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ABSTRACT 

Objective: The aim of the study is to evaluate the surface topography (Polished vs. Non-polished) and 

color stability of different provisional materials: 1) Bis-acryl Composite (System C&B – 

IvoclairVivadent); 2) Bis-acryl Composite (ProTemp IV – 3M ESPE); 3) Bis-acryl Composite (Success 

CD – Promedica); 4) Polymethyl Methacrylate (Trim II – Bosworth); and 5) Light-cure Polymethyl 

Methacrylate (UniFast TRAD – GC Europe) immersed in commonly used beverages. 

Material and Methods: The color change value of each specimen after immersion in different beverages 

i.e. 1) Coffee with artificial saliva; 2) Tea with artificial saliva; 3) Cola with artificial saliva; 4) Apple juice 

with artificial saliva; and 5) Saline with artificial saliva was measure using spectrophotometer with CIE 

LAB system before and after immersion at 2 days, 1, 2 weeks, and 1 month. 

Results: ProTemp IV was found to be the most color stabile material, followed by System C&B, Success 

CD, Trim II, and UniFast TRAD respectively. It was found that coffee had the most staining ability, 

followed by tea, cola, and apple juice. Conclusion: Bis-acryl composites showed the highest color stability 

values (ProTemp IV, System C&B, and Success CD), followed by Polymethyl Methacrylate (Trim II), 

then light cured polymethyl methacrylate (UniFast TRAD). Polishing decreases the color changing values 

of the provisional materials. Coffee had the most color changing effect. 
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INTRODUCTION 

A provisional restoration is an integral part of 

successful treatment for fixed prosthesis as they 

protect the prepared abutment teeth, while the 

final prosthesis is being fabricated. They provide 

pulpal protection, maintain periodontal health, 

occlusal relationship and tooth position of the 

abutment tooth and also help in deciding the 

shade, shape and contour of the final restoration, 

especially in cases of long term anterior 

temporization 
(1)

. Provisional restoration can be 

made from different materials. these materials are 

autopolymerizingpolymethyl methacrylate, 

polyethylene methacrylate, polyvinyl 

methacrylate, urethane methacrylate, bis-acryl, 

and microfilled resin
 (2)

. The mode of setting for 

each materials is different, it can be polymerized 

chemically, using light cure, or both.
 (3)

 There are 

multiple factors that are considered when making 

the restoration, when it is done in the anterior 

area, the most important factor is the esthetic
 (1)

. 

Three techniques can be used in fabrication of 

provisional restoration. It can be fabricated 

directly, indirectly, or indirect-direct technique 
(3)

.
  

In esthetically critical areas, the provisional 

restoration must not only provide an initial shade 

match, but also must maintain its esthetic 

appearance over the period of service.
 (1)

 

Perceptible color change of the provisional 

restorative material may compromise the 

acceptability of provisional restorations. 

Evaluation of color can be assessed manually by  

 

shade guide but the reliability and repeatability is 

source of error. Multiple devices can used to 

measure color difference (delta E) through one of 

two different systems; Munsell color system and 

Standard Commission International de 

L’Eclairage Color System (CIE-Lab). 

Spectrophotometer is one of the devices which 

measure L*, a* and b* by CIE-Lab system which 

is recommended from American Dental 

Association 
(4,5)

. L* measures the value through 

black and white scale, a* measures the red or 

green chroma and b* measures the yellow or blue 

chroma
 (6)

. The ΔE can be measure through 

difference between two objective values: 

Δ𝐸 = (ΔL
2
 + Δ𝑎2

 + Δ𝑏2
)

0.5 

 

Discoloration of provisional materials for 

fixed prosthodontics may result in patient 

dissatisfaction and additional expenses for the 

replacement. This is particularly problematic 

when provisional restorations are subjected to 

colorants during lengthy treatment. Hence, color 

stability is a significant criterion in the selection 

of a particular provisional material for use in 

esthetically critical area 
(1)

. The aim of the study is 

to evaluate the surface topography and color 

stability of different provisional materials 

immersed in commonly used beverages. 

