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Resumo

A anoftalmia uni ou bilateral compromete a fun¢do da visdo assim como 0s aspetos
psicossociais do paciente mutilado. A reabilitacdo com prétese ocular tem como finalidades a protecio
e manutencio da cavidade anoftdlmica, o resgate da identidade do ser e a reinsercdo do paciente na
sociedade. A reproducdo fiel da iris protética é essencial para o tratamento reabilitador. Da mesma
forma, a longevidade da pintura é dependente da resisténcia a degradacdo da tinta causada pela
exposicdo a radia¢do solar, umidade, interferéncia dos fluidos lacrimais, entre outros fatores. Este
trabalho teve como objetivo avaliar a influéncia da abrasao da calota acrilica, botao de iris, e o processo
de secagem da tinta a 6leo, no efeito de espelhamento e na alteracdo de cor, apds envelhecimento
acelerado, das pinturas da iris de préteses oculares. Para o teste de envelhecimento, as amostras foram
submetidas a medi¢des iniciais de cor da pintura da iris através do espectrofotometro de reflexdo, antes
e apOs a exposicdo em camara de envelhecimento acelerado. Foram utilizadas 80 amostras simulando
préteses oculares, com ou sem abrasdo da calota acrilica da iris e variando a técnica de secagem da tinta
pré inclusdo: sem secagem, secagem a temperatura ambiente por 24 horas, aplicacio de luz
infravermelha por 2 horas e secagem em estufa a 55°C por 6 horas. O efeito de espelhamento foi
analisado quantitativamente por meio de captura de imagens da superficie pintada, com auxilio de
estereomicroscopio, onde a drea (mm?) de comprometimento foi mensurada com software Image J. Os
dados foram comparados por anélise de varidncia (ANOVA) e teste de Tukey (a <0,05). Nao houve
diferenca estatistica significativa em relacdo a area de espelhamento em mm? em fungéo da abrasdo da
calota da iris e houve diferenca estatistica significativa em relacdo aos métodos de secagem. A alteracdo
de cor foi representada pelos valores do espago de cor CIEL*a*b*. Os dados apresentaram uma
distribuicdo assimétrica, entdo as comparagdes muiltiplas foram feitas decompondo a interacdo em
efeitos aninhados pelo teste de Wald (a <0,05). A abrasdo da calota e o método de secagem da tinta
apresentaram diferencas estatisticas significativa entre os grupos. Diante dos resultados, pode-se
concluir que o polimento das calotas ndo foi um fator diferencial no efeito de espelhamento, mas os
diferentes métodos de secagem influenciaram diretamente na area de espelhamento. Quanto a alteracao
de cor da pintura da iris houve diferencas estatisticas significativas entre os grupos, o que nos permite
observar que a abrasao da calota da iris e o método de secagem interferem na estabilidade cromatica da

pintura.

Palavras—chave: Prétese ocular. Espelhamento. Espectrofotometria. Resina acrilica. Envelhecimento.



Abstract

Unilateral or bilateral anophthalmia compromises the function of vision as well as
the psychosocial aspects of the mutilated patient. Rehabilitation with ocular prosthesis aims at
protecting and maintaining the anophthalmic cavity, the rescue of the identity of the being and
the reintegration of the patient into society. Faithful reproduction of the prosthetic iris is
essential for rehabilitative treatment. Similarly, the longevity of the paint is dependent on the
resistance to paint degradation caused by exposure to solar radiation, humidity, interference of
lacrimal fluids, among other factors. The objective of this work was to evaluate the influence
of the abrasion of the acrylic iris button, and the drying process of the oil paint, the mirror effect
and the color change after accelerated aging of the iris paintings of ocular prostheses. For the
aging test, the samples were subjected to initial color measurements of the iris paint through
the reflection spectrophotometer, before and after the exposure in the accelerated aging
chamber. It was used 80 samples simulating ocular prostheses, with or without abrasion of the
acrylic icecap of the iris and varying the technique of drying the ink before inclusion: without
drying, drying at room temperature for 24 hours, application of infrared light for 2 hours and
oven drying at 550C for 6 hours. The mirroring effect was analyzed quantitatively by means of
image capture of the painted surface with the aid of stereomicroscope, where the area (mm?2)
of impairment was measured with Image J. Software. The data were compared by analysis of
variance (ANOVA) and test of Tukey (o <0.05). There was no statistically significant difference
in relation to the mirror area in mm? as a function of the iris capsule abrasion and there was a
statistically significant difference in relation to the drying methods. The color change was
represented by the values of the color space CIEL * a * b *. The data presented an asymmetric
distribution, so multiple comparisons were made by decomposing the interaction in nested
effects by the Wald test (a <0.05). The abrasion of the cap and the ink drying method showed
statistically significant differences between the groups. Considering the results, it was
concluded that the polishing of the caps was not a differential factor in the mirroring effect, but
the different drying methods had a direct influence on the mirroring area. As for the color
change of the iris paint there were significant statistical differences between the groups, which
allows us to observe that the iris cap and the drying method interfere with the color stability of

the paint.

Keywords: Artificial eye. Mirroring. Spectrophotometry. Acrylic resins. Aging.
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1 Introducdo

A mutilacdo na regido ocular, de forma congénita ou adquirida, necessita de
reabilitacdo com prétese ocular para restaurar a cavidade anoftdlmica (Travieso et al., 2005).
Embora ndo restaure a visdo, a prétese ocular melhora a estética, previne a deformidade e o
prolapso palpebral, protege a cavidade contra agentes externos (poeira, fumacga, frio, entre
outros) e restaura o contorno do olho do paciente (Antropolou et al., 2006; Beumer et al., 2011;
Hotta et al., 2011). A estética é considerada um dos principais motivos da procura por
reabilitacdo pelo paciente anoftdlmico, pois a expressdo do olhar € um dos fatores primordiais
na psicodindmica do individuo, que se comunica através do contato visual, do sorriso ¢ da
expressao facial. A auséncia parcial ou total dos olhos compromete tanto a perda da visdo, como

a auto-estima e os aspectos psicossociais do individuo mutilado (Goiato et al., 2013).

A reabilitacdo com protese ocular € relatada desde a historia do Egito Antigo, quando
em 500 a.C. os egipicios fabricavam pecas ceramicas pintadas e sobrepostas a cavidade e retidas
por substancias colantes. Também utilizavam olhos de prata em suas mumificagdes (Bruce,
1940). Os incas empregavam adornos em ouro para os mortos, e devido a biocompatibilidade
do metal, passaram a empregé-lo também nos seres vivos que perdiam suas estruturas oculares
(Fonseca et al., 1973). Ambroise Paré (1535) descreveu a técnica de reproducado artificial da
iris quando utilizou pela primeira vez o vidro e a porcelana para confec¢ao dos olhos artificiais
em forma de concha com esclera e iris pintadas em porcelana, dando inicio ao que se chamou
de protese funcional (Buckel e Bovet, 1992). Estes trabalhos cruzaram os oceanos e passaram
a ser construidos em todas as partes do mundo, a partir do século XIX. Devido a preocupacao
em restabelecer o equilibrio estético e funcional da face mutilada, as técnicas de confec¢do de
préteses oculares aprimoraram-se cada vez mais, e diversos estudos foram desenvolvidos com
intuito de devolver a estética ao paciente e aperfeicoar a qualidade dos materiais a serem
empregados na sua construcdo (Silva e Carvalho, 1994; Alves e Carvalho, 2004; Mundim,

2011).

A confeccdo das proteses oculares em resina acrilica ocorreu a partir da década de 40
quando também surgiram novas técnicas para a obtencdo da pintura da iris em discos de
cartolina, discos de acetato, calotas acrilicas e fotografias (Funcham, 1947). Em 1945, Erpf et
al, desenvolveram uma técnica de pintura da iris com tinta a 6leo sobre disco de acetato com

método de secagem da tinta por meio de estufa a temperatura de 55° C. Brandt (1946) descreveu
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a obtencdo das iris protéticas a partir de pigmentos inorganicos naturais dissolvidos em dleo,
aplicados sobre discos de acetato, medindo 0,25 mm de espessura e com perfuragdo pupilar,
correspondente ao diametro da pupila do olho remanescente. Os pigmentos foram aplicados em
vdrias camadas para dar mais dimensdo de profundidade a pintura, aguardando o periodo de
secagem em temperatura ambiente por 24 horas. Macedo (1982) buscou a melhoria estética da
pintura testando tintas hidrossoliveis, oleosas e acrilicas; e as submeteu a testes de
envelhecimento avaliando o método de secagem, a influéncia dos raios solares, 0 método de
polimerizacao da resina acrilica e a composi¢ao da tinta. As pinturas foram expostas a trés tipos
de secagem: luz infravermelha durante 2 horas, ar quente e naturalmente. A secagem por luz
infravermelha proporcionou leve descoramento da pintura avaliada. A tinta hidrossoldvel tipo
aquarela foi a que melhor resultado apresentou quanto a auséncia de manchas, estabilidade de
cor e baixo descoramento e o autor concluiu que, quanto mais seco estiver o disco pintado,

maior nitidez de pintura serd obtida apds a acrilizagao.

