Current Research in Dentistry

Original Research Paper

Monomers Release from Dental Composites: Effect of
Immersion Media and Photoactivation Light Source

'Raquel A.B. da Silva,'Talita P. Prates,'Driely Barreiros, 2Juliana C. Biazzotto, Patricia H. Gaton,
'Fabio Lourengo Romano?Roberto S. da Silva andLéa Assed Bezerra da Silva

!Department of Pediatric Dentistry, School of Demji®f RibeirdoPreto, Ribeirédo Preto, University ®o Paulo, Brazil
’Department of Physics and Chemistry, School of Phaemtical Sciences of RibeirdoPreto, Universitab Paulo, Brazil
3La Societadcatalanad’odontoestomatologia de I'Acaidéde CiénciesMédiques | de la Salut de Catalunge Balears,
Barcelona, Spain

Article history Abstract: The present study aimed to evaluate qualitativelyd a
Received: 2014-09-24 guantitatively the products released by compositith different light
Revised: 2014-12-23 sources when immersed in distilled water or af#ficaliva. Thirty-six

Accepted: 2015-01-09 samples were obtained from the composites usinglieoree matrix.

Specimens were divided into 12 groups according @mmposite

C ding Author: . . . . .
orresponcng Sunor (Charism4, Filtek™Silorane or GC Kalof®, device used for the materials

Léa Assed Bezerra da Silva,

Department of Pediatric photoactivation (halogen light or LED) and immersimedium (distilled
Dentistry, water orartificialsaliva). Measurements were olsdirusing a UV-visible
School of Pharmaceutical spectrophotometer. The FiltlSilorane resin showed the highest
Sciences of Ribeirdo Preto, absorbance and thus the highest concentration abmers released at the
University of S&o Paulo, maximum time assessed when immersed in artificiiva. No significant
SP, Brazil, difference was observed in the amount of monomelease when using

Tel: +55-16-3602-3995

_l . —
Email: lea@forp.usp.br LED (0.54 mg mCY) and halogen light (0.53 mg rmi). Release of

monomers from composites can occur and is deperafettie composite
formulation, immersion medium or the photoactivatimit.

Keywords: Nanoparticle Resin, Residual Monomer, Halogen L,ig&D

Introduction The composition, size and filler particle distritmut
of a restorative material as well as the compasitid
Composite resins have recently become the matérial the resin matrix can have an important effect an it
choice for direct restorations of dental elemem@sabse  clinical utility. In nanoparticulate composite resj
they produce satisfactory aesthetic results andnmain  reduction in the size of the filler particles inditibn to
wear on the dental structure (Nahsaal, 2012). their shape facilitates the achievement of an dswel
Despite the evolution of their physical and cheinica polish and luster. Moreover, nanoparticulate coritpos
properties since the 1960s, no ideal compositeifiess  resins possess good mechanical properties, which
been discovered until recenﬂy; thus, research onincrease their clinical use in the anterior andtﬂiﬂr
restorative materials is important to identify mite t€eth (Zimmerliet al, 2010).
failures and to assist in improving their propestie ~ The resin matrix is composed of monomerssuch as
Developed from  studies  conducted by Bis-GMA (bisphenol =~ A-glycidyl methacrylate) or
Bowen (1956; 1963), composite resins are defined agPolyurethane (UDMA), which can be regarded as the
the three-dimensional combination of at least two body of the composite resin. To decrease the \itycob
chemically dissimilar materials with a distincterface  the system, low viscosity diluent monomers such as
separating these components (Phillips, 1992). TEGDMA (triethylene glycol dimethacrylate) are adde
Composite resins have four components: ResinDiluent monomers allow the incorporation of higlhefi
matrix, polymerization initiators, inorganic filerand a  content and provide better handling characteristiahe
coverage agent of filler particles known as final material. Other monomers found in most
silane.Composite resins are classified accordingh®d  commercialized composites include D3MA and UTMA
type and size of the filler particles: Macropagglor (Tabatabaeét al, 2011).
conventional, microparticles, hybrid and nanopaftites In an effort to improve the chemical and mechanical
(Lutzand Phillips, 1983; McCabe, 1984). properties of the monomers incorporated into the

