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RESUMO

A inovagdo dos procedimentos computadorizados levou a confec¢ao de
blocos de poli-metilmetacrilato (CAD/CAM PMMA blocos) para base dentadura,
monstrando 6timas propriedades mecénicas e bioldgicas, uma melhor adaptagéao, e
procedimentos com reduzido numero de atendimentos. No entanto, os protocolos de
desinfecgdo sao necessarios com o intuito de remover o biofilme na superficie
protética. O efeito destes desinfetantes € muito discutido na literatura mostrando
diversos efeitos sobre as propriedades mecanicas e superficiais das resinas em
funcdo da concentragédo, tempo de imersado, e tipo de solugdo. O objetivo deste
trabalho foi avaliar o efeito a curto e longo prazo de solugdes desinfetantes nas
propriedades mecanicas e superficiais da resina CAD/CAM PMMA para base de
dentadura. As resinas testadas foram VIPI Gum Block (CAD/CAM PMMA) (VIPI) e
VIPI Cril Plus (Convencional PMMA)(VIPI) e as solugdes desinfetantes foram: Grupo
controle: Agua deionizada; H1= Hipoclorito de sédio 1%; H05= Hipoclorito de sédio
0,5%; e C2= Gluconato de clorexidina 2%. Foram confeccionados 140 corpos de
prova (12x12x3mm) direcionada para microdureza (KHN) e rugosidade (Ra) (n=10); e
280 corpos de prova (65x10x3 mm), direcionados para resisténcia Flexural (RF) e
modulo de elasticidade (ME) (n=10). Cada ciclo de desinfec¢cédo representava 10
minutos em cada solugéo e os tempos avaliados foram: O (inicial), 14, 30, 130 e 260
ciclos. Os testes estatisticos para KHN e Ra foi ANOVA medidas repetidas e,
posteriormente ,0 teste de Tukey HSD com nivel de significancia 5%. Para a RF e ME,
a estatistica empregada foi ANOVA 3 criterios e teste de Tukey para comparagdes
entre grupos, adotando um nivel de significancia de 5%. O primeiro trabalho avaliou o
efeito a curto prazo das solugdes desinfetantes sobre as propriedades superficiais da
resina. Os valores Ra n&o mostraram diferenga significante das resinas quando
expostas nas solugdes durante o periodo avaliado (p>0,05). No entanto, na KHN a
CAD/CAM PMMA mostrou-se superior a convencional quando imersa em todas as
solugdes (p<0,05) em todos os tempos (p<0,05). O segundo artigo avaliou o efeito ao
longo prazo das imersdes em solugbes desinfetantes da resina CAD/CAM. Nas
propriedades superficiais, a KHN mostrou diferenga significante no tipo de resina
(p<0,000), tempo (p=0,002) e a interagao solugao*resina (p<0,000). A Ra mostrou
uma diferenga significante no tipo de solugcdo (p=0,007). Na RF, a resina foi
determinante no resultado em Mpa (p=0,001), o tempo foi outro fator relevante






(p=0,032), e a interagcédo solugéo*resina (p=0,008). No ME, os fatores relevantes
foram: resina (p=0,001), tempo (p=0,032), e solugdo*resina (p=0,008). A resina
CAD/CAM PMMA mostrou valores iniciais superiores na KHN e RF, a Ra e ME
semelhante a resina Convencional PMMA. No entanto, quanto maior a exposicao
(ciclos) da resina as solugdes desinfetantes, os testes de KHN, RF e ME mostraram
valores superiores da resina Convencional PMMA com diferenga significante. Dentro
das limitagbes deste estudo, a resina CAD/CAM PMMA mostrou propriedades
favoraveis de acordo com cada experimento realizado e as solugdes desinfetantes
(H1, HO5 e C2) n&o afetaram negativamente a resina ao longo do tempo.
Palavras-chave: Desenho assistido por computador (CAD). Manufatura assistida por
computador (CAM). Poli metil metacrilato (PMMA). Base de dentadura






ABSTRACT

Mechanical properties of CAD/CAM blocks for base denture prosthesis after
chemical disinfection protocols