O 1deal da reabilitagdo ocular € ter riqueza em detalhes da pintura da iris em camadas,
simulando um efeito tridimensional; curto tempo e facilidade de execucdo; possibilidade de

ajustes posteriores; e maior durabilidade e resisténcia aos fatores fotodegradantes.

O método de secagem utilizado € fator importante para a manuten¢do dos detalhes da
pintura da iris e a sua nitidez. Métodos como pistola de ar quente, secador de cabelo, luz
infravermelha, estufa ou lampadas para desidratacdo da pintura, foram amplamente testadas.
(Barlett e Moore, 1973; Macedo, 1987; Moroni e Moroni 1999). Grassle (1946), Panatt (1946),
Niiranen (1947), Bartlett ¢ Moore (1973), Adisman e Boucher (1977), e Moroni € Moroni
(1999) demonstraram que o periodo de secagem da tinta € importante para um selamento eficaz,

proporcionando maior nitidez da pintura apds a polimerizacao.

O efeito de espelhamento € uma das alteragdes mais frequentes que ocorre na pintura da
iris. Ocorre o entrelagamento irregular com fendas muito finas, com aparéncia de bolhas entre
a tinta e a calota de acrilico, resultando em efeito semelhante a um craquelado. O efeito de
espelhamento acarreta a perda da pintura da iris realizada ou até mesmo a perda da prétese se
ocorrer quando a prétese ja estiver finalizada. H4 relatos na literatura de percepg¢do clinica de
efeito de espelhamento, que sugerem que a qualidade da aderéncia da tinta a calota de acrilico,
bem como a metodologia de secagem da superficie pintada sdo fatores que podem ocasionar o
efeito de espelhamento da prétese (Fonseca e Rode, 1974; Graziani, 1956; Meissner, 1959;

Oliveira, 1982). Mas ndo hd estudos experimentais que avaliaram e quantificaram a
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aparecimento deste efeito. Rossa (1982) submeteu a superficie plana da calota a acdo de lixas
propiciando o despolimento da superficie o que gerou melhor aderéncia entre tinta e calota
independentemente do material utilizado no selamento. Alves e Carvalho (2004) formularam
um protocolo para a pintura da iris com as calotas acrilicas planas polidas e ndo polidas,
averiguando se o lixamento da superficie poderia interferir na adesdo da tinta a resina, com o
intuito de detectar provéveis diferencas entre os materiais na interface entre a pintura e a calota.
E teve como resultado que os corpos de prova, quando analisados em sua ultra-estrutura
apresentaram melhor desempenho quando a superficie foi despolida, pois houve melhor

aderéncia entre tinta e calota independentemente do material utilizado no selamento.

Uma das maiores preocupagdes na pintura da iris de proteses oculares € a durabilidade
das caracteristicas e nuances cromdticas obtidas, quando a prétese € submetida as condi¢des de
uso rotineiro. Fatores como: tempo, temperatura, e exposicdo a radiacdo solar alteram
consideravelmente as caracteristicas obtidas na pintura inicialmente proposta. O sol emite
radiagdo em um amplo feixe de luz, onde a radiagdo ultravioleta é quase totalmente filtrada pela
atmosfera. Apenas 18% dos raios UVB atingem o nosso olho e sio absorvidos em 70% pela
cornea, enquanto apenas 30% de UVA podem passar através da cérnea sendo absorvidos pelo

cristalino (Lemon et al., 1995).

Os testes de envelhecimento artificial simulam em laboratorio, por meio de 1ampadas, a
luz do sol e os ciclos de condensagdo as intempéries utilizando cdmara de envelhecimento
acelerado (Brennan e Fedor, 1994). A leitura colorimétrica permite quantificar a alteracdo de
cor calculada através do Sistema CIE L*a*b*, estabelecido pela Comissao Internacional sobre
Iluminagdo, que simula a leitura cerebral das cores e calcula a distancia de cor entre dois pontos
através da férmula: AE*ab= [(AL*)? +(Aa*)> +(Ab*)?]V2? (Lemon et al., 1995). Este sistema
permite a especificacdo de percep¢des de cores em termos de um espago tridimensional,
comparando-se a cor da superficie das amostras, antes € apds a exposicao aos testes de
envelhecimento, através do comprimento de onda versus reflexdo. A axial "L" é conhecida
como luminosidade e se estende de O (preto) a 100 (branco perfeito). A coordenada "a"
representa a quantidade de vermelho (valores positivos) e de verde (valores negativos),
enquanto a coordenada "b" representa a quantidade de amarelo (valores positivos) e de azul
(valores negativos). As coordenadas "a"e "b"coexistem no mesmo plano dentro deste espaco

tridimensional.

Durante a fase de pintura da iris sdo necessarias tintas adequadas e técnica confiavel
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para obtencdo exata da cor. Isto é considerado trabalho arduo, visto que o controle sobre a
estabilidade da cor apods a polimerizagdo € bastante dificil, onde diversas alteracdes podem
ocorrer ja nesta fase. Silva e Carvalho (1994) buscaram obter pinturas mais duradouras,
resistentes ao descoloramento promovido pela acao dos raios ultravioletas e demais fatores
ambientais, e realizaram testes de estabilidade de cor buscando avaliar a estabilidade cromatica
das tintas pesquisadas, quando submetidas ao envelhecimento artificial e Concluiram que as
tintas avaliadas mantiveram boa estabilidade frente a radiacdo ultravioleta, exceto as cores azul
e marrom para modelismo e que a tinta aquarela, pigmentos puros e tintas automotivas com

base acrilica seriam as tintas mais indicadas para a pintura da iris.

Na literatura odontoldgica ndo hd trabalhos experimentais relacionados aos fatores
causais de efeitos de espelhamento e aos problemas estéticos da prétese ocular, como as
alteracdes progressivas da cor no decorrer do tempo em fun¢do da adesdo da tinta a calota
acrilica e a metodologia de secagem. Assim, este estudo avaliou in vitro a influéncia do
despolimento da superficie plana da calota acrilica pré fabricada e metodologia de secagem da
tinta da pintura da {iris no efeito de espelhamento e na alteracdo de cor apds envelhecimento

acelerado de proteses oculares.
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Abstract

Patients who have suffered ocular loss even if they do not have visual competence
restored, need rehabilitation of the anophthalmic cavity through ocular prosthesis. Accurate iris
reproduction in the fabrication of ocular prosthesis in order to match the remaining eye is a key
factor to mask the loss and achieve an aesthetic outcome for anophtalmic patients. The
mirroring effect is one of the most frequent changes that occur in iris painting and results in the
loss of iris painting or even of the prosthesis if it occurs when the prosthesis is finished. There
are no experimental studies investigating the causes of mirroring effects. Thus, the aim of this
study was to evaluate the effect of the iris button polishing technique and iris ink drying
technique on the mirroring effect of ocular prostheses painted with oil paint. We used 80
samples to simulate the iris, varying the abrasion (or absence of abrasion) of the iris button, and
the technique of drying the painting under different conditions: immediately after painting, 24
hours after painting, the application of infrared light and the incubation of the prosthesis in an
oven (n = 10). Mirroring was quantitatively analysed by image capture of the painted surface
with the aid of a stereomicroscope, where the area of impairment by mirroring was measured
using multidimensional image processing software (Image J). Data were analysed through two
way ANOVA and Tukey's test (p < 0.05). There was no statistically significant difference in
relation to the mirror area in mm?2 as a function of the polishing of the iris button. Regarding
the drying methods, there was a statistically significant difference in relation to the mirrored
area. These data allowed the observation that the polishing of the caps was not a differential
factor in the presence of mirroring, but the different methods of iris drying directly interfere in
the mirrored area of the ocular prostheses.

Keywords: Esthetics; Mirroring; Ocular prosthesis.