zy/ Science © 2014 Raquel, A.B. da Silva, Talita P. PrateseQrBarreiros, Juliana C. Biazzotto, Patricia HtdBaFabioLourengo
//‘ Publications Romano, Roberto S. da Silva and Léa Assed Bezar&ilda. This open access article is distributedenra Creative
Commons Attribution (CC-BY) 3.0 license.



Raquel, A.B. da Silvet al / Current Research in Dentistry 2014, 5 (1): 1.5
DOI: 10.3844/crdsp.2014.1.5

composite resins, composite materials based on From the composite resins selected for the stufly, 3
Siloran& matrix (3M Espafia SA, Madrid, Spain) and samples were polymerized with the aid of a silicone
GC Kaloré"have become commercially available. matrix containing a quadrangular mold measuring 10
Siloran&matrix consists of a system of cationic mm in diameter and 3 mm in thickness. Material
monomers in an open-loop structure rather than in amanipulation was performed according to the
linear structure as observed with Bis-GMA monomers. manufacturer’s instructions.
According to the manufacturer, the advantage of the To obtain the samples, a spatula was used to a&dd th
Siloran&matrix, which is indicated for the restoration of composite resin in a single layer inside the sikemnatrix.
the posterior teeth, is a lower degree of polyraéidn Next, the material was photopolymerizedaccordinght®
shrinkage, which is associated with satisfactorghaaical manufacturer's instructions by different light sms (LED
properties (Gaet al, 2012; Portet al, 2013). or halogen light). For polymerization of the compmgesin
The composite resin GC KalStfeatures a unique specimens, halogen light (Ultralux, DabiAtlante, BRazil)
DuPont monomer technology known as single monomer,and LED (Bluephase, IvoclarVivadent, SP, Brazil)
which shows decreased polymerization shrinkage andpolymerization equipment were used.
thus increased longevity of the restoration. Subsequently, the samples were removed from
According to Naoumet al (2012), Silorane (non mold and the excess material was removed with a
methacrylate composite) and Kalore (high molecular cutter and straight piece.

mass methacrylate composite) have the ability toleix The specimens were divided into 12 groups
lower shrinkage rates and lower shrinkage volumesaccording to the following factors: Composite ressed
compared to conventional methacrylate composites. in the specimen preparation (Chari§ma

According to the literature, patients subjected to Filtek'™Silorane or GC Kalof®, equipment used for the
restorative procedures may have residual mononmers i photoactivation of the materials (halogen lightL&D)
the saliva and in the oral tissues (Reiehal., 2006). In and medium in which the specimens were immersed
this field, Polydorouet al (2011) evaluated the (distilled water orartificialsaliva). Thus, a totaf 12
influence of the light-curing source on the amooft samples for each group of composite resin were
monomers released. These authors showed that thebtained. Six samples were polymerized by LED ded t
release of substances was more material dependdnt a remaining 6 samples were polymerized by halogdm.lig
less influenced by the curing unit used. Knowingtth Three samples from each half were individually
Van Landuytet al (2011) performed a meta-analytical immersed in distilled water. The remaining 3 sarsple
study was to review the literature on componentswere individually immersed in artificial saliva.
release from resin-based dental materials and to The specimens were stored individually in Eppendorf
determine how those components may leach out in thdubes, each of which contained 2 ml of artificialiga or
oral cavity. After this review, authors concluddthatt  distilled water. Samples were placed in the tubnesthe
there is a clear need for more accurate and stdizgar  analysis of the released monomers from each spacime
analytical research to determine the long-termaste was performed after several experimental intervals.
from resin-based materials. Measurements were obtained by using a UV-visible

