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Abstract   

Polymethyl methacrylate (PMMA) is widely used for denture bases 

but suffers from limited fracture resistance; high impact acrylic, 

enhanced with butadiene styrene rubber, improves strength. Lasers, 

particularly the Nd: YAG type, have been used to modify acrylic 

surfaces, mainly to enhance bonding with soft liners; however, little is 

known about the effect of Nd: YAG laser treatment on other properties 

like hardness and color, which are critical for clinical performance and 

esthetics. The study objective was to evaluate the effect of nanosecond 

pulsed Nd: YAG laser irradiation with two different hatch values on the 

hardness and color of high-impact acrylic denture base material. Fifty 

acrylic samples were made and divided into three groups: untreated 

control, laser-treated at 0.03 mm hatch (H3), and laser-treated at 0.05 

mm hatch (H5). Hardness was measured using a Shore D durometer, 

and color changes were evaluated with a digital colorimeter using the 

CIELab system; chemical surface analysis was conducted by FTIR 

spectroscopy. Statistical analysis included ANOVA and independent t-

tests, with a significance level at p ≤ 0.05. The results of FTIR spectra 

showed no chemical changes in acrylic after laser treatment, and 

hardness values did not differ significantly among groups (p > 0.05); 

however, laser treatment resulted in a significant color change, with ΔE 

values corresponding to a “much” perceptible color difference, which 

may compromise esthetics (p ≤ 0.05). In conclusion, Nd: YAG laser 

treatment does not alter the chemical structure or hardness of high-

impact acrylic denture base material but induces significant color 

changes that could adversely affect esthetic outcomes.  

Keywords: Nd: YAG laser, Hardness, Color, Denture base. 

  

1. Introduction  

Walter Wright used polymethyl methacrylate (PMMA) material for the first time in 1937. 

Since that time, it has been considered the most common material to be used for the construction 

of partial and complete dentures, as it is easily processed, economical, lightweight, and has some 

other good mechanical properties 
1,2

. However, it does not have sufficient strength to resist 

fractures resulting from falling on a hard surface or fatigue fractures due to continuous exposure 

to masticatory forces 
3
. As a result of these frequent fractures, it became crucial to enhance the 

fracture resistance and impact strength of the PMMA denture base material. The high-impact 

acrylic denture base material was produced to overcome this problem by incorporating butadiene 

styrene rubber into the conventional PMMA
4
. 

From the time of inventing the first functional laser in 1960 by Maiman, lasers have been used 

extensively by many dental specialties. In dental practice, lasers have been approved to be 

effective in several applications due to their simplicity and safety. It is used in surgeries for soft 

tissues, making tooth surfaces more resistant to caries, reducing root canal bacterial 
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contamination, decreasing dentin sensitivity, and sealing pits and fissures sealing 
5
. Lately, they 

have been proven to be a valuable tool in modifying materials’ surfaces 
6
. Modifying surfaces 

with lasers allows easy regulation and reproduction of the surface patterns, assuming that the 

parameters are modified to make them suitable for each type of material and for each purpose 
7
. 

The amount of laser optical penetration, which depends on laser specifications and surface 

nature, makes it a suitable option for treating acrylic surfaces. Other factors that may influence 

the result of laser treatment are the scanning rate and the amount of space between the laser head 

and the treated surface. The space affects the focusing and defocusing modes, which modify the 

capacity of the device to make holes by radiation 
8 

Different types of lasers are used in dentistry; an example is the Neodymium: yttrium-aluminum-

garnet (Nd: YAG) laser. It is effective in removing caries, reducing bacterial infection in root 

canals, lowering the sensitivity of dentin, and mineralizing initial caries 
5
. The nano-pulse Nd: 

YAG laser uses shorter pulses that are considered an economical way to make a controlled 

change in surface micromorphology by the elimination of slight parts of the material without 

causing damage to the nearby areas 
7
. 

