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ABSTRACT 
 

Background and Objectives: With the demand for improved esthetics in dentistry, the 

use of ceramics and tooth-coloured materials have increased. The surface quality and stain 

resistance are important attributes in determining the optimum success of such restorations; 

failures of which, could be reasons for the replacement of restorations. 

The objectives of the study were to evaluate the colour stability and surface roughness of 

an indirect resin material after immersion in different beverages.  

 

Methods:  A total of 48 specimens were then finished and polished; then they were divided 

into 4 groups of 12 specimens each, to be immersed into artificial saliva (Group A – 

control), tea (Group B), aerated drink (Group C), alcoholic beverage (Group D). Baseline 

readings were obtained on Day 0 (T0) for colour stability (DE) and surface roughness (Ra) 

of all the specimens were recorded. After immersing for 90 days, for 10 minutes each, the 

final readings on Day 90 (T1) were obtained for all the specimens, after which they were 

subjected to statistical analysis. 

 

Results: The data showed non-normal distribution hence it was subjected to Kruskal-

Wallis with post-hoc Mann-Whitney U test and Wilcoxon sign test. Group D showed the 

maximum amount of colour change (DE=1.40) followed by Group C (DE=1.10) and B 

(DE=1.00); Group C showed the most effect on the surface roughness (Ra=0.24𝜇m) 

followed by Group D(Ra=0.23𝜇m) and B (Ra=0.10𝜇m).  
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Interpretation and Conclusion: The indirect resin material exhibited changes after 90 

days, on exposure to the staining solutions. However, the values for colour change were 

found to be clinically acceptable (DE<=3.3) and for surface roughness, the values were 

within the limits of causing a steep increase in the biofilm formation (Ra < 2𝜇m). Alcoholic 

beverages and aerated drinks, among the staining solutions, cause the most discolouration 

and change in surface roughness, respectively. 

 

Keywords: Beverages; colour change; resin composite; surface roughness; 

spectrophotometer; profilometer. 
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INTRODUCTION 
 

With the advent of dental technology and the growing perception of aesthetics, patients’ 

expectations have been on a rise causing a stronger emphasis on the development and use 

of aesthetic restorations which demand novel materials. Consequently, the use of ceramic 

and tooth coloured resin composites has increased.  

 

For over 70 years, resin-based composite materials have been used to make tooth-coloured 

restorations. Resin-based composites (RBCs) were introduced by Dr. R Bowen in 1962. 

Resin- based composites represent a class of materials widely used in restorative dentistry 

and various studies have been conducted to evaluate their physical and biochemical 

properties. Despite the constant improvements, these materials still display a number of 

inadequacies like low resistance to abrasion, and the main disadvantage being 

susceptibility to plaque retention and discolouration.  

 

In recent years, resin-based composite materials are flourishing in the market with 

improved mechanical properties due to new filling concepts and changes in the resin 

matrix. The introduction of well-dispersed inorganic particles into the resin matrix has 

proved to be extremely effective for the clinical performance of polymer composites. 

Particularly, the micro-filled hybrid composites containing microfine inorganic particles 

have been well accepted owing to their remarkable strength and wear resistance.  
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The surface quality and stain resistance are vital factors in determining the success of such 

restorations. Maintenance of colour stability and surface quality of the aesthetic restorative 

material is a crucial part throughout the functional lifetime of restoration for the clinical 

longevity and quality of the treatment.  

 

Colour, amongst shape and surface texture, is one of the most important factors for the 

aesthetic appearance of prosthetic restorations considering aesthetic failure being the 

primary cause for replacement of restorations.1  

 

Colour changes in resin composites are multifactorial, attributed to both endogenous and 

exogenous factors. Endogenous factors comprise of chemico-mechanical changes within 

the material. The resin matrix, which is the major component of resin-based composite 

materials, has been reported to play a significant role in colour stability and is affected by 

different pH solutions as well as alcoholic concentrations. Exogenous discoloration 

includes staining by adsorption and absorption of colourants as a result of contamination 

from extrinsic sources.2 The consumption of certain beverages may affect the aesthetic and 

physio-chemical properties of the resin composites, thereby deteriorating the quality of the 

restorations. Thus, oral hygiene, dietary habits such as large consumption of soft drinks 

and beverages, smoking habits can contribute to the external staining of these restorations.  

 

Colorimetry is studied to be the most scientific and practical method to assess colour 

stability based on comparison with known standards. Generally, differences in colour are 
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demonstrated by two different systems; the Munsell colour system and the Standard 

Commission International de L’Eclairage (CIE-Lab) colour system.   

 

Surface roughness is one of the concerns for exterior discolouration.3 Roughness values 

over a certain degree can increase the susceptibility of the restoration to accumulation of 

plaque, risk of secondary caries, and periodontal inflammation.4  

 

Surface roughness is calculated by measuring the average of surface heights and depths 

across the surface; this measurement is most commonly represented as a Ra (Roughness 

average) value. This value is measured using an instrument called a profilometer, which 

may be either conventional or 3D non-contact.  

 

This study was intended to assess the characteristics of a zirconium silicate indirect hybrid 

composite material (Ceramage – Shofu Dental Products, Inc. Kyoto, Japan) introduced for 

anterior and posterior crowns and bridges, implant-supported restorations, inlays as well 

as onlays. They claim to exhibit the same light transmission as natural teeth, have 

remarkable translucency, high compressive strength, outstanding tensile strength, and 

elasticity.  

 

The purpose of this study was to evaluate the effects of different beverages on the colour 

stability and surface roughness of the material, in vitro, as there were limited statistical 

studies pertaining to it. 
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OBJECTIVES 
 
 

The aim of the present study was to analyse the effect of four common beverages on the 

colour stability and surface roughness of a zirconium silicate micro-ceramic indirect resin 

material (Ceramage – Shofu Dental Products, Inc. Kyoto, Japan), in vitro. 

 

This study has the following objectives:  

1. To evaluate the colour stability of the material after immersion in different 

beverages  

2. To evaluate the surface roughness of the material after immersion in different 

beverages 

3. To check if any correlation exists between the change in surface roughness and 

colour stability 
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REVIEW OF LITERATURE 

 
 
1. An in vitro study carried out in 1994 by Diestschi D. et al to evaluate the colour stability 

of modern light cured composites when subjected to various physics-chemical and 

staining conditions, proved that the staining susceptibility of composites is related to 

their composition and surface properties. It was concluded that: A reduced 

susceptibility to staining was observed where surfaces had been polished. Low water 

sorption, a high filler-resin ratio, reduced particle size and hardness, and an optimal 

filler-matrix coupling system were related to improved composite resistance to 

discoloration.2  

 

2. In an in vitro study done by Lu H. et al in 2005 to investigate the effect of surface 

roughness on stain resistance of dental resin composites, stated that surface quality was 

an essential factor to determine the prognosis of the restoration. It concluded that: 

Coffee had significant influence on discoloration of resin composites and the colour 

change of the specimens in coffee solution was accelerated with time.3 

 

3. In another study performed in 2007 by Luiz K. et al, a spectroscopy technique was used 

to evaluate the degree of conversion and to verify the colour changes on resin 

composite surface after immersion in different drinks. It concluded that there is no 

chemical reaction that occurs between the drinks and the composite components which 

indicated that the change in colour parameters may be due to the surface adsorption 



Review of Literature 
 

6 
 

and/or absorption of drink components. Additionally, charisma was significantly 

higher after immersion in red wine when compared to soft drink or yogurt.5  

 

4. A study conducted in 2012 by Bansal K. et al to assess how the consumption of certain 

beverages may affect the esthetic and physical properties of the resin composite, 

thereby undermining the quality of the restorations with regards to the colour stability 

and surface roughness of different types of composites. The results of this in vitro 

staining and surface roughness study showed that the effect of interaction of different 

resin composites, various beverages, and time, depended on a multitude of factors, thus 

affecting the clinician’s choice of material and the patient’s control of dietary habits.6  

 

 
5. A study published in 2019 by Gönülol N. et al, for the evaluation of water sorption, 

solubility and surface roughness of different bulk fill composite resins proved that they 

are important parameters in determining the clinical longevity. Surface roughness (Ra) 

values were assessed and it was found that roughness values of >0.2 micro-meters can 

increase plaque accumulation, secondary caries risk and periodontal inflammation.7 

 

6. An article published in 2008 by Ghahramanloo A. et al compared the colour stability of 

reinforced composite and porcelain against commonly consumed beverages like the 

effect of tea, cola, orange juice and distilled water over a period of thirty days. It was 

observed that tea caused the most significant change in colour. The colour change was 

seen in all materials after immersion into all the four staining solutions during the 

experimental process. However, the changes in the composite material were of clinical 



