
ÖZET
Amaç:  Yaklaşık %65 protez kullanıcısını etkileyen protez stomatiti, yaygın bir oral kandidiyazis belirtisidir. Dijital diş hekimliğinin gelişmesiyle beraber protez kaide 
materyali olarak daha güncel materyaller kullanılmaktadır. Candida albicans'ın adezyonunun yeni nesil protez kaidelerine etkisi incelenmemiştir. Bu araştırma, çeşitli 
üretim yöntemleriyle oluşturulan farklı dental polimerlere C.albicans'ın tutulumunu ve termal siklusun etkisini incelemeyi amaçlamaktadır. 
Gereçler ve Yöntem:  Mikrobiyolojik testler için toplam 60 disk örneği (10×2 mm) üretildi. Örnekler, her malzeme grubu için iki alt gruba ayrıldı (n = 10). Üç farklı 
protez kaide malzemesi farklı teknikler kullanılarak üretildi: 3 boyutlu (3D) baskıyla üretilen protez kaide resini, Formlabs (FL); geleneksel ısı ile polimerize edilmiş 
akrilik resin, Meliodent (MD); ve bilgisayar destekli tasarım/bilgisayar destekli üretim (CAD/CAM) teknolojisi kullanılarak üretilmiş pre-polimerize edilmiş polimetil 
metakrilat (PMMA) diski, Ivobase (IB). Termal döngü öncesi ve sonrası numuneler test edildi (5000 döngü, 5 °C/55 °C). Örneklerin C.albicans tutulumu mikroskopta 
incelendi. Tüm grupların yüzey görüntüleri taramalı elektron mikroskobu (SEM) kullanılarak değerlendirildi. Verileri incelemek için post-hoc Tukey testi ve iki yönlü 
varyans analizi kullanıldı. 
Bulgular:  CAD/CAM ile frezelenmiş grup ve 3D baskı grubu, ısı ile polimerize edilmiş akrilik resine kıyasla önemli ölçüde daha az C.albicans tutulumu gösterdi. Termal 
döngünün mikrobiyal tutuluma etkisi, test edilen tüm gruplar için önemsiz bulundu. 
Sonuç:  Kandida enfeksiyonları ve buna bağlı protez stomatiti, geleneksel ısı ile polimerize edilmiş akriliğe kıyasla yeni nesil protez kaide materyallerinde daha az 
görülmektedir. Mikrobiyal tutulumu azaltmak için, 3D baskıyla üretilen ve CAD/CAM ile frezelenmiş protez kaide materyalleri daha iyi bir tercih olabilir. 

