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ABSTRACT 

This research aimed to investigate how surface finishing techniques impact the color stability, gloss, roughness, 

and wettability of monolithic polychromatic MJT 3D-printed denture resins. A total of 21 color variants of the 

same denture resin (TrueDent; Stratasys, Eden, MN, USA) were processed under two surface protocols—either 

polishing alone or polishing followed by glazing—yielding 42 groups and 420 specimens (n = 10 per group). 

Fabrication was performed using a PolyJet MJT 3D printer (J5 DentaJet; Stratasys, Eden, MN, USA). Color 

measurements were captured with a digital spectrophotometer before and after surface treatments, and ΔE00 

and ΔC* values were computed according to the CIE2000 system. For tooth shades, comparisons were made 

against the 50%:50% perceptibility threshold (PT) of 0.8 and the acceptability threshold (AT) of 1.8, whereas 

gingival (pink) shades used PT = 1.72 and AT = 4.08. Surface gloss was quantified with a glossmeter, roughness 

via optical profilometry, and wettability by measuring contact angles using an optical tensiometer. Statistical 

significance of color changes was assessed using one-sided, one-sample t-tests against AT and PT, while t-tests 

evaluated the effect of surface treatment on gloss, roughness, contact angle, and ΔC* for each variant. Pairwise 

comparisons employed Fisher’s Protected Least Significant Differences (α = 0.05). In most instances, glazing 

induced ΔE00 changes exceeding PT and AT, although a few exceptions were noted. Glazed specimens 

generally displayed higher chroma and more vivid colors than polished-only samples. Gloss values were 

significantly elevated in glazed specimens (p < 0.0001), as was surface roughness (p < 0.0001 for most). In 

contrast, polished samples demonstrated higher contact angles (p < 0.0001 for most). Surface finishing 

markedly affects color, gloss, roughness, and wettability of MJT 3D-printed dentures. Glazing enhanced color 

saturation and gloss and produced more hydrophilic surfaces, but also increased roughness. These outcomes 

emphasize the critical role of surface treatment choice in achieving optimal clinical performance of MJT-

fabricated dentures. 
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Introduction 

The introduction of digital technologies has 

transformed complete denture fabrication, particularly 

through additive manufacturing (3D printing) since 

Maeda’s pioneering work in 1994 [1]. Although 

subtractive milling methods provide advantages like 

dimensional stability, precise tissue adaptation, and 

superior retention [2–5], they have drawbacks 

including high material waste, elevated production 
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costs, limited ability to mill complex shapes, and 

constrained digital tooth libraries [6]. 

Among additive techniques, Vat Photopolymerization 

(VPP) technologies—such as stereolithography (SLA), 

digital light processing (DLP), and LCD printing—are 

widely adopted in prosthodontics [7]. Studies have 

extensively characterized 3D-printed resins in terms of 

mechanical properties (e.g., flexural strength), surface 

roughness, solubility, translucency, water sorption, and 

color stability [8–10]. However, dentures produced by 

MJT technology remain underexplored. 

Material Jetting (MJT) deposits photopolymer droplets 

in successive layers that are UV-cured to form the final 

structure [11]. Commercial MJT systems like PolyJet 

(Stratasys, Eden Prairie, MN, USA) and MultiJet 

(3DSystems, Rock Hill, SC, USA) [12] allow creation 

of monolithic polychromatic dentures with high 

dimensional accuracy and smooth surfaces, avoiding 

the extra bonding or characterization steps required for 

SLA/DLP dentures [6, 13, 14] (Figure 1). 

 

 
Figure 1. Example of MJT-printed dentures: (a) 

before support removal, (b) after waterjet removal 

of supports, (c) after polishing and glazing 

 

Evaluating denture base materials under standardized 

conditions is essential to understand surface-dependent 

properties affecting function and durability. Surface 

roughness, which represents microscopic peaks and 

valleys, directly influences wettability, adhesion, gloss, 

and microbial colonization. Ideal denture bases should 

maintain roughness below 0.2 μm to limit plaque 

formation, halitosis, staining, and patient discomfort 

[15–18]. Application of surface coatings can prevent 

roughness increases caused by mechanical wear, such 

as brushing [19]. Optiglaze (GC America Inc., Alsip, 

IL, USA), a light-cured glaze with titanium dioxide 

nanoparticles, is commonly used to enhance polymeric 

dental surfaces [20, 21]. Surface gloss contributes to 

esthetic perception, which can deteriorate with material 

aging or color change [22, 23]. Prior studies indicate 

milled bases have lower roughness, while 3D-printed 

bases exhibit higher gloss compared with conventional 

auto-polymerized resins [24]. Despite extensive 

research on dental prosthesis optics [25], the effects of 

surface treatments on MJT 3D-printed dentures’ color 

and gloss remain poorly understood. 