Review of Literature 
 

7 
 

relevance as they would be apparent after prolonged and frequent exposure of the 

restoration to the beverages.8 

 

 
7. The goal of an in-vitro study published in 2013 by Gujjari AK. et al, was to see how 

tea, coffee, cola, and food dye affected the colour stability and flexural strength of 

polymethyl methacrylate (PMMA) compared to bis-acrylic composite based 

provisional crown and bridge auto polymerizing resins. The specimens were immersed 

in the combination of the above beverages with artificial saliva in an incubator at 37°C 

followed by the colour and flexural strength measurements before and after 3 and 7 

days of immersion.  They concluded that the PMMA has more colour stability and 

flexural strength than bis‐acrylic composite based crown and bridge resin.9 

 

8. The objective of a study done in 2007 by Adriana S. et al was to see how well five 

aesthetic restorative materials held their colour after being immersed in a coffee 

solution.  Among all five groups of porcelain, IPS Empress 2, Ivoclar/Vivadent – G5 

showed the least amount of discoloration impact compared to other direct composites 

made of proprietary product materials. All the specimens were uniformly exposed to 

15-day immersion in a coffee staining media maintained under a controlled temperature 

of 37°C ± 1°C in the dark.10 

 

 
9. In a study published in 2001 by  T. Stober, H. Gilde, P. Lenz, they concluded that the 

improvement is necessary in the colour stability of some of the leading resin-based 
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composites used in facings. Their study employed resin-based facing composites with 

a high content of inorganic filling material (Colombus, Artglass, Sinfony, Targis, Zeta 

LC, Zeta HC, BelleGlass HP/dentine, BelleGlass HP/enamel) exposed to mouth-rinse, 

tea, coffee, red wine, and a 0.1% turmeric (curcuma) solution and observed that wine 

and turmeric solution resulted in severe discoloration while tea, coffee and mouth-rinse 

showed no adverse impact.11 

 

10. In a 2015 paper, P. Bohra et al evaluated the colour stability of heat and cold  cure 

acrylic resins under simulated oral conditions with different  colorants.  Multiple 

commercial products - Trevelon Heat Cure  (THC), DPI Heat cure (DHC), Pyrax Heat 

Cure (PHC), DPI  Cold cure (DCC) and Acralyn-R-Cold cure (ACC) were evaluated 

for discoloration and colour variation on subjecting them to three different, commonly 

employed food colorants such as Erythrosine, Tartarizine and Sunset yellow. The food 

colorants were diluted with  artificial saliva  in an incubator at 37°C ± 1°C and a UV-

visible spectrophotometer was employed for measurements. The study concludes that 

heat cure acrylic resins are more colour stable than self-cure acrylic resins and 

Tartrazine has the maximum while sunset yellow colorants have the least colouring 

effect in both the heat cure and self-cure acrylic sample.12 

 

 
11. S. Yannikakis et al. in their study presented in 1998, evaluated the discoloration effect 

of coffee and tea on six commercially available provisional resins (Jet, Caulk TBR, 

Protemp Garant, Luxatemp Solar, Provipont DC, and SR-Ivocron-PE) measured after 

1 day, 7 days, and 30 days of immersion in various staining solutions. They concluded 
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that the two chemically activated resins (Jet and Caulk TBR) and the heat-cured resin 

(SR-Ivocron PE) showed the least colour changes, whereas the Provipont-DC resin was 

the least colour stable. The coffee was observed to be making the most unacceptable 

discoloration for all the tested materials. Since this is one of the older papers, it went 

on to establish the provisional restorative materials, staining solutions, and immersion 

time as the significant factors affecting colour stability and coffee having more staining 

capacity than the tea solution.13 

 

12. In a paper submitted in 2016, P. Cevik et al, subjected crown materials made of bis-

acryl resin and methyl methacrylate resin composites to staining solutions (distilled 

water, coffee, tea, and cola) for 1 to 4 weeks. After statistically analysing data using 

ANOVA and Tukey tests, they deduced that colour stability is affected by both material 

types and beverages, but, the bis-acryl resin composite material was more colour stable 

than methyl methacrylate resin temporary crown material. And, as expected, coffee and 

tea showed more staining than the other solutions.14 

 

 
13. In a 2017 study by K.  Soygun et al, three bio-ceramic materials, [IPS Empress CAD 

(Ivoclar), IPS e.max CAD (Ivoclar), and Lava Ultimate CAD (3M ESPE)] were treated 

with three commercial mouth rinses [Listerine, Tantum Verde, and Klorhex] for 120 

hrs; and changes in colour reflectance and surface roughness values were then 

quantitatively measured by UV light spectrophotometry. Two of the ceramic materials, 

IPS Empress and Lava Ultimate, were affected significantly by the treatment of the 

mouth rinse solutions (P<.05) wherein Tantum Verde was the most potent and Lava 
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Ultimate was the most affected material. As expected, the most resistant material of all 

to colour and chemical corrosion was IPS e max CAD.  This work established that 

mouth rinse with lower alcohol content had a less deteriorating effect on colour and the 

surface morphology of the bio-ceramic materials.15 

 

14. T. Almohareb et al in their 2019 study presented a comparative analysis of the colour 

stability of computer-aided design/computer-aided manufacturing (CAD/CAM)-

fabricated provisional restorations against those of conventional restorations. Three 

different provisional restorative materials (Systemp C&B, 3M Protemp 4, and Telio 

CAD) were inspected for their colour stability using four solutions (Pepsi, coffee, tea, 

and distilled water). Owing to their innate properties of pre-polymerization, higher 

monomer conversion, and minimal preparation errors in CAD/CAM materials, CAD/ 

CAM provisional material (Telio CAD) showed better colour stability compared to 

conventional materials (Protemp 3M ESPE and SystempC&B Ivoclar Vivadent). Like 

many previous studies, they observed that the maximum colour variation was due to 

coffee, followed by tea and Pepsi.16 

 

 
15. F. Topcu et al in 2019, published their study to evaluate the discoloration effects of 

artificial saliva, granule lemon juice, coffee (without sugar), Coca-Cola, sour cherry 

juice, fresh carrot juice, and red wine (one-day immersion each) on the colour of four 

brands of resin composites (Filtek Z 250 (3M Espe), Filtek Supreme (3M Espe), 

Quadrant (Cavex), Charisma (Heraeus-Kulzer)) of A2 shade typically employed in 

restorative dentistry. Of the four restorative materials tested, artificial saliva showed 
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the lowest ΔE values; they were highest for the red wine group. The Filtek Supreme 

exhibited the least colour changes whereas the Filtek Z250 was the least colour-stable.17 

 

16. Sarıkaya et al. in their study published in 2018, investigate the effects of staining 

solutions such as  Cola, tea, and coffee on the colour stability and translucency of 

hybrid ceramic (HC) and resin nano-ceramic (RNC) materials. The colour differences 

(ΔE*) and translucency parameter (TP) were evaluated by a spectrophotometer while 

a One-way Analysis of Variance (ANOVA) and Mann-Whitney U test was employed 

on the data for analysis. HC specimens stored in a coffee solution showed increased 

ΔE* values compared to the specimens stored in a tea or cola solution. Both coffee and 

tea had higher ΔE* values than their RNC specimens stored in the cola, while the TP 

values of both HC and RNC specimens stored in the coffee solution decreased.18 

 

 
17. The 2012 study carried out by S.B. Turker, et al, report  the effects of staining solutions 

such as Meliodent, SR Ivocap, Lucitone 199, and Ufi Gel Hard, as well as coffee, tea, 

orange juice, and red wine, on the colour stability of heat-cured denture base acrylic 

resins and cold-curing hard denture liner after 1 month of immersion. Their detailed 

study stated that the Ufi Gel Hard showed clinically unacceptable ∆Ε values in all the 

solutions except coffee. In tea and red wine the greatest mean colour change was 

determined in Ufi Gel Hard; while SR Ivocap and Ufi Gel Hard showed significantly 

higher ∆Ε values than Meliodent and Lucitone 199 (p < .01, p < .05) in case of orange 

juice.18 
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18. A. U. Guler et al in their paper published in 2005, their evaluation of the stainability of 

auto- and light-polymerized composite provisional restorative materials, reinforced 

micro-fill, and micro-hybrid resin composite restorative materials upon exposure to 

different staining agents such as water, coffee, coffee with sugar, tea, tea with sugar, 

coffee with artificial creamer and sugar, cola, red wine, or sour cherry juice. The 

reinforced micro-fill restorative material exhibited superior colour stability compared 

to the auto-polymerized bis-acryl, light-polymerized composite provisional restorative 

materials, and micro-hybrid composites tested and the light-polymerized composite 

provisional material showed the poorest results.  It was also demonstrated that the 

coffee and tea with sugar - increased the colour difference compared to the ones without 

light-polymerized composite provisional material and micro-hybrid composites.20 

 

 
19. An experimental study carried out by Andrei OC et al in 2014 to determine the ranking 

of staining ability of different alimentary staining drinks on acrylic prefabricated 

denture teeth by immersion in various liquids like red wine, Coca-Cola, black tea, and 

coffee; showed that, among four analysed drinks, the most colouring was coffee. 

