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ABSTRACT 

Objectives: The aim of this study was to compare the 

water absorption and water solubility of four different 

composte resin materials. 

Materials and Methods: A total of 40 cylindrical discs 

were prepared and polymerised with light, as 10 from 

each group, each sample 2 mm in depth and 8 mm in 

diameter. The samples were kept for 24 hrs in a 

dessicator until a stable weight was reached. Then, the 

weight of each sample was measured on highly sensitive 

scales. To calculate the water absorption and solubility, 

measurements were made again with the sensitive scales 

at the end of 1, 7 and 30 days. The data obtained were 

evaluated with One-Way ANOVA variance analysis and 

the Friedman test.  

Results: As a result of the statistical analyses, significant 

differences were determined between the composite 

resins in respect of water absorption on days 7 and 30 and 

in respect of solubility on day 30 only (p<0.05). 

Conclusion: When the water absorption and water 

solubility of composite resins at the end of 30 days were 

evaluated statistically, it was observed that Ceram X One 

material showed the lowest values. This is related to the 

structure of the restorative material. 

It can be concluded that the negative mechanical, 

physical and biological effects created by the water 

absorption and water solubility factors of restorative 

materials are important issues that should be taken into 

consideration. 

Key Words: Composite resin, water absorption, water 

solubility.  

 

ÖZET 

Amaç: Bu çalışmanın amacı estetik amaçlı kullanılan 

dört farklı kompozit rezinin su emilimi ve sudaki 

çözünürlüklerinin karşılaştırılmasıdır. 

Gereç ve Yöntemler: Çalışmada her kompozit 

grubundan 10 tane olmak üzere 2 mm derinliğinde 8 mm 

çapında toplam 40 adet silindirik disk hazırlandı ve ışıkla 

polimerize edildi. Örnekler sabit ağırlıklarına ulaşıncaya 

kadar 24 h desikator icinde bekletildi. Daha sonra tüm 

örneklerin ağırlıkları hassas terazi ile ölçüldü. 1, 7 ve 30. 

günlerin sonunda su emilimini ve çözünürlük sonuçlarını 

hesaplamak için hassas terazi ile tartımlar yapıldı. Elde 

edilen veriler ANOVA tek yönlü varyans analizi ve 

Friedman testleri kullanılarak değerlendirildi. 

Bulgular: Yapılan istatistikler sonucunda kompozit 

rezinlerin su emiliminde 7. ve 30. günlerde, sudaki 

çözünürlüklerinde ise sadece 30. günde anlamlı 

farklılıkların olduğu saptanmıştır (p<0,05). 

Sonuç: Kompozit rezinlerin 30 gün sonundaki su emilimi 

ve suda çözünürlüğü istatistiksel açıdan 

değerlendirildiğinde Ceram X One materyalinin en düşük 

değerleri gösterdiği görülmüştür. Bu da restoratif 

materyalin yapısı ile ilişkilidir. 

Sonuç olarak restoratif materyallerin su emilimi ve suda 

çözünürlük faktörleri, mekanik, fiziksel ve biyolojik 

olarak olumsuz etkiler oluşturduğundan gözönünde 

bulundurulması gereken önemli konulardandır. 

Anahtar kelimeler: Kompozit rezin, su emilimi, sudaki 

çözünürlük 
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INTRODUCTION 

Advances in adhesive dentistry have made it 

significantly easier for dentists to select the 

correct materials for clinical use. Restorative 

materials in combination with adhesive resins 

aiming to meet the aesthetic expectations of 

the patient, are frequently used especially in 

the restoration of dental caries, congenital 

defects, dental wear and crown fractures.1 

 Composite materials, which are currently 

widely used in aesthetic dentistry, were first 

developed by Dr R. Bowen in 1962. These 

materials, which were produced as an 

alternative to amalgam, have the advantages of 

strong adhesion to dental tissues, superior 

physical properties, can be easily shaped and 

have a broad colour scale, and there has been 

increasing use of these materials in the 

posterior region.2 

 However, in adition to these properties, 

there are several disadvantages that can affect 

the clinical life of composite resins, such as 

surface smoothness, microleakage, 

polymerisation freezing, fragility, 

discolouration, water absorption, wear, and 

low resistance to contraction and tension.3,4 

 A disadvantage of all composite resins is 

the water absorption property and that 

hydroscopic expansion occurs associated with 

water absorption within the mouth.5,6 The 

water absorption and solubility of restorations 

are extremely important because composite 

resin-based filling materials in the interface 

region are usually in contact with the gingival 

region and fluid in the gingival groove.7 As a 

result of this, fractures and discolourations are 

observed in the interface contours of composite 

resin restorations.   