The goal of this study was to examine the influence of 

polishing versus polishing plus glazing on color 

stability, surface gloss, roughness, and wettability of 

MJT 3D-printed denture materials. The null hypothesis 

stated that surface finishing would not cause significant 

changes in any of these properties. 

Materials and Methods 

The overall experimental workflow is depicted in 

Figure 2. A total of 21 color variants of MJT 3D-

printed denture material (TrueDent; Stratasys, Eden, 

MN, USA) were combined with two surface finishing 

approaches, resulting in 42 experimental groups 

(Figure 3). 420 specimens were prepared, each with 

dimensions of 12.0 mm × 12.0 mm × 6.0 mm (n = 10 

per group), selected to ensure compatibility with all 

analytical instruments. All samples were produced by 

certified personnel at Stratasys using a PolyJet 3D 

printer (J5 DentaJet; Stratasys, Eden, MN, USA). 

Polishing protocol: Each specimen underwent an initial 

polishing step. One surface was polished using a Stuers 

Rotopol 31-Rotoforce 3 machine (Spectrographic 

Limited, Leeds, UK) under continuous water flow at 

300 rpm. 2000-grit silicon carbide paper (Stuers LLC, 

Cleveland, OH, USA) was employed, with a single 30-

second cycle per specimen (Figure 4). 

Glazing protocol: For the glazed groups, specimens 

were first polished as described above. Subsequently, a 

nano-filled, light-curable protective glaze (Optiglaze; 

GC America Inc., Alsip, IL, USA) was applied using 

disposable, non-absorbent microbrushes (Benda Brush 

Regular; Centrix Inc., Shelton, CT, USA) to ensure 

uniform coverage (Figure 5). The glaze was cured for 

3 minutes at 30 °C using an Otoflash G171 light 

polymerization unit (NK Optik GmbH, Baierbrunn, 

Germany). One investigator (NT) verified that each 

surface received complete coverage. 
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Figure 2. Experimental design overview 

 
Figure 3. Manufactured specimens. 

 
Figure 4. Polished samples. 

 
Figure 5. Glazed specimens 

 

Color measurement: A single examiner (TN) assessed 

color using a contact-type digital spectrophotometer 

(CM-2600d; Konica Minolta Healthcare Americas 

Inc., Wayne, NJ, USA). A 3 mm SAV aperture was 

used, and the device was calibrated with zero (empty) 

and white (CM-A145 plate) references. Measurements 

were obtained under UV 100%, D65 illumination, 

S/SCI + SCE mask, and a 10° observer angle. Each 

specimen was measured three times, and the average 

was used for statistical analysis. To minimize external 

light interference and ensure consistent contact and 

angle, specimens were positioned in a custom silicone 

mold (Exalence putty; GC America Inc., Alsip, IL, 

USA). 

Color difference calculation: ΔE00 values between 

polished and glazed surfaces were computed using the 

CIEDE2000 formula, accounting for lightness (ΔL’), 

chroma (ΔC’), and hue (ΔH’) differences: 

ΔE00

= √(
∆L’

kLSL
)
2

+ (
∆C’

kCSC
)
2

+ (
∆H’

kHSH
)
2

+ RT (
∆C’

kCSC
) + (

∆H’

kHSH
) 

(1) 

 

The perceptibility threshold (PT) and acceptability 

threshold (AT) for ΔE00 were defined as 0.8 and 1.8 

for tooth shades, and 1.72 and 4.08 for gingival (pink) 

shades. The ΔChroma (ΔC*) was also recorded for 

subsequent comparisons. 

Gloss measurement: Surface gloss was assessed in 

gloss units (GU) using a Novo-Curve Glossmeter 

(Rhopoint Americas Inc., Troy, MI, USA). The 

instrument was calibrated with a standard tile (93.8 GU 

at 60° incidence). For each specimen, four 

measurements were taken by rotating the sample 90° 

clockwise after each reading. The mean of these four 

values was recorded as the representative gloss for the 

specimen. 