18

Introduction

The eye is an important organ of the facial expression that, besides vision, is a
primordial factor in the psychodynamics of humans who communicates mainly through visual
contact. The eye is composed of three membranes: 1- Sclera: the fibrous, protective element of
the eyeball, where the sclera and cornea are found; 2- Choroid: rich in blood vessels, where
there is a circular opening with a different coloured disk, the iris; a central orifice, the pupil;
body and ciliary muscle; 3- Retina: the membrane responsible for transforming the light
stimulus into a nerve stimulus that is sent it to the brain for images reconstruction [1].

The iris, a muscular diaphragm located anterior to the lens, has its own pigmentation
characteristic for each individual, and is responsible for the colour of the eyes [1]. The colour
of the iris is not uniform: there are two circles in it, the outer one in a darker shade than the
inner one, and between them, a clear, intermediate zone. There are four main colourations in
the iris: brown, green, blue and grey, each having different shades from very dark to very light.
The iris colours may even indicate intoxication, genetic anomalies, and degenerative diseases
and disorders [2].

In ocular prosthetic rehabilitation, the concern to re establish the aesthetic and
functional balance of the mutilated face has significantly improved the techniques for the
manufactoring ocular prostheses, and several studies have been developed with the intention of
reconstruction patients aesthetics and perfecting the quality of the materials to used in that
reconstruction.

Mirroring is one of the most frequent changes in iris painting. Blistering generally
occurs between the paint and the iris button, resulting in a cracked mirror like effect, an irregular
interlacing of very thin crevices, mirroring results in loss of iris paint and of the prosthesis if it
occurs when rehabilitation is complete. The quality of the adhesion of the paint to the iris button
and its drying on the painted surface are factors that can cause the prosthesis to be mirrored.
Alves and Carvalho [3] formulated a protocol for iris painting by evaluating the paint on the
polished and unpolished flat iris button, investigating whether surface sanding could interfere
with the adhesion of the paint to the resin surface, as well as the subsequent sealing avoiding
the mirroring of the iris.

Regarding the treatment of the surface of the iris button, the specimens, when
analysed, presented better performance when the surface was unpolished, since there was better

adhesion between the paint and the cap regardless of the material used in the sealing. In the
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literature, several authors have expressed concern about the period of drying of the paint, and
to obtain an effective seal [4—8]. In addition to the quality of sealing, proper drying provides
greater clarity of the paint after acrylization. In the literature, there reports of clinical perception
of the mirroring effect, wich suggests that the quality of the ink adhesion The present study
aimed to evaluate, in vitro, the interference of the technique of polishing of the acrylic iris
button before painting, and the drying methodology, on the acetate discs of ocular prostheses
made from self-cured acrylic resin, in the presence of mirroring of the iris painted with oil paint

and sealed with a monomer/polymer mixture (monopoly).

Material and Methods
Eighty samples were prepared, varying the polish (or absence of polish) of the
acrylic iris button and the technique of drying the paint. The study groups were organized as

follows (n = 10) in Table 1.

Table 1. Treatment Group

GROUP ABRASION OF THE DRYING METHOD
IRIS BUTTON
I No 24 hours in room temperature
II Yes 24 hours in room temperature
I No No drying - immediate inclusion
IV Yes No drying - immediate inclusion
\Y No Infrared light for 2 hours
VI Yes Infrared light for 2 hours
VII No Oven Drying at 55 °C for 06 hours
VIII Yes Oven Drying at 55 °C for 06 hours

The 40 iris button of the NPD, NPI, NPIV and NPE groups were subjected to
stripping using sanding granules 200 and 120 (Norton Abrasivos, Guarulhos, Brazil) in an
automatic polisher Politriz (APL-4; Arotec, Sao Paulo, Brazil) under water refrigeration for 30

seconds on each surface.
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Each sample consisted of a model made of acrylic resin for ocular prosthesis, colour
number 2 Classico (Cldssico Artigos Odontoldgicos Ltd, Sao Paulo, Brazil), in semilunar
format simulating the ocular sclera, a colourless prefabricated acrylic iris button with
standardized diameter measured by a 12 mm pachymeter (Mitutoyo Sul Americana, Suzano,
Brazil), and black acetate discs (Factor 2 Incorporated, AZ, USA) also standardized at 12 mm
diameter for characterization by painting directly on the acetate with Burnt Umber oil paint
(Van Gogh, The Netherlands ).

The oil paint was applied to the acetate discs in the same session, by a single
operator, under the same lighting conditions, with the aid of a brush, size 0, (Tigre SA, Brazil),
diluted in monopoly (monomer/polymer heat activated mixture at 60 °C, for 20 min, in the ratio
of 6.25:1) for fixation, according to the technique described by ERPF [9], waiting 3 min
between layers, with three layers of ink per disc, sealed with monopoly.

Each group was submitted to the pre-established drying method, for each
experimental group. The sclera-representing base was firstly made in utility wax (Polidental
LTD, Cotia, SP, Brazil) using pachymeter for measurement and standardization and centralized
iris button. Subsequently they were included in flask number 5 (five) filled with dental stone
(Gesso Rio LTD, Rio Claro, SP, Brazil). In each flask, 10 samples, representative of each group,
were included.

After crystallization of dental stone of the flask, the flask was opened, the wax
pattern was removed, washed with warm water to remove any remaining wax and grease, and
again isolated for the subsequent inclusion of the acrylic resin for ocular prosthesis colour
number 2, with the respective iris button of each group. The flask was pressed closed with 1.0
kgf/cm2 and the self-cured time was observed, according to the manufacturer's
recommendations.

The mirrored area of the test specimens was quantitatively analyzed using a stereo
microscope (Stemi DV4/DR; Zeiss®, Jena, Germany), where the area of impairment by
mirroring was measured using multidimensional imageprocessing software (Image J — open

platform for scientific image analysis).
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Figure 1: area of impairment by mirroring

To avoid errors and the implications that misinterpreted results or inconsistent
conclusions may lead, the researcher used statistical methods proposed by Dahlberg to evaluate
reproducibility that deal with quantitative measurements. The samples were detection with
mirroring in most of the groups. Measurement of the compromised area was carried out,
obtaining average results of the area of mirroring in mm?2.

The mean results of the mirroring area were submitted to statistical treatment through
analysis of variance (ANOVA) in factorial scheme 2 x 4 (polishing x method) and Tukey's test,

considering a level of significance of 5%.

Results

Table 2. Mean (standard deviation) of the mirror area in mm? as a function of the drying and

polishing method of the iris button.

DRYING METHOD Unpolished Polished

24 hours (Group I e II) 12.7 (10.5) Ab 13.56 (7.4) Ab
No drying (Group Il e IV) 30.6 (5.4) Aa 22.52 (8.1) Aa
Infrared light (Group V e VI) 19.3(9.2) Ab 19.37 (8.1) Ab
Oven Drying (Group VII e VIII) 27.1 (14.4) Aa 20.10 (11.6) Aa

Averages followed by distinct letters (upper case in horizontal and lower case in vertical) differ from each other
(p <0.05)

In view of the analysis, it was possible to observe that there was no statistically
significant difference in relation to the area of mirroring in mm? as a function of the polishing
of the iris button.

Regarding the drying methods, there was a statistically significant difference in relation
to the mirror area. The Infrared Light and Oven Drying groups presented higher mean areas of

mirroring areas (28.85 mm?), but no statistical differences between them, in contrast to the
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groups 24 h and Infrared, which presented lower averages of mirroring areas (16 mm?), and
statistically similar.

The groups in which the unpolished technique was used had a mean mirror area of 22.43
mm? and the polished groups presented a mean mirroring area of 18.88 mm? (p> 0.05) showing
that there is no difference between the techniques in this regard. Among the drying techniques,
the methodology that waited 24 hours for inclusion of the 24 hours in room temperature iris
paint presented the best results of all the groups (13.13 mm?), quite close to the infrared light
drying method (19, 35 mm?). These results contrast with the immediate inclusion techniques,
which presented the highest average mirroring (26.56 mm?), a mean result close to the oven
drying groups (23,60 mm?).

These data allow us to observe that the presence or absence of polishing is not a
differential factor, but the different iris drying methods interfere directly in the mirrored area of

the ocular prosthesis.

Discussion
The success of facial rehabilitation is closely linked to the aesthetic factor, so it is

necessary to choose carefully the technique to be used, the biocompatible material that will be

used and its durability [10—13].

In the ocular prosthesis, the artificial iris occupies the main role of the rehabilitation, the
fidelity and the stability in its reproduction being essential for the quality of the final aesthetic
result. To obtain the iris, several techniques have already been used: pre-fabricated [9,11,14—
16] made using monopoly (monomer + polymer mixture) and paint [4,6,17,18]; made using
pure pigments [9,19]; made with acrylic paint [20] directly on the acrylic resin [3,20,21] or

made in oil paint on acetate discs [9,10,19,20].

