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Introduction bacteria that inhabit biofilms on tooth surfaces, and is

Caries is one of the most frequently encountered dental
diseases, regardless of nationality, gender, or generation,
and thus, many tooth treatments in dental clinics are
related to tooth caries, Usually caries forms due to the

demineralization of teeth by oral acids formed by oral

promoted by acidic foods and beverages, Many soft drinks
and fruit juices have low pH values, Generally, the pH
of human saliva falls in the range 6-8 (1). However, oral
acids, and acidic foods and beverages can result in
localized pH values as low as 2, On the other hand,

since many vegetables and drinks, such as, milk, coffee,
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and wine, are alkaline, they can sometimes cause oral
pH values to increase to near 11 on tooth surface (2,3).

To inhibit or delay the formation of secondary caries
after restoration, fluoride-containing functional composite
resins were introduced in the mid-1980s (4). In composite
resins, fluoride is contained in various forms, such as,
inorganic salts, leachable glasses, organic fluoride,
Fluoride ions, released from composite resins, can form
hydrogen fluoride, if ions encounter acidified plaque or
other acidic substances, The cariostatic effect of fluoride
ions on teeth had been widely demonstrated in many
studies (5-8).

Because the oral cavity and tooth surfaces are always
in contact with saliva, restorative materials could interact
with saliva and water-based liquids. As an active solvent,
water can dissolve and degrade restorative materials via
absorptive and softening effects (9-11), As a result,
degradation and disintegration of surface structures, and
subsequently, instability of the restored structures are
possible. In this situation, information is needed regarding
the effects of pH variations on restorative materials,
Accordingly, the purpose of the present study was to
investigate how solutions of different pHs affect the
flexural and compressive properties of various composite
resins, The hypothesis tested was that the flexural and
compressive properties of specimens are significantly and

consistently dependent on solution pH.

Materials and Methods

1. Composite resins and test solutions

For the study, four composite resins (all of A3 shade)
were selected as outlined in Tablel: fluoride containing
Charisma Diamond flow (CF) and Tetric N Ceram (TN);
non-fluoride-containing AeliteFlo (AF) and Filtek Z350
(ZX). AF and CF are flowable resins and TN and ZX

are nanocomposite resins, For light curing, an Optilux
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501 (OP, Kerr, Orange, CA, USA) was used as a light-curing
unit (LCU) at an intensity of approximately 900 mW/cm’,

For immersion testing in solutions of different pHs,
bottled water (Samdasoo, JPDC, Jeju, Korea) of pH 7.1,
as measured with pH meter (720A+, Thermo Electron
Corp., Beverly, MA, USA), was used. Solutions of pH
3 and pH 9 were prepared by adding acetic acid and
NaOH to bottled water, respectively at a room of 24+1C
and 60%3% humidity conditions. Specimens were

immersed for 2 weeks,

2. Flexural properties

The three-point bending test was performed to
determine flexural properties [flexural strength (FS) and
modulus (FM)]. To make specimens (n=28 for each resin),
a metal mold (25X2X2 mm) was filled with resin
according to 1SO 4049 guidelines (12). After filling the
mold, top and bottom surfaces were covered with glass
slides to flatten surfaces. Specimens were irradiated for
40s using a LCU. Since specimens were much wider (25
mm) than the LCU tip size (7 mm), five light exposures
were performed on each surface by overlapping curing
light beams. After light curing, specimens were removed
from molds and aged for 24 h at 37C in a dry, dark
chamber, After aging, randomly selected specimens (n=7
for each resin product) were loaded into a universal test
machine (Instron 3345, Grove City, PA, USA), which was
operated at a crosshead speed of 1 mm/min, FS (o ¢

in MPa) values were calculated using the following formula
o = 3DP/QQWH?)

where D is the distance between supports (20 mm),
P is the maximum failure load (N), W is the width (2
mm), and H is the height (2 mm) of the tested specimen,

FM (E in GPa) was calculated using the following formula

E = (P/D) - (D*/(4WIT))



where P/D is the slope of the linear portion of the
load-displacement curve, Remaining specimens were
randomly divided into three groups, immersed in test
solutions (pH 3, 7.1, or 9), and stored in at 37C in a
dry, dark chamber for 2 weeks when measurements were
repeated. Test solutions were replaced daily throughout

the study period.