Anahtar Kelimeler:  3D baskı, Candida albicans, protez kaidesi, termal siklus

ABSTRACT
Aim: Denture stomatitis, affecting approximately 65% of denture wearers, is a common symptom of oral candidiasis. With the advancement of digital dentistry, more 
contemporary materials are being used as denture base materials. The effect of Candida albicans adhesion on new-generation denture bases has not been investigated. 
This study aims to examine the adhesion of C. albicans to various dental polymers produced by different manufacturing methods and the effect of thermal cycling.
Materials and Methods:  A total of 60 disk samples (10×2 mm) were produced for microbiological tests. The samples were divided into two subgroups for each 
material group (n = 10). Three different denture base materials were produced using different techniques: 3 dimensional (3D) printed denture base resin, Formlabs 
(FL); conventional heat-polymerized acrylic, Meliodent (MD); and milled pre-polymerized polymethyl methacrylate (PMMA) resin disc manufactured using computer 
aided design/computer aided manufacturing (CAD/CAM) technology, Ivobase (IB). Before and after thermocycling, specimens were tested (5000 cycles, 5 °C/55 °C). 
The adhesion of C. albicans on the samples was examined under a microscope. Surface images of all groups were evaluated using scanning electron microscopy (SEM). 
Post-hoc Tukey test and two-way analysis of variance were used to analyze the data.
Results: The CAD/CAM milled group and the 3D printed group showed significantly less C.albicans adhesion compared to the heat-polymerized acrylic resin. The effect 
of thermal cycling on microbial adhesion was found to be insignificant for all groups tested.
Conclusion: Candida infections and associated denture stomatitis are less common in new-generation denture base materials compared to conventional heat-
polymerized acrylic. To reduce microbial adhesion, denture base materials produced by 3D printing and milled by CAD/CAM could be a better choice.
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INTRODUC TION 
	 The porous structure of denture bases sometimes makes 
them vulnerable to the buildup of microbial biofilms. The 
adherence of bacteria to the denture surface is the initial 
step in the creation of biofilms. Opportunistic pathogens like 
Candida albicans, which are linked to precancerous lesions and 
oral infections (1), can be found in this microbial biofilm (2). 
Candida-infected leukoplakia is associated with a greater risk 
of cancer (3). Denture prosthesis users have a prevalence of 
denture stomatitis that ranges from 15% to over 70%. Denture 
stomatitis is caused by pathogenic Candida infection, poor 
denture cleanliness, and persistent denture use. C.albicans has 
the ability to stick to the denture's acrylic foundation, which 
can cause excruciating oral mucosal inflammation linked to 
contaminated dentures (4,5).
	 The most commonly used prosthetic base material is 
polymethyl methacrylate (PMMA) (6). PMMA, polymerized with 
heat, is preferred for its cost-effectiveness, easy availability, 
biocompatibility, aesthetic properties, lightness, ease of 
manipulation, and repairability. However, a number of variables, 
including the powder-to-liquid ratio, the polymerisation 
technique (fast or slow curing), the storage conditions of the 
material and the skill of the technician, affect how long acrylic 
resin-based prosthetic bases last (6-10). Nevertheless, the 
search for an ideal prosthetic base material continues due to 
weak physical properties such as poor compatibility with the 
tissue due to thermal shrinkage of heat-polymerized acrylic 
prosthetics, (11) allergic reactions (9) caused by residual 
monomers, wear resistance, insufficient surface hardness, and 
low durability (6,7).
	 With the development of digital techniques, complete 
prostheses can now be created from fully or partially 
polymerized acrylic disks by additive (using three-dimensional 
printers to manufacture acrylic resins) or subtractive (milling) 
techniques. In comparison with the traditional methods, 
CAD/CAM technology enables the manufacturing of dental 
prosthetics with less discomfort to the patient, in a shorter 
time, and with high precision-fit. It also allows for the direct 
replication of existing prosthetics (12,13).
	 In the production of next-generation prosthetic bases, 
milling techniques are more common than 3 dimensional (3D) 
printed (12). The accuracy of milled prosthetics depends on the 
milling tools (size and number of milling tips) and the materials 
used (14,15). Structural defects are reduced in materials 
obtained through milling (14,16). Prosthetics produced by 
subtractive methods require large amounts of raw material 
and generate significant waste (17).
	 Manufacturing through 3D printing involves building up 
material layer by layer. Compared to subtractive systems, it's 
often more cost-effective because there's less material waste 
and no wear on tools (18).  In addition, 3D printing makes it 
possible to create multiple objects at the same time and to 
produce complex, large designs (19,20). While 3D-printed full 
prosthetics offer a promising option for treating complete 
tooth loss, their widespread clinical adoption has not yet 
occurred.

The oral environment is dynamic due to temperature changes, 
making it crucial to mimic these conditions when testing 
material properties. Therefore, thermal cycling is the most 
preferred test method to simulate the oral environment.
	 When we review the literature, there are very few studies 
that assess the microbiological properties of newly developed 
3D-printed and milled denture base materials. However, there 
is no study investigating the effect of aging through thermal 
cycling on Candida adhesion in the next-generation bases. 
Therefore, the purpose of this study is to examine the adhesion 
of Candida, the most commonly encountered fungal infection 
in denture patients, to new-generation denture base materials 
and evaluate how the process of aging through thermal cycling 
affects Candida adhesion. Our first hypothesis is that there 
will be differences in Candida adhesion among denture base 
materials. Our second hypothesis is that Candida adhesion will 
increase in all samples after the thermal cycling process.

