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RESUMO

O Polimetiimetacrilato (PMMA) €é um dos materiaisilihdos no
preenchimento facial, sendo atualmente o produtond®r emprego nesta area. Sua
forma injetavel € composta por microesferas diggerem meio coloide de
carboximetilcelulose, empregado, dentre outrascaplies cirargicas, para atenuar
rugas, aumentar o volume e melhorar o contornalfadis microesferas do material
permanecem nos tecidos apos o colageno ser reatisertornam-se encapsuladas pelo
tecido conjuntivo, o que contribui para formar olwoe efetivo do material. O
aparecimento de granulomas ou lesdes nodularesaapibgecdes desse material tem
sido descritas até 6 anos apds sua aplicacdo, pecerao desconhecida até o
momento, a patogénese destes nodulos. O presgmteine@nto teve como objetivo
analisar clinica e histologicamente a reacao tetidgal e sistémica frente a injecédo de
PMMA, em diferentes concentracfes e tempos expataise Foram utilizadas 54 ratas
Wistar (Rattus norvegicus) divididas aleatoriameate 3 grupos de acordo com o
material utilizado (Grupo 1: PMMA 2%, Grupo 2: PMM®% e Grupo 3: NaCl 0,9%)
e apos em 3 subgrupos com distintos tempos de acdramento previstos (A: 7, B: 60
e C: 90 dias). Os animais foram previamente sedadngmetidos a injecdo no ventre
lingual de 0,07ml das respectivas substancias.id@hmente foram observadas nos
grupos PMMA a 2% e PMMA a 30%, lesdes ulceradaperiodo de 7 dias. Aos 60
dias do experimento, nos mesmos grupos preseneidasdes nodulares e placas
esbranquicadas. Apds a eutanasia das ratas emespastivos periodos experimentais,
foram removidos para analise microscopica, a lingua rim direito. As pecas
operatorias das linguas foram coradas por hemitaldbsina (HE) e picrosirius,

enquanto as dos rins, exclusivamente pela técnécaotina (HE). Nos cortes da



estrutura da lingua corados por HE, foram menssraggwametros de auséncia ou
presenca de reacao inflamatoria, sendo esta ataskifcomo ausente, leve, moderada
ou intensa. Nos cortes corados com picrosiriusdtabelecida a quantificacéo de fibras
colagenas presentes. Ja nas amostras obtidas ddoram avaliadas a presenca ou
auséncia de resposta inflamatoria em toda a extedadlamina. Histologicamente
notou-se reacado inflamatéria nos grupos testeslosqone, no periodo de 7 dias, foi
observada resposta tecidual intensa no grupo PMNB%. No tempo de observacao
de 60 dias, nos grupos teste, a resposta inflaradtir moderada, com presenca de
células gigantes do tipo corpo estranho. O mesmdrguoi evidenciado aos 90 dias de
experimento nos grupos PMMA a 2% e PMMA a 30%.kdplasia foi observada nos
mesmos grupos em todos os periodos do estudo, ssidaeevidente no grupo PMMA
a 30% e ndo sendo notada no grupo controle. Naeeh@sposta tecidual nas laminas
dos rins em todos os grupos da pesquisa, sugeandoiséncia de migracdo ou
sistematizacdo do material de preenchimento. Ass diancentracbes de PMMA
produziram uma resposta inflamatéria com presengacante de células gigantes do

tipo corpo estranho e uma maior fibroplasia na entracdo de PMMA a 30%.

Palavras-chaves: materiais de preenchimento fagalimetiimetacrilato,

efeitos adversos, reagéo de corpo estranho.
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SUMMARY

Polymethylmethacrylate (PMMA) is one of the mostntoonly used facial
filing material, being largely applied in this ardts injectable form is composed
of microspheres dispersed in a colloid medium abaaymethylcellulose, applied for
minimizing wrinkles, increasing volume and imprayifacial contour, among other
surgical applications, and is also used as a typdome cement. The material
microspheres remain in the tissues after collageasorbed, becoming encapsulated by
connective tissue, which contributes to the fororatof the effective volume of
material. The occurrence of granulomas or nod@aiohs has been described until 6
years after its injection and nodule pathogenesimains unknown. The present
experiment had the objective of analyzing, bothicélly and histologically, local and
systemic tissue reaction to PMMA injections, irfeliént concentrations and monitoring
periods. Fifty-four Wistar female rats (Rattus norvegicusgrer used. They were
randomically divided into 3 groups according to tmaterial used (Group 1: 2%
PMMA, Group 2:30% PMMA and Group 3: 0.9% NaCl) and then subdid&o 3
groups with different monitoring periods (A: 7, BO and C: 90 days). In test groups
2% PMMA and 30% PMMA, ulcerations were clinicallipserved in the 7-day period.
In the 60-day period, nodules and white plates wetected in groups 2% PMMA and
30% PMMA. After being euthanized, the rats had rthengue and right kidney
removed for microscopic analysis. The tongue sasnplgere stained with
hematoxylin/eosin (HE) and picrosirius, while thigleys received only HE. In the
tongue sections stained with HE, absence or presehenflammatory reaction was
measured, being classified as absence, mild, maderasevere. In the sections stained
with picrosirius, collagen fiber density was esistiéd. In the kidney samples, presence

or absence of inflammatory response was evaluatéde entire slide. Histologically,



there was presence of inflammatory reactions ih gesups. In the 7-day period in
group 30% PMMA there was severe tissue response.thtn 60-day period,
inflammatory responses in groups 2% PMMA and 30%FPMMere moderate, with
presence of foreign body giant cells. The samedcbalseen in the 90-day period in test
groups. Fibroplasia was observed in test groups fth monitoring periods, being more
evident in 30%PMMA and totally absent in the control group. Theécmmscopic
evaluation of tissue response in kidney slidesrditd show alterations in all research
groups, suggesting there was no migration or sydieation of filling material. Both
PMMA concentrations produced inflammatory respongk strong presence of foreign

body giant cells and more fibroplasia in the 30%NPAMconcentration.

Key words: facial filling materials, polymethylmeitrylate, adverse effects,

foreign body reaction.
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1. INTRODUCAO

A busca do homem por alternativas que auxiliem eeuperacdo ou na
manutencdo da eterna juventude tem sido, ao lomagbistoria, assunto de grande
interesse para diversas pesquisas. Nas Ultimasla®cas materiais de preenchimento
facial sdo alvos de inUmeros estudos, especialmetarea médica. No entanto, a
principal dificuldade encontrada pelos pesquisaid@rede conciliar as propriedades
fisico-quimicas e mecanicas requeridas para adonatdade dos materiais utilizados
no preenchimento facial atingindo um nivel aceitdde reacdo tecidual. Esta é
geralmente causada pela presenca de moléculasesolau ions liberados pelos
materiais utilizados, quando em contato com osléscdo organismo (ROMAGNOLI;
BELMONTESI, 2008; SARNOFF et al., 2008; BUCK; ALAMKIM, et al., 2009).
Tais substancias consistem de fluidos com altaosidade ou suspensdo de
microparticulas que séo injetadas nos tecidos nuideface com objetivo estético e
funcional. O referido procedimento visa reduzir efsitos do envelhecimento, bem
como a correcao de defeitos congénitos ou trauosatios tecidos moles e duros da
face. Dentre suas indicacles, estdo os portaderessaerodermia, paralisias faciais
unilaterais, cicatrizes de acne e, ainda, pacidigsesrados (LEMPERLE MORHENN;
CHARRIER, 2003; LOMBARDI et al., 2004; NARINS; BOWAN, 2005). Na grande
maioria dos casos, as substancias de preenchirtentem podem ser associadas a
procedimentos cirargicos, buscando a melhora dos sesultados finais (NARINS;

BOWMAN, 2005).

De acordo com alguns autores, estes materiais pasEmclassificados
conforme o grau de permanéncia nos tecidos apoOsaairgecdo (LEMPERLE;

ROMANO; BUSSO, 2003; ZIMMERMANN; CLERICI, 200 ARINS; BOWMAN,
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2005; LEMPERLE; FAZIO; NICOLAU, 2006; ATHRE, 200DAYAN; BASSICHIS,
2008; KARAGOZOGLU; VAN DER WAAL, 2008; SMITH, 2008;THIOLY-
BENSOUSSAN, 2008BUCK; ALAM; KIM, 2009). Os materiais temporarios ou
absorviveis sao aqueles que produzem resultadoseropo limitado de duracéo, ou
seja, que sofrem um processo de reabsorcdo atéss&rmpos a sua aplicacdo. Estes

requerem injecdes repetidas para que se consigarebtltados prolongados.

Os materiais de preenchimento semi-permanentesagéeles que sofrem
reabsor¢cdo apo0s um determinado periodo, variantto des 6 a 24 meses. Ja 0s
permanentes sdo descritos como substancias quezprodesultados por longo tempo,

uma vez que permanecerdo indefinidamente no ino®tecidos.

