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ABSTRACT

Purpose: This study evaluated the effect of resin thickness from both {Sonic Fill resin 
composite (SF)& Tetric N Ceram Bulk Fill resin composite (TNB)} on polymerization 
shrinkage strains, depth of cure and degree of conversion. Material and Methods:  A 
total of 70 specimens were prepared and Polymerization shrinkage strains were mea-
sured by strain gauge foil connected to the computer software program which gave the 
results. Depth of cure (DOC) was measured by Vickers microhardness tester applying 
a 50g load through a Vickers indenter with a dwell time of 10s and expressed as mean 
of hardness ratio. Degree of conversion (DC%) was measured using Fourier transform 
infrared spectroscopy by potassium bromide pellet technique. All recorded data were 
presented, tabulated and statistically analyzed. Results: the strains resulted from both 
materials increased with increasing the thickness of the specimens from 2mm to 4mm 
but decreased at 6mm. There was a statistically significant increase in depth of cure and 
degree of conversion in SF than in TNB at all specimen thickness. Conclusions: Bulk 
fill resin composite in thickness more than 4mm affect the physical properties; degree 
of conversion, depth of cure and polymerization shrinkage. 

INTRODUCTION

Resin composite successfully used in dentistry for many years and 
widely replaced amalgam as a posterior restoration, it has been regarded 
as the gold standard to apply and cure the resin composite in maximal 
increment thickness of 1.5- 2 mm(1).  When restoring cavities, charac-
terized by deep depth, with resin composite increments of 2 mm thick-
ness is time wasting and increase a risk of incorporating air bubbles  
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between the increments(2). New category of com-
posite resin, called “bulk fill” materials, which are 
claimed to be able to cure to a maximal layer thick-
ness of 4 mm or more(3). There are some concerns 
regarding bulk fill resin composite; First, rationale 
for limiting composite increments to 2 mm is to al-
low the curing light to penetrate to the resin farthest 
away from the light source(4). Energy of the light 
from a light-curing unit decreases to a great extent 
as going through resin composite, leading to de-
crease in degree of conversion which compromise 

MATERIAL AND METHODS

Table (1): Materials used in this study, composition, manufacture, as well as their lot number. 

Materials Composition Manufacture Lot number

Sonic Fill Bulk Fill. 3-trimethoxysilypropyl methacrylate (10-30%); sili-
cone dioxide (5-10%); ethoxylated bisphenol-A- di-
methacrylate (Bis-EMA:1-5%); bisphenol-A-bis-(2-
hydroxy-3-methacryloxypropyl) ether (1-5%); trieth-
ylene glycol dimethacrylate (TEGDMA:1-5%).
Filler: Silicon dioxide, barium glass.
Filler load: (83.5% weight) ;( -volume %).
Shade: A1.

Chemicals: (10-30%)

Kerr corp, Orange, 
CA, USA.

A3: 6385712

Tetric N Ceram 
Bulk Fill.

Monomer matrix: methacrylates (19-21%).
Inorganic filler: (75-77% weight) or (53%-55% 
volume).
Fillers: barium glass, prepolymer, ytterbium trifluri-
ode and mixed oxides.000000
Filler load: (75-77% weight) ;( 53-55%volume %).
Particle size: (0.6 um). 
Additional contents: additives, catalysts, stabilizers 
and pigments (1.0% weight).

Shade: IVW.

Ivoclar Vivadent, 
Schaan, Liechtenstein.

IVB: T27602

physical properties and increase release of mono-
mer(5). A second reason for using 2-mm increments, 
is to minimize the shrinkage and shrinkage resulted 
stress associated with resin composite polymeriza-
tion(6). On the other hand; manufacturers claim that 
bulk fill materials have good physical properties(3). 

