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ABSTRACT
Objectives: Evaluation of the color stability of dental Nano Hybrid composite resin materials after immersion in daily used 

discoloring agent. 
Materials and Methods: Sixteen discs of Nano hybrid composites (Filtak Z250 XTE and Tetric N-Ceram) were fabricated 

using Teflon mold in 10 mm diameter and 2 mm thickness and were photographed (T1) and immersed in discoloring solution. 
After 4 weeks in incubator at 37℃, specimens were removed and photographed (T2). Before and after immersion photographs 
were analyzed using colorimeter software and CIElab color parameters were collected and saved on computer for calculation of 
color differences. 

Results: Tetric N-Ceram showed higher color stability than Filtak Z250 XTE. For Tetric N-Ceram, all color changes were 
less than 1 while for Filtak Z250 XTE were less than 2.4. 

Conclusion: Although, Tetric N-Ceram showed more color stability than Filtak Z250 XTE, Nano hybrid composites showed 
varying color changes where ∆E can be less than 1 and can be less than 2.4 but all changes are clinically acceptable.
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INTRODUCTION

The major disadvantage of resin composites is their color instability, 
which may be a major reason for the replacement of restorations in 
esthetic regions particularly in anterior teeth1). Studies showed that color 
stability is controlled by many factors like matrix, filler composition, 
filler content, minor pigment addition, initiation components and filler 
coupling agents. The color stability is related to the dimension of the 
filler particles, depth of polymerization and coloring agents2,3).

Also, the patient consumption of food containing pigments, poor 
oral hygiene and use of mouth rinses as well as the procedure of finish-
ing and polishing performed by the dentist affect the color stability. 
Additionally, micro leakage can occur, which can accelerate the phe-
nomenon of degradation and discoloration of the material4,5). Intrinsic 
factors, such as changes in the filler, matrix or silane coating, or extrin-
sic factors, such as absorption of stains, incomplete polymerization, 
chemical reactivity, diet, oral hygiene and surface smoothness of the 
restoration, may cause discoloration of aesthetic materials6,7). The intrin-
sic color of aesthetic materials may change when the materials are aged 
under various physical chemical conditions, such as ultraviolet expo-
sure, thermal changes and humidity. For these reasons, discoloration of 
dental restorative materials has a multifactorial etiology8-11).

Color evaluation by visual comparison may not be a reliable method 
due to inconsistencies inherent in color perception and specification 

between observers. Instrumental methods for color measurement 
include colorimetry, spectrophotometry and digital image analysis12-14).

The aim of this study was to evaluate the color changes and color 
stability of two commercially available nano hybrid composite materials 
after immersion in discoloring agent. 

MATERIALS  AND  METHODS

Materials used in this study are listed in Table 1. Sixteen A2 com-
posite discs were fabricated using Teflon mold with diameter 10 mm 
and 2 mm thickness using two Nanohybrid composites Filtak Z250 XTE 
(3M ESPE,St. Paul, MN USA) and Tetric N-Ceram (Ivoclar Vivadent 
AG, Schaan, Liechtenstein). Composite specimens were built up in 
increments of 2 mm for each increment using plastic instrument and 
light cured for 40 seconds using Demetron LC curing unit (Kerr, 
Orange, CA, USA) with the intensity of 600 mW/cm2. After curing, all 
specimens were placed inside light box for 8 minutes for extra curing.
The light curing unit tip was kept perpendicular to and in contact with 
Mylar strip in order to receive a maximum curing depth. The top of each 
specimen was covered with a Mylar strip in order to obtain a flat surface 
and to aid in removal of excess material. All specimens were polished 
using 400 and 600 silicon carbide paper including the top surface in 
order to remove the excess of resin composite and to make the surface 
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perpendicular to the specimen's long axis.
Using digital camera (Nikon Dslr 5200, Japan) on manual setting 

(Aperture f20, ISO 100 and Shutter speed 160) and lens (Nikon 105 
Macrolens, Japan), specimens were photographed inside a dark box 
with the only lightening source Ring flash (Godex, China) attached to 
the camera set on manual control (1/4 Power). Specimens color were 
examined through these photographs using computer software (Digital 
Color Meter Version 5.10 (5.10) Apple Inc.) using CIELAB systems15).