Para que seja considerado ideal, o0 mesmo devegsesmpar as seguintes
caracteristicas: ser biologicamente inerte (OWERMR5); ndo ser carcinogénico ou
teratogénico (NARINS; BOWMAN, 2005; BUCK; ALAM; KIM 2009); ndo sofrer
migracdo no sitio da infiltracdo (NARINS; BOWMANQQ@5); ter consisténcia que
permita seu uso com agulhas de pequeno calibre (NBRBOWMAN, 2005;
EPPLEY; DADVAND, 2006; DHALIWAL; FRIEDMAN, 2008); &o produzir reacdes
alérgicas nem requerer teste dérmico (NARINS; BOWWARO005); ter facilidade de
insercdo e remocao, quando requerida ou deseja@dBLEY; DADVAND, 2006;
BUCK; ALAM; KIM, 2009); ndo produzir resposta infteatoria persistente (EPPLEY;
DADVAND, 2006; NAIR; LAURENCIN, 2007; DHALIWAL; FREDMAN, 2008); ter
longo periodo de beneficio (OWENS, 2005; EPPLEY;OMAND, 2006; BUCK;
ALAM; KIM, 2009); apresentar similaridade com o itkr normal, ou seja, textura
semelhante, para que nao seja palpavel ou perekptivexame fisico (OWENS, 2005;

BUCK; ALAM; KIM, 2009).
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As primeiras substancias de preenchimento fagakrem desenvolvidas foram
0 Oleo de parafina e o silicone liquido, classdec® como permanentes ou nao-
biodegradaveis. Entretanto, o silicone liquidotanjel foi removido do mercado devido
a inumeras complicacdes resultantes do seu usadaio, celulite, deformacao no sitio
da infiltracdo, além de intensa reacdo inflamatfw@l com consequente fibrose e
migracdo de suas particulas, provocando o deslotant® material (KALANTAR-

HORMOZ| et al., 2008; BUCK; ALAM; KIM, 2009).

As constantes pesquisas com utilizacdo de subatineiturais ou sintéticas
vém sendo amplamente estimuladas em razdo da gnamdera deste tipo de
procedimento por parte dos pacientes, especialmentgue se refere aos polimeros
(NAIR; LAURENCIN, 2007; DAYAN; BASSICHIS, 2008; ROMGNOLI;
BELMONTESI, 2008; BUCK; ALAM; KIM, 2009). Os polintes no formato rigido,
como por exemplo, o metacrilato de metila, sdo ueatemente utilizados na
reconstrucdo da calvaria. Na forma liquida, temogolimetilmetacrilato (PMMA),
formado por microesferas (30 a 40um de diametrosueerficie lisa e 3,5% de
coldgeno bovino, desenvolvido para implantacdo &ubita e classificado como
implante sintético permanente. Existem ainda odtramas de polimeros, tais como o
poliuretano, polietileno, teflon e o dacron, seedtes utilizados para cobrir as préteses
mamarias de silicone, reforco na parede abdomioatecdo de fraturas do soalho da

oOrbita e do nariz (ACHILLES, 2004).

Mais recentemente, diversas outras substanciasvaesie de preenchimento
tém sido disponibilizadas no mercado, incluindo aageno humano, o &acido

hialurdnico (AH) e os polimeros biossintéticos (BXJ@QLAM; KIM, 2009).
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Atualmente encontra-se disponivel no mercado unaadgr diversidade de
substancias de preenchimento de tecidos moles, oat&® com seus distintos
constituintes quimicos, indicacdes e efetividaddufdamental que os profissionais
habilitados tenham pleno conhecimento das proptesiados materiais utilizados,
proporcionando, consequentemente, o tratamentoé&tmsnmais adequado para cada

paciente (BUCK; ALAM; KIM, 2009).

A seguranca na utilizacdo dos materiais de prepresitd injetaveis € ainda
um assunto bastante discutido por diversos autBrabora, os biomateriais conduzam
a um menor risco de complicacdes do que os alomésta reducdo dos efeitos
colaterais decorre da rapida degradacdo dos mesesadtando numa perda de efeito
clinico e na necessidade de repeticdo do procetiménliteratura descreve que a
maioria das reacdes adversas foram causadas pehieuslicone, seguidas da injecao
de colageno e do AH. Dentre os materiais eventugbnessociados a efeitos
indesejaveis estdo as suspensBes de hidrogel cagcrilacido polilactico,

polimetilmetacrilato e o politetrafluoretileno (JINAet al., 2009).

A patogénese das reacdes adversas destes produatioslaé desconhecida.
Quando os biomateriais sdo injetados nos tecid®s®rea-se uma reacado granulomatosa
com presenca de histiocitos e formacédo de novaentacircundando a area. Alguns
pacientes desenvolverdo uma reacao tecidual magsaseesultando clinicamente em
nodulos visiveis. Outros estudos sugerem o apaeatonde lesbes envolvendo uma
reacdo imunoldgica, na qual a substancia de preeanto pode agir como um
estimulo para infeccdo ou contaminacdo cruzadatédaica injetavel. Além disso,
alguns pesquisadores consideraram que os efeitesdjaveis também podem ser

causados por impurezas presentes nas preparac@esjcas e pacientes
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inadequadamente selecionados, ou, ainda, devidwexgeriéncia dos profissionais
(BUCK; ALAM; KIM, 2009; JHAM et al., 2009). Emboranuitos desses efeitos
colaterais sejam temporarios, torna-se importamteunicar previamente aos pacientes

a possivel ocorréncia dos mesmos.

A presenca de hemorragia, a partir da utilizacds doateriais de
preenchimento, é comumente associada a pacientes jilizam terapias
anticoagulantes (GLADSTONE; COHEN, 2007; BUCK; ALAMIM, 2009). As
complicagdes infecciosas sao raras, entretantggrmas com suscetibilidade as mesmas
ou com histéria de herpes simples, por exemploerd@vrealizar previamente terapia

antibacteriana e/ou antiviral (BUCK; ALAM; KIM, 2@0.

A reacdo alérgica aguda é considerada uma seérigplicagfo, quando
utilizados preenchimentos que contenham componditeisos e xenogénicos. Para
minimizar estes riscos, é sempre recomendavellaaea@o de testes dérmicos prévios
ao tratamento (ATHRE, 2007; PRICE; BERRY; NAVSARIZ007; DHALIWAL;
FRIEDMAN, 2008; BUCK; ALAM; KIM, 2009; JHAM et al.2009; KUSIN; LIPPITZ,
2009). Comumente o paciente refere a presencaodepbs a injecdo do material,
podendo esta ser reduzida com o uso de agulhasderes calibres (LOMBARDI et
al., 2004; BUCK; ALAM; KIM, 2009; JHAM et al., 2009 A anestesia topica ou
regional, incluindo bloqueio nervoso, também paateusilizada (BUCK; ALAM; KIM,
2009). A persisténcia de reacao inflamatoria inei$jpa para preenchimentos semi-
permanentes e permanentes conduz o tecido a unespoodnflamatorio cronico
(ZIMMERMANN; CLERICI, 2004; PRICE; BERRY; NAVSARIA2007; JHAM et al.,
2009). A formacao de abscesso é rara, e podepstante no periodo dedias até 12

meses apos a infiltracdo (ZIMMERMANN; CLERICI, 200Mesmo com o uso de
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biomateriais, como o AH, as reacdes granulomatesasras ainda tém sido descritas.
Tais alteracbes podem surgir no periodo de 6 mesesalguns anos apdés o
procedimento, sendo esta manifestacdo frequententemtada através da excisao
cirurgica (LOMBARDI et al., 2004; GLADSTONE; COHEN2007; DHALIWAL;
FRIEDMAN, 2008; KALANTAR-HORMOZI et al., 2008; BUK; ALAM; KIM,
2009; DA COSTA et al., 2009;JHAM et al., 2009). A ocorréncia de adversidades
menores, tais como hematoma, edema, descoloracéensbilidade da epiderme
também foram descritas por alguns autores (GLADSEOGIOHEN, 2007; PRICE;
BERRY; NAVSARIA, 2007; DHALIWAL; FRIEDMAN, 2008; KALANTAR-
HORMOZI et al., 2008). Entretanto, estas complieac6do ditas temporarias, tendo
sua resolucado usualmente no prazo de duas semAinbs WAL, FRIEDMAN,
2008). O edema transitorio pode persistir de 22 hofas sendo o mesmo resultado da
irritacéo local pelo implante do produto ou ain@aputilizacdo de técnica inadequada

(ATHRE, 2007; GLADSTONE; COHEN, 2007; JHAM et #&009).

Muitos pacientes buscam os profissionais para stemio especializado
referindo como queixa principal uma assimetriadiad?ortanto, sugere-se que sempre
seja feita uma documentacdo fotogréfica dos caloEas nos periodos pré e poés-
procedimento evitando transtornos posteriores (GEAONE; COHEN, 2007,

MATARASSO, 2008).

POLIMETILMETACRILATO

Introduzido comercialmente na Alemanha a partir d®91, o

Polimetilmetacrilato (PMMA) é a combinacdo de celdg liquido e microesferas de
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polimetilmetacrilato (s6lido), sendo muito utilizagpara o preenchimento de partes
moles em cirurgias estéticas. As microesferas denmahpermanecem nos tecidos apos
o colageno ser reabsorvido e tornam-se encapsufaastecido conjuntivo, 0 que
contribui para a obtencao do resultado final. Orepaento de granulomas ou lesbes
nodulares apos as injecdes desse material tenteginitas até &nos apds sua injecao.
A patogénese destes nodulos € desconhecida, etdreta alguns casos, 0s tratamentos
realizados com esterdides tém apresentado éxitdRIEHENSEN et al. 2005). O
PMMA representa no momento, a opcéo de maior esadllizada para preenchimento
cosmeético com materiais permanentes. Sabe-se gastew periodo inicial, de 4 a 6
semanas apos a injecdo do produto, as esferas tARNMovocam uma reacédo de
corpo estranho, sendo, posteriormente, encapsytetias fibras colagenas do tecido, as

quais previnem a migracao do material (KUSIN; LIPR12009).