Therefore, the present study aimed to compare thespectrophotometer (Agilent 8453-Department of Rigysi
degree of monomeric conversion of the nanopartieula and Chemistry of the School of Pharmaceutical Sesn
resins Filtek™Silorane (3M Espafia SA, Madrid, Spain) University of Sdo Paulo).

and GC Kalor®@ (GC Corporation, Hasumuma- For the qualitative analysis, a volume of distilled
Choltabashikue, JP, Tokyo, Japan) and thewater or artificial saliva was removed from the
microhybrid composite resin eppendorf tube and was transferred to a 0.5 mLtteive

Charism&(HeraeusKulzer GmbH, Hanau, Germany) which was read by the spectrophotometer. A lighrbe

polymerized by different photoactivation methods in the ultraviolet and visible range was emittedtbg

(halogen light and LED) and immersed in different device, which passed through the sample and was

media (water and artificial saliva) by qualitative captured by the detector. The detector recorded the

analysis and by UV-visible absorption spectroscopy. reading of the samples and the absorbance versus
wavelength graphs were obtained and recorded in a

Material and Methods computer. These readings were taken30 min, 24,,48 h
7 and 14 days after immersion of the samples.

Three photoactivated composite resins were  Samples for quantitative analysis were obtained by

evaluated: The nanoparticulate resins FilfGilorane  extracting the monomers from each resin selectethéo

(3M Espafia SA, Madrid, Spain) and GC Kafore study and these samples were used to obtain the

(GC Corporation, Hasumuma-Choltabashikue, JP,calibration curves.

Tokyo, Japan) and the microhybrid composite resin  The methodology was based on the calibration curves

Charism&(HeraeusKulzer GmbH, Hanau, Germany). obtained as follows: A total of 0.5 g of each cosif®
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was dissolved in 5 ml of chloroform in individuahlEon

when the polymerization source was halogen light,

tubes protected from light and incubated at room regardless of the immersion medium.

temperature. For the separation of the inorganic

fillers, the samples were centrifuged for 15 min at

According to the results, a higher concentration of
solubilized product was observed in the first 50 h,

4000 rpm. The supernatant was transferred to & flas followed by a tendency to stabilize, independenthef

and was placed on a rotary evaporator until thecomposite

chloroform was completely evaporated. Finallfe t
amount of pure monomer found in the resins
Charism&, GC Kalor&and FilteK"Silorane were 156
mg, 115 mg and 147 mg, respectively.

After extraction of the monomers, 10 mg of
monomers from each of the three resins under sty
transferred to a 10 ml volumetric flask filled with
methanol (polymerization inhibitor solvent) for adl
monomeric resin concentration of 1 mg thiL

The initial solution (stock) of monomers from the
resins Charisnfa GC Kalor€ and FilteR™Silorane were
diluted to obtain different concentrations of momosin
methanol. The following concentrations were obtaine
0.01, 0.02, 0.04, 0.08, 0.16, 0.20 and 0.25 mg"nilhe
most dilute reference sample (0.01 mg/m) was dischr
due to low UV-visible absorbance.

resin group, the photopolymerization
equipment and the immersion medium.

When comparing the immersion media, regardless of
the photopolymerization source, a greater absoshanc
was observed at 350 h, indicating that a higher
concentration of solubilized products occurred when
artificial saliva was used. In this case, the highe
solubility of the products seems to be influencethoy
components present in the artificial saliva.

Rergarding the UV-visible absorption spectra fog th
monomer of GC Kaloféresin immersed in water for 24 h
and in saliva, for both media, we observed thegmess of
an absorption band in the UV region with a maxinpeak
at 314 nm for water and 316 nm for saliva.

