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ABSTRACT
Objectives: The aim of this study was to investigate the effects of light curing method on the polymerization 
shrinkage of composite resins.
Materials and Methods: Eight methods of four different light curing units were tested by forming 16 groups 
using two different composite types. Resin composite specimens weights were determined with an analytical 
electronic hydrostatic balance in the air and in water before and after curing. Then specific gravity values were 
determined. Volumetric polymerization shrinkage was calculated using mathematical formulas. 
Results: According to the results of this in-vitro study, polymerization shrinkage differed significantly among 
the light curing units.
Conclusions: When the amount of polymerization shrinkage was compared, it was determined that the curing 
method, which has the greatest total energy density, caused the greatest amount of shrinkage. It was also found 
out that some of the curing units affected the shrinkage positively in soft-start mode.
Key words: Composite resin, curing light, polymerization shrinkage, light intensity, total energy.
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INTRODUCTION
Light-activated composites 

revolutionized modern restorative dentistry 
in the mid-1960s and have undergone 
improvements in performance 
characteristics such as esthetics, wear rate, 
and handling since then1.

In recent years, with the development of 
nanotechnology, a new breed of composite 
resins, termed “nanofill composites”, has 
been introduced into the dental market. 
Nanofill composites were first mentioned 
in the early 1990s,2 but the first 
commercial product (Filtek Supreme, 3M-
ESPE) was launched in late 2002.3 Nano-
sized inorganic fillers enable the filler 
content of composite pastes to be 
maximized     while   retaining    excellent 
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clinical handling properties and at the same 
time minimizing the percentage of organic 
resin matrix. This results in dental filling 
composites with greatly improved 
mechanical properties.4

Although the properties of modern resin
composites have improved, polymerization 
shrinkage is still a clinically significant 
problem. It creates contraction stress in the 
resin composite restoration and internal 
stress and deformation in the surrounding 
tooth structure.5

The polymerization shrinkage of dental 
composite resins is influenced by 
numerous parameters such as inorganic 
filler content, the molecular weight of the 
monomer system, and the degree of 
conversion of the monomer system.6  
Several approaches are being pursued to 
reduce the polymerization shrinkage in 
dental resins. The aspect of polymerization 
under the greatest control of the clinician is 
the application of the curing light.7

A recent method to minimize 
polymerization shrinkage without affecting 
the degree of conversion of light-activated 
composites is controlled polymerization. 
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The light intensity (W/cm2), also referred
as power density or irradiance, is the 
number of photons per second (W) 
received by a square centimeter of the 
target, e.g., the surface of the resin. The 
total energy (energy density) (J/cm2) is 
calculated by multiplying the intensity by 
the total exposure time in seconds.8 If the 
equivalent total energy was irradiated to 
the resin, the degree of conversion might 
be the same regardless of the differences in 
the light intensity or irradiation time.9

Controlled polymerization can be 
achieved by the application of short pulses 
of energy (pulse) or pre-polymerization in 
low-intensity light followed by a final cure 
in high-intensity light with a soft-start 
technique (two-step and 
ramped/exponential) or a combination of 
the two (pulse delay).10

While some studies have shown that 
these polymerization modes may result in 
smaller marginal gaps and increased 
marginal integrity,11,12 others have found 
no significant improvement in marginal 
adaptation.13

Beside the curing techniques, clinicians 
face many choices when selecting a curing 
unit. The choices of contemporary light 
sources include quartz tungsten-halogen 
(QTH) units, light-emitting diodes (LEDs), 
plasma-arc curing (PAC) lights, and argon-
ion lasers. 

Halogen light-curing units are currently 
the most commonly used means of curing 
dental composites,14 and LEDs are 
considered to be a promising technology 
for polymerization of resin dental 
materials.15

Under the light of all expressions above, 
the aim of this study was to evaluate the 
polymerization shrinkage of a nanofill and 
a microhybrid composite resins cured with
different lights curing units (halogen and 
LED) and different modes (standard, soft-
start, and pulse).

