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Abstract:

The aim of study was to determine the depth of &@@C of different shades in
light-activated composite polymerized with a halogight cure unit with different
curing times. 90 samples were prepared that diviohkd 18 groups of 5 samples
for each group using a tube-like stainless steeldmatilizing two composite
materials (SwissTEC and Composan LCM), three sh@lksA2 and A3) cured
for 20, 40 and 60 seconds. The cured samples remdnen the mold and
uncured material scrapped manually and remaininggthe of each sample
measured by micrometer. 3-way ANOVA (a > 0.05) followed by Duncan
multiple range test showed that DOC of SwissTEC significantly higher than
Composan LCM, lighter shade Al give more DOC thdhers followed by A2 and
A3 successively, and 60s curing time resulted itiebeDOC than 40s and the latter
was better than 20s.The conclusions of this study that all materials, shades and
cuing times passed the ISO 2000/4049 requirem®udsker shades had less DOC
than lighter shades, but increasing the curing tica®m improve DOC of darker
shades. The method used in this study may be usemhea of the simple methods for
checking the efficiency of halogen LCUs in denliaics.
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Introduction:

The development of dental resin based compeasiterative materials, started in the late
1950s and early 1960s by BoWehNow a days composites are presently the most @opul
tooth colored materidféBasically, composite restorative materials consisa continuous
polymeric or resin matrix in which inorganic fillerdisperse® .

The first composites were cured by chemically atdd polymerization process.
known as cold curing or chemical curing, and wiisiad by mixing two pastéd

Overcoming problems of chemical activation typesing dental composites with blue
light were first introduced in 1976 .The source of blue light is normally a
halogen bulb combined with filter, so that lighttire range of 410 -500 nm region of the
visible light is produced, light in this range oave lengths is effectively absorbed by the
camphorquinone photo initiaf that is presented as a component of light aetilvat
dental composite as the light causes excitatiazaofphorquinone, which in combination
with an amine produces free radicals which legabtgmerization of the resin monomer at the
molecular scale .Macroscopically, the dental contessre hardened typically after light
exposure times ranging from 20 to 60 secShds

Conventional Halogen light is tile most common noeklof polymerizing dental
composite restorations, however, there has been@m that the quality of restorative
composite depends on the capability of the lightre® to adequately polymerize the
resin with a specified exposure time.(10)For mbanttwo decades, visible-light curing
units have" been based on quartz-tungsten-hal@gemolog{".
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A decrease in output of light with time amih distance may result in a low degree
of conversion and a shallow depth of cure, whickuim reduce the quality of the final
restoratioft?.

Recently, other curing methods such as laser xenon arc sources are used in
clinical practice with the advantage of a reducadng time. These devices have a
more complex construction and are more costly coetpavith halogen sources. In
addition, lasers require stringent additional sefeecaution§.

Several factors can affect the curing of posite material such as composition,
shade (opacity), type of photo initiator, wave lgnglight intensity , the distance
between the cured mass and the curing tip of thengusystem, and finally the
thickness of the cured increment (depth of ¢tite9.

A group of methods such as hardness testsltreency changes, interaction with
color dies, nuclear magnetic resonance, double lbongersion, micro imaging, tactile
tests, penetration and scraping tests that are tesedeasure the depth of cure of
composites, that is included in this study.

According to ISO 2000/4049 standard for payiration of resin based composite
requires material to have a minimum depth of cufe im when irradiated for the
manufacturer's recommended time, and when the deptture is defined in this
specification as 50 % of the length of cured contposample after the soft uncured
portion has been scraped away manually.

Aim of study: This study investigates whether the depth of euitk different shades
of two commercially available composite restoratimaterials met the 1SO defined
depth of cure required when irradiated by using@dah light cure system with intensity
of 425 mw/criand wave length of 505 nm. The study also suggeststhod by which
dentists can establish the depth of cure of congosnd periodically verify the
consistency of light cure systems in regard toldepture.