O PMMA encontra-se disponivel para uso em distiotecentracdes, variando
estas de acordo com a sua indicacdo. O PMMA 2%izadb na regido intradérmica
para minimizar rugas finas especialmente na atsall® PMMA 10%¢ indicado para
areas moveis visando diminuir o aspecto de canpapeocado pela flacidez. J4 o
PMMA 30% é indicado para injecdo onde exista uma estrutssaadabaixo, sempre a
nivel intramuscular ou justaperiostal. Nesta cotregdo é utilizado para aumentar o

volume da regido de interesse.

InUmeras pesquisas recentes tém sugerido o usastietas modalidades
estéticas alternativas visando restaurar os tedaitnais perdidos ou alterados com o
avanco da idade. Entretanto, os efeitos adversopreenchimento de determinadas
regides da face com materiais disponiveis no mercab que se refere a

biocompatibilidade, permanece como uma das maigsriaptes complicacbes do seu
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uso, tendo impacto significativo no resultado esgperpelos pacientes. Assim, a busca
continua de alternativas que proporcionem melhooeslicbes de bem-estar e saude
aguelas pessoas que desejam realizar procedimejtngnescedores, bem como, a
investigacdo de possiveis efeitos indesejaveistitnssem duavidas, uma éarea de

grande interesse para pesquisas.

Através deste experimento buscou-se avaliar asostsp clinicas e
histologicas em lingua e rim de ratas submetidagegdo de PMMA, um material de
preenchimento estético amplamente utilizado nalidage. Por meio de um estudo
padronizado, objetivou-se identificar, analisar a@nparar tais reagdes, visando um

maior conhecimento cientifico dentro do tema prépos
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2.1. SUMMARY

The search for becoming young is a constant a#timmdongst Brazilians. The
low cost of filling agents have been stimulating imdiscriminate use, especially the
bioplasty (non-incisional method). The polymethyihaerylate (PMMA) is the
cosmetic filling agent of choice, due to its lowstceasy access and simple application
technique. The impact on Dentistry and Oral Mediareeds further awareness. This
paper is a literature review of PMMA focusing itsroperties, indications,
contraindications and adverse effects. The artalas at calling the attention of
odontology and medical professionals to the prdduapplicability and its possible

complications.

Key Words: facial filling agents, polymethylmethglate, adverse effects,

polymers, foreign body reaction
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2.2. INTRODUCTION

Search for alternatives which can assist in thewexy or conservation of
human youth has been subject of great intereseveral researches across the years.
During the past decades, the facial filling ageats target of numerous studies,
especially in the medical field. The procedure aansetarding the aging effects, as well
as correcting congenital or traumatic defects ofthbsoft and hard facial tissues.
However, there are very few studies relating thegieerm physical, chemical and

mechanical properties required for the functiogaditthese materials (1); (2); (3).

Although there are several filling agents availablethe market, the ideal
product is yet to be created. A filling agent candualified as biocompatible when it
does not initiate immunologic reaction, is not camenous, does not produce
infectious response or migrate, and brings longiteoenefits. Other desirable
characteristics are effective cost, simple handlargl, whenever necessary, easy

insertion and remotion (4); (5); (6); (7).

According to some authors (3); (8); (9); (10); (Xry material injected in
tissues must not alter their functional charadiessso that the natural aspect of the

organ can be maintained.

The facial filling agents can be classified accogdito their degree of
permanence in the tissues after application. Tearg@nd absorbable materials are the
ones which produce a limited time effect, meanimgytare absorbed up to 6 months
following application. These materials require mi&pé injections so that long-term

clinical results can be achieved. The permanentmads, on the other hand, are
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described as substances which produce long-teraoitsesnce they shall indefinitely

remain inside the tissues (1); (3); (12); (13);)(145); (16); (17); (18).

2.3. BACKGROUND

The polymethylmethacrylate (PMMA) is a synthetidymoer produced for the
first time in 1902 by the German chemist Rahm aaigmted in 1928 as Plexigl&sst
was first used in 1938 to reconstruct monkey skuiking later used in orthopedic
surgical procedures as bone cement (19); (20);; (222). The substance was
commercially introduced in Germany in 1991. Thi®duct is obtained through the
combination of liquid collagen and solid PMMA misgheres, being used for filling
soft tissues in aesthetic surgery, known as bityglasn-incisional and minimally
invasive method (23); (24); (25). The injectableniois composed of disperse
microspheres in carboxymethylcellulose colloid, legapbfor wrinkles reduction, volume
increase and improvement of the facial contour, ragrmther surgical applications (17);

(19); (20); (21); (25); (26); (27); (28); (29); (BE31); (32); (33); (34).

The first experimental study using PMMA in softsties occurred in Germany.
Lemperle et al. (1991) did the first tests implagtnonabsorbable particles in rat skin.
In these studies, a smaller number of reactions aaseved with the PMMA
microspheres, then used mainly as bone cement. @rlP94 there was the idea of
mixing PMMA michrospheres to bovine collagen cregta pasty vehicle which was

easy to apply by using thin needles on the subdermi
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From then on, a longer permanance of the implaiagen compounds mixed
to PMMA michrosphere, was noticed, causing grepeetations for researchers and the

medical community.

In 2001, PMMA started being applied to the gaswpbesageal reflux therapy
through the implant in the esophageal submucosdraresoral endoscopy (20); (21);
(22). It is also used in the correction of body adefities, in intraocular lens, in
preventive haemostasis and in urinary bladder ahgsiion (19); (23); (24); (35); (36);

(37); (38); (39); (40).

2.4. CHEMICAL CHARACTERISTICS

PMMA is considered a rigid thermoplastic; it isrts@arent in visible light and
presents great resistance in ambient conditions. dbnsidered the most important of

the thermoplastic group designated acrylic (412).(4

Several companies regularly commercialize PMMA coomas. They are
available in the market under the following tradames: Artecoll®, Artefill®,
Metacrill® and Newplastic®. The products vary imms of carrier substance and
microspheres size and they can be found alreagyaprd in syringes or in glass vials

(23); (24); (25); (40); (43); (44); (45).

According to Lemperle et al. (2003), the injectaBIRIMA (ArteFill, Artes
Medical, San Diego, California) is a suspensiontaiomg 20% of smooth PMMA
microspheres and 80% of bovine collagen and it aygsoved by the FDA in 2006 for

the correction of nasolabial folds. It represengr@uct containing few nanoparticles
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(smaller than 20 microns) and such particles arequiently associated with

granulomatous reactions (1).

2.5. PMMA INDICATIONS

PMMA has been usually recommended for lipodystropdryection due to the
use of antiretrovirals in HIV positive patien&6], facial contour (1); (17); (34); (47),
glabellar lines (47); (48), nasolabial folds (1)7); (34); (47), filling of the malar region
(48); (49); wrinkles correction (17); (34); (485Q) and lip filling (17); (34); (48); (49);

(50).

PMMA is available for use in three distinct congations (2%, 10% and

30%), varying according to its respective indicatio

- 2% PMMA - The only concentration that can be &plwith a needle, in
depth, in the intradermal region, indicated for imiizing thin wrinkles, especially in

the lip region.

- 10% PMMA - Used in moving areas aiming at redgdime aspect of fatigue
provoked by flaccidity (nasolabial folds, expressimarks, lips and hand dorsum),

being invariably injected in the subcutaneous @ssu

-30% PMMA - Indicated for intramuscular or pericdteareas. In this
concentration, the aim is to increase the volumthefregion of interest, such as: chin,
malar, mandibule line, nose correction, nasolafmhls, gluteal augmentation, chest,

biceps and calves.
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Due to technology advances, it has been possildestiie personalized PMMA
implants by using high-resolution computed tomogsapmodeling. Customized
implants are made to meet the patient’s specifedaeln a study developed by Groth
and collaborators (2006) significant complicatidrae not been found and the results
obtained proved to be satisfactory in long termtlf@ correction of orbitofacial defects.
This technique can be applied to other alloplastiglants, promoting a better contour

to the implant and reducing surgery time (51).

2.6. CONTRAINDICATIONS

The PMMA application is contraindicated in the mmse of inflammatory
processes near the region of interest (52); (530; far patients who are allergic to

xenogenic compounds (bovine collagen).

Lemperle et al. (1995) contraindicate the PMMA ajen to breast
augmentation, tendons, ligaments and bones, dpregnancy or breast-feeding and to

patients with platelet or coagulation disorders)(50

2.7. TISSUE RESPONSE

The PMMA microspheres remain in the tissues aftdliagen is absorbed and
are encapsulated by connective tissue, which darés to the formation of effective
volume of the material. The defect correction osadue to the sum of the volume of

the injected product and the cellular and fibemghoaround area (32).
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After the injection of the substance in the orgamishere are intercellular
reactions through chemical mediators. The macroghagpt being able to phagocytize
large and smooth spheres, group up in giant cdlismenwrap the spheres for a period

of approximately 14 days (54); (55).

Allen (1992) described in a longitudinal study tbellular reactions after
injections of inert materials in the human subdsrnm the first 24 hours, neutrophils
and small round cells were predominant. Monocytesevpresent in a larger number in
the first 48 hours; and the foreign-body giant @il approximately 7 days. After 14
days, cellular response was already considered rat@deAfter 30 days, monocytes
differentiated into epithelioid cells and the fifdbroblasts appeared. After 6 weeks,
foreign-body giant cells and collagen fibers weotiaged. In 60 days, there were chronic
inflammatory cells spread throughout the massivyiagen concentration. Afterwards,
the foreign-body cellular reaction stabilizes am@ imonths, giant cells, low intensity of
cellular response and low quantity of dense cotlaged fibroblasts converting into

fibrocytes are observed (56).