Discs were immersed in coffee. The coffee solution was prepared by 
adding 5 g of coffee to 200 mL of boiling distilled water. Specimens 
were left in this solution until the solution temperature reached 37 C, 
and then they were put into an incubator. This process was repeated 
every 48 hours. At the end of the 4 weeks, all of the discs were 
removed, washed (20 seconds), dried and photographed (T2) and exam-
ined for color changes. Color differences (∆E) were calculated using the 
following equation:

∆E = (L1*-L2*)2 + (a1*-a2*)2 + (b1*-b2*)1/2 

RESULTS

Observation of the color parameters are all listed in table 2, CIELab 
parameters for the composites discs were measured using digital col-

orimeter software. As shown in figures 1,2 and 3, FiltekTM Z250 showed 
more color changes in regard to all CIELAB color parameters ∆L* 
(Value), ∆a*, ∆b* and showed changes up to ∆E = 2.8 which is observ-
able be professional observer but clinically is acceptable. Tetric 
N-Ceram showed all color parameters less than 1 so, it is not observable 
by naked eye and considered clinically acceptable. 

As shown in figures 4, Color difference (∆E) calculated from the 
previous equation showed higher difference in FiltekTM Z250 (∆E = 2.8) 
than Tetric N-Ceram (∆E = 1) and this difference is statistically signifi-
cant (P < 0.0001). 

Table 4 revealed the pre and post staining pairwise comparison of 
all variables using paired t test. All color parameters for both compos-
ites showed highly significant changes except ∆b* of FiltekTM Z250, 
which is insignificant. 

DISCUSSION

Composite materials placed as tooth colored restorations are con-
stantly exposed to saliva, food colorants, and different beverages in the 
environment, leading to the risk of discoloration of the composites. 
Therefore, it is important to make sure prolonged color stability and 
staining resistance of the restorations within the oral environment17). Due 
to the constraint of clinical studies involving composite staining that 
required long time assessment periods to obtain results, several in vitro 
laboratory methods have been developed to speed up the discoloration 
process, simulating oral situations18). It is well documented that 1 day 
immersion of composite in media is equal to 1 year of 4 minutes daily 
use19).

One of the factors that affects the failure or success of composite 
restorations is the color stability of these aesthetic materials. Composite 
discoloration has been believed to depend on the material, test method, 
curing time, curing device and aging conditions20-22).

In this study, two resin composite restorative materials (shade A2) 
were selected to investigate color change. The selected shade was a uni-
versal color for all materials following the methodology of previous 
studies23). The result of this study showed differences in the color stabili-
ty of two nano hybrid composites. The greater color change was 

Table 1. Materials used in this study
 Brand name Composition Manufactrure

 Filtak  Z250 XTE Nano Hybrid composite  3M ESPE, 
   St. Paul, MN 
   USA

 Tetric N-Ceram Nano Hybrid composite  Ivoclar Vivadent AG, Schaan 
   /
   Liechtenstein

Table 2. CIELAB system color parameters before and after immersion
N-Ceram  FiltekTM Z250 N-Ceram  FiltekTM Z250 N-  FiltekTM Z250
     Ceram

 L*1 L*2 L*1 L*2 a*1 a*1 a*1 a*2 b*1 b*1 b*2

 77.41 77.5 75.66 76.04 19.65 20.26 20.03 20.82 23.84 21.25 20.87

 76.72 76.75 75.08 75.37 19.81 20.01 19.74 20.11 20.19 19.85 20.62

 77.14 77.34 74.85 75.23 19.95 20.18 19.49 20.38 20.31 20.23 20.86

 75.99 76.11 75.13 75.63 19.72 19.98 18.89 19.72 22.15 21.42 21.63

 76.69 76.83 74.71 76.11 20.37 20.58 19.55 20.22 20.83 20.78 21.19

 76.21 76.29 75.38 76.02 20.66 20.83 19.16 19.93 21.11 21.8 22.02

 77.18 77.35 75.43 76.15 20.23 20.57 19.62 19.97 22.48 21.71 22.21

 77.02 77.16 74.67 75.44 19.93 20.17 19.25 20.06 20.94 19.98 20.32

Table 3. CIELAB system color parameters changes
 N-Ceram  FiltekTM Z250 N-Ceram  FiltekTM Z250 N-Ceram  FiltekTM Z250 N-Ceram FiltekTM Z250