MATERIALS AND METHODS
	 A total of 60 disc specimens were fabricated for microbial 
testing, each measuring 2 mm in thickness and 10 mm in 
diameter (21). The specimens in each group, further divided 
into two subgroups: one subjected to thermal cycling and the 
other not (n = 10/group). The specimens were manufactured 
with 3 different production techniques. IvoBase CAD (IB) 
(Ivoclar Vivadent, Schaan, Liechtenstein) produced from 
prepolymerized PMMA disc by CAD/CAM milling technology; 
formlabs denturebase (FL) (Somerville, MA, USA) produced 
from denture base resin by 3D printing technology and 
Meliodent (MD) (Kulzer, Berkshire, Germany) heat-polymerized 
acrylic resin produced by conventional method are the 
materials used in the study (Figure 1).
	 For the CAD-CAM specimens, the Fusion 360 CAD software 
program (Autodesk, headquartered in Mill Valley, CA, USA) was 
utilized to design a 3D model of a disk measuring 10 mm × 2 
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Figure 1.  a) Milled specimens, b) 3D printed specimens, c) 
Heat-polymerized specimens 
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mm. To facilitate specimen production, this digital design was
exported in Standard Tessellation Language (STL) file format.
Subsequently, employing an IvoBase CAD system from Ivoclar
in conjunction with a five-axis milling machine (HinriMill 5,
located in Goslar, Germany), the CAD-CAM specimens were
fabricated from a pre-polymerized PMMA resin disc.

The Form 3B+ printer (Formlabs, Somerville, Massachusetts, 
USA) was utilized to produce the specimens through the use of 
stereolithography (SLA) 3D printing technology. Commercial 
use of the Formlabs 3D-printed denture base material is now 
possible. Each sample had a layer thickness of 50 µm and a 
construction orientation of 90 degrees. Following printing, the 
specimens were cleaned for three minutes with 90% isopropyl 
alcohol using Form Wash, an ultrasonic cleaning device 
from Formlabs. Then, using FormCure (Formlabs Inc., also 
based in Somerville, MA, USA), they underwent a 60 minute 
post-polymerization procedure at 60°C (30 minutes at one 
temperature followed by another 30 minutes).

To produce specimens using the conventional method, 
disk-shaped wax samples were initially placed into the flask. 
Once the gypsum inside the flask had completely set, it 
was immersed in boiling water to facilitate the melting and 
removal of the wax. After the wax was eliminated, any negative 
voids were coated with lacquer, and a heat-polymerized 
acrylic resin material, Meliodent Heat Cure, was applied into 
the voids within the gypsum according to the manufacturer's 
instructions. The flask was then pressed at 100 bars of 
pressure to remove excess acrylic material and subsequently 
maintained under 200 bars of pressure for five minutes. The 
sealed flasks were then placed in cold water and brought to a 
boil. Once the temperature reached 100°C, the materials were 
boiled for 20 minutes. The samples were then extracted from 
the flask and leveled using a precision grinding machine and 
a hard mill. To simulate the texture of dentures, the specimens 
were sequentially wet-ground at a speed of 60 rpm using a 
grinding and polishing machine (Gripo 2V, METKON, Grinder-
Polisher) with 400, 600, and 800 grit sandpaper. Measurements 
were taken systematically using an electronic caliper to 
ensure uniformity of sample dimensions during grinding and 
polishing. After sanding, the specimens were polished by the 
same technician using Ivoclar Vivadent Universal polishing 
paste and felt materials (22).
The process of thermal cycling

The samples were placed in a bath of distilled water at 
temperatures between 5°C and 55°C and subjected to 5000 
cycles of thermal cycling. Every 60 second cycle had four 
distinct steps: 20 seconds at 5°C, 10 seconds of transitioning 
to a different bath, 20 seconds at 55°C, and then 10 seconds 
of returning to the 5°C bath. 5000 thermal cycles equivalent to 
approximately six months clinical use (23).
Microbiological evaluation

The samples were initially sterilized using an autoclave. 
Equal numbers of all samples were placed in sterile petri dishes. 
An equal amount of prepared yeast suspension was then added 
to each dish, enough to cover the sample surface. The dishes 
were then placed on a shaker and incubated for 24 hours at 

Figure 2.  Microscope images; 100 X magnification; a: 
non aged FL, b: aged FL, c: non aged IB d: aged IB, e: 
non aged MD, f : aged MD

37°C in a 5% CO2 incubator. For the preparation of the yeast 
suspension, a suspension was prepared from the standard strain 
C.albicans ATCC 14053, which was inoculated onto Sabouraud
dextrose agar (SDA) agar (BD Difco) and incubated at 37 °C in a 
5% CO2 incubator for 24 hours. Subsequently, microorganisms 
were taken from the growing cultures with sterile loops, and
a suspension was prepared to have an absorbance of 0.5
McFarland turbidity standard by measuring absorbance at
530 nm wavelength with a spectrometer. The suspension was
further diluted 10 times with Yeast Extract-Peptone-Dextrose
(YPD) liquid. These prepared solutions were added to the Petri
dishes containing the samples for incubation (24).