Surface roughness evaluation 

Surface texture was quantified using an optical 

profilometer (Proscan 2000; Scantron, Taunton, UK) 

across all 420 samples. Measurements employed a 

spectral sensor (S5/03; Scantron Industrial Products 

Ltd.) set at a 5 mm working distance, with a range of 

300 μm and a resolution of 0.010 μm. Scans were 

acquired with a step interval of 0.01 mm along both X 
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and Y axes (100 steps each). The resulting data were 

processed using Proscan Application Software 

v.2.0.17, with the auto-leveling feature activated, and 

roughness values were determined at the center of each 

specimen (μm). 

Assessment of wettability 

Contact angle measurements were performed via the 

sessile drop technique using an optical tensiometer 

(Theta Lite; Biolin Scientific, Gothenburg, Sweden) 

under controlled laboratory conditions (23 ± 2 °C, 45% 

humidity). Each specimen received a 5 μL droplet of 

Millipore water, and the angle was recorded for 5 

seconds using live image capture. The mean contact 

angle was calculated from two measurements aligned 

along a reference line across the specimen notches. 

Surfaces were classified as hydrophilic (0° ≤ θ ≤ 45°) 

or hydrophobic (90° ≤ θ ≤ 180°) [29]. 

FESEM imaging 

Selected specimens (A1P, A1G, Light Pink V2P, Light 

Pink V2G) were prepared for field-emission scanning 

electron microscopy by immersion in 

hexamethyldisilazane (Electron Microscopy Sciences, 

Hatfield, PA, USA), followed by gold sputtering, and 

imaged at 2000× magnification. 

Statistical considerations 

With 10 specimens per group, the study had 80% 

power to detect effect sizes of 1.32 between any two 

groups. Color changes (ΔE00) were assessed against 

50:50% perceptibility (PT) and acceptability 

thresholds (AT): for tooth shades, PT = 0.8 and AT = 

1.8; for gingival shades, PT = 1.72 and AT = 4.08, 

using one-sided, one-sample t-tests. The influence of 

surface treatment (polished vs. glazed) on gloss, 

roughness, contact angles, and ΔC* was analyzed with 

t-tests, and Fisher’s Protected Least Significant 

Differences were applied for multiple comparisons. 

Significance was set at α = 0.05, with all analyses 

conducted in SAS 9.4 (SAS Institute Inc., Cary, NC, 

USA). 

Results 

Color change (ΔE00) 

The ΔE00 values for polished versus glazed specimens 

are presented in Figure 6. Glazing generally produced 

color shifts exceeding both PT and AT, except for A3, 

which remained within the PT, and A1, A2, A3, B1, 

B2, C2, and Bleach, which remained within the AT. 

ΔC* values, reflecting chroma differences, are shown 

in Figure 7. Most glazed samples exhibited higher 

chroma, indicating a more vivid and saturated 

appearance, whereas A3, B1, Bleach, C1, and C3 did 

not show statistically significant changes between 

polished and glazed surfaces. 

 

 
Figure 6. ΔE00 between polished (P) and polished + glazed (PG) samples relative to PT and AT for tooth 

and gingival shades 
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Figure 7. ΔC* changes between polished-only and polished + glazed samples; positive values (PG–P) 

indicate higher chroma in glazed surfaces 

 

Surface roughness, wettability, and gloss 

Figure 8 summarizes statistical outcomes for 

roughness, wettability, and gloss. All glazed 

specimens, except B3 (p = 0.4514), had significantly 

higher surface roughness than polished samples (p < 

0.0001). Representative profilometry scans are shown 

in Figure 9a,b, and SEM images of polished versus 

glazed surfaces appear in Figure 9c,d. Contact angle 

images are presented in Figure 10. Across all 

materials, polished specimens displayed higher contact 

angles (p < 0.0001), indicating more hydrophobic 

behavior, while glazed samples consistently exhibited 

greater gloss units (p < 0.0001). 

