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AbstrAct
Objective: To examine the amount of change in color and color parameters of a composite resin 

(Filtek P60) polymerized by five different polymerization methods. 
Methods: A Teflon mold (6mm in diameter, 2mm in height) was used to prepare the composite 

resin discs (n=10). G1: Polymerization with inlay oven; G2: Polymerization with HQTH and autoclave; 
G3: Polymerization with LED and autoclave; G4: Polymerization with HQTH; G5: Polymerization with 
LED. Colorimetric values of the specimens before and after polymerization were measured using a 
spectrophotometer. The CIE L*a*b color system was used for the determination of color difference. 
Analysis of variance (ANOVA) was used to analyze the data for significant differences. Tukey’s HSD 
test and paired two-tailed tests were used to perform multiple comparisons (α=.05).   

Results: There were no significant differences in total color change (ΔE*ab) among the polymer-
ization groups (P>.05). However, the lowest color change (ΔE*ab) value was 3.3 in LED and autoclave; 
the highest color change (ΔE*ab) value was 4.6 in HQTH. For all groups, CIE L*, C*ab and a*values 
decreased after polymerization (P<.05). The highest Δb* and ΔC*ab values were observed in speci-
mens polymerized in an inlay oven (P<.05).  

Conclusions: Composite resin material showed color changes above the clinically accepted value 
in all study groups (ΔE*ab≥3.3). All specimens became darker during investigation (ΔL*< 0). Speci-
mens polymerized with inlay oven presented the highest Δb* values which means less yellow color 
in specimens. (Eur J Dent 2013;7:110-116)
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The importance of esthetic in dentistry is well 
known.1 It has been reported, for example, that es-
thetic dental restorative treatment can improve a 
patient’s self-esteem.2

Initial shade matching of an uncured composite 
resin material to its adjacent tooth is an important 
clinical practice in esthetic restorative procedures, 
and once an appropriate match is obtained, the 
color match should be maintained after polymer-
ization. However, optical properties of dental com-
posite resins change as a result of polymeriza-
tion, and the extent of change is influenced by the 
characteristics of the material and wavelength.3,4 
Lighter or less chromatic shades tend to show 
higher color changes than more chromatic or 
darker shades.5 To compensate this color change, 
an initial color choice that is more yellow or more 
chromatic than the needed final color has been 
suggested in clinical applications.6    

The most extensively used light source for pho-
toactivating a composite resin material is quartz 
tungsten halogen (QTH) lights.7 The QTH with 
higher light intensities (HQTH) were introduced in 
dentistry. Decreasing the total cure time for ad-
hesive and composite materials is useful for both 
the clinician and the patient. Additionally, higher 
curing light intensities may lead to superior physi-
cal and mechanical properties.8 Light-emitting 
diode (LED) curing lights are used to polymerize 
resin-based restorative materials, and their effect 
on the physical properties of resin-based restor-
ative materials has been investigated.9 Because 
contemporary LED lights yield superior irradiance 
(approximately 1,000 mW/cm2) to QTH light (ap-
proximately 800 mW/cm2), LED lights are expected 
to polymerize resin materials as or even more ef-
fective than QTH.9

Post-cure heating of resin composite materials 
is a extremely popular restorative technique. This 
method subjects a light-cured composite inlay to 
an immediate heat treatment for the purpose of 
increasing material cure and thus enhancing clini-
cal properties.10 In Rueggeberg’s study, the de-
gree of color change was influenced more by the 
amount of resin content in the composite systems 
than by the particular resin composition. Micro-
fill composite resins showed greater potential for 
color change than did the other types of materials. 
If clinicians are considering using conventional 

IntroductIon light-cured composite materials for inlays, the 
choice of material as well as the post-cure tem-
perature will influence the ability to match the 
inlay with the initial shade of composite chosen.11 
An important factor is the possibility of using post-
polymerization mechanisms associated with heat, 
pressure, or high light intensity in indirect com-
posite systems.12 With respect to materials, indi-
rect and direct composites have similar composi-
tions.13 Currently, easy and inexpensive techniques 
have been enhanced for direct composites in indi-
rect restorations. Coupled with the use of devices 
that are always found in dentists’ offices to apply 
these techniques, better performance can now be 
obtained and harnessed from material properties, 
resulting in improved dental health.14