Some authors report the occurrence of dermal goamas in the subcutaneous
tissue and the skeletal muscle. In a thorough atial, epithelioid cells, foreign-body
giant cells and limphocytes are noticed. Accordiogthe same researchers, the
histological pattern remained the same, though tivelerlined the fact that there is a

lack of appropriate studies (57).

In a histopathological study after the implantatadrPMMA in humans, noted
that the predominant inflammatory infiltrate wasmlyhohistiocytic, adnexal and
perivascular. In 9 days, the gaps between the sptreres presented fibroblasts. After a

month, a thin fibrous capsule was noticed involvihg particles. After 60 days, there
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was an increase in collagen density and they cdeduthat the fibrosis and

neovascularization phases ended after 4 months (12)

Particle migration, according to some researchemas detected in small
number of cases due to the diameter and the coshplesmooth surfaces of the
particles, making phagocytosis difficult. Histologexperiments proved a low rate of
macrophages with microspheres inside, assuringpéinmanence of the implant at its

place (58); (59); (60).

Morhenn et al. (2002) reported that particles senalhan 20um are easily
phagocytized by macrophages. According to the asiltbe implant displacement is

avoided by the fast individual encapsulation ofesgk (54).

PMMA represents, at the moment, the most choseorofiir cosmetic filling
with permanent materials. It is known that durihg tnitial period, from 4 to 6 weeks
after the product’s injection, the PMMA spheresvalke a foreign-body reaction, being
later encapsulated by the collagen fibers in tbgu, which prevent material migration

(34).

2.8. ADVERSE EFFECTS AND COMPLICATIONS

After PMMA application, short-term adverse reacticare observed such as:
pain, edema, itching, allergic reactions and hema& The presence of hemorrhage
after the use of filling materials is associatedhwpatients who use anticoagulant
therapies (11); (61). Infectious complications eaee, though patients susceptible to
infections or the ones who have history of herpespkex, for instance, should undergo

antibacterial and/or antiviral therapy (13). Acwergic reactions are considered a
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severe complication when fillings contain xenogemidovine compounds. In order to
minimize those risks, it is always recommended &fgym skin tests before the

treatment (11); (34); (61); (62); (63); (64); (65).

In the literature, there is a report of a caselofdness due to the implantation
of several materials, including PMMA, in glabellares. This complication is due to
the intercommunication between cutaneous, subcotesnand ocular vessels (46). No

severe illness, trauma, death or carcinogenesaissisciated with PMMA implants (20).

There are complications related to the applicatemhnique, for instance the
prolonged erythema or visible granules due to herasuperficial implantation (25).
This abscess formation is extremely rare thougtam be present in a period of 7 days

to 12 months after infiltration (12).

Pollack (1999) reported that a larger percentageoaiplications is related to
the implantation in the superficial dermis under tbrm of a foreign-body granulomas

(66).

In an experimental study, the following materialsrescompared: PMMA with
bovine collagen (Artecoll® - Artes Medical Inc., r8eéDiego, California, USA),
Dimethylsiloxane (DMS® - Vikomed, Meinerzhagen, @any), Hyaluronic Acid
(Restylane® - Q-Med AB, Uppsala, Sweden) and PMNfetacrill® - Nutricel, Sao
Bernardo do Campo, Brazil), injected in mice eaithwa 6-month follow-up. There
were different histologic patterns for each tessetbstance in comparison with the
controls. In the PMMA case, there was the develapinoé an intense foreign-body
granulomatous reaction, followed by the absorpttdnPMMA spheres. Some mice

implanted with PMMA and dimethylsiloxane presengslere complications with the
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migration of the substance used to the liver, pcody a hepatic abscess and to the

kidneys, producing interstitial nephritis and choopyelonephritis (67).

According to Laeschke (2004), 5 individuals repodrteé late events that
occurred from 2 to 5 years after the initial injent The total number of adverse
reactions occurred in 272 cases of treatment ohkigs was 6, equivalent to 2.2%.
Granulomatous reactions can be treated with iri@h@l cortisone combined with an

antibiotics therapy (68).

The importance of the microparticles chemical cosmpm is due to the
possibility that the material can be biodegradabkepending on its chemical structure
and surface characteristics, biological and symthenaterials such as the
polymethylmethacrylate and polylactic acid stafbr@ign-body reaction which can last

up to several months (66).

For some decades, PMMA has been used as bone tcérhenoccurrence of
granulomes or nodular lesions after injectionshig tnaterial has been described up to
6 years after injection. The pathogenesis of thesgules is unknown. However, in
some cases, the treatment of these complicationdéden successful when steroids are

used (69).

There is the description of 2 types of granulomatoomplications: the ones
produced by defect or lack of technique by the iap@nd the ones caused by the
product itself. The most frequent defects afterliappon are the overcorrection. The
nodules formation and the inflammatory responseswelic. In part of the cases, these
complications disappear spontaneously or with tee af systemic or intralesional

corticosteroids (70).
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The adverse effects and the complications from PMagAa facial filling agent
can be acute as edema, ecchymosis, erythema, dygsehor they can be late, such as
embolism, granulomatous reactions, idiosyncratactiens to the injectable liquid, as

well as the migration of the injected product (70).

Complications such as granulomas vary between .85 % of applications,
taking into consideration the different PMMA filgragent manufacturers. The presence
of small and painless nodules is common after PMapplication but there are hardly
ever formal complaints by the patients. In Bratilere are no studies which are
completely trustworthy regarding the frequency lmbse small nodules present after

PMMA applications (71).

With the use of PMMA in areas such as nasolabiklsfolips and chin, the
dentists must improve their knowledge on facidinif agents adverse reactions, once it
is of great diagnostic interest to those profess®mn The usual complications
presentation of these materials clinically occussnadules in the oral mucosa or
submucosa, making it hard for professionals totilethem once they are similar to

salivary gland neoplasms and liposarcomas.

2.9. FINAL CONSIDERATIONS

The demand to restore facial volumetric loss whackurs due to the aging
process has stimulated the appearance of sevbiad fagents for aesthetic reasons.
Although patients desire long-lasting results, tise of permanent materials must be
observed, aiming at a safe way which avoids lord) srort-term complications. There
is a higher level of concern regarding the use MIMA due to past experiences of

misuse of liquid silicone. PMMA is being indiscrinately applied due to its low cost
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and easy access. Sales control of the producttisestricted; therefore those who are
not medical professionals or medical professiomailsout proper training qualification
have access to the product and apply the substance.

As described in the literature, several precepés reacessary to the correct
indication and application of the product. Besidé® granulomatous reactions can
occur regardless of the used technique, varyingichgally from a patient to another.
The clinical treatment is always the first optiofgr both local and systemic
complications and surgical therapy should only besen for carefully selected cases.
The treatment for late complications is long anchplex, demanding patience from the
patient and great skills from the plastic surgeon.

Studies with critical analysis of results and agenfollow-up of patients are
necessary in order to obtain definitive conclusidfermanent filling agents can provide
long-lasting corrections, though this type of sahse might not be ideal, once the
product remains static while the overlying dermi$fers dynamic changes resulting

from the aging process.

In order to avoid incorrect uses responsible fanomexistent therapeutical
result or the worsening of a situation causingeanm@nent defect in the patient, it is
necessary to study and precisely know the anataimy filling agents, the possibilities
of integration of tissue and injected product amel tompatibility between the agents
and the patient. Although there is not a matehat tan be universally applied, there
are several trustable products which minimize risk&sidering they are still available.
It is expected that science and biology industryy nppaovide other biocompatible
materials in a near future so that this branch edtleetic medicine can continue to

progress.
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Thus, this literature review is justified with them of stimulating the constant
search for alternatives which can improve bettell-b&ing and health conditions to
those who want to undergo rejuvenating procedwesyell as investigating possible

undesirable effects aiming at the safe use of thesgucts on patients.
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3.1. SUMMARY

This study evaluated clinically and histologicallpcal and systemic
inflammatory reactions in 54 female rats, submitted tongue injection of 2%
polymethylmethacrylate, 30% polymethylmethacrylatel 0.9% NaCl in periods of 7,
60 and 90 days. They were clinically evaluated thed euthanized, having their tongue
and right kidney removed. The specimens were fiked 0% formalin for optical
microscopy analysis and the histologic sectionsewsained with hematoxylin/eosin,
the tongue slides also being stained with picresiriClinically 33.3% of group 2%
PMMA samples presented ulcers in the ventral tongiier 7 days. After 60 days,
nodules could be noticed in 60% of the animalsroug 30% PMMA. After 90 days,
however, no group presented clinical alterationistdtbgically, in 88.8% of samples
there was presence of inflammatory infiltrate, witinong presence of foreign body
giant cells. The systemic evaluation performedHhgyrenal histological analysis did not
show any migration or systematization of the matemnith absence of long distance
inflammatory response. It was possible to concltii, regardless of the PMMA
concentrations used, they induced an intense oeaéti days), followed by gradual

reduction during the study, favoring the preserfdécoplasia adjacent to the material.