 

 
Figure 8. Data depicting surface roughness (μm, mean ± SD), wettability (contact angle, degrees, mean ± 

SD), and gloss (GU, mean ± SD). “P” denotes the polished-only groups, whereas “PG” indicates polished and 

glazed groups. A positive roughness difference (PG−P) reflects that glazed samples were rougher than 

polished ones. A negative wettability difference (PG−P) shows that glazed samples were less wettable (i.e., 

exhibited higher contact angles). A positive gloss difference (PG−P) signifies that glazed samples displayed 

higher gloss than polished specimens 
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Figure 9. Optical profilometer images showing 

surface roughness for Light Pink V2 specimens 

with polished and glazed treatments are displayed 

in (a,b). Corresponding SEM images are shown in 

(c,d)(a) Polished profilometer; (b) Glazed 

profilometer; (c) Polished SEM; (d) Glazed SEM 

 
Figure 10. Representative contact angle images for 

different surface treatments (a) A1 polished; (b) A1 

glazed; (c) Light Pink V2 polished; (d) Light Pink 

V2 glazed 

Discussion 

The study results refuted the null hypothesis, 

confirming that surface treatments influenced color, 

gloss, roughness, and wettability of MJT 3D-printed 

denture materials. Specifically, ΔE00 values between 

polished and glazed surfaces were significantly 

affected, with glazing typically exceeding both the 

perceptibility (PT) and acceptability thresholds (AT) 

(Figure 6). While prior studies have shown that both 

polishing and glazing improve color stability [27, 30, 

31], none have specifically quantified ΔE00 changes 

for MJT-printed denture materials. Past research 

largely focused on fit and adaptation accuracy [32]. 

Previous investigations into SLA- or DLP-printed 

resins have evaluated roughness and color stability 

under aging simulations, including brushing and 

thermocycling, but MJT materials have not been 

examined. For example, Çakmak et al. reported that 

DLP-printed, milled, and heat-cured resins 

experienced significant roughness alterations and 

ΔE00 > 1.72 after brushing and thermal aging, yet these 

remained within acceptable limits (ΔE00 < 4.08) [33]. 

These findings cannot be directly applied to MJT 

materials, emphasizing the novelty of this work. 

The glazing process applied a nano-filled, light-cured 

coating (Optiglaze), which reduced surface porosity by 

filling microdefects [34]. Literature shows this coating 

can minimize color change [27, 35, 36]. In the present 

study, only A3 remained within the PT, and A1, A2, 

A3, B1, B2, C2, Bleach, and Light Pink V2 were within 

the AT, with no significant differences, possibly due to 

material composition or slight variations in manual 

application, despite standardized manufacturing. 

For *chroma (ΔC)**, most materials showed higher 

values after glazing, resulting in more vivid and 

saturated colors (Figure 7). This effect may be linked 

to the sorption and solubility characteristics of MJT 

materials [37], as they could absorb the glaze, 

increasing chroma [38]. To date, no studies have 

examined the effect of surface treatment on color, 

solubility, and sorption in MJT-printed denture 

materials. These findings suggest that a glazed shade 

guide might be necessary during shade selection to 

ensure accurate color matching for MJT dentures 

intended for glazing. 

The traditional CIELab system has limitations in 

reliably quantifying color differences. To address this, 

the CIEDE2000 formula was introduced in 2000, 

providing corrections for non-uniform color spacing, 

more accurate hue and chroma calculations, and 

accounting for the non-uniformity of human color 

perception [38–43]. Thus, ΔE00 was calculated using 

CIEDE2000 in this study and compared to PT and AT 

values. The 50:50% PT represents the threshold at 

which 50% of observers detect a color difference, while 

the 50:50% AT indicates the threshold considered 

acceptable by 50% of observers [38]. In this study, PT 

= 0.8 and AT = 1.8 were applied for tooth shades, and 

PT = 1.72 and AT = 4.08 for gingival (pink) shades 

[26–43]. 

The current study demonstrated that glazed surfaces 

exhibited noticeably higher roughness compared to 

polished ones across all tested materials, which aligns 

with some previous findings [44]. However, other 

reports have shown conflicting results, with glazing 

either having no significant impact on surface 

roughness [19] or producing smoother finishes than 

unglazed surfaces [44, 45]. These differences likely 

stem from manual variations in the glazing process and 

the type of denture base resin used, as most prior work 

focused on PMMA [20] or hybrid resins [46, 47]. 

Profilometer scans and SEM images of polished versus 

glazed surfaces (Figure 10) indicate that, at a 

microscopic level, glazing may leave small surface 
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debris even though it generally appears smoother to the 

naked eye [45]. 

