-TrFE)]
piezelétricos, (d,, = 2,5 pC/N e capacitancia 800 pF/m), e vinte tubos
de PVDF né&o piezelétricos. Os animais de ambos os grupos foram
subdivididos em quatro subgrupos, seguidos por 7 dias, 3, 6 e 12
semanas. A interface formada pelos tubos com o tecido ésseo foi
estudada por microscopia 6ptica convencional (MOC) (n=28) e pela
microscopia eletronica de varredura (MEV) por retroespalhamento
(n=12). No interior dos tubos de PVDF piezelétricos seguidos por 12
semanas foi constatado, tanto pela MOC como pela MEV por retroes-
palhamento, crescimento de tecido ésseo. Os resultados indicam que
a piezeletricidade teve papel importante na neoformacgao do tecido
6sseo no interior dos tubos piezelétricos. Provavelmente, essa forma-
cao 6ssea foi decorrente ou do efeito eletreto, ou das microdeforma-
¢oes produzidas nos tubos piezelétricos, devido a variagao da pressao
intra articular do joelho durante a marcha.

Descritores: Piezeletricidade; Crescimento dsseo; Implantes artificiais

INTRODUCAO

A piezeletricidade é uma propriedade presente em materiais no
estado cristalino. Materiais bioldgicos ricos em colageno, como 0 0sso
e o tendao, podem apresentar essa propriedade que, de alguma for-
ma, seria responsavel pela adaptagao desses tecidos as solicitagoes
mecanicas que 0 meio externo impoe®©.

O efeito da piezeletricidade foi estudado em nosso meio por
Kdberle® em sua tese de livre-docéncia. Yasuda® também estudou
o efeito da piezeletrecidade aplicando Teflon (polarizado e nao polari-
zado eletricamente) sobre a superficie do fémur e enrolado ao redor
deste osso em coelhos. Observou que abaixo do Teflon ndo polarizado
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SUMMARY

The objective of this study was to evaluate the interface formed
between the poli (viniilidene) fluoride (PVDF-piezoelectric and non-pi-
ezoelectric) and cap rats’ bone tissue. Twenty tubes of PVDF [P (VDF-
TrFE)] piezoelectiic, (d,, = 2,5 pC/N and capacitance 800 pF/m), and
twenty tubes of non-piezoelectric PVDF were implanted in the inter-
condlilian notch of the left femur of 40 rats. The animals of both groups
were subdivided in four subgroups, followed up for 7 days, 3, 6and 12
weeks. The interface found between bone and tubes was studied by
conventional optical microscopy (MOC) (n=28) and by backscattered
electronic scanning microscopy (MEV) (n=12). Bone tissue growth was
observed inside the tubes of piezoelectric PVDF followed up during 12
weeks, both by MOC and by MEV backscattering.

The results indicate that the piezoelectric effect had an important
role in the new bone tissue formation inside the piezoelectric tubes.
Probably, that bone formation was a result from the electrets effect or
from micro deformations produced in the piezoelectric tubes, due to
the intra-articular pressure variation on the knee movement during gat.

Key words: Piezoelectric effect, Bone growth, Artificial implants

INTRODUCTION

The piezoelectricity is a property present in the materials in their
crystalline state. Biological material rich in collagen, such as bone and
tendon, may show this property which, in a certain way, would be
responsible for the adaptation of these tissues to the mechanical de-
mands that the outside environment imposes®.

The effect of the piezoelectricity was studied in our area by Kober-
le® in his free-teaching thesis. Yasuda™® also studied in rabbits the
effect of the piezoelectricity applying Teflon (electrically polarized and
non-polarized) on the surface of the fermur and rolled up around this
bone. He observed that below the non-polarized Teflon there was no
bone growth, while around the polarized Teflon there was a formation of
bone callus, mainly in those in that Teflon had been rolled up around of
the femur.

Work performed at the Laboratory of Investigation in Orthopedic
Materials (LABIMO)-Department of Orthopedics and Traumatology-
University of Medical Sciences - UNICAMP
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nao havia ocorrido crescimento ¢sseo, enquanto que ao redor do
Teflon polarizado havia formacao de calo 6sseo, principalmente na-
queles em que o Teflon havia sido enrolado ao redor do fémur.

