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In the oral cavity environment, light-cured dental composites are susceptible to water sorption. This process can have  

a detrimental effect on the polymer network over a longer period, thereby causing deterioration of the material properties. 

This study aims to evaluate the impact of modifying a dimethacrylate resin mixture with liquid rubber on water sorption and 

the water contact angle. The resin mixture contained BisGMA (20 wt.%), BisEMA (30 wt.%), UDMA (30 wt.%)  

and TEGDMA (20 wt.%). Liquid rubber Hypro 2000X168LC VTB was used as a modifier in quantities of 5 %, 10 %, 15 %, 

and 20 % by weight relative to the resin. Water sorption studies were conducted following the ISO 4049 standard, and water 

contact angle tests were carried out as well. The percentage change in the water sorption weight after 7 days was approxi-

mately 1.6 % for the sample containing 5 wt.% liquid rubber, while for the sample with the 20 wt.% liquid rubber content, 

this value was approximately 1.9 %. The addition of 5 wt.% liquid rubber caused the contact angle value to increase by 

16.34 % after 30 days compared to the first day. In the case of the other samples, such significant differences were not  

observed. Microscopy was employed to assess the miscibility and morphology of the liquid rubber domains. The study results 

show that modification with liquid rubber significantly limits water sorption and contributes to increasing the hydrophobicity 

of the surface, which is significant from a clinical standpoint. In the range of rubber concentrations studied, its solubility in 

the resin was not found, and for the 5 wt.% content, the most uniform distribution of domains was observed. With a larger share 

of liquid rubber, an increment in the number of domains and their sizes was noted, both before and after polymerization.  
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INTRODUCTION 

Composite materials based on dimethacrylate resins 

are widely used in dentistry for the restoration of hard 

dental tissues. They possess excellent mechanical and 

aesthetic properties, as well as the ability to bond with 

enamel surfaces; nevertheless, they are continuously 

being improved to enhance their long-term clinical per-

formance and durability in oral cavity conditions.  

This is a unique environment where the material is in 

constant contact with saliva, containing various inor-

ganic and organic compounds, along with a complex  

of bacterial flora and variable pH [1, 2]. In such a com-

plex environment, filling materials can absorb water  

or other liquids, which can significantly impact the deg-

radation of the composite matrix, and as a result, leach 

out unreacted monomers and loosen the reinforcing 

particles [3]. The excessive absorption of liquids can 

have a detrimental effect on the structure and function 

of the matrix resin as it contributes to the deterioration of 

the mechanical and physical properties. This leads to  

a reduction in the durability of the dental filling through 

cracking and detachment of the reinforcement from the 

matrix [4]. 

In dimethacrylate systems, commonly used in dental 

composites, water sorption primarily depends on their 

polarity and chain topology. Bisphenol A diglycidyl 

methacrylate (Bis-GMA) is the most commonly used 

monomer in dental composites. Due to the presence of 

bisphenol A, which reduces the degrees of freedom for 

rotation around the bonds and causes strong hydrogen 

bonding interactions imparted by hydroxyl groups, this 

monomer exhibits high viscosity at room temperature 

[5]. The high viscosity of BisGMA is reduced by add-

ing triethylene glycol dimethacrylate (TEGDMA),  

resulting in improved usability properties [3, 6].  

An important characteristic of the TEGDMA monomer 

is the improvement in the degree of conversion and 

cross-linking, which results in a smaller number of 

leached components. However, each of these monomers 

is relatively hydrophilic [7], as is the case with any 

molecule containing ether bonds, which translates into  

a problem of water sorption, leading to progressive 

degradation [5, 6, 8]. Krishnan et al. [9] demonstrated 

that the copolymerization of the TEGDMA monomer 

with BisGMA resulted in increased compressive 
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strength and microhardness, while the use of a shorter 

chain ethylene glycol dimethacrylate (EGDMA) deriva-

tive yielded greater polymer stability after aging in wa-

ter. Comparatively, tetraethylene glycol dimethacrylate 

(TEGDMA) is more hydrophilic than TEGDMA,  

yet it does not adversely affect the resistance to crack-

ing or solubility in water [10]. In an ideal scenario, 

polymer networks should be insoluble materials  

with relatively high chemical and thermal stability. 