In terms of surface wettability, polished specimens 

consistently showed higher contact angles, making 

them more hydrophobic than glazed counterparts 

(Figure 10). Wettability, along with surface roughness, 

topography, and surface charge, is a crucial factor in 

microbial colonization and biofilm formation on 

prosthetic bases [48–51]. Biofilm accumulation is a 

major contributor to denture stomatitis and can reduce 

the lifespan of dental prostheses. Among surface 

properties, research suggests that contact angle plays a 

dominant role in bacterial adhesion, where lower 

contact angles (more hydrophilic surfaces) correspond 

to reduced microbial attachment [51–53]. By contrast, 

surface roughness appears to have a weaker influence 

on bacterial adherence [51]. Therefore, despite the 

higher roughness observed after glazing, the lower 

contact angle indicates that glazed MJT surfaces may 

improve hygiene and reduce bacterial colonization, 

supporting their clinical use. 

Regarding surface gloss, all glazed samples displayed 

significantly higher gloss values than polished ones 

(Figure 8), which is consistent with prior studies 

indicating that glazing enhances surface reflectivity 

[54, 55]. Comparative data for gloss between milled 

and 3D-printed denture bases are limited. One study 

reported that coating 3D-printed denture bases did not 

alter gloss or roughness [24], likely due to differences 

in coating composition. Based on these results, 

clinicians may consider glazing MJT 3D-printed 

dentures to achieve higher gloss and improved 

wettability, benefiting both esthetics and patient 

hygiene. Additionally, since some shades exceeded 

perceptibility and acceptability thresholds after 

glazing, using a glazed shade guide during clinical 

shade selection is recommended to optimize color 

matching. 

This study has several limitations. Being an in vitro 

experiment, it could not replicate the full range of oral 

conditions, such as aging protocols, immersion liquids, 

or time periods [41, 56]. While a single investigator 

(TN) performed all surface treatments consistently, 

human factors could introduce variability. The study 

also did not account for operator-dependent differences 

or subjectivity in manual glazing, which may influence 

surface results. Measurement limitations exist as well, 

since gloss and wettability may vary due to sample 

placement or the use of only one type of 

spectrophotometer and glossmeter. Only two surface 

treatments (polishing alone and polishing with a single 

glaze) were tested, without including untreated or 

alternative finishes, which limits generalization. 

Furthermore, although increased hydrophilicity 

suggests reduced bacterial adhesion, no 

microbiological tests were performed to confirm this. 

Future investigations should incorporate biofilm 

formation assays or in vivo analyses to validate the 

hygiene benefits of glazing. Additional studies are 

needed to assess the mechanical and optical stability of 

MJT-printed dentures under simulated mechanical or 

thermal aging. Research should also explore different 

glaze materials, polymerization methods, and 

application durations. Comparative studies between 

MJT dentures and those fabricated using milling, 

conventional techniques, or other 3D printing 

technologies are necessary to guide clinical decisions. 

Long-term clinical studies will be crucial to confirm 

these in vitro findings. 

Conclusions 

This investigation confirmed that surface treatments 

markedly influence color, gloss, roughness, and 

wettability of MJT 3D-printed denture materials. 

Glazing enhanced chroma, increased gloss, and 

improved hydrophilicity compared to polishing alone. 

Although glazing increased surface roughness, the 

esthetic and potential hygiene advantages support its 

clinical use for MJT-printed dentures. These findings 

emphasize the importance of surface treatment choices 

in evaluating the performance of MJT-fabricated 

denture materials. 

Acknowledgments: None 

Conflict of Interest: None 

Financial Support: None 

Ethics Statement: None 

References 

1. Maeda Y, Minoura M, Tsutsumi S, Okada M, 

Nokubi T. A CAD/CAM system for removable 

denture. Part I: Fabrication of complete dentures. 

Int J Prosthodont. 1994;7:17–21. 

2. Baba NZ, Goodacre BJ, Goodacre CJ, Müller F, 

Wagner S. CAD/CAM complete denture systems 

and physical properties: a review of the literature. 

J Prosthodont. 2021;30(Suppl S2):113–24. 

3. Bidra AS, Taylor TD, Agar JR. Computer-aided 

technology for fabricating complete dentures: 

systematic review of historical background, 

current status, and future perspectives. J Prosthet 

Dent. 2013;109:361–6. 



Venugopal et al., Chroma Resilience, Luster Dynamics, Texture Nuances, and Wetting Behavior of Material Jetting 3D-

Printed Denture Substrates Under Varied Surface Transformations 

105 

4. Kattadiyil MT, Alhelal A. An update on computer-

engineered complete dentures: a systematic review 

on clinical outcomes. J Prosthet Dent. 

2017;117:478–85. 

