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ABSTRACT

THE POLYMERIZATION RATE AND THE DEGREE OF CONVERSION OF
COMPOSITE RESINS BY DIFFERENT LIGHT SOURCES

Joo-Hee Ryoo?, In-Bog Lee?, Hyun-Mee Yoo?, Mi-Ja Kim?, Chang-In Seok*, Hyuk-Choon Kwon**
'Department of Conservative Dentistry, College of Dentistry, Seoul National University
“Department of Conservative Dentistry, The Institute of Oral Health Science, Samsung Medical Center,
Sungyunkwan University School of Medicine

Objectives: The purpose of this study was to observe the reaction kinetics and the degree of polymeriza-
tion of composite resins when cured by different light sources and to evaluate the effectiveness of the blue
Light Emitting Diode Light Curing Units (LED LCUs) compared with conventional halogen LCUs.

Materials and Methods: First, thermal analysis was performed by a differential scanning calorimeter
(DSC). The LED LCU (Elipar Freelight, 320 nW/ar*) and the conventional halogen LCU (XL3000, 400 W/
ar®) were used in this study for curing three composite resins (SureFil, Z-250 and AEliteFLO). Second, the
degree of conversion was obtained in the composite resins cured according to the above curing mode with a
FTIR. Third, the measurements of depth of cure were carried out in accordance with ISO 4049 standards.
Statistical analysis was performed by two-way ANOVA test at 95% levels of confidence and Duncan’' s pro-
cedure for multiple comparisons.

Results: The heat of cure was not statistically different among the LCUs (p » 0.05). The composites cured
by the LED (Exp) LCUs were statistically more slowly polymerized than by the halogen LCU and the LED
(Std) LCU (p € 0.05). The composite resin groups cured by the LED (Exp) LCUs had significantly greater
degree of conversion value than by the halogen LCU and the LED (Std) LCU (p = 0.0002). The composite
resin groups cured by the LED (Std) LCUs showed significantly greater depth of cure value than by the
halogen LCU and the LED (Exp) LCU (p € 0.05). (J Kor Acad Cons Dent 29(4): 386-398, 2004)

Key words : LED light curing units, DSC, Heat of cure, Maximum rate of heat output, Peak heat flow
time, Degree of conversion, Depth of cure
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Table 1. Curing lights used in this study

Ae M G9A S5 E Uepfn, o2t o]
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&2 FF 2AP7E L Qe B2 EAE S
= 7 e WAl BLe=A LED 5% APl #gt
F7F olFAA 3 glon, FYhe TR e FHE
ol #et AF7E FE o] Fo] it AW gy
= ol &3, BINAATL S = GG EHA L
< WESe LED 3358 27 g7l 58 &
| ow gt Jake x| =tol] A3 A o} 7R nlH] g
ok, ool AA= Alds 2 90 LED #3538 24V

Al
=
% g2 P3G 2AVIE 42} BE A Y B3

0] Agstel, FU FRe| W2 2t Ae FHAS
& AAFALAPEE o &3lel 1Bt FET 24P
AR e 2E vaagon U 2N
FIIR 894 29712 338 3330 33939 o
A2 n#sn #9201 233 vk thae] A4S A%
o Bt vpolc.

I. & xH2 o

2 Ao e AIREI e 239 25 ZAVIE A
L35ttt g2 B3 FAP|EE XL3000 (3M, St.
Paul, U.S.A)<, LEDY #33% ZAI2% Elipar
Freelight (3M ESPE St. Paul, U.S.A)& AHEslaL
Elipar Freelight 223 2AP19] 7% 4023+ 4% 0}
A g A71E fA8k= Standard Modet A& 1

22t 3] 717} 0l M FEH AA 8] Skl Hel ] /‘1]71
o TgstaA 28%7t 1 AI71E A8k Exponential
Moded] 27} W& 7F o2 YFlem, Table 10|
WA o] 9lth. Elipar Freelight 333 24719
Exponential Mode= A1 2¢l|4 253 vl3lE soft-start
techniquedl] &3 FZAF WH S oJn|3it}, Ao ALg-3
B3 A x99 Surelil (Dentsply, Milford,

LCU Type -Curing Uity proflles Batch No. Manufacturer
time (sec) (mW/cm?)
XL 3000 Halogen 40 400 SN700293 3M, St.Paul.,
U.S.A.

Elipar Freelight LED 40 320 93980004708 3M, ESPE,

(Standard Mode) St.Paul.,U.S.A.

