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Abstract: Objectives: The disinfection of fabricated prostheses is crucial to prevent cross-
infection between dental laboratories and clinics. However, there is a lack of information
about the effects of chemical disinfection on 3D-printed denture base resins. This study
aimed to evaluate the impact of different disinfectants on the flexural strength, elastic
modulus, micro-hardness, surface roughness (Ra), and change in color of 3D-printed and
conventional heat-polymerized (HP) denture base resins (DBRs). Methods: A total of
240 specimens (80 bar-shaped (64 × 10 × 3.3 mm) and 160 disk-shaped (10 × 2 mm))
were made from HP and 3D-printed DBRs. For each resin, the specimens were divided
into four groups (n = 10) according to the disinfectant solution. One remained in water
without disinfection as a control group, while the other three groups were disinfected
using 1% sodium hypochlorite, 2% glutaraldehyde, or 10% Micro 10+ for 30 min. The
flexural strength, elastic modulus, micro-hardness, Ra, and color change were measured.
The collected data were statistically analyzed using a two-way ANOVA and Tukey’s post
hoc test (α = 0.05). Results: A significant decrease in flexural strength, elastic modulus, and
hardness was found with sodium hypochlorite (p < 0.05). When comparing the resins per
solution, the 3D-printed resin showed a significant decrease in flexural strength, elastic
modulus, and hardness compared with PMMA (p < 0.001), while no change was found in
the Ra of both resins with all disinfectants (p > 0.05). Disinfecting with sodium hypochlorite
resulted in a significant increase in color change for both resins (p < 0.05); however, all the
changes were within clinically acceptable limits. Sodium hypochlorite showed the highest
color change, while 2% glutaraldehyde and 10% Micro 10+ showed no significant changes
in the tested properties (p > 0.05). Conclusions: Neither resin showed a change in surface
roughness with immersion in disinfectants. Sodium hypochlorite had an adverse effect on
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the flexural properties, hardness, and change in color of the PMMA and 3D-printed DBRs,
while the other disinfectants had no effect on the tested properties.

Keywords: 3D printing; disinfectants; mechanical testing; surface properties; denture base;
acrylic resin

1. Introduction
Edentulism, or complete tooth loss, is a very challenging condition that has a nega-

tive impact on quality of life [1]. Complete denture (CD) fabrication is the conventional
rehabilitation of edentulism and is still a feasible treatment strategy [1,2]. The material
of choice for CD fabrication is polymethylmethacrylate (PMMA), and this is attributed to
the following reasons: first, it has a lower cost compared to other options; second, it has
superior physical and mechanical properties, with an excellent esthetic appearance; and
finally, it affords better manipulation and handling for any dental technician [3]. On the
other hand, this material reveals some dimensional and color changes, with a possibility of
fracture in spite of its mechanical and physical properties; moreover, a CD, if not properly
cleaned and maintained by the patient, can cause Candidal infection or even tissue abra-
sions and irritation [4]. One major factor that could really affect the mechanical and esthetic
properties of this material is surface and subsurface voids [5]. Thus, paying attention to
and obtaining superior surface characteristics during denture fabrication can pave the way
for better esthetics and higher longevity of the denture base [2].

Digital technology has become increasingly popular in several dental specialties
in recent years. Nevertheless, the use of digital tools, materials, and computer-aided
design and computer-assisted manufacturing (CAD/CAM) in the design and production of
dental prostheses has helped to lessen the workload for dental technicians and dentists [6].
Two methods have been designed for denture fabrication: the subtractive method, in
which the denture is milled from a prefabricated resin disc, and the additive method,
in which the denture is built up by three-dimensional printing (3D printing) using fluid
resins [3]. The benefits of 3D-printed dentures include shorter production times, more
accuracy, lower costs, fewer patient visits, and greater patient comfort [7]. The primary
disadvantages of subtraction procedures are the high cost and waste of milling machines,
burs, and restorative materials, as well as the device’s restricted motion range to make
complicated forms [8].

Different types of technologies for denture fabrication have been reported, such as
stereolithography (SLA), digital light projection (DLP), and photopolymer jetting (Poly-
Jet) [9]. Among these methods, DLP is considered to be superior when compared to the
others because of its lower material consumption, faster speed, and greater precision [10].
In term of the fabrication method effect, 3D-printed DBRs show comparable properties to
conventional PMMA [3], while 3D-printed DBRs show superior properties compared to
PMMA regarding accuracy, fit, and adaptability; therefore, 3D printing is recommended for
DBR fabrication [5]. According to a recent review report, printed dentures have problems
with strength, color stability, and stainability; however, these issues could be resolved
by using new materials and modifying existing technology [11]. With growing evidence
supporting the benefits of 3D printing technologies, several studies have been conducted
to assess the performance of dentures printed with different printing technologies. In
terms of strength, 3D-printed dentures show low strength but are still within the ISO
recommendations [12]; in addition, they also have poor surface properties [4,11,13]. To
obtain the benefits from additive technologies with optimum properties, controlling the
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printing factors (pre-printing, printing, and/or post-printing parameters) is suggested [14].
By modifications to these parameters, improvements in strength, surface properties, and
antimicrobial efficacy were achieved [8,14,15].

Prosthetics produced in dental laboratories are vulnerable to microbial contamination
during the manufacturing process [16]. Consequently, various contamination sources
are reported, including contact with contaminated hands, felt disks and pumice used in
the polishing process, and machines and equipment used for denture base resin (DBR)
fabrication. Additionally, the fabrication process involves several steps, most of which are
conducted in a laboratory environment with the risk of prosthesis contamination [17,18].
Other sources of contamination include when the prosthesis is returned from the dental
office for repair, relining, or rebasing after patient use [19]. According to the literature,
significant microbiological cross-contamination can occur when transferring prostheses
between dental offices and dental laboratories [18]. Therefore, less attention has been paid
to disinfecting dentures; instead, the focus should be on preventing cross-contamination
through infection-control procedures, including the barrier technique, sterilization, and
disinfection of the dental office and its equipment. A dental prosthesis provides a conduit
for organisms to be transferred from patients to laboratory and dental staff [19,20]. Dentures
must be disinfected to prevent cross-contamination and enhance cleanliness. If proper
disinfection measures are not followed, the dental office–prosthesis laboratory connection
could be a cross-infection conduit [18].

