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Abstract

Objectives: This study evaluated three different sterilization/disinfection techniques for resin 

composites on bacterial growth and surface modification after decontamination.

Methods: Two resin composites were sterilized/disinfected with three different techniques: UV 

light, 1% chloramine T, and 70% ethanol. Four different times were used for each technique to 

determine the shortest time that the solution or UV light was effective. The influence of 

sterilization/disinfection technique on bacterial growth was evaluated by analyzing the metabolic 

activity, using the AlamarBlue™ assay, bacterial viability, and SEM images from biofilms of 

Streptococcus mutans. The surface change, after the process, was analyzed with ATR/FTIR and 

SEM images. The solutions used for decontamination (1% chloramine-T and 70% ethanol) were 

analyzed with 1H-NMR to identify any resin compounds leached during the process.

Results: One minute of decontamination was efficient for all three methods tested. Chloramine-T 

increased the surface porosity on resin composites, no changes were observed for UV light and 

70% ethanol, however, 1H-NMR identified leached monomers only when 70% ethanol was used. 

No chemical change of the materials was found under ATR/FTIR analyses after the 

decontamination process. Chloramine-T, with no previous wash, increased the bacterial viability 

for both resin composites and increased the bacterial metabolism for the resin composite without 

fluoride.
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Conclusion: UV light had no interference on the resin composites properties tested using 1 min 

of exposure compared to the other decontamination methods.
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INTRODUCTION

Composite restorations are still challenged by gap formation from curing shrinkage or 

degradation after polymerization.1,2 Gap formation allows bacteria to infiltrate the resin-

interface, potentially leading to secondary caries development.3 To address this problem, 

restorative materials with antibacterial activity are being proposed.4–6 To elucidate the 

effectiveness of these materials, many methods have been used to test the restorative 

materials effect on biofilm formation, bacterial inhibition or bacterial viability.7–9 Prior to 

bacteria growth in studies, specimens must be sterilized and several techniques, including 

thermal, chemical, gas and ionizing radiation, have been used to prevent contamination. 

However, in achieving this objective, it is important that the sterilization methods do not 

modify the surface of the material or leave a residue that may interfere with the assessment 

of the antibacterial effect.

Some techniques use high temperatures during the sterilization process, such as steam 

sterilization in an autoclave. The high temperature can increase the mechanical properties of 

cured composites with improved degree of conversion and reduction of unreacted 

monomers10,11 and, in conjunction with pressure and humidity, can lead to hydrolysis and 

degradation of the polymer.12,13 Chemical sterilizer and disinfectant, such as glutaraldehyde, 

chloramine-T, and 70% ethanol, are also used frequently for decontamination of specimens. 

However, it is possible that these solutions may leave a residue on the surface that can lead 

to reduced bacterial activity, alter biofilm formation, or kill bacteria.

Glutaraldehyde has biocidal activity from its alkylation of sulfhydryl, hydroxyl, carboxyl, 

and amino groups, which alters RNA, DNA, and protein synthesis within microorganisms. 

In addition, glutaraldehyde vapors are irritating to the eyes, nose, and throat, requiring 

careful handling.14 Chloramine-T (N-chloro-p-toluenesulfonamide sodium salt) is 

bactericidal and virucidal.15 Chloramine-T disrupts bacterial metabolism, inhibiting growth 

and destroying the DNA structure via oxidation.16 According to Stief (2003), chloramine-T 

is well used for disinfection of drinking water, dialysate, or ice cream machines due to its 

lack of toxicity and antimicrobial power.15 N-chloramines exhibit low toxicity and skin 

irritation.15,17 It is believed that alcohols can cause membrane damage leading to cell lysis 

and a denaturation of proteins.18 However, alcohols have a lack of sporicidal activity and are 

considered disinfectants, and are not recommended for sterilization.19

Sterilization with ethylene oxide (EtO) is also used for heat-sensitive materials,16 however, 

the temperature of this process can vary from 40 to 55°C and may increase the degree of 

conversion of restorative materials.10,20 Its micro-biocidal activity comes from alkylation of 

protein, DNA and RNA, preventing cell metabolism and replication. This technique needs an 

aeration time to remove EtO residue, which is toxic and carcinogenic.16 Farrugia et al. stated 
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that EtO affects the chemical and physical characteristics of some restorative materials.13 

