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Abstract - This study evaluated the colour stability of temporary prosthetic restorations with different thicknesses sub-
mitted to artificial accelerated aging. The occlusal surfaces of 40 molars were grinded to obtain flat enamel surfaces. 
Twenty acrylic resin specimens [Polymethyl methacrylate (Duralay) and Bis-methyl acrylate (Luxatemp)] were made 
with two different thicknesses, 0.5mm and 1.0mm. Temporary restorations were fixed on enamel and CIE L*a*b* col-
our parameters of each specimen were assessed before and after artificial accelerated aging. All groups showed colour 
alterations above the clinically acceptable limit. Luxatemp showed the lowest colour alteration regardless its thickness 
and Duralay showed the greatest alteration with 0.5mm.  
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Introduction

Aesthetic temporary restorations are often used for several 
months, requiring them to be well made and stable with 
distinct functions and purposes1. Temporary restorations 
have become a vital diagnostic and assessment tool in 
evaluating function, colour, shape, contour, occlusion, 
periodontal response, implant healing, and overall aes-
thetics1.  A critical step during prosthetic rehabilitation is 
temporisation of the prepared teeth. Temporary restora-
tions are meant to protect both the tooth structure and the 
surrounding soft tissue. In addition, they help to determine 
the size, position, colour, and texture of final restorations2. 
In aesthetically critical areas, a temporary restoration must 
remain colour-stable during the length of treatment3, which 
can last an extended period of time4.  The literature on 
the colour stability of resins used for temporary restora-
tions is limited5,7. Nevertheless, it is known that temporary 
restorations show colour changes over time, jeopardizing 
the success of any type of cosmetic treatment5,8.

Colour is the result of light waves reflected by restorative 
materials, which may be opaque or translucent9. Several 
factors are involved in determining the colour of an ob-
ject: the characteristics of the light source under which 
the object is observed; the way light waves are absorbed; 
reflected, or transmitted; and environmental influences on 
the observer10,11. Colour is also related to the distribution 
and absorption of light emitted by the source12. While in 
opaque objects, light is more intensely dispersed, in translu-
cent objects, more transmission and less dispersion occur13. 

Therefore, knowledge of the fundamentals of colour and 
light would help dentists to select the appropriate tooth 
colour for restorative materials in aesthetic restorations10.

Temporary restorations are most often made of polymethyl 
methacrylate (PMMA), which has been used in dentistry for 
over 70 years due to its aesthetic qualities and its easy han-
dling and repair14. Clinically, however, they have low impact 
and fracture resistance11 and poor colour stability over time15. 
Other materials indicated for temporary restorations have 
been tested based on bis-methyl acrylate (Bis-Ac), which, 
according to some authors, presents proper colour stability 
over time within clinically acceptable limits16,17.   

Artificial accelerated aging (AAA) is a method that produc-
es, in a relatively short period, degradation similar to that 
restorative materials would undergo during their clinical 
life18,19.  AAA promotes variations in physicochemical condi-
tions, such as visible light, ultraviolet radiation, tempera-
ture, and humidity20.  As colour perception is subjective21, 
the use of objective methods and specific equipment to 
perform accurate colour analysis of restorative materials 
is essential. The CIE L*a*b* colour space22 has been widely 
used in dentistry research19,23,24,25, as it defines colour in 
terms of 3 coordinate values (L*, a*, and b*). Axes a* and 
b* are at right angles and represent the shade or colour 
dimension. The third axis, perpendicular to the a* and b* 
planes, is lightness L*, which represents the amount of 
light reflected from the object and is expressed in numeric 
values ranging from 0 (black) to 100 (white). Since differ-
ent materials with different thicknesses may show differ-
ent appearances and colour stability, this study aimed at 
evaluating the effect of AAA on the colour stability of two 
types of temporary restorations (PMMA and Bis-Ac) with 
different thicknesses. The null hypotheses tested were that 
the thinner the restoration, the higher the colour alteration 
and that no difference in colour would appear between 
either temporary material after AAA.
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MATERIALS AND METHODS

The present study was approved by the Research Ethics 
Committee (Process No. 2010.1.1399.58.8) and used 40 
sound human molars. Teeth with white spot lesions, signs 
of demineralisation, fractures, abrasions, or cracks were 
excluded from the study. 

After prophylaxis with a rubber cup in a slow-speed hand-
piece, the teeth were embedded in PVC cylinders (15 mm 
in diameter) with self-cured acrylic resin up to the cemen-
toenamel junction. Following acrylic resin polymerization, 
a flat enamel surface was obtained by grinding the occlusal 
surface with a polishing machine using abrasive sandpaper 
discs in decreasing granulations (P100, P320, P600, P800, 
and P1000).  Forty temporary restoration samples were 
produced according to the manufacturer’s guidelines (6 
mm diameter): 20 of PMMA (Duralay acrylic resin - Shade 
66), and 20 of Bis-Ac (Luxatemp - Shade A3) (see Table 1). 
They were then subdivided into two thickness groups (0.5 
mm and 1.0 mm, n=10), simulating temporary restorations 
for ceramic laminate veneers.

