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ABSTRACT

Objective: To study the color stability of some denture teeth materials (acrylic &porcelain) and 
to evaluate some mechanical properties of these denture teeth materials. 

Material and methods: Forty samples of both acrylic and porcelain teeth were immersed 
in three staining solutions and distilled water. Color measurements were performed by using 
spectrophotometer. Before immersion, the initial color value of each tooth was recorded. Color 
change values were determined after 1 day, 1 week, 2 weeks, 4weeks and 6 weeks of immersion. 
Color differences were characterized using the CIE L*a*b* color space. Also water sorption and 
surface roughness were evaluated. 

Results: showing significant color changes of the different denture teeth materials upon 
immersion in tea, coffee, cola, or distilled water. This color change was greater in case of immersion 
in either tea or coffee solutions. The least color change was obtained from samples immersed in 
distilled water. The different materials used showed no significant statistical difference in water 
sorption values. Finally the results showed that, there were significant statistical differences in 
surface roughness of all tested materials after immersion in any of the tested solutions. 

Conclusion: The acrylic denture teeth material is much more subjected to discoloration than 
the porcelain denture teeth material. Water sorption of the tested materials was of close values. 
Surface roughness of the denture teeth material show significant statistical difference by immersion 
in staining solutions.    

KEYWORDS: color stability, denture teeth.
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INTRODUCTION 

Artificial teeth are a significant part of the overall 
esthetical outcome in removable dental prosthesis. 
In the maintenance of esthetical effects, the color 
stability of artificial tooth materials is one major 
factor. In this light, denture teeth are made of either 
methacrylate-based resins or ceramics(1). Advantages 
of acrylic resin denture teeth include chemical 
bonding to the acrylic resin denture base and ease 
of adjustment(2, 3). While it is true that acrylic resin 
denture teeth do wear and discolor,(2, 4) porcelain 
teeth stained around the neck and can fracture when 
the glaze wears off. Therefore, superiority of one 
type of material from an esthetic perspective may 
be a value judgment. Color stability is the property 
of a material that allows color to be maintained 
over a period of time in a given environment. It is 
considered an important physical property of dental 
materials(5). Color change in acrylic resins can result 
from intrinsic and/or extrinsic factors(6-8). Intrinsic 
factors are related to acrylic resin discoloration, 
including alterations to the matrix(9, 10). Intrinsic 
discoloration is due to the aging of material, which 
results from exposure to physical or chemical 
conditions that involve thermal changes and 
humidity(11). Extrinsic factors, such as absorption 
and adsorption, can promote discoloration(12-14). 
According to Anil et al(15), other factors are also 
related to color change, such as stain dehydration, 
water absorption, leakage, rough surfaces, chemical 
and aging degradation, oxidation during the 
double reaction of carbon-producing peroxide 
composites, and permanent formation of pigments 
following product degradation. There is evidence 
that beverages like tea, coffee, cola and juices 
significantly increase the development of stains on 
dental materials (16-18). In dental literatures, only a 
few studies have reported on the color stability of 
both acrylic and porcelain denture teeth materials (2, 

19, 20). Against this backdrop of information scarcity, 
this in vitro study will be undertaken to analyze the 
color stability of porcelain and acrylic denture teeth 
when exposed to common beverages.

MATERIAL AND METHODS 

In this study forty samples of both acrylic and 
porcelain teeth were used. Denture teeth were 
immersed into three staining solutions (coffee, tea. 
cola) and distilled water.  Preparation of the staining 
solution:

A standard solution of tea was prepared from 
10gm of a commercial brand in 1 liter boiled distilled 
water for 5 minutes, and the liquid was decanted 
from the tea leaves. The solution was allowed to 
cool to about 50℃ before immersion of samples. 
To prepare a standard solution of coffee, 60gm of 
coffee were put on a filter paper and 1 liter of boiled 
distilled water was passed through the coffee. The 
solution filtered again and allowed to cool to 50℃ 
before immersion of samples. 

