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Abstract. This study aimed to determine the effect of immersion time on the surface roughness 

of Giomer Bulk-Fill composite resin and on the pH value of artificial saliva. Sixty-three 

specimens were divided into nine groups and immersed in artificial saliva with pH values of 7, 

5.5, and 4.5 for 1 hour, 24 hours, and 72 hours at 37 °C. The changes in artificial saliva pH 

were measured using a pH meter and the surface roughness was measured using a surface 

roughness tester. Longer immersion time increases the pH of artificial saliva and the surface 

roughness of Giomer Bulk-Fill composite resin. 

1. Introduction 
As time passes, composite resins continue to evolve. An aesthetic restorative material made of Bulk-

Fill composite resins that can be used to fill anterior or posterior teeth; it is capable of achieving a 4 

mm depth of cure [1-3]. One type of resin with unique characteristics is Giomer Bulk-Fill composite 

resin, a Giomer material (combined glass ionomer and polymer). Glass Ionomer Cement (GIC) 
derivative content of Giomer Bulk-Fill composite resin filler called S-PRG (Surface Pre-reacted Glass 

Ionomer). The S-PRG Filler is capable of releasing and retrieving fluorine ions and is also capable of 

releasing five other ions: sodium, strontium, aluminum, silicate, and borate. The ions generally play a 

role in acid neutralization when exposure to lactic acid comes from bacteria in plaque. Acid 

neutralization reduces the likelihood of secondary caries and makes the restoration last longer [4,5]. 

Research on Giomer composite resin showed an increase from an initial pH of 3.80 of the lactic acid 

solution to a pH value of 4.57 ± 0.09 after immersion for 1 hour. After soaking for 24 h, the pH 

increased to 6.05 ± 0.07 [6]. Research revealed higher values for surface roughness of Giomer 

composite resin in comparison to those of compomers after immersion in beverages having a low pH, 

namely soft drink and orange juice [7]. Meanwhile, other studies found that the Giomer composites 
were less hard than nanohybrid composite resins immersed in low-pH beverages: i.e., apple juice, 

orange juice, soft drink, coffee, and beer [8]. 

Saliva is a natural protective factor that plays a role in preventing or inhibiting the development of 
caries. This is because saliva contains Ca2+ and HPO4

2- ions that can replace ion loss in the tooth [9]. 

However, if the saliva pH reaches 5.5, the hydroxyapatite will be demineralized. Therefore, a pH of 

5.5 is a critical condition for hydroxyapatite [10]. The critical pH may be surpassed if there is fluorine 

exposure due to the oral environment, such as exposure to fluorine in toothpaste, food, or drink 

capable of contributing to the remineralization that would form fluoroapatite. However, if the acidity 

in the mouth falls to a pH of 4.5, then the fluoroapatite can be demineralized. So a pH of 4.5 is critical 
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for fluoroapatite. In general, high levels of oral acidity are present in people with high caries risk [9-

11]. The potential of Giomer composite resins to increase the pH of the lactic acid solution6 suggests 

that the Giomer Bulk-Fill composite resin can increase the critical pH for hydroxyapatite and 
fluoroapatite. Therefore, a study was conducted to determine the ability of Giomer Bulk-Fill 

composite resins to increase the critical pH for hydroxyapatite and fluoroapatite. In addition, this study 

was also conducted to determine the effect of critical pH values for hydroxyapatite and fluoroapatite 
on the surface roughness of Giomer Bulk-Fill composite resin. 

2. Materials and Methods 
Specimens were prepared using a mold 1 mm thick with a diameter of 15 mm. Before filling, ends of 

yarn were placed in the mold; then a thin layer of silicon oil was applied on the entire mold surface. 

Thereafter, the mold was filled with Giomer Bulk-Fill composite resin using a plastic filling 

instrument and then compacted, and a thread was placed in the interior of the filling. The surface area 

was coated with a Mylar Strip, and an object was placed on top of the glass. A load was placed on top 

of the object glass to compact the composite resin. After that, the excess material was discarded. 

Irradiation was carried out four times on the surface of the specimen. After irradiation, the specimen 
was released from the mold, and then the initial surface roughness of each specimen was tested before 

immersion. 