The null hypotheses tested was as follow: (1) There 
is no difference between Sonic Fill resin composite 
and Tetric N Ceram bulk fill resin composite in po-
lymerization shrinkage, depth of cure, and degree of 
conversion at difference resin thickness. 
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A.  Polymerization shrinkage strains measurements:

Sixty discs, were fabricated using three split 
Teflon moulds, with dimensions;(6mm in diameter 
& 2mm,4mm and 6mm in depth), each mould was 
encircled by a copper ring to provide stabilization 
during manipulation of the materials. The discs di-
vided in to two groups according to the restorative 
materials used: Sonic Fill and Tetric N Ceram resin 
composites, and each subgroup in turns divided in 
to three groups based on specimen thickness (n=10). 
A glass slab served as a base for the baseless Teflon 
split mould, the strain guage foil was attached to the 
glass slab surface, with the stain guage in place un-
der the mould, the mould was filled with the two 
tested resin composites. The Sonic Fill handpiece 
was accurately positioned on the Multiflex coupling 
and both of them were attached to the portable motor, 
the unidose Sonic Fill capsule was inserted to Sonic 
Fill handpiece. The unidose capsules was placed at 
the deepest point of the mould to avoid air trapping, 
Sonic Fill handpiece was activated by depressing foot 
pedal and the mould was filled up to the end.  Tetric 
N Ceram was expressed out of the syringe and was 
adapted into the moulds manually in bulk using gold 
plated instruments. A piece of clear matrix was ap-
plied over the upper surface of the mould, and then 
a glass cover was placed over it and was pressed 
using a 50g weight. After removal of the glass cover 
and the matrix, the excess leaked out composite was 
removed, then the resin composite was cured.  The 
curing tip of the light conductor was perpendicular 
to the composite surface at zero distance using light 
emitted diode (LED) at wave length range of 440-
480 nm, and light intensity 1,200 mW/cm2,  for 20 
secs.  The strain guage foil was in direct contact to 
a strain monitoring device which was initially bal-
anced at zero and was connected to the computer 
software program(7). 

Depth of cure: 

After measuring the polymerization shrinkage, all 
specimens were detached from the Teflon moulds. 
Then they were finished and polished using soflex 

discs. Then were stored dry for 24h at 37º C in dark 
container. A dark marker pen was used to identify 
the top surface of each specimen. A Vickers hard-
ness tester was used to measure the microhardness 
of the top and bottom surfaces of each specimen. 
The measuring indenter, (the Vickers pyramid) was 
pressed to the composite specimen using a 50g load 
with a 10 seconds dwell time, the surface Vickers 
hardness was measured at three points of each sur-
face. The surfaces of each specimen were examined 
under a magnifying lens. The corresponding Vickers 
Hardness Number values were taken from specially 
designed tables supplied with Vickers Hardness ma-
chine. The mean of the sum of indentations per sur-
face was calculated to have one representative read-
ing for both the bottom and top surface hardness, 
depth of cure percentage calculated according to the 
following equation(8). 

Depth of cure (%) =  
Bottom microhardness

x100(8)

Top microhardness

B.  Degree of conversion: (KBR pellet technique)

The uncured specimens were prepared by taking 4 
mg resin composite from the resin composite syringe 
using a digital micro balance then were diluted in 2mm 
of chloroform, then smeared between two potassium 
bromide crystals. They were placed into a cell holder 
in the FTIR spectrometer (Fourier transform infra-
red spectroscopy). The cured specimens after the 
previous test were crushed manually in a gate 
mortar. An amount of 4mg of the resin composite 
powder were mixed with 196 mg of pure potassium 
bromide (KBR) to get a concentration of 1.5% sample 
to KBR. The mixing was carried out for 2 minutes 
in a gate mortar. Then the mixture was pressed under 
vacuum hydraulic press at 80KN to form a disc of 13 
mm diameter. The discs were inserted in the FTIR 
spectrometer and then they were exposed to 120 scans 
at a resolution of 4 cm-1. The infra-red absorption 
spectra were measured in the frequency region 4000-
400cm-1 against absorbance peak intensities using 
the software program in the computer connected to 
the FTIR unit. The degree of conversion for the 
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methacrylate-based resin composite was determined 
according to Rueggeberg’s base line method(9) by 
calculating the peak intensities of aliphatic C=C at 
1638 cm-1 and aromatic C=C at 1608 cm-1, before 
and after polymerization according to the following 
equation:

DC %=1 –
aliphatic C=C/aromatic C=C of polymer

100%(10)

aliphatic C=C/aromatic C=C of monomer

STATISTICAL ANALYSIS 

Comparison between the two groups was done 
using student t-test. Comparison of the mean of dif-
ferent specimen’s thickness in each material was 
done using ANOVA test and post Hoc test (Tukey) 
for pairwise comparisons. Significance level was set 

Table (2) The mean, standard deviation values, and results of ANOVA test comparing the mean values of 
the polymerization shrinkage strains of Sonic Fill resin composite (SF) at different specimen thickness and 
in different time periods.