Gamma radiation can destroy or damage living cells,16 causes degradation of materials by 

increasing the temperature of the polymer, and leads to increase of resins degree of 

conversion.13,20

UV light has biocide effects (UVC: wavelength between 200 and 280 nm)21,22 and is also 

used for the sterilization process, especially for heat sensitive materials.22 Unlike chemical 

products, chemical residues or byproducts are avoided, and light is nonpolluting and 

environmentally friendly.21 The inactivation of many microorganisms by UV light is 

established from the formation of dimers in RNA and DNA.21 When polymers are exposed 

to UV light, chemical and physical changes can occur,23,24 and UV has been used to induce 

photochemical changes resulting in oxidation of the exposed surface, modification of the 

hydrophobic nature of polymers, and increase in surface energy.24

The hypotheses to be tested in this study were: (1) the three techniques (UV light, 1% 

chloramine-T, and 70% alcohol) would require 10 min to have complete effect, (2) any of 

the techniques used would not interfere with the growth of Streptococcus mutans biofilms on 

the surface of the material, and (3) none of the techniques would alter the chemical and 

physical properties of the resin composites.

MATERIALS AND METHODS

Sterilization/disinfection techniques and time

Two experimental resin composites were made to analyze the difference between the 

sterilization/disinfection techniques (Table I). One resin composite (RC) did not contain 

fluoride, and the second resin (RCF) had 250 ppm of fluoride (sodium fluoride—J.T. Baker 

Chemical Co., Philipsburg, NJ). The resin composites were placed in a 10 mm diameter × 2 

mm thick mold and polymerized between two glass slides using a curing unit (Valo—

Ultradent, South Jordan, UT) with radiant exposure of 30 J/cm2 (20 s each side with light 

curing tip directly on slide) to obtain disk-shaped specimens. The specimen preparation 

procedure was performed with clean materials (not sterilized) and the disks were maintained 

in a sterile 24-well plate.

Three commonly used sterilization and disinfection techniques: UV light radiation (Mercury 

vapor lamp with >90% radiation in 253.7 nm), 1% chloramine-T (Sigma Aldrich, St. Louis, 

MO), and 70% ethanol, were chosen for evaluation. For chloramine-T and ethanol, each 

specimen was immersed in 5 mL of solution (n = 4). For all methods, 1 min, 5 min, and 10 

min of decontamination were used. UV light was also tested for 15 min, 1% chloramine-T 

for 24 h, and 70% ethanol was also tested for an initial 5 min, with a second immersion in a 

fresh solution for 5 more min. A control group was also used with no decontamination to 

confirm if the sterilization was even mandatory before performing antimicrobial tests.

After the decontamination process, each sample was placed into a 24-well plate with 2.8 mL 

of Trypticase soy broth (TSB—BBL™ Trypticase™ Soy Broth, BD diagnostics, MD) 

supplemented with 3 wt % sucrose (Fischer Science Education, Hanover Park, IL) and kept 

in an incubator at 378C, 5% CO2 for 24 h. After this period, the turbidly was visually 
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analyzed and 5 μL of each well was plated in Brain Heart Infusion Agar (BHA—Hi-Media 

Laboratories, Mumbai, India) and Brain Heart Infusion Agar + 5% blood Agar plate at 37°C, 

5% CO2 for 48 h to confirm the efficiency of the decontamination process.

Metabolic activity and proliferation of Streptococcus mutans (AlamarBlue™ and bacterial 
viability)

To analyze the influence of the sterilization/disinfection techniques on Streptococcus mutans 
(strain UA159) biofilm formation, the decontamination with 1% chloramine-T and 70% 

ethanol was divided into two groups: one with no wash and one with a wash in sterile 

deionized water. After the decontamination, the samples from the wash group were dipped 

three times in a well containing 2.8 mL of sterilized deionized water (one well for each 

sample). The lowest efficient time, 1 min (Table II), was used for all techniques.