Lasers have been widely used in the literature, besides other mechanical and chemical 

techniques, for surface modification of the acrylic denture base before the application of soft 

liners in order to enhance the adhesion strength between the two materials 
9
. Most of the studies 

focused on studying the influence of laser irradiation on the acrylic denture bases on the acrylic 

surface roughness and the bonding strength between the soft liners and the denture base material 
10-14

. On the other hand, the influence of laser treatment on other properties of acrylic denture 

base materials, such as hardness and color, has not been widely reported. 

The hardness of the acrylic denture base is a major contributing factor that governs the ease of 

polishing and the ability to withstand scratching and abrasion during clinical use and during 

cleaning 
15

. It can also affect the bond strength of soft denture liners to the denture base. The 

increased acrylic hardness and the high degree of crosslinking can negatively affect the adhesion 

of soft liners, especially the polymer-based liners. This is due to the inability of the monomer 

from the soft liner to penetrate the high-density polymer network, thus impairing the adhesion 
16

. 

The hardness test is considered an accurate and easy approach to investigate the mechanical 

properties of polymeric materials 
17

. 

A natural-appearing denture foundation is usually slightly transparent in order to create a 

"chameleon effect" that allows the surrounding structures and underlying tissues to gently show 

through and enhance its natural look 
18

. Although this property is essential for giving a natural 

appearance, it also presents potential aesthetic concerns when internal modifications are made. 

For instance, laser application on the tissue side of the denture base can produce localized areas 

of surface changes that may be detectable through the thickness of the translucent denture base, 

compromising the denture esthetics. Thus, it is essential to investigate the optical effects of laser 

treatment when it is applied to areas that can be visible in the oral cavity. 

This in-vitro study aims at investigating the effect of nanosecond pulsed Nd: YAG laser 

irradiation with two different hatch values on the hardness and the color of the high-impact 

acrylic denture base material. 

 

2. Materials and Methods  

     Fifty acrylic specimens (30 for the hardness test and 20 for the color change test) were 

fabricated in Figure 1 and divided into the following groups (n=10): Control group (for the 

hardness test only) was with no laser treatment, group (H3) was irradiated with an Nd: YAG 

laser at 0.03 mm hatch, and group (H5) was irradiated with an Nd: YAG laser at 0.05 mm hatch. 

For the construction of the test specimens, a plastic block measuring 30 mm in length and width 

with 6 mm thickness was duplicated in a laboratory silicone putty (Zhermack, Italy), which was 

prepared according to the instructions of the manufacturer. The plastic patterns were invested in 

silicone and left to allow the silicone to set. Then, the blocks with the silicone molds were 
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invested into a fresh mixture of dental die stone type IV (Zhermack, Italy), filling the lower 

compartment of a dental flask. After stone setting, all surfaces were covered with separating 

medium, including the silicone and the patterns, then allowed to dry. Another mixture of dental 

die stone was then proportioned and mixed to pour the upper part of the flask, which was 

positioned accurately over the lower part, and poured with the use of a vibrator to eliminate the 

air bubbles. After the second layer of stone had set, the flask was opened and the plastic blocks 

were removed carefully by using a Lecron carver, leaving a space (mold) for the heat-cured 

high-impact acrylic material to be packed. 

High-impact acrylic (Vertex, Netherlands) was mixed in accordance with the manufacturer's 

guidelines. Once the material had achieved the dough-like consistency, it was packed into the 

mold, flasked, and polymerized in a water bath using the manufacturer’s suggested curing 

technique. Subsequently, it was left to cool gradually at room temperature and deflasked to 

remove the acrylic blocks from the silicone. All specimens were finished by grinding with 

Aluminium oxide abrasive paper with grit 600 
19

. The specimens were cleaned by using an 

ultrasonic cleaning device filled with distilled water with vibration for 10 minutes and 

conditioned according to ISO specifications 20795-1, 2013 
20

 in distilled water at 37˚±1˚C 

temperature for 50 ± 2 hours before testing.  

 
Figure 1. Acrylic sample preparation 

 

Study specimens were treated by Nano-pulsed with a fiber optic lens Nd: YAG laser (Wuxi 

Raycus Laser Technologies Co., Ltd., China). The surface treatment was done with the following 

parameters: power of 1 watt, speed of 1 mm/s, hatch of 0.03 mm and 0.05 mm, frequency of 20 

kHz, and standoff distance of 120 mm. The term "hatch” refers to the spacing between 

consecutive laser lines. Under the supervision of a laser specialist, the procedure was carried out 

at the Institute of Laser for Postgraduate Studies, University of Baghdad, in Baghdad, Iraq. 