Presently, electronic shade-matching instru-
ments have been used for dental practice.15 In or-
der to determine objectively the color changes on 
composite restorations, some methods have been 
experienced, among them the spectrophotometry, 
which makes the study of several parameters re-
lated to color stability of composite resins possi-
ble. In this method reflected wavelength by a body 
is changed in values expressed in ΔE* units. The  
ΔE* values can be used so that present the col-
or changes provided by the composite resin after 
treatment or period of time.16 Instrumental color 
analysis offers a potential advantage over visual 
color determination, as instrumental readings are 
objective, quantifiable, and more rapidly obtain-
able.17  

The Comission Internationale de l’Eclairage Lab 
(CIE L*a*b) color system has been used for deter-
mination of color difference.18-21 Chroma is calcu-
lated as C*ab= (a*2+ b*2) ½.4  The total color differ-
ence ΔE*ab between two color stimuli, each given 
in terms of L*, a*, b* is calculated from:22ΔE*ab 
=[(ΔL*)2+(Δa*)2+(Δb*)2]1/2. 

The L* coordinate is a measure of the light-
ness-darkness of the specimen. The greater the 
L* is, the lighter the specimen. The a* coordinate 
is a measure along the red-green axis. A positive 
a* relates to the amount of redness, and a nega-
tive a* relates to greenness of a specimen. The 
b* coordinate is a measure along the yellow-blue 
axis, that is a positive b* relates to the amount of 
yellowness; a negative b* relates to the amount of 
blueness of the specimen. ∆L*, ∆a* and ∆b* are 
the differences in the CIE color-space parameters 
of the 2 colors.23
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Threshold color difference levels based on in-
strumental color measurements that can be visu-
ally perceivable or clinically acceptable have been 
discussed. However, the clinically acceptable value 
for color difference in restorative materials is as-
sumed to be ΔE*≤ 3.3.24 

The aim of this in vitro study was to investigate 
the amount of change in color and color param-
eters of composite resin material (Filtek P60, 3M 
ESPE) polymerized by five different polymerization 
methods. The null hypothesis of the present study 
were that (1) the polymerization methods don’t 
affect the color parameters of composite resin 
material, (2) there is no color difference between 
unpolymerized and polymerized composite resin 
regarding the polymerization methods.

 MAtErIALs And MEtHods
The composite resin used in this study was 

Filtek P60 (color A3; 3M ESPE, St. Paul, U.S.A.) 
packable light-cured composite. A 6mm diam-
eter hole was made in a 2mm high Teflon plate 
and filled with composite resin. After inserting the 
composite resin material into the Teflon plate, a 
strip was laid on the top of the specimens and the 
color of the composite specimens before polymer-
ization was measured on stripped surfaces. Five 
groups were considered for color change (n=10) 
(Table 1). 

Group I: Polymerization with inlay oven (Tes-
cera ATL, Bisco, USA) for 15 minutes.

Group II: Conventional polymerization with 
HQTH unit (High Quartz Tungsten Halogen Blue 
Luxer, Monitex, Taipei, Taiwan) at 740 mW/cm2 for 
30 seconds and post-polymerized in an autoclave 
(Europa B xp, Tecno-gaz, Italy) at 30 PSI pressure, 
134°C heat for 17 minutes.

Group III: Conventional polymerization with 
LED unit (Light-Emitting Diode Demi, Kerr, Or-
ange, USA) at 1100 mW/cm2 for 20 seconds and 

post-polymerized in an autoclave (Europa B xp, 
Tecno-gaz, Italy) at 30 PSI pressure, 134°C heat 
for 17 minutes.

Group IV: Conventional polymerization only 
with HQTH unit (Blue Luxer, Monitex, Taipei, Tai-
wan) at 740 mW/cm2 for 30 seconds.

Group V: Conventional polymerization only with 
LED unit (Demi, Kerr, Orange, USA) at 1100mW/
cm2 for 20 seconds.