The oil paint on acetate disc is an easy-to-handle technique, it promotes a colour more
stable to the degrading action of environmental agents [18,22] and allows adjustment in the iris
painting after acrylization, if need be. The darker colour exhibits greater resistance to the
degrading effects of the polymerization process of the acrylic resin [23,24] so it was the indirect
technique using brown oil paint that was selected for use in this study.

Some failures have occurred in the final and aesthetic result of rehabilitation [5,19,25].
Among them we can highlight the mirroring of the painting on the iris button. In this study, we

aimed to evaluate these faults in order to reduce their occurrence, improving the confection and
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the working time. The use of sanding discs for the flat surface of the iris button was tried, giving
greater adhesion of the inks. Rossa has already recommended the iris button in 1982 [26]. But
in comparison with the results of this experiment, there was no difference in relation to the area
of mirroring as a function of the polishing of the iris button in the indirect painting technique.

In different protocols, it was stated that the period and the method of drying of the iris
painting were fundamental factors to minimise the mirroring, providing greater clarity in the
rehabilitation [4-8]. Some authors have also suggested the use of heat for drying, with controlled
temperature and time [27,28] or the use of infrared light for the same purpose [29,30]. In the
present study, it was observed that the groups that used drying in the Oven Heater and the
groups that did not wait before drying, with Immediate Inclusion, had the highest averages of
mirroring areas, in contrast to the 24 hours in room temperature, and Infrared light groups with
the lowest averages mirrored areas. What can be suggested is that the presence of mirroring
may be related to bubbles generated in the groups with greater release of residual monomer
arising from a reaction between the oily paint and the monopoly through unstable chemical
bonds or breaking of bonds, whereas the drying with heater and immediate inclusion did not
lead to the evaporation of the monomer present in the monopoly. Acrylic resins polymerised
by rapid methods have shown seven times higher levels of residual monomer than those found
in materials polymerized by hot water bath, according to May et al. [31].

The mirroring present in the iris paint may compromise the aesthetic quality of the
ocular prosthesis. Therefore, it must be considered that, even in a small area, mirroring can
render all the work done impractical. Once completed, if there is mirroring, even minimal, it
would be advisable to repeat the prosthesis. However, some features of repainting iris through
the wear of the colourless acrylic resin of the iris button, followed by new painting, drying for
24h, can correct this failure, which becomes clinically imperceptible. We suggest that further
studies should be conducted, considering variables other than those investigated in this
experiment, to consolidate the factors that interfere with the presence of eye-prosthetic

mirroring.

Conclusion
Based on the obtained results it can conclude that:
v" Mirroring of the iris paint will occur whether or not the iris button is polished;
v" The drying technique influences with the mirroring effect of the iris, with the technique

that waits 24 hours for inclusion showing the least mirroring area.
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Abstract

The faithful reproduction of the iris of the remaining eye in the prosthetic iris of the
patient affected by the loss of an eyeball is essential for satisfactory rehabilitation treatment, as
well as the longevity of rehabilitation, which depends on the degradation caused by exposure
to solar radiation. The aim of this work was to evaluate the influence of the abrasion of iris
button surface and the paint drying method in the color stability of iris painting, after acelerated
aging. We used 80 samples, simulating the iris, varying between polishing the acrylic iris button
or not, and using different conditions for drying the paint: immediately after inclusion, 24 hours
after inclusion, the application of infrared light and incubation of the prosthesis in a heater (n =
10). The samples were subjected to initial color measurements of the iris paint through the
reflection spectrophotometer by the CIE L*a*b system. Then, they underwent aging tests in an
accelerated aging chamber. The chroma and luminosity changes were measured again with the
aid of the reflection spectrophotometer. The coefficient AE, obtained through the before and
after measurements showed statistically significant differences between the groups. The drying
and polishing techniques of the iris button showed statistically significant differences between
the groups. In conclusion, we can suggest that the polishing of the iris button and the drying

method interfere with the chromatic stability of the paint.

Keywords: Coloration, aging, artificial eye, spectrophotometry
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Introduction

Ocular prostheses maintain an important role in the facial aesthetic recovery of
mutilated patients in the orbital region. Both congenital and acquired loss (pathological or
traumatic) is amenable to rehabilitation with ocular prosthesis [1]. Although it does not restore
vision, an ocular prosthese will restore the aesthetic appearance of the face, embellishing it in
the compromised region and improving the patient's self-esteem.

The main functions of the ocular prostheses are: to prevent collapse and eyelid
deformity, giving support and muscle tone, to avoid atrophy due to a lack of function, to protect
the sensitive anophthalmic cavity against aggressions from dust, smoke, the cold and other
agents, and to restore the contour of the eye and facial aesthetics [2-4]. One of the main
challenges in the preparation of ocular prostheses is an approximation of the colour of the
artificial iris with the characteristics of the natural eye. This led several authors to develop
painting techniques, using different inks such as watercolours, gouache, oil paints, automotive
and modelling, on different paint surfaces such as paper, acetate discs and acrylic resin discs
[5-7]. Beumer, Curtis and Marunick used a mixture of oil ink and monopoly (monomer-polymer
blend thermoactivated at 60°C for 20 minutes at a ratio of 6.25:1) for iris paint, according to
the technique described by Erpf [8], layered on black acetate discs [9]. Because the painting
was done in overlapping layers, it was possible to recreate the stretch marks in the iris, giving

the feeling of depth and thus becoming the most natural iris possible.

One of the concerns in iris painting is the durability of the characteristics and chromatic
nuances obtained when the prosthesis is subjected to the conditions of routine use. Factors such
as time, temperature, and environmental exposure considerably change the characteristics
obtained in the initial painting [9,10]. Some authors sought to obtain more durable paints,
resistant to the discoloration promoted by the action of ultraviolet rays and other environmental
factors, and performed some tests of colour stability in order to evaluate the chromatic stability
of the paints studied when submitted to artificial aging [10-12]. In the face of the accelerated
aging test, studies have shown that all paints suffer some kind of alteration, but the oil paint
presents with greater resistance, independent of the method used and the colour [13,14]. Many
authors have developed painting techniques and drying the paint [8-12]. They also have
evaluated the interference of the ultra violet rays in the stability of the colour of the ocular
protesis, but no author has studied what influences it or the metodology used to reduce this

degradation of paint colour.
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The present study evaluated, in vitro, the influence of the polishing technique of the
acrylic iris button prior to painting, and the drying methodology in the colour stability of iris

paints painted with oil paint of ocular prostheses made in self- cured acrylic resin.
Material and methods

Eighty samples were prepared, varying the abrasion of the acrylic iris button and

the paint drying method. The study groups were organized as follows (n = 10) in Table 1.

Table 1. Treatment Group

GROUP POLISH CAP DRYING METHOD

I No 24 hours in room temperature
II Yes 24 hours in room temperature
I No No drying - immediate inclusion
v Yes No drying - immediate inclusion
\Y No Infrared light for 2 hours

V1 Yes Infrared light for 2 hours

VII No Oven Drying at 55 °C for 06 hours

VIII Yes Oven Drying at 55 °C for 06 hours

The 40 iris button of the NPD, NPI, NPIV and NPE groups were subjected to
stripping using sanding granules 200 and 120 (Norton Abrasivos, Guarulhos, Brazil) in an
automatic polisher Politriz (APL-4; Arotec, Sao Paulo, Brazil) under water refrigeration for 30

seconds on each surface.

Each sample consisted of a model made of acrylic resin for ocular prosthesis, colour
number 2 Cldssico (Classico Artigos Odontolégicos Ltd, Sao Paulo, Brazil), in semilunar
format simulating the ocular sclera, a colourless prefabricated acrylic iris button with
standardized diameter measured by a 12 mm pachymeter (Mitutoyo Sul Americana, Suzano,
Brazil), and black acetate discs (Factor 2 Incorporated, AZ, USA) also standardized at 12 mm
diameter for characterization by painting directly on the acetate with Burnt Umber oil paint

(Van Gogh, The Netherlands ).
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The oil paint was applied to the acetate discs in the same session, by a single
operator, under the same lighting conditions, with the aid of a brush, size 0, (Tigre SA, Brazil),
diluted in monopoly (monomer/polymer heat activated mixture at 60 °C, for 20 min, in the ratio
of 6.25:1) for fixation, according to the technique described by ERPF [9], waiting 3 min
between layers, with three layers of ink per disc, sealed with monopoly.