2m
m

Time periods SF
(n = 10)

TNB 
(n = 10) t p

 1 Sec 52.0±19.75 37.0±17.51 1.797 0.089

 20 Secs -1048.5±102.66 -1491.0±123.94 8.695* <0.001*

 80 Secs (1m) -1567.5±55.49 -2306.0±152.04 14.429* <0.001*

 140 Secs (2m) -1625.0±70.24 -2368.0±146.88 14.431* <0.001*

 200 Secs (3m) -1656.50±77.07 -2398.0±146.88 14.137* <0.001*

*: Statistically significant at p ≤ 0.05  

Table (3) The mean, standard deviation values, and results of student t-test for comparing the mean values 
of the polymerization shrinkage strains of Sonic Fill resin composite (SF) and  Tetric N Ceram bulk fill resin 
composite (TNB) at 4mm specimen thickness in different time periods.

4m
m

Time periods SF 
(n = 10)

TNB 
(n = 10) t p

 1 Sec 58.0 ± 11.35 71.0 ± 8.43 2.907* 0.010*

 20 Sec -1246.0 ± 38.21 -1527.0 ± 100.23 8.284* <0.001*

 80 Sec (1m) -1604.0 ± 81.40 -2333.0 ± 49.68 24.173* <0.001*

 140 Sec (2m) -1775.2 ± 68.83 -2419.0 ± 61.54 22.049* <0.001*

 200 Sec (3m) -1915.0 ± 47.43 -2562.0 ± 102.50 18.115* <0.001*

*: Statistically significant at p ≤ 0.05  

at 5%. Statistical analysis was done using IBM SPS 
statistics version 20.0.

RESULTS

I. Polymerization shrinkage strains:

At 2mm specimen thickness the mean polymer-
ization shrinkage strain resulted in Tetric N Ceram 
(TNB) were higher than that in Sonic Fill (SF) at all 
time periods except at 1 sec, as shown in (Table 2).

At 4mm specimen thickness, the mean polymer-
ization shrinkage strains resulted in (TNB) higher 
than that in (SF) at all the time periods. There was 
statistically significant difference between the two 
materials at all time periods (P<0.0001), as shown 
in (Table 3).
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At 6mm specimen thickness, the mean polym-
erization shrinkage strains resulted in (SF) was 
lower than that in (TNB) at all time periods. There 
was no statistically significant difference at 20 secs 
but there was statistically significant difference at 
1sec, 80 secs, 140 secs and 200 secs (P<0.0001), as 
shown in (Table 4).

The mean of polymerization shrinkage strains of 

Table (4): The mean, standard deviation values, and results of student t-test for comparing the mean values 
of the polymerization shrinkage strains of Sonic Fill resin composite (SF) and Tetric N Ceram bulk fill resin 
composite (TNB) at 6mm specimen thickness in different time periods.

6m
m

Time periods SF
(n = 10)

TNB 
(n = 10) t p

 1 Sec 22.0±15.13 48.0±20.44 3.233* 0.005*

 20 Sec -465.0±159.65 -554.0±206.41 1.079 0.295

 80 Sec (1m) -830.0±69.60 -1078.0±88.36 6.972* <0.001*

 140 Sec (2m) -939.0±90.70 -1158.0±91.81 5.366* <0.001*

 200 Sec (3m) -1000.0±88.94 -1194.0±94.83 4.718* <0.001*

*: Statistically significant at p ≤ 0.05  

Table (5): The mean, standard deviation values, and results of ANOVA test comparing the mean values of 
the polymerization shrinkage strains of Sonic Fill resin composite (SF) at different specimen thickness and 
in different time periods.

Time periods 2mm 
(n = 10)

4mm 
(n = 10)

6mm 
(n = 10) F p

 1 Sec 52.0a±19.75 58.0a±11.35 22.0b±15.13 14.924* <0.001*

 20 Sec -1048.5b±102.66 -1246.0a±38.21 -465.0c±159.65 131.967* <0.001*

 80 Sec (1m) -1567.5b±55.49 -1604.0a±81.40 -830.0c±69.60 393.228* <0.001*

 140 Sec (2m) -1625.0b±70.24 -1775.2a±68.83 -939.0c±90.70 333.103* <0.001*

 200 Sec (3m) -1656.5b±77.07 -1915.0a±47.43 -1000.0c±88.94 414.601* <0.001*

*: Statistically significant at p ≤ 0.05, mean with different superscripts letters are statistically significant different.      