MATERIALS AND METHODS
To conduct this study, a microhybrid 

resin composite (Venus) and a nanofill 

resin composite (Filtek Supreme) were 
used. The materials’ manufacturers, 
composition, shade, and batch numbers are 
listed in Table 1. In addition, four curing 
units (Hilux, Translux, Elipar Freelight,
and Mini L.E.D) were used to compare 
their curing methods. Table 2 describes the 
curing lights (modes and manufacturers)
tested. To assess the effects of different 
light curing methods on polymerization 
shrinkage of resin composites, factors that 
influence the polymerization shrinkage of 
composite resin, namely the thickness, the 
color of the restorative material, and the 
distance of the light tip to the restoration 
surface, were all standardized in the 
present study.

Volumetric polymerization shrinkage 
was determined using the density 
measurement technique. To shape the 
composite specimens, a stainless steel ring 
4 mm in diameter and 2-mm thick was 
used together with a glass section and 
mylar strip. Shade A2 of both materials
were placed into the ring. Five specimens 
were prepared from each of the eight 
curing modes.

Each specimen was expressed carefully 
from one side of the mold and weighed 
twice in an analytical electronic balance 
with an accuracy of 0.0001 g and a specific 
gravity measuring kit (Precisa Model 
XB220A, Switzerland). The specimens 
were first weighed in the air and then in 
distilled water following a method similar 
to that used by Puckett & Smith.[16] 
Specimens were dried carefully with 
absorbent paper and then subjected to one 
of the eight light curing methods listed 
below. Curing profiles are based on 
manufacturers’ information. Intensity of all 
light curing unit checked with the in-built 
radiometer prior to use. The distance 
between source and specimen was 
standardized by using a 1-mm glass slide. 
The end of the light guide was in contact 
with the cover glass during the light-
polymerization process.
Method 1: Hilux curing light, continuous 
output at 500 mW/cm2 for 40 s; 
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Method 2: Translux curing light,
continuous output at 900 mW/cm2 for 40 s; 
Method 3: Translux curing light, ramp 
output from 200 to 900 mW/cm2 in 15 s, 
then 25 s at 900 mW/cm2;
Method 4: Elipar Free Light curing light,
continuous output at 400 mW/cm2 for 40 s;
Method 5: Elipar Free Light curing light,
ramp output from 0 to 400 mW/cm2 for 12 
s, then 28 s at 400 mW/cm2;
Method 6: Mini LED curing light,
continuous output at 1100 mW/cm2 for 20 
s;
Method 7: Mini LED curing light, soft-
start output from 0 to 1100 mW/cm2 in 10 
s, then 10 s at 1100 mW/cm2;
Method 8: Mini LED Pulse output at 1100 
mW/cm2 for 40 s (1 s light on and 1 s light 
off).

Specimens were weighed immediately 
after light curing. The weights of each 
specimen in the air and water were used to 
calculate specific gravity values before and 
after curing. These values were used to 
determine volumetric shrinkage according 
to the following formulas:
SG 1 = M1/(M1-M2) (1);
SG2 = M3/(M3-M4) (2)
SG 1 = specific gravity before 
polymerization
SG 2 = specific gravity after 
polymerization
M1 = mass of specimen weighed in air 
before polymerization
M2 = mass of specimen weighed in the 
water before polymerization
M3 = mass of specimen weighed in air 
after polymerization
M4 = mass of specimen weighed in the 
water after polymerization
Density of specimen (kg/cm3) = SG x 
density of the water at 23°C
V1 = M1/D1 (3) 
V2 = M3/D2 (4)
V1 = Volume of specimen before 
polymerization
V2 = Volume of specimen after 
polymerization
D1 = Density of specimen before 
polymerization

D2 = Density of specimen after 
polymerization
Percentage contraction = (V2 - V1)/V2 x 
100 (5)

To calculate the total energy, the 
intensity of the curing light (in mW/cm2) 
and the duration of exposure (in seconds) 
were used. The total energy is expressed in 
Joules per spot size area (cm2) and is 
described by the following equation.

Total energy = (Watts X seconds) \ cm2

= Joules\cm2

Data were subjected to statistical 
analysis using ANOVA and Tukey’s test to 
determine possible statistical differences 
among the groups tested in this study at the 
0.05 level of significance.