Soaking was done in 5 ml of artificial saliva prior to storage in an incubator at 37 °C. After 
immersion of specimens for 1 hour, 24 hours, and 72 hours in artificial saliva with pH values of 7.5, 5, 

and 4.5, the pH of the artificial saliva was measured using pH meters and then recorded. A surface 

roughness test was performed using a surface roughness tester with a cut-off length of 0.8 mm and an 

evaluation length of 4 mm. Roughness testing was performed before and after immersion [12]. An 

initial surface roughness test was performed on each specimen. Testing was done five times from 

different directions. A final surface roughness test was also performed. After immersion of specimens 

for 1 hour, 24 hours, and 72 hours, in artificial saliva with pH values of 7.5, 5, and 4.5, specimens 

were washed using an ultrasonic cleaner for 5 minutes. Then each specimen was dried and a final 

roughness test was performed on it. Testing was done five times from different directions. 
 

3. Results and Discussion 

3.1 Results 
The mean values for the pH of the artificial saliva after immersion of the Giomer Bulk-Fill composite 

resin specimens can be seen in Table 1. 

Table 1. Mean pH values and their standard deviations of artificial saliva after immersion of Giomer 

Bulk-Fill composite resin specimens 

 Immersion Media Artificial 

Saliva 

Immersion Time 

1 Hour 24 Hour 72 Hour 

pH 7.0 7.08±0.02 7.18±0.02 7.69±0.05 

pH 5.5 6.07±0.02 6.68±0.02 7.65±0.03 

pH 4.5 5.45±0.03 6.11±0.02 7.13±0.01 

 

Statistically, normality and homogeneity tests on the artificial saliva pH value after immersion 

showed a normal, homogenous distribution. Then a one-way ANOVA test revealed the presence of a 

significant difference in pH value (p <0.05) between the immersion groups (1 hour, 24 hours, and 72 
hours). After that, a Tukey HSD post hoc test indicated significant increases in the artificial saliva pH 

value across the immersion times. Another Tukey HSD post-hoc test showed generally significant 

differences in pH value across the pH treatment groups (initial pH values of 7, 5.5, and 4.5). However, 
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there was no significant difference between the groups with an initial pH of 7 and of 5.5 at an 

immersion time of 72 hours (Table 2).  

Table 2. Mean surface roughness values in μm for the composite resin Giomer Bulk-Fill 

Immersion Media 

Artificial Saliva 

Surface Roughness 

Immersion Time 

0 Hour 1 Hour 24 Hour 72 Hour 

pH 7.0 0.20±0.01 0.21±0.01 0.22±0.01 0.22±0.01 

pH 5.5 0.20±0.01 0.23±0.01 0.25±0.01 0.41±0.01 

pH 4.5 0.20±0.01 0.25±0.01 0.28±0.00 0.45±0.01 

 

Statistically, the mean values for surface roughness after the specimens were immersed in artificial 

saliva showed a normal, homogeneous distribution. Accordingly, a one-way ANOVA test was 

conducted to determine the significance of the test results. The duration of immersion produced an 
overall significant difference in surface roughness. A Tukey HSD post hoc test showed that, for the pH 

groups 5.5 and 4.5, the surface roughness of the resin became significantly coarser after soaking for 1 

hour, 24 hours, and 72 hours. However, within the artificial saliva group pH 7, the roughness value of 
the resin surface after 1 hour, 24 hours, and 72 hours of immersion did not produce any significant 

differences. 

 
3.2 Discussion 
The results showed that the Giomer Bulk-Fill composite resin increased the pH value of the artificial 

saliva after immersion for 1 hour, 24 hours, and 72 hours. The greatest increase in pH occurred in the 

group of specimens immersed in artificial saliva with an initial pH value of 4.5 for 72 hours, and rose 

into pH to 7.13, or a percentage increase of 58.44%. In contrast, the smallest increase in pH occurred 

in the group of specimens soaked in artificial saliva with a pH value of 7 for 1 hour with a rise in pH 

into 7.08 with a percentage increase of 1.14%. The increase in pH of the artificial saliva occurs 

because the composite resin of Giomer Bulk-Fill is a type of composite resin containing an S-PRG 

