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ABSTRACT  

Introduction: Provisional restorations must protect the fresh cut enamel, protect the dental pulp, produce 

occlusal rebalancing and especially restore the lost aesthetic function Data are needed to help predict color 

stability of provisional resins. The present study was conducted to assess discoloring of PMMA and bis-acrylic 

based interim crowns in different conditions, after a certain period of time, respectively 7 days and 60 day of 

submersing the samples both in artificial saliva and in solutions that will cause a change of color. The solutions 

that we chose were made of artificial saliva and coffee and artificial saliva and green tea, which are the most 

common beverage among patients. 

Keywords:  provisional crown, fixed prosthodontics, bis-acrylic, PMMA, artificial saliva.

INTRODUCTION. 

In prosthetic treatment with dental 

crowns, it is extremely important that the 

prepared teeth are protected until the last 

stage of the treatment by temporary crowns. 

Provisional restorations must protect the 

fresh cut enamel, protect the dental pulp, 

produce occlusal rebalancing and especially 

restore the lost aesthetic function [1–3]. 

Food impact prevention is necessary to 

maintain the health of soft tissues. 

Interproximal contacts and emergency 

profiles should be properly established and 

maintained in order to prevent tooth 

displacement and allow the patient to 

maintain proper hygiene [4,5]. 

Acrylic and metal acrylic dental 

works have been widely used in dentistry in 

the past but, with the advent of modern 

restoration materials (ceramics, composite), 

they have lost ground.  

Even though they are still used in 

some parts as permanent restorations, their 

most important application has remained for 

temporary works. The main advantage of the 

acrylic restorations is the low cost and the 

easy manufacturing [3,4]. 

The temporary crowns are also 

important for diagnostic purposes in order to 

restore functions such as stability, occlusion 

and aesthetic, important settings for 

choosing the best  treatment plan before the 

denture is ready [4-6]. 

Acrylate is a plastic resin which is 

processed by polymerization in specific 

ovens. The temperature at which the process 

is carried out is 150-200 degrees Celsius, 

well below that of burning the ceramic 

(which is 1000 degrees) [6,7]. 

From the category of chemical 

materials the most used is the one formed by 

the acrylic powder / liquid system. It has 

been used since 1930 for provisional 
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restorations, today there are two types of 

commercialized acrylic materials. The oldest 

one, poly methacrylate (PMMA) / methyl 

methacrylate (MMA), which has the 

disadvantage of eliminating a large amount 

of monomer which should not be neglected, 

especially if applied on vital teeth. Also in 

the category of chemical materials are 

composites based on resin, consisting of two 

components - a resin and a filling system [7-

9].  

Resin is the organic matrix in which 

the other components (the particles of the 

filling system) are dispersed or dissolved. 

The dimensions of these particles can vary 

from fine particles 0.5-3 µm to 0.04-0.2 µm, 

with or without regular shape. The 

proportion in which these particles of 

different sizes and shapes are mixed 

determines the material's properties [10,11]. 

The optical properties are 

remarkable: the refractive index is close to 

that of dentine and enamel and the 

transparency is excellent. The coloring 

possibilities are practically unlimited. 

Unfortunately, these benefits are 

overshadowed by the yellowing of PMMA 

over time. Currently doesn't exist any 

material that fulfills all possible demands for 

all the clinical cases [12,13]. 

The most used material at present is 

the bis-acrylate composite. It contains a 

resin organic system represented by the 

methacrylate bisphenol-A-glycidyl (bis-

GMA), triethylene glycol dimethacrylate 

(TEGDMA) [14,15]. The inorganic filling 

system represents 40% of the weight of the 

material. The bis-acrylic composite has 

superior mechanical properties, the degree of 

shrinkage following the polymerization is 

insignificant, from the aesthetic point of 

view it is closer to the natural teeth, having 

the possibility of being polished with 

specific instrumentation [16,17].  

The composites used for the 

provisional restorations have a high degree 

of breaking resistance, presenting superior 

mechanical properties, polymerization 

reaction with low heat release, high fidelity 

and great aesthetics [15-17]. 
 

PURPOSE. 

The present study was conducted to 

estimate the discoloring of PMMA and bis-

acrylic interim crowns in different 

conditions, after a certain period of time, 

respectively 7 days and 60 day of 

submersing the samples both in artificial 

saliva and in solutions that will cause a 

change of color. The solutions that we chose 

were made of artificial saliva and coffee and 

artificial saliva and green tea, which are the 

most common beverage among patients.  
 

MATHERIALS AND METHODS. 
 

We produced 30 identical samples of 

each material and for this we used mold 

made of steel and the dimension of them was 

1cm2 /1cm2 for Protemp II , 3M ESPE and 

for Luxatemp , DMG, Germany. For every 

type of material we followed the instructions 

of the producer. Available in a wide variety 

of shades, including the most popular bleach 

shades, bis-acrylates are delivered in a 

syringe applicator, are comfortable in use 

and exhibit a reduced exothermic reaction, 

reduced contraction and have a less 

pronounced odor.  