 According to several studies, water 

absorption of restorative materials deteriorates 

the chemical structures and this is seen with an 

increase in surface smoothness of the 

materials.8 

 Increased weight related to water 

absorption and subsequent water solubility of 

the material (filling and monomers) occurs 

through two different mechanisms.9 The water 

solubility factor that causes a change in the 

biological structures of restorations causes 

aesthetic loss and impairment of the marginal 

and surface properties.10  

 The type and volume of small parts of 

fillers in the structure of composite resins have 

an effect on water absorption and 

solubility.11,12 With an increase in the amount 

of filler in the resin content, the water 

absorption and solubility decreases. In a study 

by Li13 that investgated the effect of filler 

content on the resin structure, it was found that 

the water absorption values of composite resins 

with a high percentage of filler content were 

significantly lower than those of resins with a 

low filler content. 

 Ortengren et al.14 reported that the 

deterioration of wear and mechanical 

properties in composite resins was associated 

with the dampness in the oral environment. 

This dampness created erosions and 

deteriorations in the resins as a result of 

hydrolysis and enzymatic hydrolysis reactions. 

 The aim of this study was to compare the 

water absorption and water solubility values of 

four different composite resins used for 

aesthetic purposes. 

MATERIAL and METHODS 

Preparation of the Samples 

The aim of this study was to compare the 

changes in the water absorption and solubility 

values of four different composite resins over 

the period of one month (Table 1).  
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Table 1: The components of the composite types and the 

manufacturers   

 

  A total of 40 plastic cylindrical discs were 

prepared as 10 from each composite group, 

each sample 2 mm in depth and 8 mm in 

diameter. The restorative materials tested were 

G-Aenial GC Corporation, Tokyo, Japan), 

Estelite Sigma Quick (Tokuyama, Tokyo, 

Japan), Ceram X One (Dentsply, DeTrey, 

Konstanz, Germany) and Clearfil Majesty 

(Kuraray Medical, Okoyama, Japan). Using an 

oral spatula, each material was placed on the 

cylindrical discs prepared at equal sizes. To 

provide a smoth surface, pressure with cement 

glass was applied over a clear band. Then an 

LED light source (Guilin Woodpecker, China, 

1100 mW/ cm²) was applied over the glasss for 

20 secs, and after removing the glass and clear 

band, the light was applied again for 20 secs 

and polymerisation of the composites was 

achieved. All the samples were then polished 

with Soflex discs (3M ESPE, St. Paul, MN, 

USA). 

Water Absorption and Solubility Test 

All the samples were placed in glass bottles in 

the relevant groups of 10 for each material. 

The 

 ISO 4049:199416 test was used for this 

experiment. For the samples to reach a stable 

weight, they were kept in a dessicator at 

37±1ºC for 24 hours. Then all the samples 

were weighed on scales sensitive to 10 

micrograms (Chyo JL180, Chyo Balance Corp, 

Japan) and the weights were recorded as M1. 

After completion of the first measurements, the 

samples were placed in distilled water at 

37±1ºC and left in an incubator for 24 hours, 

after which they were removed, dried with 

drying papers and weighed again with these 

second values recorded as M2a.  

 At the end of the 1st day, for the materials 

to regain a stable weight, the samples were 

again left in the dessicator for 24 hours. At the 

end of this period, the samples were measured 

again and recorded as M3. All the samples 

were then left in distilled water in an incubator 

for 7 days, after which they were removed, 

dried and weighed again (M2b). The same 

procedures were repeated at the end of 30 days 

and the values measured were recorded as 

M2c.   

M1: The initial weights of the samples after 

removal from the desiccator (in μg) 

M2: The weights of the samples after 1 day in 

distilled water after desiccator (M2a) 

M2b: The weights of the samples after 

standing in distilled water for 7 days (in μg) 

M2c: The weights of the samples after 30 days 

in distilled water (in μg) 

M3a: The weights of the specimens after they 

were placed in the desiccator for the second 

time (in μg) 

M3b: Weight of samples after second time 

desiccation (in μg) 

Water absorption (μg/mm3) =  

M2 (a, b, c) (μg)- M3(a, b) (μg)  

              V (mm3) 

Water solubility (μg/mm3) =  

M1(μg)- M3(a, b) (μg) 

             V (mm3)                      