Staining procedure:

Forty samples of acrylic and porcelain teeth were 
immersed in forty glass testing tube (10ml) filled 
with previously prepared staining solutions (Tea, 
Coffee& cola). The specimens were then stored 
for 1 day, 1 week, 2 weeks, 4weeks and 6 weeks. 
At each interval, the sample was removed from 
the staining solution with a twizer. Following the 
removal of the sample from the staining solution for 
each time, they were dipped in a cleansing solution 
consisting of 10ml soap and 700ml distilled water, 
the samples were moved up and down 10times 
and subsequently flushed with running tap water, 
then the samples were dipped in distilled water 
and rinsed by moving them up and down 10 times. 
Excess fluid on the surface of each sample was 
removed using a tissue paper. Color measurements 
were performed (discussed later) on each individual 
sample and the difference in color was calculated 
and recorded. After color measurements at the time 
intervals indicated, the samples were reimmersed 
in fresh staining solutions until the time 192 hours, 
and then the staining solutions were changed once 
a week.
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Colorimetric measurements: 

Color measurements were carried out using 
computerized reflectance spectrophotometer (model 
v-570, Jasco spectrophotometer, Tokyo, Japan). 
The used program determined the tristimulus value, 
chromaticity, coordinates value, lightness index, 
chromaticness index and color difference from the 
sample spectrum at wave length from 780nm to 
380nm in accordance with the XYZ colormetric 
system set forth by the commission international de 
،L Eclarge (CIE Lab). The CIELAB measurements 
made it possible to evaluate the quantity of 
perceptible color changes in each sample. The 
CIELAB system is an approximately uniform color 
space which coordinates for lightness, i.e. white-
black (dL), redness-greenness (da), and yellowness-
blueness (db). The magnitude of the total color 
difference is represented by single number (for 
each sample), dEab obtained from the following 
equation:

dEab=√((∆ L)2+(∆ a)2+(∆ b)2 )

Each sample of both acrylic and porcelain teeth 
was measured before any manipulation and the 
result was saved at the computer as the standard 
for each type. The samples were then immersed in 
the staining solutions (Tea, Coffee, cola& Distilled 
water) for the time interval described before and the 
color change was measured at each time. The score 
of each time was subtracted from the standard value 
to obtain the total color difference (d Eab) for each 
sample.  

Water sorption test:

The weight of five samples of both acrylic 
and porcelain teeth were measured before any 
manipulation. The samples were conditioned to a 
constant mass in a desiccator containing thoroughly 
dry anhydrous calcium sulfate (CaSo4) until the 
mass loss of each specimen was less than 0.2mg. 
Weighting of samples were performed using a 
sensitive electric balance (Precisa, XB 220A, 

SWISS MADE). Subsequently, the samples were 
immersed in distilled water at 37℃ ±1.5℃ in an 
incubator. The water was changed once a day for the 
first 7 days, thereafter; it was changed once a week. 
The mass increase was measured until constant mass 
was obtained i.e. increase was less than 0.2mg. The 
value of water sorption for each sample disk was 
calculated according to ADA specification No. 12 
as follows:

Sorption (mg/cm2) = Weight after immersion-
condition weight (mg) surface area (cm)2

Surface Roughness test:

Twenty samples of each of acrylic and porcelain 
teeth were used in this test. Surface roughness of 
each test sample was measured using the optical 
methods which tend to fulfill the need for quantitative 
characterization of surface topography without 
contact. Samples were photographed using USB 
Digital microscope with a built-in camera connected 
with an IBM compatible personal computer using 
a fixed magnification of 200X. The images were 
recorded with a resolution of 1280 × 1024 pixels 
per image. Digital microscope images were cropped 
to 350 x 400 pixels using Microsoft office picture 
manager to specify/standardize area of roughness 
measurement. The cropped images were analyzed 
using WSxM software. Within the WSxM software, 
all limits, sizes, frames and measured parameters are 
expressed in pixels. Therefore, system calibration 
was done to convert the pixels into absolute real 
world units. Calibration was made by comparing 
an object of known size (a ruler in this study) with 
a scale generated by the software. Subsequently, a 
3D image of the surface profile of the samples was 
created. Three 3D images were collected for each 
sample, both in the central area and in the sides at 
area of 10 µm × 10 µm WSxM software was used to 
calculate average of surface roughness (Ra) of the 
average heights of every sample, expressed in μm, 
which can be assumed as a reliable indices of surface 
roughness. The mean value of the readings of each 
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sample was calculated and recorded as the control 
of such sample. Each of these twenty samples from 
each of acrylic and porcelain were then divided 
into 4 groups (Group I, Group II, Group III, Group 
IV) each Group contained 5 samples: Group (I) 
immersed in distilled water for 6weeks. Group (II): 
immersed in tea for 6weeks.Group (III): immersed 
in coffee for 6 weeks and Group (IV): immersed 
in cola for 6weeks. After this period (6 weeks) of 
immersion the twenty Samples of each of acrylic 
and porcelain were measured and the readings of 
each Sample were calculated. The difference in 
surface roughness before and after immersion in 
different solutions was calculated. The results were 
then tabulated and statistically analyzed. 