RESULTS
The mean values and standard deviation 

of the volumetric polymerization shrinkage 
are shown in Table 3. According to the 
tests, there was a statistically significant 
difference among the light curing lights 
(p<0.05) tested.  For Filtek Supreme 
composite resin groups; Method 2 showed 
the highest polymerization shrinkage, with 
a significant statistical difference from 
Method 1, Method 5, Method 7, and 
Method 8. Also, Method 6 caused higher 
mean polymerization shrinkage, with a 
significant difference from Method 8. For 
Venus composite resin groups; the mean 
polymerization shrinkage of Method 2 was 
significantly different from that of Method 
4 and Method 5. Comparing shrinkage 
values of the two composites cured with 
the same mode revealed that there was no 
significant difference (p>0.05).

DISCUSSION
The polymerization of a composite 

material is accompanied by volume 
reduction, which is seen as contraction 
stress at the contact area to the tooth. The 
forces developed thereby can affect the 
filling material-tooth junction.17 In this 
study it was shown that total energy of 
curing methods might have an adverse 
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effect on polymerization shrinkage of 
composite resins.

Various techniques have been 
developed to measure the polymerization 
shrinkage of composites. Most are based 
on measuring the volumetric changes by 
using dilatometry (with mercury or water). 
The major problem with this method is the 
difficulty in getting light source to reach 
the immersed composite specimen and, in 
the case of mercury dilatometer, the 
manipulation of hazardous material.18,19

The density measurement was used for 
determining volumetric shrinkage. This 
method is simple, accurate, and 
reproducible since it does not require the 
use of elaborate equipment.16,19

Miyazaki and others,20 who used a 
dilatometer method, reported a positive 
correlation between the volumetric 
polymerization shrinkage of three 
compomers and light intensity. Also, 
Santos and others,19 evaluated the effect of 
light curing method on volumetric 
shrinkage of three resin composites. They 
claimed that in spite of variability in total 
energy of four curing methods, this 
difference had little or no effect on 
volumetric polymerization shrinkage for 
most composite/curing methods.

On the other hand, Baek and others21

have reported that total energy played a 
more influential role in polymerization 
shrinkage than light intensity. Maximum 
polymerization shrinkage also reached a 
higher value at a higher total energy as 
compared to the case of lower total energy. 
This finding compares well with those of 
the current study. 

In this study, standard mode of Translux 
curing light resulted in higher 
polymerization shrinkage in both 
composite resins. The total energy emitted 
by this curing regime was 36 J/cm2 (900 
mW/cm2 x 40 s). Groups cured with this 
curing regime show significantly higher 
shrinkage than the groups cured with the 
total energy less than approximately 20 
J/cm2. 

Furthermore, total energies delivered by 
pulse mode and standard mode of the Mini 
LED curing light were approximate equal. 
However, the pulse mode produced lower 
polymerization shrinkage than the standard 
mode. This difference was significant, 
especially in the Filtek Supreme group.
While using the pulse mode, the 
photoactivation occurs in cycles, inserting 
intervals of light-on and light-off.22,23 It is 
important to point out that energy loss 
occurred during each cycle is to be 
considered when calculating the total 
energy. Energy loss occurs because of the 
fact that in each cycle, when the light turns 
on, the total energy is reduced.23 The 
higher total energy in standard mode is 
thought to be the cause of the higher 
polymerization shrinkage than those 
obtained in pulse mode.

While some studies have shown that 
modulated polymerization modes result in 
lower shrinkage,24,25 Yap26 observed no 
significant reduction in polymerization 
shrinkage with soft-start curing modes. 
Furthermore, Koran and Kurschner27

evaluated the effect of standard and soft-
start curing modes on the polymerization 
shrinkage of resin composites. They 
reported that although the dynamics of 
polymerization shrinkage were better with 
the soft-start curing mode, the overall final 
polymerization shrinkage was equal for the 
two curing methods.

In our study, the soft-start and standard 
curing techniques resulted in similar 
polymerization shrinkage. However, when 
compared to the standard modes of all 
curing lights used in this study, although 
differences were not significant, less 
contraction was produced in soft-start 
mode. 