Mais recentemente, Jiaqing et al.® compararam o efeito da cera-
mica nao piezelétrica e piezelétrica sobre a neoformagéo 6ssea nas
mandibulas de caes. Observaram crescimento 6sseo ao redor dos
implantes piezelétricos apds uma semana, enquanto que apds duas
semanas nao havia ainda neoformagao 6ssea ao redor dos implantes
nao piezelétricos.

Levando-se em consideragao que ha indicios de que a piezeletri-
cidade exerce influéncia no crescimento 6sseo, a utilizacao de mate-
riais com esta caracteristica como implante 6sseo parece ser
promissora.

O polifluoreto de vinilideno, também conhecido como fluoreto de
vinilideno (PVDF), € um polimero semicristalino (50% cristalino, 50%
amorfo), cuja unidade basica é o F,C=CH,,. Por apresentar essa com-
posicao quimica, o PVDF pode ser polarizado. Os atomos de Hidrogé-
nio (H) sdo carregados positivamente, enquanto que os de fltor (F) séo
carregados negativamente, em relagao aos dtomos de carbono (C). O
PVDF pode ser encontrado sob diferentes formas cristalinas, sendo a
forma alfa a mais comum, porém esta forma nao é polar. A fase b, por
outro lado, pode ser polarizada e apresenta, portanto, propriedades
piezelétricas, sendo normalmente obtida da forma alfa, por estiramen-
to mecéanico?.

Do ponto de vista clinico, o PVDF é um polimero utilizado como
material de sutura nas cirurgias vasculares. Apresenta, inclusive, de-
sempenho biolégico e mecanico superior ao polipropileno, por ser
mais biocompativel e por conservar a sua resisténcia mecanica em
até 92,5% apos 9 anos de implantagdo, enquanto que o polipropropi-
leno perde 46% dessa resisténcia nesse mesmo periodo®19.

Apesar dessas caracteristicas, existem poucos estudos que tenha
avaliado a potencialidade desse material para a produgao de implan-
tes ortopédicos. Em nosso meio, Paschoal® demonstrou que mem-
branas de PVDF polarizadas, quando implantadas entre a cortical lateral
do fémur de coelho e uma placa metalica, estimularam o crescimento
6sseo. Em funcéo dessas consideracgoes tedricas é cabivel se estudar
o efeito de implantes de PVDF piezelétricos no tecido ésseo.

MATERIAL E METODO

Foram utilizados 20 tubos de PVDF [P(VDF-TrFE)] piezelétricos e
20 tubos do mesmo material, ndo piezelétricos, cedidos pelo Departa-
mento de fisica, Quimica e Biologia da Faculdade de Ciéncia e Tecno-
logia da UNESP

Os tubos piezelétricos com coeficiente de d,, = 2,5 pC/N e capa-
citancia 800 pF/m foram cortados com comprimento de 5 mm, diame-
tro externo de 1,9 mm e didmetro interno de 0,8 mm"".

A partir dos tubos piezelétricos fundidos a temperatura de 150° C,
obtiveram-se os tubos nao piezelétricos, com 5 mm de comprimento,
2 mm de diametro externo e 0,7 mm de diametro interno.

Animais de experimentagao

Foram utilizados 40 Rattus Novergicus da varidade Wistar, ma-
chos, fornecidos pelo Biotério Central da UNICAMP. Os procedimen-
tos foram autorizados pelo Comité de Etica em Experimentacao animal
do Instituto de Biologia da UNICAMP

More recently, Jianqing et al.® compared the effects of non-piezo-
electric and piezoelectric ceramic on the new formation of bone in the
jaws of dogs  Bone growth was observed around of the piezoelectric
implants after one week, while after two weeks there still was no new
formation of bone around of the no piezoelectric implants.

Taking into account that there are indications that the piezoelec-
tricity exercises influence on bone growth, the use of materials with this
characteristic as a bone implant seems to be promising.