RESULTS  

In the statistical evaluation of the water 

absorption of the composite resins, Anova 

One-Way Variance analysis and the Friedman 

test were used. No statistically significant 

 
Composite 

Types 
Content  Composite type Manufacturer 

Estelıte Sıgma 

Quıck 

Bis-GMA, Trietyline glikol 

dimetakrilat, silica-zirconium 

Supra-nano Hibrit 

Composite 
Tokuyama 

G-Aenial 

Silica, Strontium and Lanthanoid 

Fluoride containing, Fumed silica, 

Urethane dimethacrylate (UDMA), 

dimethacrylate co-monomers 

MFR Hibrit 

Composite 
GC 

Clearfil 

Majesty  

Silicone barium glass dust, silanized 

colloidal silica, Bisphenol A 

diglycidylmethacrylate (Bis-GMA), 

Hydrophobicaromatic 

dimethacrylate, di-Comphorquinone 

Nano Hibrit 

Composite 
Kuraray 

Ceram.X One 

Organic modified ceramic nano 

particles, nano fillers, conventional 

glass fillers  

Nano Ceramic 

Composite 
Dentsply 
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difference was determined between the resins 

in respect of the water absorption values on 

Day 1 (Table 2). (F=2.625 P=0.065, Kruskal 

Wallis Chi-Square=5.97 P=0.11 NS). 

Anova One-Way Variance Analysis  

In the comparison of the water absorption 

values of the resins according to the days, the 

Friedman test was used. The difference 

between the water absorption levels on Day 7 

(F=11.051 P=0.000) and Day 30 (F=25.476 

P=0.000) was determined to be statistically 

significant for the Clearfil Majesty, Estelite 

Sigma Quick, G-Aenial and Ceram X One 

composites. (Table 2) 

Table 2. A comparison of the water absorption values of four 

different composite resin materials on Day 1, 7 and 30. 

 

 On Days 7 and 30 the lowest water 

absorption values were determined in the 

Ceram X One group, and the highest values in 

the Clearfil Majesty composite samples 

(Figure 1). In the comparison of the water 

solubility values of the composite resins on 

Days 1, 7 and 30 a statistically significantly 

difference was determined only on Day 30 

(Table 3).  

 

 

 

Figure 1. Changes in the water absorption values of the 

composite resins on Days 1, 7 and 30. 
 

Table 3. The comparison of the water solubility values of the 

composite resins on Days 1, 7 and 30. 

 

 On the 30th day, the differences between 

the composite resins (Ceram X One, Clearfil 

Majesty, G-Aenial and Estelite Sigma Quick) 

in terms of water solubility were found to be 

statistically significant (p <0.05). 

 In the evaluation of the water solubility 

values on Day 30 (F=15.262 P=0.000) the 

highest values were determined in G-Aenial 

composite and the lowest values in the Ceram 

X One composite samples (Figure 2). 

 

 

 

 

 N Mean Std. Deviation P 

DAY 1 

CLEARFIL MAJESTY 10 ,00000686 ,000003938 

p=0.065 

ESTELITE SIGMA 

QUICK 
10 ,00000448 ,000001075 

G-AENIAL 10 ,00000607 ,000004182 

CERAM X ONE 10 ,00000328 ,000002253 

Total 40 ,00000517 ,000003322  

Model 
Fixed 

Effects 
  ,000003132  

DAY 7 

CLEARFIL MAJESTY 10 ,00001094 ,000002735 

p=0.000 

ESTELITE SIGMA 

QUICK 
10 ,00000975 ,000002240 

G-AENIAL 10 ,00001472 ,000002963 

CERAM X ONE 10 ,00000826 ,000002528 

Total 40 ,00001092 ,000003502  

Model 
Fixed 

Effects 
 ,000002630 ,00000  

DAY 30 

CLEARFIL MAJESTY 10 ,00001114 ,000002922 

p=0.000 
ESTELITE SIGMA 

QUICK 
10 ,00000806 ,000003092 

G-AENIAL 10 ,00001502 ,000001280 

CERAM X ONE 10 ,00000567 ,000002439  

Total 40 ,00000997 ,000004302  

Model 
Fixed 

Effects 
 ,000002534 ,00000  

 

 

 
N Mean Std. Deviation P 

Day 1 

CLEARFIL MAJESTY 10 ,00000209 ,000001780 

p=0.116 

ESTELITE SIGMA 

QUICK 
10 ,00000110 ,000002362 

G-AENIAL 10 ,00000209 ,000003364 

CERAM X ONE 10 -,00000060 ,000003219 

Total 40 ,00000117 ,000002874 

Model 
Fixed 

Effects 
  ,000002758  

Day 7 

CLEARFIL MAJESTY 10 ,00000627 ,000002696 

p=0.198 

ESTELITE SIGMA 

QUICK 
10 ,00000557 ,000003187 

G-AENIAL 10 ,00000845 ,000003191 

CERAM X ONE 10 ,00000657 ,000003083 

Total 40 ,00000671 ,000003120  

Model 
Fixed 

Effects 
  ,000003046  

Day 30 

CLEARFIL MAJESTY 10 ,00000338 ,000003354 

 p=0.000 

ESTELITE SIGMA 

QUICK 
10 ,00000288 ,000002173 

G-AENIAL 10 ,00000756 ,000002935 

CERAM X ONE 10 -,00000189 ,000003822 

Total 40 ,00000298 ,000004533 

Model 
Fixed 

Effects 
  ,000003130  
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Figure 2. Changes in the water solubility values of the 

composite resins on Days 1, 7 and 30. 