Key words: facial filling materials, polymethylmeitrylate, adverse effects,

foreign body reaction, rats
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3.2. INTRODUCTION

Several types of substances can be used as féloigl material with aesthetic
purposes. Among them, there are collagen (autokgdoovine, cadaveric and derived
from fibroblasts), hyaluronic acid (biological amgnthetic), polylactic acid, autologous
fat, silicone, botulinum toxin and polymethylmethdate (PMMA). For each material

there are different indications for use varyingaading to concentration levels.

PMMA is a synthetic polymer commercially introducedGermany in 1991.
This product is composed by the combination ofitigcollagen and (solid) PMMA
microspheres, being largely used for soft tisslieds in aesthetic surgeries (Achilles,
2004, Dayan, Bassichis, 2008, Kusin, Lippittz, 2008mperle et al., 2003a, Nacul,
2005). It currently represents the most commonBdugption for cosmetic filling with
permanent materials. Its injectable form is comgost microspheres dispersed in a
colloid medium of carboxymethylcellulose, appli@d minimizing wrinkles, increasing
volume and improving facial contour, among othergsal applications, and is also

used as a type of bone cement.

PMMA is available for use in several concentratjoasging accordingly to its
respective indication. PMMA in 2% concentrationimglicated for minimizing thin
wrinkles especially in the lip region while 10% PMMs used for motile areas aiming
at reducing the aspect of fatigue caused by flagcighasolabial folds, expression
marks, lips, back of hands). A concentration of 3@%ndicated for increasing the
volume of the region of interest, such as: chinlamgaw line, nasal corrections,

nasolabial folds, gluteus augmentation, chestpsi@nd calves.
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The material microspheres remain in the tissuesr afbllagen is resorbed,
becoming encapsulated by connective tissue, wiochributes to the formation of the
effective volume of material (Morhenn et al., 200Bhe occurrence of granulomas or
nodular lesions after injecting this material h&erp described until 6 years after its
injection. The nodules pathogeny is unknown, thoirgkome cases, treatments with
steroids have been successful (Christensen e2G05). It is known that, during the
initial period (4 to 6 months after injection), tR&MA spheres provoke a foreign body
reaction and are later encapsulated by the collipers of the tissue, which prevents

material migration (Kusin, Lippitz, 2009).

Safety while using injectable filling materialsssll debated by several authors
(Achilles, 2004, Quatela, Chow, 2008, Sabatovickdd 2004). Although biomaterials
lead to smaller risks of complications then theHhstic ones, the reduction of side
effects is due to the rapid degradation of matgri@sulting in loss of clinical effect and
in the necessity of repeating the procedure. Séediterature describes that most
adverse reactions were caused by the use of slidolowed by injections of collagen
and hyaluronic acid (HA). Among the materials oemaally associated to undesirable
effects are the following suspensions: acrylic logdl, polylactic acid, PMMA and

polytetrafluoroethylene (Jham et al., 2009).

The pathogenesis of adverse reactions for theséupt® is still unknown.
When exogenous materials are injected in the tissaiggranulomatous reaction with
presence of histiocytes and the formation of nellagen surrounding the area can be
observed (Pistdia, Figueiredo, 2002). Dayan andiBhis (2008) mention that some
patients may develop a more severe tissue reacasulting in clinically visible

nodules. Besides, they have considered that urdbdsieffects can also be caused by
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impurity present in preparations, techniques, arappropriately selected patients or
even by inexperienced professionals. Although mahythose side effects can be
temporary, it is essential to communicate to th&epts their possible occurrence,

before they undergo any procedure (Vargas et@L1p

Several recent researches have suggested the ushstofct alternative
aesthetics modalities aiming at restoring lost lbered facial tissues due to aging.
However, the adverse effects of filling determinftial regions with available
materials in the market, with regards to bioconiphltly, remains as one of the most
important complications of their use in organistiss, having significant impact on the
result expected by the patient. Thus, the contiausearch for alternatives which can
provide better well-being and health to those whehwo go through rejuvenating
procedures, as well as, the investigation of péssindesirable effects constitute, an
area of great interest for scientific research antistry, since many facial procedures,

for other purposes, reflect on the anatomic redioectly related to dental surgeons.
3.3. MATERIAL AND METHODS

This research was done after approval from theniicand Ethic Committee
for Animal. This investigation was through a randoed longitudinal experimental
study using 54 2-month-old female Wistar rats (Bathorveggicus) which were
healthy, weighing approximately 200g, from the saanémal facility. PMMA at 2%
and 30% KlewPlasti€; Lebon Produtos Quimicos e Farmacéuticos Ltda, iBragere
respectively used in @istinct test groups, 1 and 2. The rats were kepini appropriate
place, with ventilation, air filtration and 22°Chiperature, in 12-hour light-dark cycles,

fed with balanced rat chow and filtered watdrlibitum
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3.3.1. Study groups

The animals were randomly divided into 3 groupsoading to the material
used: Group 1. 2% Polymethylmethacrylate (18 arsipalGroup 2: 30%
Polymethylmethacrylate (18 animals); Group 8ontrol - Saline (0.9% Na CI) (18
animals).Each group was subdivided into subgroups A, B amddpectively according

to the estimated monitoring time until the euth&a$ the animals (7, 60 and 90 days).

3.3.2. Procedure for anesthesia of animals

The animals were manipulated in accordance withBrezilian College of
Animal Experimentation (COBEA). Initially the fengatat number 1 was weighed in a
digital scale so that the dosage of anestheticdcbal calculated. This procedure was
performed with an intraperitoneal injection of axtare of Xylazine Hidrochloride
(20mg/mL) 0,05mL/100g, with Ketamine Hydrochlorig®0mg/mL) 0,1mL/100g.
Animals from the respective groups (1, 2 e 3), camky chosen, were successively
anesthetized as they were submitted to the stanidgedtion procedures for each

material.

3.3.3. Procedure for 2% and 30% PMMA and OI9&€I injections

As sedation could be observed, the animal was @lacea surgical table, in
supine position and having their paws tied usiragted strips. The tongue of rat 1 was
pulled out with a tweezexxposing the ventral tongue region. Using a displesasulin
syringe , 0,07 mL of the filling material (2% PMNAvas injected in the middle third
of the ventral tongue, 7mm ahead of the frenum. fidedle was inclined as parallel as
possible to the mucosa, with the bevel facing upm7deep, and this measure being

standardized by an endodontic silicone stop. THitration of substances used in
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animals from all groups of this study followed tsame administration protocols
established for rat 1, varying exclusively the miateto be injected according to the

respective group.

3.3.4. Clinical analysis

After 7 days, preceding the euthanasia of the dsifnram 2% PMMA group ,
there was sedation and subsequent clinical evaluati each rat’s tongue. The same
procedure was performed in subgroups B (60 dayd)@ri90 days) according to the
respective monitoring periods. In the clinical as&, possible tissue alterations such as

edema, ulcer, nodule or fibrosis were observed.

3.3.5. Euthanasia

At the end of clinical analysis, euthanasia wa$qgoered through isoflurane
inhalation. After necropsy, the animals were tréate biohazard waste, being frozen
and collected in accordance with the regulationhefPUCRS animal facility.
3.3.6. Sample processing

After being euthanized, all animals were necropsieVing their tongue and
right kidney removed for microscopic analysis. $¢&nfixation was carried out with
the use of 10% neutral buffered formalin for a mmom of 24 hours and samples were
sent to the pathological analysis laboratory. Saspf the tongue were sectioned
longitudinally into equal parts for later inclusiam paraffin block. The inclusion was
done so that the edge of the tongue sample hddrits axis parallel to the paraffin
block section plan. From each specimen, 2 histoldgections of 6pum each in order to
obtain 2 slides, later stained with hematoxylin @oedin (HE) and picrosirius (specific

coloration for collagen fiber analysis) (Vier-Psks et al., 2007).
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3.3.7. Histological analysis

The tongue slides were validated for histopathalaiganalysis through the
identification of the filling agent in the Oral Methe Service Unit (Sao Lucas
Hospital) through light microscopy in approximat@gnifications of 40, 100, 200 and
x400. So that there could be a standard critedgment, there was a training session
with an experienced pathologist. The intra-examaadibration was performed with the
reanalysis of each slide in a 7-day interval betwaeservations. For the slides analysis,
the examiner was previously calibrated and blind&ti the use of slide masks in all

procedures.

3.3.7.1. Inflammatory reaction

For groups 2% PMMA and 30% PMMA, the histologicalakiation was
performed with an analysis of the microscopic feltljacent to the filling material,
choosing for analysis the ones which showed a hightensity of inflammatory
response. Thus, the absence or presence of lymi@sogyasma cells, macrophages,
neutrophils, eosinophils, giant cells, fibroblastondensation and hyperemia was
analyzed with x200 magnification. For 0.9%@Cl group, field selection and analysis
were carried out according to the anatomical refegs where 0.9%aCl was injected.
In order to standardize inflammatory scores, theupaters described by Figueiredo et
al., (2001) and Gomes et al., (2007) were adaptedfolows: 1. absence of
inflammation; 2: sparse mononuclear cell8; infiltrate of mononuclear cells and/or

sparse neutrophils and eosinophilsinfiltrate of neutrophils and eosinophils.



62

3.3.7.2. Connective tissue reaction

Tongue slides stained by picrosirius were selettiealigh the identification of
the injected filling material. In the control grquihe selection was made by using the
anatomical reference and the applied methodologyyed to four areas (ffAnwhich
contained most connective tissue were selected) x4i@0 magnification. Those images
were exported to thenage Pro PIu8 version 4,5.1 software (Media Cybernetics, Inc.;
2005), in which images obtained with polarized lighe recognized and converted into
shades of red (collagen representative area). Thegroportion of collagen fibers was
determined by the calculation of the areas occupiethem in comparison to the total

area of each field (Vier-Pelisser et al., 2007).