Colour difference was expressed using CIELAB colour notation system. The 

magnitude of the colour change was dependent on the type of the above-mentioned 

drinks. They concluded that colour stability of acrylic teeth was inversely proportional 

to the duration of contact with the drinks and washing of the dentures with soap water 

reduced the colour differences.21 
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20. Mounsavi S et al, performed an in vitro experimental study in 2016 to compare the 

colour stability of three different brands of acrylic teeth i.e. Ivoclar, PolyDent, and 

Apple, following immersion in coffee, tea, and cola at one, three and six week time 

intervals using a spectrophotometer. It was concluded that: despite the significant 

colour change in the three groups, Ivoclar was within the clinically acceptable range of 

<3.3, the most significant colour change occurred in cola after six weeks; while slight 

colour change was expected with the other two groups in which, coffee caused the 

greatest change in Apple and tea caused an almost equal colour change in all the three 

groups. The findings were attributed to the varying absorption properties of the acrylic 

resins.22 

 
 

 
21. A comparative study conducted in vitro, in 2017 by Nair SR et al evaluated the colour 

stability and surface hardness 9 in terms of Vicker’s Hardness) of methacrylate-based 

flowable and packable nano composites namely G aenial Universal Flo, Filtek Z350XT 

and Tetric N Ceram, after immersion of the specimens in staining solution consisting 

of instant coffee every 72 hours for a period of three weeks. They concluded that Filtek 

Z350XT showed the greatest colour stability and surface hardness, followed by Tetric 

N Ceram and lastly, G aenial Universal Flo. The results were attributed to the filler 

particle size; Filtek Z350XT had nanofillers and nanoclusters which had greater 

hardness and lesser solubility as compared to the fillers in the other two groups. Larger 

filler size variation in G aenial Universal Flo and Tetric N Ceram also might explain 

the lesser microhardness values.23 
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22. An in vitro study conducted by Ismail NH. et al in 2018 to study the effect of commonly 

consumed beverages i.e. distilled water, soft cola drink and coffee, on the colour 

stability and surface roughness of two metal ceramic materials - IPS.d.Sign (Ivoclar) 

and Ceramco 3 (Dentsply) over a period of 90 days using a spectrophotometer and 

surface non-contact profilometer, respectively. Within the limitations of the study, it 

was concluded that there was a significant change between the different test solutions 

at different intervals. The colour difference showed a clinically acceptable range 

(below 3.3 units) thus ceramics were considered colour stable and resistant to external 

staining. The surface roughness studies revealed that there were changes in both the 

metal ceramic materials when immersed in the solutions when compared to the control 

group. IPS.d.Sign ceramic showed the highest values, the probable reason being the 

presence of 65% glass, fluorapatite crystals and leucite in its composition. However, 

the values were not significantly different from those of other ceramics.24 

 

 
23. Another study done in 2021 by Yadav Chakravarthy SC et al to evaluate the in vitro 

effect of red wine on the colour stability of three different esthetic restorative materials 

such as nanohybrid composites (G- aenial, GC), conventional restorative GIC (Fuji11, 

GC), and feldspathic porcelain (IPS Classic, Ivoclar). Colour stability of the test 

materials was determined using a spectrophotometer at baseline and then at completion 

of 28 days. The conclusion was drawn that red wine caused significant colour change 

in both materials due to the presence of higher concentration of phenolic compounds 
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such as tannins, anthocyanins and its pigments. Within the limitations of the study, 

porcelain showed less discolouration compared to composite and conventional GIC.25 

 

24. An article published in 2020 by Reddy NR et al investigates the effect of different 

polishing methods on the dental porcelain surface roughness and tea extract staining 

resistance. A total of 40 disc-shaped dental porcelain of 10mm diameter and 2mm 

thickness were divided into four groups and subjected to thermal cycling and  30 days 

of staining in a tea extract solution. As a result, the surface roughness of dental 

porcelain was highest in the Polishing paste group (p < 0.05), while similar results were 

observed with the dental porcelain materials in the NTI and Identoex group. Also, in 

all test groups, the Glaze group exhibits better colour stability with a higher DE value.26 
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MATERIALS AND METHODOLOGY 
 

The present study was conducted in the Department of Prosthodontics, SDM College of 

Dental Sciences and Hospital, Dharwad, Karnataka, India; Manipal Institute of 

Technology, Manipal, Karnataka, India and National Institute of Technology Karnataka, 

Surathkal, Karnataka, India in the year 2021 with the objective to spectrophotometrically 

and profilometrically evaluate the effect of different beverages on the colour stability and 

surface roughness of an indirect restorative resin material (Ceramage – Shofu Dental 

Products, Inc. Kyoto, Japan) respectively, after immersion in different beverages for a 

period of ninety days. 

 

MATERIALS: 

In this investigation, forty-eight indirect resin material disc-shaped specimens were 

fabricated particular to four different groups. The following materials and armamentarium 

were used in order to fabricate the test specimens.  
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MATERIALS USED FOR PREPARATION OF INDIRECT RESIN MATERIAL 

(CERAMAGE) SPECIMENS: 

 

Table 1 

MATERIAL SOURCE PURPOSE 

Castable resin Anycubic 3D printing 

UV sensitive resin 

For fabrication of the dies of required 

dimension (8mm diameter, 2mm 

thickness) 

Clear putty GC Exaclear To fabricate the mould for the 

specimens from the dies 

Ceramage, A2B 

shade 

Shofu Dental Products, 

Inc. Kyoto, Japan 

To prepare the resin samples 

3D Printer Ackuretta Dentiq To print the resin dies of specified 

dimensions 

Halogen light-

curing unit 

Shofu Solidilite To cure the indirect resin material 

(Ceramage) specimens 

Ceramage 

polishing kit 

Shofu Dental Products, 

Inc. Kyoto, Japan 

Used to finish and polish the indirect 

resin material (Ceramage) specimens 

Gauging calliper GDC, Germany To measure the dimensions of the 

specimens 

Modelling wax Hindustan Dental 

Products, India 

To make a rectangular mould for the 

clear putty 
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SOLUTIONS USED FOR COLOUR STABILITY AND SURFACE ROUGHNESS 

OF INDIRECT RESIN MATERIAL (CERAMAGE) SPECIMENS: 

 

Table 2 

SOLUTION BRAND NAME MANUFACTURER 

Artificial saliva 

(Control - Group A) 
Wet Mouth 

ICPA Health Products Ltd., 

Ankleshwar, India 

Tea (Group B) 
Brook Bond Red Label 

Natural Care Tea 

Hindustan Unilever Limited, 

Uttar Pradesh, India 

Aerated Drink 

(Group C) 
Coca-cola The Coca-cola Company, India 

Alcoholic Beverage 

(Group D) 

Seagram’s Imperial Blue 

Whiskey 
Pernod Ricard, India 
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TYPES OF EQUIPMENT USED FOR IMMERSION OF INDIRECT RESIN 

MATERIAL (CERAMAGE) SPECIMENS: 

 

Table 3 

EQUIPMENT DESCRIPTION SOURCE PURPOSE 

Borosilicate Glass Petri-dish (4 in 

number – one for each group) 

Labifie, 

Amazon, India 

To immerse the specimens 

for a period of 90 days 

Plastic Measuring Jar Polylab Plastics 
To measure the required 

volume of solution used 

 

ARMAMENTARIUM USED FOR TESTING COLOUR CHANGE OF INDIRECT 

RESIN MATERIAL (CERAMAGE) SPECIMENS BEFORE AND AFTER 

IMMERSION IN BEVERAGES: 

 

Table 4 

MATERIAL SOURCE PURPOSE 

Spectrophotometer 

I1 X-Rite 

Spectrophotometer 

Type: Spectrolino 

Serial No.: 351950 

To measure the colour change (ΔE) of the 

indirect resin material (Ceramage) 

specimens before and after immersion in 

beverages using CIE-Lab colour system 
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ARMAMENTARIUM USED FOR TESTING SURFACE ROUGHNESS OF 

INDIRECT RESIN MATERIAL (CERAMAGE) SPECIMENS BEFORE AND 

AFTER IMMERSION IN BEVERAGES: 

 

Table 5 

MATERIAL SOURCE PURPOSE 

Profilometer 

Nanovea 3D Non-

contact Optical 

Profilometer 

Model No.: ST400 

To measure the surface roughness (Ra) of the 

indirect resin material (Ceramage) specimens 

before and after immersion in beverages 

 

 

MISCELLANEOUS ARMAMENTARIUM USED: 

1. Metal scale  

2. Wax knife 

3. Lacron carver 

4. Wax spatula  

5. Ball burnisher  

6. Brush 

7. Scissors  

8. BP blade and handle  

9. Petroleum jelly 
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METHODOLOGY: 

The present study evaluated the effect of different beverages on the colour stability and 

surface roughness of the indirect resin material (Ceramage), after immersion for a period 

of 90 days by spectrophotometry and profilometry respectively.  