Previous studies showed that increasing 
light intensity resulted in more 
polymerization shrinkage for some 
composites, but not all materials.22,26 In our 
study, the effects of each curing mode on 
two composite resins were compared and 
no significant difference was observed. 
Each composite showed similar behavior
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in the face of modulation of the light 
intensity during photoactivation.
Therefore, it must be put into perspective 
that this result is valid only for two resin 
composites in this study.

Consequently, within the limitations of 
this study, it can be concluded that the 
increase in the shrinkage of composites is 
related to the total energy of curing lights. 
Further research in this area is necessary in 
order to reveal the polymerization 
shrinkage of other composite resins.
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ABSTRACT

Objectives: The aim of this study was to investigate the effects of light curing method on the polymerization shrinkage of composite resins.

Materials and Methods: Eight methods of four different light curing units were tested by forming 16 groups using two different composite types. Resin composite specimens weights were determined with an analytical electronic hydrostatic balance in the air and in water before and after curing. Then specific gravity values were determined. Volumetric polymerization shrinkage was calculated using mathematical formulas. 

Results: According to the results of this in-vitro study, polymerization shrinkage differed significantly among the light curing units.

Conclusions: When the amount of polymerization shrinkage was compared, it was determined that the curing method, which has the greatest total energy density, caused the greatest amount of shrinkage. It was also found out that some of the curing units affected the shrinkage positively in soft-start mode.

Key words: Composite resin, curing light, polymerization shrinkage, light intensity, total energy.
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INTRODUCTION

Light-activated composites revolutionized modern restorative dentistry in the mid-1960s and have undergone improvements in performance characteristics such as esthetics, wear rate, and handling since then1.

In recent years, with the development of nanotechnology, a new breed of composite resins, termed “nanofill composites”, has been introduced into the dental market. Nanofill composites were first mentioned in the early 1990s,2 but the first commercial product (Filtek Supreme, 3M-ESPE) was launched in late 2002.3 Nano-sized inorganic fillers enable the filler content of composite pastes to be maximized     while    retaining    excellent 
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clinical handling properties and at the same time minimizing the percentage of organic resin matrix. This results in dental filling composites with greatly improved mechanical properties.4

Although the properties of modern resin composites have improved, polymerization shrinkage is still a clinically significant problem. It creates contraction stress in the resin composite restoration and internal stress and deformation in the surrounding tooth structure.5 

The polymerization shrinkage of dental composite resins is influenced by numerous parameters such as inorganic filler content, the molecular weight of the monomer system, and the degree of conversion of the monomer system.6  Several approaches are being pursued to reduce the polymerization shrinkage in dental resins. The aspect of polymerization under the greatest control of the clinician is the application of the curing light.7 

A recent method to minimize polymerization shrinkage without affecting the degree of conversion of light-activated composites is controlled polymerization. The light intensity (W/cm2), also referred as power density or irradiance, is the number of photons per second (W) received by a square centimeter of the target, e.g., the surface of the resin. The total energy (energy density) (J/cm2) is calculated by multiplying the intensity by the total exposure time in seconds.8 If the equivalent total energy was irradiated to the resin, the degree of conversion might be the same regardless of the differences in the light intensity or irradiation time.9

Controlled polymerization can be achieved by the application of short pulses of energy (pulse) or pre-polymerization in low-intensity light followed by a final cure in high-intensity light with a soft-start technique (two-step and ramped/exponential) or a combination of the two (pulse delay).10 

While some studies have shown that these polymerization modes may result in smaller marginal gaps and increased marginal integrity,11,12 others have found no significant improvement in marginal adaptation.13

Beside the curing techniques, clinicians face many choices when selecting a curing unit. The choices of contemporary light sources include quartz tungsten-halogen (QTH) units, light-emitting diodes (LEDs), plasma-arc curing (PAC) lights, and argon-ion lasers. 

Halogen light-curing units are currently the most commonly used means of curing dental composites,14 and LEDs are considered to be a promising technology for polymerization of resin dental materials.15

Under the light of all expressions above, the aim of this study was to evaluate the polymerization shrinkage of a nanofill and a microhybrid composite resins cured with different lights curing units (halogen and LED) and different modes (standard, soft-start, and pulse).