3.3.7.3. Migration

Migration or material systematization was evaluateroscopically in all
experiment groups, based on the presence or absémtammatory response in the

right kidney of each female rat.

3.3.8. Statistical analysis

In order to perform the statistical analysis, tbkofving softwares were used:
SPSS 173PSS Ing and SYSTAT 13%ystat Software Ing Kruskal-Wallis tests with
Dwass-Steel-Chritchlow-Fligner Post Hoc tests wesed for all pairwise comparisons,
considering the differences with significance lsveét at 5% (p<0,05). To analyze the
picrosirius(which has a numeric variable), Mixed Models wiiteHer Post Hoc analysis
were used with significance levels set at 5%. fiked effects of the statistical model
were group, time and time and group interaction r@a® the random effect was the

animal whose histological slide had multiple regdields.
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For the examiner calibration (re-analysis of ealilesevery 7 days), the
concordance values for the 52 observation pairpgavalue + standard deviation)

were 0,936 * 0,044 (p<0,001).

3.4. RESULTS

During a 90-day period experiment, 2 animals dredantrol group, resulting
in the latter group n= 4. Clinical analysis tesbups 2% PMMA and 30% PMMA
displayed clinical alterations such as ulcers (F@d), white plates and nodules (Figure

2). Control groups, on the other hand, had no $e&tures in any of the animals.

In the 7-day clinical evaluation, two rats subjelcte application of 2% PMMA
and one rat to 30% PMMA exhibited ulcerations. WitBO days, 2 animals from the
2% PMMA group and 1 from the 30% PMMA group showekite plaques on the
injection site. There were nodular lesions witlmficonsistency in 4 animals from the
30% PMMA group after 60 days. After 90 days, nmickl changes were observed in

the anatomical region where the material was iepkct
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Figure 1. Presence of ulcer in the ventral tongeey the 2% PMMA injection

site (7 days).

Figure 2. Presence of white nodule in the 30% PMMAlantation site

(60 days).
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Histological Evaluation

In figure 3, the photomicrograph illustrates PMM#stblogical pattern which
is composed of transparent microspheres, variatdeze, distributed within the tissue.

Figure 3: PMMA photomicrograph within the tissue.

(HE, x40 magnification).
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Graph 1. lllustrates the score distribution of thBammatory response evaluation of groups
according to each monitoring period. It can beasatithat all rats from control groups showed
absence of inflammatory response. In a general wasre was predominance of score 3
(moderate response - Figure 4) in the different PM&dncentrations and monitoring periods.
However, in group 2, after 7 days, there was adesutly severe inflammatory response.
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Graph 2. Shows strong presence of foreign bodyt giglfs in test groups 1 and 2, regardless of
the monitoring period analyzed. In the control grouhere was total absence of this type of

cell.
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Figure 4. Photomicrograph illustrating moderate laimimatory
reaction, with presence of giant cells (arrowsjeradpplication of
2% PMMA (90 days). (HE, x100 magnification).

In the test group samples, there was presencargihigcytes in 97%, plasma

cells in 77% and macrophages in 100%.

On the other hand, eosinophils were present in%a@bthe 2% PMMA group
(60 days), 100% of the 30% PMMA group (7 days) 88dB% of samples of the 30%
PMMA group (60 days). At 90 days of monitoring tgsbups and at all periods of the
control group there was absence of this cell typehe 2% PMMA group, neutrophils
were observed in 50% of the tests at 7 days ard®.®% in other periods. In the 30%
PMMA group, there was a gradual decrease in thebeurof neutrophils at different
monitoring periods, ranging from 100% (7 days) t8.386 (60 days) and 33.3%

(90days).
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In this experiment, the presence of neovasculaoizatas clearly evident in all

test groups (Figure 5).

Figure 5. Photomicrograph showing newly formed Hlogessels
(arrows) near the 30% PMMA spheres (90 days).
(HE, x200 magnification).
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Figure 6. Distribution of the presence of fibropdasn groups and its variation in

different monitoring periods. There is slow anddya newly formed collagen fibers
in group 2% PMMA (Figure7). Concerning group 30% MK there is immediate and

severe fibroplasia followed by process stabilizatiGroup 0.9% NaCl remained stable
in all monitoring periods, with total absence attavent.

Figure 7. Photomicrograph showing the characterisbllagen
formation (arrows) around 2% PMMA (90 days) micrhosges.
(Picrosirius, x100 magnification).
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3.5. DISCUSSION

This research was encouraged due to the identifrcadf oral lesions in
patients, associated to adverse effects of filhimgterials with aesthetic purpose. It is
believed that a higher number of cases occur fitgrént reasons; among them there is
the excessive valuation of facial aesthetics with purpose of preserving a young
aspect. In addition to that, there is also the tiaat these procedures are less invasive if
compared to traditional surgical interventions,yttee low-cost and can be easily

accessed.

The intention of this experiment was to evaluatmichl and histological
responses of PMMA, considered the most commonlyl wsssthetic filling material
nowadays. Extreme concentrations (2% and 30%)igitlaterial were applied with the
objective of assessing possible variations of @ssflammatory response degree using

the same product in different ways.

In this study, presence of clinical alterations vedserved in 27.7% of 36
groups test samples, all in monitoring periods @&nd 60 days. In the first period (7
days), there was presence of ulcerations in 16.6&imals (Figure 1). In group 30%
PMMA, there were nodular regions in 22.2% of sampprobably justified by PMMA
injection (Figure 2). White plates were also ddssuliin 16.6% animals in the 60-day
period. Zimmermann and Clerici (2004) and Borghetttal. (2011) highlighted that the
most likely distinct clinical complications to oacin humans could come from filling
material injections. They also made reference tadrang of tissue in the injected
region, besides the appearance of nodules in thkcagpon sites ranging from 3 to 24
months after the procedure. Christensen et al.5RB8ve mentioned that granulomas

and nodules can appear up to 6 years after maieation.
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PMMA is microscopically constituted of transparemicrospheres variable in
size, distributed within the tissue (Figure 3).tHisgically, in this experiment, in the 7-
day monitoring period it was possible to obsenad the entire test group 30% PMMA
presented intense inflammatory response with poesehinfiltrate of neutrophils and
eosinophils. Lemperle et al (1991) emphasized stualy that neutrophil infiltration
reaches its peak on the first 24 hours, increasifigmmatory reaction and assisting in
infection control. After 72 hours, there was thed eof neutrophil migration and
macrophages started to accumulate in the implantagite therefore becoming the
predominant type of cell. These findings coincidéhwthe ones in the present study,
reinforcing the results obtained in the experimeMederate alterations, on the other
hand, occurred in all samples of test group 2% PMam in 66% of test group 30%
PMMA (Figure 4). It was noticed that more than 76¥%samples (groups 1 and 2)
showed presence of lymphocytes, plasma cells, mphages and giant cells.
Corroborating this data, Lemperle et al. (2004)ortgnd that after a period of 1 to 9
months, the PMMA injection promoted a moderate aimimatory response, with
presence of macrophages, foreign body giant cetisnewly formed collagen fiber. In
the present study, foreign body giant cells werigleawt in 88.8% of samples of test
groups. These results disagree with the ones epbst McClelland et al. (1997), since
the authors have mentioned that there is a congtasénce of giant cells when dealing

with PMMA implants.

The present study showed presence of fibroplasidlh whe respective
percentages of 55.5% and 100% of samples of graépsMMA and 30% PMMA
(Figure 7). According to Lemperle et al. (2006)dinweeks, all microspheres had been
individually encapsulated by fibroblasts and colagfibers. The amount of present

macrophages was very small; however, capillary gnomas evident. Zimmermann and
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Clereci, in 2004, reported that the monocyte immasoccurred 3 days after material
implantation, fibroblast differentiation happened 6 days and the microsphere
interstitial space was filled in 9 days. After 2 mtios, each microsphere was surrounded
by a thin fibrous capsule with the reduction of moytes and histiocytes. After 3
months, all the injected collagen had been phagmxyby macrophages and the fibrous
phase seemed to end in 4 months, remaining stéliestensen et al. (2005) have
described that, between 8 and 10 weeks after féitiaj material application, they
have found not only filling material, but also maghages, lymphocytes and giant cells
in the analyzed histological slides. In no casegheas presence of polymorphonuclear.
Alster and West (2000) have reported that aftew&2ks collagen continued suffering
alterations, becoming denser and more resistaathneg stability in collagen formation

and in the inflammatory process.

In the present study, presence of hyperemia coalolserved in 100% of
samples of groups 2% PMMA and 30% PMMA (Figure I1B).agreement with these
results, several authors have reported that theepoe of PMMA microspheres

stimulates neovascularization (Allen, 1992, AlsWest, 2000, Menezes, 2009).

Regarding material migration or its systemic regaoriindings obtained from
microscopic analysis of rats’ kidneys in this reshadid not show any alteration that
could be related to this process. On the other handcientific literature, systemic
migration cases have already been mentioned by &oahk (2008), who observed the
presence of hepatic and renal inflammatory infitsain rats submitted to PMMA
injections of 0.05ml in the ear. Constant preseon€eperiportal and intralobular
infiltrates in the liver has been reported, as \aslchronic pyelonephritis and interstitial

nephritis in the kidney. These alterations havenljastified by drugs systematization,
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which could act at long distance, in a metabolisnexxretion organ, as a chemotactic

substance.