After polymerization, specimens were manually polished 
to a thickness of 0.5 mm and 1.0 mm with water-cooled 
sandpaper discs in decreasing order of granulation (P600, 
P1000, and P1200). The thickness of the samples was 
constantly assessed using a digital calliper. The temporary 
restorations were then fitted to the tooth surface with com-
posite (Z250, shade A3) applied to the central portion of 
the enamel surface after acid etching (37% phosphoric acid) 
for 30 seconds. A load of 380 grams was used to ensure 
the standardisation of the luting procedure. This procedure 
was used after the determination that a load with a mini-
mum of 380 g allows for the sufficient flow of composite 
excesses, resulting in the thinnest possible cementing line. 
The composite was light-activated by a LED device for 20 
seconds, and specimens were kept in distilled water at 37 
°C for 24 hours. After luting the temporary restorations, 
initial colour readings were taken with a dental spectro-
photometer (Vita Easyshade), according to the CIE L*a*b* 
colour space, excluding the specular component, which 
simulates a measurement of 45/0 geometry, standard il-
luminant D65, and observer pattern of 2º. The excluded 
specular component is related to the colour measurement 
on the sample surface meant to prevent interference by 
surface brightness26,27.  Specimens were then subjected to 
AAA (Accelerated Aging System for Non-Metallic UV-C) 
for 40 hours, simulating a period of one month of clinical 
use28. To do this, specimens were placed on aluminium 
plates and exposed to 8 UV-B light sources with a radia-
tion of 280/320 nm and steam condensation. The working 
program was set to 4 hours of exposure to UV-B at 50°C 
and 4 hours of condensation at 50°C28. After AAA, new 
colour readings were taken, and colour alteration (ΔE) was 
calculated using the following formula19:

Where:

	 ΔE = colour alteration

	 ΔL* = L*
F
 – L*

I

	 Δa* = a*
F
 – a*

I

	 Δb* = b*
F
 – b*

I

The subscript “F” corresponds to the final reading per-
formed after AAA, while the subscript “I” corresponds to 
the initial reading. ΔL represents the lightness difference, 
Δa the red-green parameter difference (-a* = Green and 
+a* = red), and Δb the yellow-blue parameter difference 
(-b* = blue and +b* = yellow)19. Colour alteration values 
greater than 3.3 were considered clinically unacceptable29. 
The results obtained were subjected to statistical analysis 
(2-way ANOVA, Bonferroni, p <0.05) using GraphPad 
Prism 4.0 software. 

RESULTS

Table 2 presents the results for colour stability (ΔE). All 
groups showed colour alteration above the clinically ac-
ceptable limit (ΔE>3.3). However, changes occurred in Lux-
atemp with a statistically significant difference as compared 
to those for Duralay (p <0.05) (thickness-independent).  

When comparing the thickness influence for the same mate-
rial, no significant difference (p> 0.05) was observed for Lux-
atemp. However, Duralay showed a statistically significant 
difference between the two thicknesses. Thinner specimens 
(0.5 mm) showed higher colour alteration (p <0.05).

DISCUSSION

The present study aimed at evaluating the colour stability 
of temporary prosthetic restorations with different thick-
nesses submitted to AAA. The null hypotheses tested were 
that the thinner the restorations, the higher the colour 
alteration and that there would be no difference in colour 
between either temporary material after the AAA. Based 
on the results obtained, the null hypotheses were rejected: 
The colour stability was different in the tested materials, 
and thickness had no influence on the colour stability of 
the bis-acrylate-based material. 

Several authors have suggested that materials such as Bis-
Ac have adequate colour stability over time16,17. However, 
other studies have reported that such materials still have 
lower colour stability when compared to that achieved with 
PMMA-based acrylic resins8,30,31.  These conflicting findings 
may be explained by the technique used to verify colour 

Product Resin type Composition

Duralay Polymethyl methacrylate Powder: copolymer of methyl methacrylate and pigments
Liquid: methyl methacrylate, EDMA*, inhibitors

Luxatemp  Bis-acryl methacrylate Matrix of Bis-methyl acrylate, catalysts, stabilizers, additives and pigments

Table 1. Materials used in the study.

* EDMA- Ethylene Glycol Dimethacrylate
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stability. When the chosen technique is immersion cycles 
in dye solutions, PMMA behaves better and exhibits less 
colour alteration8,30,31. However, when the UV irradiation 
with AAA technique is used, composites such as Bis-Ac 
show greater resistance to discolouration8. Subjecting 
materials to extreme conditions in an effort to speed up 
the natural aging process, AAA is a suitable method for 
estimating the useful life span of a product18,19. Thus, if a 
restorative material shows better colour stability after being 
subjected to AAA, it is expected to have higher resistance 
and better clinical performance in the oral environment.

