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ABSTRCT

Aim: To measure the temperature rise induced by a light emitting diode (LED) curing unit and by
quartz tungsten halogen (QTH) curing unit using two types of composite resin XRV Herculite and
Venus. Materials and Methods: Forty extracted non—carious single canal premolars were cleaned and
bisected longitudinally. Class V preparations were cut on the buccal surfaces. The teeth were divided
into four groups; each of ten. The teeth in the first and second groups were restored with XR—Herculite
composite resin. The teeth in the third and fourth groups were restored with Venus composite resin.
The composite resin in the first and third groups were polymerized using QTH curing unit “Astralis”
for 40 seconds; the light intensity was 502 mW/cm?. The distance between the tip of the light and the
composite was 3 + 1 mm. The composite resin in the second and fourth groups was polymerized using
LEDs “Ultra-Lite 200 E plus” curing unit for 20 seconds; the light intensity was 536 m\W/cm? using
the same distance as the first and third groups. The temperature rise at the pulpal wall was recorded by
placing a thermocouple on the pulpal wall directly under the restoration. Results: The lowest
temperature rise during LED irradiation with Venus composite resin followed by LED irradiation with
XRV Herculite composite resin. Whereas QTH curing units with XRV Herculite composite resin
produced higher values, QTH curing units with Venus composite resin produced the highest
temperature rise. Conclusion: The temperature rise of LED curing units and QTH curing units used in
this study was under the limits that affect the integrity of the dental pulp.
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INTRODUCTION it the development of higher energy lights

The most widely used light sources
for curing resin-based composites (RBC)
are quartz tungsten halogen (QTH) lights.
The radiation emitted by these incandesce-
nt lamps is band—pass filtered to a spectr-
um starting between 380 nm to 400 nm
and ending between 500 to 520 nm.*™
The QTH units emit light intensities up to
400-800 mW/cm?. Despite their populari-
ty, the halogen units present several limita-
tions, such as gradual reduction in energy
output over time (due to bulb and filter de-
generation). Therefore, a limited depth of
cure and relatively long exposure time is
required.* ® In addition, a considerable
amount of heat is generated, requiring the
use of cooling fans. Cooling problems lim-

which might allow the reduction of irradi-
ation times so as to save the clinicians’ ti-
me and at the same time preventing pulp
damage due to heat generation.® "

Light emitting diodes (LEDs) feature
very narrow spectral ranges and are theref-
ore highly efficient light sources. Their sp-
ectral irradiance depends on the chemical
composition of semiconductors used. Red
LEDs have been widely used for quite so-
me time, but blue LEDs providing suffici-
ent irradiance for activating RBC have be-
come available only recently.®* The high
efficiency of LEDs eliminates the need for
cooling fans. The narrow bandwidth of
emitted radiation should be optimally suit-
ed for activating camphorquinone (CQ)
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the light sensitive material in RBC, but the
alternative photo-initiators absorbing at
shorter wavelengths will most likely not
be sufficiently activated. Heating of the ir-
radiated objects by LEDSs unit is expected
to be minimal.®*?

Because of the risk of thermal dama-
ge to the pulp, the temperature rise in rest-
orations of light cured resin composites
has been the subject of numerous studi-
es.®*1® The heat generation in a restorati-
on of composite resin is caused partly by
the conversion of double bonds in the res-
in,"¥ and partly by the heat produced by
the radiation.“>?? In QTH curing units,
the heat generated by radiation is reduced
by the use of heat absorbing filters. These
filters are intended to remove the major
part of the radiation outside the bulb ran-
ge, in particular the radiation in the red
and infrared ranges.®

The LED curing units are characteriz-
ed by a relatively narrow emission spectr-
um, with wavelengths centered at the abs-
orption maximum of CQ at 470 nm.® Th-
us, very little radiation of longer wavelen-
gths is present in the emitting light. This
fact has been offered as an explanation for
the finding that LED curing units in previ-
ous investigations have resulted in less he-
at generation than QTH curing units.®"*®
The resulting smaller temperature rise of
light cured composite resin has been put
forward as one of the clinical advantages
of LED curing units.

The aim of this study was to measure
the temperature rise induced by a LED cu-
ring unit and by QTH curing unit using
two types of composite resin.

Figure (1): Quartz tungsten halogen
curing unit “Astralis”, tooth sample and
the Digital Multimeter

MATERIALS AND METHODS

Forty extracted non—carious single ca-
nal premolars were cleaned and bisected
longitudinally. Class V preparations were
cut on the buccal surfaces. The preparatio-
ns were round in shape; the radius of 4 +
0.2 mm. Depth of the preparation was var-
ied to provide each tooth with remaining
dentin thickness of 2 + 0.1 mm. The rema-
ining dentin thickness was measured direc-
tly under the preparation with micrometer.