Several disinfectants have been suggested at different concentrations and durations
with variations in disinfection level [16]. However, suitable disinfection should be effective
without deteriorating the prosthesis structures and properties [21]. Among the common
disinfectants, sodium-hypochlorite- and glutaraldehyde-based disinfectants are often used
in dentistry, and aldehyde-free disinfectants are commonly used for complete microbial
elimination from disinfected prostheses [16,22–24].

Because the restorations are exposed to temperature changes and functional stress
during their clinical service, reversible elastic deformation, irreversible plastic deformation,
and fracture [9] are all possible outcomes of residual stresses created by these dynamic
changes [25]. Furthermore, a full denture’s color stability may be reduced by its surface
roughness [8]. CD discoloration may be a sign of aging and material degradation [25],
which may ultimately necessitate denture replacement [7].

Before considering 3D-printed dentures as a good substitute for traditional PMMA
dentures, their mechanical, physical, and cosmetic qualities should be carefully examined.
Therefore, the present in vitro study aimed to evaluate and compare the flexural strength,
modulus of elasticity, micro-hardness, surface roughness, and change in color of heat-
polymerized acrylic resin with that of 3D-printed resin after disinfections with various
chemical disinfectants. The null hypothesis was that the disinfectants would not affect the
tested properties of the tested DBRs.

2. Materials and Methods
2.1. Specimen Preparation

The sample size calculation revealed that n = 10 was sufficient to detect effect sizes for
the main effects and pairwise comparisons, with the power level set at 80% and 95% confi-
dence [26]. According to each test specification, specimens were fabricated with different
dimensions; for flexural properties, rectangular specimens (64 × 10 × 3.3 ± 0.2 mm), while
surface and color changes were tested using disk-shaped (10 × 2 mm) specimens.

The test specimens were designed using a software program (SolidWorks version 2024,
Dassault Systèmes SolidWorks Corp., Aix-en-Provence, France) and saved as a standard
tessellation language (STL). The STL was used to mill the specimens from milling wax
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blocks (Duo Cad; FSM Dental, Ankara, Türkiye), which were placed inside a metal flask
or (split stainless-steel mold with metal slots of required dimensions) produced to obtain
PMMA (Temdent Classic; Schütz Dental GmbH, Rosbach, Germany) specimens [27]. As
instructed by the manufacturer, the PMMA was hand-blended and packed into the mold
followed by polymerization as a conventional method.

For 3D-printed resin, an STL file was used to print 3D-printed specimens. The spec-
imens were printed vertically with 100 µm thick layers (z-direction angulated 90◦ to the
printing direction) with a digital light processing printer (D30 II, Rapid Shape, Heimsheim,
Germany) using a fluid resin (FREEPRINT denture, Detax, Ettlingen, Germany) [28]. Fol-
lowing printing, the specimens were post-cured from all sides for 20 min using ultraviolet
light (385 nm) with UV-A type 3 in a light box (type E0202; Yizhet, Shenzhen, China) and
cleaned with 99% isopropyl alcohol for 5 min as per the manufacturer’s instructions. Silicon
carbide paper grit P1200 (Paper SiC P1200; Struers GmbH, Rosbach, Germany) was then
used to grind all the manufactured specimens to their final dimensions. A digital caliper
(Digimatic Micrometer, Mitutoyo, Kanagawa, Japan) was used to validate the specimen
dimensions to the closest ±0.02 mm after they had been ground. The approved specimens
were then kept for 48 h in distilled water at 37 ◦C [29].

2.2. Specimen Disinfection Procedures

The prepared specimens (for each main group, conventional and 3D-printed resins)
were randomly divided into four groups (n = 10). One was immersed in water as a control,
while the other three groups were disinfected using 1% sodium hypochlorite, 2% glutaralde-
hyde, and 10% Micro 10+ for a specified time based on immersion protocols (Table 1).

Table 1. Immersion solutions.

Solution Composition Immersion Protocol

Glutaraldehyde
An organic compound with the formula

(CH2)3(CHO)2. The molecule consists of a five-carbon
chain doubly terminated with formyl groups.

20 min immersion in at least a 2% solution of
glutaraldehyde at room temperature.

Sodium
Hypochlorite

0.5%
Sodium hypochlorite solution, 1% active chlorine.

Solution of 5.25% sodium
hypochlorite (1:5 dilution) diluted to obtain 1%

sodium hypochlorite by adding 50 mL of sodium
hypochlorite to 200 mL of water with

iImmersion for 10 min at room temperature.

Micro 10+

Micro 10+ is an aldehyde-free concentrated solution.
A total of 100 g of Micro 10+ contains 9 g of

alkylbenzyldimethylammonium chloride, amphoteric
and non-ionic surfactants, complexant, corrosion

inhibitor, and additives.

Very economical 2% dilution.
Contact time: 15 min.

2.3. Specimen Testing

The flexure strength and elastic modulus were assessed using a three-point bending
test. A load cell with a 5 kN capacity and a 1 mm/min cross-head speed was used to
apply the load until the specimen fractured using a universal testing machine (Instron
Industrial Products, Model 3345). Stress–strain curves were generated using software
(Instron® Bluehill Lite Software, Norwood, MA, USA). The limiting stress at which failure
occurs is represented by the flexural strength (FS), calculated using Equation (1):

FS (ó) = 3F (L)/2wh2 (1)

Here, F is the maximum load at the point of fracture, L is the span, w is the width of
the sample, and h is its height. The modulus of elasticity was calculated mathematically
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from the stress–strain curve obtained during the flexural strength test. The modulus of
elasticity (MPa) = stress/strain within the elastic portion [30].