Statistical analysis of the data showed no
significant  differences among all parameters
(photopolymerization sources and immersion media)

Each reference sample for the three resins wador the specimens made with the composite resin
transferred to a cuvette and was analyzed byChar|sm§and Kalor€(p>0.05).When evaluating the

spectrophotometry. Readings in the
spectrophotometer were conducted as
described with the specimens in the qualitativdyei

UV-visible composite  rt
previouslysignificant  difference was observed between the

resin Filtdk'Silorane, no statistically

photopolymerization sources when the samples were

Data interpretation was conducted by using theimmersed in the same medium (p>0.05). In contrast,

software Origin 5.0 to establish the calibrationves for
each resin analyzed at different wavelengths arehah
immersion medium (distilled water and artificialiga).

The numerical data were statistically analyzed

by using Graph Pad Software Inc. versio® 5.
(La Jolla, CA, USA) by one-way ANOVA and Tukey’s
post-hoc test. For all analyses, a significanceghold
of 5% was adopted.

Results

The present study compared the effect of the imorers
media (water and artificial saliva) and the typek o
photoactivation equipment (LED and halogen ligtdgy f

observed a statistically significant difference whe
comparing the effects of different immersion mealial
photopolymerization sources on Filt¥ilorane (p<0.05).

Discussion

The polymerization efficacy of the composite resins
is related to the degree of conversion of the marom
double bonds into single bonds. This process can be
influenced by several factors, such as exposure,tim
intensity and the wavelength of the light source.

In the present study, the homogeneity in the
polymerization of composite resins was analyzedgisi
electron spectroscopy, a technique that allows the

monomers release from specimens made with thesresin€valuation of the concentration of substances aougr

Charism&, GC Kalor€and FiltekMSilorane.

to the intensity of absorbance of the absorptiondsa

When comparing the three composite resins usedSkoog et al, 2007). This technique is unique
in the present study, we observed a higherconsidering the presence of unsaturated compoments

concentration of solubilized product released from

the resins and taking into account that compounitls w

Filtek"™Silorane incubated in saliva regardless of the these characteristics absorb UV light.

photopolymerization source.
When LED light was used as the polymerization

The present study explored the qualitative deteatiain
of unpolymerized monomers in the composite resins

source, between 150 and 200 h of incubation, theCharism& GC Kalor€and FilteR"Silorane by absorption

composite Charisnfhad the highest concentration of
monomeric product when immersed in water or aréific
saliva. However, within the same time interval, tbe
resins GC Kalorfgand FiltekSilorane, a higher

spectrum analysis according to the immersion timeater
or artificial saliva.

Higher solubility of the monomers was observed in
the first 50 h and it exhibited a tendency to dizdi

concentration of monomeric products was observedafterwards. Moreover, the composition of the soluti
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strongly influenced the  solubility. Higher concentration of monomers was detected in salivarwh
concentration of soluble monomer was observed forthe LED was used for photopolymerization. For the
all three resins when saliva was used as the imorers composite Kalor® the highest concentration of
medium. Considering that artificial saliva is corspd  monomers in solution was observed when the halogen
of various salts such as potassium and sodiumMgqrce was used and the sample was immersed va.sali

_chlprlde and hparfabhen esltefs (mpaglﬂ and rfl]lpaﬂnﬁ), h Regarding the composite FiltBlSilorane, there was a
lonic strength of the solution may have affectee t short difference in the concentration of monomers

solubility of the resin components. These results released in saliva reqardless of the liaht source
corroborated with several studies which showed this 9 . . 9 '
In general, the resin FiltéKSilorane, whose

monomers release from diferent types of composites

maintained in human saliva (Moharamzag¢fal, 2007; composition is based on siloxane and oxiranes béxelli
Tunaet al, 2010; Polydoroet al, 2013). a larger amount of free residual monomers indigatin

On the other hand, we observed lower solubility of lower polymerization efficiency using either LED or

the monomers when water was used as the immersior':ﬂa,Iogen light when compared with the resins Chaism
medium, regardless of the composite resin and ef th (Bis-GMA and TEGDMA) and GC Kalofe(UDMA).