The hardness test was performed according to the ISO specification 868, 2003 
21

, at the 

University of Babylon, Department of Material Engineering, by a Shore D hardness tester 

(Durometer TH210, TIME Group Inc., China) Figure 2. The test specimen was placed on the 

hard horizontal plane surface, and the device applied an even force (5 kg) to the specimen with 

the point of the indenter 9 mm away from any margin of the test specimen. Five hardness 

measurements were taken at different positions on each specimen, 6 mm apart, and the mean 

value of the measurements was determined. 
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Figure 2. Surface hardness testing by Shore D durometer 

 

A digital colorimeter was used for color measurements Figure 3. Each specimen was examined 

for the color difference before and after laser treatment, and it was calculated with the aid of the 

Commission Internationale de l’Eclairage L* a* b* (CIELab) colorimetric system. The L, a, and 

b values of each specimen were measured before and after laser treatment. The ΔE* was 

calculated by applying Equation (1) 
22

:  

ΔE∗ = [(ΔL*)
2
 + (Δa*)

2 
+ (Δb*)

2
]

1/2                                                                                                                                            
(1) 

Where ΔE∗ 
is the color change, L* indicates the amount of lightness of the material, a* 

corresponds to the chroma in the red-green region, and b* describes the chroma in the yellow-

blue area. This system allows for determining the amount of the visible change in color for each 

acrylic specimen by using the National Bureau of Standards (NBS) units to describe the changes 

in ΔE 
22

. To convert the ΔE values to NBS values, Equation (2) 
23

 was applied: 

NBS = ΔE x 0.92                                                                                                                           (2) 

Based on the resultant values, the amount of color change could be classified into trace, slight, 

noticeable, appreciable, much, and very much 
23

. 

 

 
 Figure 3. Color change test by colorimeter 

 

One sample from each group was randomly selected to be examined for chemical surface 

analysis before and after laser treatment by using a Fourier Transform Infra-Red 

spectrophotometer device (Shimadzu, Japan). 

GraphPad Prism version 10.0.0 for Windows (GraphPad Software, Boston, Massachusetts, USA) 

was used to perform statistical analysis. Testing the normality of the distribution was through the 

Shapiro-Wilk test, the ANOVA test (one-way analysis of variance) was utilized for the mean 
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value comparison among the tested groups of the hardness test, and the independent T-test was 

used to compare the two treatment groups for the color change test.  

 

3.  Results  
3.1. Chemical surface analysis (FTIR) 

The chemical analysis of the laser-treated and untreated samples using the FTIR analyzer 

revealed that there was no change in the position and the shape of the existing peaks, nor the 

formation of new peaks. The fingerprint region showed a similar appearance. 

3.2. Surface hardness test 

Descriptive statistics of the surface hardness test results showed a slightly higher mean of 

hardness in the laser-treated group (H3) in comparison to the other groups, as shown in Table 1. 
Table 1. Descriptive statistics of surface hardness values of all experimental groups 

Group N Mean SD SE Minimum Maximum 

Control 10 80.99 1.377 0.4355 78.70 83.04 

H3 10 81.60 1.332 0.4212 79.40 83.52 

H5 10 80.96 0.8363 0.2645 79.90 82.26 

 

A one-way ANOVA test was used to compare the means of the surface hardness values. The 

results revealed a non-significant difference among all of the tested groups. The results are 

shown in Table 2. 
Table 2. One-way ANOVA test of surface hardness values between groups tested 

 Sum of squares  df Mean square F P-value 

Between Groups 2.632 2 1.316 0.9034 0.4171 

Within Groups 39.33 27 1.457   

Total 41.96 29    

 

3.3. Color change test 

Descriptive statistics of the color change test showed that the laser-treated group (H3) had a 

higher mean of color change than the other group, as shown in Table 3. 
Table 3. Descriptive statistics of the color change test of all experimental groups  

Group N Mean SD SE Minimum Maximum 

H3 10 9.742 0.538 0.170 9.01 10.78 

H5 10 6.934 0.532 0.168 6.33 7.98 

 

The unpaired t-test revealed that the means of the two groups differ significantly (Table 4). 