Materials & Methods:

A stainless steel model with 6 mm diameter @mdm height’*®this model is
fabricated by using a nozzle of diesel engine winak a hollow(tube like) gap inside,
with 6 mm in diameter and it has a correspondiraftginod) that can be perfectly fitted
within the gap Fig(l).The body of nozzle is cut toyner machine at length of 8 mm,
thereby a solid tube model with highly smooth inserfaces of 8 mm in height and of 6
mm in diameter have been obtained, the remainimg qiathe nozzle was discarded

Fig(2).

Results:

Mean and standard deviation of DOC (inlim#éters) for each tested group are
calculated and listed in Table (3) and represebyea histogram in Figure (14).
Data are analyzed using 3-factor analysis of vagaf3-way ANOVA) to indicate if
there are any statistical differences among grgpps0.05), as shown in Table (4)
Effect of Composite Material Type:

Analysis of variance Table (4) shows thate is a highly significant difference in
DOC between SwissTEC and Composan LCM compositac&u multiple range test
for the two materials that is represented in T¢b)eindicates that DOC of SwissTEC
(2.75 mm) is significantly more than that of CompodCM (2.57 mm).
Effect of Shade:

ANOAVA reveals that there are highly sigraint differences among different
shades. Duncan multiple range test for the tedtades Table (6) indicates that DOC of
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Al shade (2.72 mm) is more than other shadeswellio by A2 shade (2.66 mm) and
the least value is for A3 shade (2.61 mm).
Effect of Curing Times:

ANOAVA reveals that there are highly significantfeliences among different curing
times. Duncan multiple range test for the thregnguimes Table (7) indicates that DOC of 60
seconds(2.96) mm is greater than the other twagtirne, while DOC of 40 seconds (2.72)
mm is greater than of 20 seconds (2.32) mm.

Effect of Composite Type and Shade Interaction:

ANOVA indicates that composite type and shade aatéwn significantly affect the
DOC. Duncan multiple range test for interactiomieen composite type and shade Table(8) and
Figure (15) indicates that SwissTEC-Al has gréateC (2.78 mm), then SwissTEC-A2 (2.75
mm), then SwisSTEC-A3 (2.73 mm), Composan-Al (2r6#), Composan-A2 (2.58 mm) and
Composan-A3 (2.48 mm) respectively.

Effects of Composite Type and Curing Time Interactn:

ANOVA indicates that composite type and curing timeraction significantly affects the
DOC. Duncan multiple range test for interactiomieetn composite type and curing time Table
(9) and Figure (16) indicates that SwissTEC-60s tr&smtest DOC (3.05 mm), then
Composan-60s (2.86 mm), SwissTEC-40s (2.78 mm)pGsen-40s (2.66 mm), SwissTEC-20s
(2.42 mm) and Composan-20s (2.21 mm) respectively.

Effects of Shade and Curing Time Interaction:

ANOVA indicates that composite shade and cuiimg interaction significantly affect
the DOC. Duncan multiple range test for interachetween composite shade and curing time
Table (10) and Figure (17) indicates that Al-60s geeatest DOC (3.02 mm), then A2-60s
(2.92 mm), A3-60s (2.91 mm), with no significantfelience with A2-60s group, Al-40s
(2.77 mm), A2-40s (2.74 mm), A3-40s (2.62 mm), 8622.38 mm), A2-20s (2.33 mm) and A3-
20s (2.25 mm) respectively.

Effects of Composite Type, Shade and Curing Time teraction:

ANOVA indicates that composite type, shade andhgutime interaction significantly
affect the DOC. Duncan multiple range test forraxtton among composite type, shade and
curing time Table (11) and Figure (14) indicatest tBwissTEC-AI-60s has greatest DOC
value (3.09 mm), then SwissTEC-A2-60s (3.03 mm)jsSMeC-A3-60s (3.02 mm), Composan-
Al-60s (2.95 mm), Composan-A2-60s (2.82 mm), Coap@s3-60s (2.81 mm), SwissTEC-AI-
40s (2.79 mm), SwissTEC-A2-40s (2.79 mm), SwissAB&I0s (2.77 mm), Composan-Al-40s
(2.74 mm), Composan-A2-40s (2.69 mm), Composans3{2.53 mm), SwissTEC-AIl-20s
(2.44 mm), SwissTEC-A2-20s (2.42 mm), SwissTEC-88-2.40 mm), Composan-Al-20s
(2.32 mm), Composan-A2-20s (2.23 mm) and the @& was for Composan-A3-20s (2.11
mm).