 

A total of 48 disc shaped specimens of indirect resin material (Ceramage) were fabricated 

and sub-divided into 4 groups (n=12 specimens) according to the type of solution used to 

immerse the specimens, as shown in Table 6. 

 

STUDY GROUP SUB-DIVISIONS: 

 

Table 6 

GROUP TYPE OF SOLUTION SAMPLE SIZE 

Group A (Control) Artificial Saliva 12 specimens 

Group B Tea 12 specimens 

Group C Aerated Drink 12 specimens 

Group D Alcoholic Beverage 12 specimens 
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FABRICATION OF INDIRECT RESIN MATERIAL (CERAMAGE) DISC 

SHAPED SPECIMENS: 

Eight castable resin dies of dimensions 8mm in diameter and 2mm in thickness (according 

to ANSI/ADA Specification no.139) were fabricated using a 3D Printing machine 

(Ackuretta Dentiq) which was initially designed using the Meshmixer software (Autodesk 

research) on a computer. The die dimensions were verified using a gauging calliper. 

An index of the eight dies was made using clear putty (GC Exaclear) in a rectangular wax 

mould.  

The indirect resin restorative material (Ceramage – Shofu Dental Products, Inc. Kyoto, 

Japan) in the shade A2B was carefully packed layer-wise in the mould and cured using 

Shofu’s Solidilite V Halogen Light-Curing Unit. Each specimen was cured for 7 minutes 

(as specified by the manufacturer’s instructions). A total of 48 disc-shaped specimens were 

obtained by this method. 

 

POLISHING OF THE SPECIMENS: 

The edges of the disc shaped specimens were smoothened with Shofu’s Robot carbide 

fissure bur HP, then the Shofu Silicon point HR2 was used to eliminate scratches on the 

surface. The dimensions of the specimens were measured using a gauging calliper. The 

specimens were kept thicker than the dimensional requirements for colour stability testing 

as described in ADA Specification No. 12 to more accurately evaluate the colour changes. 

The top and the bottom surfaces of the specimens were made flat and the surface was made 

free from porosities and voids. The specimens were then polished. An aluminium oxide 

impregnated polishing wax (Dura Polish) was used for pre-polishing with Shofu pivot 
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brush and finally super-polished with the Shofu felt wheel 1602 (16mm diameter, 2mm 

thickness) using a diamond impregnated polishing wax (Dura Polish DIA). The specimens 

were then cleaned in an ultrasonic bath and then divided into four groups; each groups’ 

specimens were kept in separate plastic containers to test for baseline readings. 

 

PREPARATION OF BEVERAGES: 

Four different solutions (artificial saliva, tea, aerated drink, and alcoholic beverage) were 

used and their effects on stainability and surface quality of the indirect resin material 

specimens were evaluated.  

Group A (Control) specimens were immersed in artificial saliva (Wet mouth) at 37°C.  

Group B specimens were immersed in tea (Brooke Bond Red Label Tea) at 37°C. The tea 

solution was prepared as follows: 10g of the tea powder was dissolved in 300ml of boiling 

distilled water according to the manufacturer’s suggested concentration. After 10 minutes 

of stirring, the solution was filtered through a filter paper. 

Group C specimens were immersed in an aerated drink (Coca-cola) at 37°C. 

Group D specimens were immersed in an alcoholic beverage (Seagram’s Imperial Blue 

Whiskey) at 37°C. The temperatures of all the beverage solutions were maintained at 37°C 

in an incubator.27 

 

DATA COLLECTION: 

The main criterion for the present study was immersion of the indirect resin material 

specimens (Ceramage) in four different solutions for a span of 90 days. After the baseline 

readings (T0) were recorded, the 48 specimens of the 4 groups (n=12 specimens) were 
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immersed in the different beverages according to the following regimen: Each specimen 

was immersed in the designated solutions for 10 minutes every day; in a dark environment 

to simulate intraoral conditions. The staining solutions were changed every day. For 

immersion, all the specimens were placed in each solution, in borosilicate glass petri dishes 

at the maintained temperature. For the remaining part of the day, the specimens were kept 

immersed in distilled water at 37°C. 

Every day, two hours before immersion, the specimens were subjected to brushing with a 

medium-sized toothbrush and a uniform toothpaste brand by performing 30 strokes (15 

each back and forth) to simulate the average daily brushing pattern of an individual. This 

regimen was followed for a period of 90 days. Colour stability and surface roughness 

measurements were checked on the 90th day (T1) and recorded. 

 

COLOUR MEASUREMENT USING SPECTROPHOTOMETER: 

 The I1 X-Rite Spectrophotometer was used to determine the CIE-Lab parameters of the 

indirect resin material (Ceramage) specimens before and after immersion in different 

beverage solutions. 

Before recording the CIE L*a*b* readings, all the specimens were cleaned with water and 

blot dried.  

The spectrophotometer was calibrated with a standard white card which had an L* value 

of 95.9, a* value of -0.2, and b* value of 2.6, before the readings of each specimen were 

taken. These were considered as the reference values. It was calibrated at an observer’s 

angle of 2° and illumination of D65. The white card also served as a background when the 

readings were taken.  
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Before the colour measurement, the specimen placement was standardized by using a 

platform jig made from an acrylic sheet on which the sheet was cut out to the standard 

dimension of the specimen (8mm diameter, 2mm thickness), so that the specimen is flush 

with the cut-out jig. The baseline readings (T0) of L*, a*, and b* for each specimen before 

immersion were entered into a spreadsheet (Microsoft Excel). Measurements were made 

in 3 selected areas of the specimen and a graph sheet was used for the exact location of the 

three selected areas for all the specimens. The average of the three readings was recorded 

and the mean of each specimen was calculated using CIE-Lab uniform colour scale. 

The same spectrophotometer was used to determine the CIE-Lab colour parameters after 

90 days (T1) of immersion of the indirect resin material (Ceramage) specimens. The values 

of colour parameters for each specimen after immersion for 90 days were measured in a 

similar way as described earlier for baseline readings. The spectrophotometer was again 

calibrated with a standard white card which had an L* value of 95.9, a* value of -0.2,a and 

b* value of 2.6, before the readings of each specimen were recorded. The values were 

entered on a spreadsheet (Microsoft Excel) for the determination of colour change (ΔE). 

The colour change (ΔE) for each specimen was calculated using the following formula: 

ΔE (L*a*b*) = [(ΔL*) ² + (Δa*) ² + (Δb*) ²] ½ 

Where; 

L* = represents brightness (value) of an object 

a* = represents the red or green chroma 
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b* = represents the yellow or blue chroma  

ΔE = represents the colour difference of the two objects 

ΔL*, Δa*, Δb* = represents differences in colour parameters between the baseline readings 

(T0) and the final colour change after 90 days (T1) along individual axes.  