The innovation of computerized procedures led to the manufacture of
polymethylmethacrylate blocks (CAD/CAM PMMA blocks) for denture base, showing
excellent mechanical and biological properties, better adaptation, and reduced number
of attendances. However, disinfection protocols are necessary in order to remove the
biofilm on the prosthetic surface. The effect of these disinfectants is widely discussed
in the literature, showing several effects on the mechanical and surface properties of
resins depending on the concentration, immersion time, and type of solution. The
objective of this work was to evaluate the short and long term effect of disinfectant
solutions on the mechanical and surface properties of CAD/CAM PMMA resin for
denture base. The tested resins were VIPI Gum Block (CAD/CAM PMMA) (VIPI) and
VIPI Cril Plus (Conventional PMMA) (VIPI) and the disinfectant solutions were: Control
group: Deionized water; H1 = 1% sodium hypochlorite; HO5 = 0.5% sodium
hypochlorite; and C2 = 2% chlorhexidine gluconate. One hundred and forty specimens
were made (12x12x3mm) for microhardness (KHN) and roughness (Ra) tests (n = 10);
and 280 specimens (65x10x3 mm), for Flexural Strength (FS) and Flexural Modulus
(FM) (n = 10). Each disinfection cycle represented a 10 minutes immersion in each
solution and the evaluated times were: O (initial), 14, 30, 130 and 260 cycles. The
statistical tests for KHN and Ra were repeated-measures ANOVA and, subsequently,
the Tukey HSD test with a significance level of 5%. For FS and FM, the statistics used
was 3-Way ANOVA and Tukey's test for multiple comparisons, adopting a significance
level of 5%. The first work evaluated the short-term effect of disinfectant solutions on
the surface properties of the resin. The Ra test showed no significant difference in
resins when exposed to the solutions during the evaluated period (p> 0.05). However,
the KHN test showed that CAD/CAM PMMA was superior to conventional when
immersed in all solutions (p <0.05) at all times (p <0.05). The second article evaluated
a long-term effect of CAD/CAM PMMA resin immersed in the solutions. In surface
properties, KHN showed a significant difference in the type of resin (p <0.000), time (p
= 0.002) and the solution * resin interaction (p <0.000). The Ra showed a significant
difference in the type of solution (p = 0.007). In RF, the resin was decisive in the result
in Mpa (p = 0.001), the time was another relevant factor (p = 0.032), and the






solution*resin interaction (p = 0.008). In the ME, the relevant factors were: resin (p =
0.001), time (p = 0.032), and solution * resin (p = 0.008). The CAD/CAM PMMA resin
showed higher initial values in KHN and FS, Ra and FM similar to the conventional
PMMA resin. However, the greater the exposure (cycles) of the resin to disinfectant
solutions, the KHN, FS and FM tests showed higher values of the conventional PMMA
resin with a significant difference. Within the limitations of this study, the CAD/CAM
PMMA resin showed favorable properties according to each experiment performed and
the disinfectant solutions (H1, HOS and C2) did not negatively affect the resin over
time.

Keywords: Computer-aided design (CAD). Computer-aided manufacturing (CAM).
Poly methyl-methacrylate (PMMA). Base denture.
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1 INTRODUCTION

The introduction of computer-aided design (CAD) and computer-aided
manufacturing (CAM) in dentistry has helped the clinicians indicate a new presentation
of dental materials with better mechanical, physical and biological properties, as well
as reduced appointments.’?3 Even though the implant therapy has been recognized
as an excellent alternative for complete, partial, or single replacement of tooth and
related-structures, complete dentures (CD) are still a treatment option for edentulism
when the patient is not suitable for implant therapy due to a compromised health
condition, financial limitations or phycological factors. ' Since 1937, the poly-methyl
methacrylate (PMMA) have been used for the fabrication of CD in the majority of cases
except patients with allergy or hospitalized condition. 45 The PMMA is a synthetic
thermoplastic polymer composed by the reaction of methyl-methacrylate monomers: '
the interaction of powder (microspheres of pre-polymerized PMMA, benzoyl peroxide
and pigments) and liquid (monomer, cross-link agents, plasticizers and stabilizers
compounds). 78 The PMMA can be classified according to the polymerization
process: Chemical polymerization, which is initiated by the reaction of a tertiary amine;
and Heat polymerization, which includes a thermal bath with or without pressure, and
microwave polymerization. 7 In the last decades, pre-polymerized blocks have been
introduced that could be milled based on a CAD/CAM project. '3 The PMMA is widely
accepted in many fields of dentistry, it could be indicated for temporary crowns,