5. Janeva NM, Kovacevska G, Elencevski S, 

Panchevska S, Mijoska A, Lazarevska B. 

Advantages of CAD/CAM versus conventional 

complete dentures—A review. Open Access 

Maced J Med Sci. 2018;6:1498–502. 

6. Goodacre BJ, Goodacre CJ. Additive 

manufacturing for complete denture fabrication: a 

narrative review. J Prosthodont. 2022;31(Suppl 

S1):47–51. 

7. Balestra D, Lowther M, Goracci C, Mandurino M, 

Cortili S, Paolone G, et al. 3D printed materials for 

permanent restorations in indirect restorative and 

prosthetic dentistry: a critical review of the 

literature. Materials. 2024;17:1380. 

8. Gad MM, Fouda SM. Factors affecting flexural 

strength of 3D-printed resins: a systematic review. 

J Prosthodont. 2023;32(Suppl S1):96–110. 

9. Gad MM, Fouda SM, Abualsaud R, Alshahrani 

FA, Al-Thobity AM, Khan SQ, et al. Strength and 

surface properties of a 3D-printed denture base 

polymer. J Prosthodont. 2022;31:412–18. 

10. Gad MM, Alshehri SZ, Alhamid SA, Albarrak A, 

Khan SQ, Alshahrani FA, et al. Water sorption, 

solubility, and translucency of 3D-printed denture 

base resins. Dent J. 2022;10:42. 

11. ISO/ASTM 52900. Additive manufacturing—

general principles—fundamentals and vocabulary. 

Geneva: International Organization for 

Standardization; 2021. Available from: 

https://www.iso.org/obp/ui/#iso:std:iso-

astm:52900:ed-2:v1:en 

12. Gülcan O, Günaydın K, Tamer A. The state of the 

art of material jetting—a critical review. 

Polymers. 2021;13:2829. 

13. Yousef H, Harris BT, Elathamna EN, Morton D, 

Lin WS. Effect of additive manufacturing process 

and storage condition on the dimensional accuracy 

and stability of 3D-printed dental casts. J Prosthet 

Dent. 2022;128:1041–6. 

14. Chen L, Lin WS, Polido WD, Eckert GJ, Morton 

D. Accuracy, reproducibility, and dimensional 

stability of additively manufactured surgical 

templates. J Prosthet Dent. 2019;122:309–14. 

15. Al-Dwairi ZN, Tahboub KY, Baba NZ, Goodacre 

CJ, Özcan M. A comparison of the surface 

properties of CAD/CAM and conventional 

polymethylmethacrylate (PMMA). J Prosthodont. 

2019;28:452–7. 

16. Richmond R. An evaluation of the surface changes 

in PMMA biomaterial formulations as a result of 

toothbrush/dentifrice abrasion. Dent Mater. 

2004;20:124–32. 

17. Alp G, Johnston WM, Yilmaz B. Optical 

properties and surface roughness of 

prepolymerized poly(methyl methacrylate) 

denture base materials. J Prosthet Dent. 

2019;121:347–52. 

18. Abuzar MA, Bellur S, Duong N, Kim BB, Lu P, 

Palfreyman N, et al. Evaluating surface roughness 

of a polyamide denture base material in 

comparison with poly(methyl methacrylate). J 

Oral Sci. 2010;52:577–81. 

19. Santos M, Soo S, Petridis H. The effect of parylene 

coating on the surface roughness of PMMA after 

brushing. J Dent. 2013;41:802–8. 

20. Choi JJE, Uy CE, Ramani RS, Waddell JN. 

Evaluation of surface roughness, hardness and 

elastic modulus of nanoparticle containing light-

polymerized denture glaze materials. J Mech 

Behav Biomed Mater. 2020;103:103601. 

21. Yoshida K, Taira Y, Atsuta M. Properties of 

opaque resin composite containing coated and 

silanized titanium dioxide. J Dent Res. 

2001;80:864–8. 

22. Da Costa JB, Ferracane JL, Amaya-Pajares S, 

Pfefferkorn F. Visually acceptable gloss threshold 

for resin composite and polishing systems. J Am 

Dent Assoc. 2021;152:385–92. 

23. Polychronakis NC, Polyzois GL, Lagouvardos PE, 

Papadopoulos TD. Effects of cleansing methods 

on 3-D surface roughness, gloss, and color of a 

polyamide denture base material. Acta Odontol 

Scand. 2015;73:353–63. 