Each group was submitted to the pre-established drying method, for each
experimental group. The sclera-representing base was firstly made in utility wax (Polidental
LTD, Cotia, SP, Brazil) using pachymeter for measurement and standardization and centralized
iris button. Subsequently they were included in flask number 5 (five) filled with dental stone
(Gesso Rio LTD, Rio Claro, SP, Brazil). In each flask, 10 samples, representative of each group,
were included.

After crystallization of dental stone of the flask, the flask was opened, the wax
pattern was removed, washed with warm water to remove any remaining wax and grease, and
again isolated for the subsequent inclusion of the acrylic resin for ocular prosthesis colour
number 2, with the respective iris button of each group. The flask was pressed closed with 1.0
kgf/cm? and the self-cured time was observed, according to the manufacturer's
recommendations.

The samples were subjected to initial colour measurements of the iris paint through the
reflection spectrophotometer (Konica Minolta®, Sensing Americas, New Jersey, USA), where
all samples were positioned in the same way in a non-adapted device spectrophotometer to
standardise a reading area and avoid colour variations.

The samples were submitted to aging tests in an accelerated aging chamber EQUV-RC
(Equilam®, Diadema, SP, Brazil), whose radiation source is 8 fluorescent lamps of 40 watts
each, 4 of which were on one side of the chamber (irradiation UVA), with a wavelength of 340
nm and irradiation power of 0.47 to 1.60 W/m/nm, and 4 of which were on the other side of the
chamber (UVB irradiation) with a wavelength of 313 nm and an irradiation power of 0.47 to
1.20 W/m/nm. The samples were glued with silicone adhesive 303 (Pulvitec®, Sdo Paulo, SP,
Brazil) in a metal plate, arranged in a sequential manner, divided according to the groups and
exposed in alternating cycles of 4h of condensation at 37 + 3°C and 8h (UVA/UVB) at 40°C,
according to ASTM G53-96 (American Society for Testing Materials Standard 53, Comexim
Matérias Primas Ind. Com. Ltda., SP, Brazil) for a total of 10 cycles.

The chroma and Iluminosity changes were measured using the reflection

spectrophotometer, with the colour changes calculated through the CIE System L * a * b *,
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established by the International Commission of I'Eclairage - CIE (International Commission on

Lighting) [15,16].

The CIELab system calculates the colour distance between two points through the

formula: AE = [(AL)2 + (Aa)2 + (Ab)2 ]1/2, making it possible to evaluate the specification of
colour perceptions composing a three-dimensional space by comparing the surface colour
between the specimens by wavelength versus reflection. The axial "L" is known as brightness
and extends from 0 (black) to 100 (perfect white). The coordinate "a" represents the amount of
red (positive values) and green (negative values), while the "b" coordinate represents the
amount of yellow (positive values) and blue (negative values). Coordinates "a" and "b" coexist

on the same plane within this three-dimensional space [17].

L=100

\

FIGURE 1 - Schematic representation of the CIE System L * a * b * [15]

Results

Analysis of chromatic stability

The mean of the values resulting from the aging effect, obtained by spectrophotometer
and represented by the values initial values of AL, Aa , Ab and AE for each specimen, with
polished and unpolished iris button and for each drying method, are shown in Table 1; statistical
analysis was performed to verify the statistically significant differences in colour stability
between the types of iris button polishing and the different drying methods in the treatment of

accelerated aging and whether there was any interaction between these factors.
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Table 1. Mean (standard deviation) of the variation of the coefficient L, a and b in the aging of the
colour as a function of the drying technique and the polishing of the iris button.

Drying Method Polishing AL Aa Ab

24 hours Yes 0.38 (1.51) 0.32 (1.51) 0.45 (1.52)
Heater Yes 0.26 (1.73) -0.61 (1.05) -0.38 (1.56)
Infrared Yes 1.44 (6.43) 0.33 (0.58) 0.81 (0.69)
No Drying Yes 0.87 (2.18) -0.02 (1.05) 0.79 (1.22)
24 hours No 0.13 (0.55) 0.10 (0.40) 0.50 (0.78)
Heater No 0.90 (2.07) 1.15 (2.59) 1.32 (2.21)
Infrared No 2.10 (1.96) 0.40 (0.80) 1.05 (0.89)
No Drying No 0.52 (0.94) 0.13 (0.49) 0.42 (0.71)

The data presented an asymmetric distribution. Thus, for the comparison between the

drying and polishing techniques, generalised linear models were adjusted considering the

gamma distribution (asymmetric shape) according to a 2 x 4 factorial design. The analyses were

performed by the SAS program procedure GENMOD and decomposing the interaction into

effects nested by the Wald test made the multiple comparisons.

The coefficient AE, obtained through the before and after measurements, the aging of

the colour of iris paints according to the technique used for drying and polishing the iris button,

showed statistically significant differences between the groups (Table 2). Regarding the

technique of polishing the iris button, only the IV group presented results that were statistically

different from the others (1.12). Regarding the drying methods, there was no statistical

difference between the groups with polished iris button. The I and III groups presented the

lowest values of AE (0.92 and 1.12, respectively) with no statistical difference between them,

but in contrast with V group (2.55) and VII group (2.13).

Table 2. Mean (standard deviation) of the variation of the coefficient AE in the aging of the colour as

a function of the drying and polishing technique of the iris button.

Drying Method Polished Unpolished
24 hours 1.67 (1.70) Aa 0.92 (0.43) Ac
Heater 2.23 (0.77) Aa 2.55(2.37) Aa
Infrared 2.99 (4.73) Aa 2.13 (1.65) Ab
No Drying 2.14 (1.34) Aa 1.12 (0.60) Bc
Means followed by distinct letters (upper case in horizontal and lower case in vertical) differ from
each other (p<0.05).
Discussion

Ocular rehabilitation is a safe way to promote the support of the muscular eyelids, prevent

eyelash adhesion, dry the conjunctiva, protect the cavity and restore the facial aesthetics of the
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anophthalmic patient, due to the inability to repair vision. The durability of an ocular prosthesis
is, on average, from 1 to 5 years [18,19]. The daily use of rehabilitation causes the same to
undergo alterations in the colour of the iris and degradation coming from the internal
environment through the lacrimal fluids, and from the external environment through solar
radiation, temperature, dust, and smoke, among others. The combination of these factors
promotes the discoloration of the iris, altering the aesthetics of rehabilitation, as already
described by several authors [20-23]. Some authors have stated that the chromatic changes in
the iris are not only due to the degradation caused by exposure to environmental factors, but
also during the painting process [24-25]. In this study, we aimed to evaluate these failures in
order to reduce the occurrence of the same, improving the confection and working time.
Different types of paints on different surfaces have been advocated by several authors in the
attempt to produce irises with greater durability [26-30]. The oil paint in brown staining was
characterized as more stable due to the presence of opacifiers (zinc oxide) and mineral
components [12,31]. The indirect paint technique, with oil paint diluted in monopoly and
applied to the acetate disc, presents significant aesthetic results due to the possibility and clarity
in the reproducibility of details; its application in layers provides a deep effect and allows the
adjustment in iris painting subsequent to acrylisation, if necessary; therefore, it was the indirect

technique in brown oil paint selected for use in this study.

In the present study, all groups showed a colour change, which can be attributed to the fact
that the oil paints had a longer time to completely dry; this time was not expected, thus
promoting a greater degree of instability in the component connections of the oil-based paint.
This may also be due to the presence of residual monomer, which corroborates the findings of
Polyzois et al. [32], who stated that residual monomer is one of the possible explanations for
the colour change in the iris of ocular prostheses, being dependent both on the mode of

polymerisation and on its chemical characteristic.

The lowest change in the studied groups occurred in the unpolished hulls, with a drying
time of 24 hours in the NPD group; this suggests that the grooves generated during the stripping
increased the adhesion surface of the paint in the shell and the period of 24 hours increased the
evaporation of residual monomer. The second minor colour change was the one presented in
the unpolished and non-drying iris button, the NPI group, which allows us to suggest that the
groups that were not submitted to the drying technique involving artificial heat presented lower
colour degradation. Changes in iris colour need to be emphasised as this can directly affect the

final results of artificial iris reproduction.
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Conclusion

Based on the obtained results it can conclude that:

* Polishing the iris button and the drying method influence the chromatic stability of the paint;

the combination is unblemished and the group with the best results were polished for 24 hours.
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3 Discussdo

O presente estudo foi separado em dois capitulos com o objetivo de abordar dois
fatores que interferem na qualidade final da cor da pintura da iris da reabilitacdo com prétese
ocular: o efeito de espelhamento e a alteracdo da cor da pintura. Buscando melhorias na técnica
a ser empregada, o Capitulo 1 teve como objetivo avaliar as interferéncias da técnica de
polimento da base da calota acrilica e a metodologia de secagem da tinta usada na pintura da
iris, na presencga de efeito de espelhamento das iris de préteses oculares confeccionadas em
resina quimicamente ativada, pintadas com tinta 6leo em discos de acetato. O Capitulo 2 teve
como objetivo avaliar as interferéncias da técnica de polimento da base calota acrilica e
metodologia de secagem da tinta usada na pintura da {ris, na alteragdo da coloracdo das fris
pintadas com tinta 6leo em discos de acetato. Tal divisdo foi essencial para permitir a discussao
objetiva de dois fatores influentes na alterac@o estética final da reabilitacdo ocular, e para que

fosse analisado a metodologia adequada para cada interferéncia.