Overnight cultures of S. mutans grown in brain heart infusion (BHI) at 37°C in an incubator 

with 5% CO2 were measured for optical density at 600 nm (OD600) and then diluted to an 

OD600 of 0.4 to 0.6. A 1:10 dilution of the stock solution was incubated for 3 h in new BHI 

medium to obtain OD600 = 0.3, which represents a bacterial concentration of 9 × 107 

CFU/mL based on previous calibration studies. TSB with 3 wt % sucrose was used as the 

culture media. The final dilution of 1:100 subculture of S. mutans in TSB was placed in each 

well using a sterile pipette (2.8 mL). The resin composite disks (n = 6), after the 

decontamination process, were placed at the bottom of the wells of 24-well culture plates 

containing the culture media with bacteria. The specimens were incubated in 5% CO2 at 

37°C for 5 days, with the culture media being removed every 24 h and replaced with 2.8 mL 

of fresh culture media using a sterile pipette. After 5 days of growing the biofilm, the disks 

(n = 5) were removed and washed in PBS 1× (dipped once in a well with 2 mL) and 1 mL of 

10% AlamarBlue (Thermo Fisher Scientific, Waltham, MA) in TSB + 3% sucrose, was 

added to each sample in a new 24-well plate and incubated for 1 h. Subsequently, 200 μL of 

each sample was placed (in triplicate) in a 96-well plate and read using a 96-well plate 

spectrophotometer (fluorescence with peak in 585 nm).

After this procedure, each disk was placed in a 15 mL conical centrifuge tube with 5 mL of 

0.89% physiological solution (NaCl). The biofilm was scraped from the disk using a 

sterilized spatula and the disk was removed from the tube. The biofilm in solution was 

sonicated for 15 s to obtain a dispersed solution. A serial dilution was performed and the 

dilutions of 10−4 and 10−5 were plated on BHA to count the viable cells after 48 h.

One disk of each group, after the biofilm growth, was analyzed under scanning electron 

microscopy (SEM—Quanta 200, FEI Company, Hillsboro, OR) using 100× magnification. 

The 115 h old biofilms were washed in sterile 0.89% NaCl then fixed with a 4% 

glutaraldehyde solution (v/v) in phosphate buffered saline PBS, pH 7.4) for 24 h. Biofilms 

then were dehydrated in ascending ethanol concentration (50, 70, 90, and 100%), dried for 

24 h, and sputter coated with gold-palladium (Denton Vacuum Desk II—Denton Vacuum 

Inc., Moorestown, NJ).
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Nuclear Magnetic Resonance Spectroscopy (NMR)

The chloramine-T and ethanol solutions used for the decontamination process were 

collected, the solvent from these solutions was removed under rotary evaporation to constant 

mass, and 1H NMR (600 MHz, Varian, Palo Alto, CA) spectra was obtained (in DMSO-d6) 

to determine the composition of the sol fraction, and to identify any extracted monomers. 

Also, spectra were obtained from the ethanol, chloramine T, BisGMA, and TEGDMA itself 

in DMSO-d6.

Attenuated total reflectance Fourier transform infrared analysis

Disks of resin composites (n = 3) were obtained by polymerizing the material between two 

glass slides in a 9 mm diameter and 2 mm thick mold. The disks were decontaminated using 

UV light, 1% chloramine-T, and 70% ethanol. A control group with no sterilization process 

was included. Attenuated total reflectance Fourier transform infrared (ATR/FTIR) 

spectroscopy was performed. The spectrophotometer (Nicolet Nexus 6700, Thermo 

Scientific) used transmitted infrared spectroscopy with frequencies between 650 and 4000 

cm−1 (wavenumbers).

After ATR/FTIR the samples were sputter coated with gold (Denton Vacuum Desk II—

Denton Vacuum Inc., Moor-estown, NJ) and the surface analyzed with a SEM at 500× 

magnification to determine if any changes occurred on the surface of the resin composites 

after the decontamination process.

