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Abstract

Aim: This In Vitro Study Evaluated The Colour Stability Of Additively Manufactured Polymethyl Methacrylate (Pmma)
Resin-Based Provisional Laminate Veneers Following Immersion In Different Oral Ageing Solutions.

Materials And Methods: A Total Of 30 Laminate Veneer Specimens Were Digitally Designed And Fabricated Using A
3d Printing System From Photopolymer Resin. The Samples Were Post-Cured And Divided Based On Immersion Media:
Coffee, Tea, And Artificial Saliva (Reduced Ph). Specimens Were Subjected To Daily Immersion In Staining Solutions
For 15-30 Minutes And Stored In Artificial Saliva At 37°C. Colour Measurements Were Recorded At Baseline, 1 Week,
1 Month, And 3 Months Using A Spectrophotometer. Colour Differences (Ae76) Were Calculated Using The Cie Lab*
System. Statistical Analysis Was Performed Using One-Way Anova And Post-Hoc Tukey Tests (P < 0.05).

Results: Statistically Significant Differences In Colour Stability Were Observed Among All Groups Across Time Intervals
(P < 0.001). Colour Change Increased Progressively Over Time In All Solutions. Coffee Demonstrated The Highest
Discolouration (Ae = 19.27 + 1.38 At 3 Months), Followed By Tea (Ae = 16.12 + 1.45), While Artificial Saliva Showed
The Least Change (Ae =4.31 +£0.3). All Values Exceeded Clinically Acceptable Thresholds, Indicating Perceptible Colour
Changes.

Conclusion: Additively Manufactured Pmma Provisional Laminate Veneers Exhibited Significant Colour Instability
When Exposed To Common Staining Agents. These Restorations Should Be Limited To Short-Term Use, Particularly In
Aesthetically Demanding Regions.
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Introduction:

In Recent Years, Laminate Veneers Have Become One
Of The Most Widely Utilised Treatment Modalities In
Aesthetic Dentistry, Owing To Their Ability To
Enhance Smile Aesthetics While Preserving Maximum
Tooth Structure. They Serve As A Conservative
Treatment Option For A Variety Of Dental Defects,
Including Discolouration, Minor Malalignment, And
Structural Anomalies, Primarily Due To Their Capacity
To Closely Replicate The Natural Appearance Of Teeth
And Provide Superior Aesthetic Outcomes (1).
Provisional Restorations Play A Pivotal Role In The
Overall Treatment Planning Process. They Allow
Clinicians To Evaluate The Form, Contour, Phonetics,
And Occlusion Prior To The Placement Of Definitive
Restorations. In Addition, They Serve As A Diagnostic
Mock-Up, Guiding Both The Clinician And The Patient
In Visualising The Expected Final Outcome. Therefore,

* Author for Correspondence: Drmukeshprostho@Gmail.Com

The Material Selected For Provisional Restorations
Must Exhibit Not Only Adequate Mechanical Properties
But Also Satisfactory Aesthetic Characteristics,
Particularly Colour Stability Over Time.

Polymethyl Methacrylate (Pmma) Remains One Of The
Most Commonly Used Materials For The Fabrication Of
Provisional Restorations. This Is Largely Attributed To
Its Favourable Physicochemical Properties, Cost-
Effectiveness, Ease Of Manipulation, Biocompatibility,
And Acceptable Aesthetic Qualities (2). Traditionally,
Pmma Restorations Were Fabricated Using A Powder—
Liquid Technique, Which Relied Heavily On The
Manual Skills Of Dental Technicians. However, This
Conventional Method Is Associated With Certain
Limitations, Including Polymerisation Shrinkage,
Porosity, And Variability In Quality.