(Surface Pre-Reacted Glass Ionomer) filler capable of releasing ions such as fluorine, sodium, 
strontium, aluminum, silicate, and borate [6]. The increase in pH in this study was due to the presence 

of strontium ions released during immersion in artificial saliva. This is in accordance with the theory 

that the strontium ion plays a role in neutralizing the acid [13]. Previous studies demonstrated an 
increase in the pH of lactic acid after immersion of the Giomer composite resin specimens for 1 hour 

and 24 hours. The results of the analysis of the lactic acid solution showed that the largest number of 

ions released to neutralize the acid solution were strontium ions (Sr2+) [6].  
The percentage increase in the pH of lactic acid after immersion for 1 hour was 20% ± 0.09, from 

an initial pH of 3.80 to 4.57 ± 0.09. That result means a percentage increase in pH that is not much 

different from the results of this study [6]. In this study, after soaking for 1 hour, the percentage 

increase due to the artificial saliva treatment with a pH value of 4.5 was 21.11%. However, after 24 

hours of immersion, the percentage increase in lactic acid pH was 59.00% ± 0.05, while the increase 

due to our artificial saliva treatment with a pH value of 4.5 was 46.89%. In addition to the strontium 

ions, other ions released from the S-PRG filler, for example, water-soluble sodium (Na+) ions, have 
other roles: they are able to induce the release of five other ions, including borate ions (BO3-), to 

prevent bacterial adhesion; in addition, these ions have anti-plaque properties. The aluminum ion 

(Al3+) plays a role in the control of hypersensitivity. Subsequently, silicate ions (SiO2-) play a role in 

dentine calcification, and fluoride ions play a role in remineralization to prevent caries [13]. Other 

references suggest that the presence of strontium and fluorine ions can increase tooth resistance to 

acids by forming strontiumapatite and fluoroapatite [14]. Thus, ions released from the S-PRG filler 
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also play a role in neutralizing acid and in preventing secondary caries and are capable of 

remineralizing dentine, thus strengthening the tooth structure [13]. 

With respect to the surface roughness test, the duration of immersion in artificial saliva had a 
greater effect on the roughness than did the pH treatments of 7, 5.5, and 4.5of the composite resin 

surface. The mean increase in roughness was due to immersion across all pH treatments, and the mean 

increase in roughness was due to pH treatment across all immersion treatments. After immersion for 1 
hour, all specimens showed an increase in surface roughness value. The associated percentage 

increases in the surface roughness at the pH values of 7, 5.5, and 4.5 are, respectively, 5%, 10%, and 

25%, all significantly different, with the highest surface roughness value for the artificial saliva group 

pH 4.5. These results indicate that the stronger the acidity of the artificial saliva is, the rougher the 

surface is. After 24 hours and 72 hours immersion, there were also increases in surface roughness, 

with the highest percentage increase occurring again at an artificial saliva pH value of 4.5. The highest 

roughness value occurred in the specimens immersed for 72 hours in artificial saliva with a pH of 4.5: 

an increase in surface roughness of 125%. These results are similar to those of other studies on the 

surface roughness of composite resin: after immersion for one year in a solution with a pH of 5.8, 
there was no change [15]. Increased surface roughness after a short immersion was probably due to the 

presence of GIC derivative components in the composite resin Giomer Bulk-Fill. GIC is a material 

that is highly soluble in acidic conditions [4, 16]. So longer immersions in artificial saliva with a lower 
pH value lead to the release of filler particles of the composite resin, such that its surface is degraded 

and becomes coarser [7]. 

The surface roughness of restorative materials is an important factor in food debris retention and 

bacterial adhesion. A previous study showed that the relationship between surface roughness and 

bacterial adhesion at an roughness value of 0.06 μm did not produce significant results [17], but at 

roughness values between 0.06 and 0.2 μm, surface roughness were associated with the early stages of 

bacterial adhesion in the restorative material [17]. Based on those results, the surface roughness of the 

composite resin in this study may have caused bacterial adhesion due to its surface roughness 

exceeding Ra 0.06 μm. Thus, Giomer Bulk-Fill composite resins are effective in increasing the critical 
pH of artificial saliva and are capable of exceeding a neutral pH value. Protection against acidic 

solutions on teeth can be obtained from the release of ions through the application of resin, as stated 

above. Therefore, an accurate resin bulk-fill polishing procedure is required to obtain the least possible 

surface roughness. As mentioned in previous research, a polishing procedure using a nanoscale 

technique (nano grit) results in very little surface roughness (0.02μm) [17]. 