RESULTS

Sterilization/disinfection techniques and time

For the plates, any growth was considered negative (not sterilized), and no growth was 

considered positive (sterilized). The same result was obtained for both plates (BHIA and 

BHIAB), as described in Table II.

The control group showed growth on both plates, which confirm the necessity to perform 

decontamination prior to antimicrobial tests. For the three techniques, all tested times were 

sufficient to sterilize the resin composites, and the shortest time, 1 min, was selected no 

analyze the effect of the decontamination process on the chemical and physical properties of 

resin composite and the subsequent biofilm formation.

Metabolic activity and proliferation of S. mutans (AlamarBlue and bacterial viability)

Metabolic activity and bacterial viability for the biofilms grown on the decontaminated 

surfaces were statistically analyzed using one-way ANOVA and Tukey’s test (α = 0.05). For 

the RC both methods (metabolic activity and bacterial viability) showed significant 

differences (p < 0.0001), however, for RCF only the bacterial viability showed significant 

differences (p < 0.0001). The metabolic activity was higher when the chloramine-T with no 

wash was used [Figure 1(A)] for the RC and a higher colony count was obtained for the 

chloramine-T with no previous wash for both resin composites [Figures 1(B) and2(B)]. No 

statistical difference was observed between the other groups for bacterial viability. A higher 

value of metabolic activity was also obtained for the chloramine-T with no wash for the RCF 
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[Figure 2(A)] with no statistical difference (p = 0.7503) from the other groups. No statistical 

difference was found comparing the resin composites for colony counting (p = 0.1750) and 

for metabolic activity (p = 0.4676).

SEM images show a more highly dense biofilm on top of both resin composites when 

sterilized with UV light and chloramine-T with no wash (Figures 3 and 4). No difference is 

observed between the other techniques under SEM analysis.

Nuclear Magnetic Resonance Spectroscopy

The 1H NMR spectra from the monomers (BisGMA and TEGDMA), from the solvents used 

for decontamination (ethanol and chloramine-T) and their sol fractions from the resin 

composite and resin composite + fluoride, are shown in Figure 5(A–H). Major 1H NMR 

signals are assigned to BisGMA and TEGDMA. The sol fraction from the 70% ethanol 

solution [Figure 5(E,F)]: at δ(CH-aromatic) = 6.98 ppm and 6.62 ppm, δ(CH2-methacrylate) 

= 6.06 ppm and 5.68, δ(CH2-pendant) = 4.31 ppm to 3.56 ppm, δ(CH3-methacrylate) = 1.89 

ppm and δ(CH3-aromatic) = 1.52 ppm. Figure 5(G,H), shows sol fractions from the 1% 

chloramine-T, with identified protons in the NMR signal attributed to chloramine-T: at 

δ(CH-aromatic) = 7.51 ppm and 7.17 ppm, and δ(CH3) = 2.13 ppm.

Attenuated total reflectance Fourier transform infrared analysis

The ATR/FTIR spectra of RC and RCF samples decontaminated with UV light, 70% 

ethanol, and 1% chloramine-T, and also a control group (with no sterilization process), 

confirmed the presence of different bonds in the structure of monomers, and the presence of 

fillers, as shown in Figure 6(A,B). The monomers (converted to polymers), BisGMA and 

TEGDMA, show a series of characteristic infrared bands around 2950 cm−1 assigned to C-H 

stretching, 1720 cm−1 indicating C=O bond and C=C bending bonds, and aliphatic and 

aromatic C=C at 1640 cm−1 and 1610 cm−1, respectively. Additionally, CH3 deformation 

was observed between 1450 cm−1 and 1380−1 (asymmetric and symmetric stretching). The 

presence of Si-O-Si and Si-O bonds of the fillers was detected at 1100 cm−1 and 1030 cm−1.

Representative SEM images from the resin composites are shown in Figures 6 and 7. A 

surface modification was observed when the samples were decontaminated with 1% 

chloramine-T [Figures 7(C) and8(C)] compared to the other groups. No difference was 

observed when the decontamination was performed with UV light or 70% ethanol, 

compared to the control group for both resins tested.