Sonic Fill was the highest at 4mm specimen thick-
ness followed by the mean values at 2mmm while 
the lowest mean values were at 6mm at all time pe-
riods, as shown in (Table 5).

The mean polymerization shrinkage strains of 
Tetric N Ceram at 4mm were higher than at 2mm 
and 6mm, and at 2mm were higher than at 6mm at 
all time periods, as shown in (Table 6).  
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Table (6): The mean, standard deviation values, and results of ANOVA test comparing the mean values 
of the polymerization shrinkage strains of Tetric N Ceram bulk fill resin composite (TNB) at different 
specimen thickness and in different time periods.

Time periods 2mm 
(n = 10)

4mm 
(n = 10)

6mm 
(n = 10) F p

 1 Sec 48.0b±20.44 71.0a ± 8.43   37.0b±17.51 11.351* <0.001*

 20 Sec -1491.0a±123.94 -1527.0a± 100.23 -554.0b±206.41 134.245* <0.001*

 80 Sec (1m) -2306.0a±152.04 -2333.0a ± 49.68 -1078.0b±88.36 461.776* <0.001*

 140 Sec (2m) -2368.0a±146.88 -2419.0a ± 61.54 -1158.0b±91.81 452.326* <0.001*

 200 Sec (3m) -2398.0b±146.88 -2562.0a ± 102.5 -1194.0c±94.83 407.556* <0.001*

*: Statistically significant at p ≤ 0.05, mean with different superscripts letters are statistically significant different.      

Depth of cure (Vickers hardness Number):

The highest mean value of depth of cure was re-
corded in Sonic Fill resin composite at 2mm speci-
men thickness (98.04±0.32) and the lowest mean 
value of depth of cure was recorded in Tetric N 
Ceram bulk fill resin composite at 6mm specimen 
thickness (78.37±0.53), as shown in (Table 7).  

Table (7): The mean, standard deviation values, 
and results of student t-test for comparing the mean 
values of depth of cure of Sonic Fill resin composite 
(SF) and Tetric N Ceram bulk fill resin composite 
(TNB) at different specimen thickness.

Specimen 
thickness

SF

(n = 10)
TNB 

(n = 10) t p

2mm 98.04±0.32 92.02±0.93 19.328* <0.001*

4mm 87.19±0.48 82.79±1.58 8.414* <0.001*

6mm 80.22±0.44 78.37±0.53 8.556* <0.001*

*: Statistically significant at p ≤ 0.05.

Vickers hardness number for Sonic Fill resin 
composite at all specimen thickness reached the 
minimum acceptable ratio of (80%)(11), where the 

highest mean value in depth of cure was at 2mm 
specimen thickness followed by the mean values 
at 4mm specimen thickness while the lowest mean 
values were at 6mm specimen thickness, as shown 
in (Table 8).

Table (8): The mean, standard deviation values, and 
results of ANOVA test comparing the mean values of 
depth of cure (VHN) of Sonic Fill resin composite 
(SF) at different specimen thickness.

Thickness 2mm 
(n = 10)

4mm 
(n = 10)

6mm 
(n = 10) F p

 VHN 98.04a 

±0.32
87.19b 

±0.48
80.22c 

±0.44 4617.88* <0.001*

*: Statistically significant at p ≤ 0.05, mean with dif-
ferent superscripts letters are statistically significant 
different.    

Vickers hardness number at 2mm and 4mm 
specimen thickness reached the minimum accept-
able ratio of (80%)(11), except at 6mm thickness, the 
depth of cure at 2mm specimen thickness had the 
highest mean value, followed by mean values at 
4mm thickness while at 6mm thickness revealed the 
lowest mean value), as shown in (Table 9).  
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Table (9): The mean, standard deviation values, and 
results of ANOVA test comparing the mean values of 
depth of cure (VHN) of Tetric N Ceram bulk fill resin 
composite (TNB) at different specimen thickness.	 