The poli (vinilidene) fluoride, also known as viniilidene fluoride (PVDF),
is a semi-crystalline polymer (50% crystalline, 50% amorphous), whose
basic unitis the F2C=CH2. PVDF can be polarized because it presents
that chemical composition. The atorns of Hydrogen (H) are charged
positively, while the fluorine (F) ones are charged negatively, in relation
to the atoms of carbon (C). The PVDF may be found under different
crystalline forms; although it is not a polar form, alpha is the most
common of these forms. On the other hand, the b phase can be
polarized, and thus presents, the piezoelectric properties, normally ob-
tained from the alpha form, by mechanical stretching®.

From the clinical standpoint, PVDF is a polymer used as suture
material in vascular surgeries. It also shows a superior biological and
mechanic performance in relation to the polypropylene because itis
more biocompatible, and because it preserves its mechanical resis-
tance up to 92,5% after 9 years of the implant, while polypropylene
loses 46% of this resistance during the same period®19.

Notwithstanding these characteristics, there are few studies that
evaluated the potentiality of this material for the production of orthope-
dic implants. Within our area, Paschoal® demonstrated that polarized
PVDF membranes, when implanted between the cortical lateral of the
fermur of a rabbit and one metallic plate, it stimulated the bone growth.
Due to these theoretical considerations, it is possible to studly the ef-
fects of piezoelectric PVDF implants on the bone tissue.

MATERIAL AND METHOD

Twenty piezoelectric PVDF [P(VDF-TrFE)] tubes and 20 tubes of the
same material, but non-piezoelectric, were made available by the Physics,
Chemistry and Biology Department of the Sciences and Technology
College ofthe UNESP

The piezoelectric tubes with a d,, = 2,5 pC/N coefficient and a
capacitance of 800 pF/m were cut along the length, and were 5 mm
long, with an external diameter of 1,9 mm and internal diameter of 0,8
mm".

The non-piezoelectric tubes were obtained from the piezoelectric
tubes blended at a temperature of 150° C, with 5 mm length, 2 mm
external diameter and 0,7 mm internal diameter.

Experimentation animals

Forty male Rattus Novergicus of the Wistar variety were used, Sup-
plied by Central Biotery of the UNICAMP The procedures were autho-
rized by the Ethics Committee for Animal Experimentation of the Insti-
tute of Biology of UNICAMP

Twenty piezoelectric tubes were implanted in twenty animals, and
20 non-piezoelectric tubes were implanted in other 20 animals, all in
the intercondilian area of the fermur. In each group, the 20 animals were
divided into four subgroups, followed during 7 days (5 animals), 3and 6
weeks and 12 weeks (5 animals).

" Ormal Electronics Limited Unit 2 Hillside Farm,Rhyls Lane,Lockeridge,nr Marlborough Wiltshire, SN8 4ED,UK.Tel:44(0)1672 861718 Fax:+44 (0)1672 861716 sales@ormal.co.uk www.ormal.co.uk
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Em 20 animais foram implantados 20 tubos piezelétricos e nos
outros 20 foram implantados 20 tubos nao piezelétricos, todos na
regiéo intercondiliana do fémur. Em cada grupo, os 20 animais foram
divididos em quatro subgrupos, seguidos por 7 dias (5 animais) 3e 6
semanas e 12 semanas (5 animais).

Procedimento cirtrgico

Apds jejum pré-operatdrio, os animais foram anestesiados com
Pentobarbital sddico® intravenoso na dose 50mg/Kg. A regido inter-
condiliana foi exposta por acesso parapatelar lateral. Os tubos foram
implantados na regiéo intercondiliana do fémur da pata esquerda dos
ratos, utilizando-se broca de diametro idéntico ao dos tubos com fura-
deira de baixa rotagao® . A profundidade do furo foi de 5 mm, de
modo a manter a superficie do tubo rente a superficie articular.

Decorrido o tempo de seguimento, os animais foram sacrificados
por overdose de Pentobarbital sddico e o tergo distal dos fémures da
pata esquerda foram retirados. Todas as amostras foram fixadas em
solucéo de formaldeido 10% nao tamponado por 24 horas, com exce-
gao de 3 animais de cada grupo com tempo de seguimento de 6 e 12
semanas, que permaneceram em solugao alcodlica 70% por 24 horas.