The plate was reversed so that the lower side 
of the plate was on top. The composite was once 
again irradiated for the same irradiation times. 
The characteristics, polymerization times, and 
polymerization protocols of the light-curing units, 
inlay oven, and autoclave used are shown in Table 
1. After polymerization, no polishing techniques 
were used in order to avoid modification of the 
surfaces, which could influence the results.25  

Colorimetric values of the composite resin 
specimens before and after polymerization were 
measured using a spectrophotometer (Vita Easy-
Shade, Vident, No: 502744, USA). The spectropho-
tometer comprises a base unit and a handpiece. In 
this system, the specimen was exposed to an emis-
sion of light, and the reflected light was analyzed 
with a spectrophotometer. Instrument calibration 
was evaluated after measurement of each group 
(n=10) and recalibration. The tip of the handpiece 
was placed firmly into the calibration port and was 
held steadily in place until the instrument sounded 
a beep to indicate that calibration was complete. 
The measuring tip of the spectrophotometer was a 
circle 5 mm in diameter. Color measurement was 
performed in consecutive tests on central parts of 
the specimens. Specimens were positioned at the 
same place on different occasions to ensure con-
sistency of the repeated measurements. A white 
plate was used for the background color in this 
study.22,26 All specimens were chromatically mea-
sured three times, and the average values were 

Groups Polymerization Curing unit Manufacturer Polymerization

  type     time

Group I Inlay oven Tescera inlay oven Bisco, USA 15 min

Group II HQTH unit and autoclave Blue Luxer and Europa B xp
Monitex, Taiwan and Tecno-

gaz, Italy 
30 sn and 17 min

Group III LED unit and autoclave Demi led and Europa B xp Kerr, USA and Tecno-gaz, Italy 20sn and 17 min

Group IV HQTH unit Blue Luxer Monitex, Taiwan 30 sn

Group V LED unit Demi led Kerr, USA 20sn

Table 1. Prortocols of polymerization in this study.
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calculated.  CIE L*a*b color system was used for 
determination of color difference. Changes in col-
or coordinates (ΔL* Δa*and Δb*) were calculated 
as ‘the value after polymerization – the value be-
fore polymerization’. The formula of ΔE*ab:

ΔE*ab =[(ΔL*)2+(Δa*)2+(Δb*)2]1/2.
Chroma was calculated as C*ab= (a*2+ b*2) ½.

Statistical analysis
The data were entered into a spreadsheet (Ex-

cel; version 4.0, Microsoft, Seattle, WA, USA) for 
calculation of descriptive statistics. Analysis of 
variance (ANOVA) was used to analyze the data 
for significant differences. Tukey’s HSD test and 
paired two-tailed tests were used to perform mul-
tiple comparisons (α=.05). The data were analyzed 
with the SPSS 13 for Windows statistical program 
software (SPSS Inc., Chicago, IL, USA).

 
rEsuLts
Colorimetric values of composite resin after 

polymerization are listed in Table 2. There were 
noticeable color changes in all groups (ΔE*ab ≥ 
3.3). The range of changes in composite resin ac-
cording to polymerization methods was 3.3-4.6 in 
color (ΔE*ab: distribution span: 1.2), -1.0 to-1.6 in 
ΔL* (distribution span: -0.6), -1.5 to -2.8 in ΔC*ab 
(distribution span: -1.3), -4.0 to -2.6 in Δa* (distri-
bution span:-1.4), -1.7 to -0.5 in Δb* (distribution 
span: -1.2). There were no significant differences 
in color change among the groups (P>.05). 

There were no significant differences in CIE L* 
value (P>.05) among the groups. C*ab value was 
affected by polymerization methods (P<.05). There 
were significant differences between the inlay 
oven and the other four groups (P<.05). While the 
lowest ΔC*ab value was observed in polymeriza-
tion with LED and autoclave, the highest ΔC*ab 
value was observed in polymerization with the in-
lay oven. Also, there were significant differences 
between polymerization with LED and autoclave 

and the HQTH light curing unit (P<.05). The CIE a* 
value was not affected by polymerization methods. 
The CIE a* value shifted toward green (Δa*< 0). 
But, there were no significant differences among 
groups (P>.05). The CIE b* value was affected by 
polymerization methods (P<.05). The CIE b* val-
ues of the inlay oven polymerization group is sig-
nificantly differences from the other four groups 
(P<.05). The composite resins polymerized with 
the inlay oven showed the highest Δ*b values 
which means less yellow color in specimens. 

