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                                                                      ABSTRACT 

Background: In dentistry, provisional fixed prosthodontic materials are essential because they act as temporary 

restorations that preserve prepared teeth, retain their aesthetic appeal, and ensure their proper function until the final 

prosthesis is made. Colour stability refers to the ability of a material to maintain its original colour over time, 

despite exposure to various environmental factors. The aim of this study is to assess how brushing simulation affects 

the colour stability of two types of provisional fixed prosthodontic materials. 

Materials and Methods: Ten disc-shaped specimens (10 mm diameter, 2 mm height) from Ivoclar and AVUE T 

Crown (five each) were prepared to evaluate colour stability. Using a brushing simulator (ZM3.8 SD Mechatronik), 

samples underwent 10,000 brushing cycles (2 hours) with Dabar Red Herbal toothpaste. Colour measurements were 

taken before and after brushing with a Konica Minolta CM5 spectrophotometer, and Delta E values were calculated. 

Paired t-tests in SPSS version 23 compared pre- and post-brushing colour stability, with results tabulated. 

Results: The study evaluated the colour stability (ΔE) of Ivoclar and AVUE T Crown provisional materials under 

simulated brushing. Ivoclar samples had minimal colour change (average ΔE 0.716), indicating good stability. 

AVUE samples showed significant colour shifts (average ΔE 6.498). The statistically significant p-value of 0.04 

highlights the impact of brushing on colour stability, stressing the need for durable materials in routine oral hygiene. 

Conclusion: This study demonstrates that Ivoclar materials exhibit superior colour stability compared to AVUE 

materials, maintaining clinically acceptable ΔE values under simulated brushing conditions. These findings 

underscore the importance of selecting materials that resist colour change, ensuring aesthetic integrity and patient 

satisfaction in temporary dental restorations. 
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INTRODUCTION 

One of the primary objectives of dental care 

is to replicate teeth and create smiles that are as 

aesthetically pleasing and natural-looking as 

possible, while also meeting each patient's unique 

demands. Over the past ten years, there have been 

substantial advancements in new and targeted 

treatment modalities, consistently improved and 

more aesthetically pleasing dental materials, and 

innovative methods and technologies.
1,2

 Esthetics 

play a major role in the social and mental well-being 

of individuals. Dental esthetics can be in any form, 

such as replacing missing anterior tooth/teeth, 

correcting the space between the teeth, correcting 

dental protrusion or retrusion, smile correction, and 

bleaching discoloured tooth/teeth.
3
 

In restorative dentistry, provisional fixed 

prosthodontic materials are essential because they act 

as temporary restorations that preserve prepared 

teeth, retain their aesthetic appeal, and ensure their 

proper function until the final prosthesis is made. 

These materials, which are usually used to create 

crowns or bridges, must match patients' aesthetic 

needs in terms of strength, biocompatibility, and 

most importantly colour stability. Provisional 

restorations play a critical role in the success of 

restorative treatment.
4,5

 Provisional restorations have 

three main purposes: to protect the pulp and 

periodontal tissues from mechanical, chemical, and 

thermal stresses; to ease the patient's discomfort; and 

to facilitate speech and mastication. These materials 

need to have sufficient mechanical and physical 

qualities to endure the functional requirements of the 

oral environment, considering their transient nature. 

But the colour stability of the temporary restoration 

is a crucial factor that affects both the patient's 

satisfaction and its effectiveness.
4
  

Colour stability refers to the ability of a 

material to maintain its original colour over time, 

despite exposure to various environmental factors. 

When it comes to provisional restorations, colour 

stability is essential for patient confidence and 

pleasure, particularly when these materials are 

utilised in parts of the mouth that are visible.
6
 Long-

term treatment-related discolouration of temporary 

crowns and bridges may cause patient discontent and 

increase replacement costs.Therefore, color stability 

is quite important when selecting temporary 

materials, especially in the creative fields. The 

degree of discolouration may be influenced by a 

variety of factors, including inadequate 

polymerization, water sorption, chemical reactivity, 

the restoration's surface roughness, diet, and dental 

care.
7 
 

Tooth brushing, a regular oral hygiene 

practice, is a key factor affecting the colour stability 

of provisional materials. The mechanical impact and 

chemical exposure from toothpaste during tooth 

brushing can affect the surface characteristics and 

colour of dental materials.
8
 Comprehending the 

impact of simulated tooth brushing on the colour 

stability of provisional materials is crucial for 

forecasting their real-world performance and helping 

choose the best materials for temporary restorations. 