photopolymerization technique used. This findingildo
be explained by the low polarity of all three moreom
which are organic compounds. Regardless of the resin type, the immersion medium
The use of LED or halogen as the light source doesqistilled water and artificial saliva) or the
not seem to influence polymerization efficiency, as photoactivation source (halogen or LED light), ssle of
both sources have spectra with maximum emissions atesin monomers occurs and reaches a peak at 308-350
410 and 470 nm. However, the effective range is maximum interval of analysis). The highest absndea
reported to be 380-500 nm for the LED and 400-500 and, consequently, the highest concentration efssd
nm for the halogen source.Thus, polymerization ymgnomers was found in the composite  resin
impairment for all resins included in our study was Fiitek™Silorane immersed in artificial saliva at the lates
expected. In this field, Polydoroet al (2011)  {ime point assessed (300-350 h). Further studiesigh
evaluated the monomers released from 4 differentpe performed to assess the possible effects ofethes

composite materials (Ceram X, Filtek Supreme XT, sojupilized products in direct contact with cellf the
Tetric Flow, Tetric EvoCeram), polymerized using gral mucosa dental tissues.

either halogen or LED units. Similarly to the prese
study, these authors showed that the monomersseelea Acknowledgement
was more material dependent and less influencethdy

Conclusion

curing unit used. Later, Randolpet al (2014) also This investigation was supported by National
showed that composite composition had a significantCouncil  for SC|ent|f|c and  Technological
influence on monomers release. Development-Brasil (CNPq).

In addition, several authors showed other factbas t
could increase the release of monomers from theesite ~ Author’s Contributions
resin like thermal shocks, storage time and bleachi
(Tabatabaeeet al, 2014; Tabatabaeiet al, 2013).
Nanofilled composites released more monomer than th Ethics
microfilled (Tabatabaest al., 2013).

Analyses of the absorption spectra of the products This article is original and contains unpublished
that are soluble in water and in artificial salifoa the material. The corresponding author confirms thaél
composite GC Kalofe showed that the maximum the other authors have read and approved the maptusc
absorption band occurred between 250 and 350 nmand no ethical issues involved.
which lies outside the light emission region of the
equipment used. Thus, the polymerization quantumReferences
efficiency is inherently low and prone to incomplet

All authors equally contributed in this study.

Bowen, R., 1956. Use of epoxy resins in restorative

polymerization; however, the extent of polymeriaati materials. J. Dent. Res., 35: 360-369.
may depend on the material used. DOI: 10.1177/00220345560350030501

The concentration (mg mL) of the monomers releaseBowen, R.L., 1963. Properties of a silica-reinfarce
after 14 days of immersion was determined baseth®n polymer for dental restorations. J. Am. Dent. Assoc

calibration curve. For the composite Chari§rea higher 66: 57-64PMID: 14014600



Raquel, A.B. da Silvet al / Current Research in Dentistry 2014, 5 (1): 1.5
DOI: 10.3844/crdsp.2014.1.5

Gao, B.T., H. Lin, G. Zheng, X.UYong-Xiang and  Reichl, F.X., S. Simon, M. Esters, M. Seissl
J.L. Yang, 2012. Comparison between a silorane- K. Kehe et al, 2006. Cytotoxicity of dental
based  composite ~and  methacrylate-based  composite (co)monomers and the amalgam component

composites:  Shrinkage characteristics, thermal  Hg in human gingival fibroblasts. Arch. Toxicol., 80:
properties, gel point and vitrification point. Dent 465-472. DOI: 10.1007/s00204-006-0073-5
Mater. J., 31: 76-85. DOI: 10.4012/dmj.2011-147 Skoog, D.A., F.J. Holler and S.R. Crouch, 2007.
Lutz, F. and R.A. Phillips, 1983. Classification dan Principles of Instrumental Analysis. 6th Edn.,
evolution of composite resin systems. J. Proth.tDen Thomson Brooks/Col&elmont, CA,
50: 480-488. DOI: 10.1016/0022-3913 (83) 90566-8 ISBN-10: 0495125709, pf.039.
McCabe, J., 1984. Developments in composite resinsTapatabaee, M.H., S. Arami, M. Ghavam and A. Rezaii
Brit. Dent. J., 157: 440-444. 2014. Monomer release from nanofiled and
DOI: 10.1038/sj.bd].4805510 microhybrid dental composites after bleaching. J.