The CIE-Lab measurements evaluate the quantity of perceptible changes in each of the 

specimens. Various studies have been reported for the different acceptability and 

perceptibility thresholds for colour differences in dental materials.28 

The magnitude of the colour difference is dependent on the perception of colour by the 

human eye. Differences greater than 1 ΔE unit are visually perceived by 50 percent of the 

human observers. However, because of uncontrollable factors in the oral environment, 

differences below 3.7 ΔE units are rated a ‘match’ in clinical conditions and are thus 

considered as clinically acceptable while differences above 3.7 ΔE units are rated as a 

‘mismatch’ consequently considered as clinically unacceptable.29 

Colour difference can be expressed according to the NBS (National Bureau of Standards) 

system as shown in Table 8.30 

NATIONAL BUREAU OF STANDARDS (NBS) SYSTEM 

Table 7 

Clinical remarks of colour difference NBS units for ΔE 

Trace 0.0-0.5 
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Slight 0.5-1.5 

Noticeable 1.5-3.0 

Appreciable 3.0-6.0 

Much 6.0-12.0 

Very much 12.0+ 

 

 

SURFACE ROUGHNESS MEASUREMENT USING PROFILOMETER: 

A 3D non-contact profilometer (Nanovea ST400 Optical Profiler) designed with chromatic 

confocal technology, was used to measure the surface roughness parameters quantitatively 

in Ra (Roughness quotient) before and after immersion of the indirect resin material 

(Ceramage) specimens in different beverage solutions. Chromatic confocal technology 

uses white light that passes through a series of lenses with a high degree of chromatic 

aberrations, to accurately determine the physical height. 

Homing of the profilometer’s axes was done at X-Y Axis Travel of 150mm, Z-axis 60mm, 

X-Y axis resolution of 0.1	µm, and a maximum X-Y speed of 20mm/s. 

After the dark signal was acquired, the optical sensor was set to the ‘profile scan’ scanning 

option and was focused on the specimen. The height (Ht) was set to and the intensity (Int) 

was set to as per the specimen. Baseline measurements (T0) were made at the extremity of 

the disc-shaped specimen and it was made to traverse the surface of the specimen 
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throughout its diameter course, providing the first measurement of Ra in µ. Two additional 

measurements were recorded by rotating the disc to 90 degrees and then the mean Ra was 

determined from the three values. The mean surface roughness was calculated as follows: 

Ra = 1/A ∫∫ A | z (x, y) | dxdy   

Where; 

Ra = Roughness average  

A = Area of specimen measured  

The value of Ra for each specimen was entered into a spreadsheet (Microsoft Excel).  

The same profilometer was used to determine the Ra parameters after immersion of the 

specimens in different beverage solutions over a period of 90 days. The values after 90 

days (T1) were measured for each specimen in the similar way as described for the baseline 

readings. The values were entered on a spreadsheet (Microsoft Excel) for the determination 

of surface roughness and descriptive analysis. The difference in surface roughness was 

calculated for each specimen at T0 and T1.  

 

STATISTICAL ANALYSIS: 

The results obtained for both colour stability and surface roughness were then subjected to 

statistical analysis using SPSS (Statistical Package for Social Sciences) version 2.0 
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Data were subjected to normality tests, Kruskal-Wallis with post-host Mann-Whitney U-

test, and Wilcoxon sign tests. 

FLOWCHART OF METHODOLOGY:  
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COLOUR PLATES 
 
 

 
 

 
 

Colour Plate 1 
3D printer used to print the castable resin dies of specified dimension 

 
 
 
 
 
 

 
 

Colour Plate 2 
3D printed castable resin dies  
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Colour plate 3 
Clear putty mold to fabricate specimens from dies 

 
 
 
 

 
 
 

 

 
 

Colour plate 4 
Indirect resin restorative material for specimen preparation 
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Colour plate 5 
Indirect resin material specimens curing unit  

 
 
 

 

  
 

Colour Plate 6 
A total of 48 indirect resin restorative material (Ceramage) specimens sub-divided into 

four groups for immersion  
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Colour plate 7 
Reflectance spectrophotometer unit for measuring the colour stability of the specimens 

 
 
 
 
 
 
 

 
 

Colour plate 8 
3D non-contact profilometer unit for measuring the surface roughness of the specimens 
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Colour plate 9 
Group A: Artificial saliva (Control group) for immersion of specimens 

 
 
 
 
 

 
 

Colour plate 10 
Group B: Tea for immersion of specimens 

  



Methodology 
 
 

35 
 

 

 
 

Colour plate 11 
Group C: Aerated drink for immersion of specimens 

 
 
 

 
 

Colour plate 12 
Group D: Alcoholic beverage for immersion of specimens 
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Colour Plate 13 
Immersion of Group A specimens in artificial saliva 

 
 
 
 
 
 

 
 

Colour Plate 14 
Immersion of Group B specimens in tea 
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Colour Plate 15 
Immersion of Group C specimens in aerated drink  

 
 
 
 

 
 

Colour Plate 16 
Immersion of Group D specimens in alcoholic beverage 
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RESULTS 
 

The present study was done to assess the effect of different beverages on the colour stability 

and surface roughness of an indirect resin restorative material after immersion for a period 

of 90 days. 

 

ABBREVIATIONS USED IN THE FORTHCOMING TABLES: 

 

GA – Group A (specimens immersed in artificial saliva) 

GB – Group B (specimen immersed in tea) 

GC – Group C (specimens immersed in aerated drink) 

GD – Group D (specimens immersed in alcoholic beverage) 

p-value – Probability 

* -  Significant 

• - Not significant 

DE – Colour change  

Ra – Roughness average  

T0 – At Day 0 (Baseline readings) 

T1 – At Day 90 (Final readings) 

IQR – Inter quartile range 

U value – Difference between the two rank totals  

Rho value – Correlation coefficient  

df – degrees of freedom  
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STATISTICAL ANALYSIS 

 

Data were subjected to a normalcy test (Shapiro-wilk test). Data showed non-normal 

distribution.  

 

Hence statistical analysis using non-parametric tests - Kruskal-Wallis with post-hoc 

Mann-Whitney U test and Wilcoxon sign test were applied to evaluate the significant 

colour differences and change in surface roughness of the specimens.  

 

Spearman’s correlation was performed to check if any association existed between the 

colour change and surface roughness. 

 

The results are given in the following tables. 
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COMPARISON OF THE DELTA E (DE ) VALUES AMONG THE GROUPS AT 

T0 AND T1 USING KRUSKAL - WALLIS TEST 

 

Table 8 

 
Time 

Intervals Groups Minimum Maximum Median IQR p value 

T0 

Control 23.50 24.90 24.30 0.50 

0.00* 
Tea 21.10 23.10 21.50 1.75 

Coco-cola 19.70 20.90 20.40 0.35 

Beverage 19.80 21.00 20.30 0.80 

T1 

Control 24.50 25.10 24.90 0.35 

0.00* 
Tea 21.60 24.20 22.80 2.15 

Coco-cola 20.80 22.50 21.50 0.55 

Beverage 21.40 22.20 21.80 0.25 

T1-T0 

Control .10 1.40 .50 .48 

0.001* 
Tea .50 1.60 1.00 .55 

Coco-cola .60 2.20 1.10 .65 

Beverage .60 2.10 1.40 .85 

 

*Significant at p<0.05 

•Non-significant at p>0.05 
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Interpretation 

There was a significant difference in the colour stability (T1-T0) when the four groups 

were compared amongst each other. Median change in DE values was found to be highest 

for the beverage group (GD) followed by an aerated drink (GC) and tea (GB). The control 

group (GA) had the least change in the DE. For the control group, tea, aerated drink and 

alcoholic beverage groups’ specimens, median before and after immersion (i.e., at T0 and 

T1) were 24.30 and 24.90, 21.50 and 22.80, 20.40 and 21.50, 20.30 and 21.80 respectively. 
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BOX PLOT SHOWING THE COMPARISON AMONG THE GROUPS FOR 

DELTA E (DE) AT T0  

 

 

Graph 1 
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BOX PLOT SHOWING THE COMPARISON AMONG THE GROUPS FOR 

DELTA E (DE) AT T1 

 

 

Graph 2 
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BOX PLOT SHOWING THE COMPARISON AMONG THE GROUPS FOR 

DELTA E (DE) AT T1-T0 

 

Graph 3 
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INTER-GROUP COMPARISON OF DELTA E VALUES USING POST-HOC 

MANN-WHITNEY U TEST 

 
Table 9 
 

 
T0 T1 T1-T0 

U value p value U value p value U value p value 

Control Vs Tea 0 0.00* 0 0.00* 31.5 0.011* 

Control Vs coco-cola 0 0.00* 0 0.00* 25 0.004* 

Control Vs Beverage 0 0.00* 0 0.00* 18.5 0.001* 

Tea Vs Coco-cola 0 0.00* 13 0.00* 68.5 0.41• 

Tea Vs Beverage 0 0.00* 18 0.001* 43 0.03* 

Coco-cola Vs Beverage 78.5 0.75 46.5 0.049* 56 0.14• 

 
*Significant at p<0.05 

•Non-significant at p>0.05 

 
 