3. Compressive properties

To measure compressive properties [compressive
strength (CS) and modulus (CM)], a hemicylindrical metal
mold (outer diameter 10 mm, inner diameter 3 mm, height
6 mm) was prepared, Two identical hemicylinders were
combined together to form a cylinder and the inner empty
space was filled with resin. After filling the mold, both
top and bottom surfaces were covered with glass slides
to produce flat surfaces. Since light incident on the top
surface did not reach the bottom surface due to poor
penetration depth, light was irradiated for 5 s from the
top to the bottom. One of the two hemicylinders was

removed, and the uncovered lateral surface was exposed

Table 1, Materials tested in the present study

to light for 40 s. The remaining hemicylinder was then
removed and the uncovered lateral surface was exposed
to light in the same manner, The specimens so produced
(n=28 for each resin product) were aged for 24 h at 37C
in a dry, dark chamber, and compression tests were
performed on randomly selected specimens (n=7 for each
resin product) using the universal test machine at a
crosshead speed of 1 mm/min, CS (¢ . in MPa) values

were calculated using the following formula

o. = P/A

where P is the maximum failure load (N) and A is
specimen cross-sectional area, CM (in GPa) of specimens
was defined as the slope of the linear portion of the
load-displacement curve, Remaining specimens were
randomly divided into three groups, immersed in each
test solution (pH 3, 7.1, or 9), and stored at 37T in
a dry, dark chamber for 2 weeks, when measurements
were repeated, Test solutions were replaced daily

throughout the study period.

. Filler  content
Code Composition . . Manufacturer
vol%/wt% /wt%
EBADMA (=Bis-EMA), UDMA,
CF Ba-Al-F-siicate glass, YbFs SO, 41/65/58 4 Heraeus Kulzer, Hanau, Germany
Bis-EMA, TEGDMA, UDMA Ivoclar Vivadent
™ , , , 7 7
Barium glass, YbFs SiO» 57/80.5/73.0 Schann, Liechtenstein
Bis-EMA, TEGDMA Bisco Inc
AF ' ' 42 2 ’
Barium glass, glass fillers /60/56. Schaumburg, IL, USA
Bis-EMA, Bis-GMA, TEGDMA, UDMA, 3M ESPE
= Zirconia/silica cluster fillers 63.3/78.5/14.7 St. Paul, MN, USA
CF: Charisma Diamond flow, TN:  Tetric N Ceram, AF: AeliteFlo, ZX: Filtek Z350

Bis-EMA: ethoxylated bisphenol A dimethacrylate; Bis-GMA: bisphenol A glycidyl dimethacrylate; TEGDMA: triethylene glycol dimethacrylate;

UDMA: urethane dimethacrylate
Wt%': weight percent according to the manufacturers
Wt%?: weight percent according to the ash method
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4, Statistical analysis

The obtained results were analyzed using two-way
ANOVA, A post-hoc Tukey test was followed at p<0.05

level.,

Results

Table 2 shows the flexural properties (FS and FM) of
the specimens, Specimens showed significant (p<{0.001)
FS decreases (1.5~30.0% depending on condition) after
immersion in the pH solutions. However, pH did not
affect FS values significantly (p)0.05). Of the specimens,
TN showed least FS change, which was not dependent
on pH value, FM also significantly changed (increased
or decreased) after immersion, and CF showed least FM
change.