The teeth were divided into four grou-
ps of ten each. The teeth in the first and se-
cond groups were restored with XRV Her-
culite shade A2 (Kerr 1717, West Collins
Orange, CA92867, USA) composite resin.
The teeth in the third and fourth groups
were restored with Venus shade A2 (Kerr
1717, West Collins Orange, CA92867,
USA) composite resin.

The composite resin in the first and
third groups were polymerized using QTH
curing unit Astralis (Vivadent, Schann, Li-
echtenstein) (Figure 1) for 40 seconds. The
light intensity was 502 mW/cm?. The light
intensity was measured with curing radio-
meter Cromatest 7041 (Mega—Physikd—
76437-Rastatt—Germany). The distance
between the tip of the light and the compo-
site was 3 + 1 mm.

The composite resin in the second and
fourth groups was polymerized using LED
curing unit (Ultra—Lite 200E Plus, Taiw-
an) (Figure 2) for 20 seconds. The light in-
tensity was 536 mW/cm® The light
intensity was measured with the same dev-
ice. The distance between the tip of the li-
ght and the composite was 3 + 1 mm.

Figure (2): Light emitting diode “ Ultra—
Lite“ curing unit, tooth sample and the
Digital Multimeter
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The temperature rise at the pulpal wa-
Il was recorded by placing thermocouple
on the pulpal wall directly under the resto-
ration. Digital Multimeter (DT-830C, Chi-
na) was used to measure the temperature
rise. Room temperature was selected as the
baseline temperature.

Statistical analysis of data included:
Descriptive statistics, one way analysis of
variance (ANOVA) and Duncan’s Multip-
le Range Test at 5% level of significance.

RESULTS
The minimum, maximum, mean and
standard deviations of temperature rise for

each light cure unit with each composite
resin were shown in Table (1). The ANO-
VA for the tested groups (Table 2) showed
significant differences between the tested
groups. Duncan’s Multiple Range Test for
the tested groups showed the lowest temp-
erature rise during LED irradiation with
Venus composite resin followed by LED
irradiation with XRV Herculite composite
resin; whereas QTH curing units with
XRV Herculite composite resin produced
higher values. While QTH curing units wi-
th Venus composite resin produced the hi-
ghest temperature rise.

Table (1): Descriptive statistics of temperature rise for the all groups

No. Mean +SD Minimum  Maximum
LEDs-XRV-Herculite 10 1.40 0.51640 1.00 2.00
QTH-XRV-Herculite 10 5.80 0.63246 5.00 7.00
LEDs-Venus 10 1.30 0.48305 1.00 2.00
QTH-Venus 10 6.70 0.94868 5.00 8.00

SD: Standard deviation, LED: Light emitting diode, QTH: Quartz tungsten Halogen.

Table (2): Analysis of variance and Duncan’s Multiple Range Test
for the tested groups

Sum of Mean
df F-value p—value
Squares Square
Between Groups 3 244.200 81.400 *
Within Groups 36  16.00 0450 00889 0.000
Total 39 260.400
df: Degree of freedom
* Significant difference existed at p < 0.05.
Groups No. Mean +SD Dunca}n’s
- Grouping*
LEDs-Venus 10 1.30 0.48305 A
LEDs—-XRV-Herculite 10 1.40 0.51640 A
QTH-XRV-Herculite 10 5.80 0.63246 B
QTH-Venus 10 6.70 0.94868 C

SD: Standard deviation

*Means with different letters were statistically significant (p < 0.05).

Table (3) showed ANOVA for LED
curing units for the two composite resins.
There was no statistical difference in tem-
perature rise for both composite resins wh-
en LED curing units were used.

Table (4) showed ANOVA for tempe-
rature rise between the two composite resi-
ns when QTH curing unit was used. There
was a statistical difference in temperature
rise for both composite resins. The QTH

curing unit with XRV Herculite composite
resin showed less temperature rise than
QTH curing unit with Venus composite re-
sin.

Regardless of resin composite type, it
was shown that there was a statistical diff-
erence in temperature rise between LED
and QTH lights (Table 5). The LED curing
unit produced less temperature rise when
compared to QTH curing units.
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Table (3): Analysis of variance for light emitting diode curing units
for the two types of composite resin

Sum of Mean
df F-value p-value
Squares Square
Between Groups 1 0.050 0.050
Within Groups 18  4.500 0.250 0.200 0.660
Total 19 4.550

df: Degree of freedom
* No significant difference existed at p > 0.05.

Table (4): Analysis of variance for quartz tungsten halogen curing units
for the two types of composite resin

Sum of Mean
df F-value p-value
Squares Square
Between Groups 1 4.050 4.050 N
Within Groups 18 11.700 0650 0231 0022
Total 19  15.750

df: Degree of freedom
* Significant difference existed at p < 0.05.