Surface roughness (Ra) measurements were measured on the disk specimens, and a
USB digital surface profile gauge (Elcometer 224/2, Elcometer Instruments, Manchester,
England) was used to assess surface roughness. The roughness (Ra, µm) was generated as
the arithmetic mean between the peaks and valleys recorded after the profilometer needle
had scanned a span of 2 mm in length, with a cut-off of 0.25 mm, to optimize filtering and
surface undulation. Each surface was read five times, starting from three different positions
and always with the needle scanning the specimen’s geometric center. The mean roughness
of each specimen was determined as the average of the five values.

The micro-hardness (VHN) was assessed using a Vickers hardness tester (ZHU 2.5,
Zwick/Roell GmbH, Ulm, Germany). The load was applied using a Vickers indenter with
a speed of 1 mm/min at the contact point and a dwell time of 2 s at the loading point. For
each specimen, three readings at different points on the specimen surfaces were conducted,
followed by an average calculation per specimen.

For color changes (∆Eab), a reflective spectrophotometer (X-Rite, model RM200QC)
was used to measure the colors of all the disk specimens after fabrication and after treatment.
The aperture size was set at 4 mm, and the specimens were precisely positioned in relation
to the device. Measurements were made against the CIE standard illuminant D65 against a
white background using the CIE L*a*b* color space. Equation (2) was used to assess the
specimen color changes:

∆Eab = (∆L*2 + ∆a*2 + ∆b*2) ½ (2)

Here, L* = lightness (0–100), a* = the red/green axis, and b* = the yellow/blue axis [31].
The National Bureau of Standards (NBS) was used as a reference for the color change
comparison and calculated using the following equation: NBS = ∆Eab × 0.92. A material
is deemed esthetically and clinically acceptable when NBS units fall within the range of
3.7 NBS units. Differences exceeding 3.7 NBS units are classified as a “mismatch” and
viewed as clinically unacceptable [31–33].

The data was statistically analyzed using SPSS v28 (IBM, Armonk, NY, USA). The
Shapiro-Wilk test and histograms were used to evaluate the normal distribution of data.
Data were presented as mean and standard deviation (SD) and were analyzed using a
two-way ANOVA test (for the combined effect of disinfectant and material type) followed
by a post hoc analysis (Tukey’s) test. The significance level was set at p < 0.05.

3. Results
Table 2 summarizes the mean values, SD, and significance for the groups regarding

flexural strength, elastic modulus, hardness, and surface roughness. For PMMA, a signifi-
cant difference was found when comparing the disinfectants (p = 0.04). For the pairwise
comparison, a significant decrease in flexural strength with sodium hypochlorite (p < 0.05)
was found compared with the other solutions, while no significant difference was found
between water, glutaraldehyde, and Micro 10+ (p > 0.05). For the 3D-printed DBRs, no
significant differences were found between the tested groups (p = 0.640). When compar-
ing resins per solution, the 3D-printed resin showed a significant decrease in flexural
strength (p < 0.001), and the highest flexural strengths were recorded with water immersion
(101.3 ± 4.00 and 89.3 ± 3.22 MPa for PMMA and 3D-printed resin, respectively).

For both resins, immersion in disinfectant did not produce a significant difference
in the elastic modulus compared to water immersion (p > 0.05), except with sodium
hypochlorite, which showed a significant decrease in the elastic modulus (p < 0.05). When
comparing resin based on the immersion solution, the 3D-printed resin showed a signifi-
cantly decreased elastic modulus compared with PMMA, and the highest elastic moduli
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were reported for water immersion (2954.3 ± 93.77 and 2208.5 ± 87.27 MPa for PMMA and
3D-printed DBRs, respectively).

Table 2. Mean value and significance between groups of both resins with different disinfectants,
showing effects for flexural strength, elastic modulus, hardness, and surface roughness properties.

Tested Properties Immersion Solution

Resins
Mean ± SD

Heat-Polymerized 3D-Printed p Value

Flexural strength (MPa)

Water 101.3 ± 4.00 a 89.3 ± 3.22 a 0.000 *

Glutaraldehyde 99.4 ± 2.244 a 86.7 ± 3.76 a 0.000 *

Sodium Hypochlorite 91.5 ± 2.87 82.7 ± 1.61 0.000 *

Micro 10+ 98.1 ± 2.91 a 86.9 ± 3.17 a 0.000 *

p value 0.020 * 0.04 *

Elastic modulus (MPa)

Water 2954.3 ± 93.77 a 2208.5 ± 87.27 a 0.000 *

Glutaraldehyde 2920.8 ± 94.4 a 2182.5 ± 92.94 a 0.000 *

Sodium Hypochlorite 2514.4 ± 98.71 1975.5 ± 69.12 0.000 *

Micro 10+ 2854.6 ± 123.99 a 2105.5 ± 143.06 a 0.000 *

p value 0.032 * 0.010 *

Hardness (VHN)

Water 17.38 ± 0.35 a 16.8 ± 0.44 a 0.73

Glutaraldehyde 17.25 ± 0.33 a 16.58 ± 0.47 a 0.08

Sodium Hypochlorite 14.02 ± 0.39 13.27 ± 0.31 0.10

Micro 10+ 17.11 ± 0.25 a 16.52 ± 0.41 a 0.53

p value 0.03 * 0.04 *

Roughness (Ra, µm)

Water 0.155 ± 0.035 0.399 ± 0.029 0.000 *

Glutaraldehyde 0.159 ± 0.026 0.405 ± 0.035 0.000 *

Sodium Hypochlorite 0.167 ± 0.014 0.414 ± 0.032 0.000 *

Micro 10+ 0.160 ± 0.015 0.411 ± 0.032 0.000 *

p value 0.174 0.091

* Significant at p value < 0.05. Same small letter vertically per column indicates insignificant difference pair-
wise comparison.