Apos a fixacao, todas as amostras retiradas dos grupos com 7 dias
e 3 semanas de seguimento foram descalcificados em solugao de
acido nitrico 3% por 3 dias e foram bivalvadas para a retirada dos
tubos, com o minimo de les&o das amostras. As amostras sem 0s
tubos foram preparadas para analise histolégica e os cortes obtidos
foram corados com Hematoxilina Eosina e Tricomico de Masson.

Das amostras retiradas dos grupos com tempo de seguimento de
6 e 12 semanas, trés amostras de cada um destes grupos foram
embutidas em resina acrilica™ e submetidas a Microscopia Eletrénica
de Varredura (MEV) por retroespalhamento para avaliagao da interface
formada entre o polimero e 0 osso (Quadro 1).

RESULTADOS
Analise macroscopica

A cicatrizacao da pele e dos tecidos moles foi evidente a partir do
sétimo dia e pode se verificar que o animal deambulava sem restri-
goes. A superficie articular da regido intercondiliana foi observada
durante o sacrificio dos animais e constatou-se que essa superficie
era mais regular nos animais em que haviam sido implantados os
tubos piezelétricos (Figura 1).

Surgical procedure

After the preoperative fast, the animals were anesthetized with
intravenous sodium Pentobarbital®? in the dosage of 50mg/Kg. The
intercondiilian area was exposed by a parapatelar lateral access. The
tubes were implanted in the intercondilian area of the fermur of the left
paw of the mice, using bears with diameters identical to the diameters
ofthe tubes with a low rotation drill®®. The depth of the hole was of 5
mm, in such a way as to maintain the surface of the tube even with the
articular surface.

After the termination of the follow-up period, the animals were sac-
rificed through an overdose of sodium Pentobarbital, and the third distal
of the femurs of the left paw were rermoved. All of the samples were
fixed in formaldehyde 10% solution of the tarmponade for 24 hours,
except for 3 animals of each group with a follow-up period of 6and 12
weeks, that remained in an alcoholic solution at 70% for 24 hours.

After the fixation, all the samples removed from the groups with a
follow-up period of 7 days and 3 weeks were decalcified in a nitric acid
solution at 3% during 3 days, and were bivalved for the removal of the
tubes, with a minimurm lesion to the sarmples. The samples, without the
tubes, were prepared for the histological analysis and the sections
obtained were tinted with Hematoxylin Eosin and Masson Trichomy-
Cous.

Three samples removed from each one of the groups with a follow-
up period of 6 and 12 weeks, were incrusted with acrylic resin®® and
submitted to a retro spreading Electronic Microscopy of Scanning (EMS)
for the evaluation of the interface formed between the polymerand the
bone (Picture 1).

RESULTS
Macroscopic analysis

The cicatrisation of the skin and of the soft tissues was from the
seventh day on, and it was observed that the animal strolled without
restrictions. The articular surface of the intercondlilian area was ob-
served during the sacrifice of the animals and it was verified that that
surface was more regular in the animals in that had been implanted
with the piezoelectric tubes (Figure 1).

Tipo do PVDF Tempo de seguimento dos animais
Implantado e tipo de analise histélogica realizada
Type of PVDF Time of follow-up of the animals and
Implanted type of histological analysis performed
7 dias | 3 semanas 6 semanas 12 semanas
7 days 3 weeks 6 weeks 12 weeks
MOC MOC MOC MEV MOC MEV
Piezelétrico 5 5 2 3 2 3
Piezoeletric
Nao Piezelétrico 5 5 2 3 2 3
Non Piezoeletric
Total 10 10 4 6 4 6
MOC = microscopia eletronica convencional; MEV = microscopia eletrénica
de varredura
MOC = conventional electronic microscopy; MEV = electronic microscopy
by scanning

Quadro 1 - Distribuicdo dos animais em fun¢do do
material implantado, tempo de seguimento e anélise
histolégica realizada.