While several components of provisional materials 

have been studied in the past, more thorough 

research is still needed to determine how tooth 

brushing affects the materials' capacity to maintain 

colour stability.
9
  

A toothbrush simulator is a mechanical 

simulator capable of running a programmable three-

dimensional brushing pattern.
10

 The effectiveness of 

a toothbrush, the flexibility, abrasion resistance, and 

colour stability of prosthetics and restorative 

materials can all be tested with it.
11

 This 

toothbrushing simulator aids in the investigation of 

several characteristics, such as the substrate's 

assistance in the operation, the effects of various 

movement types, and the motions of various 

toothbrush types.
12,13

 With the help of this brushing 

simulator equipment, one may also study the effects 

of varying pressure and overbrushing. Since the 

bristles are always in contact with the tooth surface, 

this simulated toothbrush approach, helps to assess 

the gloss, roughness, and even colour change of the 

teeth.
13

  

This study will utilise standardised colour 

measurement techniques and brushing simulation 

protocols to assess changes in colour stability. The 

findings will provide valuable insights into the 

durability and aesthetic longevity of these materials, 

guiding clinical practices and material development 

for enhanced patient outcomes.
14

 By addressing the 

effects of brushing on provisional fixed 

prosthodontic materials, this research seeks to 

contribute to the broader understanding of material 

performance in dynamic oral environments, 

ultimately supporting the advancement of dental 

restorative procedures and patient care.
15,16

 The aim 

of this study is to assess how brushing simulation 

affects the colour stability of two types of provisional 

fixed prosthodontic materials. Dental practitioners 

can choose materials for temporary restorations more 

intelligently and provide patients with better-looking 
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results by knowing which materials show the least 

colour change under simulated brushing conditions. 

 

MATERIALS AND METHODS 

Sample preparation: Fixed prosthodontic materials 

from two brands, Ivoclar and AVUE T Crown, were 

evaluated. A total of 10 samples were assessed, with 

each brand providing five disc-shaped specimens. 

These specimens measured 10 mm in diameter and 2 

mm in height. The assessment aimed to compare the 

colour stability of the materials from the two brands 

under standardised conditions. 

Brushing Simulator: Ten-disc shaped samples were 

placed in a brushing simulator (ZM3.8 SD 

 Mechatronik). The Samples are subjected to 2 hours 

of brushing with Dabar Red Herbal toothpaste which 

is equal to around one year of brushing and to around 

10000 cycles in total among which 5000 cycles were 

performed in the linear X axis, 5000 cycles in the 

linear Y axis. For long term evaluation of variations 

in colour stability of Ivoclar and AVUE T Crown 

provisional fixed Prosthodontics materials the   

brushing simulation was done for 10000 cycles 

(Figure 1 & 2). 

 

 

  

              
         Figure 1 and 2. Samples are positioned in the brushing simulator 

 

Colour Stability Assessment: Using a Konica Minolta CM5 spectrophotometer (Figure 3), the colour stability was 

assessed. It was carried out twice, once before and once after brushing simulation. Prior to assessing the colour 

stability, distilled water was used to rinse the discs. The pre and post data for L, A, and B values came from the 

spectrophotometer. Lastly, the spectrometer's software was used to compute Delta E values. 

 

                                     
 

Figure 3. demonstrates how to measure colour stability values with a spectrophotometer. 