RESULTS

The results were calculated and statistically 
analyzed with t- test. The results were summarized 
as (mean values ± standard deviations). From 
Table (1) and figure (1), it can be noticed that the 
highest value of color change in distilled water 
were obtained from acrylic teeth samples, while 
the lowest value of color change in distilled water 

were obtained from porcelain teeth samples. Also 
it can be noticed that the highest value of color 
change in tea were obtained from acrylic teeth 
samples, while the lowest value of color change in 
tea were obtained from porcelain teeth samples. it 
can also be noticed that the highest value of color 
change in coffee were obtained from acrylic teeth 
samples, while the lowest value of color change in 
coffee obtained from porcelain teeth samples. Also 
it can be noticed that the highest value of color 
change in cola were obtained from acrylic teeth 
samples, while the lowest value of color change in 
cola were obtained from porcelain teeth samples. 
There was a correlation between the different in 
color measurements (dEab) and time intervals for 
all tested materials. From Table (2) and figure (2), 
it can be noticed that there were a significant change 
in the surface roughness of the tested Samples in 
all used solutions. From Table (3) and figure (3), 
it can be noticed that the water sorption values for 
the different materials showed the highest value in 
samples of acrylic teeth=0.00255 mg/cm2 , while the 
lowest value of water sorption were obtained from 
porcelain teeth samples=0.0001 mg/cm2 .

TABLE (1): Means of color difference of porcelain and acrylic denture teeth immersed in different staining 
solutions at different time intervals:

Denture teeth Periods
Distilled water Tea coffee cola

dEab(mean)±SD dEab(mean)±SD dEab(mean)±SD dEab(mean)±SD

Porcelain

1day 0.507±0.065 0.556±0.086 1.012±0.696 0.654±0.249

1week 0.502±0.165 0.648±0.365 1.404±0.741 0.821±0.062

2weeks 0.509±0.025 0.702±0.219 1.514±0.929 0.907±0.551

4weeks 0.512±0.095 0.795±0.157 1.63±0.995 0.983±0.041

6weeks 0.498±0.047 0.836±0.256 1.634±0.865 1.106±0.154

Acrylic

1day 0.627±0.837 0.884±0.777 0.812±0.501 0.652±0.272

1week 0.684±0.398 1.246±0.211 1.152±0.349 0.824±0.452

2weeks 0.695±0.433 1.326±0.266 1.684±0.28 0.961±0.399

4weeks 0.719±0.359 1.498±0.234 1.948±0.482 1.196±0.628

6weeks 0.725±0.384 1.718±0.355 2.265±0.393 1.241±0.424
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Fig. (1): Effect of different staining solutions on the color stability of both acrylic and porcelain teeth.

Fig. (2): Effect of staining solution on surface roughness of both acrylic and porcelain teeth before and after immersion.

TABLE (2): Effect of staining solutions on the surface roughness of denture teeth:

Variables
Before After

T-test
Mean±SD Mean±SD

Acrylic

D. Water

Tea

Coffee

Cola

0.251747±0.000439

0.25172±0.000336

0.25172±0.000413

0.25108±0.000367

0.25038±0.000567

0.250027±0.000539

0.25024±0.000574

0.25026±0.000585

1.23E-07*

9.46E-09*

3.23E-07*

0.000114*

Porcelain

D. Water

Tea

Coffee

Cola

0.25166±0.000698

0.251767±0.000556

0.251727±0.000823

0.25188±0.000696

0.249993±0.000863

0.24985±0.000822

0.24878±0.000679

0.249983±0.000532

9.46E-05*

1.11E-05*

1.45E-12*

2.67E-05*

Marked difference is significant at P< 0.05
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DISCUSSION