Thickness 2mm 
(n =10)

4mm 
(n =10)

6mm 
(n =10) F p

 VHN 92.02a 

±0.93
82.79b 

±1.58
78.37c 

±0.53 398.305* <0.001*

*: Statistically significant at p ≤ 0.05, mean with 
different superscripts letters are statistically 
significant different.    

Degree of conversion:

The highest mean value for degree of conversion 
was recorded in Sonic Fill resin composite at 2mm 
specimen thickness (78.83±0.87%) and the lowest 
mean value was recorded in Tetric N Ceram bulk 
fill resin composite at 6mm specimen thickness 
(49.02±1.06), as shown in (Table 10).   

Table (10): The mean, standard deviation values, 
and results of student t-test for comparing  the mean 
values of degree of conversion (DC%) of Sonic 
Fill resin composite (SF) and Tetric N Ceram bulk 
fill resin composite (TNB) at different specimen 
thickness.

Specimen 
thickness

SF
(n = 10)

TNB 
(n = 10) t p

2mm 78.83±0.87 56.20±0.29 77.704* <0.001*

4mm 75.50±0.39 55.22±0.36 120.632* <0.001*

6mm 56.41±0.69 49.02±1.06 18.425* <0.001*

*: Statistically significant at p ≤ 0.05

The degree of conversion in Sonic Fill resin com-
posite at 2mm thickness had the highest mean value, 
followed by mean values at 4mm thickness, while 
specimens of 6mm thickness revealed the lowest 
mean values), as shown in (Table 11).  

Table (11): The mean, standard deviation values, 
and results of ANOVA test comparing the mean 
values of degree of conversion (DC%) of Sonic Fill 
resin composite (SF) at different specimen thickness.

Thickness 2mm 
(n = 10)

4mm 
(n = 10)

6mm 
(n = 10) F p

 DC% 78.83a 

±0.87
75.50b 

±0.39
56.41c 

±0.69 3156.63* <0.001*

*: Statistically significant at p ≤ 0.05, mean with 
different superscripts letters are statistically 
significant different.  

The degree of conversion in Tetric N Ceram bulk 
fill resin composite at 2mm thickness had the high-
est (DC%) mean value, followed by mean value 
at 4mm thickness while specimens of 6mm thick-
ness revealed the lowest mean value), as shown in  
(Table 12).  

Table (12): The mean, standard deviation values, 
and results  of ANOVA test comparing the mean 
values of degree of conversion (DC%) of Tetric N 
Ceram bulk fill resin composite (TNB) at different 
specimen thickness.

Thickness 2mm 
(n =10)

4mm 
(n =10)

6mm 
(n =10) F p

 DC% 56.20a 

±0.29
55.22b 

±0.36
49.02c 

±1.06 337.645* <0.001*

*: Statistically significant at p ≤ 0.05, mean values 
with different superscripts letters are statistically 
significant different.  

DISCUSSION

This study aimed at evaluating: 1-The effect of 
resin thickness from both (Sonic Fill resin compos-
ite & Tetric N Ceram Bulk Fill resin composite) on; 
A) Polymerization shrinkage strains, B) Depth of 
cure, C) Degree of conversion).

Composite resin is converted from a viscous 
phase in to a rigid or solid material and undergo 
shrinkage when light cured. The results of conversion 
of the monomer molecules into a polymer network 
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ends with a closer packing of the molecules, when 
weak Vander Waals forces between monomers 
are converted into covalent bonds, that resulted in 
polymerization shrinkage. After the composite is 
placed within a preparation and bonds to the tooth 
surface, the polymerized resin creates internal 
mechanical strains, which is pass in to the tooth 
bond interface (12).

In the current study, the mean values of polym-
erization shrinkage strains, regarding specimen 
thickness, for Sonic Fill resin composite were less 
than the mean values of shrinkage strains of Tetric 
N Ceram bulk fill resin composite at all specimen 
thickness 92mm, 4mm, 6mm). This could be ex-
plained by, there is a direct relationship between the 
shrinkage value and the amount of organic matrix in 
the material(13), and Sonic Fill had an estimated filler 
content of 83.5% by weight and 69% by volume so 
it has low resin(14). Moreover, the influence of ultra-
sonic energy on resin curing as the thermal effect 
of sonic vibration may promote polymerization by 
increasing free radicals mobility directly and indi-
rectly as a consequence of decreased viscosity(15). 