Table (5): Analysis of variance for light emitting diode curing unit
and quartz tungsten halogen curing unit for the two types of composite

Sum of Mean
df F-value p-value
Squares Square
Between Groups 1  240.100 240.100

*
Within Groups 38 20.300 0534 449448 0.000

Total 39  260.400

df: Degree of freedom
* Significant difference existed at p < 0.05.

DISCUSSION

It is commonly believed that tempera-
ture rise associated with certain dental pro-
ducers have a serious effect on vitality of
the dental pulp. Pulp temperature increases
of 5.5 and 11.1 °C in Macaca Rhesus mon-
keys caused 15% and 60% irreversible pu-
Ipitis, respectively.® In the genesis of the-
rmal damage, the extent of damage depen-
ds on the quality of heat transferred to the
biological tissue. The transmission of heat
is influenced by factors such as thermal
conductiveness of the target, duration of
the thermal impulse, contact surface, tem-
perature and thermal capacity of the sour-
ce.®®

In the present study, the lowest temp-
erature rise was found with LED curing
unit used to cure Venus composite resin
(1.3 +0.48°C), then LED curing unit with
XRV-Herculite composite resin (1.4 +
0.51 °C). Wang and Spencer®” showed hi-
gher temperature rise (8.9 °C) for LED cu-

ring units.

In the present study, the temperature
rise in QTH curing unit with XRV-Hercu-
lite composite resin was 5.8 + 0.63 °C, wh-
ile QTH curing unit with Venus composite
resin showed the highest temperature rise
(6.7 +0.94 °C). Sano et al.®® showed sim-
ilar temperature rise (7.1 °C) to this study
for QTH, and also there are other studies
that recorded higher temperature rise.®
This may be due to experimental setup
which tends to overestimate the thermal
loading during polymerization, favoring
larger temperature rise in the composite
resin.

The temperature values measured in
this study can not be directly applied to te-
mperature changes in vivo. The reason is
that the experimental setup of this study
did not consider heat conduction within
the tooth during in situ composite resin po-
lymerization due to the effect of blood cir-
culation in the pulp chamber® and fluid
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motion in the dentinal tubules. Temperatu-
re exceeding 43 °C causes stimulation of
afferent nerve fibers in connection with a
reactive increase of blood circulation whi-
ch dissipates the heat advancing toward
the pulp chamber. In addition, the surroun-
ding periodontal tissues could promote he-
at connection in vivo, limiting the intrapul-
pal temperature rise.

Clinicians should be aware of potenti-
al thermal hazard to the pulp which might
result from visible light curing of compos-
ite resins in deep cavities. A simple, but
effective way to protect the pulp is to app-
ly a cement base or lining material to the
cavity floor.®Y A 2-mm thick insulation
layer of glass ionomer significantly reduc-
es the intrapulpal temperature increase du-
ring composite resin polymerization.®?
However, placement of a cement base di-
minishes the dentinal surface area availab-
le for composite—to—dentin bonding, and
therefore should be limited to deep caviti-
es.

CONCLUSION

The LED curing units produced less
temperature rise than QTH curing units
when both types of composite resins were
used. The temperature rise of LED curing
units and QTH curing units used in this st-
udy was under the limits that affect the int-
egrity of the dental pulp.

REFERENCES

1. Monseley H, Strang R, Stephen KW.
An assessment of visible light polymer-
ization sources. J Oral Rehabil. 1986;
13: 215-224.

2. Satrom KD, Morris MA, Crigger LP.
Potential retinal hazards of visible light
photopolymerization units. J Dent Res.
1978; 57: 731-736.

3. Lee SY, Chiu CH, Boghosian A, Geen-
er EH. Radiometric and spectroradiom-
etric comparison of power outputs of
five visible light curing units. J Dent.
1993; 21: 373-377.

4. Cook WD. Spectral distributions of de-
ntal photopolymerization sources. J
Dent Res. 1982; 61: 1436-1438.

5. Nomoto R, Uchida K, Hiraswa T. Effe-
ct of light intensity on polymerization
of light cured composite resin. Dent
Mater. 1994; 10: 198-205.

6. Lovell LG, Lu H, Elliott JE, Stanabury
JW, Bowman CN. The effect of cure
rate on the mechanical properties of de-
ntal resins. Dent Mater. 2001; 17: 504-
511.

7. Bouschlicher MR, Rueggeberg FA, Bo-
yer DB. Effect of ramped light intensity
on polymerization force and conversion
in a photoactivated composite. J Esthet
Dent. 2000; 12: 328-339.

8. Uno S, Asmussen E. Marginal adaptati-
on of a restorative resin polymerized at
reduced rate. Scand J Dent Res. 1991;
99: 440-444.