The compressive properties (CS and CM) of the

specimens are summarized in Table 3. Initial CS values

significantly changed (p<0.001) only after immersion in
the pH 9 solution, TN showed a minor CS increase
(0.3-2,0%) in all pH solutions after immersion, Initial CM
decreased significantly after immersion, but CM values
obtained from the different solutions were not significantly

different at p=0.05 level.

Discussion

Many restorative composite resins contain fluoride to
inhibit or delay the occurrence of secondary caries. Since
the oral cavity is exposed to wide pH variations, restored
restorative materials can be influenced by the oral
environment, In the present study, the flexural and
compressive properties of four different resins exposed
to solutions with different pH values were evaluated.,
According to the obtained results, the study hypothesis
that solution pH variations cause significant and consistent

differences in flexural and compressive properties was

Table 2, Three-point flexural properties (FS and FM) of specimens before and after immersion in different pH solutions

Product
p-value
cF* N AF® X
24 ' 164.0 (18.3) 1282 (12.2) 1399 (16.1) 1756 9.3 0{0.001
. PH &2 1473 (15.4) 1249 93) 117.0 (10.7) 1230 (11.8) p<0.001
(MPa) oH 7 12 1375 (182) 1234 (11.0) 1139 (17.3) 1254 (10.7) axp=0,004
pH 9 1362 (187) 126.3 (3.5) 1148 (22.7) 1266 (12.5)
CF* N AF® 2
24 hr' 6.60 (0.42) 14.36 (0.91) 5.68 (0.36) 17.54 (1.56) 20,001
" PH &2 631 (0.39) 10,19 (0.63) 487 (0.17) 12.92 (067) p0.001
GPa) o 717 6.58 (0.34) 10.96 (1.10) 4.98 (0.24) 1351 (1.08) o f0.001
pH o 7.05 (0.28) 1157 (0.84) 5.04 (0.17) 13.60 (0.66)

* Statistically significant difference on resin product is shown by superscript IettersA'B“', on pH condition by superscript numbers"®-. Same

letters or numbers are not significantly different (0)0.05),

* On pvalues, the letters @« and B denote resin product and pH condition, respectively.



Table 3. Compressive properties (CS and CM) of specimens before and after immersion in different pH solutions

Product
p-value
CF* TN®C AF® 7x°
24 hr'? 4188 (29.0) 337.6 (33.6) 3153 (35.4) 3505 (26.0) (0,001
cs pH 3% 377.6 (35.3) 3385 (29.1) 313.7 (47.4) 3472 (38.4) B=0.027
(MPa) pH 7.1% 3543 (20.8) 3442 (19.3) 296.8 (31.5) 3536 (40.7) axp=0.195
pH 9° 3368 (52.8) 3404 (35.1) 2830 (29.4) 3362 (46.9)
CF* N® AF°® zx°
24 nr' 321 (0.17) 450 (0.05) 3.17 (0.18) 483 (0.09) (0,001
oM pH 3 288 (0.22) 425 (0.13) 263 (0.20) 466 (0.10) B(0.001
(GPa) pH 7.1° 2.83 (0.29) 430 (0.10) 253 (0.18) 458 (0.08) axp=0,051
pH 9° 289 (0.16) 427 (0.12) 249 (0.14) 455 (0.33)
rejected., low degrees of polymerization and weakening caused