With The Advent Of Digital Dentistry, Computer-Aided
Design  And  Computer-Aided  Manufacturing
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(Cad/Cam) Technologies Have Emerged As Reliable
Alternatives To Conventional Fabrication Techniques
(3). Cad/Cam Systems Facilitate The Design And
Production Of Restorations With Improved Precision,
Consistency, And Efficiency. Several Studies Have
Demonstrated That Cad/Cam-Fabricated Restorations
Exhibit Superior Marginal Adaptation And Overall Fit
Compared To Conventionally Fabricated Counterparts
(4,5). More Recently, Additive Manufacturing
Techniques, Particularly Vat Polymerisation Methods
Such As Stereolithography (Sla) And Digital Light
Processing (Dlp), Have Gained Considerable Attention
In Prosthodontics. These Techniques Involve The
Layer-By-Layer Fabrication Of Objects Using
Photocurable Resins That Are Polymerised Upon
Exposure To A Specific Light Source (6). Compared To
Subtractive Manufacturing, Additive Manufacturing
Offers Several Advantages, Including Reduced Material
Wastage, Enhanced Design Flexibility, And Improved
Cost-Effectiveness. ~ Consequently, 3d  Printing
Technologies Are Increasingly Being Integrated Into
Digital Workflows In Dentistry (7). With The Growing
Demand For Highly Aesthetic Dental Restorations,
Colour Stability Has Become A Critical Parameter In
The Selection Of Provisional Materials. The Long-Term
Success Of Provisional Restorations Is Significantly
Influenced By Their Ability To Maintain Colour
Integrity When Exposed To The Oral Environment (8).
However, One Of The Primary Drawbacks Of
Provisional Prostheses Is Their Susceptibility To
Discolouration, Which May Arise From Both Intrinsic

’
exocad

Factors, Such As Material Composition And Degree Of
Polymerisation, And Extrinsic Factors, Including
Exposure To Staining Agents Commonly Present In
Food And Beverages (9). Despite The Increasing
Utilisation Of 3d-Printed Resin-Based Materials In
Prosthodontics, There Is Limited Evidence Regarding
Their Colour Stability When Subjected To Different
Ageing Conditions. Furthermore, The Effectiveness Of
Additive Manufacturing In Overcoming The Limitations
Associated With Conventional And Subtractive
Techniques Remains To Be Fully Elucidated. Therefore,
The Present Study Was Undertaken To Evaluate The
Colour Stability Of 3d-Printed Provisional Laminate
Veneers Following Immersion In Three Different
Ageing Solutions Over Specified Time Intervals. The
Null Hypothesis Was That There Would Be No
Significant Difference In Colour Stability Among The
Specimens After Immersion In The Respective Ageing
Solutions.

Materials And Methods

Sample Preparation And Digital Workflow

Laminate Veneer Preparation Was Done On Maxillary
Central Incisor Of Typhodont Tooth (Nissin Dental
Products Inc) With 1mm Labial Reduction And Palatal
Chamfer Design. An Intra Oral Scanner 3shape Trios
(3shape) Was Used To Scan The Prepared Surfaces.
Digital Designing Of Laminate Veneers Were Then
Saved As Standard Tessellation Language (Stl) File
Format (Figure 1).The Resulting Stl Data Was
Transferred To The Exocad Designing Software.

exocad £

exocad

Figure 1- Digital Designing Of Laminate Veneers Model And Saved As Stl Format Using Exocad.

The Sample Size Was Determined Using G*Power Software (V3.1.9.7 For Windows.) To Achieve A Power Of 95% With

A Significance Level Of 0.05

Total Of 30 Samples (N=30) Were Fabricated Using 3d Printer (Phrozen Sonic Mini 8k S) (0.05-0.1p) And Photopolymer
Resin (Prevest // 3d) From The Saved Stl File (Figure 2). The Printer Was Calibrated According To The Manufacturer’s

Instructions And Resin’s Instructions.
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Figure 2- 3d Printer Used For Printing Of Models

All 3d-Printed Samples Were Removed From The Build Platform And Cleaned With Isopropyl Alcohol (99.9% Isopropyl
Alcohol) As Per Manufacturer’s Instruction (Figure 3). The Post Processing Polymerization Was Done In A Light
Polymerizing Unit For 40 Minutes (450mw).

Figure 3- Printed Photopolymer Resin Model Of A Single Laminate Veneer

These Specimens Were Further Divided Into Four Time Intervals (N-10) Based On Staining Media As Coffee, Tea, And
Artificial Saliva (Reduced Ph) With Daily Immersion For 15-30 Minutes In Staining Solution And Storage In Artificial
Saliva At 37 °C For 1 Week, 1 Month And 3months Interval

Colour Stability Analysis

Colour Measurements Were Taken Using A Calibrated Clinical Spectrophotometer (Vita Easyshade Advance.) At Baseline
And After Each Storage Period (1 Week, 1 Month, 3 Months). For Each Measurement, Three Readings Were Taken At
The Center Of Each Specimen Against White Substrate And The Average Values Were Calculated.

The Colour Differences (Ae76) Were Calculated Using The International Commission On Illumination (Cie1976) Colour
Difference Formula:

Aers = V(Al¥)2H(Aax)2+(Abx)?