Nevertheless, most monomers used as the base for den-

tal composites absorb water and chemicals from the 

surrounding environment, releasing components into  

it [10, 11]. 

Degradation of the resin and the leaching of inor-
ganic fillers can lead to surface changes in the material, 
which not only reduces its functionality but also affects 
the aesthetics of the fillings and the health of the  
patient. Rough material surfaces are more susceptible  
to bacterial deposition, which promotes the develop-
ment of periodontal diseases and discolorations [12]. 
Since no material utilized for the restoration of hard 
dental tissues is perfect, the search continues for new 
solutions that meet the high demands placed on  
these materials. The focus is mainly on modifying the 
chemical composition of polymer materials (matrix). 
Minimizing the susceptibility of materials to water 
sorption seems to be one of the key actions that can 
ensure the desired durability of filling materials. 

This study aims to determine the effect of modifying 

a mixture of dimethacrylate resins with liquid rubber on 

water sorption and the contact angle. The research also 

aims to evaluate the solubility and morphology of the 

liquid rubber in the experimental mixture of resins.  

The innovative aspect of the research involves the de-

velopment of advanced modifications to resin blends 

with the objective of enhancing their fracture toughness 

and reducing water sorption, shrinkage, and polymeri-

zation stress. These modifications are crucial for  

improving the durability and effectiveness of dental 

fillings. Furthermore, a non-carcinogenic liquid rubber 

(free acrylonitrile acid) was employed as the modifier, 

possessing vinyl functional groups that facilitate the 

formation of a stable bond with dimethacrylate resins. 

MATERIALS AND METHODS 

The material used in the research was an experimen-

tal mixture of resins consisting of BisGMA (20 wt.%), 

BisEMA (30 wt.%), UDMA (30 wt.%), and TEGDMA 

(20 wt.%). The composition of the mixture was deter-

mined based on the mechanical properties of the com-

ponents and preliminary studies [13, 14]. The mixture 

was supplemented with 1 wt.% photoinitiator (cam-

phorquinone), co-initiator (2-dimethylaminoethyl meth-

acrylate, DMAEMA), and inhibitor (butylated hydroxy-

toluene, BHT). All the resins and additives were 

purchased from Sigma-Aldrich Chemicals (Munich, 

Germany) (Table 1). To the thus prepared resin mix-

tures, liquid non-nitrile rubber Hypro 2000X168LC 

VTB (Huntsman International LLC, Salt Lake City, UT, 

USA) was added in the following contents (by weight):  

0 % (reference), 5 %, 10 %, 15 %, 20 %. The methodol-

ogy for the water sorption studies followed ISO 4049. 

Five samples of each material were prepared for the 

study with the following dimensions: 15 mm in diameter 

and 1 mm in thickness, polymerized using a LED lamp 

of the intensity 1350 mW/cm
2
. The samples were dried 

to a constant weight and then incubated in distilled wa-

ter at a temperature of 37±1 °C for 7 days. During this 

period, daily weight measurements of the samples were 

taken. The water contact angle (CA) was studied by 

means of the sessile drop method (2 µl ultrapure water 

droplets dosed at a 0.16 ml/min flow rate) using static 

contact angle measurements on a Kruss DSA25E go-

niometer equipped with a CCD camera. Samples for the 

CA studies were prepared in the same manner as for 

water sorption. The experiments were performed at 

room temperature (22 °C) 24 h after polymerization of  

the composites. 
 
TABLE 1. Characteristics of components of the materials used in the study 

 

 

Material Manufacturer C AS 

Molecular 

weight 

[g/mol] 

Density 

[g/cm³] 
Viscosity 

Boiling 

point 

[°C ] 

Specific 

gravity 

[g/cm³] 

Glass transition  

temperature  

[°C] 

resin BisGMA 
Sigma-Aldrich Chemicals 

(Munich, Germany) 
1565-94-2 512 ~1.2 

600-800 Pa�s  
(25 °C) 

>200 N/A N/A 

resin BisEMA 
Sigma-Aldrich Chemicals 

(Munich, Germany) 
41637-38-1 540-650 ~1.1 

200-400 mPa�s 
(25 °C) 