 
  Table 4. Unpaired t-test results for the color change test 

Group Mean t-value Df P-value 

H3 9.742 12.68 18 ˂0.0001 

H5 6.934 

 

4. Discussion  

4.1. Chemical Surface Analysis (FTIR) 

The unchanged fingerprint region indicates that the core structure remained stable, proving that 

laser treatment did not cause a change in the main composition of the treated acrylic samples. 

These results are in line with the results of other studies 
24,25

, who stated that there was no 

evidence of chemical change in the PMMA following laser ablation. 

4.2. Surface Hardness Test 

Since the hardness of a material is greatly influenced by its chemical structure and crosslinking, 

any change in the microstructure can influence the material's hardness 
26,27

. As mentioned earlier, 

the findings of the chemical analysis of the samples (FTIR) confirmed that the chemical structure 

of the acrylic polymer remained unchanged and the applied laser parameters did not cause 

polymer degradation, oxidation, or crosslinking. Therefore, the unaltered hardness values 
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obtained from the Shore D test can be attributed to the inherent stability of the polymer 

microstructure under the laser conditions used. There was only one research found in the 

literature that discusses the effect of Nd: YAG laser on the hardness of the denture base material 
28

, where they found that the hardness of the acrylic denture base was increased following 

treatment with Nd: YAG laser. This contrary result may be attributed to the differences in the 

laser wavelength and parameters applied, the type of hardness test performed, and the denture 

base material used. 

4.3. Color Change Test 

The test results showed that both laser-treated groups showed a significant change in color of the 

acrylic samples after irradiation with the Nd: YAG laser. This change was expressed as “Much” 

when related to the NBS critical levels of the color changes. The mean ∆E obtained was in the 

range of 6-12 NBS units, which is listed as “Much”. This color change was not acceptable in 

vitro since the ∆E is higher than the accepted threshold, which is 3.7 
29

. The laser-treated 

samples showed areas of grayish-white appearance at the sites of the laser ablation. This can be 

explained by the fact that the surface of a polymer reacts with the applied laser beam by 

absorbing energy that causes a localized increase in temperature at the radiation site, leading to 

what is called “thermal degradation”. The amount of energy absorbed and the thermal properties 

of the irradiated material influence the lightness or darkness of the ablated areas 
30

. 

Another explanation for that color change is the change in surface roughness. A study stated that 

the material color is highly governed by the spectral reflectance of its surface, which is 

extensively affected by its roughness 
31

. The significant increase in surface roughness observed 

after laser irradiation, which was confirmed by a surface roughness test, affected the light-

reflection characteristics of the acrylic polymer surface, which in turn affected the color and 

appearance of the material by changing the amount of light reflecting out of the surface, giving 

different values of color 
32,33

. It was difficult to compare this result to other works, as there was 

no article found in the literature that discusses the effect of the laser radiation on the color of the 

acrylic denture base material. 

 

5. Conclusion  

      From the study's results, it can be concluded that surface treatment of high-impact acrylic 

denture base material with a nanosecond Nd: YAG laser does not alter the chemical structure of 

the acrylic material, and therefore, there is no change in its hardness. In addition, this treatment 

can cause an obvious change in the appearance and color of the denture base material, which in 

turn negatively affects its esthetics.  

 

Acknowledgment  

     Not applicable. 

 

Conflict of Interest  

      The study's authors certify that they have no conflicts of interest. 

Funding  

     The authors did not get any financial assistance for doing this study, writing this paper, or 

publishing it. 

 

Ethical Clearance  

        There were no human or animal subjects in the study, and no personal information was 

gathered in any way. Thus, informed consent and ethical clearance were not necessary. 