Moharamzadeh, K., R. Van Noort, I.M., Brook and Dent. Tehran., 11: 56-66. PMID: 24910677
A.M. Scutt, 2007. HPLC analysis of components tapatabaei, M.H., S. Arami, S.H. Bassir and S. Zand

released from dental composites with differentrresi 2011. Evaluation of Bis-GMA/TEGDMA
compositions using different extraction media. J. monomers leaching from a hybrid dental
Mater. Sci. Mater. Med., 18: 133-137. composite resin. Minerva Stomatol., 60: 159-165.
DOI: 10.1007/s10856-006-0671-z PMID: 21471939

Nahsan, F.PR.F. Mondelli,E.B. FrancoF.S. Naufel and  Tapatabaei, M.H., S. Sadrai, S.H. Bassir, N. Veisg
J.K. Uedeet al, 2012. Clinical strategies for esthetic S. Dehghan, 2013. Effect of food stimulated liquids

excellence in anterior  tooth  restorations: and thermocycling on the monomer elution from a
Understanding color and composite resin selection. nanofilled composite. Open Dent. J., 7: 62-67.
J. Appl. Oral Sci., 20: 151-6. PMID: 23986791
DOI: 10.1590/51678-77572012000200005 Tuna, E.B., O. Aktoren, Y. Oshida and K. Gencayl,®0
Naoum, S.J., A. Ellakwa, L. Morgan, K. White and Elution of residual monomers from dental composite
F.E. Martin et al, 2012. Polymerization profile materials. Eur. J. Paediatr. Dent., 11: 110-114.
analysis of resin composite dental restorative PMID: 21080749
materials in real time. J. Dent., 40: 64-70. Vvan Landuyt, K.L., T. Nawrot, B. Geebgle
_DOI:10.1016/}.jdent.2011.10.006 _ J. De Munck and J. Snauwaet al, 2011. How
Phillips, R., 1992. Materiaisdentarios de Skinner much do resin-based dental materials release? A
(Skinner's dental materials). Rio de Janeiro: meta-analytical approach. Dent. Mater., 27: 723-747
Interamericana. DOI: 10.1016/.dental.2011.05.001
Polydorou, O., A. Kénig, M.J. Altenburger, M. zimmerli, B., M. Strub, F. Jeger, O. Stadler andLAssi,
Wolkewitz and E. Hellwiget al, 2011. Release of 2010. Composite materials: composition, properties
monomers from four different composite materials and clinical applications. A literature review.
after halogen and LED curing. Am. J. Dent., 24: Schweizer Monatsschrift Zahnmedizin, 120: 972-986.
315-321. PMID: 22165461 PMID: 21243545

Polydorou, O., P. Rogatti, R. Bolek, M. Wolkewitada
K. Kimmereret al, 2013. Elution of monomers
from three different bonding systems and their
antibacterial effect. Odontology, 101: 170-176.
DOI: 10.1007/s10266-012-0071-4
Porto, I.C., F.H. De Aguiar and W.C. Brandt, 2013.
Liporoni PC.Mechanical and physical properties of
silorane and methacrylate-based composites. J.,Dent
41: 732-739. DOI: 10.1016/j.jdent.2013.05.012
Randolph, L.D., W.M. Palin, S. Bebelman, J. Devauor
B. Gallezet al, 2014. Ultra-fast light-curing resin
composite with increased conversion and reduced
monomer elution. Dent. Mater., 30: 594-604.
DOI: 10.1016/j.dental.2014.02.023