 DL DL Da Da Db Db DE  DE

 -0.18 -0.76 -1.22 -1.58 -0.6 0.76 -1 -0.79

 -0.06 -0.58 -0.4 -0.74 -0.96 -1.54 -0.71 -1.43

 -0.4 -0.76 -0.46 -1.78 -1 -1.26 -0.93 -1.9

 -0.24 -1 -0.52 -1.66 -0.44 -0.42 -0.6 -1.54

 -0.28 -2.8 -0.42 -1.34 -0.44 -0.82 -0.57 -2.48

 -0.16 -1.28 -0.34 -1.54 -0.46 -0.44 -0.48 -1.63

 -0.34 -1.44 -0.68 -0.7 -0.46 -1 -0.74 -1.57

 -0.28 -1.54 -0.48 -1.62 -0.48 -0.68 -0.62 -1.92
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observed in FiltekTM Z250 for 4 weeks of immersion in coffee discolor 
solution. Color change for Tetric N-Ceram was less than 1, impercepti-
ble by the naked eye and clinically acceptable. FiltekTM Z250 was less 
than 2.4 which is considered appreciative by only skilled person but 
clinically acceptable.

Shade A2 is a light composite shade and therefore is susceptible to 
greater color changes. Equal curing of all material was done24). Smooth 
highly polished resin composites are more favorable and comfortable 
for the patient25) and high surface roughness results in staining in vitro 
studies. For these reasons, the samples were finished and polished26).

The present study utilized a colorimeter software for color assess-
ments to allow comparison of color differences after immersion in vari-
ous liquids, ∆E parameter of the CIEL*a*b system27). Based on individ-
ual capacity of naked eye to distinguish differences in colors, three 
intervals were developed to assess the color change values. ∆E < 1 
means imperceptible by the human eye; 1.0 < ∆E < 3.3 means consider-
ate appreciative by only skilled person both mentioned values are clini-
cally acceptable; whereas ∆E > 3.7 means researchers argued that any 
∆E value of 3.7 is considered clinically perceptible, and higher values 
are neither acceptable nor desirable14,28,29). 

FiltekTM Z250 and Tetric N-Ceram have the similar resin matrix 
compositions with addiction of TEGDMA in resin matrix of FiltekTM 

Z250. Studies reported the increase in solution uptake in the bisphe-
nol-A-diglycidyalether methacrylate based dental composites from 3 to 
6% as the proportions of TEGDMA increased from 0 to 1%. This 
explains the greater discoloration of FiltekTM Z250 compeered to Tetric 
N-Ceram. The greater color stability of Tetric N-Ceram may also be due 
to the higher percent of urethane dimethacrylate, which is more resistant 
to water, in its resin matrix30).

FiltekTM Z250 with smaller particle size is expected to have smooth-
er surface and less discoloration but the discoloration may be due to 
presence of nano cluster and agglomerated filler particles. Previous 
studies concluded that the particles possess high sorption, thus making 
them less color resistance31).

According to Asmussem and Dietschi et al. , there are three types of 
composite resin discoloration: intrinsic discoloration, caused by the 
material aging itself; extrinsic discoloration, caused by the accumulation 
of plaque and superficial pigment; alteration of the surface color involv-
ing superficial degradation or mild penetration and reaction of the stain-
ing agents inside the superficial layer of composite resin (absorption)9,10). 
As resin matrix and filler compositions are different for different com-
posites, they might interact differently with certain stains and this may 
be related to the chemical composition of the staining substance itself11). 
Future studies are needed to investigate the effect of other daily used 
beverages and its effect on different esthetic restorations.