 

 

 

 



IHJPAS. 2026; 39(2): 51-58 

57 

References 
1. Alqutaibi AY, Baik A, Almuzaini SA, Farghal AE, Alnazzawi AA, Borzangy S, Aboalrejal AN, 

AbdElaziz MH, Mahmoud II, Zafar MS. Polymeric denture base materials: a review. Polymers. 2023 

31;15(15):3258. https://doi.org/10.3390/polym15153258 

2. Shakir T, Abass S. The effect of Magnesium Oxide (MgO) nano-fillers on the antibacterial activity 

and some properties of heat cured acrylic resin. Int J Sci Res. 2018;7. 

https://doi.org/10.21275/ART2018979  

3. Alraziqi ZN. Water temperature effect on hardness and flexural strength of (PMMA/TiO2 NPs) for 

dental applications. Baghdad Sci. J. 2022;19(4):0922-. https://doi.org/10.21123/bsj.2022.19.4.0922  

4. Alhareb AO, Akil HM, Ahmad ZA. Impact strength, fracture toughness and hardness improvement of 

PMMA denture base through addition of nitrile rubber/ceramic fillers. Saudi J Dent Res. 2017;8(1-

2):26-34. https://doi.org/10.26477/jbcd.v33i3.2948  

5. Gorler O, Dogan DO, Ulgey M, Goze A, Hubbezoğlu I, Zan R, Ozdemir AK. The effects of Er: YAG, 

Nd: YAG, and Ho: YAG laser surface treatments to acrylic resin denture bases on the tensile bond 

strength of silicone-based resilient liners. Photomed Laser Surg. 2015;33(8):409-14. 

https://doi.org/10.1089/pho.2015.3933   

6. Korkmaz FM, Bagis B, Özcan M, Durkan R, Turgut S, Ates SM. Peel strength of denture liner to 

PMMA and polyamide: laser versus air-abrasion. J Adv Prosthodont.. 2013;5(3):287-95. 

https://doi.org/10.4047/jap.2013.5.3.287  

7. Henriques B, Hammes N, Souza JC, Özcan M, Mesquita-Guimarães J, Silva FS, Fredel MC, Volpato 

CM, Carvalho Ó. Influence of ns-Nd: YAG laser surface treatment on the tensile bond strength of 

zirconia to resin-matrix cements. Ceram. Int.. 2020 Dec 1;46(17):27822-31. 

https://doi.org/10.1016/j.ceramint.2020.07.281  

8. Nakhaei M, Dashti H, Ahrari F, Vasigh S, Mushtaq S, Shetty RM. Effect of different surface 

treatments and thermocycling on bond strength of a silicone-based denture liner to a denture base 

resin. J Contemp Dent Pract. 2016;17(2):154–9. https://doi.org/10.5005/jp-journals-10024-1819   

9. Güntekin N, Çiftçi A, Kızılırmak B, Ateşalp İleri S. Comparison of the Bonding Strength of Denture 

Base Materials Obtained by Different Manufacturing Methods to Reline Materials. Applied Sciences. 

2025;15(17):9543. https://doi.org/10.3390/app15179543 

10. Akin H, Tugut F, Guney U, Kirmali O, Akar T. Tensile bond strength of silicone-based soft denture 

liner to two chemically different denture base resins after various surface treatments. Lasers Med Sci. 

2013;28(1):119–23. https://doi.org/10.1007/s10103-012-1082-7  

11. Aziz HK. Effect of the CO2 laser as surface treatment on the bond strength of heat cured soft liner to 

the high impact acrylic denture base material. J Baghdad Coll Dent. 2017;325(4203):1–

7.  https://doi.org/10.12816/0038615  

12. Brahmandabheri N, Duggineni CR, Chitturi RK, Guguloth H, Dubasi M. Effect of surface treatments 

on the tensile bond strength of heat cure silicone soft liner to an acrylic resin denture base in a 

simulated oral environment-a comparative SEM study. Journal of Dr. YSR University of Health 

Sciences. 2022;11(1):57-63. DOI: 10.4103/jdrntruhs.jdrntruhs_8_21 

13. Alabady AA, Khalaf BS. Bond strength of acrylic soft liner to Nd:YAG laser-treated thermoplastic 

acrylic denture base material. 3C Tecnol. 2023;12(1):354–64. https://doi.org/10.17993/ 

3ctecno.2023.v12n1e43.354-364   

14. Yildirim AZ, Unver S, Mese A, Bayram C, Denkbas EB, Cevik P. Effect of argon plasma and Er:YAG 

laser on tensile bond strength between denture liner and acrylic resin. J Prosthet Dent. 