The study was approved by the Ethics Board 

of King Saud University.  
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MATERIALS AND METHODS 

MATERIALS  

250 samples divided into 5 groups according to provisional material type. (Table-1) 

 

Table-1: Materials to measure which material had the highest color stability value. 

Material Type Manufacturer Shade 

Trim II Polymethyl Methacrylate Bosworth A2 

ProTemp IV Bis-acryl composite 3M ESPE A2 

System C&B Bis-acryl composite IvoclarVivadent A2 

Success CD Bis-acryl composite Promedica A2 

UniFastTRAD Light-cured Polymethyl methacrylate GC Europe A2 

 

METHODS 

- Specimens preparation  

     A stainless steel cylindrical mold which 

can be split into two halves was used to prepare 

the 50 specimens for each type of provisional 

material. The mold dimensions are 2 mm height 

and 15 mm diameter. Acrylic ring used to hold 

the mold in place. During preparation, the mold 

was placed on a glass slab to provide a uniform 

surface for all specimens. Provisional material 

filled into the mold and then pressed by a flat 

surface putty index on top to remove excess 

material and to provide a flat surface. 

The samples divided in two subgroups. First 

subgroup immersed immediately. The second 

subgroup finished and polished by automat 

grinding and polishing unit (The 

WirtzJeanwirtzGmbhand Co. 

CharlottestrabeDusseldorf W. Germany) 600 grit 

wet sand paper, pumice and polishing paste with 

enhanced polishing kit. (Figure-1)  

-  Solution preparation: 

Each 25 samples of subgroup immersed into 

5 different solutions (n=5) that are shown in 

Table-2. 

 

Table-2: Beverages to test which has the most 

color changing effect. 

Solution      Type Manufacturer 

Nescafe 

classic 

Coffee Nestle, Riyadh, Saudi 

Arabia 

Lipton yellow 

label tea bags 

Tea Lipton, Riyadh, Saudi 

Arabia 

Al-Marie 

Juice 

Apple 

Juice 

Al-Marie, Riyadh, 

Saudi Arabia 

Coca-Cola Soda The Coca-Cola Co, 

Riyadh, Saudi Arabia 

Saline - - 

 

 

The samples immersed in 300 ml of test 

solution mixed with 600 ml of artificial saliva. 

Artificial saliva was prepared using a mixing 

100ml of 0.34g Monopotassium phosphate, 

0.44g of Disodium phosphate, 1.5g of Potassium 

bicarbonate, 0.58g Sodium Chloride, and 0.03g 

Magnesium chloride hexahydrate. Then 6ml of 

0.5g Citiric Acid was added.  

 

Finally, 10ml of 0.22 Calcium Chloride was 

added. The final solution was diluted with 

distilled water to final volume of 100ml with pH 

range from 6.7 to 7.3. Then beverages were 

added:  

 

 Coffee: 300 ml of black coffee from 

Nescafe, sugar-free, mixed with 600ml of 

artificial saliva, kept at 37
0
 C. 

 Tea: 1 tea bag added to 1 L of boiling water, 

simmered for 5 minutes, and then filtered 

with filtered paper and mixed with 600ml of 

artificial saliva, kept at 37
0
 C 

 Coco Cola: 300 ml of Coco-Cola taken from 

airtight container and mixed with 600ml of 

artificial saliva, kept at 37
0
 C. 

 Apple Juice: 300 ml of apple juice taken 

from airtight container and mixed with 

600ml of artificial saliva, kept at 37
0
 C. 

 Saline: 300 ml of saline will be taken from 

airtight container and mixed with 600ml of 

artificial saliva, kept at 37
0
 C. 

        

          Before each measurement, the samples 

rinsed with distilled water for 15seconds. 

Afterwards, the specimens were dried using 

tissue paper. (Figure-1) 
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Figure-1: Subgroup for each material to test the color stability 

 

- Color difference measurement  

After specimen preparation base reading 

performed (T0) by spectrophotometer (Color-Eye 

7000A, GretagMacbeth, Michigan, USA) (Photo-

1), specimen immersed in different solutions 

(Table -2). Subsequent color measurement was 

taken after 2 day (T1), 1 week (T2), 2 week (T3) 

and 1 month (T4), of immersion in solutions. 