Statistical Analysis - Statistical Analysis Was Conducted Using Spss Software. These Measurements Were Analyzed
Using 1-Way Anova With A Post-Hoc Tukey Test To Determine Statistical Significance.

Results:
Table 1- Ae Values Of 3d Printed Veneers Following Immersion In Different Discolouring Solutions After Four
Time Intervals

Ae Values
Repeated
Measures
Anova- P
Provisional Material | Discolouring Solution | Baseline | 1 Week 1 Month 3 Months | Value

Mean+Sd

3d Printed Pmma
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Coffee 0.22+0.04 | 3.42+0.65 | 13.31£1.63 | 19.27+1.38 | <0.001
Tea 0.2540.42 | 5.17+0.41 | 11.47£1.45 | 16.12+1.45 | <0.001
Artifical Saliva 0.18+0.11 | 1.21+0.04 | 3.12+0.07 | 4.31+0.3 <0.001

The Means And Standard Deviations Of Colour Colour Changes, Indicating Significantly Greater

Differences (Ae) For 3d Printed Provisional Veneers
Across Different Discolouring Solutions And Time
Intervals Are Summarized In Table 1. One Way Anova
Analysis Revealed Statistically Significant Difference
Among Discolouring Solutions In Different Time
Intervals (P <0.001)

Regarding The Effect Of Discoloring Solutions, Coffee
(19.27+1.38) And Tea (16.12+1.45) Caused The Highest

Discoloration Compared To Artificial Saliva Which
Caused Least Discolouration (4.3140.3)

Post Hoc Analysis - Revealed Significant Discolouration
From Baseline To 3 Months For All Groups With
Highest Discolouration In Coffee (19.27+1.38) And Tea
(16.12+1.45). Artificial Saliva With Reduced Ph
Showed Least Discolouration From Baseline To 3
Months (4.31£0.3).

AE Values of 3D Printed PMMA in Different Solutions
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Figure 4- Post Hoc Analysis

Discussion:

The Present Study Aimed To Evaluate The Colour
Stability Of 3d-Printed Provisional Laminate Veneers
Following Immersion In Three Different Ageing
Solutions Over Four Time Intervals. The Null
Hypothesis Was Rejected, As Significant Discolouration
Was Observed Among All Groups Across The Different
Time Intervals. Although No Previous Studies Have
Compared 3d-Printed Provisional Veneers Under The
Influence Of Different Substrates, The Findings Indicate
That Both The 3d-Printed Material And The Type Of

1 month
Immersion  Solution  Significantly  Influenced
Discolouration.

Colour Stability Is A Critical Parameter Influencing The
Aesthetic Success Of Provisional Restorations. The
Degree Of Colour Change And Alterations In Surface
Topography Are Significantly Affected By The Type Of
Immersion Solution And The Duration Of Exposure (7).
A Study By Shenoy Et Al. Indicated That Both Intrinsic
And Extrinsic Factors Significantly Influence The
Colour Stability Of Pmma-Based Materials (11). The
Oral Cavity Is Subjected To Constant Salivary Ph
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Variations And Extrinsic Staining During The Daily
Consumption Of Beverages; Therefore, It Is Essential
That Provisional Restorations Exhibit Good Long-Term
Colour Stability. In The Present Study, Artificial Saliva
With A Reduced Ph (5.7), Coffee, And Tea Were Used
As Discolouring Solutions To Evaluate Their Effect On
Additively Manufactured Pmma Veneers.

Previous Literature Suggests That Darker Materials Are
More Colour Stable Than Lighter Ones (12). As The A2
Shade Is Commonly Preferred In Clinical Practice, And
Based On The Study Protocol By Coutinho Et Al (13),
The A2 Shade Was Selected As The Primary Colour For
The Fabrication Of 3d Provisional Veneers In The
Current Study.

Clinical Evaluation Was Performed Using The Vita
Easyshade (Vita Zahnfabrik), A Digital
Spectrophotometer Designed To Provide Precise Colour
Measurements Of Dental Tissues Based On Light
Reflected From The Tooth Surface. Colour Parameters
Were Measured Using The Cielab System (L*, A*, B¥)
(10). According To Ceci Et Al. (14), Ae Values Greater
Than 3.7 Are Considered Visually Perceptible. The
Present Study Revealed That 3d-Printed Pmma Veneers
Exhibited Significant Colour Differences Exceeding The
Average Accepted Range (Aew > 3.7).The Study
Demonstrated Highest Colour Difference In Coffee
(19.27 £ 1.38), Followed By Tea (16.12 + 1.45). These
Findings Are Consistent With Studies Conducted By
Alshamrani Et Al. (15) And Tasim Et Al. (16), Which
Also Reported Significant Staining In 3d-Printed Interim
Prosthodontic Materials When Exposed To Coffee And
Tea As Discolouring Agents.