The samples for chemical acrylate 

were prepared according to manufacturer 

indications and ratio, in a mixing glass cup 

and a spatula, until the mixture is 

homogenized . 

 The polymerization of other 

samples was made in the laboratory and for 

that we used light curing unit for 10 seconds 

for every side of the sample, 20 seconds per 

all, the light had a length between 300 and 

500 nm, with a source of light with power of 

70 W .  

After that, we immersed  the samples 

in water at a temperature of  37° C for  half 

an hour. The final touch was represented by 

a polishing operation, using Bimsstein 

polishing paste and then Abraso Starglanz 

gloss paste from Bredent. For polishing we 

used brushes with 2x2 inserts of special 

fabric Abraso Scwabbel Acryl with a 

diameter of 8mm from the same company 

and gloss was obtained with an Acryl brush 

with a diameter of 10 mm in 35 layers. 
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Coffee solution (Nescafe) was 

prepared with commercially available drip 

coffee maker using 15 grams coffee and 100 

ml of distilled water. Staining solution and 

Rondelli saliva were mixed in a proportion 

of 1:2 by volume. The tea solution (Basilur 

Sencha Green Tea) was obtain with 15 

grams of tea leaves and 100 ml of water at a 

temperature of 90°C for 10 minutes. 

Changes in color were assessed after 

seven days (T1) and after sixty days (T2) of 

sinking the test pieces in staining solutions 

in test tubes. After that they were taken out 

and dried on paper and than analysed. 

Evoking a feeling of color involves 

light emitted by a source to the object 

viewed, reflecting some of the light towards 

the human eye and, in response, it sends 

stimuli to the brain interpreted as color at 

this level. The first step taken was a visual 

assessment of polished surfaces of all 

samples and if any porosity observed it was 

made a notice.  

Changes in color were measured 

with the help of a colorimeter (Minolta CR-

410 Chroma Meter; Minolta, inter 

instrument agreement ∆E*ab within 0.6, 

repeatability within ∆E* ab 0.07). In order to 

be sure the results are correct we proceeded 

a calibration before any measurement 

session, using the supplied white calibration 

standard. 

Trichromatic color theory shows that 

any color can be obtained from the three 

primary colors (primary). The fundamental 

colors are thus chosen so that neither can be 

reproduced by mixing the other two. The 

trichromatic system adopted by CIE it is 

based on three spectral colors: red, green and 

indigo.  

Their use in color measurement 

presents some disadvantages in the sense 

that in some cases the color can be obtained 

from the three components only if the 

negative coefficients are also used. In this 

sense, the calibration, based on the colors, 

was kept real fundamentals and three virtual 

colors have been calculated that no longer 

present the mentioned drawback. The three 

calculated values are denoted by X, Y, Z and 

constitute the fundamental values of the 

color, called and trichromatic coordinates in 

the CIE system.  

Color difference is defined as the 

numerical comparison of a sample to the 

standard. Referred to as delta (Δ), it 

indicates the differences in absolute color 

coordinates. Deltas for lightness (ΔL*), 

chroma (ΔC*), and hue (ΔH*) may be 

positive (+) or negative (–).Color difference 

(∆E*) was calculated with the formula: ∆E* 

= √(∆L*2+ ∆a*2 + ∆b*2). The lightness 

value, L*, represents the darkest black 

at L* = 0, and the brightest white at L* = 

100. The color channels, a* and b*, 

represent true neutral gray values at a* = 0 

and b* = 0.  

The a* axis represents the green–red 

component, with green in the negative 

direction and red in the positive direction. 

The b* axis represents the blue–yellow 

component, with blue in the negative 

direction and yellow in the positive 

direction. Absolute measurements can be 

made in L*a*b* coordinates and color 

change calculated as ∆E (L*a*b*). For ∆E is 

considered a normal acceptable value less 

than 3.7 or equal with it [18, 19]. 

 Seghi et al. [18] in their research 

proved that measuring the color with an 

instrument such as a colorimeter is a strong 

way to get an evaluation of the color and its 

changes. Many times, in literature, the color 

changes were reported using the CIELAB 

Color system, a system developed in 1978 

by the Commission Internationale de 

l’Eclairage for characterizing color based on 

human perception [19].   

Changes in color were assessed after 

seven days (T1) and after sixty days (T2) of 

sinking the samples in staining solutions. In 

order to check any change in color the 

samples were first washed for a period of 

time of 30 seconds with distilled water, 

slowly cleansed using a soft bristle brush to 

get rid of any deposits and then dry with a 

tissue paper.  

In order to analyze the results we 

used ANOVA test, independent samples t-

test, Scheffe’s post-hoc test and paired t‑test. 

The level of significance used in this paper 

was considered to be a = 0.05 . 
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Results are shown in tables below 

for each group of samples and their 

discoloring solution 
One-way ANOVA test indicated 

statistically significant difference in (∆E) 

values after 1week and 6 weeks (T2) of 

immersion on intergroup and intragroup 

comparison (P < 0.05). 