>200 N/A N/A 

resin UDMA 
Sigma-Aldrich Chemicals 

(Munich, Germany) 
72869-86-4 470 ~1.1 

1500-3000 mPa�s 
(25 °C) 

~200-220 N/A N/A 

resin TEGDMA 
Sigma-Aldrich Chemicals 

(Munich, Germany) 
109-16-0 286.32 1.08 

7-12 mPa�s  
(25 °C) 

~245 N/A N/A 

liquid rubber 
Hypro 2000X 
168LCVTB 

Huntsman International 
LLC, Salt Lake City, UT, 

USA 

68649-04-7 4 450 N/A 
100 Pa�s  
(27 °C) 

N/A 0.929 –80 

Photoinitiating 
system (CQ: 

DMAEMA) 

Sigma-Aldrich Chemicals 
(Munich, Germany) 

10373-78-1 

2867-47-2 
322.41 N/A N/A ~102 1.08 N/A 
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The solubility and morphology of the liquid rubber 

were assessed using optical light microscopy 

MA200, Nikon, Tokyo, Japan) with an external yellow 

light source. A drop of the material was placed on 

a basic glass slide, covered with a coverslip, and the 

first photos were taken. Then the resin was polyme

ized, and micrographs were taken agai

Statistical significance was considered at the pro

ability of p < 0.05 using Statistica software (TIBCO 

Software Inc.).  

RESULTS AND DISCUSSION 

The average results of the weight change measur

ments (in percentage) in the water sorption test are 

presented in Figure 1, approximating the data with 

the function f(x) = a + be
–x

. A dynamic increase in 

the weight of the samples was observed in the first three 

days of incubation in water. During the subsequent p

riod, the rate of growth diminished, and the weight of 

the samples did not change by more than 0.1 mg over 

24 hours. The largest weight changes were recorded for 

the sample containing 20 wt.% liquid rubber (2.099

while the samples with the 10 wt.% and 

rubber contents exhibited similar weight change values 

compared to the 0 wt.% control sample. The sample 

containing 5 wt.% liquid rubber was characterized by

the smallest weight change.  
 

Fig. 1. Weight change percentage in water sorption process 

The study results indicate a limitation of water sor

tion following modification with liquid rubber, esp

cially in the initial stage of the test. For the sample 

containing 5 wt.% liquid rubber, the smallest propensity 

for water sorption was observed compared to the other 

samples. In the case of the sample with the 20 

liquid rubber content, the observed increased water 

sorption capacity may result from the limited solubility 

of liquid rubber in the resin matrix, as shown by micr

scopic analysis (Fig. 3). The emergence of free spaces, 

diverse domains of liquid rubber and other defects in 

the material structure facilitates water penetration, lea

ing to the destruction of polymer network connectio

resulting in increased water sorption by the material

[14, 15]. Despite the hydrophobic nature (Fig. 2) 
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Fig. 1. Weight change percentage in water sorption process  

The study results indicate a limitation of water sorp-

tion following modification with liquid rubber, espe-

cially in the initial stage of the test. For the sample  

he smallest propensity 

for water sorption was observed compared to the other 

In the case of the sample with the 20 wt.% 

liquid rubber content, the observed increased water 

sorption capacity may result from the limited solubility 

n the resin matrix, as shown by micro-

scopic analysis (Fig. 3). The emergence of free spaces, 

diverse domains of liquid rubber and other defects in 

the material structure facilitates water penetration, lead-

ing to the destruction of polymer network connections, 

resulting in increased water sorption by the material 

. Despite the hydrophobic nature (Fig. 2) of the 

sample with the 20 wt.% liquid rubber content, r

duced water sorption was not observed. In the 5 

material, an even distribution of liquid rubber d

mains was found, characterized by a uniform mat

rial structure, in which no free areas conducive to 

increased water sorption were observed. 
of liquid rubber miscibility (Fig.

and water sorption (Fig. 1) showed that water sorption 

is reduced in the case where the material is characte

ized by a uniform structure after modification with 

liquid rubber. The percentage increases in weight of the 

samples modified with 5 wt.%

ber present statistically significant differences when 

comparing the results to the control sample (Table 2). 
 