In our experiment, it was concluded that regardless the PMMA
concentration, there were inflammatory reactionth wirong presence of foreign body
giant cells. The experiment has shown fibroplasaa wore often prevalent in the group

30% PMMA.
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4. DISCUSSAO GERAL

A realizacdo desta pesquisa foi estimulada a pdatideteccdo de lesdes orais
em pacientes, associadas aos efeitos adversos ildeacéb dos materiais de
preenchimento facial com finalidade estética. Prdpoalmente ao facil acesso e
aumento da utilizacdo destes produtos no Brasd,@selato de complicagbes inerentes
ao seu uso.

Outro aspecto que favoreceu a execucao deste mvgued, foi adificuldade
em estabelecer o diagndstico diferencial, tantoiaai quanto histologicamente, das
lesdescausadas por estas substancias. De um modo darahte a anamnese, 0s
pacientes costumam omitir do cirurgido-dentistapcedimentos estéticos faciais
prévios e quando mencionam, com frequéncia, descenh o tipo de produto utilizado
e 0 exato local onde foi aplicada a substancia menghimento. Quando a leséao
encontra-se presente na face, caracteriza-se comaddulo Gnico ou multiplo, de
evolucéo cronica e tamanho variavel, consistémgigef sem limites definidos, indolor,
distribuido costumeiramente na regido perioral abial. Enfermidades envolvendo
glandulas salivares acessorias (cistos de retemgiplasias benignas e malignas),
patologias associadas ao tecido adiposo, comoossiggcoma, ou ainda reacdes de
corpo estranho, podem suscitar lesbes semelhamteapvendo duvidas no momento
de estabelecer o diagnéstico clinico conclusivaitr@fator que dificulta o manejo dos
pacientes nestes casos é que o produto, por stadoj apresenta-se sem limites
precisos, ficando o mesmo distribuido na intimideetedual, impedindo usualmente a
sua total remocéo.

O PMMA, objeto de estudo desta pesquisa, € um dasriais permanentes

mais utilizados na medicina estética atual, semdadas produtos com esta finalidade
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de menor custo no mercado. Sabe-se ainda que, sto@icamente, as esferas de
PMMA podem simular o aspecto das células adiposdgerenciando-se,
principalmente, por estas ultimas apresentaremisoneto nucleo na periferia.

Acredita-se que 0 maior niumero de casos encontradoalmente nos
individuos, seja oriundo da excessiva valorizacstétiea corporal, especialmente da
face, que, no intuito de preservar o seu aspesialjdavorece por vezes a indicacao
inadvertida destas substancias. O fato destesgmeestos serem menos invasivos, se
comparados as intervencdes cirurgicas tradiciorsdésn do seu baixo custo e facil
acesso, faz com que estas terapias sejam ampam@itadas. No entanto, a reduzida
quantidade de estudos e experimentos cientificiticados sobre o PMMA, quase
restrita a relato de casos, ndo segue a velocdadea popularizacdo de uso em todo
mundo. Isto reforca a necessidade de disponibidi@arprofissionais da area de saude, o
maior numero de informacgdes sobre o tema, propwaoido o conhecimento, ndo so
dos beneficios, mas também de eventuais efeitaysmb/deste tipo de terapia.

Através deste experimento procurou-se avaliar posta clinica e histoldgica
de diferentes concentracbes de PMMA. As microesfasadas neste estudo, segundo
Lemperle et al. (1991), apresentam as caract&rsstio implante cutaneo ideal, uma
vez que sdo de custo acessivel, facil obtencamicainente inertes, longa duracao e
consisténcia fisica semelhante a do tecido n&oadimat Foram empregadas
concentracdes extremas do PMMA com indicacdo de (%0 e 30%), buscando
ponderar sobre possiveis variacdes no grau destaspdlamatoria tecidual a partir de
distintos empregos do mesmo produto. Ressalta-seagjiconcentracdes selecionadas

tem multiplas aplicabilidades clinicas, entre elasegido facial.

Lemperle et al. (1991) foram os primeiros a utilizatos em estudos

experimentais, com implantacdo cutanea de PMMAuSsdg Menezes (2009), este
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animal é uma espécie que facilita seu uso em lalr@auma vez que é capaz de viver
em ambiente variavel, consumir dieta padronizaglagds facil obtencdo, manutencéo e
observacdo. Além disso, tem-se a possibilidade deusear um maior numero de
animais, com padrao genético estabelecido, curtisscvitais e suficiente nimero de

informacgdes a respeito da sua anatomia e fisioldigizoniveis na literatura.

A regido de escolha para injecdo da substancia f@ntre lingual, por este
mostrar-se anatomicamente menos vulneravel a fatex&insecos evitando assim,
maior probabilidade de traumas locais. Tais estimyloderiam mascarar a resposta
inflamatdria presente e por consequéncia a fidédhgie dos resultados obtidos neste
experimento, uma vez que 0S animais sao roedopesneaneceriam acomodados em
grupos dentro de uma mesma gaiola. Havia a opcagetar o material na regiao do
filtro, que apresenta melhor acesso, facilitandoanipulagcédo local. Entretanto, a
expressiva presenca de anexos cutaneos e folipitms da regido, dificultaria a

posterior analise microscopica, durante a leiturdexpretacao dos resultados.

Neste estudo, foram detectadas alteracdes clieimag7,7% das 36 amostras
dos grupos teste, sendo todas, nos tempos expé¢aiele 7 e 60 dias. No primeiro
periodo (7 dias) dos grupos PMMA a 2% e PMMA a 308tou-se a presenca de
ulceracdes em 25% dos animais justificada pelar@rdptroducdo da agulha no
momento da injecéo, associada a eventual aumentolai®e e/ou edema na area, uma
vez que estes materiais sdo mais densos, favorecagdm tipo de traumatismo

secundario.

No grupo PMMA a 30%, foram observadas areas nogkilam 22,2% da
amostra, provavelmente decorrentes da injecdo delANNa inspecao digital destes

nodulos observou-se uma consisténcia firme dodde@djacentes a area da aplicacao
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do produto. Também foram descritas placas esbreadas em 16,6% dos animais no
periodo de 60 dias, correspondendo provavelmeni® aspessamento da camada de
ceratina na superficie tecidual. Zimmermann e Cilef2004) ressaltaram que as
distintas complicacfes clinicas passiveis de ocame humanos, poderiam advir da
injecdo de substancias de preenchimento. Referdrqossibilidade de endurecimento
dos tecidos na area, além do surgimento de nodolwsocais das aplicacdes variando
de 3 a 24 meses apOs o0 procedimento. Pollack (1®98rgas, Amorin e Pitanguy
(2009) relataram em pesquisas conduzidas juntoceergas, que as formacdes de

granulomas ocorreram quando a aplicacdo do materi@ita superficialmente.

Christensen et al. (2005) mencionaram que granid@amdulos podem surgir
até 6 anos apoés a injecao do produto. Riesberger(@003) constataram a presenca de
granulomas de corpo estranho mesmo apds 6 mesegcio subcutanea de PMMA.
Lemperle, Fazio e Nicolau (2006) divulgaram seusdes em humanos, referindo que
0s granulomas s&o considerados efeitos adversos, nama vez que ocorreram em
0,02% dos casos entre 6 e 24 meses apos a injecAMBIA (1:5000 pacientes). Tal
apreciacdo foi inviabilizada neste experimento, wea que o Ultimo periodo de
observacao previsto na metodologia foi de 90 dssdistintos resultados encontrados
pelos pesquisadores, reforcam a importancia de ueecestudos longitudinais
padronizados, com tempos de observagdo mais estdmsscando com isto, um maior
namero de informagBes sobre o comportamento tdcilestas substancias a longo

prazo.

O PMMA apresenta-se microscopicamente como micecagstransparentes de
tamanhos variaveis, distribuidos na intimidade utess Histologicamente, neste

experimento, no periodo de 7 dias de acompanhanofstrvou-se que todo o0 grupo
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PMMA a 30% apresentou resposta inflamatoria inteosaseja, presenca de infiltrado
de neutrdéfilos e eosindfilos. Lemperle et al. (1)98dfatizaram em seus estudos, que o
pico de infiltracdo de neutrofilos ocorreu nas m@imas 24 horas, ampliando a resposta
inflamatdria e auxiliando no controle de infecc&pos 72 horas, descreveram o fim
da migracéo de neutrofilos, momento em que osditd® e macrofagos passaram a se
acumular no sitio do implante, sendo estes ultirnd#o celular predominante. Estes
achados coincidem com os encontrados no presemnttoeda as alteracdes moderadas
ocorreram na totalidade dos animais do grupo PMNM2Aoae nos grupos PMMA a 30%
aos 60 e 90 dias. Notou-se que mais de 77% dadrasi0®s grupos teste apresentou
linfécitos, plasmacitos, macréfagos e células digenCorroborando com esses dados,
Lemperle et al. (2004), relataram que, apos interde 1 a 9 meses, a injecdo de
PMMA promoveu uma resposta inflamatéria moderaday presenca de macrofagos,
células gigantes do tipo corpo estranho e fibrddgemas neoformadas. No presente
estudo, evidenciou-se células gigantes do tipoccegiranho em 88,8% das amostras
nos grupos teste. Os achados de McClelland etl@P7) vao de encontro a esse
resultado, uma vez que 0s autores mencionaram stac@ presenca de células

gigantes em se tratando de implantes de PMMA.