Flexural property (strength and modulus) results
obtained using the three-point bending test provide
measures related to the specimen resistance against
external stress, Initial Flexural strengths (FS) of specimens
measured after aging for 24 h ranged from 128.2-175.6
MPa, and after immersion, these reduced to 113,9-147.3
MPa, Basically, FS depends more on material volume
and internal defects, such as cracks or voids, formed during
specimen preparation (13,14). However, after dissolution
of fluoride and inorganic fillers, cracks and pores can
be more easily generated on surfaces and in subsurface,
and since cracks can propagate, they weaken structures,
In addition, osmotic pressure can affect subsurface pores,
and further weaken structures (11). Of the specimens
examined, TN showed least FS decrease (128.2 vs,
123.4-126.3 MPa) after immersion in solutions of different
pH values. The highest FS decrease was observed for
73 and it was probably related to the high water absorption
of ZX (15,16). A significant decreases in FS observed
for AF and CF (flowable resins) were probably due to
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by water absorption, Other possible decrease of FS can
be owing to the dissolution of inorganic fillers and residual
monomers, which were not investigated in the present
study, After immersion in pH solutions, FS significantly
decreased for all specimens, but the lack of a significant
difference between different pH solutions indicates that
pH had an insignificant effect on FS regardless of the
presence of fluoride. Flexural modulus (FM) is related
to the stiffness of a material, the specimens with high
strength (or microhardenss) and of flowable resins had
high FM values and exhibited less FM change, respectively
(17,18). The non-significant FM differences in solutions
with different pH values are probably explained in the
same manner as the lack of significant changes in FS
values,

Compressive properties (strength and modulus) are
measures of material’s sustained resistance against heavy
load such as mastication (2,19). In the present study,
initial CS values significantly (p<0.001) decreased after

immersion in solutions with different pH values, and for



the four resins, flowable resins (AF and CF) showed much
lower CS decreases than TN and ZX (nanofiller-containing)
after immersion. The reason can be surmised from the
fact that composite resins with a high filler content had
a higher degree of polymerization than flowable resins
with a low filler content, so monomer contents probably
affect resultant strengths more than inorganic filler
dissolution, The non-significant and inconsistent
differences observed for flexural and compressive
properties in different pH solutions may suggest an
insignificant contribution by inorganic filler dissolution
to resultant mechanical properties, FM and CM values
of the tested specimens ranged from 4.98 to 17.54 GPa
and from 2.49 to 4.83 GPa, respectively, which are lower
than those of the FM (17-25 GPa) and CM (11-19 GPa)
of dentin (20-22). Since modulus (FM) is related to the
stiffness of a material, specimens of high filler content
(vol% and wt%) had both high FM and CM values (R)0.94,
regardless of pH value), Also, FM and CM were high
linearly correlated to each other (R)0.99, regardless of
pH value). The results obtained show that modulus of
composite resins are not adversely affected by pH
variations in the oral cavity, although it should be noted

that the resin products tested do not represent all

restorative composite resins.

Conclusion

Within the limitations of the present study, the following
conclusions could be reached:

1. Flexural and compressive properties of tested
specimens decreased significantly after immersion in
test solutions regardless of their pH values,

2. However, the strength, and modulus values obtained
from different pH solutions had no consistency and
statistical significance in their changes in terms of pH

variation,

58

10,

11,

12.

13.

References

Edgar WM, Mullane DM, Saliva and oral health,
London: British Dental Association; 1996.

Park WK, Kang A, Son SA, Hur B, Kwon YH, Park
JK. Effect of bleaching agents on the color change
of different based composite resins. Korea ] Dent
Mater, 2013;6:121-7.

McCabe JF. Applied dental materials. 8th ed. London:
Butter & Tanner Ltd; 1990:1-28,

Eichmiller FC, Marjenhoff WA, Fluoride-releasing
dental restorative materials, Oper Dent. 1998;23(5):
218-28.

Lee MJ, Kim KM, A Study on the Fluoride Release,
Microhardness and Cytotoxicity of Fluoride Releasing
Restorative Materials, Korea ] Dent Mater, 2016;43:
299-3006.

Burke FM, Ray NJ, McConnell RJ, Fluoride-containing
restorative materials, Int Dent J. 2006;56(1):33-43,
Hannig M, Hannig C. Nanotechnology and its role
in caries therapy. Adv Dent Res, 2012;24(2):53-7.
Wiegand A, Buchalla W, Attin T. Review on fluoride-
releasing restorative materials-fluoride release and
uptake characteristics, antibacterial activity and
influence on caries formation. Dent Mater, 2007;23(3):
343-02,

Sideridou 1, Tserki V, Papanastasiou G, Study of water
sorption, solubility and modulus of elasticity of
light-cured  dimethacrylate-based dental resins.
Biomaterials. 2003;24(4):655-65.