Although the mean value of some groups are hitjfaa others, but statistically no
significant differences present among some grogp®lows: no significant differences
between(SwissTEC-A2-60s and SwissTEC-A3-60s), (0saipA2-60s and Composan-A3-60s),
(Composan-A3-60s, SwissTEC-AlI-40s and SwissTECB&;4 (SwissTEC-AI-40s,
SwissTEC-A2-40s and SwisSTEC-A3-40s), (SwisSTEQON- and SwissTEC-A2-20s),
(Composan-A2-20s and Composan-A3-20s) groups.
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Fig (1) Fig(2)
A: as received nozzle. B:the discarded part
C : model . D: shaft(rod).

The composite materials used are :
1. SwissTEC Composite :which is available in shaded, A2 and A3.
2.Composan LCM Composan LCM is available in shadeg\, A2 and A3.
The information about each material is listed in tdle (1) according to the leaflet.

Table (1): The composite materials used .

Filler % | Filler | Particles
Material Type | by % by | size Manufacturer
volume | wt range

Colten®/Whaledent AG

i - Manufact
SwissTEC | Hybrid | 59 78 0.04-2.8 | (Manufacturer)

pum Feldwiesenstrasse 20 9450
Altstatten/Switzerland
PROMEDICA Domagkstr
Composan | 1vhvid | 60 765 | 0052 |54557 Neumunster
LCM pm

Germany

The light cure system is  Coltolux®50lene®/ Whaledent GmbH Fischenzstrasse 39 D-
78462 Konstanz Germany) (Fig.3); it is a halogge with preset times of curing 20, 40, 60
seconds; A new device for first time is used agtt lintensity is evaluated by radiometer
(CROMATEST 7041, Curing Radiometer, Germany).

Transparent strips used are; Hawe Transpateps (Hawe neos Dental CH-6925
Gentilino Switzerland)
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Fig(3)
Samples fabrication:
The stainless steel mold is placed on a flat giéeds covered with transparent strip
Fig (4), then composite material is packed intoddwith ash 6 hand instrument ,after
complete loading of the mold the material was aedevith another transparent strip on the
top of the filled mold Fig (5).

Fig(4) Fig(5)

We press another flat glass slab agé#mwestop layer of transparent strip to extrude
the excess of resin-based composite, forming aulicE™ Fig(6), after that top glass slab
Is removed Fig(7), the tip of curing system icpthin contact with the transparent strip on
top of the material in the mold, Fig(8), A total @ samples were prepared, for the two
selected materials (SwissTEC and Composan LCM) witee shades (Al, A2, A3),
each 5 samples were cured for either 20, 40 ore66rgls curing times (Table 2).The
DOC is determined by using the method describeth@ISO 2000 /4049 for resin
based filling restorative and luting materials asllofvs; Immediately after
polymerization, the top transparent strip was rezddvig(9), Then the uncured material at
the bottom of the mold is removed Fig(10) to makga for insertion of the corresponding
rod to push the sample from its bottom toward theradirection, to the top side of the tube-
like mold Fig (11-13).

As sample is retrieved from the mold, the remainingured material at the bottom
of the sample removed manually by scraping it awdly a plastic spatula. Finally, the
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remaining uncured material at the scrapped sidesaraped off with alcohol-treated gauze
(15) to insure complete removal of uncured come@sit cleaning of the sample.

Fig(6) Fig(7)

Fig(8) g€9)
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Fig(10) Fig(11)

igfL3)

The length of the cured sample is mesb to the nearest (0.0l mm) using a
micrometer(19,20). The micrometer is (Digimatic kimeter, Mitutoyo Corp.,
Kawasaki, Japan), (0-25mm, accuracy = 0.01 mm) .