Statistical Analysis: The colour stability values were measured both before and after the brushing simulation was 

run. The values were tabulated, and using the tabulated values, a descriptive analysis known as the "paired t test" 

was run using the statistical program "SPSS version 23." The analysis outcome was presented in tabular form. 
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               RESULTS 

The study assesses the effect of brushing simulation on the colour stability of two brands of provisional 

fixed prosthodontic materials, Ivoclar and AVUE, by comparing their colour parameters (L*, a*, b*) before and 

after the simulation. For Ivoclar (Samples 1-5), the changes in L* (lightness), a* (red-green), and b* (yellow-blue) 

values before and after the brushing simulation were minimal. For instance, Sample 1 showed a slight increase in 

L* from 54.20 to 55.04, a small decrease in a* from 1.15 to 1.10, and a minor shift in b* from -0.45 to -0.32, 

resulting in a ΔE of 0.85. Similarly, other Ivoclar samples exhibited small shifts in these values, leading to ΔE 

values all below 1.43.  

This indicates that Ivoclar materials maintain their colour well under brushing conditions, demonstrating 

high colour stability. In contrast, AVUE (Samples 6-10) showed more significant changes in L*, a*, and b* values. 

Sample 6, for example, had a notable decrease in L* from 82.56 to 73.89, an increase in a* from 0.14 to 2.37, and a 

significant change in b* from 3.22 to 6.64, resulting in a high ΔE of 9.58. Similar substantial changes were 

observed in Samples 7 and 8, with ΔE values of 10.40 and 8.26, respectively. These large shifts in L*, a*, and b* 

values indicate considerable colour change and poor stability under brushing simulation for AVUE materials 

(Table 1). 

Table 1: L*, a*, and b* of two brands of temporary fixed prosthodontic materials—AVUE and Ivoclar—as 

well as ΔE values are noted 

 

 

Sample 

Pre Post  

ΔE 
L* a* b* L* a* b* 

1 54.20 1.15 -0.45 55.04 1.10 -0.32 0.85 

2 54.14 1.10 -0.34 54.30 1.05 -0.40 0.17 

3 59.47 1.18 0.53 58.99 1.20 0.66 0.49 

4 54.04 1.14 -0.40 54.67 1.05 -0.36 0.64 

5 62.30 1.41 1.89 63.72 1.22 2.01 1.43 

6 82.56 0.14 3.22 73.89 2.37 6.64 9.58 

7 82.72 -0.40 2.48 74.29 2.80 7.66 10.40 

8 76.42 0.23 2.59 68.22 0.79 1.78 8.26 

9 74.02 0.30 2.37 74.72 0.29 2.25 0.71 

10 68.23 1.03 1.89 71.70 0.36 2.07 3.54 

 

Overall, Ivoclar samples exhibited minor variations in colour parameters, resulting in lower ΔE values and better 

colour stability (Table 2).  
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                       Table 2. Colour Stability (ΔE) of Ivoclar and AVUE Materials 

Sample Ivoclar AVUE 

1 0.85 9.58 

2 0.17 10.4 

3 0.49 8.26 

4 0.64 0.71 

5 1.43 3.54 

Average 0.716 6.498 

Standard deviation 0.469 4.185 

In contrast, AVUE samples showed larger changes in 

L*, a*, and b* values, leading to higher ΔE values 

and indicating less color stability. This suggests that 

Ivoclar materials are more reliable for maintaining 

color integrity in dental applications compared to 

AVUE materials. A thorough analysis of the colour 

changes (ΔE) seen in samples from each brand is 

shown in the table and graph that are displayed. The 

ΔE values for five samples from each brand are listed 

in the table. The ΔE values for Ivoclar are 0.85, 0.17, 

0.49, 0.64, and 1.43, with a standard deviation of 

0.469 and an average of 0.716. These are relatively 

low values. According to these findings, Ivoclar 

materials show good colour stability and few colour 

changes following brushing simulation. On the other 

hand, the AVUE samples, with an average of 6.498 

and a standard deviation of 4.185, display much 

larger ΔE values: 9.58, 10.4, 8.26, 0.71, and 3.54. 

These numbers point to poor colour constancy in the 

majority of AVUE samples, suggesting a significant 

colour shift. In contrast, Sample 9 of AVUE displays 

a ΔE of 0.71, which is comparable to the Ivoclar 

samples; nonetheless, this is an anomaly when 

compared to the other high ΔE values. The average 

ΔE values and standard deviations between the two 

brands are graphically compared in the bar graph 

(Graph1). 