For both resins, immersion in disinfectant showed no significant difference in hardness
compared to water immersion (p > 0.05), except with sodium hypochlorite, which showed
a significant decrease in hardness (p < 0.05), leading to the lowest hardnesses (14.02 ± 0.39
and 13.27 ± 0.31 VHN for PMMA and 3D-printed resin, respectively). When comparing
the resins based on the immersion solution, the 3D-printed resin showed insignificantly
low hardnesses compared with PMMA (p > 0.05).

The immersion of the PMMA and 3D-printed DBRs in disinfectant showed no signifi-
cant difference in surface roughness (p = 0.174 and p = 0.091 for PMMA and 3D-printed
DBRs, respectively). When comparing the resins based on the immersion solution, the
3D-printed resin showed a significantly increased surface roughness (p < 0.001).

Table 3 shows the mean values, SD, and significance of the color changes. Immersion
of the specimens in sodium hypochlorite significantly increased the color change compared
with glutaraldehyde and Micro 10+ (p < 0.05), with no significant difference in color change
between glutaraldehyde and Micro 10+ (p > 0.05). When comparing the resins based on the
immersion solution, no significant differences were found in the color change between the
PMMA and 3D-printed DBRs (p > 0.05). The highest NBS value (1.04) was recorded with
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sodium hypochlorite, which was lower than 3.7, revealing that all changes were within the
clinically acceptable value.

Table 3. Change in color (∆Eab) of tested resins after disinfectants.

Immersion Solutions

Resin and NBS Unit
Mean ± SD

Heat-Polymerized NBS 3D-Printed NBS p Value

Glutaraldehyde 0.61 ± 0.09 a 0.56 0.68 ± 0.10 a 0.62 0.30

Sodium Hypochlorite 1.13 ± 0.09 1.04 1.67 ± 0.06 1.53 0.09

Micro 10+ 0.71 ± 0.06 a 0.65 0.78 ± 0.09 a 0.71 0.11

p value 0.001 * 0.001 *
* p < 0.05 set as significant level. Same small letter vertically per column indicates insignificant difference pairwise
comparison. The National Bureau of Standards (NBS) values deemed esthetically and clinically acceptable when
falling within the range of 3.7, while values greater than 3.7 are classified as a mismatch (clinically unacceptable).

4. Discussion
This study was conducted to investigate the effect of chemical disinfectants on the

flexural strength, elastic modulus, hardness, surface roughness, and change in color of
3D-printed DBRs compared with PMMA DBRs. The null hypothesis was partially rejected,
as all the disinfectant solutions significantly impacted all the tested properties except
roughness, which showed no significant change.

Denture disinfection is a mandatory process to avoid cross-contamination between
dental offices and dental laboratories where the prosthesis is fabricated, adjusted, repaired,
and rebased [16,34,35]. With advanced technology for removable prosthesis fabrication, no
study has investigated the effect of the disinfection process on the properties of 3D-printed
DBRs. Thus, one 3D-printed resin was selected for investigation in the present study
compared with one conventional PMMA DBR. Two commonly used disinfectant solutions
were selected, sodium hypochlorite and glutaraldehyde, as well as one aldehyde-free
disinfectant (Micro 10+), and the three selected disinfectants have strong antimicrobial
activities [36]. An infection-control procedure designed to avoid cross-contamination
was assessed in preliminary studies [36,37]. The findings showed that 4% chlorhexidine
gluconate solutions and sodium hypochlorite solutions reduced the microbial growth on
the dentures in 10 min [36,37].

The literature reports significant fluctuation in the use of several disinfectants regarding
concentration and duration [16,20]. The most appropriate disinfectant should meet most of
the ideal agent’s criteria while retaining the prosthesis structure [21]. Sodium hypochlorite
is a commonly used disinfectant and has a wide range of activity within a short disinfectant
period [17,18]. Rodrigues et al. and Salvia et al. reported immersion in sodium hypochlorite
containing 2% active chloride for 30 min as the most efficient approach for disinfecting acrylic
resin prostheses [38,39]. Furthermore, Chau et al. [23] reported strong disinfectant activities of
1% sodium hypochlorite in removing microbes from denture surfaces. Despite its effectiveness
as a disinfectant, sodium hypochlorite has numerous disadvantages, including corrosion of
metal surfaces and irritation [22]. Glutaraldehyde-based disinfectants are frequently used
and recommended for instrument disinfection [21]. The literature describes glutaraldehyde’s
high antibacterial activity, and its efficiency varies with the exposure time [24]. However,
glutaraldehyde-based solutions should be used for an appropriate time due to the reported
toxicity with prolonged immersion [18].

Because acrylic resins are hydrophilic, they can absorb solvents and water, triggering
hydrolysis and the emergence of acrylic regions with unique optical characteristics when the
absorbed liquids diffuse into the polymer network [6,34]. DBR immersion in glutaraldehyde
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and Micro 10+ did not affect the flexural strength, while sodium hypochlorite decreased
it. This is consistent with previous studies [40,41] reporting a decrease in the flexural
strength of DBRs after immersion in 1% NaOCl. This decline is due to the sorption of the
NaOCl aqueous solution and its active chlorine content. The absorbed solution acts as a
plasticizing agent, which could be pivotal in altering the chemical structure [42]. Moreover,
the pendant monomer solubility increased due to its active chlorine, which facilitated the
increase in the leachability of the remaining monomer. This was replaced with greater
solution sorption [43], which is regarded as the key factor controlling the strength and
surface integrity of DBRs [1].