Each sample is measured three times andnttan value of these three readings
was recorded(12), as the DOC is 50% of the mearsuned length.
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Table (2): Samples distribution and grouping

SwissTEC - Al - 204
SwissTEC - Al - 404
SwissTEC — Al — 6(s
SwissTEC — A2 - 20
SwissTEC SwissTEC — A2 - 40

SwissTEC — A2 — 6(
SwissTEC — A3 - 20g
SwissTEC — A3 - 40
SwissTEC — A3 — 6(
Composan - Al - 20k
Composan - Al - 40 i‘
Composan — Al — 6§)s
Composan — A2 - 2(s
Composan Composan — A2 - 4(s
Composan — A2 — 6§)s
Composan — A3 - 2(s
Composan — A3 - 4(s
Composan — A3 — 6§)s

Table (3): Mean and Standard Deviation for DOC of Al Tested Groups.

Groups (Type - Shade — Curing Time)l | Mean| Std |

SwissTEC - Al - 20s 3 244 0.042
SwissTEC - Al - 40s 5 2.79 0.022
SwissTEC — Al — 60s 5 3.09 0.023
SwissTEC — A2 - 20s 5 243 0.035
SwissTEC — A2 - 40s 5 279 0.022
SwissTEC — A2 — 60s 5 3.03 0.019
SwissTEC — A3 - 20s 5 240 0.010
SwissTEC — A3 - 40s 5 277 0.016
SwissTEC — A3 — 60s 5 3.02 0.0p1
Composan - Al - 20s 5 232 0.015
Composan - Al - 40s 5 2.74 0.008
Composan — Al — 60s b 2.95 0.023
Composan — A2 - 20s 5 2.23 0.018
Composan — A2 - 40s 5 2.69 0.007
Composan — A2 — 60s b 2.82 0.018
Composan — A3 - 20s 5 2.11 0.007
Composan — A3 - 40s 5 253 0.015
Composan — A3 — 60s > 2.81 0.012
N = number of samples s =seconds Al, A2, A3 =shades

Std = Standard Deviation
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Table (4): 3-way Analysis of Variance (ANOVA).

Composite Type 0.67771600.95| 0.0001 **
Shade 2 0.0992234.31 | 0.0001 **
Curing time 2 | 3.0906 7300.65| 0.0001 **
Type x Shade 2| 0.037287.88 0.0001 **
Type x Curing time 2 | 0.012p28.81 0.0001 **
Shade x Curing time 4| 0.00421.15 0.0001 **
Type x Shade x Curing time4 | 0.0043| 8.13 0.0001 **
Error 72 | 0.0004

Total 89

DF = degree of freedom , ** = highly significaim<0.001) ,F=F calculated ,
P = probability value, MS = mean square

Table (5): Duncan Multiple Range Test for the two @mposite Materials.

Composite Typ --

SwissTEC
Composan 4 2 57 O 283 B

N = number of samples3d = Standard Deviation ,
Groups with same Duncan grouping letters are wmotifscantly different

Table (6): Duncan Multiple Range Test for the ThreeShades Used.

_Shade N_| Mean (mm)| Std__| Duncan grouping

Al 30| 2.72 0.275 A
A2 30| 2.66 0271 B
A3 30| 2.61 0.305 C

N = number of samples Sd = Standard Deviation
Groups with same Duncan grouping letters are mgoifscantly different

Table (7): Duncan Multiple Range Test for the ThreeCuring Times.

_Curing Time| N_| Mean (mm)| Std_| Duncan grouping

20s 30[ 2.32 0.123 C
40s 30] 2.72 0.092 B
60s 30| 2.96 0.120 A

N = number of samples Sd = Standard Deviation
Groups with same Duncan grouping letters are wotifstantly different
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Table (8): Duncan Multiple Range Test for Compositélype
and Shade Interaction.

Type - Shade | N| Mean (mm)Std | Duncan grouping

SwissTEC - Al| 15| 2.77 0.274 A
SwissTEC - A2/ 15| 2.75 0.259 B
SwissTEC - A3| 15| 2.73 0.266 C
Composan -Al1 15| 2.76 0.274 D
Composan - A2 15| 2.58 0.264 E
Composan - A3 15| 2.48 0.298 F

N = number of samples  Std = Standard Deviation
Groups with same Duncan grouping letters are mpifscantly different

Table (9): Duncan Multiple Range Test for Compositélype and
curing Time Interaction.