 

Graph 1: Colour stability is assessed bycomparing 

the values of ΔE 

With a smaller error bar and a substantially lower 

average ΔE, Ivoclar exhibits more consistent 

performance with less variability among samples. On 

the other hand, AVUE exhibits a significantly higher 

average ΔE along with a bigger error bar, indicating 

increased variability and less consistent colour 

stability. The p-value of 0.04 indicates statistical 

significance, as it is less than the conventional 

threshold of 0.05. This suggests that the effect of 

brushing simulation on the colour stability of 

provisional fixed prosthodontic materials is not due 

to random chance. The results imply that brushing 

significantly affects the color stability of these 

materials, highlighting the importance of selecting 

materials that can withstand routine oral hygiene 

practices. This finding is crucial for both clinicians 

and patients, as it emphasises the need for materials 

that maintain their aesthetic appearance over time 

under typical usage conditions. 

DISCUSSION 

Color stability is important when selecting 

dental materials, particularly in areas that are visually 

sensitive.
17

 The oral cavity's many environmental 

conditions can have an impact on the color stability 

of temporary fixed prosthodontic materials over time. 

The color stability of these materials can be affected 

by brushing, a common oral hygiene procedure. A 

color difference (ΔE) larger than 3.5 is typically 

regarded as visible to the human eye in the CIE Lab* 

color space. Maintaining the aesthetic appearance of 

dental materials is facilitated by a ΔE value below 

3.5, which means that any color shift is neither 

193

Maxillofacial Surgery.2025;21(3).189-197.doi: 10.58240/1829006X-2025.3-189



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 21 № 3 
 

  

 

Tamanna Kaur,Vishnu Priya Veeraraghavan, Balaji Ganesh. Effect of brushing simulation on color 

stability of provisional fixed prosthodontics materials-an in vitro study. Bulletin of Stomatology and 

 

clinically significant nor visible to the unaided eye.
18

 

The diverse ways that brushing affects different 

materials imply that each material's unique makeup 

and characteristics affect how susceptible it is to 

color change. Because of their distinct surface 

qualities, chemical composition, and structural traits, 

many materials may respond to brushing in different 

ways.
19,20

  

In contrast to other brands, the Ivoclar group 

had ΔE values that were within the clinically 

acceptable range of < 3.3, showing superior color 

stability when exposed to colorant solutions.
21,22

  

The varying effects of brushing on different 

materials suggest that the susceptibility to colour 

change is influenced by the specific composition and 

properties of each material. A study also highlights 

significant colour stability differences among Ivoclar 

materials due to intrinsic discoloration, extrinsic 

staining, and material-specific traits.
23 

 

Crown discoloration can be a serious 

problem. These the temporary crown materials 

nevertheless tend to absorb liquids, which can lead to 

stains and color changes 

Patient happiness and the perceived caliber 

of dental care are impacted by this absorption from 

food and drink, which also degrades the restoration's 

appearance. Because temporary restorations are 

frequently utilized while permanent solutions are 

being considered, their visual durability is essential. 

Ongoing research in material science aims to 

improve colour stability, ensuring that provisional 

restorations meet the aesthetic and functional 

demands of both patients and practitioners.
24 

Balancing aesthetic requirements with performance 

remains a key focus in dental material 

development.
25 

Sustainability is therefore an 

important factor to consider when choosing a 

temporary material to employ in visually important 

locations.
23

 

 A previous study examined the colour 

stability of twelve provisional materials, including 

methacrylates and bis-acryl resins. Specimens were 

stored in artificial saliva or a coffee-saliva solution, 

with colour measured at baseline, 1, 2, and 4 weeks. 