TABLE 2. Results of t-test with respect to reference sample for 

water sorption. Statistically significant differences a

p < 0.05 

Day 
Liquid rubber content [

5 % 10 % 

1 0.0075 0.0534 

2 0.0077 0.0512 

3 0.0075 0.0852 

4 0.0080 0.0512 

5 0.0081 0.0546 

6 0.0081 0.0514 

7 0.0215 0.0512 

 

Water sorption in composite materials is a diffusion 

process that mainly occurs in the resin matrix

the hydrophobicity of the material

be evaluated by the contact angle, affects water sor

tion. In the analyzed case, this translates into the su

ceptibility of composite materials to water sorption and 

the potential for bacterial film formation on their su

face, significant from the perspective of clinical su

cess. The results of the contact angle mea

the studied materials are presented in Fig

water contact angle values were observed for the mat

rials modified with liquid rubber and the differences in 

the results obtained in relation to the control sample are 

statistically significant. 

 

Fig. 2. Results of contact angle measurement (asterisks * indicate stati

tically significant differences from reference material (
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liquid rubber content, re-

duced water sorption was not observed. In the 5 wt.% 

material, an even distribution of liquid rubber do-

mains was found, characterized by a uniform mate-

rial structure, in which no free areas conducive to 

increased water sorption were observed. The analysis 

of liquid rubber miscibility (Fig. 3), contact angle (Fig. 2), 

and water sorption (Fig. 1) showed that water sorption 

is reduced in the case where the material is character-

ized by a uniform structure after modification with  

liquid rubber. The percentage increases in weight of the 

.% and 20 wt.% liquid rub-

ber present statistically significant differences when 

comparing the results to the control sample (Table 2).  
 

test with respect to reference sample for 

water sorption. Statistically significant differences at 

Liquid rubber content [wt.%] 

15 % 20 % 

0.0524 0.0155 

0.0596 0.0146 

0.0546 0.0145 

0.0602 0.0150 

0.0561 0.0153 

0.0501 0.0153 

0.0781 0.0439 

Water sorption in composite materials is a diffusion 

process that mainly occurs in the resin matrix [16], and 

the hydrophobicity of the material [17, 18], which can 

be evaluated by the contact angle, affects water sorp-

the analyzed case, this translates into the sus-

ceptibility of composite materials to water sorption and 

the potential for bacterial film formation on their sur-

face, significant from the perspective of clinical suc-

cess. The results of the contact angle measurements for 

the studied materials are presented in Figure 2. Higher 

water contact angle values were observed for the mate-

rials modified with liquid rubber and the differences in 

the results obtained in relation to the control sample are 

 
Results of contact angle measurement (asterisks * indicate statis-

tically significant differences from reference material (p < 0.05)) 
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Storing the tested samples for 30 days in distilled 

water led to an increase in the contact angle for the 

sample with 5 wt.% liquid rubber content. Meanwhile, 

for the samples with the 0 wt.% and 20 

rubber contents, a slight decrease in the cont

was observed compared to the same samples analyzed 

24 h after the polymerization time. 

The BisGMA resin, as the main component of 

the composite matrix, possesses hydroxyl groups 

whereas liquid rubber is nonpolar [20]

increase in the contact angle. In the conducted studies, 

the modification of dental composites with liquid ru

ber favored their hydrophobicity, which is significant 

from the standpoint of limiting bacterial colonization in 

dental fillings. The studies of Gyo et al. 

hydrophobic surfaces have a significantly lower pote

tial for bacterial colonization. Therefore, from a clinical 

standpoint, filling materials should have good wettabi

ity to the binding system to ensure the required adh

Fig. 3. Solubility and morphology of liquid rubber domains in resin blend
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Storing the tested samples for 30 days in distilled 

water led to an increase in the contact angle for the 

liquid rubber content. Meanwhile, 

and 20 wt.% liquid 

rubber contents, a slight decrease in the contact angle 

was observed compared to the same samples analyzed 

The BisGMA resin, as the main component of  

the composite matrix, possesses hydroxyl groups [19], 

[20], which favors an 

increase in the contact angle. In the conducted studies, 

the modification of dental composites with liquid rub-

ber favored their hydrophobicity, which is significant 

from the standpoint of limiting bacterial colonization in 

of Gyo et al. [21] show that 

hydrophobic surfaces have a significantly lower poten-

tial for bacterial colonization. Therefore, from a clinical 

standpoint, filling materials should have good wettabil-

ity to the binding system to ensure the required adhe-

sion strength, while the outer surface should exhibit low 

water wettability to prevent bacterial adhesion 

The increment in the wettability of the surface of co

posite materials is an essential factor contributing to the 

formation of dental plaque on the m

The effects of mixing resins with liquid rubber are 

shown in Figure 3. In all the cases, no or only partial 

solubility of the rubber in the resin was observed. 