Interpretation 

Table 10 shows the pair wise comparison among the four groups. From the results of Post-

hoc Mann-Whitney U test, the control group (GA) showed significantly less instability 

(T1-T0) compared to all the other groups. 
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COMPARISON OF THE SURFACE ROUGHNESS AMONG THE GROUPS AT T0 

AND T1 USING KRUSKAL-WALLIS TEST 

 

Table 10 

Time 
Intervals Groups Minimum Maximum Median IQR p value 

T0 

Control 1.06 1.69 1.30 0.28 

0.216• 
Tea 1.17 2.02 1.42 0.30 

Coco-cola 0.96 2.32 1.46 0.54 

Beverage 1.07 2.29 1.30 0.31 

T1 

Control 1.21 1.75 1.42 0.33 

0.042* 
Tea 1.24 2.62 1.52 0.21 

Coco-cola 1.33 2.56 1.85 0.46 

Beverage 1.17 3.36 1.47 0.45 

T1-T0 

Control 0.02 0.34 0.07 0.11 

0.048* 
Tea -0.11 0.60 0.10 0.18 

Coco-cola 0.02 0.48 0.24 0.17 

Beverage 0.01 1.07 0.23 0.26 

 

*Significant at p<0.05 

•Non-significant at p>0.05 
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Interpretation 

There was a significant difference in the surface roughness (Ra) when the four groups were 

compared amongst each other. Median change in Ra values was highest for the aerated 

drink group GC (0.24)  followed by aerated drink group GD (0.23) and tea group GB (0.10). 

Control group GA had the least change in surface roughness (0.07).
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BOX PLOT SHOWING THE COMPARISON AMONG THE GROUPS FOR 

SURFACE ROUGHNESS (Ra) AT T0 

 

 

Graph 4 
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BOX PLOT SHOWING THE COMPARISON AMONG THE GROUPS FOR 

SURFACE ROUGHNESS (Ra) AT T1 

 

Graph 5 
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BOX PLOT SHOWING THE COMPARISON AMONG THE GROUPS FOR 

SURFACE ROUGHNESS (Ra) AT T1-T0 

 

Graph 6 
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INTER-GROUP COMPARISON OF SURFACE ROUGHNESS USING POST-HOC 

MANN-WHITNEY U TEST 

 

Table 11 

 
T0 T1 T1-T0 

U value p value U value p value U value p value 

Control Vs Tea 61.0 0.35 50.00 0.12 57.0 0.25• 

Control Vs Coco-
cola 46.0 0.082 26.00 0.005* 32.5 0.013* 

Control Vs 
Beverage 75.0 0.87 61.00 0.35 41.5 0.047* 

Tea Vs Coco-cola 67.5 0.38 50.00 0.07 53.0 0.106• 

Tea Vs Beverage 62.0 0.24 78.00 0.73 59.0 0.19• 

Coco-cola Vs 
Beverage 52.0 0.096 56.50 0.15 81.0 0.85• 

 
*Significant at p<0.05 

•Non-significant at p>0.05 

 
 
Interpretation 

Table 12 shows the pair wise comparison among the groups. It indicates that the aerated 

drink (GC) and alcoholic beverage (GD) group showed significant change to higher Ra 

values. While the control (GA) and tea (GB) groups couldn’t be compared as the change 

was not significant.   
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COMPARISON OF THE DELTA E VALUES WITHIN THE GROUP AT T0 AND 

T1 USING WILCOXON SIGN TEST 

 

Table 12 

Groups Time 
intervals Minimum Maximum Median IQR p value 

Control 
T0 23.5 24.9 24.3 0.5 

0.002* 
T1 24.5 25.1 24.9 0.35 

Tea 
T0 21.1 23.1 21.5 1.75 

0.001* 
T1 21.6 24.2 22.8 2.15 

Coco-cola 
T0 19.7 20.9 20.4 0.35 

0.001* 
T1 20.8 22.5 21.5 0.55 

Beverage 
T0 19.8 21 20.3 0.8 

0.001* 
T1 21.4 22.2 21.8 0.25 

 
*Significant at p<0.05 

•Non-significant at p>0.05 

 
 
Interpretation 

Table 13 shows that the values of change in colour (delta E) after performing the Wilcoxon 

Sign test were significantly higher at T1 than at T0 for all the groups.  
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COMPARISON OF THE SURFACE ROUGHNESS VALUES WITHIN THE 

GROUP AT T0 AND T1 USING WILCOXON SIGN TEST 

 

Table 13 

Groups Time 
intervals Minimum Maximum Median IQR p value 

Control 
T0 1.06 1.69 1.30 0.28 

0.002* 
T1 1.21 1.75 1.42 0.33 

Tea 
T0 1.17 2.02 1.42 0.30 

0.007* 
T1 1.24 2.62 1.52 0.21 

Coco-cola 
T0 0.96 2.32 1.46 0.54 

0.001* 
T1 1.33 2.56 1.85 0.46 

Beverage 
T0 1.07 2.29 1.30 0.31 

0.001* 
T1 1.17 3.36 1.47 0.45 

 

*Significant at p<0.05 

•Non-significant at p>0.05 

 

Interpretation 

Table 13 shows that the values of surface roughness (Ra) after performing Wilcoxon Sign 

test were significantly higher at T1 than at T0 for all the groups.  
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SPEARMAN’S CORRELATION BETWEEN COLOUR STABILITY AND 

SURFACE ROUGHNESS 

 

Table 14 

Groups  T0 T1 T1-T0 

Control 
rho value -.218 -0.53 -0.53 

p value .496 0.07 0.07 

Tea 
rho value -.258 -0.34 -0.34 

p value .395 0.24 0.24 

Coco-cola 
rho value -.303 0.08 0.08 

p value .314 0.78 0.78 

Beverage 
rho value -.271 -0.15 -0.15 

p value .370 0.61 0.61 
 
 
 
Interpretation 

Table 15 shows that there was a weak correlation between the colour stability and surface 

roughness (rho <0.2). There seems to be very less influence of surface roughness on the 

colour stability. 
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DISCUSSION 
 

 

In today’s world, a great deal of importance is attributed to a person’s physical appearance 

due to the demands of social and professional life. As a result, dentistry is continuously 

evolving to provide newer and better materials for the restoration of teeth. Resin based 

composite materials happen to be the most widely used, in cases that demand excellent 

aesthetics.31  

 

Owing to the advances in dental technology and the growing awareness of aesthetic 

dentistry, the need for improvements in resin-based composites has increased. The 

introduction of these materials has made it possible to produce natural looking and 

minimally invasive restorations to rehabilitate the unesthetic appearance of both anterior 

and posterior teeth.  

 

Though majorly advantageous, unacceptable discolouration or staining is usually 

encountered in tooth coloured resin based restorations and therefore colour stability is a 

major criterion for selection of the material during its service and it is important to 

determine the susceptibility of the indirect resin to colour change.32 Esthetic failure is one 

of the most common causes for restoration replacement. Surface roughness is known to be 

responsible for the  extrinsic discolouration.6  Numerous laboratory tests have been carried 

out in order to simulate and accelerate the discolouration, mimicking oral aging 

conditions.34 
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The current research was conducted to evaluate two properties i.e., the colour stability and 

surface roughness of an indirect resin restorative material to the effect of three commonly 

used beverages – tea, aerated drink, and alcoholic beverage for a period of ninety days.  

The quality of the restoration may be undermined due to the alteration of esthetic and 

physical properties of the indirect resin material as an effect of consumption of certain 

beverages.33 

 

Long term clinical performance, colour stability, and roughness studies are yet to be known 

and proven. Similarly, indirect resin restorative material – Ceramage (Shofu Dental 

Products, Inc. Kyoto, Japan), is a relatively recent product in the market and has not been 

researched much on its degradation under acidic conditions and colour stability. 

 

The indirect resin restorative material used was Ceramage (Shofu Dental Products, Inc. 

Kyoto, Japan) which is a micro-ceramic polymer system that consists of 73% of zirconium 

silicate filler (PFS – progressive fine structured filler) supported by an inorganic polymer 

matrix containing urethane di-methacrylate and urethane di-acrylate.35  Ceramage is a 

combination of extraordinary hardness and excellent fracture resistance. Reproduction of 

natural life-like colour and esthetics, superior polish-ability, and high resistance to plaque 

are among the favourable properties of Ceramage. Ceramage can be used to create indirect 

restorations that exhibit virtually the same light transmission as that of natural teeth while 

maintaining remarkable translucency. Along with this, the microfine structure provides 

high compressive strength, outstanding tensile strength and elasticity, beverages and good 
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wear characteristics. Till date, Ceramage has found its use in the build-up of implant 

restorations, inlays, onlays, crowns, temporary and fixed bridges. 