DISCUSSION

Restorative materials containing antimicrobial components or antibacterial monomers are 

being developed to inhibit secondary caries formation and restoration replacements.4,5,25 To 

test the efficiency of these antibacterial materials, restorative materials are being challenged 

against bacterial growth.5,7,26 Prior to these types of tests, several sterilization techniques 

have been reported, with different sterilization process and duration. UV light sterilization 

was shown to be effective with 1 min of exposure, which can decrease the deleterious effect 

of chemical and physical changes induced in polymers by the sterilization process. For 70% 

ethanol and 1% chloramine-T, 1 min in both solutions was effective against contamination, 
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and the first null hypothesis was rejected. However, aqueous media are more likely to leach 

unreacted monomers, or to solubilize some of the restorative material compounds from the 

organic matrix.27 Resin composite materials are more prone to chemical alteration compared 

to inert metal or ceramic restorations.28

The qualitative analysis of the ATR/FTIR showed peaks characteristic of the monomers and 

fillers of the composites as expected. All samples had similar spectra before and after the 

different decontamination techniques. Further, the formation of new absorption bands was 

not observed, nor was there any loss of signal, which suggests that there was no chemical 

change of the material’s surface structure.29 Farrugia et al.13 found some band flattening for 

ATR/FTIR using a longer period of decontamination (10 min) and sonication with 70% 

ethanol. Therefore, it may be that the time of decontamination used was not long enough (1 

min) in this study to cause changes in the chemical structure of the molecules of the resins 

tested.

Sol fractions, analyzed qualitatively by 1HNMR, showed that the composite sterilized with 

70% ethanol leached more components compared to that decontaminated with chloramine-T, 

rejecting the third null hypothesis. There was a chemical shift, when 70% ethanol was used, 

that is related to the spectra from the original monomers. The products identified from the 

ethanol disinfection suggests a mechanism involving the formation of hydroxyl radicals 

(OH·) released by methacrylate resin composites (BisGMA/TEGDMA), which react with 

ethanol molecules to produce free secondary radicals ethoxy (EtO·).30,31 This hypothesis of 

formation of hydroxyl radicals, could explain the observed chemical degradation of resin 

composites disinfected with 70% ethanol solution. Lee et al. (1995) states that the 

hydroperoxidation of the methyl group of a methacrylate, in the presence of oxygen and 

unreacted C=C double bonds, that decomposes to hydroxyl and acyl radicals.32,33 The sol 

fractions from the resins decontaminated with chloramine-T presents a chemical shift that 

belongs to the used solution, not to the monomers.

Despite no monomer identification in the sol fractions from the chloramine-T 

decontamination, SEM images from the resin composites after the decontamination with 

chloramine-T showed an increase in the surface porosity, which suggests that the mechanism 

of surface degradation was different than when ethanol was used. SEM images showed an 

increase in surface porosity for both resin composites decontaminated with the 1% 

chloramine-T, suggesting an attack of the silicon fillers. Chloramine-T behaves as an 

oxidizing agent34 and hydrogen peroxide, widely used in dentistry for tooth bleaching, is 

also considered a strong oxidizing agent.35,36 Cengiz et al. (2016) noted an increase in 

surface roughness for resin composites when hydrogen peroxide was applied, accompanied 

by an increase in surface porosity under SEM analysis.35 The increase in surface roughness 

and porosity by oxidizing agents may be a result from the oxidative cleavage of polymer 

chains in resin matrix, which may cause a debonding failure between the resin matrix and 

inorganic fillers, leading to a loss of filler particles.35,37

Considering the greater irregularity on the resin surface after decontamination with 

chloramine-T, which would have the potential to increase the adherence of a biofilm,38 it 

was expected that both techniques (with wash and no wash) would have a higher bacterial 
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viability. However, this increase is observed only when the chloramine-T had no wash 

previously to inserting the resin composite disk in media with bacteria, rejecting the second 

null hypothesis. The AlamarBlue assay gives a measurement of bacterial metabolic activity, 

since the active bacterial cells reduce the non-fluorescent resazurin (blue) to the fluorescent 

resofurin (pink), which can be further reduced to hydroresorufin.39,40 Specimens 

decontaminated with chloramine-T with no previous wash had a biofilm with higher 

bacterial metabolism for the RC. The average from the same technique for RCF had a higher 

value, but with no significant difference from the other groups. Considering the increase in 

bacterial viability and the higher average of fluorescence, it can be suggested that the residue 

remaining on the composite surface after chloramine-T decontamination can interfere with 

bacterial metabolism.