Color changes can be evaluated visually or 
by instrumental techniques.  Since instrumental 
measurements eliminate the subjective interpretation 
of visual color comparison, spectrophotometers 
or colorimeters are preferred instead of visual 
evaluation(21, 22). Color changes were characterized 
using the Commission Internationale d’ Eclairage 
L*a*b* color space (CIE L*a*b*).  The CIE L*a*b* 
colors pace is currently one of the most popular and 
widely used color spaces and it is well suited for the 
determination of small color differences(23).  In this 
three-dimensional color spaces, the three axes are 
namely L*, a*, and b*.  The L* value is a measure 
of the whiteness or brightness of an object.  The 
a* value is a measure of redness (positive a*) or 
greenness (negative a*).  The b* value is a measure 
of yellowness (positive b*) or blueness (negative 
b*).  The advantage of the CIE L*a*b* system is 
that color differences can be expressed in units 
that can be related to visual perception and clinical 
significance(6). 

Color difference (ΔE*) was calculated from a 
formula previously mentioned.  In dental literature, 
many authors (19, 21, 24, 25) used ΔE* values to evaluate 
the perceptibility of color differences; However, it is 
noteworthy that the criteria of perceptibility adopted 
by each author were different. In the assessment of 
L* values, it was determined that the teeth became 
darker with time.  The a* values signified a shift 
toward green while the b* values a shift towards 
yellow. It was pointed out that there is a correlation 
between color and discoloration in provisional 
restorative materials and dental composites, and 
was confirmed that lighter materials discolor more 
markedly than darker ones (4, 26, 27). On this ground, 
teeth of shade A2 were selected for this study for 
both tooth materials because they supposedly exhibit 
the staining effect more distinctly.  Nonetheless, the 
effect of staining solutions on darker teeth should be 
a subject to further investigation in future studies. 
For drinks, coffee, tea, and coke are identified to be 
staining substances (2, 16, 21, 23, 28). For this reason, these 
solutions were used in this study for staining effect 
evaluation.  Among these three solutions, coffee 
was the most chromogenic agent.  This finding was 
consistent with a study performed by Mutlu-Sagesen 
et al.(2), which investigated the color stability of 
denture teeth.  Besides, numerous studies (4, 18, 29-32), 
also concluded that coffee was more staining than 
tea. In the present study, when acrylic denture teeth 
were compared against porcelain teeth, it was found 
that the former group exhibited less color stability 
than the latter in all staining solutions; this can be 
noticed in (Table 1).  

   These results were consistent with the studies 
of Koksal T, Dikbas I(4), Satoh et al.(33), and Mutlu-
Sagesen et al.(2).  This could be explained by the wa-
ter sorption property of acrylic materials.  Staining 
agents in tea, coffee, and cola penetrated into the 
acrylic materials because of this absorption prop-
erty.  A period of 1008 hours’ immersion might be 
considered by some as too long an experimental 
period.  However; in most in vitro studies(2, 21, 25, 33-

36)., the final period is typically four weeks or more 
in order to achieve a cumulative staining effect and 
obtain distinct results. 

Fig. (3): Mean values of water sorption of denture teeth.

TABLE (3): Mean values of water sorption of 
denture teeth:

M±SD

0.00255±0.0000694Acrylic teeth

0.0001±0.00009578Porcelain teeth
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One of the drawbacks in the present investigation 
might be related with the methodology utilized 
for the staining procedure.  Between the different 
immersion intervals, the experimental tooth Samples 
were not subjected to any cleaning procedure, which 
might not accurately reflect clinical conditions.  
Thus, the results obtained here in might serve to 
reveal the consequences of a low quality denture 
care. Color differences with corresponding ΔE* 
values lower than 3.3 are acceptable in clinical 
dentistry(21). In the current study, the ΔE* values 
of all groups did not exceed 3.3.  Therefore, it was 
concluded that the staining of all teeth groups by the 
solutions used in this study remained in clinically 
acceptable ranges.  

In the present study, there were color changes 
in all tested materials upon immersion in the tested 
solutions. There was a correlation between such 
color change and the time of immersion. This may 
be attributed to effect of further precipitation of 
discoloring agents on the surface of each sample. 
However the color change was less for the tested 
materials after 4weeks. This may be due to the 
saturation of the surface of the samples at that level.