The polymerization shrinkage strains increased 
with increasing the specimen thickness from 2mm 
to 4mm. This might be as a result of two reasons: 
First, due to the increase in the bulk fill resin com-
posites translucency(16). Second, due to high degree 
of conversion, there was an increase in both polym-
erization shrinkage and degree of conversion with 
increasing specimen thickness from 2mm to 4mm 
as found in previous study(10). This provided an in-
dication of similar curing through the whole bulk 
increment, as the degree of conversion is one of 
the main factors responsible for the magnitude of 
generated shrinkage stresses(17). However, at 6mm 
specimens thickness, the polymerization shrinkage 
strains decreased, which could be explained by, the 
decrease in polymerization shrinkage strains rate re-
sulted from incomplete polymerization(18). 

The depth of cure (DOC%) is the ratio of bottom 
to surface microhardness of resin composites, and 

it is widely used to evaluate the irradiance passage 
within the full depth of dental resin composite(19). 
The hardness ratio of bottom/ top which is above 
80 has often been used as a minimum acceptable 
threshold(20). 

The current results concerning the resin thick-
ness effect on the mean value of Vickers hardness, 
Sonic Fill succeeded not only to reach but to exceed 
the minimum acceptable ratio of VHN (80%)(20,21), 
at all specimen thickness. These findings could be 
explained by the truth of the matter that Sonic Fill 
had high filler loading (83.5% weight) and, there is a 
direct proportion between filler loading and Vickers 
hardness(22).

Concerning the results of the mean values of 
Vickers hardness number for Tetric N Ceram (TNB) 
bulk fill resin composite, at 2mm and 4mm speci-
mens thickness it reached and exceeded the mini-
mum acceptable ratio of (80%). This might be ex-
plained by; the fillers of TNB included pre-polymer-
ized fillers (PPF), which enabled the TNB to accom-
plish a high filler percentage while preserving a low 
surface area between organic matrix and inorganic 
fillers, as a part of PPF is already organic. Increase 
the translucency leads to increase in the depth of 
cure, the amount of light transmitted through a com-
posite material depends on the amount of scattered 
and absorbed light, light scattering is increased in 
materials with a large filler matrix interface area, 
due to change in refractive indices between resin 
matrix filler and particles(20,23-25).   

Concerning the effect of increasing the thickness 
of the specimens on the mean value of VHN, there 
was a decrease in VHN mean values with increasing 
the specimen thickness in both Sonic Fill and Tetric 
N Ceram resin composites. This could be due to, the 
lack of light transmission through the composite at 
greater depths, as a high amount of the wave lengths 
are absorbed near the superficial surface of the resin 
composite which could not be enough to excite co-
initiators at greater depths(21,26-29). 
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The resin matrix consists of a multifunctional 
long chain monomer which, when polymerized, re-
sults in a three-dimensional network of cross-linked 
bonds known as polymers.  DC% corresponds to 
the measurement of the percent of double carbon-
carbon bonds in the polymerization process(30). 

Comparing the mean value of DC% of Sonic 
Fill and Tetric N Ceram at specimen of different 
thickness, the results showed that, the DC% of 
Sonic Fill was statistically significantly higher 
than of Tetric N Ceram at all specimen thickness. 
This difference may be related to the chemical 
construction of inorganic resin of Sonic Fill that 
contains 3- trimethoxysilypropyl methacrylate (10-
30%), TEGDMA and Bis EMA. These types of 
monomers are highly flexible, have low molecular 
weight and low viscosity, Comparing the mean 
value of DC% of Sonic Fill and Tetric N Ceram 
at specimen of different thickness, the results 
showed that, the DC% of Sonic Fill was statistically 
significantly higher than of Tetric N Ceram at all 
specimen thickness. This difference may be related 
to the chemical construction of inorganic resin of 
Sonic Fill that contains 3- trimethoxysilypropyl 
methacrylate (10-30%), TEGDMA and Bis EMA. 
These types of monomers are highly flexible, have 
low molecular weight and low viscosity(10).

CONCLUSIONS

Under the limitations of the present study, the 
following conclusion could be delivered: 

Degree of conversion, depth of cure and polym-
erization shrinkage were affected by material thick-
ness thus the null hypothesis is rejected.
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