Results showed significant colour changes influenced 

by the storage solution (P<.0001). Coffee caused 

notable colour change in Luxatemp, Protemp, and 

Temphase at 4 weeks. Provipont had the greatest 

colour change (ΔE=9.40 coffee; 8.51 saliva), while 

Zeta CC had the least (ΔE=0.31 coffee; 0.23 

saliva).
26

 Another Previous research has 

demonstrated that differences in colour stability 

among Ivoclar materials are influenced by intrinsic 

discoloration, extrinsic staining, and material-specific 

characteristics. These findings underscore the 

importance of understanding these factors for 

clinicians to make informed decisions regarding the 

selection and longevity of Ivoclar restorative 

materials in aesthetic dental treatments.
7
 Moreover, 

studies have shown that provisional prosthetic 

materials exhibit variable colour stability under 

different oral conditions, with factors such as the 

illuminant and the environment playing a significant 

role.
27 

In a study evaluating the colour stability of 

LuxaCrown, Protemp4, and heat-cure PMMA, 40 

specimens of each material were divided into four 

groups and stored in three staining solutions and 

artificial saliva. Using a spectrophotometer, color 

measurements were made at baseline and after one 

day, one week, one month, three months, and six 

months. Results indicated that heat-cure PMMA 

maintained the best colour stability across all time 

intervals compared to Protemp4 and LuxaCrown.
6
            

In the present study Ivoclar’s lower and more 

consistent ΔE values indicate that its materials 

maintain their colour better, making them more 

suitable for applications where aesthetic consistency 

is crucial. The minimal changes in L*, a*, and b* 

values for Ivoclar samples suggest high resistance to 

colour alterations due to brushing, an important 

factor for dental applications where visual 

appearance is essential. In contrast, AVUE materials 

displayed larger changes in colour parameters, 

resulting in higher ΔE values and indicating lower 

colour stability. The significant shifts in L*, a*, and 

b* values for AVUE samples, with ΔE values 

exceeding the clinically acceptable range, highlight 

their susceptibility to colour change under brushing 

conditions.  

Furthermore, surface glaze treatments greatly 

enhanced smoothness and decreased stains, 

highlighting the function of surface treatments in 

reducing color deterioration.
28

 PMMA demonstrated 

better polishability than bis-acryl resins, with 

noticeably reduced roughness values after polishing, 

according to a study on mechanical polishing 

procedures.
29

 Bis-acryl resins were found to be more 

prone to discolouration than PMMA in staining 

solution studies, especially when immersed in 

coffee.
30

 The advantages of surface sealants for color 

stability were further supported by the decrease in 

ΔE values caused by the application of glaze 

coatings.
30

 Laboratory settings, however, might not 

accurately mimic oral situations in the real world.
26
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The study's simulated circumstances could 

not accurately reflect oral environments in real life 

since different materials can react differently to 

brushing. While variations in toothpaste formulas, 

including abrasives and chemical compositions, may 

also have an impact on the outcomes, inconsistencies 

may originate from material variability.
31,32

 

Moreover, it is possible that the standardized values 

employed may not fully represent the variety of 

brushing methods and applied pressures found in the 

literature.
33,34

 Future studies could examine personal 

brushing behaviors for more individualized insights 

and improve realism by modeling various 

environmental elements including humidity, 

temperature, and food effects. The use of advanced 

measurement tools to detect color shifts could yield 

more precise data. Additionally, studying the 

combined effects of brushing, eating, and other 

mechanical stressors could provide a comprehensive 

understanding of the degradation of tooth material. 

The findings will be applicable if results are 

confirmed by real clinical trials. By guiding the 

development of innovative materials with enhanced 

color stability, this research can ultimately aid in the 

improvement of dental care products. In conclusion, 

the results clearly show that Ivoclar materials 

outperform AVUE materials in terms of colour 

stability after brushing simulation. Ivoclar’s lower 

and more consistent ΔE values indicate that its 

materials maintain their colour better, making them 

more suitable for applications where aesthetics is 

crucial. 

 

 

 

 

CONCLUSION 

The colour stability of provisional fixed 

prosthodontic materials is crucial for clinical success. 

This study shows that Ivoclar materials have superior 

colour stability compared to AVUE materials, 

maintaining ΔE values within the clinically 

acceptable range. This indicates their suitability for 

aesthetic dental applications, where appearance is 

vital. Understanding the factors that influence colour 

changes, such as material composition and resistance 

to staining, is essential for selecting materials that 

uphold aesthetic integrity over time. In conclusion, 

selecting materials with proven colour stability can 

enhance the overall success of dental treatments, 

meeting both functional and aesthetic demands. 

Continued research and material advancements are 

key to achieving these goals. 
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