After incubation, the samples were gently washed with 
water and left to dry. Subsequently, they were treated with 
ethanol for 10 minutes to fixate. Then, they were stained 
with methylene blue and washed after staining. Once the 
materials were dry, each material was examined under a 
microscope (Olympus BX53) at 100X magnification (Figure 2). 
Ten fields were evaluated for each material, and the numbers 
of microorganisms in each field were recorded.
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Table 1.  Descriptive statistics (mean ± standard 
deviations) of C.albicans adhesion

Table 2.  Results of two-way ANOVA for C.albicans adhesion

Scanning electron microscopy (SEM) 
	 All specimens in the group were covered with Au and 
examined under scanning electron microscopy (SEM; SU5000; 
HITACHI, Japan) at a working distance of 13.8 mm and a voltage 
of 10 kV. SEM images were analyzed at a magnification of 3000 
times. 
Statistical analysis
	 Data were analysed using two-way analysis of variance 
(ANOVA) using IBM SPSS 20.0 software (SPSS Inc., Chicago, IL). 
Then, to determine whether there were differences between 
the groups, a Tukey honest post hoc test was used. Statistical 
significance was set at p < 0.05.

RESULTS 
There was no statistically significant difference between the 
IB and FL groups, whereas Candida adhesion was mostly 
pronounced in the traditionally manufactured MD group. 
Candida adhesion was also lower in the next-generation 
denture base materials. In every tested group, the impact of 
aging was determined to be statistically insignificant (Table 1).
	 The type of material used was a significant factor in the 
results of the two-way ANOVA. However, this significance was 
reduced when both the type of material and the aging were 
considered together, and the influence of the aging was found 
to be negligible (Table 2).
	 The MD group had deeper scratches, grooves and a more 
porous surface than the other groups, as shown by the SEM 
images (Figure 3). For this reason, there was intense candida 
colonization in MD samples. In comparison, less dense Candida 
colonisation was observed on the surfaces of the FL and IB, 
which have a more uniform and smooth surface. The microbial 
colonies adhered relatively more to the MD.

DISCUSSION
	 This study compared C.albicans adhesion of denture base 
materials obtained through heat polymerization, CAD/CAM 

milling, and 3D-printed methods and investigated how the 
aging process with thermal cycling affected Candida adhesion. 
The first hypothesis was accepted, as differences were 
found in Candida adhesion among denture base materials 
manufactured by different methods. Samples produced 
with the conventional method showed significantly higher 
C.albicans adhesion compared to the CAD/CAM milling and
3D-printed methods. The second hypothesis, suggesting
an increase in Candida adhesion after thermal cycling in all
samples, was rejected, and the impact of thermal cycling was
found to be insignificant.
Denture stomatitis is a disease that can affect more than half of 
the population using removable dentures. Plaque formation on 
dentures due to inadequate oral hygiene increases microbial
colonization, leading to the development of the disease (25).
Our study focused on this issue, as C.albicans is identified as

* Different superscript letters in each column indicates statistically significant 
differences (p<0.05).

p<0,05

Material	 Non-aging Aging
FL			 13,47 ±5,48b		 10,26 ±3,52b

IB 10,05 ±1,60b		 11,82 ±5,10b

MD		 38,97 ±11,51a		 38,77 ±16,99a

Test method	 Source of variation	 Sum of squares	 df	 Mean square		 F		 p
Material 10069.994 2	 5034.997 160.089	 0.06
Aging 4.483 1	 4.483 0.143 0.3742
Material*Aging 62.902 2	 31.451 0.384 0.683
Error 4427.828 54	 81.997
Total 25354.593 60