Water sorption tests were included in the present 
study as the stain resistance of some denture teeth 
was mentioned to be affected by water sorption. 
From Table (3), the water sorption values were 
0.00255±0.0001 for acrylic resin teeth and 
0.0001±0.0001 for porcelain teeth. These values 
were in accordance with water sorption values 
recommended by the ADA specification (NO12). 
The different materials showed no significant 
statistical difference in water sorption values.

From Table (2), it can be noticed that there were 
a significant decrease in the surface roughness of the 
tested samples in all used solutions. This decrease 
in surface roughness may be due to precipitation of 
staining materials on the surface of each sample. The 
highest value of surface roughness after immersion 
in the staining solutions were obtained from acrylic 
teeth samples that immersed in distilled water and 
these changes (decrease in surface roughness value) 
were significant, while the lowest value of surface 

roughness after immersion in the staining solutions 
were obtained from porcelain teeth samples 
that immersed in coffee and these changes were 
significant.

CONCLUSION

From this study it can be concluded that:

1- The acrylic denture teeth material is much more 
subjected to discoloration than the porcelain 
denture teeth material.

2- Water sorption of the tested materials was of 
close values.

3- Surface roughness of the denture teeth material 
show significant statistical difference by 
immersion in staining solutions.

REFERENCES

1.  Stober T, Lutz T, Gilde H, Rammelsberg P. Wear of res-
in denture teeth by two-body contact. Dent Mater. 2006 
Mar;22(3):243-9.

2.  Mutlu-Sagesen L, Ergün G, Ozkan Y, Bek B. Color stabil-
ity of different denture teeth materials: an in vitro study. J 
Oral Sci. 2001 Sep;43(3):193-205.

3.  Dikbas I, Koksal T, Unalan F, Gurbuz O, Noyun F, Kaza-
zoglu E. Effect of mica and glass on acrylic teeth mate-
rial’s color. Dent Mater J. 2006 Jun;25(2):399-404.

4. Koksal T, Dikbas I. Color stability of different denture 
teeth materials against various staining agents. Dent Mater 
J. 2008 Jan;27(1):139-44.

5. Hong G, Murata H, Li Y, Sadamori S, Hamada T. Influ-
ence of denture cleansers on the color stability of three 
types of denture base acrylic resin. J Prosthet Dent. 2009 
Mar;101(3):205-13.

6. Joiner A. Tooth colour: a review of the literature. J Dent. 
2004;32 Suppl 1:3-12. Review.

7. Villalta P, Lu H, Okte Z, Garcia-Godoy F, Powers JM. Ef-
fects of staining and bleaching on color change of dental 
composite resins. J Prosthet Dent. 2006 Feb;95(2):137-42.

8. Minami H, Hori S, Kurashige H, Murahara S, Muraguchi 
K, Minesaki Y, Tanaka T. Effects of thermal cycling on 
surface texture of restorative composite materials. Dent 
Mater J. 2007 May;26(3):316-22.



(1744) Mostafa A. Y. Hammas, et al.E.D.J. Vol. 64, No. 2

9. Wilson NH, Burke FJ, Mjör IA. Reasons for placement 
and replacement of restorations of direct restorative ma-
terials by a selected group of practitioners in the United 
Kingdom. Quintessence Int. 1997 Apr;28(4):245-8.

10. Jin C, Nikawa H, Makihira S, Hamada T, Furukawa M, 
Murata H. Changes in surface roughness and colour sta-
bility of soft denture lining materials caused by denture 
cleansers. J Oral Rehabil. 2003 Feb;30(2):125-30.

11. Iazzetti G, Burgess JO, Gardiner D, Ripps A. Color stabil-
ity of fluoride-containing restorative materials. Oper Dent. 
2000 Nov-Dec;25(6):520-5.

12. Satou N, Khan AM, Matsumae I, Satou J, Shintani H. In 
vitro color change of composite-based resins. Dent Mater. 
1989 Nov;5(6):384-7.

13. Abu-Bakr N, Han L, Okamoto A, Iwaku M. Color stability 
of compomer after immersion in various media. J Esthet 
Dent. 2000;12(5):258-63.

14. Hersek N, Canay S, Uzun G, Yildiz F. Color stability of 
denture base acrylic resins in three food colorants. J Pros-
thet Dent. 1999 Apr;81(4):375-9.