In the present study, specimens were subjected to AAA 
for 40 hours, a period that simulates the clinical use of 
temporary restorations for a month28 and the average 
time that a temporary restoration is used,32.  AAA has 
been widely used5,8,32,33, especially for materials based on 
acrylic resins5,15. Aging processes attempt to reproduce the 
hydrolytic degradation occurring in polymers, since these 
materials are susceptible to absorption, from the oral en-
vironment34, solvents that can change their chemical and 
physical properties, including colour alteration35.

Colour alteration produced by hydrolytic and hygroscopic 
effects depends on polymer composition and chemical 
structure, as well as the number of free unreacted mono-
mers in carbon chains, the polymer chains, and the pres-
ence of porosities in cross-linked networks34. Thus, these 
changes will be different in materials with different chemi-
cal compositions and structures35, as demonstrated in this 
study.  Surface smoothness is also an important factor when 
selecting a temporary material. According to Young et al.35, 
Bis-Ac resins have greater smoothness when compared to 
PMMA-based materials, and materials with smoother ho-
mogeneous surfaces have a less extrinsic staining capacity.

In contrast to previous studies16,17, values found for colour 
change in the present study were above the clinically 
acceptable limit (ΔE>3.3) for both materials.  However, 
despite the clinically unacceptable values for bis-acrylate-
based restorations, the present results showed that colour 
stability was not influenced by the material’s thickness. 
Bis-Ac resins are composites of fluid viscosity, fast polym-
erization, high abrasion resistance, and small polymeriza-
tion shrinkage8,30,35. Due to chemical structure polarity33, 
most Bis-Ac resins have higher affinity for water and other 
liquids than do PMMA-based resins, which could explain 
the higher values of colour change once the material was 
subjected to water condensation cycles during AAA. In this 
study, although Bis-Ac has greater water affinity, observed 
colour alteration was lower than in PMMA-based restora-
tions. This shows that the hydrolytic degradation in the 
polymer chain of tested materials could not be responsible 
for the colour changes observed. 

The monomer conversion rate of the polymeric network 
is directly related to the staining ability and chemical char-
acteristics of resin systems34. Resins with a high monomer 
conversion rate exhibit advantageous features: They have 
suitable optical properties and experience less degrada-
tion susceptibility by oral environment substances34 when 
compared to others. However, insufficient monomer con-
version and the presence of carbonic unconverted double 
bonds render the material more susceptible to degradation 
reactions6, resulting in colour stability reduction due to 
the lixiviation of subproducts, such as methacrylic acid, 
formaldehyde, and certain molecules of methacrylate36. 
Moreover, Bis-Ac resins possess a special feature: The 
presence of cross-linked bonds in their polymeric structure 
promote greater mechanical strength, reduce polymeriza-
tion shrinkage37, and make the material more degradation 
resistant than PMMA-based acrylic resins30.

CONCLUSION

Material selection for temporary restorations should be 
based on the strengths and limitations of each material 
and the specific purposes of the treatment phase. Despite 
the limitations of this study, one can conclude that both 
bis-methyl acrylate-based and PMMA-based restorations 
exhibit colour alteration above the clinically acceptable 
limit over time; however, colour alteration is lower for bis-
methyl acrylate-based materials (thickness-independent), 
and colour alteration for PMMA is inversely proportional 
to restoration thickness.
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Manufacturers Details

•	 Slow-speed Handpiece - Dabi Atlante, Ribeirão Preto, 
SP, Brazil 

•	 Self-cured acrylic resin - Vipi Flash, Vipi, Pirassununga, 
SP, Brazil

•	 Mechanical polisher - Polipan-U, Panambra, São Paulo, 
SP, Brazil

•	 Sand paper discs - Norton, São Paulo, SP, Brazil

•	 Bis-Ac - Luxatemp, DMG Hamburg, Germany

•	 PMMA - Duralay, Reliance Dental Mfg, Worth, IL, EUA

•	 Phosphoric acid 37% - SS White, Rio de Janeiro, RJ, 
Brazil

•	 Composite Z250 shade A3 - 3M ESPE, Sumaré, SP, 
Brazil

•	 LED curing light - FLASHlite 1401, Discus Dental, Cul-
ver City, CA, EUA 460-480 nm, 1100 mW/cm

•	 Digital caliper - Digimess, São Paulo, SP, Brazil

•	 Spectrophotometer - Vita Easyshade - VITA Zahnfabrik, 
Bad Säckingen, Germany

Thicknesses Groups

Duralay
Mean (SD)

Luxatemp
Mean (SD)

0.5 mm 37.21 (2.86)aA 11.82 (2.83)bA

1.0 mm 26.27 (2.55)aB 11.36 (2.56)bA

Table 2.  Mean values for colour stability (ΔE)

SD= Standard Deviation  
Different letters, lowercase in lines and uppercase in columns, show a 
statistically significant difference (2-way ANOVA, Bonferroni (p<0.05).
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•	 AAA - Accelerated Aging System for Non-Metallic UV-
C, Comexim Matérias Primas Ltd., São Paulo, SP, Brazil

•	 Statistical software - GraphPad Prism 4.0, La Jolla, 
CA, EUA
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