CONCLUSIONS

Within the limitation of this study, Tetric N Ceram showed more 
color stability than FiltekTM Z250 but overall, nano hybrid composite 
resin showed color changes that may be imperceptible by the human eye 
or appreciative by only skilled person but, overall are considered clini-
cally acceptable. This means that resin matrix and filler compositions of 
different composites affect dental composite in reaction to staining 
materials. The discoloration effect depends on the duration of immer-
sion, matrix composition and filler loading.

REFERENCES

 1) Soares L E S, Cesar I C R, Santos C G C, Cardoso AL, Liporoni PCS, Munin E, et al. 
Influence of coffee on reflectance and chemistry of resin composite protected by sur-
face sealant. Am J Dent. 2007 20: 299-304.

Table 4. Pre and post staining pairwise comparison of all color 
parameters using paired t test (p < 0.05 = *)

Variables Mean SD 95% CI  p value
   Lower Upper 

N-Ceram L*1 76.795 0.493 -0.166 -0.076 0.000
N-Ceram L*2 76.916 0.513   
FiltekTM Z250 L*1 75.114 0.359 -0.931 -0.339 0.001
FiltekTM Z250 L*2 75.749 0.373   
N-Ceram a*1 20.040 0.350 -0.401 -0.164 0.001
N-Ceram a*2 20.323 0.304   
FiltekTM Z250 a*1 19.466 0.358 -0.861 -0.509 0.000
FiltekTM Z250 a*2 20.151 0.334   
N-Ceram b*1 21.481 1.248 -0.402 -0.203 0.000
N-Ceram b*2 21.784 1.198   
FiltekTM Z250 b*1 20.956 0.940 -1.143 0.705 0.593
FiltekTM Z250 b*2 21.175 0.960

Figure 1. DL* lightness color value changes of all specimens after 
immersion for CIELAB color system

Figure 2. ∆a* color value changes of all specimens after immer-
sion for CIELAB color system

Figure 3. ∆b* color value changes of all specimens after immer-
sion for CIELAB color system

Figure 4. ∆E* color total differences of all specimens after 
immersion for CIELAB color system



Youssef A. et al. 219

 2) Santos P A D, Dibb R G P, Corona S A M, Catirse A B E, Garcia PP NS. Influence of 
fluoride containing solutions on the translucency of flowable composite resins. J. 
Mater. Sci. 2003 38: 3765-3768. 

 3) Omata Y, Uno S, Nakaoki Y, Tanaka T, Sano H, Yoshida S. Staining of hybrid compos-
ites with coffee, oolong tea, or red wine. Dent Mat J. 2006 25: 125-131.

 4) Dickinson G, Leinfelder KF, Mazer R, Russel CM. Effect of surface penetrating sealant 
on wear of posterior composite resins. J Am Dent Assoc. 1990 121: 251-255.

 5) Magne P, So WS. Optical integration of incisoproximal restorations using the natural 
layering concept. Quintessence Int. 2008 39: 633-643. 

 6) Satou N, Khan A.M., Matsumae I., Satou J, Shintani H. In vitro color change of com-
posite-based resins. Dent. Mater. 1989 5: 384 87. 

 7) Patel, S.B., Gordan, V.V., Barrett, A.A., Shen, C. The effect of surface finishing and 
storage solutions on the color stability of resin based composites. J. Am. Dent. Assoc. 
2004 135: 587-594. 

 8) Iazzetti, G., Burgess J.O., Gardiner D., Ripps, A. Color stability of fluoride containing 
restorative materials. Oper. Dent. 2000 25: 520-525. 

 9) Asmussen E. Factors affecting the color stability of restorative resins. Acta Odontol 
Scand. 1983 41:11-18. 

 10) Dietschi D, Campanile G, Holz J, Meyer JM. Comparison of the color stability of ten 
new generation composites: an in vitro study. Dent Mater. 1994 10: 353-362.