9. Felzer AJ, Dooren LH, de Gee AJ, Da-
vidson CL. Influence of light intensity
on polymerization shrinkage and integ-
rity of restoration cavity interface. Eur
J Oral Sci. 1995; 103: 322-326.

10. Davidson—-Kaban SS, Davidson CL,
Felzer AJ, de Gee AJ, Erdilek N. The
effect of curing light variations on bulk
curing and wall-to—wall quality of two
types and various shades of resin com-
posite. Dent Mater. 1997; 13: 34-352.

11. Unterbrink GL, Muessner R. Influence
of light intensity on two restorative sys-
tems. J Dent. 1995; 23: 183-189.

12. Mehl A, Kickel R, Kunzelmann KH.
Physical properties and gap formation
of light cured composites with and wit-
hout soft start polymerization. J Dent.
1997; 25: 321-330.

13. Hanesen EK, Asmussen E. Correlation
between depth of cure and temperature
rise of light activated resin. Scand J
Dent Res. 1993; 101: 176-179.

14. Shortall AC, Harrington E. Temperatu-
re rise during polymerization of light
activated resin composite. J Oral Reha-
bil. 1998; 25: 908-913.

15. Hannig M, Bott B. In vitro pulp chamb-
er temperatures rise during composite
resin polymerization with various light
curing sources. Dent Mater. 1999; 15:
272-281.

16. Loney RW, Price RB. Temperature tra-
nsmission of high—output light—curing
units through dentin. Oper Dent. 2001,
26: 516-520.

17. Knezevic A, Tarle Z, Meniga A, Sutalo
J, Pichler G, Ristic M. Degree of conv-
ersion and temperature rise during pol-
ymerization of composite resin sample
with blue diodes. J Oral Rehabil. 2001;

24

Al-Rafidain Dent J
Vol. 6, No. 1, 2006



Temperature rise beneath light—cured materials by curing machines

18.

19.

20.

21.

22.

23.

24,

28: 586-591.
Hofmann N, Huco B. Effect of irradiat-
ion type (LED or QTH) on photoactiv-
ated shrinkage strain kinetics temperat-
ure rise and hardness. Eur J Oral Sci.
2002; 110: 471-479.
Antonucci JM, Tooth E. Extent of pol-
ymerization of dental resins by differe-
nt scanning calorimetry. J Dent Res.
1983; 62: 121-125.
Emami N, Soderholm KJ, Berglund
LA. Effect of light power density varia-
tions on bulk curing properties of dent-
al composites. J Dent. 2003; 31: 189-
196.
Kleverlaan CG, de Gee AJ. Curing effi-
ciency and heat generation of various
resin composites cured with high inten-
sity halogen lights. Eur J Oral Sci.
2004; 112: 84-88.
Ozturk B, Ozturk AN, Usumez A, Usu-
mez S, Ozer F. Temperature rise during
sdhesive and resin composite polymeri-
zation with various light curing sourc-
es. Oper Dent. 2004, 29: 325-332.
Yap AU, Soh MS. Thermal emission
by different light curing units. Oper
Dent. 2003; 28: 260-266.
Mills RW, Uih A, Blackwell GB, Jandt
KD. High power light emitting diodes
(LED) arrays versus halogen light poly-
merization of oral biomaterials: Barcol
hardness, compressive strength and ra-

25.

26.

217.

28.

29.

30.

31.

diometric. Biomater. 2002; 23: 1955-
1963.

Zach L, Cohen G. Pulp response to ext-
ernally applied heat. Oral Surg Oral
Med Oral Pathol. 1965; 19: 515-5109.
Baldissara P, Catapano S, Scotti R. Cli-
nical and histological evaluation of the-
rmal injury threshold in human teeth: A
preliminary study. J Oral Rehabil.
1997; 24: 783-791.

Wang Y, Spencer P. Hybridization effi-
ciency of the adhesive/dentin interface
with wet bonding. J Dent Res. 2003;
82:141-145.

Sano H, Takatsu T, Ciucchi B, Horner
JA, Matthews WG, Pashley DH. Nano-
leakage within the hybrid layer. Oper
Dent. 1995; 20: 18-25.

Lioyd CH, Joshi A, Mcglynn E. Temp-
erature rises produced by light sources
and composite during curing. Dent Ma-
ter. 1986; 2: 170-174.

Masutani S, Setco JC, Philips RW. Te-
mperature rise during polymerization
of visible light activated composite res-
ins. Dent Mater. 1988; 4: 174-178.
Kitasako Y, Nakajima M, Pereria PNR,
Okudua M, Soneda H, Otsuki M, Taga-
mi J. Monkey pulpal response and mic-
ro tensile bond strength beneath a one
application resin bonding system in vi-
vo. J Dent. 2000; 28: 193-198.

Al-Rafidain Dent J
Vol. 6, No. 1, 2006

25



	ABSTRCT
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	REFERENCES