2020;124(6):799.e1–799.e6. https://doi.org/10.1016/j.prosdent.2020.08.009   

15. Noori ZS, Al-Khafaji AM. Effect of tea tree oil on heat cure acrylic resin properties (an in 

vitro/laboratory study). Rom J Stomatol. 2024;70(2):137–42. https://doi.org/10.37897/rjs.2024.2.11  

16. Rajaganesh N, Sabarinathan S, Azhagarasan NS, Shankar C, Krishnakumar J, Swathi S. Comparative 

evaluation of shear bond strength of two different chairside soft liners to heat processed acrylic 

denture base resin: An in vitro study. J Pharm Bioall Sci. 2016;8(Suppl 1):S154–

S159.https://doi.org/10.4103/0975-7406.191948  

17. Azevedo A, Machado AL, Vergani CE, Giampaolo ET, Pavarina AC. Hardness of denture base and 

hard chair-side reline acrylic resins. Journal of Applied Oral Science. 2005;13:291-

5.  https://doi.org/10.1590/S1678-77572005000300017 

https://doi.org/10.3390/polym15153258
https://doi.org/10.21275/ART2018979
https://doi.org/10.21123/bsj.2022.19.4.0922
https://doi.org/10.26477/jbcd.v33i3.2948
https://doi.org/10.1089/pho.2015.3933
https://doi.org/10.4047/jap.2013.5.3.287
https://doi.org/10.1016/j.ceramint.2020.07.281
https://doi.org/10.5005/jp-journals-10024-1819
https://doi.org/10.3390/app15179543
https://doi.org/10.1007/s10103-012-1082-7
https://doi.org/10.12816/0038615
https://doi.org/10.17993/%203ctecno.2023.v12n1e43.354-364 
https://doi.org/10.17993/%203ctecno.2023.v12n1e43.354-364 
https://doi.org/10.1016/j.prosdent.2020.08.009
https://doi.org/10.37897/rjs.2024.2.11
https://doi.org/10.4103/0975-7406.191948
https://doi.org/10.1590/S1678-77572005000300017


IHJPAS. 2026; 39(2): 51-58 

58 

18. Gad MM, Abualsaud R, Alqarawi FK, Emam ANM, Khan SQ, Akhtar S, Mahrous A, Al-Harbi F. 

Translucency of nanoparticle-reinforced PMMA denture base material: An in-vitro comparative study. 

Dent Mater J. 2021;40(4):972–298. https://doi.org/10.4012/dmj.2020-296   

19. Sun Y, Song SY, Lee KS, Park JH, Ryu JJ, Lee JY. Effects of relining materials on the flexural 

strength of relined thermoplastic denture base resins. J Adv Prosthodont. 2018;10(5):361–638. 

https://doi.org/10.4047/jap.2018.10.5.361  

20. International Organization for Standardization. ISO 20795-1:2013. Dentistry – Base polymers – Part 

1: Denture base polymer. Geneva: ISO; 2013. https://doi.org/10.3403/30266393   

21. International Organization for Standardization. ISO 868:2003. Plastics and ebonite – Determination of 

indentation hardness by means of a durometer (Shore hardness). Geneva: ISO; 2003. 

https://doi.org/10.3403/01362245u  

22. Hollis S, Eisenbeisz E, Versluis A. Color stability of denture resins after staining and exposure to 

cleansing agents. J Prosthet Dent. 2015;114(5):709–14. https://doi.org/10.1016 

/j.prosdent.2015.06.001   

23. Shirgahi F, Sharifpour A, Hamedirad F, Aziziz H, Mousavi Kordmiri T, Saadati A, Abbasabdi M, 

Mokhtarpour F. The effect of denture cleansers on transverse strength and color stability of heat cure 

polymerizing acrylic resins. J Popul Ther Clin Pharmacol. 2023;30(16):553–61. 