For all groups, CIE L* values decreased after 
polymerization, all specimens became darker 
during investigation (ΔL*< 0). In all groups, C*ab 
and CIE a* values decreased after polymeriza-
tion (P<.05). The CIE a* value shifted toward green 
(Δa*< 0). CIE b* values decreased after polymer-
ization (Δb*< 0), indicating the increase of blue col-
or and the decrease of yellow color factor (P<.05). 
There were significant differences b1 and b0 (after 
and before) in the inlay oven polymerization group, 
LED and autoclave, LED, and HQTH (P<.05).  

Mean changes in color and color parameters 
by the polymerization methods are presented in 
Figure 1. 

dIscussIon
This in vitro study measured the amount of the 

changes in color and color parameters of com-
posite resin material polymerized by five different 
polymerization methods. Based on the results of 
the present study, the first null hypothesis of the 
present study that the polymerization methods 
don’t affect the color parameters of composite 
resin material was partially accepted because 
color change was not affected by polymerization 
methods. However, C*ab and b* values were af-
fected by polymerization methods. The second 
null hypothesis that there is no color difference 
between unpolymerized and polymerized compos-
ite resin regarding the polymerization methods 

Polymerization Methods ΔE*ab  ΔC*ab ΔL* Δa* Δb*

Inlay oven 4,2 (0.6)a -2.8    (0.3)  -1.6 (0.5)  -3.4 (0.7)  -1.7 (0.4)

HQTH unit and autoclave 3,8 (1.2)  -1.6   (0.3)  -1.1 (1.0)  -3.4 (1.5)  -0.5 (0.7)

LED unit and autoclave 3,3 (1.4)  -1.5 (0.3)  -1.0 (1.7)  -2.6 (1.5)  -0.7 (0.5)

HQTH unit 4,6 (0.5)  -1.8 (0.4)  -1.3 (1.9)  -4.0 (0.9)  -0.5 (0.5)

LED unit 3,9 (1.2)  -1.9 (0.4)  -1.4 (1.0)  -3.4 (1.0)  -0.8 (0.4)

Table 2. Changes in color and color parameters after polymerization.

aValues in parentheses indicate standard deviation
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was accepted. The results of the present study 
demonstrated that there were color changes in all 
groups. ∆E*ab values of specimens were ≥3.3. The 
lowest color change (ΔE*ab) value was 3.3 in po-
lymerization with LED and autoclave; the highest 
color change (ΔE*ab) value was 4.6 in polymeriza-
tion with HQTH.  

The polymerization color changes of resin com-
posites were investigated, and the range of color 
change was 2.6–4.1. ΔE*ab units depended on the 
shade.27 Changes in CIE L* parameter (lightness) 
after polymerization were significant for all mate-
rials, and changes in the lightness had the greatest 
influence on polymerization color change.27 In the 
current study, Filtek P60 A3 shade composite resin 
was used. There were no significant differences in 
ΔE*ab value among the groups. In all groups, CIE 
L* value decreased after polymerization, but there 
were no significant differences among the groups. 
Further in vitro study on this subject should be 
performed.   

Filtek™ P60 restorative material is a visible 
light-activated, radiopaque, restorative composite 
designed for use in posterior restorations. Accord-
ing to the manufacturer’s instructions, Filtek™ 
P60 composite resin material is indicated for use 
in indirect restorations including inlays, onlays 
and veneers. Thus, in the current study we polym-
erized this composite resin material in inlay and 
light sources followed by additional time in an au-
toclave.