Type — Curing Time N_| Mean (mm) Std__| Duncan grouping

SwissTEC - 20s 152.42 0.036 E
SwissTEC - 40s 152.78 0.021 C
SwissTEC - 60s 153.05 0.036 A
Composan - 20s 152.23 0.088 F
Composan - 40s 152.66 0.092 D
Composan - 60s 152.86 0.069 B

N = number of samples  Std = Standard Deviation
Groups with same Duncan grouping letters are mpifscantly different

Table (10): Duncan Multiple Range Test for the Shael and Curing
Time Interaction.

Shade — Curing TimeN_| Mean (mm)| Std__| Duncan grouping

Al - 20s 10 2.38 0.074 F
Al —40s 10 2.77 0.031 C
Al - 60s 10 3.02 0.076 A
A2 — 20s 10 2.33 0.108 G
A2 — 40s 10 2.74 0.054 D
A2 — 60s 10 2.93 0.113 B
A3 - 20s 10 2.25 0.152 H
A3 —40s 10 2.65 0125 E
A3 — 60s 10 2.93 0.114 B

N = number of samples  Std = Standard Deviation
Groups with same Duncan grouping letters are mpifscantly different
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Table (11): Duncan Multiple Range Test for Composé Type, Shade
and Curing Time Interaction.

Type - Shade — Curing TimeN | Mean (mm)| Std__| Duncan grouping

SwissTEC - Al - 20s 3 244 0.042
SwissTEC - Al - 40s 8 279 0.02E F
SwissTEC — Al — 60s 5 3.09 0.02A
SwissTEC — A2 - 20s 9 243 0.083
SwissTEC — A2 - 40s 5 279 0.02E F
SwissTEC — A2 — 60s 5 3.03 0.018
SwissTEC — A3 - 20s 5 240 0.01&
SwissTEC — A3 - 40s 9 2.77 0.016&
SwissTEC — A3 — 60s 5 3.02 0.02B
Composan - Al - 20s 5 2.32 0.01b
Composan - Al - 40s 5 274 0.00&
Composan — Al — 60s b 2.95 0.028
Composan — A2 - 20s b 2.23 0.01B1
Composan — A2 - 40s 5 2.69 0.00RA
Composan — A2 — 60s b 2.82 0.01B
Composan — A3 - 20s 5 211 0.00K
Composan — A3 - 40s b 2.53 0.01b
Composan — A3 — 60s b 2.81 0.012 D

N = number of samples  Std = Standard Deviation
Groups with same Duncan grouping letters are mpifscantly different

Fig (14): A Histogram Representing the Mean DOC foEach
Tested Group.
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Columns with same color are not significantly difet.
Fig (15): A Histogram showing the effects of compds type and
Shade Interaction on DOC.

SwissTEC

DOC mm

Composan
2.2

Al A2 A3
Shade

Columns with same color are not significantly difet.

Fig (16): A Histogram Showing the Effects of Compote Type and
Curing Time Interaction on DOC.

4_
£ 3'/
€ 5] I
8 SwissTEC
o 1

Composan
0_
20s 40s 60s
Curing time

Columns with same color are not significantly difet.

Fig (17): A Histogram Showing the Effects of Shadand Curing Time
Interaction on DOC.
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DOC mm

Shade

20s 40s 60s

Curing time

Columns with same color are not significantly difet.
Discussion :

Regarding the results of the presenidystall samples for each material with 3
shades at curing time 20,40,60 seconds were pagsbimgrequirements of 1SO
2000/4049, as all records of DOC are more thamrlvbrequested ; which is in fact half
of the actual length measured by the micrometes ithiexplained according to Fan
2009(The ISO test method for depth of cure is rapoff the uncured material at the
bottom of the cylinder of the composite, measueerémaining length as divided by 2.
This is because the composite hardness of the rbottothe remaining material is
almost 0 and would not be adequately cured foiaadinpurposes. Researches showed
that at 50% of length, the hardness is about 80%e hardness of the top of the
sample. A bottom: top hardness ratio of 0.8:1.0cassidered adequate cure by most
researcher§)".