Figure 3.   SEM images a: non aged FL, b: aged FL, c: non-aged 
IB, d: aged IB, e:non-aged MD, f: aged MD
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the primary factor in denture stomatitis, particularly in patients 
using complete dentures in the upper jaw (26).
	 In studies comparing heat-polymerized base material with 
base materials obtained through CAD/CAM milling methods 
from different brands, it was observed that the amount of 
C.albicans adhering to specimens produced by CAD/CAM
milling was lower than that of heat-polymerized acrylic resin
(27-29). Our study also confirmed these results. The degree of
polymer conversion in polymer materials affects the remaining 
monomer levels in the processed material, consequently
influencing its physical, mechanical, and microbiological
properties (30-32). Higher Candida adhesion in heat-
polymerized acrylic resins may be attributed to factors such as
monomer evaporation during polymerization, air entrapment
during mixing, residual monomer presence, evaporation
associated with exothermic reactions, inadequate monomer-
polymer mixing, and porosity resulting from insufficient
pressure applied to the mold (33). CAD/CAM milled disks are
processed under high pressure and temperature, reducing the
remaining monomer levels and strengthening the structure
and properties of the processed material. These results explain
the findings of our study.

Avi et al. (5) conducted a study comparing prosthetic 
base materials produced with different techniques (heat-
polymerized acrylic, cold acrylic, 3D printing method and 
CAD/CAM milling method) in terms of C.albicans adhesion. 
They observed that specimens produced with the 3D 
printing method increased microbial adhesion compared to 
the conventional method. The discrepancy with our study's 
findings may stem from variations in the printing method, 
resin brand differences, and polishing techniques. Similarly, 
in the same study, the CAD/CAM milling method showed 
the lowest adhesion, consistent with our study. Likewise, 
Freitas et al.'s study (34) also showed the CAD/CAM milling 
method having the lowest Candida adhesion, resembling our 
findings. However, the 3D-printed group, while not statistically 
significant, exhibited higher bacterial adhesion than the 
conventional method. The variation in 3D-printed angle values 
influencing material properties in previous studies could be 
considered as a contributing factor. Choosing the printing 
parameters (printing method, wavelength, film thickness, 
temperature and final curing time) can affect the results. In a 
study where the printing method (90, 45, and 0 degrees) did 
not affect C.albicans adhesion in prosthetic base resins (35), 
Shim et al. (21) found the highest ratio of C.albicans were 
present on surfaces printed at 0 degrees, followed by 45 and 
90 degrees. Therefore, it was concluded that the 90-degree 
printing method is more suitable for preventing C.albicans 
adhesion (36). Li et al (37) evaluated different build angles 
(90°, 45°, 0°) and print layer thicknesses (100, 50, 25 μm) on 
the surface properties of prosthetic base resin processed using 
the DLP additive technique. They found that the adhesion of 
C.albicans to DLP-printed prosthetic surfaces was influenced
by the thickness of the print layer, but not by the build angle.
As a consequence of the studies, it was concluded that the
thickness of the layer should be less than 100 μm in order

to prevent the adhesion of C.albicans (37). Earlier studies by 
Unkovskiy et al and Altarazi et al achieved the best results in 
the mechanical and physical features of 3D printed resin using 
a vertical printing technique (90°) (38-40). With regard to post-
curing, Kim et al. (41) suggested a minimum of 60 minutes of UV 
curing in an oven to develop the physical features of 3D printed 
parts. The low level of microbial adhesion suggests that the 3D 
printed resin may be a better option than traditional prosthetic 
bases. The selection of a 90 degree printing method, a print 
film thickness of 50 μm and a post cure time of 60 minutes in 
our study was based on the previous studies.
	 Fiore et al. (42) confirmed greater adhesion of C.albicans 
to heat-polymerized PMMA resin within 90 minutes. However, 
after 16 hours of incubation, the 3D-printed SLA technique 
and milled prosthetic base resins showed similar microbial 
adhesion, with all resins showing high microbial adhesion. 
Arutyunov et al. (43) found differences in the Candida 
adhesion index among materials produced using the same 
manufacturing technology. Even the slightest difference in 
material composition can alter microbial properties (44,45).
	 Limitations of this study include the complexity and 
multifactorial nature of microbial adhesion in the oral 
cavity. It isn't easy to simulate this process in vitro. Further 
studies are needed on multi-species biofilms and in vivo or 
situ settings. Additionally, the oral cavity's acquired pellicle 
affects the surface characteristics and microbial adherence 
of materials. The main process by which the pellicle is formed 
is the selective adsorption of salivary proteins, peptides and 
other macromolecules. Further research is needed under 
saliva-coating conditions. Various parameters in additive 
manufacturing can affect the outcomes. For future studies, 
Candida adhesion results should be evaluated using different 
printers, various printing parameters, and more brands for 
each group.