Soderholm KJ. Leaking of fillers in dental composites,
J Dent Res. 1983;62(2):126-30.

Soderholm KJ, Hydrolytic degradation of dental
composites, ] Dent Res, 1984;63(10):1248-54,
International Organization for Standardization. ISO
4049: Dentistry-polymer-based filling, restorative and
luting materials. Geneva: 1SO; 2000,

Della Bona A, Anusavice KJ, DeHoff PH, Weibull



14,

15.

16.

17.

analysis and flexural strength of hot-pressed core and
veneered ceramic structure, Dent Mater, 2003;19(7):
662-9.

Mecholsky ]JJ J. Fracture mechanics principles. Dent
Mater, 1995;11(2):111-2,

da Silva EM, Gongalves L, Guimardes JG, Poskus LT,
Fellows CE. The diffusion kinetics of a nanofilled and
a midifilled resin composite immersed in distilled
water, artificial saliva, and lactic acid, Clin Oral
Investig, 2011;15(3):393-401.

Rahim TN, Mohamad D, Md Akil H, Ab Rahman I,
Water sorption characteristics of restorative dental
composites immersed in acidic drinks, Dent Mater,
2012;28(6):€63-70.

Kim JH, Kim KH, Gwon TY. Effedt of thermocycling
on the mechanical properties of core buildup

materials, Korean J Dent Mater, 2011;38(3):225-32,

59

19.

20.

21,

22,

. Ferracane JL. Materials in dentistry: principles and

applications, 2nd ed, Baltimore: Lippincott Williams
& Wilkins; 2001,
Anusavice KJ. Phillips  science of dental materials,
11th ed. Philadelphia: W B.Saunders Co; 2003.
Kinney JH, Marshall SJ, Marshall GW. The mechanical
properties of human dentin: a critical review and
re-evaluation of the dental literature, Crit Rev Oral
Biol Med, 2003;14(1):13-29,

Xu HH, Smith DT, Jahanmir S, Romberg E, Kelly JR,
Thompson VP, et al, Indentation damage and
mechanical properties of human enamel and dentin,
J Dent Res, 1998;77(3):472-80.

Mahoney E, Holt A, Swain M, Kilpatrick N, The
hardness and modulus of elasticity of primary molar
teeth: an ultra-micro-indentation study. J Dent, 2000;

28(8):589-94,



Original Article

Effect of pH variation on flexural and compressive properties of composite resins

Sang-Bong Jung', Keun Moon’, Hyo-Joung Seof, Jung-Sook Kang', Yong Hoon Kworf

'Department of Oral Biochemistry, School of Dentistry, Pusan National University, Pusan, Korea
*Department of Dental Materials, School of Dentistry, Pusan National University, Pusan, Korea

The pH of the oral cavity can dynamically change due to diverse foods and beverages served. The purpose of the present
study was to evaluate flexural and compressive properties of composite resins after immersion in solutions of different pHs,
Four composite resins were cured and immersed in test solutions of different pHs (3, 7.1, and 9) for 2 weeks. Flexural and
compressive properties (strength and modulus) were evaluated using universal test machine, After immersion, initial flexural
and compressive strength significantly changed to 1.5-30.0% and 0.3-19.6%, respectively; flexural and compressive modulus
significantly changed to 4.4-29.0% and 3.5-21.5%, respectively. However, the values obtained from solutions of different pHs

were not significantly and consistently different to each other,

Key Words : Composite resin, pH, Flexural property, Compressive property

60



	Effect of pH variation on flexural and compressive properties of composite resins
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	References
	Original Article