Bedran et al. described the increase of biofilm formation of S. mutans when biofilm was 

treated with triclosan at a sub-MIC concentration. The upregulation of comC and luxS genes 

when S. mutans were grown in the presence of sub-MICs triclosan concentration has also 

been reported.41 Competence activation, controlled by a quorum-sensing mechanism in S. 
mutans UA159, has been shown to influence biofilm formation, stress tolerance and 

virulence.42 Also, Dong et al. (2012) reported that chlorhexidine, tea polyphenols, and 

sodium fluoride, in sub-MICs, may upregulate the expression of some S. mutans genes 

related to biofilm formation and promote S. mutans biofilm development.43 Despite this 

possibility, an increase in biofilm formation was not confirmed in the SEM images in this 

study. The biofilm from the chloramine-T treated specimens did not differ from that on the 

composite sterilized with UV light. However, the biofilm images grown on disk disinfected 

with 70% ethanol (with and without wash) and chloramine-T with wash presents a structure 

modification, which suggest that the solutions may change the biofilm organization 

(supporting the rejection of second null hypotheses), but as chloramine-T with no wash had 

a higher bacterial viability, the biofilm was able to present a structure similar to the biofilm 

from UV light group. Also, fluoride addition to the composites did not show an 

antimicrobial activity in this study. The amount of fluoride release from composite resin is 

smaller than from glass ionomer cements and may be too small to present an antibacterial 

effect.25

CONCLUSION

The sterilization with UV light for 1 min resulted in the least deleterious effects, as no 

chemical and physical degradation of the surface was detected, and no interference in 

subsequent biofilm formation.
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FIGURE 1. 
Biofilm of S. mutans for resin composite (RC). (A) Metabolic activity. (B) Bacterial 

viability. Groups having similar letters are not significantly different (p > 0.05).
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FIGURE 2. 
Biofilm of S. mutans for resin composite + fluoride (RCF). (A) Metabolic activity. (B) 

Bacterial viability. Groups having similar letters are not significantly different (p > 0.05).
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FIGURE 3. 
SEM images of biofilm of S. mutans formed on top of the resin composite (RC). (A) UV 

light. (B) 1% chloramine-T. (C) 1% chloramine-T with wash. (D) 70% ethanol. (E) 70% 

ethanol with wash.
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FIGURE 4. 
SEM images of biofilm of S. mutans formed on top of the resin composite + fluoride (RCF). 

(A) UV light. (B) 1% chloramine-T. (C) 1% chloramine-T with wash. (D) 70% ethanol. (E) 

70% ethanol with wash.
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FIGURE 5. 
1H NMR spectra of (A) BisGMA, (B) TEGDMA, (C) ethanol,(D) sol fraction for resin 

composite from 70% ethanol solution, (E) sol fraction for resin composite + fluoride from 

70% ethanol solution, (F) chloramine-T, (G) sol fraction from resin composite from 1% 

chloramine-T solution and (H) sol fraction from resin composite + -fluoride from 1% 

chloramine-T solution.
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FIGURE 6. 
ATR/FTIR spectra. (A) Resin composite. (B) Resin composite + fluoride. (i) control group, 

(ii) UV light, (iii) 70% ethanol, and (iv) 1% chloramine-T.
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FIGURE 7. 
SEM images of resin composite surface after decontamination. (A) No sterilization. (B) UV 

light. (C) 1% chloramine-T. (D) 70% ethanol.
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FIGURE 8. 
SEM images of resin composite surface after decontamination. (A) No sterilization. (B) UV 

light. (C) 1% chloramine-T. (D) 70% ethanol.
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