O desenvolvimento de pequisas e aprimoramento das técnicas na confeccdao de
préteses oculares sdo motivados pelos beneficios funcionais, estéticos e psicoldgicos que a
reabilitacdo proporciona ao paciente mutilado. Goulart et al. (2011) ressaltaram que a reparacao
com prétese ocular leva a uma mudanga emocional e comportamental do paciente, que antes da
reabilitacdo apresenta dificuldades emocionais no contato inicial com a perda do olho e se afasta
do convivio social. Diversos autores (Fonseca et al., 1973; Murgo e Neves, 2001) enfatizaram
que a semelhanca da reabilitacdo ocular do olho mutilado com o olho sadio € imprescindivel
no resultado estético e na dissimulag@o da perda. A pintura rica em detalhes da iris € um fator
fundamental para o sucesso da reabilitacdo protética, sendo a fidelidade e estabilidade em sua

reproducdo, essenciais para a qualidade final do resultado estético (Meissner, 1960; Jain, 2010).

O efeito de espelhamento, que € um entrelacamento irregular de fendas muito finas,
gerando um efeito semlhante a um espelho craquelado, é uma varidvel presente na perda da
pintura da iris das proteses oculares durante a confeccdo laboratorial. A escassez de
metodologia que quantificasse a drea comprometida pelo efeito de espelhamento pode ser um
dos motivos da auséncia de pesquisas. A utilizagcdo de estereomicroscopia, vem sendo aplicada
em diversas dreas médicas junto a softwares para andlise de imagens cientificas

multidimensionais (Collins, 2007).



37

Um recurso adicional visando evitar o efeito de espelhamento € aumentar a adesao
entre a tinta e a calota de iris através do despolimento da superficie da base da calota acrilica
da iris pré fabricada que vem polida de fabrica e que receberd a pintura , com a finalidade de
obtencdo de reten¢do mecanica entre ambas (Rossa, 1982). Acredita-se que isto ajudaria manter
a integridade da pintura da iris previamente realizada, mas diante do observado nos resultados
deste experimento, ndo houve diferenca em relagdio a drea de efeito de espelhamento em mm?
em fun¢do do polimento da calota da iris. Observou-se area de efeito de espelhamento em todos
os grupos analisados. O que pode ser atribuido ao uso de diluicio em monopdli, que é uma
mistura insaturada de mondmero/polimero termopolimerizaveis na propor¢ao 6,25:1, que tende
a liberar monomero residual, corroborando com o estudo de Stewart em 1947, que referiu a

necessidade de evitar excesso de mondmero durante a confec¢do do botao de iris, o que poderia

causar formacao de bolhas ou extravasamento da pintura.

A metodologia que aguardou 24 horas para inclusdo da pintura de fris, grupos I e II,
apresentou os melhores resultados entre os grupos o que sugere que o tempo de espera pode ter
ocasionado uma melhor qualidade na secagem da tinta € uma maior evapora¢ao do mondmero
residual. O método de secagem por luz infra vermelha, grupos V e VI, foi a segunda menor
drea de espelhamento em mm? em fun¢io da secagem, o que pode sugerir que as amostras
dispostas a secagem em ambiente aberto, com uma distancia fixa de 30cm do foco de luz
infravermelha propiciou maior evaporacdo do mondmero residual do que os grupos que tiveram
secagem em estufa, grupos VII e VIII, em ambiente fechado, onde o monoémero residual
liberado durante a secagem, ficou aprisionado podendo gerar as bolhas na pintura. E os grupos
que ndo aguardaram tempo de secagem, grupos III e IV, apresentaram as maiores médias de
areas de espelhamento, o que podemos sugerir que a presenca do efeito de espelhamento pode
estar vinculada a bolhas geradas com maior liberacdo de monomero residual advindas de uma
reacdo entre a tinta oleosa e o monopoli através de ligagdes quimicas instdveis ou quebra de
ligacdes onde a metodologia de secagem ndo propiciou a evaporacdo do mondmero presente no
monopoli. Corroborando com Lung e Darvell, 2005, que afirmaram que o mondmero residual
¢ inevitdvel para todos os produtos com base em polimetilmetacrilato, independente das
condi¢des de polimerizacdo. E com Dogan et al., 1995, que afirmaram que diferentes ciclos de

polimerizacdo podem resultar em diferentes niveis de mondmero residual.

A selecdo da técnica de pintura da iris com tinta a 6leo em discos de acetato com diluicdo

em monopdli, na cor marrom, utilizada no estudo foi devido a facilidade na execucdo da técnica;
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bons resultados estéticos, com riqueza de detalhes; e a possibilidade de ajustes posteriores na
pintura caso necessdrio (Grassle, 1946; Niiranen, 1947; Vilas-Boas Sousa et al., 2003). A op¢ao
pela tinta a 6leo foi devido ao fato de acreditar que em meio oleoso a radiacao solar pudesse ser
impedida de agir com a mesma incidéncia e intensidade de luz, diferente das tintas aquosas que
permitem agdo direta dos raios ultra violeta. A cor marrom foi devido os pigmentos escuros
demonstrarem maior resisténcia aos efeitos degradantes da radiacdo ultravioleta por possuirem
ligacdes quimicas mais estdveis. (Mundim et al., 2011). Neste estudo todas as pinturas de iris
sofreram variacao, o que pode ser atribuido ao fato de as tintas a 6leo terem um tempo maior
para a secagem completa e esse tempo nao ter sido aguardado, promovendo assim um maior
grau de instabilidade nas ligacdes dos componentes da tinta a base de 6leo. Outro fato que pode
ser atribuido € o de ter havido uma interacdo entre os pigmentos da tinta que se tornaram
instdveis durante o processo de polimerizagdo da prétese, conforme descrito por Meissner,
1959. E também pode ser devido a presenca de monodmero residual, que corrobora com Polyzois
et al., 1999, que afirmaram que o mondmero residual é uma das possiveis explicacdes para
alteracdo de cor da iris de proteses oculares, sendo dependente tanto do modo de polimerizagdo

quanto da sua caracteristica quimica.

A menor alteragc@o nos grupos estudados ocorreu nas calotas sem polimento, com tempo
de secagem de 24 horas, grupo I o que pode sugerir que as ranhuras geradas durante o
despolimento, aumentaram a superficie de adesdo da tinta na calota e o periodo de 24 horas de
espera ocasionou maior evaporacdo do mondmero residual. A segunda menor alteracdo de cor
foi a apresentada nas calotas sem polimento e sem secagem, inclusdo imediata, grupo III, o que
permite sugerir que 0s grupos que ndo foram submetidos a técnica de secagem envolvendo calor
artificial, apresentaram menor degradagdo da cor. As alteracdes na cor da iris precisam ser

enfatizadas, pois pode afetar diretamente nos resultados finais de reproducao da iris artificial.