Elipar Freelight LED 40 0-320 (12sec) 93980004708 3M, ESPE,
(Exponential Mode) — 320 (28sec) St.Paul.,U.S.A.
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Table 2. Composite resins used in this study

il ZF0 12 SN SEAS 2 FHEN B 017

Resin Shade Type .Filler Biller contient _P.h?to_ Manufacturer
size (um) (wt%) initiator
SureFil Hybrid 0.01-3.8 89% Camphoro Dentsply Milford,
(645211) (0.8 ave.) -quinone U.S.A.
7-250 Hybrid 0.01-3.5 77-87% Camlphoro 3M,ESPE, St.Paul.,
(247865) (0.6 ave.) -quinone U.S.A.
AEliteFLO Micro- ] Camphoro Bisco INC,
(0200007843) A2 hybrid 0.7-0.8 56% ~quinone Schauhamburg,
U.S.A.
U.S.A)F A2 Az9] 7-250 (3M ESPE, St. Paul,
U.S.A) 2 A2 Azx9 AEliteFLO (Bisco INC, light guide
Schauhamburg, U.S.A)ZA A& BAZ M=, filler acrylic
grgoluh 271 9 AZARE Table 29 2o}, 2+ J*Zfﬂ = A
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radiometer Model 100, Demetron Research Corp.,
U.S.A)E o] &3l 243519
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try, DSC)2 0|83t EAstr SEH= o
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Al&# (alumninum sample pan)°1 o FAE A &
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13} o] T olad 2 AAE 1PUHE o] &at] 2
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Figure 1. DSC cell section and acrylic stand to fix light
guide.

4 (heat of cure, ~AH), Ht TEE (maximum rate
of heat output) 2 Htl EE A2t (peak time)< T3t
% o] 5 gro 2 RE P B YRl FRe BE %Q#E
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o)
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o] sl FHE AYHE T3] fek 1A FA| ol KA
2. FTIR ¥%7] (Fourier Transform Infrared
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; Tip of light curing unit
; Mylar strip

; Slide glass

: Composite resin

; Stainless steel mold

Figure 2. Stainless steel mold cross-section.
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A e 2ol S Byl (p € 0.0001).
?z;?%é% oF A3 #do] e HU TEE (Table 4,
4)%, FEH719 TRl meh ol g 2ol 7k AU
i (p 0286), #x1e] FHel WA E ol g 2lo] &
Btk (p < 0.0001). YsH 2= Duncan procedures
AL-g-3tod 7472??5} A3, FFH719 75, XL30009 FHtH
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1L, Freelight (Exp)< ¢ 5 <l H] 3 frefatAl Hul &
dE ol B Utk R A= 3‘4 W ES
AEliteFLO ) Z-250 ) SureFil & Oi A T/ A7 A=
8l AFol 7t AsiTh

THEEY A3 #do] e HY EE Azt (peak
time)-& Table 5, Figure 59 2t} Two-way ANOVAZ
Hlw 23 Fo) 4 Az deiM e B 2A1Y &
2 (p €0.0001) 2 alxu 22 (p (0.0001)9] we} =

T Sl Aol g Atk 35 AP TRl ©
3} U5 Hla A3 3 w8 £527F X1L3000 = Freelight
(Std) > Freelight (Exp)2-Z, Freelight (Exp) 2 &%
g5 w7} Freelight (Std)v XL30002-2 3 ghs W&
o folE v S b =il AoR A wd Azt
gtol A Uehga (p € 0.0001), #Fe] F7dl ute} o}
Z vw Ay 3 w3 &%) SureFil = Z-250 )
AEliteFLO 22 AEliteFLO7} Z-250°]4 SureFil®
o &Rt f98 vl =Y e ® YET (p (
0.0001).

BEe A7) AA A T & 98 whge
2 &3 v} XL 3000941 = it 8138.42 + 49.79 mJ
9], Elipar Freelightoll A& 31 2549.5 + 14.94 mJ<|
do| WA oM Wilcoxon two sample test® 7373
B F o] 594 A vtz 1, XL 30007°] Freelight
ol| vl frel/d Al dol o ol ATt (p € 0.05).
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niques °| &3 THE (%)= AFete] Table 69 EAI3¢

A1 Figure 62 ©|& =32 YEA Aot}

THE (%)< two way ANOVA testZ H] ﬁdjr 2
T AN FF (p = 00002 L HW«]  (p <
0.0001)°l u}z} E—‘:r F2A A Aol S HAT}. SureFil
3} AEliteFLOS 7 Freelight (Exp) » XL3000 =
Freelight (Std) £2.2, Freelight (Exp)o.& 33t 4
A9 F3HEe] XL3000 % Freehght (Std) &2 =g +
B fo4 Al =4 YEse = 0.0002), Z-250
9] 7%l XL3000 = Freelight (Std) = Freelight
(Exp) olvt BAACRE Fo3t ztol= glitt. #HZ19]
Z#ol WekA = AElLteFLO ) Z-250 ) SureFile] £2.2
TZEC] 7949 A Aol E EAH (p € 0.0001).