Color changes were measured by using L*a*b* 

color space (CIE L*a*b*) by finding ΔE 

The total color change (ΔE) calculated for each 

specimen relative to its baseline color using the 

color difference formula: 

Δ𝐸 = (ΔL
2
 + Δ𝑎2

 + Δ𝑏2
)

0.5
 

A standard three-way analysis of variance 

(ANOVA) method using statistical software  

    

 

    SPSS for Windows used to evaluate the effect 

of material type, beverage type and surface 

polishing procedure on the color change. Mean 

values were then compared by Tukey’s honest 

significant difference (HSD) test (alpha = 0.05). 

 

RESULTS 

 The results of Tukey HSD (Honest 

Significant Difference) multiple comparison test 

shown in Table 3 and 8. 

  After immersion of the materials in 

different beverages, results showed that the 

highest color difference value (ΔE) observed in 

the coffee, tea, cola, apple juice, and saline 

respectively for both polished and non-polished 

group (Table-3). 

 

Table-3: ANOVA Tukey HSD test for beverages 

 

 Drink N Subsetfor alpha = 0.05 

 1 2 3 4 5 

Tukey HSD
a,b,c

 Saline 50 1.3535     

Apple Juice 50  1.6465    

Cola 50   1.9451   

Tea 50    2.2913  

Coffee 50     2.8907 

Sig.  1.000 1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 50.000. 

             According to the results, the materials showed significant color change when the time interval 

increases. After 2 days measurement (T1), the UniFast TRAD-coffee-non-polished (5.941, 0.028) had the 

highest color difference value, which was followed by UniFast TRAD-tea-non-polished group (4.439, 

0.028), which is also considered as clinically non-acceptable, because it is clinically observable color 

change. The lowest color difference value found in the System C&B-apple-polished group (0.918, 0.028) 

(Table-4) (Graph-1). 

 

Samples for 
each Provisional 

Material  (50) 

Polished 
Samples 

(25) 

Coffee= 
5 

Tea= 5 Cola= 5 
Apple 

Juice= 5 
Saline = 5 

Non-polished 
Samples (25) 

Coffee= 
5 

Tea= 5 Cola= 5 
Apple 

Juice= 5 
Saline = 5 
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Table-4: Mean color difference (ΔE) of polished and non-polished after 2 days (T1) 

 

 

2 Days 

Non-Polish Polished 

Apple Cola Coffee Saline Tea Apple Cola Coffee Saline Tea 

ProTemp IV 0.993 1.278 1.355 .930 1.056 .924 1.005 2.079 .873 1.440 

Success CD 2.027 1.978 2.157 1.001 2.699 1.032 1.263 2.063 0.903 1.544 

System C&b 1.405 0.996 1.578 0.941 1.544 0.918 0.947 2.232 0.887 1.428 

Trim II 1.521 2.063 3.471 1.225 2.437 1.061 1.398 1.978 0.943 2.336 

UniFast TRAD 1.935 2.943 5.941 1.745 4.439 1.439 1.054 2.947 0.913 2.308 

 

 

 
Graph-1: mean color difference (ΔE) of polished and non- polished after 2 days (T1) 

    

        After the second immersion period of, 1 week, the lowest color stability value material was found in 

the UniFast TRAD-coffee-non-polished group (6. 467, 0.028), which is still found to be clinically non-

acceptable. UniFast TRAD- tea-non-polished group had the second most color change (4.624, 0.028), and 

the highest color stability was found in ProTemp IV-apple-polished group (0.995, 0.028). (Table-5) 

(Graph-2). 

 

Table-5: Mean color difference (ΔE) of polished and non-polished after 1 week (T2) 

 

 1 Week 

Non-Polish Polished 

Apple Cola Coffee Saline Tea Apple Cola Coffee Saline Tea 

ProTemp IV 1.030 1.336 1.547 1.107 1.129 .995 1.349 2.135 .883 1.552 

Success CD 2.33 2.797 3.241 1.452 2.915 1.165 1.319 2.408 0.949 1.711 

System C&b 1.579 1.013 2.287 1.052 1.711 0.952 1.046 2.51 0.898 1.453 

Trim II 2.424 2.935 4.7 2.182 4.125 1.986 1.893 2.797 1.407 2.384 

UniFast TRAD 2.733 2.943 6.467 2.690 4.624 2.016 2.437 3.237 1.467 2.583 
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Graph-2: mean color difference (ΔE) of polished and non-polished after 1 week (T2) 

 

 The highest color changes after 2 weeks was in UniFast TRAD-coffee-non-polished group (7.007, 

0.03), followed by UniFast TRAD-tea-non-polished group (5.407, 0.03). The lowest color change found in 

System C&B-apple-polished group (1.025, 0.03) (Table-6) (Graph-3). 