When comparing the PMMA and 3D-printed resins based on the immersion solution,
the 3D-printed resin showed low strength. This is consistent with Prpic’ et al. [3], who
reported a high flexural strength of conventional compared with 3D-printed DBRs. The
decreased strength of 3D-printed resins may be attributed to the painting method (layer-
by-layer), with apparent weak bonding between successive printed layers [3,5,14,44]. In
addition to the direction of the printed layer in relation to the direction of the load applied,
which was parallel to the layer direction when the specimen was vertically printed [14],
another reason was attributed to the degree of conversion of photo-polymerized 3D-printed
resins, as reported in a previous study, compared with conventional PMMA. As the degree
of conversion decreased, the residual monomer increased, adversely affecting the strength
of the printed object [3,5,44,45]. Additionally, the poor strength of the 3D-printed resins
after disinfectant immersion was exaggerated due to the chemical composition of the
disinfectant [46]. With immersion in solution, the resin absorbs water and the absorbed
water acts as a plasticizer, affecting the mechanical properties [14,44]. A previous study [6]
compared the water sorption of 3D-printed DBRs with conventional ones and reported an
increase in water sorption with 3D-printed DBRs. This could also explain why the flexural
strength decreased after immersion in disinfectant solution.

According to ISO-20795-1:2013 [12], a flexural strength above 65 MPa and an elastic
modulus above 2000 MPa are clinically acceptable. In this context, the elastic modulus
was found to be a measure of the resins’ rigidity or flexibility; a higher elastic modulus
denotes a more rigid material [17]. To distribute the load evenly and reduce the danger
of breakage, denture base materials should have flexibility and rigidity to withstand
stresses [27]. In this case, the flexural strength was mirrored by the resins’ elastic moduli,
with the heat-polymerized (HP) resin having a higher elastic modulus than the 3D-printed
resins. This outcome is consistent with the findings of Fouda et al. [46], who examined
the elastic modulus of HP and 3D-printed resins and found that the former had a lower
elastic modulus. With effervescent pills, the HP and 3D-printed resins’ elastic moduli
dropped; however, with NaOCl, they dropped precipitously. The water and chemical
uptake during submersion in these disinfectant solutions may explain this observation.
Comparisons with earlier research are problematic, since no studies have assessed the
impact of denture cleaners on 3D-printed resins’ elastic moduli. However, the low modulus
may be interpreted similarly to the flexural strength because both were tested under the
same load, direction, and conditions and were reported as flexural characteristics [34].

A material’s hardness is a crucial characteristic. A DBR’s surface hardness indicates
how much the pressures involved in mastication can be resisted. Although hardness is
evaluated in numerous ways, the most practical means to determine a material’s hardness
is measuring its resistance to indentation [47]. A logical definition of hardness might then
be the “resistance of a material to indentation”; thus, greater indentation indicates softer
material [47]. It has been reported that resin immersion in disinfectant solutions weakens
the secondary bond between the polymeric chains of the acrylic resins [47]. Shen et al. [35]
discovered that all the resins they tested had a soft surface after being subjected to a
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glutaraldehyde alkaline disinfection solution with a phenolic buffer for at least 2 h. In a
subsequent study [48], a surprising change in hardness was discovered after immersing
specimens in glutaraldehyde for 7 days. Ma et al. [49] discovered that a phenolic-based
disinfectant induced surface weakening of resins after 30 min of immersion.

The hardnesses of both resins were significantly decreased during immersion in
sodium hypochlorite. In addition to the effect of disinfectants on the surface, the absorbed
fluid with effective components penetrated the polymeric chains, altering the bonding and
acting as a plasticizer, affecting the mechanical properties of resins and material deformation
under mechanical testing [1,26,41]. The negative effect of sodium hypochlorite on both
denture resins is consistent with previous studies [26,41,50] reporting a significant decrease
in the hardness of 3D-printed and heat-polymerized resins after immersion in sodium
hypochlorite. This is consistent with Asad et al. [48], who discovered a decrease in hardness.
During the polymerization step, various amounts of residual monomer persist in the acrylic
resin [51] and may function as a plasticizer, reducing the mechanical characteristics of
polymerized resins [52–54]. Simultaneously, acrylic resins absorb water molecules [52,55].
Likewise, the remaining monomer can progressively leak into storage solutions, reducing
the hardness of acrylic resins [23,53] that additionally serve as plasticizers, diminishing the
mechanical strength of DBRs [56]. Von Fraunhofer and Suchatlampong [57] investigated
the indentation resistance of denture base polymers and discovered that storage in water
caused mellowing of the surface in heat-polymerized acrylic resins.

Regarding roughness analysis after immersion in solutions, the current study showed
no significant difference in surface roughness between the tested specimens compared
to the control group. This is consistent with a review [58] of the effect of disinfectants
on the roughness of DBRs, and most of the reviewed studies reported the same findings
with different disinfectant solutions. Moreover, Fotovat et al. [34] found that disinfectants
produced no change in the surface roughness of 3D-printed resins. Shen et al. [35] found
that glutaraldehyde-based disinfectants caused no apparent surface alteration with the
standard alkaline formulation.

The present study found statistically significant differences in surface roughness be-
tween the heat-polymerized and 3D-printed acrylic for all disinfection methods. The
increased roughness of the 3D-printed resins may be attributed to the orientation of the
printed layers producing a stepwise effect, being perpendicular to the profilometer scan.
With thermal cycling, the temperature accelerated water sorption and increased water
absorption. The absorbed water moved the layers apart, impacting the surface irregular-
ity [15,44,59]. The type and curing method of acrylic resin have been consistently reported
to significantly influence surface changes after chemical disinfection because component
elution may directly impact Ra [58]. Photo-polymerized resins produce more elution than
heat-polymerized resins. Heat-polymerized materials have higher monomer-to-polymer
conversion rates and a lower residual monomer content [60,61]. The clinical threshold for
microbial adhesion is 0.2 µm, and microbial adhesion increased above this threshold [44,62].
The PMMA values were less than the clinical threshold, while all 3D-printed DBRs exceeded
this value.