 

MATERIALS AND METHODS

To conduct this study, a microhybrid resin composite (Venus) and a nanofill resin composite (Filtek Supreme) were used. The materials’ manufacturers, composition, shade, and batch numbers are listed in Table 1. In addition, four curing units (Hilux, Translux, Elipar Freelight, and Mini L.E.D) were used to compare their curing methods. Table 2 describes the curing lights (modes and manufacturers) tested. To assess the effects of different light curing methods on polymerization shrinkage of resin composites, factors that influence the polymerization shrinkage of composite resin, namely the thickness, the color of the restorative material, and the distance of the light tip to the restoration surface, were all standardized in the present study.

Volumetric polymerization shrinkage was determined using the density measurement technique. To shape the composite specimens, a stainless steel ring 4 mm in diameter and 2-mm thick was used together with a glass section and mylar strip. Shade A2 of both materials were placed into the ring. Five specimens were prepared from each of the eight curing modes. 

Each specimen was expressed carefully from one side of the mold and weighed twice in an analytical electronic balance with an accuracy of 0.0001 g and a specific gravity measuring kit (Precisa Model XB220A, Switzerland). The specimens were first weighed in the air and then in distilled water following a method similar to that used by Puckett & Smith.[16] Specimens were dried carefully with absorbent paper and then subjected to one of the eight light curing methods listed below. Curing profiles are based on manufacturers’ information. Intensity of all light curing unit checked with the in-built radiometer prior to use. The distance between source and specimen was standardized by using a 1-mm glass slide. The end of the light guide was in contact with the cover glass during the light-polymerization process.

Method 1: Hilux curing light, continuous output at 500 mW/cm2 for 40 s; 

Method 2: Translux curing light, continuous output at 900 mW/cm2 for 40 s; 

Method 3: Translux curing light, ramp output from 200 to 900 mW/cm2 in 15 s, then 25 s at 900 mW/cm2;

Method 4: Elipar Free Light curing light, continuous output at 400 mW/cm2 for 40 s;

Method 5: Elipar Free Light curing light, ramp output from 0 to 400 mW/cm2 for 12 s, then 28 s at 400 mW/cm2;

Method 6: Mini LED curing light, continuous output at 1100 mW/cm2 for 20 s;

Method 7: Mini LED curing light, soft-start output from 0 to 1100 mW/cm2 in 10 s, then 10 s at 1100 mW/cm2;

Method 8: Mini LED Pulse output at 1100 mW/cm2 for 40 s (1 s light on and 1 s light off).

Specimens were weighed immediately after light curing. The weights of each specimen in the air and water were used to calculate specific gravity values before and after curing. These values were used to determine volumetric shrinkage according to the following formulas:

SG 1 = M1/(M1-M2) (1);

SG2 = M3/(M3-M4) (2)

SG 1 = specific gravity before polymerization

SG 2 = specific gravity after polymerization

M1 = mass of specimen weighed in air before polymerization

M2 = mass of specimen weighed in the water before polymerization

M3 = mass of specimen weighed in air after polymerization

M4 = mass of specimen weighed in the water after polymerization

Density of specimen (kg/cm3) = SG x density of the water at 23°C

V1 = M1/D1 (3) 

V2 = M3/D2 (4)

V1 = Volume of specimen before polymerization

V2 = Volume of specimen after polymerization

D1 = Density of specimen before polymerization

D2 = Density of specimen after polymerization

Percentage contraction = (V2 - V1)/V2 x 100 (5)

To calculate the total energy, the intensity of the curing light (in mW/cm2) and the duration of exposure (in seconds) were used. The total energy is expressed in Joules per spot size area (cm2) and is described by the following equation.

Total energy = (Watts X seconds) \ cm2 = Joules\cm2

Data were subjected to statistical analysis using ANOVA and Tukey’s test to determine possible statistical differences among the groups tested in this study at the 0.05 level of significance. 