 

Table-6: Mean color difference (ΔE) of polished and non-polished after 2 weeks (T3) 

 

 2 Weeks 

Non-Polish Polished 

Apple Cola Coffee Saline Tea Apple Cola Coffee Saline Tea 

ProTemp IV 
2.091 2.009 2.038 1.854 2.314 1.025 1.425 2.834 .937 1.706 

Success CD 2.934 2.827 3.605 2.087 2.947 1.225 1.346 2.672 0.98 2.318 

System C&b 1.733 1.958 3.342 1.13 2.318 0.993 1.188 2.53 0.937 1.453 

Trim II 3.286 3.103 5.94 2.227 4.988 2.014 2.247 2.827 1.676 2.626 

UniFast TRAD 3.038 5.282 7.007 2.725 5.407 2.106 2.480 3.536 1.963 2.772 

 

 
          

Graph-3: mean color difference (ΔE) of polished and non-polished after 2 weeks (T3) 
      

After 1 month, the lowest color change was in System C&B-apple-polished group (1.03, 0.029), followed 

by ProTemp IV-apple-polished group (1.091, 0.029). The highest color change observed in UniFast 

TRAD-coffee-non-polished group (7.74, 0.029) (Table-7) (Graph-4). 

.000

2.000

4.000

6.000

8.000

Apple
Juice

Cola Coffee Saline Tea

T2, Non-Polish 

ProTemp IV Success CD System C&B

Trim II UniFast TRAD

.000

1.000

2.000

3.000

4.000

Apple
Juice

Cola Coffee Saline Tea

T2, Polish 

ProTemp IV Success CD System C&B

Trim II UniFast TRAD

.000

2.000

4.000

6.000

8.000

Apple
Juice

Cola Coffee Saline Tea

T3, Non-Polish 

ProTemp IV Success CD System C&B

Trim II UniFast TRAD

.000

1.000

2.000

3.000

4.000

Apple
Juice

Cola Coffee Saline Tea

T3, Polish 

ProTemp IV Success CD System C&B

Trim II UniFast TRAD



Color Stability Evaluation… 

2530 

 

 

Table-7: Mean color difference (ΔE) of polished and non- polished after 1 month (T4) 

1 month 

 Non-Polished Polished 

 Apple Cola Coffee Saline Tea Apple Cola Coffee Saline Tea 

ProTemp IV 2.095 2.235 3.365 2.056 2.684 1.091 1.932 3.005 .945 2.015 

Success CD 3.287 3.914 3.762 2.128 3.084 1.788 2.24 2.535 1.03 2.986 

System C&b 2.016 2.351 3.388 1.855 2.986 1.03 1.56 2.648 0.986 1.65 

Trim II 3.536 3.958 6.806 2.434 5.029 2.228 2.979 3.914 1.874 2.765 

UniFast TRAD 3.623 5.433 7.740 2.860 5.435 2.172 2.546 4.161 2.052 3.011 

 

Graph-4: Mean color difference (ΔE) of polished and non-polished after 1 month (T4) 

 
     Finally, the most color stable material is ProTemp IV followed by System C&B, Success CD, Trim II 

and then UniFast TRAD respectively for both polished and non-polished group whereas the differences 

between the materials are significant. (P < 0.01) (Table-8). 