CONCLUSION 
	 Candida infections and associated denture stomatitis 
are less common in new-generation denture base 
materials compared to traditional heat-polymerized acrylic. 
Microbiological evaluation of base materials produced 
by digital method, which is more comfortable in terms of 
production technology, was found successful. 3D printed and 
milled denture base materials produced digitally can be used 
instead of heat-polymerized acrylics.
	 The thermal cycle did not affect the adherence of C.albicans 
in all groups.
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1. Barbeau J, Séguin J, Goulet JP, et al. Reassessing the presence of 
Candida albicans in denture-related stomatitis. Oral Surg. Oral 
Med. Oral Pathol. Oral Radiol. Endodontol. 2003;95:51–9. DOI: 
10.1067/moe.2003.44

2. Gupta V, Abhisheik K, Balasundari S, et al. Identification of Candida 
albicans using different culture media and its association in 
leukoplakia and oral squamous cell carcinoma. J Oral Maxillofac. 
Pathol. 2019;23:28–35. DOI: 10.4103/jomfp.JOMFP_157_18

3. Reibel J. Prognosis of Oral Pre-malignant Lesions: Significance 
of Clinical, Histopathological, and Molecular Biological 
Characteristics. Crit. Rev. Oral Biol. Med. 2003;14:47–62.  DOI: 
10.1177/154411130301400105

4. Gendreau L, Loewy ZG. Epidemiology and Etiology of Denture 
Stomatitis. J Prosthodont. 2011;20:251–60. DOI: 10.1111/
j.1532-849X.2011.00698.x

5. Meirowitz A, Rahmanov A, Shlomo E, et al. Effect of denture base 
fabrication technique on Candida albicans adhesion in vitro. 
Materials. 2021;14(1):221. DOI: 10.3390/ma14010221

6. Gad MM, Fouda SM, Arrejaıe AS, et al. Comparative effect of 
different polymerization techniques on the flexural and surface 
properties of acrylic denture bases. J Prosthodont. 
2019;28(4):458-65. DOI: 10.1111/jopr.12605

7. Cheng YY, Cheung WL, Chow TW. Strain analysis of maxillary 
complete denture with three-dimensional finite element 
method. J Prosthet Dent. 2010;103:309–18. DOI: 10.1016/
S0022-3913(10)60064-9

8. Kawaguchı T, Lassıla LV, Baba H, et al. Effect of cellulose 
nanofiber content on flexural properties of a model, 
thermoplastic, injection-molded, polymethyl methacrylate 
denture base material. J Mech Behav Biomed Mater. 
2020;102:103513.DOI: 10.1016/j.jmbbm.2019.10351

9. Li P, Lambart AL, Stawarczyk B, et al. Postpolymerization of a 
3D-printed denture base polymer: Impact of post-curing methods 
on surface characteristics, flexural strength, and cytotoxicity. J 
Dent. 2021;115:103856. DOI: 10.1016/j.jdent.2021.103856

10. Tasaka A, Matsunaga S, Odaka K, et al. Accuracy and retention 
of denture base fabricated by heat curing and additive 
manufacturing. J Prosthodont Res. 2019;63(1):85–9.  DOI: 
10.1016/j.jpor.2018.08.007

11. Kattadiyil MT, Jekki R, Goodacre CJ, et al. Comparison of treatment 
outcomes in digital and conventional complete removable 
dental prosthesis fabrications in a predoctoral setting. J Prosthet 
Dent. 2015;114:818-25. DOI: 10.1016/j.prosdent.2015.08.001

12. 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.  DOI: 10.1016/S0022-3913(13)60318-2

13. Berman B. 3-D printing: The new industrial revolution. Bus Horiz. 
2012;55(2):155-62. DOI: 10.1016/j.bushor.2011.11.003

14. Bosch G, Ender A, Mehl A. A 3-dimensional accuracy analysis 
of chairside CAD/CAM milling processes. J Prosthet Dent. 
2014;112(6):1425-31. DOI: 10.1016/j.prosdent.2014.05.012

15. Prpic ́V, Schauperl Z, Catic ́A, et al. Comparison of mechanical 
properties of 3D-Printed, CAD/CAM, and conventional denture 
base materials. J Prosthodont. 2020;29:524-8.  DOI: 10.1111/
jopr.13175

16. Grande F, Tesini F, Pozzan MC, et al. Comparison of the accuracy 
between denture bases produced by subtractive and additive 
manufacturing methods: A pilot study. Prosthesis. 2022;4:151-9. 
https://doi.org/10.3390/prosthesis4020015

17. Beuer F, Schweiger J, Edelhoff D. Digital dentistry: An overview
of recent developments for CAD/CAM generated restorations. Br 
Dent J. 2008;204:505-11. DOI: 10.1038/sj.bdj.2008.350.