For the 5 wt.% liquid rubber content, uniform distrib

tion of rubber domains, ranging in size from 1 µm to 

about 50 µm, was obtained. As the content of the 

modifier was increased, a larger number of domains 

was observed both before and after polymerization. 

The presence of larger domains was noted for the mi

tures containing 15 wt.% and above liquid rubber co

tent. Due to the onset of the polymerization process, the 

increased viscosity and molecular weight of the resin 

mixture change the solubility conditions for the rubber, 

causing the formation of visible domains. 

 

Fig. 3. Solubility and morphology of liquid rubber domains in resin blend 

trength, while the outer surface should exhibit low 

water wettability to prevent bacterial adhesion [22].  

The increment in the wettability of the surface of com-

posite materials is an essential factor contributing to the 

formation of dental plaque on the material surface. 

The effects of mixing resins with liquid rubber are 

3. In all the cases, no or only partial 

solubility of the rubber in the resin was observed.  

liquid rubber content, uniform distribu-

ranging in size from 1 µm to 

about 50 µm, was obtained. As the content of the  

modifier was increased, a larger number of domains 

was observed both before and after polymerization.  

The presence of larger domains was noted for the mix-

and above liquid rubber con-

tent. Due to the onset of the polymerization process, the 

increased viscosity and molecular weight of the resin 

mixture change the solubility conditions for the rubber, 

causing the formation of visible domains.  
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The polymerization process resulted in the forma-

tion of envelopes around the rubber domains, which 

stems from a change in the optical properties, as well as 

from possible deformation of the rubber owing to the 

polymerization shrinkage of the resin [23]. When com-

paring the domains before and after polymerization 

(Fig. 3), no difference in their sizes was noted, but the 

optical properties of the material changed; after curing, 

the domains were significantly darker and more dis-

tinct. In some areas, before curing, the domains were 

not visible (likely dissolving), but after curing, rounded, 

more distinct liquid rubber domains were revealed. This 

was due to the separation of the rubber from the solu-

tion as a result of viscosity changes during polymeriza-

tion. The miscibility of resins with liquid rubber at  

a specific temperature depends on many factors, includ-

ing the functional number and molecular weight of the 

monomer, as well as the dispersion of the liquid rubber. 

CONCLUSIONS 

The solubility of liquid rubber Hypro 2000X168LC 

in a mixture of dimethacrylate resins was limited as  

a consequence of the composition and viscosity of the 

resins. The polymerization process resulted in separa-

tion of the liquid rubber as a distinct phase in the form 

of domains. With the 5 wt.% content of liquid rubber, 

the morphology of the domains was uniform and their 

size remained within the range of 1-50 µm. Further 

increases in the content of liquid rubber led to growth in 

both the number and size of the domains before and 

after curing. The presence of liquid rubber in the  

dimethacrylate resin mixture raised its hydrophobicity, 

which contributes to reducing biofilm formation. The 

contact angle 24 h after polymerization changed from 

52° for the reference sample to 66° for the material 

containing 20 wt.% liquid rubber.  

After soaking for 30 days in distilled water, the con-

tact angle changed from 50° for the reference sample to 

69° for the material containing 5 wt.% liquid rubber.  

As a result of the water sorption process analysis, it was 

found that the resin containing 5 wt.% liquid rubber 

exhibited the smallest percentage change in weight 

compared to the reference sample. Meanwhile, the ma-

terial with the 20 wt.% content of liquid rubber showed 

the highest water absorption capability, and the materi-

als with the 10 wt.% and 15 wt.% liquid rubber contents 

had values similar to the reference resin. Despite the 

hydrophobic nature of the investigated samples, the 

uniform structure of the material after modification with 

liquid rubber has a significant impact on the dynamics 

of the water sorption process. 
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