 

Evaluation of colour can be determined either by visual assessment or by instrumental 

methods.36 The Munsell colour order system is the most widely recognized colour system 

which has its ‘standard observer’ as a human observer, which differentiates hue, value and 

chroma.37 However, in order to eliminate the errors caused by subjective interpretation of 

visual colour comparison, standardized colour quantifying instruments like 

spectrophotometer and colorimeter are used. These measurements permit a reproducible 

means of determining colour. The CIEL*a*b* system for measuring the chromaticity was 

chosen in this study, in conjunction with the reflectance spectrophotometer (i1 X-Rite) to 

note the colour differences as it is suitable for determination of small colour differences.38 

 

The Commission Internationale de L’Eclairage (CIE) colour system was developed in 1978 

as a uniform three-dimensional system that arranges colour at almost equal intervals and 

determines the colour changes in physical terms. Three parameters used by this system to 

define colour are as follows: 
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L* - white or black 

100. – white  

      0 – black 

 

a* - red or green  

+ve – towards red  

-ve – towards green  

 

*b – yellow or blue  

+ve – towards yellow  

-ve – towards blue  

 

 

L* coordinate denotes lightness whereas a* and b* are the chromatic components, a* 

corresponding to redness-greenness and b* describing yellowness-blueness.  

This system evaluates the quantity of perceptible changes in each specimen which is 

reproducible, objective and provides statistically utilizable colour measurement results. 

 

In the present study, surface roughness evaluation was chosen as the surface 

micromorphology would have an effect on the susceptibility to staining. It is an important 

aspect in the determination of surface properties that influence the formation of a 

biofilm.  Various qualitative and quantitative evaluation methods are available for the 

determination of surface roughness amongst which, the most widely used and accepted 
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method is probably mechanical profilometry.39 By definition, surface roughness is the 

arithmetic mean of the deviations of the surface profile from the mean line.40 Ra (roughness 

average) is the universally recognized and largely used international parameter of 

roughness.41 

 

In this research, a three-dimensional non-contact profilometer was chosen for the 

evaluation of roughness as surface topography is three-dimensional in nature. 3D surface 

topography gives a realistic surface analysis and provides a complete description of the 

surface characteristics. This laser or white light profilometry allows the study of the area 

of specimens without actually contacting the surface.39 

 

In an in vitro setting, commonly consumed non-alcoholic beverages (tea and aerated drink) 

and alcoholic beverage (whiskey) were used as the discolouration media to evaluate the 

discolouration and roughness change in the indirect resin material. Among non-alcoholic 

beverages, the effect of coffee, orange juice, grape juice, carrot juice, turmeric solution, 

have been evaluated in previous studies. Two common beverages (tea and aerated drink) 

were used to measure the change in colour of the indirect resin material and artificial saliva 

was used as the control group. They were chosen as the test staining solutions because they 

have been shown to have greater staining ability on denture base resins, anterior composite 

resins, and natural teeth, according to studies.43 Previous studies have tested the 

discolouration caused by alcoholic beverages like red wine on resin composites. Since the 

consumption of whiskey is higher and more prevalent than red wine in most parts of India, 
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it became the most obvious choice of alcoholic beverage to be selected as one of the 

staining solutions.  

 

During the act of consumption, food or drink come in contact with the tooth surfaces for a 

very brief period of time before it is washed away by the saliva. In previous studies, 

substrates were kept in contact with acidic foods for a rather prolonged period of time in 

order to demonstrate accelerated aging. Thus, the immersion regimen selected for the 

current study was to immerse each specimen in the respective staining solutions for ten 

minutes each day. For the remaining part of the day, the specimens were kept immersed in 

distilled water to mimic the neutralizing effect of saliva in the oral cavity. To further 

simulate the intra-oral conditions, the specimens were brushed every day before immersion 

into staining solutions to mimic the daily brushing pattern of an average human being.  

 

The measurement of colour change and roughness was made before (T0) and after 90 days 

(T1) to see the relationship of time on surface degradation.  Most studies recommend 

immersion to last for at least four weeks in order to achieve an accumulative change in 

colour, therefore this study was conducted for a period of 12 weeks.44 

According to the results of this study, the indirect resin restorative material became 

significantly stained and rougher after they were subjected to the immersion regimen. This 

can be ascribed to the fact that resin-based restorative materials soften when exposed to 

acidic media.42 It has also been studied that, pigments cause discolouration by adsorption 

and absorption in the polymer phase of resin composites.44 Additionally, the resin’s affinity 

for extrinsic stains is modulated by its rate of water sorption.45,46   It has also been studied 
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that there can be hydrolytic degradation of the interface between the resin and the filler 

particles which can modify the way in which light is scattered by the particles leading to 

discolouration. 

 

Literature provides different interpretations of colour change which might be recognized 

by the human observer. In 1979, studies done by Raecke showed that differences could be 

detected with ΔE >= 4.50 Seghi et al.51 and the National Bureau of Standards (NBS) 

considered ΔE=1.5 as distinct-able. Kappert and Begler52 in 1992 indicated a value of 

ΔE=1 and Setz and Engel, in 1994, assumed that even a mere ΔE=0.4 can be recognized.53 

However, in dental materials, the clinically acceptable value for colour changes is taken as 

ΔE <=3.3.54,55 Hence, while interpreting the results of the current study, none of the 

materials showed insufficient colour stability after the 90 days’ time duration (ΔE<3.3). 

The ΔE values for tea were found to be ΔE =1.00, for aerated drink ΔE=1.10, and for an 

alcoholic beverage, it was ΔE =1.40. 

 

Surface roughness plays a major role as a cause of extrinsic discolouration. In 1990, 

Quirynen et al., demonstrated in vivo that an increase in the roughness above an Ra value 

of 2µm led to a steep increase in the biofilm formation.56 In the current study, after the 90 

days duration, the specimens of all of the groups showed Ra values below 2µm. 

 

When the different staining solutions were compared, the alcoholic beverage (GD) caused 

the most discoloration (ΔE=1.40) followed by an aerated drink (ΔE=1.10) and tea 

ΔE=1.00); while the aerated drink (Ra=0.24µm) had the most degrading  effect on the 
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surface roughness of the indirect resin material followed by alcoholic beverage 

(Ra=0.23µm) and tea (Ra=0.10µm). No significant change was seen in artificial saliva. All 

the beverages used in the study were mostly acidic with the aerated drink (Coca-cola) being 

the most acidic (pH = 1.57) > alcoholic beverage, Whiskey (pH = 3.76) > Tea (pH = 4.9).  

 

The greatest amount of colour change (ΔE) was found to be in the alcoholic beverage group 

specimens probably as a result of the alcoholic content of the whiskey (42.8% v/w) as the 

ethanol solvents penetrate the resin matrix. An earlier study compared the staining ability 

of Coca-cola and red wine, in which red wine caused more change in colour. Previous 

studies that have been conducted reported the chemical degradation of composite surfaces 

by alcohol.57 Mair, in 1991, concluded that 75% ethanol increased the abrasion rates of 

composites.58 Lutz et al., noted in 1992 that immersion in 75% ethanol led to the 

degradation of composites.59 

 

The lower pH of the staining solution was seen to negatively affect the wear resistance of 

the resin materials and increase the erosion in the polymers.47,48  Hence, the greater 

deterioration in surface qualities that took place in the aerated drink group of specimens 

could be attributed to its lower pH. A previous study conducted by Badra V. et al in 2005 

wherein more surface roughness change was noted in Coca-cola than in sugar cane spirit 

(alcoholic graduation 39.00% v/w) supports these results.33 Another study carried out in 

2019 by Bansal et al also showed similar results where Coca-cola caused more degradation 

in surface quality when compared to whiskey.6 
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A critical factor for the colour stability of this tooth-coloured material was found to be the 

immersion time. In the present study, the results showed that as the immersion time 

increased, the colour change became intense.49 

 

In this study, the Spearman’s Correlation test was performed but it showed that there was 

a very weak correlation between the colour stability and surface roughness (Table 15).  But 

in an earlier study done by Lu H. et al in the year 2005, the correlation between these two 

parameters concluded that the smoother the surface, the more resistant the material was to 

staining.46 

 

Extrapolating the results of the current research in intra-oral conditions is rather difficult; 

it can, however, give an insight into how this indirect resin restorative material may behave, 

in terms of colour stability and surface roughness, when exposed to different staining 

solutions; in turn, affecting the clinician’s choice of material and also, the patient’s control 

on their dietary preferences.  
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LIMITATIONS OF THE STUDY 

1. The present study was an in vitro study and perfect simulation of intra oral 

conditions was not feasible in vitro. Hence the actual influence of saliva and aging 

effects of environmental alterations on restorative materials were not reflected. In 

clinical situations, the restorations are not constantly exposed to the solutions; they 

are altered with periods of exposure to saliva which thereby may balance the pH 

and/or environmental factors. 