 

4. Conclusion 
Based on the results of this study, it can be concluded that immersion of Giomer Bulk-Fill composite 

resin for 1 hour, 24 hours, or 72 hours in artificial saliva that has pH values of 7, 5.5, and 4.5 increases 

the pH of the artificial saliva and the surface roughness of the resin. The surface roughness of the 
composite resin may have caused bacterial adhesion due to its surface roughness. Thus, Giomer Bulk-

Fill composite resins are potentially effective in increasing the critical pH of saliva and are capable of 

exceeding a neutral pH value. Accurate resin bulk-fill polishing procedure is required to obtain the 
least possible surface roughness. 

 

References 
[1] Illie N 2016 High viscosity bulk-fill giomer and ormocer-based composite resins; an in-vitro 

comparison of their mechanical behaviour. Stoma. Eduj. 3 24-33. 

[2] Dionysopoulos D 2016 Bulk fill composite resin. A novelty in resin-based restorative materials. 

ARC J. Dent. Sci. 1 1-3. 

[3] Dionysopoulos D, Tolidisi K and Gerasimou P 2016 The effect of coposition, temperature and 

post-irradiation curing of bulk fill resine compositeon polymerization efficiency. Mat. Res. 19 
466-73. 

[4] Shofu 2016 One Bulk-Fill Composite-Two Viscosities [Brochure] (Japan: Shofu).   



5

1234567890

The 1st Physics and Technologies in Medicine and Dentistry Symposium IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 884 (2017) 012011  doi :10.1088/1742-6596/884/1/012011

 
 
 
 
 
 

[5] Shofu 2014 Saving time with new flowable bulk. In: Today exhibitors. Yankee Dental Congress. 
(Japan: Shofu) p 10. 

[6] Nagafuji A, Shino K, Kimoto K, Nakatasuka T and Deguchi M 2010 Acid-Neutralizing capacity 
of resin-based materials containing S-PRG fillers. Conference: IADR 88th General Session. 
Barcelona, Spain July 2010 Shofu Japan 2010. 

[7] Rajavardhan K, Sankar A, Kumar M, Kumar K, Pranitha K and Kishore K 2014 Erosive potential 
of cola and orange fruit juice on tooth colored restorative materials. Ann. Med. Health Sci. 
Res.4 208–12. 

[8] Tantanuch S, Kukiattrakoon B,  Siriporanon C, Omprasert N, Mettasitthikorn W, Likhitpreeda S 

and Waesanga S 2014 The effect of different beverages on surface hardness of nanohybrid 

composite resin and Giomer. J. Conserv. Dent. 17 261-5. 

[9] Mount G J and Hume W R 2005 Preservation and Restoration of Tooth Structure. 2nd ed. 

(Missouri: Mosby) p 21-8. 

[10] Fejerskov O, Kidd E, Nyvad B and Baelum V 2008 Dental Caries: The Disease and its Clinical 
Management. 3rd ed. (New Jersey: Wiley) p 197-9. 

[11] Soi S, Vinayak V, Singhal A and Roy S 2013 Fluorides and their role in demineralization and 

remineralization. J. Dent. Sci. Oral Rehab. 2013 19–21.  

[12] Tantanuch S, Kukiattrakoon B, Peerasukprasert T, Chanmanee N, Chaisomboonphun P and 
Rodklai A 2016 Surface roughness and erosion of nanohybrid and nanofilled composite resins 

after immersion in red and white wine. J. Conserv. Dent. 19 51-5. 

[13] Hajira N S and Meena N 2015 Giomer-the intelligent particle (new generation glass ionomer 

cement). Int. J. Dent. Oral Health. 2 1-5. 

[14] Wang Y, Kaga M, Kajiwara D, Minamikawa H, Kakuda S, Hashimot M and Yakawa Y 2011 Ion 

release and buffering capacity of s-prg filler-containing pit and fissure sealant in lactic acid. 

Nano Biomedicine. 3 257-81. 

[15] Ratto R, Moraes D, Laurindo J and Marimon M 2007 Hydrolytic stability of dental composites : 

one-year aging effect on surface roughness and surface/subsurface hardness. Rev. Odontol. 
UNESP. 36 383–7. 

[16] Bajwa N K and Pathak A 2014 Change in surface roughness of esthetic restorative materials after 

exposure to different immersion regimes in a cola drink. ISRN Dent. 353926 1-6. 

[17] Yuan C, Wang X, Gao X, Chen F, Liang X and Li D 2016 Effects of surface properties of 

polymer-based restorative materials on early adhesion of Streptococcus mutans in vitro. J. 
Dent. 54 33–40. 

 

 