Post-hoc analysis shows the mean 

values noted with the same letter are not 

statistically significant (P>0.05) and the 

mean values marked with different letters 

are statistically significant. 

Paired t-test revealed statistically 

significant difference in ∆E values of 

PMMA specimens after immersion in 

various staining solutions for 1 week and 6 

weeks relative to baseline, except for 

PMMA specimens immersed in artificial 

saliva solution. Similarly, there was 

statistically significant difference seen in ∆E 

values of Bis acrylic specimens after 

immersion in various staining solutions for 1 

week and 6 weeks relative to baseline. 

Especially in frontal areas, the most 

visible ones, interim crowns have as the 

most important function-recovering the 

natural aspect and color appearance during 

treatment. The color changes of the 

temporary crowns first create aesthetic 

problems can have as result the patients 

discontent and sometimes more time and 

money in order to change them. This can be 

a problem especially when the temporary 

crowns are subjected for a long time to the 

action of factors that can cause their color 

change, because the material used in 

fabrication of provisional crowns may suffer 

color changes when they are subjected to 

various environmental conditions [16,17,19]. 

During time, many clinical studies 

assessed different types of staining solutions 

to determine the degree of provisional 

materials. Taking into account the different 

composition of these materials, the studies 

followed the different behavior when 

changing color in various circumstances 

[18]. 

The more homogeneous structure of 

the materials based on acrylic resin, 

compared with those based on composite 

resin, has led to a better colorimetric 

stability , as demonstrated by many studies 

and the authors considered the change of 

color to be caused by the process of 

oxidation of  not reacted double bonds in the 

material itself. 

Table 1.Analysis of mean color change 

after immersion after 7 days (t1) and 60 

days(t2) 

 
                                 

 

 

 

           

RESULTS AND DISCUSSIONS 

The results of the present study 

showed that PMMA is more color stable 

than bis-acrylic composite based resin, as 

bis-acrylic derivates have higher polarity 

than PMMA polymers and and achieves 

higher water absorption, caused by a higher 

diffusion coefficient, as opposed to PMMA 

resins. Materials that allow faster water 

absorption are more sensitive to color 

changes, water acting as an activating agent. 

[6, 10-13]. 

Studies have shown that the 

environment or staining solution can act on 

the extent to which color changes, coffee 

and tea being frequently found to be the 

most important as an action. The period of 

time for the exposure of the materials to the 

coloring environment can as well be a factor 

contributing to color change. As the 

exposure period of time increases, the color 

Staining 
solutions 

PMMA 
                BIS-

ACRYLIC 

T
1 T2 

T
1 T2 

AS 
2.

9650A 

2.96
63a 

3.
2693E 

3.56
47e 

∆E*  (SD) 

(
0.005
) 

(0.0
05) 

(0
.004) 

(0.0
05) 

AS + tea 
3.

2500D 

4.31
20f 

3.
6997J 

4.73
53k 

∆E*  (SD) 

(
0.009
) 

(0.0
05) 

(0
.005) 

(0.0
05) 

AS + coffee 
4.

3113O 

5.54
60p 

5.
7083R 

6.97
73s 

∆E*  (SD) 

(
0.008
) 

(0.0
08) 

(0
.007) 

(0.0
08) 
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change increases [6,10,11]. The results of a 

couple of studies point to the direction that 

acrylic based resins have a lower color 

modification, comparing with other 

materials, including bis-acryls ones [5-11]. 

However, research has also proved existence 

of materials based on resin composite which 

have a similar color stability [8, 9].  

These results were the same with 

those obtained by Luce et al. [20] who found 

artificial saliva and coffee solution the most 

staining one, followed by artificial saliva 

and tea solution. 

The time period in which they are 

kept in the colored solutions also plays an 

essential role in the degree of color 

modification of the various materials, the 

ratio being directly proportional. 

 

CONCLUSIONS 

Provisional restoration is one of the 

most important steps in the manufacture of a 

fixed prosthetic restoration, allowing the 

dentist and the patient to evaluate functional 

and aesthetic concerns before final insertion. 

It is a test of the types of biological and 

physical characteristics. 

Our results indicate that maintaining 

the same color is not a constant feature of 

materials and it therefore be considered 

when selecting a temporary material for 

interim crowns, and also can play an 

extremely important role for patients and 

clinicians when rehabilitating the aesthetic 

area. 

However, this study has some 

limitations, because the solutions used. We 

must keep in mind that not all substances 

that can change the color can be analyzed in 

a single study. Other factors that can change 

color include thermal changes or abrasion. 

We can consider these elements as future 

directions of research. 

 

 

 
 

 

 

 

Following the abrasive wear speed 

analysis on the acrylic tooth denture 

available on the Romanian market, we can 

conclude: 

 different layering of acrylates has a 

defining impact; 

 wear differences can be attributed to 

the composition of the materials, 

both the internal structure and the 

. 
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