2. Although utmost care was taken during the fabrication and testing of the specimens, 

the magnitude of polymerization, voids, and internal porosity might have altered 

the magnitude of L*a*b* values.  

3. Relatively small sample size was used (a total of forty eight specimens) with each 

group consisting of 12 specimens each. 

4. Only three beverages were used to assess the colour stability. 

5. The research was performed over a relatively shorter duration of 90 days. 

6. Average conditions were considered in the present study; however, variations in 

frequency of consumption and differences in the concentrations of the preparation 

of the beverages might differ which would actually simulate the clinical conditions 

were not tested. 

7. The specimens were fabricated under ideal circumstances and were homogeneously 

finished and polished, which is not always clinically possible due to the concave 

and convex nature of the restoration profile. 

8. The specimens were not thermal cycled or abraded. 
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SCOPE FOR FURTHER RESEARCH 

1. In vivo studies of colour stability and surface roughness can be conducted to 

better support the in vitro results. 

2. The material should be tested for other properties like fatigue resistance, its 

retentive quality for clinical longevity. 

3. Studies can be conducted with a larger sample size for better statistical 

significance. 

4. Further long term studies with a duration greater than 90days can be considered. 
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CLINICAL IMPLICATIONS 

1.  Attributes such as variety of food, thermal and mechanical stresses, and their 

interactions may intensify the discolouration and surface topography in vivo. 

2.  Though the indirect resin restorative material is relatively resistant to solvents and 

chemicals, care should be taken that patients with these restorations minimize 

drinking of such beverages to promote long-term colour stability and clinical 

longevity of the restoration. 

3.  This indirect resin material (Ceramage – Shofu Dental Products, Inc. Kyoto, Japan) 

proves to be an excellent restorative material and finds its use in the build-up of 

implant restorations, inlays, onlays, crowns, temporary and fixed bridges. 
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CONCLUSION 
 

The results of this in vitro study pertaining to colour stability and surface roughness, 

showed that the effect of various staining solutions were dependent on time and a multitude 

of other factors. 

 

Within the limitations of the study and for the materials and beverages used in this study; 

the following conclusions were drawn: 

 

1. The effect of the staining solutions on the colour of the indirect resin restorative 

material was perceivable by the human eye (ΔE > 1). 

2. The indirect resin material demonstrated colour stability in all the staining 

solutions, artificial saliva, tea, aerated drink and alcoholic beverage which was 

found to be clinically acceptable (ΔE <= 3.3).  

3. The indirect resin material exhibited change in the surface roughness, over the 

period of 90 days, on exposure to all the four staining solutions; but were within 

the values that cause a steep increase in the formation of a biofilm (Ra < 2µm). 

4. Alcoholic beverage (Whiskey), among the staining solutions, caused the most 

discolouration (ΔE=1.40) followed by aerated drink (ΔE=1.10) and tea (ΔE=1.00). 

5. Aerated drink (Coca-cola), among the different beverages, showed the most 

degrading effect on the surface roughness (Ra=0.24µm) followed by alcoholic 

beverage (Ra=0.23µm) and tea (Ra = 0.10µm). 
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6. The median colour difference and change in surface roughness of all the specimens 

of all the four groups was found to be statistically significant after 90 days.   

7. Use of the reflectance spectrophotometer was effective in quantitatively evaluating 

the change in colour of the specimens of the four groups. 
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SUMMARY 
 

With the patients’ expectations on a rise and with the advent of dental technology, there is 

an increasing demand in the development and use of aesthetic restorations especially the 

ceramic and tooth-coloured resin composites. The stain resistance and surface topography 

are considered to be critical factors in determining the long-term success of such 

restorations. Thus, it is desirable than an aesthetic restorative material be resistance to 

changes in its intrinsic colour and surface roughness. 

 

Therefore, the focus of the current study was intended to assess the characteristics of an 

indirect resin restorative material (Ceramage – Shofu Dental Products, Inc. Kyoto, Japan) 

and the effect of different beverages on the colour stability and surface roughness of the 

material, in vitro. 

 

A total of forty-eight disc shaped specimens of the indirect resin material were fabricated 

and sub-divided into four groups (n=12 specimens) according to the type of staining 

solutions used to immerse them as follows: 

Group A (Control group) – Specimens immersed in artificial saliva (Wet mouth) 

Group B – Specimens immersed in tea (Brook Bond Red Label) 

Group C – Specimens immersed in aerated drink (Coca-cola) 

Group D – Specimens immersed in alcoholic beverage (Imperial Blue Whiskey) 
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A reflectance spectrophotometer in conjunction with the CIEL*a*b* colour measuring 

system was used for the quantitative measure of change in colour of the specimens. A non-

contact three-dimensional profilometer was used for determining the surface roughness of 

the specimens. Baseline readings were obtained for colour stability and surface roughness 

for each of the specimens of all the four groups.  The immersion regimen was as follows: 

All the specimens were immersed in each solution, in borosilicate glass petri dishes at the 

maintained temperature, for 10 minutes every day. For the remainder of the time, the 

specimens were kept immersed in distilled water at 37°C. Every day, two hours before, the 

specimens were subjected to brushing to simulate the average daily brushing pattern of an 

individual. This immersion regimen was followed for a total of ninety days, after which, 

colour stability and surface roughness measurements were recorded. 

 

The colour in change (DE) and surface roughness (Ra) values were tabulated and subjected 

to statistical analysis. The data was found to show non-normal distribution so non-

parametric tests – Kruskal-Wallis with post-hoc Mann-Whitney U test and Wilcoxon sign 

test were applied to evaluate the differences.  

 

Interpreting the results of the study, the indirect resin restorative material exhibited changes 

in colour stability as well as surface roughness, over the period of ninety days, on exposure 

to all the four staining solutions. However, the values for colour stability were within the 

clinically acceptable range (DE <= 3.3) while the values for surface roughness were within 

the values that cause a steep rise in the formation of a biofilm (Ra < 2 micro-meters).  
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The study concluded that the alcoholic beverage group, among the staining solutions, 

caused the most discolouration(DE=1.40) followed by aerated drink (DE=1.10) and tea 

(DE=1.00). Aerated drink (Coca-cola), among the different beverages, showed the most 

degrading effect on the surface roughness (Ra=0.24) followed by alcoholic beverage 

(Ra=0.23) and tea (Ra = 0.10). The median colour differences and change in surface 

roughness of all the specimens of all the four groups was found to be statistically significant 

after 90 days, but were within clinical acceptable range. 

 

The indirect resin restorative material (Ceramage – Shofu Dental Products, Inc. Kyoto, 

Japan) used is a micro-ceramic polymer system consisting of 73% of zirconium silicate 

fillers which finds its use in build-up of implant restorations, inlays, onlays, crowns, 

temporary and fixed bridges. This material is promising due to its natural life-like colour, 

and superior properties; however, minimizing drinking of certain beverages may be 

advantageous for patients opting for these restorations for clinical longevity and long-term 

colour stability. 
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ANNEXURES 

 

DELTA E AND RA VALUES SUBJECTED TO A NORMALCY TEST:  

SHAPIRO-WILK TEST 

 
Tests of Normality 

Groups-
classified 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df p value Statistic df p value 

1 

delta E-T0 .165 12 .200* .941 12 .507 

delta E-T1 .150 12 .200* .922 12 .305 

T0-RA .153 12 .200* .970 12 .911 

T1-RA .158 12 .200* .932 12 .398 

2 

delta E-T0 .260 13 .016 .785 13 .005 

delta E-T1 .233 13 .052 .808 13 .009 

T0-RA .192 13 .200* .886 13 .086 

T1-RA .278 13 .007 .675 13 .000 

3 

delta E-T0 .228 13 .064 .927 13 .314 

delta E-T1 .151 13 .200* .957 13 .708 

T0-RA .144 13 .200* .965 13 .828 

T1-RA .148 13 .200* .940 13 .456 

4 

delta E-T0 .194 13 .196 .919 13 .240 

delta E-T1 .250 13 .026 .916 13 .223 

T0-RA .270 13 .010 .759 13 .002 

T1-RA .226 13 .069 .751 13 .002 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
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