surgical guides, occlusal appliances, and CD. '/

One of the critical tasks for CD wearers is the adequate cleansing of the
prosthesis, mainly the inner surface that directly contacts the patient’s mucosa. 10 A

poor hygiene would lead to microbial adherence and superficial colonization of the
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prosthetic device, and facilitate a mucosa alteration known as Denture Stomatitis (DS).
' DS is a multifactorial condition, frequently associated to Candida albicans
development within the PMMA, and could migrate to the oral mucosa. ®'° Researches
have appointed that mechanical removal of microorganisms (brushing) is the best
hygiene method removing the adhered plaque on the acrylic resin. 3 However, some
patients might experience limited motor skills and would need an additional mechanism
for cleansing, such as chemical solutions or physical disinfection. ®'° Additionally,
literature detailed one problem related to this pathogen (Candida albicans), which
could be allocated in the resin a depth of 631um ''; making imperative the use of an

associated mechanism for the correct cleansing and disinfection of the CD. °

Chemical disinfection have been categorized as a fast, low cost, and secure
protocol of decontaminating the base denture. '° But, there is no consensus about the
best solution in terms of composition, concentration, time of immersion, and the
deleterious effect of the mechanical and surface properties generated after continuous
disinfection. ' The most common solutions used in dentistry are sodium hypochlorite
(varying from 0,5 to 2,5%), chlorhexidine gluconate (2 or 4%), peracetic acid and
vinegar; and the immersion time would vary from 10 minutes to 8 hours disinfection
cycle. %1912 QOther approaches included the microwave disinfection (physical
disinfection), application of coating (cyanoacrylates or related-coatings) and
photodynamic therapy, all of them, trying to reduce the microbial colonization and
harmless disinfection on mechanical properties of the PMMA. 1314 Current literature
referred that the chemical solution would disinfect the irregularities on the resin
microtopography (peaks and valleys) whereas the brushing might not have access,

and the ability to penetrate in the PMMA matrix. ®'2 The previous statement confirmed
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the need for studying the effect of continuous exposure of PMMA to chemical

disinfection solutions on the superficial characteristics and mechanicals aspects.

The CAD/CAM technology facilitate a new possibility to deliver a CD, which
could mill the base denture from CAD/CAM PMMA block and, subsequently, fix pre-
fabricated teeth, or produce a complete denture (teeth and base) from monoblock
pucks. 6 Maeda et al. (1994) published the first paper of a CD fabricated by CAD/CAM
technology using a 3D lithography machine through an additive process. ¢ Therefore,
a new wave of researches have been carried on to identify the benefits, limitations,
and advantages of this material (CAD/CAM PMMA) under certain conditions: thermal
cycling, coffee staining, water storage, and mechanical, biological, optical and surface
properties. 815 According to literature, one of the main advantages of CAD/CAM PMMA
blocks is the manufacturing condition under high temperature and controlled
pressures, producing a dense polymer with a low monomer release rate and porosity.
6 This condition might produce a resin with higher mechanical and superficial
characteristics, even higher than conventional PMMA. '® Many papers have
demonstrated that CAD/CAM PMMA did have higher microhardness values and a
smoother surface than conventional ones, as well as higher initial flexural properties
and after an accelerated thermal aging protocol. 236 However, the effect of chemical

disinfection on these characteristics of CAD/CAM PMMA has not yet been studied.

Based on these statements, the objectives of the present study were to
evaluate the flexural and surface properties of CAD/CAM PMMA blocks after chemical
disinfection during a short and long-term analysis. The first null hypothesis was that

the flexural properties and superficial characteristic of CAD/CAM PMMA resin have no
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difference to Conventional PMMA. The second null hypothesis was that CAD/CAM

PMMA resin is not affected by chemical solutions through time.