Fotovat et al. compared conventional and 3D-printed resins after immersion in dif-
ferent disinfectants and reported a significant difference in color change between resins.
They attributed that change to the difference in composition (filler contents) and printing
technologies (layer-by-layer) [63]. Within the category of 3D-printed resins, this component
may be pivotal in the observed rise in color change [34]. This finding is consistent with
our finding that no significant difference existed between the resins based on disinfectant
immersion. This difference in variation could be due to the immersion time and color
calculation method, as well as the resin materials used. The change in color of both resins
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was significantly altered with immersion in sodium hypochlorite compared to glutaralde-
hyde and Micro 10+. The color change with sodium hypochlorite was consistent with
Carvalho et al. [64] and Rocha et al. [25], who found a significant increase in the change in
color of PMMA after immersion in sodium hypochlorite. This was consistent with previous
studies [19,50,65] confirming the pronounced color change with sodium hypochlorite over
other disinfectants. The color changes were attributed to disinfectant solvents permeating
the polymer network, expanding the intermolecular spaces. Subsequently, this process
resulted in exchanges of internal and external pigments, alterations in the polymer ma-
trix, and the chemical degradation and dissolution of their compounds, leading to color
changes [30,63,65]. A previous study [66] reported that sodium hypochlorite exhibited
whitening of resins through the oxidation of resin surfaces, consistent with the finding
of the present study. Conversely, another study [67] disagreed with the present study,
finding that the color steadiness of DBRs was enhanced following immersion in 2% alkaline
glutaraldehyde as well as 0.5% sodium hypochlorite solution. These variations in results
are attributed to differences in material type and immersion time.

Despite the color changes with sodium hypochlorite, all changes fell within the clini-
cally acceptable value for color changes based on the NBS value. Regarding the thresholds
established in the study by Fotovat et al. [34], the color change observed in all three groups
was deemed clinically acceptable. This may be due to the immersion time compared to other
studies reporting noticeable color changes after immersion for a prolonged time [26,34,68].
Finally, the conventional denture bases outperformed the 3D-printed bases in color stability.
Specifically, sodium hypochlorite caused substantially more color change than the other dis-
infectants. Among all groups, the conventional DBR samples immersed in glutaraldehyde
and Micro 10+ showed the least color change.

Regarding disinfectant solutions, regardless of material type, sodium hypochlorite
adversely affected the tested properties. Although sodium hypochlorite showed a strong
antimicrobial effect, other disinfectants could be recommended as alternatives, as these
showed antimicrobial effectiveness without adverse effects on the strength, surface, and
color properties. Regarding resin type, although PMMA showed superior performances
to the 3D-printed DBRs, all values were within the clinically acceptable range except
the roughness of the 3D-printed resins, which exceeded the clinical threshold. Clinically,
glutaraldehyde and Micro 10+ could be recommended as disinfectants in dental laboratories
and dental offices to control infections and overcome cross-contamination.

The use of bar- and disk-shaped specimens rather than a denture configuration and
the duration of immersion for each disinfectant solution are the two limitations of this study.
Other limitations are this study’s in vitro nature, the restriction to specimens fabricated
in the laboratory, and the absence of aged specimens returned to the laboratory for repair
or modification after patient use for a prolonged time. Therefore, different disinfectant
effects on a real denture base with different immersion times should be investigated in
future studies. Additionally, aging specimens using thermal cycling in chewing simulators
representing the specimens’ return from the clinic to the laboratory for repair or adjustment
are required in future investigations.

5. Conclusions
The disinfectant type affects the properties of DBRs. Sodium hypochlorite has adverse

effects on the flexural strength, elastic modulus, hardness, and change in color of PMMA
and 3D-printed DBRs. Conversely, other disinfectants do not affect the tested properties.
Based on the findings of the present study, glutaraldehyde and Micro 10+ could be recom-
mended for DBR disinfection to overcome cross-contamination between dental laboratories
and dental offices.
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3. Prpić, V.; Schauperl, Z.; Ćatić, A.; Dulčić, N.; Čimić, S. Comparison of mechanical properties of 3D-printed, CAD/CAM, and
conventional denture base materials. J. Prosthodont. 2020, 29, 524–528. [CrossRef]

4. Tuna, S.H.; Keyf, F.; Gumus, H.O.; Uzun, C. The evaluation of water sorption/solubility on various acrylic resins. Eur. J. Dent.
2008, 2, 191–197.6. [CrossRef]

5. Perea-Lowery, L.; Gibreel, M.; Vallittu, P.K.; Lassila, L.V. 3D-printed vs. heat-polymerizing and autopolymerizing denture base
acrylic resins. Materials 2021, 14, 5781. [CrossRef]

6. Gad, M.M.; Alshehri, S.Z.; Alhamid, S.A.; Albarrak, A.; Khan, S.Q.; Alshahrani, F.A.; Alqarawi, F.K. Water Sorption, Solubility,
and Translucency of 3D-Printed Denture Base Resins. Dent. J. 2022, 10, 42. [CrossRef]

7. Xu, Y.; Xepapadeas, A.B.; Koos, B.; Geis-Gerstorfer, J.; Li, P.; Spintzyk, S. Effect of post-rinsing time on the mechanical strength
and cytotoxicity of a 3D printed orthodontic splint material. Dent. Mater. 2021, 37, e314–e327. [CrossRef]

8. Namala, B.B.; Hegde, V. Comparative evaluation of the effect of plant extract, Thymus vulgaris and commercially available
denture cleanser on the flexural strength and surface roughness of denture base resin. J. Indian Prosthodont. Soc. 2019, 19, 261–265.