 

Table-8: ANOVA Tukey HSD test for materials 

 

 

DISCUSSION 

 The results of the present study showed 

at the end of one month, maximum discoloration 

was seen in the UniFast TRAD non-polished 

group immersed in coffee and the least 

discolored material was seen in the ProTemp IV 

polished group in the apple drink. The 

provisional material is considered color stable 

when the material is not stained by colorants 

when it is exposed to these coloring agents, no 

difference will be detected (ΔE=0). To verify the 

acceptability of the color change Johnston and 
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 Material N Subsetfor alpha = 0.05 

 1 2 3 4 5 

Tukey HSD
a,b,c

 ProTemp IV 50 1.4604     

System C&B 50  1.4784    

Success CD 50   1.9252   

Trim II 50    2.4118  

UniFast TRAD 50     2.8512 

Sig.  1.000 1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 50.000. 
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Kao they matched the appearance by mean of 

visual rating scale between composite resin 

veneer restorations and their comparison teeth 

and measuring ΔE by colorimeter and CIA Lab. 

They found less than 3.7 is visually 

imperceptible as well as clinically acceptable
 (7)

. 

 Color stability can be measured either 

by visual, or instrumental techniques 

(Spectophotometer and colorimeter) 
(8)

. One of 

the main disadvantages of the visual technique is 

that it is non-reliable which means 

inconsistencies in the specification of the 

observer. The instrumental technique overcame 

this problem in interpretation of the samples for 

color changes. The most common instruments 

used in evaluating color changes are the 

colorimeter and spectrophotometer
 (9)

. Moreover, 

spectrophotometer shown to be more accurate 

when compared with the colorimeter
 (10)

.  

 It is clear that there is a correlation 

between the surface and the color stability. The 

rougher surface indicates that it stains more 

rapidly than smooth surface because of the 

presence of surface topographical irregularities, 

which retains the colorants and plaque (Photo-

3). Plaque accumulation in provisional 

restoration spicily gingival areas induce 

inflammation, in addition, finishing procedure 

can initiate heat, which cause more 

polymerization of the surface 
(11, 12)

. 

 

   The lower color stability of the UniFast 

TRADmay be due to lower filler contents and 

higher non- reacted monomer 
(13)

, and higher 

porosity 
(14)

 of these materials when compared with 

the Bis-Acryl composites. Turker et al. 
(15)

 found 

that staining from food and beverages cause higher 

discoloration in acrylic resins, which are more 

porous than resin composites. Furthermore, all the 

Bis-acryl used in this study is automixed by the 

dispenser gun supplied from the manufacturer 

instead of hand mixing with powder and liquid 

technique. The automixed gun reduces the amount 

of porosity and the faulty powder/liquid ratio, 

which leads to higher color stability 
(16)

. 

 ProTemp IV according to the manufacturer 
(17)

 

utilizes modified Bowen resin, which corresponds 

to derivatives of the bis-acryl compounds that have 

been rendered hydrophobic causing major reduction 

in water absorption and might be the reason for 

highest color stability of the ProTemp IV group in 

all staining solutions and betweenall-time intervals 

in the present study.  

Rutkunas et al. 
(18)

 found that higher 

discoloration effect of coffee solution is due to 

adsorption and absorption of colorants particles 

whereas in tea it is due to adsorption only. The 

colorant, which could be the main reason for 

discoloration in both coffee and tea solutions is 

tannic acid
 (19)

. 

Cola is acidic solution that contained phosphoric 

acid which play a major role on the surface 

degradation whereas has lower staining effect due 

to absence of colorants such as in coffee and tea
 (20)

. 

Apple juice selected in this study because it has 

erosion ability due to presence of citric acid, which 

has low pH=2.0
 (21)

. 

 The preferred material for long term 

provisional restoration is Bis-acryl composite resin 

material and for short term use the material of 

choice is Poly methyl methacrylate. Light cured 

acrylic resin is not indicated unless immediate 

replacement is necessary. 

 

 

 

 
Figure 1: Polished vs. Non-polished surfaces. 
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CONCLUSION 

Bis-acryl composite provisional materials 

(ProTemp IV, System C&B and Success CD 

respectively) were the most color stable provisional 

materials followed by Polymethyl Methacrylate 

(Trim II) and lastly Light-cured Polymethyl 

methacrylate (UniFastTRAD) after immersion in 

different beverages. Non-polished group showed 

significant color change compared with polished 

group. Coffee has the highest color changing ability 

followed by tea, cola and apple juice respectively. 
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