Light sources have been used to convert the 

composite, and have been investigated whether 
there is a correlation between the intensity of 
light source, time of exposure, types of material, 
and distance from the tooth to the curing source.28 
Light-sensitive materials contain camphorquinone 
(CQ) to react with a reducing agent when activated, 
and activating it to polymerization requires suf-
ficient light intensity and a suitable wavelength.29 
CQ significantly influences the color of the mate-
rial30 as it is a yellow chemical compound. During 
light irradiation at 478nm wavelength, it changes 
color and becomes colorless. However, if irradia-
tion is not enough, a certain amount of yellow will 
remain.31 In the present study, specimens polym-
erized with different polymerization units revealed 
a color shift from yellow to blue (Δb*<0) and from 
red to green (Δa*<0) after polymerization. All 
specimens became darker during investigation 
(ΔL*<0). The same phenomenon, in term as de-
crease in b* value after resin composite polymer-
ization was also reported by Sidhu et al.32

It is well known that inadequate polymeriza-
tion adversely affects the mechanical properties 
of composite materials in terms of strength, color 
stability,29 hardness,12 and wear resistance.33 When 
post-polymerization methods are used, material 
properties can be improved.14 Post-cure heating 
of resin composite materials has become a very 
popular restorative technique.34 Many properties 
enhanced by post-cure heating, such as frac-
ture toughness, flexural modulus, and flexural 
strength, were found to decrease to levels identi-
cal to those of the light-cured-only group35 when 
the specimens were subjected to water storage 
after curing. The various methods of post-curing 
(light, heat, pressure, vacuum, and nitrogen) al-
low for secondary curing of the composite by in-
creasing the conversion of the resin material from 
monomer to polymer.36 In their research, Silva et 
al37 used different laboratory photo curing units 
and conventional halogen light sources followed 
by additional in an autoclave. They reported that 
the use of light curing in conjunction with heat and 
pressure curing improved the mechanical proper-
ties of resin composites and the use of alternative 
polymerization with conventional photo curing; the 
autoclave was shown to be feasible, with a wide Figure 1. Mean changes in color parameters by the brand of resin composites.
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implication for the general public in terms of re-
duced dental treatment cost. The amount of color 
changes of composite resin material polymerized 
by inlay oven and light sources followed by addi-
tional time in an autoclave was evaluated in the 
current study. But, there were no significant dif-
ferences in color change among groups. 

The polymerization process in Indirect Inlay 
System (Tescera ATL, Bisco, USA) combines two 
curing mechanisms: light and heat under water. 
After complete development of the restoration, the 
final cure is accomplished in a heat cup with the 
restoration submerged in water.38,39 In the current 
study, CIE b* value (yellow-blue) decreased after 
polymerization. The composite resins that polym-
erized with inlay oven showed the highest Δ*b val-
ues which means less yellow color in specimens. 
The CIE *b values of the polymerization inlay 
oven is significantly different from the other four 
groups. The highest ΔC*ab values were observed 
in specimens polymerized in an inlay oven. In this 
inlay system, the final cure is accomplished in a 
heat cup with the restoration submerged in water. 
Therefore, the highest Δ*b and ΔC*ab values may 
be observed in this polymerization system. Further 
in vitro study on this subject should be performed.

Polymerized composite resins tend to have 
greater diffuse reflectance than unpolymerized 
composite resins. This alteration reflects the in-
crease of refractive index of the resin phase as-
sociated with monomer conversion (into polymer) 
of monomer mixtures, while refractive index of 
the filler remains unchanged.3 Lee and Powers40 
reported that lightness (CIE L*) increased or de-
creased depending on the material and shade 
after polymerization. In their study, Kim and Lee4 
reported that CIE L* values decreased after po-
lymerization except one composite resin. 

A study by Marais et al41 has suggested that 
power density (irradiance) does not have an effect 
on conversion of composite resin at depths beyond 
2 mm; because of this, in the current study, speci-
men thickness was 2 mm. The specimens were 
cured from both sides, effectively reducing thick-
ness of resin being cured to 1 mm to get maximum 
conversion. Tak et al22 used 2mm-thick specimens. 
In the previous study, the specimen thickness was 

1mm.4 The difference in thickness may influence 
the amount of color change after polymerization.

 
concLusIons
Within the limitations of this in vitro study, the 

following conclusions were drawn:
- The color changes of composite resin material 

in all groups were above the clinically acceptable 
value (ΔE*ab ≥3.3). There were no significant dif-
ferences in total color change among the groups. 

- All specimens became darker during investi-
gation (ΔL*< 0).

- The composite resins that polymerized with 
inlay oven showed the highest Δ*b values which 
means less yellow color in specimens.
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