24. Kraemer Fernandez P, Unkovskiy A, Benkendorff 

V, Klink A, Spintzyk S. Surface characteristics of 

milled and 3D printed denture base materials 

following polishing and coating: an in-vitro study. 

Materials. 2020;13:3305. 

25. Tabatabaian F, Beyabanaki E, Alirezaei P, 

Epakchi S. Visual and digital tooth shade selection 

methods, related effective factors and conditions, 

and their accuracy and precision: a literature 

review. J Esthet Restor Dent. 2021;33:1084–1104. 

26. Al Amri MD, Labban N, Alhijji S, Alamri H, 

Iskandar M, Platt JA. In vitro evaluation of 

translucency and color stability of CAD/CAM 

polymer-infiltrated ceramic materials after 

accelerated aging. J Prosthodont. 2021;30:318–28. 

27. Almejrad L, Yang CC, Morton D, Lin WS. The 

effects of beverages and surface treatments on the 

https://www.iso.org/obp/ui/#iso:std:iso-astm:52900:ed-2:v1:en
https://www.iso.org/obp/ui/#iso:std:iso-astm:52900:ed-2:v1:en


Venugopal et al., Chroma Resilience, Luster Dynamics, Texture Nuances, and Wetting Behavior of Material Jetting 3D-

Printed Denture Substrates Under Varied Surface Transformations 

106 

color stability of 3D-printed interim restorations. J 

Prosthodont. 2022;31:165–70. 

28. Ren J, Lin H, Huang Q, Zheng G. Determining 

color difference thresholds in denture base acrylic 

resin. J Prosthet Dent. 2015;114:702–8. 

29. Huhtamäki T, Tian X, Korhonen JT, Ras RHA. 

Surface-wetting characterization using contact-

angle measurements. Nat Protoc. 2018;13:1521–

38. 

30. Rutkūnas V, Sabaliauskas V, Mizutani H. Effects 

of different food colorants and polishing 

techniques on color stability of provisional 

prosthetic materials. Dent Mater J. 2010;29:167–

76. 

31. Soares IA, Leite PKBda S, Farias OR, Lemos GA, 

Batista AUD, Montenegro RV. Polishing 

methods’ influence on color stability and 

roughness of 2 provisional prosthodontic 

materials. J Prosthodont. 2019;28:564–71. 

32. Schubert O, Edelhoff D, Erdelt KJ, Nold E, Güth 

JF. Accuracy of surface adaptation of complete 

denture bases fabricated using milling, material 

jetting, selective laser sintering, digital light 

processing, and conventional injection molding. 

Int J Comput Dent. 2022;25:151–9. 

33. Çakmak G, Molinero-Mourelle P, De Paula MS, 

Akay C, Cuellar AR, Donmez MB, Yilmaz B. 

Surface roughness and color stability of 3D-

printed denture base materials after simulated 

brushing and thermocycling. Materials. 

2022;15:6441. 

34. Magni E, Zhang L, Hickel R, Bossù M, Polimeni 

A, Ferrari M. SEM and microleakage evaluation 

of the marginal integrity of two types of class V 

restorations with or without the use of a light-

curable coating material and of polishing. J Dent. 

2008;36:885–91. 

35. Hepdeniz OK, Temel UB, Ugurlu M, Koskan O. 

The effect of surface sealants with different filler 

content on microleakage of Class V resin 

composite restorations. Eur J Dent. 2016;10:163–

9. 

36. Yao Q, Morton D, Eckert GJ, Lin WS. The effect 

of surface treatments on the color stability of 

CAD-CAM interim fixed dental prostheses. J 

Prosthet Dent. 2021;126:248–53. 

37. Altarazi A, Haider J, Alhotan A, Silikas N, Devlin 

H. Impact of artificial aging on the physical and 

mechanical characteristics of denture base 

materials fabricated via 3D printing. Int J 

Biomater. 2024;2024:8060363. 

38. Joiner A, Hopkinson I, Deng Y, Westland S. A 

review of tooth color and whiteness. J Dent. 

2008;36(Suppl S1):S2–7. 

39. Paravina RD, Pérez MM, Ghinea R. Acceptability 

and perceptibility thresholds in dentistry: a 

comprehensive review of clinical and research 

applications. J Esthet Restor Dent. 2019;31:103–

12. 

40. Khashayar G, Bain PA, Salari S, Dozic A, 

Kleverlaan CJ, Feilzer AJ. Perceptibility and 

acceptability thresholds for color differences in 

dentistry. J Dent. 2014;42:637–44. 