A stainless steel tube-like mold have rbaesed for samples preparation,
substituting section of 5 to 10 mm that cut frontlaar straw advocated by other
author€?to perform the same task. This substitution havenkdone in an attempt to
secure more consistent and more reliable residis, and easy handled stainless steel
mold rather than sections made of clear straw.*

Absorption of light with an appropriate wavelémginitiates a free radical
polymerization process of the methacrylate groupsvisible light cured composite
resins resulting in the formation of a cross-linkedymeric matrif¢>2%

The intensity of light (strictly, the idence), at a given depth and for a given
irradiation period, is a critical factor in detemmg the extent of reaction of monomer
into polymer, typically referred to as "degree oheersion®?®) A certain degree of
conversion (DC) in resin-based materials must leesed for the material to develop
adequate physical and mechanical properties so agthistand masticatory forces and
also attain adequate biocompatibffify?® color stability*® ,and as such would be
expected to be associated with the clinical sucoktd®e restoration.

It is therefore important to achiestdficient irradiance at the bottom surface of
each of the incremental layers used in buildinghgprestoration. The concept of the point
of sufficiency in this respect is called “depticofe” (DOC).

However , the degree of conversion ofrtftomers in visible light curing dental
composite resins is restricted and ranges from 85%5%, with the remaining unreacted
methacrylate groups being either in the form ofdeei methacrylate groups or as residual
monomer§%3Y
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One of the problems associated with the use etdplacement , visible light cured, filled
resin dental restorative materials is the decreasering-light intensity with depth in the
material. As useable curing wavelengths are atiethirathe resin, less camphorguinone will be
activate.

Many factors influence the degree and adequatyeopolymerization process, such
as the type and relative amount of monomers, &ltet initiator/catalyst as well as the shade
and translucency of the material, its temperatumng polymerization, the wavelength
and intensity of the incident light, and the iragidh im&==°)

* To evaluate the effective depth of cure of a specific light-curing unit, cut a small section of 5 to 10 mm from a clear
straw and place it on a glass dide. Pack the section with composite. Apply the light directly to the top surface for 20
to 40 seconds according to the recommended technique. Cut off the straw, and scrape uncured composite from the
bottom of the specimen with a sharp knife. Measure the length of the apparently cured specimen and dividein half to
estimate the effective depth of cure.

It is therefore important to achieve sight irradiance at the bottom surface of each
of the incremental layers used in building up testaration. The concept of the point of
sufficiency in this respect is called “depth ofe2((DOC).

However , the degree of conversion ofrttomers in visible light curing dental
composite resins is restricted and ranges from &85%%%, with the remaining unreacted
methacrylate ?roups being either in the form ofdeeh methacrylate groups or as residual
monomer§%3Y

One of the problems associated withue of direct placement , visible light cured,
filled resin dental restorative materials is therdase in curing-light intensity with depth in

the
the material. As useable curing wavelengths aauated in the resin, less camphorquinone will
be activatef.

Many factors influence the degree and adequittyegolymerization process, such
as the type and relative amount of monomers, &ltet initiator/catalyst as well as the shade
and translucency of the material, its temperatumng polymerization, the wavelength
and intensity of the incident light, and the iragidh imé&==°)

Halogen lamp found in most LCUs have an effectfedime of approximately 50 hours.
The degradation of light out-put over time resaltéduction of the curing effectivené9s
The lower effective limit of irradiance for haloge@Us in dental practice is 300 mwi/EiP,

According to ISO standard (ISO TS 10650/ 1999)atteeptable range of light intensity
for halogen LCUs in the range of 400-515 nm wawgilemegion is 300-1000 mw/émn
Halogen LCU used in the current study perfectlyamed these requirements as it was a new
unused unit and operated for the first time forghose of performing this study, and tested
by a radiometer which reveals a light intensity48f mw/cni) and wave length of (505 nm).
Absorption and scatter within the material are thgjor factors associated with light
attenuatiort*?, other than reflection from the restoration stef&® for this is dependent
on the formulation of the material, particularlg filler size, type and contétt*®

The location of the light tip in relation to reatl to be cured is also a factor that
can affect the polymerization or DOhat is to say, the direction and distance between
tip of light cure system and the mass to be ca@that all samples were cured in such a way
that the light cure tip is perpendicular and exactler the transparent strip on the top of
stainless steel model as a standardization measure.