A Study By Aburaisi Et Al. (17) Stated That Tooth-
Coloured Restorations Tend To Become Increasingly
Discoloured Over Time. The Findings Of The Present
Study Similarly Highlight That Colour Stability
Deteriorated Progressively, With Samples Exhibiting
Increased Staining At Each Successive Time Interval.
This Underscores The Importance Of Considering Long-
Term Colour Stability When Selecting Materials For
Interim Restorations, Particularly In Aesthetically
Demanding Regions.

Despite Advancements In 3d Printing Technology, The
Results Of The Present Study Indicate That Printed
Polymethyl Methacrylate (Pmma) Materials Undergo
Staining Over Time When Exposed To Chromogenic
Agents. A Study By Kuscu Et Al. (18) Reported That
The Thickness Of The Restoration Significantly
Influences Colour Measurements, With A Material
Thickness Of 1 Mm Demonstrating The Highest
Variation. Although 3d-Printed Materials Offer
Advantages Such As Ease Of Handling And Reduced
Material Wastage, Their Clinical Use As Provisional
Restorations Should Ideally Be Limited To 2—3 Weeks
In Order To Minimise Discolouration.

The Present In Vitro Study Has Inherent Limitations, As
It Does Not Fully Simulate The Complex Oral
Environment, Including Salivary Composition, Thermal
Fluctuations, Masticatory Forces, And Microbial
Activity, All Of Which May Influence Colour Stability.

Additionally, Only Three Staining Media (Coffee, Tea,
And Artificial Saliva) Were Evaluated, Although These
Are Commonly Encountered Chromogenic Agents,
Other Dietary Substances Such As Red Wine, Cola, And
Turmeric-Based Foods May Produce Different Staining
Effects And Were Not Assessed. Single Shade (A2) And
A Uniform Material Thickness Were Used For All
Specimens, Variations In Shade And Thickness Could
Influence Optical Properties And Colour Stability,
Thereby Limiting The Generalisability Of The Results
To Other Clinical Scenarios. Moreover, The Study
Duration, Although Extending Up To Three Months,
May Not Accurately Reflect Long-Term Intraoral
Performance.

Conclusion:

Within The Limitations Of This /n Vitro Study, It Can Be
Concluded That 3d-Printed Pmma Provisional Laminate
Veneers Exhibit Significant Colour Changes Over Time
When Exposed To Common Ageing Solutions. Among
The Tested Media, Coffee Demonstrated The Highest
Degree Of Discolouration, Followed By Tea, While
Artificial Saliva Showed Comparatively Minimal
Colour Change. The Observed Ae Values Exceeded
Clinically Acceptable Thresholds, Indicating That
Discolouration Is Perceptible And May Compromise
Aesthetic Outcomes.

Therefore, Although 3d-Printed Pmma Materials Offer
Advantages Such As Ease Of Fabrication And Reduced
Material Wastage, Their Use Should Be Limited To
Short-Term Provisional Applications, Particularly In
Aesthetically Critical Regions.

References:

1.  Al-Dwairi P.Z., Alkhatatbeh R., Baba N., Goodacre
C. A Comparison Of The Marginal And Internal Fit
Of Porcelain Laminate Veneers Fabricated By
Pressing And Cad-Cam Milling And Cemented
With 2 Different Resin Cements. J. Prosthet. Dent.
2018;121:470-476.

2. Gautam R., Singh R.D., Sharma V.P., Siddhartha
R., Chand P, Kumar R. Biocompatibility Of
Polymethylmethacrylate Resins Used In Dentistry.
J. Biomed. Mater. Res. B Appl. Biomater.
2012;100:1444-1450.