Picture 1 - Distribution of the animals in function of the
implanted material, time of follow-up and performed
histological analysis

2 FONTOVETER - Diviséo veterinaria de Cristélia, produtos quimicos e farmacéuticos Rod ltapira- Lindéia km 14 ltapira- SP

% BOSCH Switzerland — 130 rpm
“ Resina Orto centerpol 603 S/UV. Fiber Center Indlstria e Comércio
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A — Tubos de PVDF piezoeletricos com 6 semanas
de seguimento
A - Piezoelectric PVDF tubes
with 6 weeks of follow-up

C - Tubos de PVDF nao piezoeletricos com 6
semanas de seguimento
C - Non piezoelectric PVDF tubes with 6 weeks of
follow-up

B - Tubos de PVDF piezoeletricos com 12 semanas de
seguimento
B - Piezoelectric PVDF tubes
with 12 weeks of follow-up

D - Tubos de PVDF ndo piezoeletricos com 12 semanas
de seguimento
D - Non piezoelectric PVDF tubes
with 12 weeks of follow-up

Figura 1 - As ilustragbes mostram o preenchimento das cavidades com 6 e 12 semanas de seguimento,
com tubos piezelétricos e ndo piezelétricos
Figure 1 - The illustrations show the completion of the cavities with 6 and 12 weeks of follow-up,

with piezoelectric and non-piezoelectric tubes.

A anélise histologica das amostras com 7 dias, 3, 6 e 12 semanas
(n=14) mostrou que ndo houve formacéo de cépsula fibrosa ao redor
dos implantes em ambos os grupos. A retirada dos tubos de PVDF
polarizados do tecido 6sseo foi mais dificil, por estarem mais aderidos.

Nas laminas obtidas do grupo de 12 semanas (n=2) pode se
observar formagao de um halo envolvendo toda a superficie interna e
externa dos tubos, com aspecto de tecido dsseo (Figura 2). Nos ani-
mais nos quais foram implantados os tubos de PVDF nédo piezelétricos
néo foi observado crescimento de tecido ésseo.

A Microscopia eletronica de varredura por feixe retroespalhado
mostrou que a interface formada entre os tubos e 0 0sso era constitu-
{da essencialmente por tecido 6sseo. No interior dos tubos de PVDF
piezelétricos seguidos por 12 semanas (n = 3) houve crescimento de
tecido 6sseo, ao passo que nos interior dos tubos ndo piezelétricos
nao foi observado crescimento desse tecido neste mesmo periodo
(Figura 3).

The histological analysis of the samples with 7 days, 3, 6and 12
weeks (n=14) showed that there was no formation of a fibrous capsule
around of the implants in both groups. The removal of the tubes of
polarized PVDF from the bone tissue was more difficult, because they
were more adhered.

The formation of a halo, involving the whole internal and external
surface of the tubes, was observed on the laminae obtained from the
group of 12 weeks (n=2), with the aspect of bone tissue (Figure 2). No
bone tissue growth was observed in the animals implanted with the
non-piezoelectric PVDF tubes.

The electronic Microscopy scanning by retrospread beam showed
that the interface formed between the tubes and the bone was consti-
tuted essentially from bone tissue. Inside the piezoelectric PVDF tubes
followed up for 12 weeks (n = 3) there was a growth of bone tissue,
while, during the same period, the growth of that tissue was not ob-
served inside of the non-piezoelectric tubes (Figure 3).
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Tubos de PVDF piezoeletricos com 12
semanas de seguimento (r84) (TM)

Piezoelectric PVDF tubes
with 12 weeks of follow-up (r84) (TM)

& i

D - Tubos de PVDF nao piezoeletricos com 12
semanas de seguimento (r88) (TM)

D - Non piezoelectric PVDF tubes
with 12 weeks of follow-up (r88) (TM)

Figura 2 - Cortes histolégicos transversais do tecido ésseo, corados com tricromico de Masson, apds retirada dos tubos de PVDF
piezoeletricos (a esquerda) e ndo piezelétricos (a direita). (50x) Barra = 0,33mm.