4 Conclussions

and final

considerations
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4 CONCLUSIONS OR FINAL CONSIDERATIONS

CAD/CAM PMMA resin showed higher mechanical values in terms of
microhardness and flexural properties at baseline when compared to conventional
PMMA. However, CAD/CAM PMMA resins could be safety disinfected with the tested
chemical solutions and would be above the minimal recommendations for clinical

acceptance.
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Abstract

Complete dentures are being fabricated by computer-aided design and computer-aided manufacturing (CAD CAM)
showing high mechanical and superficial properties. The purpose of this study was to evaluate the effect of chemical
disinfection on the suparficial roughness (Ra) and Knoop hardness (KHM) of a CAD CAM resin block after 14 and 30
immersion cycles. Quadrangular specimens (12:x3mm) were divided into 2 groups: Control Group (n=10)heat and
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Vipi GUM, VIPI®). The immersion solutions were Control Group (deionized water), H1 (Sodium hypochlorte 1%) and
C2 {chlorhexidine gluconate 2%). The immersion cycles were evaluated according to Baseline (0 cycles), T1 (14
cycles) and T2 (30 cycles). Measurements were applied on a contact profilometer (Roughness, Ra) and & hardness
tester (Knoop microhardness, KHM). The results were analyzed using a 3-way ANOVA and a Tukey HSD pos hoc test
(p=0.05). Roughness: At Baseline, the CAD CAM (0,17+0,02pm) showed no difference to conventional (0,1840,01pm)
resin. At T2, CAD CAM resins exposed to CG and H1 showed a reduction in Ra values, with significant difference
among the solutions (p<0,00), groups (p<0,00), and their interaction with time (p<0,01). Microhardness: CAD CAM
resin showed a higher value (20,3£0.5 KHM) than the conventional resin (18,6405 KHN). CG and H1 did not affect
EHM values (p=0,05) for both resins, but there was a significant difference between groups (p<0,00), time (p<0,00)
and time*solution (p<0,00). However, the C2 reduced the KHN values for both resins at T1, and it was restored at T2,
Disinfection solutions (H1 or C2) did not affect adversely roughness or hardness of the CAD CAM resin. Both tested
materials demonstrated values above minimal clinical requirements.
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State of the problem : Complete dentures fabricated by computer-aided design and
computer-aided manufacturing (CAD/CAM) have shown higher mechanical properties
when compared to conventional base denture resins, but there is no evidence of its
performance after repeated disinfection immersions.

Purpose : The purpose of this paper was to analyze the effect of consecutive
disinfection immersions on physical properties of CAD/CAM base denture blocks.
Materials and Methods : Two groups of base denture resins were tested: Heat-
polymerized (VipiCryl, VIPI®) and milled blocks (VipiGum, VIPI®). The specimens
were designed into quadrangular (12x3mm) (n=40) and rectangular (64x10x3,3mm)
(n=240) specimens. Specimens were stored in water for 48 hours. Therefore, they
were immersed in the disinfection chemical solutions: CG (control group, deionized
water), H1 (sodium hypochlorite 1%), HO5 (sodium hypochlorite 0,5%) and C2
(Chlorhexidine 2%). Each disinfection cycle represented a weekly disinfection process
(10 min immersion). The immersion periods represented: baseline (0 cycles), 2.5 years
(130 cycles) and 5 years (260 cycles). The analysis was based on the Roughness
(Ra), Microhardness alterations (KHN), Flexural strength (FS) and Flexural Modulus
(FM). The applied statistical tests were a 3-way ANOVA and Tukey HSD Pos Hoc Test
were applied for all experiments, significance level of 5%.

Results: CAD/CAM PMMA showed higher flexural properties: flexural strength
(p=0,001) and flexural modulus (p<0,000), than conventional PMMA. Microhardness
KHN (p<0,000) was superior than conventional PMMA, but the chemical solution
affected all resin in the surface roughness (p=0,007), values were under the 0,20 um
threshold for microbial adherence.

Conclusions : Within the limitations of this study, the CAD/CAM PMMA blocks can be
safely disinfected without a negative effect on flexural and superficial properties.
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