Diante dos resultados obtidos pdde-se observar que, apesar de varios estudos julgarem
a tinta 6leo como a tinta que apresenta maior resisténcia aos efeitos degradantes da radiacao
ultravioleta, faz-se necessdrio o desenvolvimento de técnicas aprimoradas para a pintura da iris

empregadas em protese ocular.
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4 Conclusées

Baseado nos resultados obtidos no presente estudo pode-se concluir que:

v 0 polimento da calota ou sua abrasdo ndo influenciam no efeito de espelhamento
da pintura da fris;

v’ a técnica de secagem influencia no efeito de espelhamento da iris, sendo a
técnica que aguarda 24 horas para inclusdo, (grupos I e II), a que apresenta
menor area de efeito de espelhamento.

v" o polimento da calota da iris e 0 método de secagem influenciam na estabilidade
cromdtica da pintura, sendo a combinagdo calota sem polimento e 24 horas de

secagem o grupo que apresenta melhor resultado;
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Apéndices
ﬂpé'mﬁ'ce: Detalhamento da Metodologia

Delineamento Geral da Pesquisa

Para a realizacdo deste estudo foram utilizados 80 amostras. Cada amostra foi constituida
por um modelo confeccionado em resina acrilica para proteses oculares, cor nimero 2 (Artigos
Odontoldgicos Classico Ltda, Sao Paulo, Brasil) em formato semilunar simulando a esclera
ocular, calota acrilica pré-fabricada incolor com didmetro padronizado e aferido por paquimetro
em 12 mm e discos de acetato preto (Factor 2, Incorporated, AZ, USA) também padronizado

em 12 mm de didmetro para caracterizacdo com tinta a 6leo cor Burnt Umber(Van Gogh,

Holanda), da cor da iris.

Paquimetro digital para padronizacdo do diGqmetro das calotas acrilicas e disco de acetato em 12mm.

40 calotas dos grupos I, III, V, VII, correspondentes aos grupos com calotas nao
polidas, foram submetidas ao despolimento usando lixas com granulagdo 200 e 120 em Politriz
APL-4 (Arotec, SP, Brazil), sobre refrigeracdo por 30 segundos cada calota em cada granulacio

de lixa.
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Despolimento das calotas com lixas de granulagdo 120 e 200 em Politriz

A tinta a 6leo foi aplicada nos discos de acetato, no mesmo periodo, por um tnico operador,
sob as mesmas condi¢des de iluminagdo, com auxilio de pincel n® 0 (Tigre S.A., Brasil), diluidas
em monopoli (mistura de monomero + polimero termoativados a 60°C, durante 20 minutos, na
propor¢do de 6,25:1) para fixacdo, sendo aguardados 3 minutos entre uma camada e outra,

sendo 3 camadas de tinta por disco, selados com monopoli.

Monopéli - fluido e pintura de iris em formato raiado
Cada grupo foi submetido ao método de secagem pré estabelecido, para cada grupo
experimental:

Ie II (24horas );

Il e IV (inclusdo imediata);

V e VI (luz infravermelha por 02 horas);

VII e VIII (estufa a 55°C por 06 horas);
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Sequéncia dos grupos: inclusdo imediata, 24 horas, estufa e luz infravermelha

A base representativa da esclera foi confeccionada primeiramente em gabaritos de cera
utilidade ndimero 7 e os botdes de iris foram centralizados. Posteriormente foram incluidos em
mufla metalica preenchida com gesso pedra tipo III e em seu equador protético. Apds a
cristalizacdo do gesso, foi aplicado o isolante para gesso no gesso e gabaritos e posicionada a
contra mufla para o seu preenchimento com gesso pedra tipo III. Em cada mufla foram incluidas
10 amostras. Ap6s cristalizacdo do gesso da contra mufla, a mufla foi aberta, removido o padrao
de cera, lavada com 4agua aquecida para retirar todo e qualquer resquicio de cera e gordura
existentes; e novamente isolado Cel-lac® (SSwhite Ltda, Rio de Janeiro, Brasil) para inclusio
da resina acrilica nimero 01 (um) auto polimerizavel Cléssico (Artigos Odontolégicos Cléssico
Ltda, Sao Paulo, Brasil) com os botdes da iris pintados respectivos de cada grupo. A mufla foi
prensada com 1,0kgf/cm? e aguardada o tempo de polimerizagdo conforme a recomendago do

fabricante.

Amostra com iris centralizada, inclusdo em mufla e posicionamento das iris
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Inclusdo da resina acrilica e prensagem

Anadlise macroscopica do efeito de espelhamento

O efeito de espelhamento apresentado pelas amostras, foi analisado quantitativamente,
por captura de imagens da superficie pintada, com auxilio de estereomicroscépio (Stemi
DV4/DR; Zeiss, Jena, Alemanha) onde a drea de comprometimento pelo efeito de espelhamento
foi mensurada através do software de processamento de imagens multidimensionais (Image J -

open platform for scientific image analysis).

* ImageJ E:,ﬁ

Fe Edt Image Process Analze Plugins Window Help |
o

Qla|o|<| 4|43 AlQ O 2{ofssfu| 7 4 |&] 7] |»

image) 1.38¢  Java 150_09 |

Captura da imagem com estereomicroscopio e andlise quantitativa do espelhamento

Analise estabilidade cromadtica

As amostras foram submetidos a medic¢des iniciais de cor da pintura da iris através do
espectrofotometro de reflexdo (Konica Minolta, Sensing Americas, New Jersey, USA), onde
todas as amostras foram posicionadas da mesma forma em um dispositivo adaptado no

espectrofotdmetro para padronizar a area de leitura e para evitar variacdes de cor.
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Medigées iniciais de cor da pintura de iris através do espectrofotometro de reflexdo

As amostras foram submetidas a testes de envelhecimento em uma camara de
envelhecimento acelerado modelo EQUV-RC (Equilam, Diadema, SP, Brasil) cuja a fonte de
radiagdo sdo 8 lampadas fluorescentes de 40 Watts cada, sendo 4 de um lado da camara
(irradiagdo UVA), com comprimento de onda de 340 nm e poténcia de irradiag¢do de 0,47 a 1,60
W/m /nm; e 4 lampadas do outro lado da cdmara (irradiagdo UVB) com comprimento de onda
de 313 nm e poténcia de irradia¢do de 0,47 a 1,20 W/m /nm. As amostras foram coladas com
adesivo de silicone 303 (Pulvitec, Sdo Paulo, SP, Brasil) em placa metélica, dispostas de forma
sequencial, divididas conforme os grupos e expostas em ciclo alternado de 4h de condensagdo
a 37 £ 3°C e 8h de radiacdo UV (UVA/UVB) a 40°C, conforme ASTM G53-96 (American
Society for Testing Materials Norma 53, Comexim Matérias Primas Ind. Com. Ltda., SP,

Brasil), num total de 10 ciclos.

Amostras coladas em placa metdlica para serem posicionadas na Cimara de Envelhecimento

Acelerado
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As alteragdes de croma e luminosidade foram mensuradas com o auxilio do
espectrofotometro de reflexdo (Konica Minolta, Sensing Americas, New Jersey, USA), com as

alteracOes de cor calculadas através do Sistema CIE L*a*b.

Medicaées finais de cor da pintura de iris através do espectrofotémetro de reflexdo
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Apéndice 2

Tabela representativa dos valores da area de efeito de espelhamento da pintura de iris em mm?
das calotas polidas e nao polidas em diferentes técnicas de secagem, onde as médias foram

utilizadas para analise estatistica do artigo do Capitulo 1.

SEM@POLIMENTO COMEPOLIMENTO
24HORAS ESTUFA INFRAVERM IMED. | 24HORAS ESTUFA INFRAVERM  IMED.
21.390 47.192 30.218  35.688 14.833  44.517 15.079 15.370
1.802 55.202 10.691  31.189 12.990 36.922 22.874 6.480
7.885  18.688 4.545  34.336 9.118 7.898 14951 30.284
2.392  29.422 31.974 40.041 25.956 14.680 3.047 15.296
10.914 6.236 18.362  22.565 27.162 19.099 27.399  25.128
2.671 24.144 30.749  33.459 13.843  21.756 25.027  35.589
29.148 16.829 18.775  31.390 14.430 11.679 21.420 28.644
32.547 14.562 7.099  29.610 2.579  20.280 20.535 19.307
8.071  22.592 21.443  23.341 8.286 19.446 10.986  26.118
10.215 36.274 19.420 24.420 6.481 4.770 32.418  23.045
12.704 27.114 19.328  30.604 13.568  20.105 19.374  22.526

**A linha destacada representa a média geral.
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Apéndice 3
Tabela representativa dos valores mensurados com espectrofotometro de *L. a b - Antes e Depois de submetidos a teste de

envelhecimento de AL, Aa e Ab das calotas polidas e nao polidas em diferentes técnicas de secagem, onde ALab foi utlizado

na analise estatistica do artigo do Capitulo 2.
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GRUPO POL. CALOTA TEC. SEC. C.P L a b L (depois) a b ALab AL Aa Ab