Figure 2 - Traverse histological cuts of the bone tissue, tinted with Masson trichomic, after the removal of the piezoelectric PVDF tubes
(to the left) and non-piezoelectric tubes (to the right). (50x) Bar = 0,33mm.

gL i
Tubos de PVDF nao piezoeléctricos

12 semanas

Non piezoelectric PVDF tubes
12 weeks

Tubos de PVDF piezoeléctricos 12 semanas

Piezoelectric PVDF tubes
12 weeks

Figura 3 - Imagens da microscopia eletrénica de varredura por retroespalhamento da
extremidade distal do fémur, com tubos piezelétricos (direita) e nao piezelétricos
(esquerda), apés 12 semanas de seguimento. Nota-se a direita que ha no interior do tubo
imagem compativel com tecido ésseo, incluisive com estrutura trabecular. (aumento)

Figure 3 - Images of the electronic microscopy by retro spreading scanning of the distal
extremity of the femur, with piezoelectric tubes (right) and non-piezoelectric tubes (left), after
12 weeks of follow-up. It can be noticed on the right side that there is, inside of the tube,
and image compatible with bone tissue, including a trabecular structure. (I increase)

DISCUSSAO

Dos resultados analisados, alguns achados merecem ser desta-
cados: 0 aspecto mais uniforme e regular da superficie articular da
regido intercondiliana com tubos piezelétricos; a dificuldade de se
retirar os tubos piezelétricos do leito ésseo e, finalmente, o encontro de
tecido 6sseo apenas no interior dos tubos piezelétricos. Estes encon-
tros sugerem que a piezeletricidade deve ter influenciado esse com-
portamento, ja que tanto os tubos piezelétricos como os ndo
piezelétircos tinham a mesma origem, composicao quimica e acaba-
mentos superficiais.

164

DISCUSSION

Some findings from the results analyzed must be underlined: the
more uniform and regular aspect of the articular surface of the inter-
condilian area with the piezoelectric tubes; the difficulty of removing
the piezoelectric tubes from the bone bed and, finally, the discovery of
bone tissue just inside the piezoelectric tubes. These findings suggest
that the piezoelectricity must have influenced that behavior, since the
piezoelectric tubes, as much as the non-piezoelectric tubes, had the
same origin, chemical composition and superficial linings.
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A forma como o tecido ésseo interpreta o estimulo piezelétrico e o
transforma em atividade biolégica € ainda pouco esclarecido na
literatura, tanto pela dificuldade de se mimetizar as reais condigoes
ambientais do tecido 6sseo, como pelo fato de que o conhecimento
dos mecanismos de comunicagéo intra e extracelular é umtema rela-
tivamente recente. Os estudos da biologia das Ultimas décadas tém
sido dirigidos ao conhecimento das moléculas extracelulares de sina-
lizac&o, pois através dessas as células se tornam capazes de respon-
der a determinados estimulos. Estas moléculas de sinalizagao se ligam
a proteinas-receptoras da superficie celular e posteriormente a prote-
fnas sinalizadoras intracelulares, que encaminham o sinal a partes
apropriadas da célula. No final deste processo estéao as proteinas—
alvo, que sao as efetoras finais e induzem a modificacao no compor-
tamento celular®,

Estudos experimentais tém tentado definir qual € a molécula ou
sistema que traduz a linguagem do estimulo fisico em linguagem bio-
|6gica, mas até o momento os dados mais atuais sobre o assunto
foram definidos baseados em estudos experimentais de cultura de
células que, embora sejam muito Uteis para esclarecimento de fend-
menos isolados, ndo podem ser extrapolados para o que acontece
com o tecido no organismo como um todo. De acordo com Roy et
al." os estudos realizados nos Ultimos 10 anos somente comegaram
a elucidar os aspectos de sinalizacao transmembrana e a expressao
génica do tecido 6ésseo em resposta a estimulos biofisicos, como por
exemplo, a alteragéo de fluxo nos canaliculos que unem os ostedcitos