https://doi.org/10.53555/jptcp.v30i16.2445 

24. Shojaeian M, Yetisen AK, Tasoglu S. Anisotropic wettability induced by femtosecond laser ablation. 

Adv Eng Mater. 2024;26(2):2301217. https://doi.org/10.1002/adem.202301217  

25. De Marco C, Eaton SM, Suriano R, Turri S, Levi M, Ramponi R, Cerullo G, Osellame R. Surface 

properties of femtosecond laser ablated PMMA. ACS applied materials & interfaces. 2010;2(8):2377-

84. https://doi.org/10.1021/am100393e 

26. Gedde UW, Hedenqvist MS. Fundamental polymer science. Vol. 2. Cham: Springer; 2019. 

https://doi.org/10.1007/978-3-030-29794-7  

27. Callister WD, Rethwisch DG. Materials science and engineering: an introduction. 10th ed. New York: 

Wiley; 2020. p. 123–33. Available on: https://www.wiley.com/en-us/Materials+Science 

28. Saran R, Kanneeram K, Unnikrishnan VK, Daniel George S, Ghurye AA, Raghu Chandrashekar H, 

Perampalli NU, Ginjupalli K. Effect of nanosecond laser assisted surface modification on physical and 

mechanical properties of denture base materials. Sci. Rep. 2025;15(1):10879. 

https://doi.org/10.1038/s41598-025-94757-w  

29. Alshakarchi M, Hasan RH. Evaluation of color change, porosity, and FTIR on modified heat cured 

acrylic resin by zinc oxide nanoparticles and CAD/CAM denture base materials. Al-Rafidain Dent J. 

2023;23(2):408–21.  https://doi.org/10.33899/rdenj.2023.137918.1190  

30. Sabreen SR. Fiber laser enables marking of advanced plastics. Ind Laser Solut. 2016;31–4. Available 

on: https://www.laserfocusworld.com/industrial-laser 

31. Ghinea R, Ugarte-Alvan L, Yebra A, Pecho OE, Paravina RD, Perez MDM. Influence of surface 

roughness on the color of dental-resin composites. J Zhejiang Univ Sci B. 2011;12(7):552–62.  

https://doi.org/10.1631/jzus.b1000374  

32. Raffaini JC, Soares EJ, de Lima Oliveira RF, Vivanco RG, Amorim AA, Pereira ALC, Pires-de-Souza 

FCP. Effect of artificial aging on mechanical and physical properties of CAD-CAM PMMA resins for 

occlusal splints. J Adv Prosthodont. 2023;15(5):227–35. https://doi.org/10.4047/jap.2023.15.5.227  

33. Zahedi S, Dorranian D. Effect of laser treatment on the optical properties of poly(methyl methacrylate) 

thin films. Opt Rev. 2013;20(1):36–40.  https://doi.org/10.1007/s10043-013-0007-4  

file:///C:/Users/noor/Downloads/ https:/doi.org/10.4012/dmj.2020-296 
https://doi.org/10.4047/jap.2018.10.5.361
https://doi.org/10.3403/30266393
https://doi.org/10.3403/01362245u
file:///C:/Users/noor/Downloads/. https:/doi.org/10.1016%20/j.prosdent.2015.06.001%20 
file:///C:/Users/noor/Downloads/. https:/doi.org/10.1016%20/j.prosdent.2015.06.001%20 
https://doi.org/10.53555/jptcp.v30i16.2445
https://doi.org/10.1002/adem.202301217
https://doi.org/10.1021/am100393e
https://doi.org/10.1007/978-3-030-29794-7
https://www.wiley.com/en-us/Materials+Science+and+Engineering%3A+An+Introduction%2C+10th+Edition-p-9781119405498
https://doi.org/10.1038/s41598-025-94757-w
https://doi.org/10.33899/rdenj.2023.137918.1190
https://www.laserfocusworld.com/industrial-laser-
doi:10.1631/jzus.B1000373
doi:10.1631/jzus.B1000373
https://doi.org/10.4047/jap.2023.15.5.227
https://doi.org/10.1007/s10043-013-0007-4