9. Hwangbo, N.K.; Nam, N.E.; Choi, J.H.; Kim, J.E. Effects of the Washing Time and Washing Solution on the Biocompatibility and
Mechanical Properties of 3D Printed Dental Resin Materials. Polymers 2021, 13, 4410. [CrossRef]

10. Anjum, R.; Dhaded, S.V.; Joshi, S.; Sajjan, C.S.; Konin, P.; Reddy, Y. Effect of plant extract denture cleansing on heat-cured acrylic
denture base resin: An in vitro study. J. Indian Prosthodont. Soc. 2017, 17, 401–405. [CrossRef]

11. Goodacre, B.J. 3D Printing of Complete Dentures: A Narrative Review. Int. J. Prosthodont. 2024, 37, 159–164. [CrossRef]
12. ISO 2039-1:2001; Plastics—Determination of Hardness—Part 1: Ball Indentation Method. International Organization for Stan-

dardization (ISO): Geneva, Switzerland, 2001. Available online: https://www.iso.org/standard/31264.html/ (accessed on 5
December 2023).

13. Kharat, S.; Dudhani, S.I.; Kouser, A.; Subramanian, P.; Bhattacharjee, D.; Jhamb, V. Exploring the Impact of 3D Printing Technology
on Patient-Specific Prosthodontic Rehabilitation: A Comparative Study. J. Pharm. Bioallied Sci. 2024, 16 (Suppl. S1), S423–S426.
[CrossRef]

14. Gad, M.M.; Fouda, S.M. Factors affecting flexural strength of 3D-printed resins: A systematic review. J. Prosthodont. 2023,
32, 96–110. [CrossRef]

15. Shim, J.S.; Kim, J.; Jeong, S.H.; Choi, Y.J.; Ryu, J.J. Printing accuracy, mechanical properties, surface characteristics, and microbial
adhesion of 3D-printed resins with various printing orientations. J. Prosthet. Dent. 2020, 124, 468–475. [CrossRef]

https://doi.org/10.3390/polym15051175
https://doi.org/10.1111/jopr.12649
https://doi.org/10.1111/jopr.13175
https://doi.org/10.1055/s-0039-1697377
https://doi.org/10.3390/ma14195781
https://doi.org/10.3390/dj10030042
https://doi.org/10.1016/j.dental.2021.01.016
https://doi.org/10.3390/polym13244410
https://doi.org/10.4103/jips.jips_97_17
https://doi.org/10.11607/ijp.8832
https://www.iso.org/standard/31264.html/
https://doi.org/10.4103/jpbs.jpbs_643_23
https://doi.org/10.1111/jopr.13640
https://doi.org/10.1016/j.prosdent.2019.05.034


Prosthesis 2025, 7, 24 12 of 14

16. da Silva, F.C.; Kimpara, E.T.; Mancini, M.N.; Balducci, I.; Jorge, A.O.; Koga-Ito, C.Y. Effectiveness of six different disinfectants on
removing five microbial species and effects on the topographic characteristics of acrylic resin. J. Prosthodont. 2008, 17, 627–633.
[CrossRef]

17. Cotrim, L.E.F.; Santos, E.M.; Jorge, A.O.C. Procedimentos de Biossegurança Realizados por Cirurgiões-Dentistas e Laboratórios
Durante a Confecção de Próteses Dentárias. Rev. Odontol. UNESP 2001, 30, 233–244.

18. Coordenaçao, N. Controle de Infecções e a Prática Odontológica em Tempos de AIDS: Manual de Condutas, 1st ed.; Ministério da Saúde:
Brasília, Brazil, 2000.

19. Li, J.; Helmerhorst, E.J.; Leone, C.W.; Troxler, R.F.; Yaskell, T.; Haffajee, A.D.; Socransky, S.S.; Oppenheim, F.G. Identification of
early microbial colonizers in human dental biofilm. J. Appl. Microbiol. 2004, 97, 1311–1318. [CrossRef]

20. Bhathal, M.K.; Kukreja, U.; Kukreja, N. Evaluation of Efficacy of Different Denture Disinfectants on Biofilms Formed on Acrylic
Resin. Dent. J. Adv. Stud. 2018, 6, 20–27.

21. Guimaraes Junior, L. Biossegurança e Controle de Infecção Cruzada em Consultórios Odontológicos, 1st ed.; Santos: São Paulo,
Brazil, 2001.

22. Bell, J.A.; Brockmann, M.S.; Feil, P.; Sackuvich, D. The effectiveness of two disinfectants on denture base acrylic resin with an
organic load. J. Prosthet. Dent. 1989, 61, 581–589. [CrossRef]

23. Chau, V.B.; Saunders, T.R.; Pimsler, M.; Elfring, D.R. In-depth disinfection of acrylic resins. J. Prosthet. Dent. 1995, 74, 309–313.
[CrossRef]

24. Angelillo, I.F.; Bianco, A.; Nobile, C.G.A.; Pavia, M. Evaluation of the efficacy of glutaraldehyde and peroxygen for disinfection of
dental instruments. Lett. Appl. Microbiol. 1998, 27, 292–296. [CrossRef]

25. Rocha, M.M.; Carvalho, A.M.; Coimbra, F.C.; Arruda, C.N.; Oliveira, V.D.; Macedo, A.P.; Silva-Lovato, C.H.; Pagnano, V.O.;
Paranhos, H.D. Complete denture hygiene solutions: Antibiofilm activity and effects on physical and mechanical properties of
acrylic resin. J. Appl. Oral Sci. 2021, 29, e20200948. [CrossRef]

26. Alqanas, S.S.; Alfuhaid, R.A.; Alghamdi, S.F.; Al-Qarni, F.D.; Gad, M.M. Effect of denture cleansers on the surface properties and
color stability of 3D printed denture base materials. J. Dent. 2022, 120, 104089. [CrossRef]

27. Chhabra, M.; Kumar, M.N.; RaghavendraSwamy, K.N.; Thippeswamy, H.M. Flexural strength and impact strength of heat-cured
acrylic and 3D printed denture base resins-A comparative in vitro study. J. Oral Biol. Craniofacial Res. 2022, 12, 1–3. [CrossRef]

28. Abbasi, S.; Nikanjam, S.; Shishehian, A.; Khazaei, S.; Fotovat, F.; Pana, N.H. A comparative evaluation of wear resistance of three
types of artificial acrylic teeth after removing the glaze layer. Dent. Res. J. 2022, 19, 59.