A deformagéo mecéanica em niveis fisiolégicos pode criar diferen-
tes gradientes de presséao hidrostatica no fluido intersticial dos canali-
culos do tecido 6sseo, que sdo captados pela membrana celular do
ostedcito, resultando em aumento da atividade metabdlica desta, su-
gerindo que o ostedcito é a célularesponsavel pelo processo de trans-
dugao do estimulo mecanico em bioldgico. Por outro lado, os estudos
in vivo ou in vitro tém mostrado também resposta bastante uniforme do
tecido 6sseo com relacéo aos estimulos elétricos, que aumentam a
producéo e aremodelacéo 6ssea. Também, o uso terapéutico dessas
técnicas, incluindo estimulos por ultra-som, elétrico e eletromagnéti-
co, tém levado a bons resultados clinicos, embora ainda sejam desen-
volvidos de forma empirica, sem esquemas de dose-efeito bem
definidos, principalmente pela falta de compreensao das interacoes
destas técnicas com a membrana celular®.

De acordo com informagdes da empresa fornecedora dos tubos
piezelétricos, esses tubos foram polarizados com bombardeamento
de cargas negativas, ficando assim a parede externa do tubo carrega-
da positivamente e a parede interna negativamente, j& que o bombar-
deamento atraiu as cargas positivas para a parede externa, orientando
no interior do material os dipolos e fazendo com que as cargas nega-
tivas se concentrassem na parede interna.

Nessas condicoes, se esse tubo sofresse compressao, cargas
positivas seriam geradas em uma das faces e cargas negativas, na
outra face. Caso sofresse alongamento, a polaridade das cargas se
inverteria. Desse modo, cargas negativas poderiam ser geradas tanto
na superficie externa, quanto na superficie interna do tubo, estimulan-
do o crescimento no interior e fora do mesmo.

O tipo e a magnitude da deformagé&o mecénica sofrida pelos tubos
neste estudo pode ser questionada, ja que por estarem implantados
na regiao metafisaria distal dos fémures, era esperado que nao sofres-
sem deformacgdes. Como, entao, se pode explicar neste estudo o
efeito piezelétrico? Uma das explicagdes possiveis leva em conta que
o tubo de PVDF piezelétrico funcionaria como um eletreto (ou capaci-
tor), que estimularia por si s6 o crescimento do tecido 6sseo, de forma
semelhados aos achados de Yasuda"® com o teflon polarizado. A
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The manner in which the bone tissue interprets the piezoelectric
stimulus and transforms it into biological activity is still not clearly ex-
plained in the literature, so much as for the difficulty of mimetizing the
real environmental conditions of the bone tissue, as for the fact that the
knowledge of the intra and extracellular communication mechanisms is
still a relatively recent subject. The biology studies during the last de-
cades have been focused on the knowledge of the extracellular signal-
ing molecules, because they make the cells capable of responding to
certain incentives. These signaling molecules link to receptor proteins
ofthe cellular surface and later to the intracellular signaling proteins,
which direct the signal to appropriate regions of the cell. In the end of
this process are the target proteins, that are the final effectors and
induce the modification in the cellular behavior”-

Experimental studies have been trying to define which is the mole-
cule or system that translates the language of the physical stimulus into
biological language, but until now the most current data on the subject
were defined based on experimental studies of cell cultures that, al-
though very useful for the explanation of isolated phenomena, cannot
be extrapolated for what happens with the tissue within the body as a
whole. According to Roy et al(™), the studies performed during the last
10years only began to elucidate the aspects of the transrmembrane
signaling , and the genical expression of the bone tissue in response to
biophysical stimuli, as for instance, the alteration in the flow of the
canaliculi that link the osteocytes.

The mechanical deformation at physiologic levels can create differ-
ent hydrostatic pressure gradients in the interstitial fluid of the caniculi
ofthe bone tissue, that are captured by the cellular membrane of the
osteocyte, resulting in the increase of its metabolic activity, suggesting
that the osteocyte is the responsible cell for the transduction process
from the mechanical to the biological stimulus. On the other hand, the
in vivo or in vitro studies have also been showing a rather uniform
response of the bone tissue regarding the electric stimuli that increase
the production and remodeling of the bone. In addition, the therapeutic
use ofthose techniques, including the ulirasound, electric and electro-
magnetic stimuli have been leading to good clinical results, although
they are still developed in an empiric manner, without very defined
dose-effect schemes, mainly due to the lack of a better understanding
ofthe interactions between these techniques with the cell membrane®.