18. Abduo J, Lyons K, Bennamoun M. Trends in computer-
aided manufacturing in prosthodontics: A review of the
available streams. Int J Dent. 2014;2014(1):783948. DOI:
10.1155/2014/783948

19. Van Noort R. The future of dental devices is digital. Dent Mater.
2012;28:3-12. DOI: 10.1155/2014/783948

20. Takamiya AS, Monteiro DR, Marra J, et al. Complete denture
wearing and fractures among edentulous patients treated
in university clinics. Gerodontology. 2012;29:728-34. DOI:
10.1111/j.1741-2358.2011.00551.x

21. Shim JS, Kim JE, Jeong SH, et al. Printing accuracy, mechanical
properties, surface characteristics, and microbial adhesion of
3D-printed resins with various printing orientations. J Prosthet
Dent. 2020;124(4):468-75. DOI: 10.1016/j.prosdent.2019.05.034

22.	 Temizci T, Bozoğulları HN. Effect of thermal cycling on the flexural 
strength of 3-D printed, CAD/CAM milled and heat-polymerized
denture base materials. BMC Oral Health. 2024;24(1):357. DOI:
10.1186/s12903-024-04122-y

23. Gad MM, Albazroun Z, Aldajani F, et al. Repair Bond Strength
of Conventionally and Digitally Fabricated Denture Base Resins
to Auto-Polymerized Acrylic Resin: Surface Treatment Effects In
Vitro. Materials (Basel). 2022;15:9062. DOI: 10.3390/ma15249062

24. Koujan A, Aggarwal H, Chen PH, et al. Evaluation of Candida
albicans Adherence to CAD‐CAM Milled, 3D‐Printed, and
Heat‐Cured PMMA Resin and Efficacy of Different Disinfection
Techniques: An In Vitro Study. J Prosthodont. 2023;32(6):512-18.
DOI: 10.1111/jopr.13583

25. Salerno C, Pascale M, Contaldo M, et al. Candida-associated
denture stomatitis. Medicina Oral Patología Oral Cirugia Bucal.
2011;16(2):139–43. DOI: 10.4317/medoral.16.e139

26. Webb BC, Thomas CJ, Willcox MDP, et al. Candida‐associated
denture stomatitis. Aetiology and management: A review:
Part1. Factors influencing distribution of candida species in the
oral cavity. Aust Dent J. 1998;43(1):45–50.  DOI: 10.1111/j.1834-
7819.1998.tb00152.x

27. Wei X, Gao L, Wu K, et al. In vitro study of surface properties and
microbial adhesion of various dental polymers fabricated by
different manufacturing techniques after thermocycling. Clin
Oral Investig. 2022;26(12):7287-97. DOI: 10.1007/s00784-022-
04689-2

28. Murat S, Alp G, Alatalı C, et al. In vitro evaluation of adhesion
of Candida albicans on CAD/CAM PMMA‐based polymers. J
Prosthodont. 2019;28(2):873–9. DOI: 10.1111/jopr.12942

29. Al-Fouzan AF, Al-Mejrad LA, Albarrag AM. Adherence of
Candida to complete denture surfaces in vitro: A comparison
of conventional and CAD/CAM complete dentures. J Adv
Prosthodont. 2017;9(5):402–8. DOI: 10.4047/jap.2017.9.5.402

30. Al-Dwairi ZN, Tahboub KY, Baba NZ, et al. A comparison of the
flexural and impact strengths and flexural modulus of CAD/CAM 
and conventional heat-cured polymethyl methacrylate (PMMA).
J Prosthodont. 2020;29:341–9. DOI: 10.1111/jopr.12926

31. da Silva Barboza A, Fang LK, Ribeiro JS, et al. Physicomechanical,
optical, and antifungal properties of polymethyl methacrylate
modified with metal methacrylate monomers. J Prosthet Dent.
2021;125(4):706.e1–6. DOI: 10.1016/j.prosdent.2020.12.039

32. Osman RB, Khoder G, Fayed B, et al. Influence of Fabrication
Technique on Adhesion and Biofilm Formation of Candida
albicans to Conventional, Milled, and 3D-Printed Denture
Base Resin Materials: A Comparative In Vitro Study. Polymers.