3.  Cakmak G., Subast M.G., Sert M., Yilmaz B.
Effect Of Surface Treatments On Wear And
Surface Properties Of Different Cad-Cam
Materials And Their Enamel Antagonists. J.
Prosthet. Dent. 2021

4. Hasanzade, M.; Aminikhah, M.; Afrashtehfar, K.I;
Alikhasi, M. Marginal And Internal Adaptation Of
Single Crowns And Fixed Dental Prostheses By
Using Digital And Conventional Workflows: A
Systematic Review And Meta-Analysis. J.
Prosthet. Dent.2021, 126, 360-368

5. Papadiochou, S.; Pissiotis, A.L. Marginal
Adaptation And Cad-Cam Technology: A
Systematic Review Of Restorative Material And

IJDDT, Volume16 Issue 53s,2026

Page: 617



10.

11.

12.

13.

14.

15.

16.

Comparison Of Colour Stability Of Additively Manufactured Resin Based Laminate Veneers Using Oral Ageing
Solutions - An In Vitro Study

Fabrication Techniques. J. Prosthet. Dent. 2018,
119, 545-551.

Pagac M., Hajnys J., Ma Q.P., Jancar L., Jansa J.,
Stefek P. A Review Of Vat Photopolymerization
Technology: Materials, Applications, Challenges,
And Future Trends Of 3d Printing. Polymers.
2021;13:598.

Yao Q, Morton D, Eckert Gj, Lin Ws. The Effect
Of Surface Treatments On The Colour Stability Of
Cad-Cam Interim Fixed Dental Prostheses. The
Journal Of Prosthetic Dentistry. 2021 Aug
1;126(2):248-53.

Bayindir F, Kiirklii D, Yanikoglu Nd. The Effect Of
Staining Solutions On The Colour Stability Of
Provisional Prosthodontic Materials. Journal Of
Dentistry. 2012 Dec 1;40:E41-6

Heimer S, Schmidlin Pr, Stawarczyk B.
Discolouration Of Pmma, Composite, And Peek.
Clinical Oral Investigations. 2017 May;21:1191-
200.

Knésel M, Attin R, Becker K, Attin T. A
Randomized Cie L* A* B* Evaluation Of External
Bleaching Therapy Effects On Fluorotic Enamel
Stains. Quintessence International. 2008 May
1;39(5).

Shenoy A, Rajaraman V, Maiti S. Comparative
Analysis Of Various Temporary Computer-Aided
Design/Computer-Aided Manufacturing
Polymethyl Methacrylate Crown Materials Based
On Color Stability, Flexural Strength, And Surface
Roughness: An: In Vitro: Study. Journal Of
Advanced  Pharmaceutical  Technology &
Research. 2022 Nov 1;13(Suppl 1):S130-5.
Mutlu-Sagesen L, Ergiin G, Ozkan Y, Semiz M.
Color Stability Of A Dental Composite After
Immersion In Various Media. Dent Mater J.
2005;24:382-90

Coutinho Ca, Hegde D, Sanjeevan V, Coutinho If,
Priya A. Comparative Evaluation Of Color
Stability Of Three Commercially Available
Provisional ~Restorative = Materials: An In
Vitro Study. J Indian Prosthodont Soc. 2021 Apr-
Jun;21(2):161-166.

Ceci M, Viola M, Rattalino D, Beltrami R,
Colombo M, Poggio C. Discolouration Of
Different Esthetic Restorative Materials: A
Spectrophotometric Evaluation. European Journal
Of Dentistry. 2017 Apr;11(02):149-56

Alshamrani, Shahad Abdulrahmanl; Alobaid,
Bushra Fahadl; Alharkan, Hamad Mohammad?2.
Comparative Analysis Of Color Stability Among
3d-Printed  Resin-Based, Cad/Cam, And
Conventional Interim  Fixed Prosthodontic
Materials. Journal Of Pharmacy And Bioallied
Sciences 16(Suppl 5):P S4618-S4622, December
2024.

Tasin S, Ismatullaev A, Usumez A. Comparison Of
Surface Roughness And Color Stainability Of 3-
Dimensionally Printed Interim Prosthodontic
Material With Conventionally Fabricated And

17.

18.

Cad-Cam Milled Materials.
2022;128:1094-101.

Aburaisi S, Basha A, Al Najjar K, Al Sagat H, Al
Askar F, Al Nazer F. The Colour Stability Of
Crystallized Acetyl Resin Material In Comparison
To Other Restorative Materials. An In-Vitro Study.
Bdj Open 2021;7:11.

Yay Kuscu, H.Y., Gorus, Z. Translucency, Color,
And Hardness Of 3d-Printed Provisional
Restorations. Sci Rep 15,27227 (2025).

J Prosthet Dent

IJDDT, Volume16 Issue 53s,2026

Page: 618