w
o

gtzlo|

7 AT 7 5] AlEE AR S wRle dolE
SAdta 1 #e 1/25 $8H0lE Aot Fdgs Tl
Table 79 FAISIR L, Figure 72 o8& =¥ = YeRd
Aoltk, 20| (mm)E two-way ANOVA testZ Bl

of | LIx1.3000
60 | | B Freelight(Std)
50 | W Freelight(Exp)
30
20 |
10
0

Surelil 7-250 AEliteFLO
Composite Resin

Heat of cure(J/g)
=

Figure 3. Heat of cure (-AH : J/g) of each resin with
different light sources.

Table 3. Heat of cure (-AH : J/g) of each resin with different light sources

Materials SureFil 7-250 AEliteFLO

LCU Mean (SD) Mean (SD) Mean (SD)
XL 3000 26.97 (0.66)° 29.97 (0.94)" 70.05 (0.88)°
Freelight (Std) 25.71 (0.62)° 29.55 (1.66)" 71.35 (2.04)
Freelight (Exp) 26.24 (0.21)° 29.67 (0.53)" 71.13 (0.47)

Different letters(a,b,c) indicate statistically significant differences on the horizontal line (p < 0.05).
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Table4. Maximum rate of heat output (watt/g)

Materials SureFil 7-250 AEliteFLO

LCU Mean (SD) Mean (SD) Mean (SD)
XL 3000 1.76 (0.29)° 2.53 (0.34)" 3.79 (0.66)°
Freelight (Std) 1.64 (0.08)* 2.47 (0.13)" 3.43 (0.06)
Freelight (Exp) 1.43 (0.04)* 2.04 (0.03)"* 3.41 (0.06)*

* Indicates statistically significant differences on the vertical line (p € 0.05).
Different letters (a,b,c) indicate statistically significant differences on the horizontal line (p  0.05).

Table5. Mean time to reach peak heat output(sec)

Materials Surekil 7Z-250 AEliteFLO

LCU Mean (SD) Mean (SD) Mean (SD)
XL 3000 10.59 (0.66) 11.89 (0.41) 17.59 (2.43) t
Freelight (Std) 11.44 (1.69) 13.71 (0.59) 19.74 (0.67) T

Freelight (Exp)

15.56 (0.71)* 14.62 (0.35)"

23.10 (1.68)" T

* Indicates statistically significant differences on the vertical line (p € 0.05).
t Indicates statistically significant differences on the horizontal line (p € 0.05).
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Figure 4. Maximum rate of heat output (watt/g).

7-250
Composite Resin

AEliteFLO

Table 6. Degree of conversion (%) of each resin with different light sources

Figure 5. Mean time to reach peak heat output (sec).

Materials SureFil 7-250 AEliteFLO

LCU Mean (SD) Mean (SD) Mean (SD)
XL 3000 42 .58 (4.23)* 59.05 (2.32)" 65.61 (1.24)°
Freelight (Std) 41.92 (3.44)* 58.83 (0.95)" 65.07 (1.80)

Freelight (Exp)

44.84 (3.71)* 58.11 (1.65)°

71.51 (1.19)*

* Indicates statistically significant differences on the vertical line (p < 0.05).
Different letters (a,b,c) indicate statistically significant differences on the horizontal line (p  0.05).
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Table7. Depth of cure (mm) of each resin with different light sources

Materials SureFil 7-250 AEliteFLO

LCU Mean (SD) Mean (SD) Mean (SD)
XL 3000 1.67 (0.07) 2.17(0.15) t 1.59 (0.04)
Freelight (Std) 1.97 (0.03)* 2.32 (0.13)* t 1.77 (0.08)*
Freelight (Exp) 1.68 (0.05) 2.04 (0.03) 1 1.56 (0.07)

* Indicates statistically significant differences on the vertical line (p < 0.05).
t Indicates statistically significant differences on the horizontal line (p ¢ 0.05).
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Figure 6. Degree of conversion (%) of each resin with
different light sources.
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Graph 1. DSC thermogram of Z-250 when cured
with Elipar Freelight (Std)-LED
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Figure 7. Depth of cure (mm) of each resin with different
light sources.
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