SELÇUK TIP DERGİSİ/ SELCUK MEDICAL JOURNAL

2023;15(8):1836. DOI: 10.3390/polym15081836
33. Compagnoni MA, Barbosa DB, de Souza RF et al. The effect of

polymerization cycles on porosity of microwave-processed
denture base resin. J Prosthet Dent. 2004;91:281–5. DOI:
10.1016/j.prosdent.2004.01.006

34. Freitas RFCPD, Duarte S, Feitosa S, et al. Physical, Mechanical,
and Anti‐Biofilm Formation Properties of CAD‐CAM Milled or
3D Printed Denture Base Resins: In Vitro Analysis. J Prosthodont.
2023;32:8-44. DOI: 10.1111/jopr.13554

35.	 Li P, Fernandez PK, Spintzyk S, et al. Effect of additive
manufacturing method and build angle on surface
characteristics and Candida albicans adhesion to 3D printed
denture base polymers. J Dent. 2022;116:103889. DOI: 10.1016/j.
jdent.2021.103889

36.	 Dhand NK, Khatkar MS. Statulator: an online statistical calculator. 
Sample size calculator for comparing two independent means.
2014.  Avaialbe at: http://statulator. com/SampleSize/ss2M. html
[Accessed 12 February 2023].

37.	 Li P, Fernandez PK, Spintzyk S, et al. Effects of layer thickness
and build angle on the microbial adhesion of denture
base polymers manufactured by digital light processing.
J Prosthodont Res. 2023;67(4):562-7.  DOI: 10.2186/jpr.
JPR_D_22_00126

38.	 Unkovskiy A, Schmidt F, Beuer F, et al. Stereolithography vs.
direct light processing for rapid manufacturing of complete
denture bases: An in vitro accuracy analysis. J Clin Med.
2021;10(5):1070. DOI: 10.3390/jcm10051070

39. Altarazi A, Haider J, Alhotan A, et al. Assessing the physical and
mechanical properties of 3D printed acrylic material for denture
base application. Dent Mater. 2022;38:1841–54.  DOI: 10.1016/j.
dental.2022.09.006

40. Silva MDDD, Nunes TSBS, Viotto HEDC, et al. Microbial adhesion
and biofilm formation by Candida albicans on 3D-printed
denture base resins. Plos one. 2023;18(10):e0292430. DOI:
10.1371/journal.pone.0292430

41. Kim D, Shim JS, Lee D, et al. Effects of post-curing time on the
mechanical and color properties of three-dimensional printed
crown and bridge materials. Polymers (Basel). 2020;12:1-20. DOI:
10.3390/polym12112762

42. Di Fiore A, Meneghello R, Brun P, et al. Comparison of the
flexural and surface properties of milled, 3D-printed, and
heat polymerized PMMA resins for denture bases: An in vitro
study. J Prosthodont Res. 2022;66(3):502–8. DOI: 10.2186/jpr.
JPR_D_21_00116

43. Arutyunov S, Kirakosyan L, Dubova L, et al. Microbial adhesion
to dental polymers for conventional, computer-aided subtractive 
and additive manufacturing: A comparative In Vitro study. J Funct 
Biomater. 2022;13(2):42. DOI: 10.3390/jfb13020042

44. Revilla-León M, Meyers MJ, Zandinejad A, et al. A review
on chemical composition, mechanical properties, and
manufacturing work flow of additively manufactured current
polymers for interim dental restorations. J Esthet Restor Dent.
2019;31:51–7. DOI: 10.1111/jerd.12438

45. Lee MJ, Kim MJ, Oh SH, et al. Novel Dental Poly (Methyl
Methacrylate) containing phytoncide for antifungal effect and
inhibition of oral multispecies biofilm. Materials. 2020;13(2):371.
DOI: 10.3390/ma13020371

116