DISCUSSION 

The water absorption and water solublity of 

composite resins is one of the most important 

problems affecting the physical, chemical and 

mechanical properties of composite resins.15 

Water absorption in restorations causes 

dimensional changes, fractures in the interface 

contours and especially discolouration, which 

leads to a significant degree of aesthetic loss. 

These negative effects lead to failure of the 

restoration.14 

 The entry of water molecules into the 

composite resin occurs in 3 ways. The first is 

that they penetrate gaps within the material.16 

The second way is diffusion to the spaces 

between the inorganic fillers and the third 

route is that they advance by directly flowing 

into the regions between the matrix and the 

fillers in the resin content.12 The reason for the 

movement of water molecules in this study has 

been reported to originate from the resin 

matrix and filler structure.17  

 The behaviour of resin-based materials in 

water shows variations according to the 

characteristics of the composite. Previous 

studies have shown that the filler particles, the 

filler matrix and the bonding agent can change 

the water absorption values of resin.5  

 Composite resins with a higher filler ratio 

have lower water absorption. The 

polymerization time of the composite has a 

great effect on the water absorption values.18 

The application of the light for a shorter period 

than recommended causes inadequate 

polymerisation, which will have a negative 

effect on water absorption and solubility.19  

 Another factor which creates a reverse 

effect on water absorption and solubility is the 

generation of the composite. Water absorption 

values vary in resins containing solvents of 

different amounts.20 

 In addition, factors such as the waiting 

time of the material in water, surface 

properties, and the temperature and 

concentration of the water have an impact on 

water absorption.14 

 Kalachandra and Wilson6 investigated the 

water absorption values of different composite 

materials and reported that filling particles and 

the structure of the bonding agent had an effect 

on the results.  

 Zaimoğlu and Sonat's21 studies on this 

subject showed that the change in filler ratios 

and dimensions of composites had an effect on 

water absorption and solubility. 

 As in the current study, evaluations of 

water absorption and water solubility have 

been made in accordance with the ISO 4049 

standard.22 Iwami et al.23 have showed that 

water absorption increases with an increase in 

weight and solubility creates a reduction in 

weight in their study. 

 The most important element affecting 

water absorption in composite resins is the 

organic matrix section. Water absorption by 

the organic matrix, even at a very small 

amount, has a negative effect on the physical 

properties of the resin.24 

 Several studies have examined the water 

absorption of restorative materials. In a study 

of 4 different composite resins by Palin et al.25 

the water absorption of Siloron monomer was 

found to be significantly lower than that of the 

other resins. The reason that the water 

absorption results of composite resins are 

different from each other is due to the 
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hydrophobic structure of monomers. In 2013, 

Boaro et al.26 studied water absorption and 

reported that Siloran and Aelite posterior 

composites had lower values. In the current 

study, Ceram X One composite resin was seen 

to have the lowest water absorption and 

solubility values.  

 Water absorption causes swelling of 

composite resins, and the associated 

deterioration is irreversible (Powers and 

Wataha, 2008).27 As the particles are finer in 

hybrid composites compared to microfiller 

composites, water absorption is lower. 

Therefore, hybrid compostes have generally 

been used in studies.  

 The amount of expansion occurring as a 

result of water absorption can be measured 15 

mins after the start of polymerisation. Most 

composite resins achieve a balance in the first 

7 days (Craig and Powers, 2002).28 In our 

study, there was an increase in water 

absorption and water solubility values in the 

first 7 days. Researchers showed that water 

absorption values of all composites increased 

with time.29 Braden30 and Swart31 supported 

this view in their study and stated that water 

absorption increased from day one to day 30. 

In the current study, measurements were taken 

and recorded at 24 hrs, 7 days and 30 days 

after polymerisation. 

CONCLUSION 

At the end of 30 days, Ceram X One showed 

the lowest values for water absorption and 

water solubility. This is due to the matrix and 

filler structure of the resin. Ceram X One 

differs from other materials due to nano 

ceramic particles and reduced resin content. 

These properties increase the ability of Ceram 

X One composite to be a compatible material. 

 The biocompatibility of composite resins 

in clinical use is extremely important. 

Therefore, it is necessary to eliminate the 

factors that can negatively affect the physical, 

mechanical and biological properties of the 

materials. Water absorption and solubility 

cause irreversible problems and is therefore a 

subject which should be carefully examined.  

No conflict of interest. 
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