1 1 1 1 25,07 2,68 2,32 24,55 1,97 1,55 1,1788 -0,52 -0,71 -0,77
2 28,99 5,03 5,44 26,59 333 3,57 29611 -2,4 -1,7 -1,87
3 27,9 4,8 4,72 28,6 52 5,62 0,9593 0,7 0.4 0,9
4 26,34 4,1 3,71 27,17 4,45 4,45 0,9343 0,83 0,35 0,74
5 25,22 2,13 1,94 26,18 2,59 2,56 1,0549 0,96 0,46 0,62
6 253 2,48 2,1 29,25 6,75 6,2 6,3102 3,95 4,27 4,1
7 25,65 3,82 3,41 26,22 5,01 4,88 1,7677 0,57 1,19 1,47
8 27,32 4,46 4,07 27,32 4,22 4,06 0,2846 0 -0,24 -0,01
9 26,76 4,84 5.2 26,18 4,31 4,48 0,8917 -0,58 -0,53 -0,72
10 26,57 4,48 4,34 26,93 4,2 4,38 0,4357 0,36 -0,28 0,04

2 1 2 1 28 4,01 3,82 27,02 34 3,33 1,0877 -0,98 -0,61 -0,49
2 30,74 1,85 1,98 34,87 2,68 4,19 3,9356 4,13 0,83 2,21
3 27,52 4,74 4,35 279 343 24 2,1606 0,38 -1,31 -1,95
4 31,47 2,99 3,23 32,63 2,27 3,37 1,3344 1,16 -0,72 0,14
5 27,94 4,73 5,07 26,85 3,19 3,36 2,3122 -1,09 -1,54 -1,71
6 27,37 34 4,38 25,02 2,54 2,37 2,6149 -2,35 -0,86 -2,01
7 25,36 2,09 241 26,79 2,89 3,89 1,8938 1,43 0.8 1,48
8 27,1 4,86 4,16 27,71 5,81 5,81 1,6507 0,67 0,95 1,65
9 27,67 3,86 3,94 26,33 2,03 2,52 2,6838 -1,34 -1,83 -1,42
10 28,7 4,32 4,51 29,33 2,43 2,77 2,6431 0,63 -1,89 -1,74

3 1 3 1 26,87 1,64 2,42 26,98 2,01 3,23 0,8415 0,11 0,37 0,81
2 31,45 3,57 4,44 33,49 3,27 5,31 1,8584 2,04 -0,3 0,87
3 32,07 3,89 4,46 31,21 4,44 5,42 1,1598 -0,86 0,55 0,96
4 33,43 1,86 2,01 30,73 3,28 3,84 3,1477 -2,7 1,42 1,83
5 28,05 4,41 4,63 27,67 5,03 541 0,9192 -0,38 0,62 0,78

continua
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GRUPO POL. CALOTA TEC. SEC. C.P L a b L (depois) a b ALab AL Aa Ab

6 26,23 3,65 3,47 25,6 3,27 3,17 0,6862 -0,63 -0,38 -0,3
7 27,22 3,81 3,79 27,47 3,96 4,06 0,3303 0,25 0,15 0,27
8 26,95 4,13 4,32 25,49 4,05 4,88 1,1959 -1,46 -0,08 0,56
9 25,77 2,18 2,8 46,14 1,98 3,02 16,9682 20,37 -0,2 0,22
10 33,65 2,51 2,99 31,38 3,67 5,16 2,8417 -2,27 1,16 2,17

4 1 4 1 26,03 1,52 1,63 31,65 3,52 4,37 5,4357 5,62 2 2,74
2 26,5 1,53 1,52 26,5 0,64 0,95 1,3352 0 -0,89 -0,57
3 26,54 3,07 291 27,14 1.8 2,49 1,721 0,6 -1,27 -0,42
4 39,35 0,69 1,17 38,36 0,39 2,22 1,3895 -0,99 -0,3 1,05
5 37,86 1,57 2,14 36,13 0,64 1,98 1,9641 -1,73 -0,93 -0,16
6 31,43 3,26 5.3 31,57 3,49 6,22 0,7638 0,14 0,23 0,92
7 28,23 4,57 54 31,62 6,09 7,79 3,4597 3,39 1,52 2,39
8 31,75 3,46 4,51 29,39 2,28 2,99 2,6116 -2,36 -1,18 -1,52
9 28,65 4,31 5,28 29,33 4,51 5,88 0,725 0,68 0,2 0,6
10 34,52 2,03 23 359 1,77 4,05 2,0046 1,38 -0,26 1,75

5 2 1 1 26,85 5,25 5,07 27,05 4,7 4,53 0,719 0,2 -0,55 -0,54
2 27,19 3,13 34 26,3 2,6 2,91 1,0038 -0,89 -0,53 -0,49
3 28,72 3,01 4 28,89 3,25 4.8 0,715 0,17 0,24 0,8
4 29,9 5,52 6,22 29,76 5,42 6,52 0,3174 -0,14 -0,1 0,3
5 26,42 3,55 3,74 27,32 3,43 3,67 0,6882 0,9 -0,12 -0,07
6 28,83 3,46 4,39 29,84 3,87 5,08 1,0441 1,01 0.41 0,69
7 27,98 3,39 4,03 27,37 391 4,48 0,8278 -0,61 0,52 0,45
8 25,62 3,22 2,78 25,79 3,42 3,65 0,7904 0,17 0,2 0,87
9 25,3 2,38 2,33 25,45 3,14 3,05 1,1084 0,15 0,76 0,72
10 26,95 4,08 2,15 27,38 4,33 4,48 2,0619 0,43 0,25 2,33

6 2 2 1 31,11 1,43 2,14 32,37 1,29 2,81 1,195 1,26 -0,14 0,67
2 29,46 5,61 6,75 29,24 5,76 6,75 0,2404 -0,22 0,15 0
3 34,79 1,13 14 36,46 0,67 2,11 1,6893 1,67 -0,46 0,71
4 30,4 2,43 3,15 27,87 2,67 3,7 2,0111 -2,53 0,24 0,55
5 24,52 1,51 1,19 25,64 2,12 2,25 1,4812 1,12 0,61 1,06
6 25,28 2,25 1,75 27 3,71 33 2,5267 1,72 1,46 1,55
7 26,39 2,23 2,11 25 2,53 2,37 1,1125 -1,39 0,3 0,26

continua
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GRUPO POL. CALOTA TEC. SEC. C.P L a b L (depois) a b ALab AL Aa Ab

8 24,95 4,35 4,36 27,86 4,54 43 2,1726 2,91 0,19 -0,06
9 29,79 4,24 4,37 34,86 4,6 5,08 4,0884 5,07 0,36 0,71
10 36,07 35 6,33 35,53 12,32 14,15 9,06 -0,54 8,82 7,82

7 2 3 1 36,44 1,19 2,23 38,17 1,25 3,75 1,9951 1,73 0,06 1,52
2 27,95 2,33 2,82 28,76 2,67 3,65 1,0162 0,81 0,34 0,83
3 28,91 3,03 3,02 31.8 2,25 2,99 2,4622 2,89 -0,78 -0,03
4 26,86 3,99 4,22 217,07 4,27 4,39 0,3763 0,21 0,28 0,17
5 25,57 2,55 3,59 27,16 4,65 5,39 3,0151 1,59 2,1 1,8
6 24,2 0,97 0,83 25,02 1,08 1,2 0,7075 0,82 0,11 0,37
7 25,49 1,19 1,22 26,07 1,24 1,46 0,4874 0,58 0,05 0,24
8 26,24 4,26 4 33,58 5,32 6,85 6,1741 7,34 1,06 2,85
9 27,85 2,58 2,27 30,91 3,81 4,27 3,2047 3,06 1,23 2
10 33,35 4,94 6,17 3541 4,49 7 1,9407 2,06 -0,45 0,83

8 2 4 1 25,29 2,64 2,42 25,34 2,77 2,6 0,2227 0,05 0,13 0,18
2 28,39 5,86 6,42 26,74 5 5,31 1,7071 -1,65 -0,86 -1,11
3 29,39 74 7,46 30,39 8,18 791 1,096 1 0,78 0,45
4 23,83 0.8 0,54 24,62 1,46 1,84 1,6099 0,79 0,66 1.3
5 25,94 2,19 2,64 25,09 29 3,83 1,449 -0,85 0,71 1,19
6 25,27 1,61 1,46 25,59 1,47 1,9 0,5264 0,32 -0,14 0,44
7 27,83 4,73 54 28,49 5,08 5,81 0,6855 0,66 0,35 0,41
8 28,62 1,79 1,84 28,99 1,58 2,71 0,9251 0,37 -0,21 0,87
9 24.8 1,96 24 25,24 1,68 1,95 0,6227 0,44 -0,28 -0,45
10 38,27 0,92 1,78 40,66 1,1 2,77 2,2815 2,39 0,18 0,99
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