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Abstract

Fifteen human premolar teeth freshly extracted were used. Standardized class V
was prepared on the buccal and palatal surfaces of each tooth, the teeth randomly
divided into three groups according to the curing mode of composite resin: group |
cured with quart-tungsten halogen, group Il cured with Soft Start While group I11
cured with Plasma Arc. The increase in temperature internaly (inside the pulp
chamber) and externally (at the outer surfaces of the tooth) for each sample of the
three groups was measured by using two K type thermocouple connected with
electrica thermometer. Results. revealed a very high significant differences (P=
0.0001) among the three groups . Conclusion: Plasma Arc light curing unit showed
significantly the highest increase in temperature, while the Soft Start gave lower value
and Quartz Tungsten Halogen unit with lowest temperature rise internaly and
externaly.

I ntroduction

The increased use of bonded produce heat during operation. The
composite resins in dentistry has emitted radiation at the light curing tip
stimulated the development of is mainly visible light and infrared
advanced technology designed to energy; certain curing lights can impart
improve the resin polymerization asignificant thermal rise”.
process’. This is clear with the A temperature rise during curing of
research  into  dental material light activated restoratives relates to
photocuring which has corroborated the exothermic reaction of the material
the effectiveness of the curing unitsin during polymerization as well as to the
polymerization®. heat output from the dental light curing

Nevertheless It is quite clear that unit>®. Temperature rise induced by
various dental procedures produce curing units may
temperature increases of pulp and permanently damage the pulpal
supporting tissue from both in vitro tissues’. Zach and Cohen5 used a
and in vivo studies; whereas, the Macaca Rhesus monkey model to
amount of heat produced varies from conclude a temperature rise of 5.5°C
case to case’. Its documented that within the pulp chamber could lead to
Light curing units wused for irreversible pulp damage®. In another
polymerizing restorative resins experiment 15% of the pulps of ‘small
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teeth’ became necrotic following such
a temperature rise, while 60% of the
pulps

faled to recover from an
intrapulpal temperature rise of 11°C.
Hussey et a. have reported the dental
pulp may be endangered by the
temperature rise that occurs during
light curing®. Until recently, light
emitted from a conventional quart-
tungsten halogen light bulb (QTH) was
used to cure composite resins and
bonding agents. QTHs generate light
when electrical energy heats a small
tungsten filament to extremely high
temperatures. This type of light source
is usually operated at light intensities
between 400 and 800 mw/cm® and
polymerizes resin composite filling

material to a depth of 2 mm within
40 seconds™®*. Most of the energy put
into the halogen system is changed into
heat but a small portion is emitted as
light. Selective filters control the
emission of as light'?. Selective filters
control the emission of other
wavelengths so only blue light is
emitted™**. Wavelengths of 400-500
nm (blue light) emitted from these
curing units activate
camphorquinoneamine photoinitiation
systems contained in most current
composite  resins.  When these
photoinitiator molecules are activated,
they create free radicals that initiate the
polymerization process™". Another
companies have marketed different
halogen light curing units®® which
were designed to automatically start
irradiation with low power followed by
high power to reduce the initia
contraction stress of the light cureresin
composites , often called Soft Start
polymerization lights'” . While other
developments have lead to reduce
clinical chair time required for curing,
aternate light sources such as Plasma
Arc (PAC) lights with intensities in
excess of 2000 mw/cm? have been
developed™. The PAC lamp has been

introduced in restorative dentistry in
order to reduce the needed time to cure
composite resin filling materials'®™.
Curing lights emit continuous
frequency bands which are much
narrower than those emitted by QTH
lights. In general, the spectrd
radiometric output is limited to the
range between 440 and 490 nm and is
suitable for activating the
camphorquinone, photoinitiator
(maximum absorption at 468 nm)
found in most light-cured adhesives.
Since PAC lights emit at higher
intensities, they are supposed to reduce
curing times®4.,

Since most dentists are familiar
with the conventional visible light
curing technique, comparing the
effectiveness of the different light
curing systems, would provide dentists
with much clinical information. So the
am of the present study is to evaluate
the influence of three light curing
systems. Plasma Arc, Soft Start and
conventional Quart-Tungsten Halogen
light curing units on heat generation
within the pulp chamber and at the
outer surfaces of the tooth .