Composition of composite has been shown to affextdepth of cure, since smaller
filler particles scatter the light more than laffjer particles because those particle sizes are
similar to the wavelengths emitted from compositeing lightd®”. Light attempting to
penetrate small particle composites, therefore,ahasore difficult task to penetrate the
deeper regions of the material and greater irr@admror exposure times are required to
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cure the composite adequately. The ratio of fildative to resin is also important, the
higher the proportion of filler, the more difficuit is for the light to penetrate the
composit&. All of the microfills and many of the hybrid cowgites used today have
filler particles that fall into that size rangesigihmay contribute with light scattering.
Therefore, we would expect less depth of cure whese types of composites are used.
However, the relative contribution of filler size the other factors, such as duration of
exposure and thickness of an overlying materialeiy smalff®.

Although both materials that used in this stuag hybrid type, but however
SwissTEC showed a significantly higher DOC valumgared with Composan. This may be
due to that SwissTEC made by the same of the uHedem LCU manufacturer (Coltene
Co.). So that photoinitiators present within Swis€Tmay respond more conveniently than
Composan to the light irradiated from this curiegide.

Maximum filler size for Composan is 2 pm whictayrscatter the light to a more
extent than those relatively larger particles ®fvisSTEC (maximum filler size is 2.8 um).
Although the percentage by weight of total inorgdiliers within Composan (76.5 %) is
lower than that of SwissTEC (78 %), but the peagsby volume of total inorganic fillers of
Composan (60 %) is more than that of SwissTEC (598h materials appear to be
comparable regarding filler content and no sigaiftcdifference (about 1%) found between
them. However the volume or filler size rather thegight may play the effective role in
attenuating the light intensity passing through posite resin. So that further studies may pay
an attention to these points as its out of scopieistudy.

Many studies demonstrated that the "light shakssn-based composites cure to a
greater depth than "darker shafég%4®)

A study by Koupisa et al, 2004 investigated s#vesin-based composites, A2 shade
resulted in significantly greater DOC values coregap darker A4 shadéll Darker shades
would normally be associated with shallower degdtltuwe, since the pigments in darker
shades absorb more light and thereby reduce irpéan into the resin mateffar*®

The results of this study are in coincidence \hisse findings as Al shade for both
composite types showed significantly greater DOIGevdollowed by darker A2 shade, while
the least value was for A3 shade which is the dagkmong the 3 shades used.

Physical properties and degree of conversion jparantly improved by increasing
curing time (to a certain limif}**°

Halogen ECU recommended curing time generally frarp 20-60 seconds for 2 mm
increment of composife” at a minimum irradiance of 280 mw/éth

The mean DOC value for all tested groups pass ssfotlg these recommendations as
all groups demonstrated mean DOC values more timam2But however, for all shades and
both composite types, groups that were cured fase@Onds gave significantly higher DOC
values than groups that cured for 40 seconds, \#bilseconds curing time gave the least
DOC values. On the other hand, (Al shade-60 secouuisg time) revealed significantly
higher value among all shade-curing time interaatjeups. The other groups arranged in a
descending manner with increasing the shade darlamed decreasing curing time. (A3
shade-20 seconds curing time) showed the lowesie vdA3 shade-60 seconds) were
significantly higher than lighter color A2 cured #0 seconds, these indicating that darker
shades can perform as well as lighter shadesiifgctime is prolonged to certain limits, when
esthetics is not critical, the lightest shade camused as lighter shade so can be cured for
shorter curing time and have better DOC V2@

Conclusons. The most important findings in the present stuey ar

1. All the samples regardless the type of compesihade and curing intervals were passing
the requirement of 1SO.
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2. Darker shades had less DOC than lighter othet#ncreasing the curing time can improve
DOC of darker shades.
3. Among the methods that can be used bigtdetite method in this study can be used as one
of the simplest methods for checking the efficyeof halogen LCUs in dental clinics.
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