RESULTS

The mean values and standard deviation of the volumetric polymerization shrinkage are shown in Table 3. According to the tests, there was a statistically significant difference among the light curing lights (p<0.05) tested.  For Filtek Supreme composite resin groups; Method 2 showed the highest polymerization shrinkage, with a significant statistical difference from Method 1, Method 5, Method 7, and Method 8. Also, Method 6 caused higher mean polymerization shrinkage, with a significant difference from Method 8. For Venus composite resin groups; the mean polymerization shrinkage of Method 2 was significantly different from that of Method 4 and Method 5. Comparing shrinkage values of the two composites cured with the same mode revealed that there was no significant difference (p>0.05).



DISCUSSION

The polymerization of a composite material is accompanied by volume reduction, which is seen as contraction stress at the contact area to the tooth. The forces developed thereby can affect the filling material-tooth junction.17 In this study it was shown that total energy of curing methods might have an adverse effect on polymerization shrinkage of composite resins. 

Various techniques have been developed to measure the polymerization shrinkage of composites. Most are based on measuring the volumetric changes by using dilatometry (with mercury or water). The major problem with this method is the difficulty in getting light source to reach the immersed composite specimen and, in the case of mercury dilatometer, the manipulation of hazardous material.18,19 The density measurement was used for determining volumetric shrinkage. This method is simple, accurate, and reproducible since it does not require the use of elaborate equipment.16,19 

Miyazaki and others,20 who used a dilatometer method, reported a positive correlation between the volumetric polymerization shrinkage of three compomers and light intensity. Also, Santos and others,19 evaluated the effect of light curing method on volumetric shrinkage of three resin composites. They claimed that in spite of variability in total energy of four curing methods, this difference had little or no effect on volumetric polymerization shrinkage for most composite/curing methods.

On the other hand, Baek and others21 have reported that total energy played a more influential role in polymerization shrinkage than light intensity. Maximum polymerization shrinkage also reached a higher value at a higher total energy as compared to the case of lower total energy. This finding compares well with those of the current study. 

In this study, standard mode of Translux curing light resulted in higher polymerization shrinkage in both composite resins. The total energy emitted by this curing regime was 36 J/cm2 (900 mW/cm2 x 40 s). Groups cured with this curing regime show significantly higher shrinkage than the groups cured with the total energy less than approximately 20 J/cm2. 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Furthermore, total energies delivered by pulse mode and standard mode of the Mini LED curing light were approximate equal. However, the pulse mode produced lower polymerization shrinkage than the standard mode. This difference was significant, especially in the Filtek Supreme group. While using the pulse mode, the photoactivation occurs in cycles, inserting intervals of light-on and light-off.22,23 It is important to point out that energy loss occurred during each cycle is to be considered when calculating the total energy. Energy loss occurs because of the fact that in each cycle, when the light turns on, the total energy is reduced.23 The higher total energy in standard mode is thought to be the cause of the higher polymerization shrinkage than those obtained in pulse mode.

While some studies have shown that modulated polymerization modes result in lower shrinkage,24,25 Yap26 observed no significant reduction in polymerization shrinkage with soft-start curing modes. Furthermore, Koran and Kurschner27 evaluated the effect of standard and soft-start curing modes on the polymerization shrinkage of resin composites. They reported that although the dynamics of polymerization shrinkage were better with the soft-start curing mode, the overall final polymerization shrinkage was equal for the two curing methods.

In our study, the soft-start and standard curing techniques resulted in similar polymerization shrinkage. However, when compared to the standard modes of all curing lights used in this study, although differences were not significant, less contraction was produced in soft-start mode. 

Previous studies showed that increasing light intensity resulted in more polymerization shrinkage for some composites, but not all materials.22,26 In our study, the effects of each curing mode on two composite resins were compared and no significant difference was observed. Each composite showed similar behavior in the face of modulation of the light intensity during photoactivation. Therefore, it must be put into perspective that this result is valid only for two resin composites in this study.

Consequently, within the limitations of this study, it can be concluded that the increase in the shrinkage of composites is related to the total energy of curing lights. Further research in this area is necessary in order to reveal the polymerization shrinkage of other composite resins.
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