O colageno é uma proteina de importancia fundameataconstituicdo da
matriz extracelular do tecido conjuntivo, sendgooesavel por grande parte de suas
propriedades fisicas. Tem um importante papel nauteacao da integridade estrutural
dos tecidos, tornando de grande valia, a utilizafimmétodos que consigam identificar,
quantificar e analisar o colageno presente. Destad, escolhnemos neste estudo, 0 uso
do picrosirius, visando detectar e quantificardirolagenas que se depositaram nas
regides onde foi injetado o PMMA, bem como ao redis microesferas do produto.

Associou-se para esse fim a coloragéo pelo pitwssia luz polarizada e usoftware
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para analise das imagens, calculando posteriornzepi@porcdo de fibras colagenas

neoformadas durante os tempos de acompanhameggiudin.

Neste estudo 53,8% de todas as avaliagbes denranstra presenca de
fibroplasia, com percentuais de 55,5 e 100% res@ecente nos grupos PMMA a 2% e

PMMA a 30%.

Segundo os achados de Lemperle, Fazio e Nicol@06]Z2m 4 semanas, todas
as microesferas haviam sido individualmente enda@as, sendo envolvidas por
fibroblastos e fibras coldgenas. A quantidade derafiagos presentes era rara,
entretanto a neoformacao capilar observada foieeted No mesmo estudo, os autores
referiram a deposicdo de proteina sérica na sopedas microesferas, como sendo o
primeiro evento que ocorre apos a aplicacdo dorrahat€) segundo seria a invasdo de
neutréfilos e mondcitos, sendo que estes Ultimapidamente se diferenciam em
macrofagos. Os macrofagos, na tentativa de fagoagigparticulas maiores, se unem
formando as células gigantes. O terceiro eventoriiest a formacdo de um tecido
granulomatoso composto por macrofagos, fibroblastoapilares e colageno,
preenchendo assim, 0s espacos intersticiais daeasferas. Ja Zimmermann e Clereci
em 2004, relataram que a invasdo de mondcitosec@dias apos a implantacdo do
material, a diferenciacédo dos fibroblastos se aeutedias e 0s espacos intersticiais das
microesferas foram preenchidos em 9 dias. Apds gesjecada microesfera estava
envolvida por uma fina capsula fibrosa havendo uegucédo do nimero de mondcitos
e histidcitos. Apds 3 meses, todo o colageno idgetanha sido fagocitado pelos
macrofagos e a fase fibrosa pareceu encerrar egsdsnpermanecendo, assim, estavel.
Christensen et al. (2005) descreveram que, enge€l@ semanas apds a aplicacdo de

materiais permanentes de preenchimento facial,nér@zam na totalidade das laminas
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histolégicas analisadas, aléem das substancias ghregoras, macréfagos, linfocitos e
células gigantes. Em nenhum dos casos observamesanca de polimorfonucleares.
Alster e West (2000) relataram que apds 12 semanaslageno continuou sofrendo
alteracbes, no sentido de tornar-se mais denscigtamte, alcancando desta forma,

estabilidade na sua formacao e na do processoatitaio.

No presente estudo, foi constatada a presenca pggemia em 100% das
amostras dos grupos teste. Concordando com essedtados, diversos autores
relataram que a presenca das microesferas de PM#filmudam o processo de
neovascularizacdo da area envolvida (ALLEN, 1992,SPER; WEST, 2000,

MENEZES, 2009).

Lemperle et al. em 2004, descreveram 3 vias palas s microesferas de
PMMA poderiam migrar. As vias hematogénicas e tio#s, estardo envolvidas, caso a
injecdo do material atinja algum vaso de maiorbcal)ipodendo alcancar os capilares
pulmonares e mais especificamente na via linfatisdinfonodos regionais. A terceira
via citada é a fagocitose, uma vez que as micnaeside PMMA, fagocitadas pelos
macrofagos, podem ser absorvidas no local do inglajue migram posteriormente

para os linfonodos regionais.

Quanto a migracéo do produto ou da sua resposansis, 0s achados obtidos
nesta pesquisa, a partir da analise microscopical as ratas, ndo demonstraram
qualquer alteracdo que pudesse ser vinculada gextesso. Em contrapartida, casos
de migracéo sistémica ja foram referidos por RdsaMagalhdes e de Macedo, em
2008, onde observou a presenca de infiltrado irdtano hepatico e renal em ratos
submetidos a injecdo de 0,05ml de PMMA em suashaselFoi relatada a presenca

constante de infiltrado intralobular e periportal figado, assim como pielonefrite
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cronica e nefrite intersticial. Estas alteracéasrfo justificadas em consequéncia da
sistematizacdo das drogas, que eventualmente podexgir a distancia, em algum

orgéo de metabolismo e excrecdo, como uma subatgaichiotética.

Através desta pesquisa buscou-se, por meio de wutioegadronizado, avaliar
a resposta clinica e histologica de um materigbrdenchimento estético amplamente
utilizado na atualidade. Objetivou-se identificanalisar e comparar tais reacoes,
visando um maior conhecimento dentro do tema ptop@snpliando-se as linhas de
pesquisas vinculadas e oportunizando, dentro da&abpidade clinica, fornecer
informacgdes que, de alguma forma, possam contriaria 0 uso responsavel destes
produtos junto aos pacientes. Em nosso estudoworsg que independentemente da
concentracdo do PMMA, ambos estimularam uma reag&onatoria, com marcada
presenca de células gigantes do tipo corpo estradhexperimento mostrou também
neoformacdo vascular sanguinea presente em todtsmp®s dos grupos teste, bem
como fibroplasia, com maior prevaléncia no grupja cencentragao de PMMA era de

30%.
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APENDICE A

PONTIFICIA UNIVERSIDADE CATOLICA DO RIO GRANDEDO S UL
FACULDADE DE ODONTOLOGIA
PROGRAMA DE POS-GRADUACAO EM ODONTOLOGIA
AREA DE CONCENTRACAO EM ESTOMATOLOGIA CLINICA

FICHA DE AVALIAGCAO CLINICA

IDENTIFICACAO

Rata n°. Data da aplicacdo: _/ [/

Substancia injetada Tempo:

o Grupo 1 (PMMA 2%) o Subgrupo A (7 dias)
o Grupo 2 (PMMA 30%) o Subgrupo B (60 dias)
o Grupo 3 (NaCl 0,9%) o Subgrupo C (90 dias)

AVALIACAO CLINICA LOCAL
o Sem alterag6es clinicas

o Edema

o Nodulo

o Ulceracédo

o Necrose/supuracao

o Fibrose

Sinais significativos: o sim o néo

Especifique (sangramento, abscesso...):

Fotografia:

Data da avaliacdo: _/ [/

Examinador:
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APENDICE B

PONTIFICIA UNIVERSIDADE CATOLICA DO RIO GRANDE DO S UL
FACULDADE DE ODONTOLOGIA
PROGRAMA DE POS-GRADUACAO EM ODONTOLOGIA
AREA DE CONCENTRACAO EM ESTOMATOLOGIA CLINICA
FICHA DE AVALIACAO HISTOLOGICA

IDENTIFICAGAO

Rato n°: Peso inicial: Lamina n°:

Substancia injetada: Tempo:

o Grupo 1 (PMMA 2%) o Subgrupo A (7 dias)

o Grupo 2 ( PMMA 30%) o Subgrupo B (60 dias)
o Grupo 3 (Solugéo Salina- NaCl 0,9%) o Subgrupo C (90 dias)

AVALIACAO HISTOLOGICA HE:

VARIAVEL ESCORE

o Linfocitos o 1- Sem inflamagéo

o Plasmécitos o 2- Células mononucleares esparsas

o Macréfagos o 3- Infiltrado mononuclear e/ou neutréfilos-

o Eosindfilos eosindfilogparsos

o Neutrdfilos o 4- Infiltrado polimorfonucleares de neutréfilos-
o Células Gigantes eosindfilos

o Fibroplasia
o Edema
o Hiperemia

o Vasos sanguineos (capilares)

MIGRACAO RIM DIREITO
o Presenga do material
o Auséncia do material

o Resposta inflamatéria

Observacoes:

Fotos: Dawatiacdo: [/ [
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APENDICE C

Fotomicrografia ilustrando auséncia de respostndtoria.
Grupo controle NaCl 0,9% apos 7 dias de aplicacao.
(HE, aumento aproximado 40x).

APENDICE D

Fotomicrografia mostrando reacdo inflamatéria isgencom
infiltrado de células polimorfonucleares e edenpasar dias da
aplicacdo de PMMA 30% (HE, aumento aproximado @i



Fotomicrografia ilustrando resposta inflamatériaderada com
presenca de células gigantes do tipo corpo estrandgparsos

neutrofilos, 60 dias apds injecdo de PMMA a 2%.

(HE, aumento aproximado 400x).

APENDICE F

% T\

Fotomicrografia ilustrando resposta inflamatériaderada com
presenca de células gigantes do tipo corpo estrantlias apos
injecdo de PMMA a 30%. (HE, aumento aproximado 400x
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APENDICE G

Fotomicrografia ilustrando fibras colagenas, présen grupo
controle (3C). (Picrosirius, aumento aproximadox).00

APENDICE H

Fotomicrografia ilustrando a formacédo de fibrasagehas, 90

dias apos injecao de PMMA a 2%.

(Picrosirius, aumento aproximado 100x).
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