41. Nagai T, Alfaraj A, Chu TG, Yang CC, Lin WS. 

Color stability of CAD-CAM hybrid ceramic 

materials following immersion in artificial saliva 

and wine. J Prosthodont. 2024;[Epub ahead of 

print]. 

42. Gómez-Polo C, Muñoz MP, Lorenzo Luengo MC, 

Vicente P, Galindo P, Martín Casado AM. 

Comparison of the CIELab and CIEDE2000 color 

difference formulas. J Prosthet Dent. 

2016;115:65–70. 

43. Gómez-Polo C, Montero J, Gómez-Polo M, 

Martin Casado A. Comparison of the CIELab and 

CIEDE 2000 color difference formulas on gingival 

color space. J Prosthodont. 2020;29:401–8. 

44. Ozer NE, Oguz EI. Influence of different 

finishing-polishing procedures and thermocycle 

aging on the surface roughness of nano-ceramic 

hybrid CAD/CAM material. Niger J Clin Pract. 

2023;26:604–11. 

45. Tekçe N, Fidan S, Tuncer S, Kara D, Demirci M. 

The effect of glazing and aging on the surface 

properties of CAD/CAM resin blocks. J Adv 

Prosthodont. 2018;10:50–7. 

46. Kara D, Tekçe N, Fidan S, Demirci M, Tuncer S, 

Balcı S. The effects of various polishing 

procedures on surface topography of CAD/CAM 

resin restoratives. J Prosthodont. 2021;30:481–9. 

47. Teughels W, Van Assche N, Sliepen I, Quirynen 

M. Effect of material characteristics and/or surface 

topography on biofilm development. Clin Oral 

Implant Res. 2006;17(Suppl S2):68–81. 

48. Koch C, Bürgers R, Hahnel S. Candida albicans 

adherence and proliferation on the surface of 

denture base materials. Gerodontology. 

2013;30:309–13. 

49. Al-Bakri IA, Harty D, Al-Omari WM, Swain MV, 

Chrzanowski W, Ellakwa A. Surface 

characteristics and microbial adherence ability of 

modified polymethylmethacrylate by fluoridated 

glass fillers. Aust Dent J. 2014;59:482–9. 



Venugopal et al., Chroma Resilience, Luster Dynamics, Texture Nuances, and Wetting Behavior of Material Jetting 3D-

Printed Denture Substrates Under Varied Surface Transformations 

107 

50. Pereira-Cenci T, Cury AA, Cenci MS, Rodrigues-

Garcia RC. In vitro Candida colonization on 

acrylic resins and denture liners: influence of 

surface free energy, roughness, saliva, and 

adhering bacteria. Int J Prosthodont. 2007;20:308–

10. 

51. Fouda SM, Gad MM, Abualsaud R, Ellakany P, 

AlRumaih HS, Farooqi FA, et al. In vitro 

evaluation of Candida albicans adhesion and 

related surface properties of CAD/CAM denture 

base resins. Eur J Dent. 2024;18:579–86. 

52. Poker BC, Oliveira VC, Macedo AP, Gonçalves 

M, Ramos AP, Silva-Lovato CH. Evaluation of 

surface roughness, wettability and adhesion of 

multispecies biofilm on 3D-printed resins for the 

base and teeth of complete dentures. J Appl Oral 

Sci. 2024;32:e20230326. 

53. De-la-Pinta I, Cobos M, Ibarretxe J, Montoya E, 

Eraso E, Guraya T, et al. Effect of biomaterials 

hydrophobicity and roughness on biofilm 

development. J Mater Sci Mater Med. 2019;30:77. 

54. Mori K, Tsuji M, Ueda T, Sakurai K. Color and 

gloss evaluation of titanium dioxide coating for 

acrylic resin denture base. J Prosthodont Res. 

2015;59:249–53. 

55. Alouthah H, Lippert F, Yang CC, Levon JA, Lin 

WS. Comparison of surface characteristics of 

denture base resin materials with two surface 

treatment protocols and simulated brushing. J 

Prosthodont. 2025;34:58–67. 

56. Arif R, Yilmaz B, Johnston WM. In vitro color 

stainability and relative translucency of CAD-

CAM restorative materials used for laminate 

veneers and complete crowns. J Prosthet Dent. 

2019;122:160–6. 

 
 

 