According to information received from supplier of the piezoelectric
tubes, those tubes were polarized with the bombardment of negative
charges, and thus the outside wall is charged positively and the inside
wall negatively, since the bombardment attracted the positive charges
to the outside wall, driving in the inside of the material the dipoles and
thus making the negative charges concentrated on the inside wall.

Underthose conditions, ifthat tube suffered any compression, the
positive charges would be generated on one of the faces and the
negative charges, on the other face. In case it suffered a stretching
effort, the polarity of the charges would be inverted. In this manner the
negative charges could be generated on the outside surface, as wellas
on the inside surface of the tube, stimulating the growth inside and
outside of the tube.

The type and the magnitude of the mechanical deformation that
the tubes underwent in this studly can be questioned because, as they
are implanted in distal metaphysical area of the femurs, it was expected
that they didn’t suffer any deformations. How, then, can the piezoelec-
tric effect be explained in this study? One of the possible explanations
lakes into account that the piezoelectric PVDF tube would work as an
electret (or capacitor), that it stimulate the growth of the bone tissue by
itself, in a similar way as the finding by Yasuda® with the polarized
Teflon. In favor of that hypothesis is the fact that the bone growth was
observed only inside the piezoelectric tubes, where the negative charg-
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favor dessa hipdtese, ha o fato de que o crescimento ésseo s6 foi
observado no interior dos tubos piezelétricos, onde se concentram
cargas negativas. Assim, pode-se supor que mesmo apds a manipu-
lagao e implantagao dos tubos a superficie interna manteve-se carre-
gada, com predominio de cargas negativas que sabidamente estimulam
o crescimento 6sseo?),

A outra explicagdo possivel leva em conta o fato de, por estarem
implantados na regiao intercondiliana do fémur e por esta regiao ser
intra articular, os tubos passaram a sofrer microdeformacdes com a
mudanca do gradiente de presséo intra articular, gerada pelo movi-
mento da articulagao e durante a marcha. Essas microdeformagoes
devem ter induzido, pelo efeito da piezeletricidade, a formagao de
correntes elétricas na superficie interna dos tubos, que foram respon-
saveis pelo crescimento de tecido 6sseo, como sugerido por alguns
autores®671),

Apesar dos resultados deste estudo indicarem que houve efeito
positivo do PVDF piezelétricos com relagdo a neoformacéo éssea,
novas investigagdes s&o necessarias para que se possa quantificar
melhor esse fenémeno e, do ponto de vista clinico, ha necessidade de
se avaliar a sua aplicabilidade.

Pode-se concluir que na interface formada entre o tubo de PVDF
(piezelétrico e ndo piezelétrico) com o tecido ésseo nao houve cresci-
mento de tecido fibroso e que no interior dos tubos piezelétricos houve
formagao de tecido ésseo, inclusive com arranjo trabecular.
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es are concentrated. Therefore, it can be supposed that even after the
manipulation and implantation of the tubes the inside surface rernained
charged, with the prevalence of negative charges that knowingly stim-
ulate the bone growth®9.

The other possible explanation takes into consideration the fact
that, as they were implanted in the intercondilian area of the femur, and
as this is an intra-articular area, the tubes initiated a micro deformation
process, due to the change of the intra-articular pressure gradient,
generated by the movement of the articulation, and during the gait.
Those micro deformations must have induced, due to the effect of the
piezoelectricity, the formation of electric currents on the inside surface
of the tubes, that were responsible for the growth of bone tissue, as
suggested by some authors®67:17),

In spite that the results of this study indicate that there was a
positive effect of the piezoelectric PVDF regarding the new forrmation of
bone, new investigations are necessary to better quantify that phenom-
enon-and, from the clinical point of view, there is the need to evaluate
its applicability.

It can be concluded that in the interface formed among the PVDF
tube (piezoelectric and non-piezoelectric) with the bone tissue there
was no growth of fibrous tissue, and that inside of the piezoelectric
tubes there was a formation of bone tissue, including a trabecular
arrangement.
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