15. Anil N, Hekimoglu C, Sahin S. Color stability of heat-
polymerized and autopolymerized soft denture liners. The 
Journal of prosthetic dentistry. 1999;81(4):481-4.

16. Cooley RL, Barkmeier WW, Matis BA, Siok JF. Staining 
of posterior resin restorative materials. Quintessence Int. 
1987 Dec;18(12):823-7.

17. Um CM, Ruyter IE. Staining of resin-based veneering 
materials with coffee and tea. Quintessence Int. 1991 
May;22(5):377-86.

18. Chan KC, Fuller JL, Hormati AA. The ability of foods 
to stain two composite resins. J Prosthet Dent. 1980 
May;43(5):542-5.

19. Liberman R, Combe EC, Piddock V, Watts DC. Colour 
changes in acrylic teeth--comparison of an objective and 
subjective method. J Oral Rehabil. 1996 Jul;23(7):464-9.

20. Rosentritt M, Esch J, Behr M, Leibrock A, Handel G. In 
vivo color stability of resin composite veneers and acrylic 
resin teeth in removable partial dentures. Quintessence Int. 
1998 Aug;29(8):517-22.

21. Um CM, Ruyter IE. Staining of resin-based veneering 
materials with coffee and tea. Quintessence Int. 1991 
May;22(5):377-86.

22. Buyukyilmaz S, Ruyter IE. Color stability of denture base 
polymers. Int J Prosthodont. 1994 Jul-Aug;7(4):372-82.

23. Khokhar ZA, Razzoog ME, Yaman P. Color stability of re-
storative resins. Quintessence Int. 1991 Sep;22(9):733-7.

24. Stober T, Gilde H, Lenz P. Color stability of highly filled 
composite resin materials for facings. Dent Mater. 2001 
Jan;17(1):87-94.

25. Yannikakis SA, Zissis AJ, Polyzois GL, Caroni C. Color 
stability of provisional resin restorative materials. J Pros-
thet Dent. 1998 Nov;80(5):533-9.

26. Eldiwany M, Friedl KH, Powers JM. Color stability of 
light-cured and post-cured composites. Am J Dent. 1995 
Aug;8(4):179-`81.

27. Mutlu-Sagesen L, Ergün G, Ozkan Y, Semiz M. Color 
stability of a dental composite after immersion in various 
media. Dent Mater J. 2005 Sep;24(3):382-90.

28. Color stability of visible light-cured, hard direct denture 
reliners: an in vitro investigation.

29. Luce MS, Campbell CE. Stain potential of four microfilled 
composites. J Prosthet Dent. 1988 Aug;60(2):151-4.

30. Chan KC, Hormati AA, Kerber PE. Staining calcified den-
tal tissues with food. J Prosthet Dent. 1981 Aug;46(2): 
175-8.

31. Scotti R, Mascellani SC, Forniti F. The in vitro color sta-
bility of acrylic resins for provisional restorations. Int J 
Prosthodont. 1997 Mar-Apr;10(2):164-8.

32. Ertaş E, Güler AU, Yücel AC, Köprülü H, Güler E. Color 
stability of resin composites after immersion in different 
drinks. Dent Mater J. 2006 Jun;25(2):371-6.

33.Satoh Y, Nagai E, Azaki M, Morikawa M, Ohyama T, Toyo-
ma H, Itoh S, Sakurai H, Iwasawa A, Ohwa M, et al. Study 
on high-strength plastic teeth. Tooth discoloration. J Nihon 
Univ Sch Dent. 1993 Sep;35(3):192-9.

34.Inokoshi S, Burrow MF, Kataumi M, Yamada T, Takatsu T. 
Opacity and color changes of tooth-colored restorative ma-
terials. Oper Dent. 1996 Mar-Apr;21(2):73-80.

35. Fujita M, Kawakami S, Noda M, Sano H. Color change 
of newly developed esthetic restorative material im-
mersed in food-simulating solutions. Dent Mater J. 2006 
Jun;25(2):352-9.

36. Omata Y, Uno S, Nakaoki Y, Tanaka T, Sano H, Yoshida 
S, Sidhu SK. Staining of hybrid composites with coffee, 
oolong tea, or red wine. Dent Mater J. 2006 Mar;25(1): 
125-31.