Materials and methods

Fifteen human sound upper second
premolar teeth freshly extracted for
orthodontic purpose were collected and
stored in distilled water. the teeth were
scaled, polished and checked for cracks
by a magnifying eye lens (x 10). on the
buccal and palatal surfaces of each
tooth class V was prepared cervicaly.
The dimensions were standardized
with mesiodistal width and
occlusogingival height of (3mm and
2mm) respectively and depth was 2mm
by using tungesten carbide bur no.330
(Komet, Germany) in high speed
handpiece (W & H, Dentawerk,
Austria) with proper water cooling. To
create access to the pulp chamber,
2mm of the apices of the roots were
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removed with a carbide bur and the
access through the apex was confirmed
by pre-opening the canal with a root
cana reamers of size 20-40 (Dentsply,
Switzerland ), Fig. (1), root cana and
pulp chamber were excavated. the teeth
were randomly divided into three
groups, each of five teeth, according
to the cure mode. Fig.(2), each cavity
was filled with Hericulite (micro-
hybrid resin composite), of A2 shade
according to its  manufacturer
instruction and cured according to
grouping:- group | cured with Astralis
5 (QTH, conventional)(Ivoclar
vivadent, Liechtenstein) curing unit
(450mw/cm*or 40 second), group I
cured with Degulux Soft Start curing
unit  (Degussa-HUISAG, Germany)
(650mw/cm?for 10 + 30 second) while
group |11 cured with Plasma arc (Flipo,
Lokki, France) (1200mw/cm?for 12
second). Temperature Measurement:-a
manikin was used as a base for each
tooth. The teeth were placed into a
water bath 37 °C, leaving the crown
and restorations exposed to ambient
air, temperature was measured before
and after light curing of the composite
resn by using two K type
thermocouple (Japan) Fig.(3) , one was
inserted into the pulp chamber through
the apex of the root, a second
thermocouple was attached on the
outer surface of the tooth adjacent to
the composite restoration. The other
end of each thermocouple was
connected with electrical thermometer
(RKC, PRECISION,K-Type Range O-
1200 °C, Japan) which record the
temperature after the tooth temperature
stabilized. Initial temperatures were
recorded a the two thermocouple
locations. Another readings were
recorded immediately after curing. The
difference between final and initial
temperature was recorded, which was
considered as the increase in
temperature, for all teeth of the three
groups.

Results

The mean of the increase in
temperature internally (inside the pulp
chamber) and externally (at the outer
surfaces of the tooth) for each sample
of the three groups is shown in table
(1), in which the highest mean of
increasing temperature were recorded
externally and internally with group 11
(38.87 °C, 8.47 °C), while the mean of
increasing temperature externally and
internaly with group Il (18.8 °C, 4.12
°C) which was near to the mean of
increasing temperature for group |
which was the lowest mean | (17.7 °C,
4.7 °C) respectively. ANOVA revealed
that there was a very high significant
differences (P= 0.0001) among the
three groups internally and externally,
where P < 0.05, within favor of the
conventional group (Quartz Tungsten
Halogen) over Soft Start and Plasma
Arc group, table (2).and the results of
T test between group IIl and group II,
also revealed a very high significant
differences (P= 0.0001) , within favor
of Soft Start over Plasma Arc group.
The comparison between the mean
increase of temperature internally and
externaly for al groups is shown in
figure (4), while figure (5) reveaed
that there is a linear relationship
between temperature measurement
internaly and externally for the three
groups.

Discussion
Light curing units used for
polymerizing restorative resins

produce heat during operation. Heat
will be generated by the absorbed light
as well as by chemical reaction of the
polymerization process’ . Unfiltered
infrared (IR) can result in heat
generation at the target site (pulp)®.
Therefore to reduce the passage of IR
energy from the source to the tooth, a
thin heat absorbing filter is an essential
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component, then further filtered by a
band pass filter’. IR energy is absorbed
by materials and resulting in increased
molecular vibration, the result is the
increased probability of molecular
collision and the generation of heat.
However, increased temperature aso
can arise from application of very
intense visible light energy to a
substrate as with the use of Plasma
Arc unit. The massive numbers of
photons interact with the molecules of
substrate . which must absorb some of
this energy, this absorbed energy result
in increased molecular vibration and
the generation of heat®®. As intensity of
light activation unit and irradiation
time, which are considered as variables
governing heat generation® , and the
maximum pulp chamber temperature
rise during resin-based composite
polymerization show a linear increase
with increasing light intensity®
therefore, newer curing units with
concentrating light guides or different
light sources may require shorter
curing times®. The result in this study
IS in corporation with the previous
literatures mentioned above, and also
with studies were done by Haning and
bott, 1999%° | and Bagis et al, 2008%in
which they found that the higher risein
temperature was recorded with Plasma
Arc .While less rise in temperature was
recorded with Soft Start in which they
documented two-step curing or ramp
curing are recommended for complete
polymerization and less  heat
generation®. this study documented that
the least rise in temperature was
recorded with Quartz Tungsten
Halogen this is might be related to low
light intensity with the presence of
selective filters control the emission of
as light'?. Selective filters control the
emission of other wavelengths so only
blue light is emitted™>** Therefore with
the significant different results of the
present study, temperature increase

during polymerization has to be taken
into account.

Conclusion

Under the circumstances of thisin vitro
study the following conclusions were
drawn:

1-Plasma Arc, Soft Start and Quartz
Tungsten Halogen units caused an
increase in temperature inside the pulp
chamber and at the outer surface of the
tooth during curing of composite resin
restorations.

2 -Plasma Arc light curing unit
showed dignificantly the highest
temperature rise, while the Soft Start
gave lower value and Quartz Tungsten
Haogen unit with lowest temperature
riseinternally and externally.
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Conventional

Cuartz Tungsten Halogen

Soft Start

Plasma Arc

Fig. (1): Sample preparation

Fig.(2}: Light curing systems

Table(4) T test for temperature measurements internally and externally for group 111

& Il
Group N. Mean Std: T DF P
Deviasions

1 10 8.47 1.92
Ink. 6827 | 18 | o000
I 10 4.12 9.62 V.H.S.
Bxt. 1 10 38.87 2.50 0.0001

17.056 18 )

V.H.S.

Il 10 18.8 2.75
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figure(4)Bar chart Peak temperature increase for the three groupsinternally and
externaly

Figure(5)Scatter diagram The relation between external and internal increasein
temperature for al groups
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