 11) Villata P., Lu H., Okte Z., Garcia Godoy F., Powers J.M.,. Effects of staining and 
bleaching on color change of dental composite resins. J Prosthet. Dent. 2006 95: 137-
142. 

 12) Liberman R., Combe E.C., Piddock V., Powson C., Watts D.C., Development and 
assessment of an objective method of color change measurement for acrylic denture 
base resins. J. Oral Rehabil. 1995 22: 445-449. 

 13) Johnston W.M., Kao E.C. Assessment of appearance match by visual observation and 
clinical colorimeter. J. Dent. Res. 1989 68: 819-822. 

 14) Brook, A.H., Smith, R.N., Lath, D.J. The clinical measurement of tooth Color and stain. 
Int. Dent. J. 2007 57: 324-330. 

 15) Wee AG, Lindsey DT, Kuo S, Johnston WM. Color accuracy of commercial digital 
cameras for use in dentistry. Dent Mater 2006 22: 553-559. 

 16) Johnston WM. Color measurement in dentistry. J Dent. 2009 37: e2-6.
 17) Bagheri R, Burrow MF, Tyas M. Influence of food simulating solutions and surface fin-

ish on susceptibility to staining of aesthetic restorative materials. J Dent 2005 33: 389-

398. 
 18) Janda R, Roulet J-F, Kaminsky M, Steffin G, Latta M. Color stability of resin matrix 

restorative materials as a function of the method of light activation. Eur J Oral Sci 
2004 112: 280-285. 

 19) El Badrawy WA, McComb D, Wood RE. Effect of home use fluoride gels on glass ion-
omer and composite restorations. Dent Mater 1993 9: 63-67. 

 20) Buchalla W., Attin T., Hilgers R., Hellwig, E. The effect of water storage and light 
exposure on the color and translucency of hybrid and microfilled composite. J. 
Prosthet. Dent. 2002 87: 264-270. 

 21) Janda R., Roulet J.F., Latta M., Steffin G., Ruttermann S. Color stability of resin-based 
filling materials after aging when cured with plasma or halogen light. Eur. J. Oral. Sci. 
2005 113: 251-257. 

 22) Janda R., Roulet J.F., Latta M., Kaminsky M., Ruttermann S.T. Effect of exponential 
polymerization on color stability of resin filling materials. Dent. Mater. 2007 23: 696-
704. 

 23) Uchida H., Vaidyanathan J., Viswanadhan T., Vaidyanathan T.K. Color stability of den-
tal composite as a function of shade. J. Prosthet. Dent. 1998 79: 372-377. 

 24) Sarkis E. Color change of some aesthetic dental materials: Effect of immersion solu-
tions and finishing of their surfaces. Saudi Dent J. 2012 24: 85-89. 

 25) Jones C.S., Billington R.W., Pearson G.J. The in vivo perception of roughness of resto-
rations. Br. Dent. J. 2004 196: 42-45. 

 26) Yu H., Wegehaupt F.J., Wiegand A., Roos M., Attin T., Buchalla W. Erosion and abra-
sion of tooth-colored restorative materials and human enamel. J Dent. 2009 37: 913-
922. 

 27) Knosel M, Attin R, Jung K, Brunner E, Kubein Meesenburg D, Attin T. Digital image 
color analysis compared to direct dental CIE colorimeter assessment under different 
ambient conditions. Am J Dent 2009 22: 67-72. 

 28) Miyagawa, Y., Powers, J.M., O'Brien, W.J. Optical properties of direct restorative mate-
rials. J. Dent. Res. 1981 60: 890-894. 

 29) Um, C.M., Ruyters, I.E., 1991. Staining of resin-based veneering materials with coffee 
and tea. Quintessence Int. 22 (5), 377-386. 

 30) Canay S, Cehreli MC.The effect of current bleaching agents on the color of light-po-
lymerized composites in vitro. J Prosthet Dent. 2003 89: 474-478.

 31) Vandewalle KS, Roberts HW, Tiba A, Charlton DG. Thermal emission and curing effi-
ciency of LED and halogen curing lights. Oper Dent. 2005 30: 257-26