29. Campbell, S.D.; Cooper, L.; Craddock, H.; Hyde, T.P.; Nattress, B.; Pavitt, S.H.; Seymour, D.W. Removable partial dentures: The
clinical need for innovation. J. Prosthet. Dent. 2017, 118, 273–280. [CrossRef]

30. Jain, S.; Sayed, M.; Ahmed, W.M.; Halawi, A.H.; Najmi, N.M.; Aggarwal, A.; Bhandi, S.; Patil, S. An in-vitro study to evaluate
the effect of denture cleansing agents on color stability of denture bases fabricated using CAD/CAM milling, 3D-printing and
conventional techniques. Coatings 2021, 11, 962. [CrossRef]

31. ISO/TR-28642:2016(E); Dentistry—Guidance on Colour Measurements. International Organization for Standardization: Geneva,
Switzerland, 2016.

32. Nimeroff, I. Colorimetry National Bureau of Standards; Monograph 104; U.S. Government Printing Office: Washington, DC,
USA, 1968.

33. Porwal, A.; Khandelwal, M.; Punia, V.; Sharma, V. Effect of denture cleansers on color stability, surface roughness, and hardness
of different denture base resins. J. Indian Prosthodont. Soc. 2017, 17, 61–67. [CrossRef]

34. Fotovat, F.; Abassi, S.; Nikanjam, S.; Alafchi, B.; Baghiat, M. Effects of various disinfectants on surface roughness and color
stability of thermoset and 3D-printed acrylic resin. Eur. J. Transl. Myol. 2024, 34, 11701. [CrossRef]

35. Shen, C.; Javid, N.S.; Colaizzi, F.A. The effect of glutaraldehyde base disinfectants on denture base resins. J. Prosthet. Dent. 1989,
61, 583–589. [CrossRef]

36. Pavarina, A.C.; Pizzolitto, A.C.; Machado, A.L.; Vergani, C.E.; Giampaolo, E.T. An infection control protocol: Effectiveness of
immersion solutions to reduce the microbial growth on dental prostheses. J. Oral Rehabil. 2003, 30, 532–536. [CrossRef]

37. Azevedo, A.; Machado, A.L.; Vergani, C.E.; Giampaolo, E.T.; Pavarina, A.C.; Magnani, R. Effect of disinfectants on the hardness
and roughness of reline acrylic resins. J. Prosthodont. 2006, 15, 235–242. [CrossRef]

38. Salvia, A.C.; Matilde Fdos, S.; Rosa, F.C.; Kimpara, E.T.; Jorge, A.O.; Balducci, I.; Koga-Ito, C.Y. Disinfection protocols to prevent
cross-contamination between dental offices and prosthetic laboratories. J. Infect. Public Health 2013, 6, 377–382. [CrossRef]

39. Rodrigues, E.A.; Reis, R.F.; Camargo, R.W. Eficácia de três desinfetantes em próteses totais à base de resina acrílica. Odontol. Mod.
1994, 21, 11–15.

40. Davi, L.R.; Peracini, A.; Ribeiro Nde, Q.; Soares, R.B.; da Silva, C.H.; de Freitas Oliveira Paranhos, H.; De Souza, R.F. Effect of the
physical properties of acrylic resin of overnight immersion in sodium-hypochlorite solution. Gerodontology 2010, 27, 297–302.
[CrossRef]

https://doi.org/10.1111/j.1532-849X.2008.00358.x
https://doi.org/10.1111/j.1365-2672.2004.02420.x
https://doi.org/10.1016/0022-3913(89)90280-1
https://doi.org/10.1016/S0022-3913(05)80140-4
https://doi.org/10.1046/j.1472-765X.1998.00430.x
https://doi.org/10.1590/1678-7757-2020-0948
https://doi.org/10.1016/j.jdent.2022.104089
https://doi.org/10.1016/j.jobcr.2021.09.018
https://doi.org/10.1016/j.prosdent.2017.01.008
https://doi.org/10.3390/coatings11080962
https://doi.org/10.4103/0972-4052.197940
https://doi.org/10.4081/ejtm.2024.11701
https://doi.org/10.1016/0022-3913(89)90281-3
https://doi.org/10.1046/j.1365-2842.2003.01093.x
https://doi.org/10.1111/j.1532-849X.2006.00112.x
https://doi.org/10.1016/j.jiph.2013.04.011
https://doi.org/10.1111/j.1741-2358.2009.00336.x


Prosthesis 2025, 7, 24 13 of 14

41. Kurt, A.; Erkose-Genc, G.; Uzun, M.; Sarı, T.; Isik-Ozkol, G. The Effect of Cleaning Solutions on a Denture Base Material:
Elimination of Candida albicans and Alteration of Physical Properties. J. Prosthodont. 2018, 27, 577–583. [CrossRef]

42. Durkan, R.; Ayaz, E.A.; Bagis, B.; Gurbuz, A.; Ozturk, N.; Korkmaz, F.M. Comparative effects of denture cleansers on physical
properties of polyamide and polymethyl methacrylate base polymers. Dent. Mater. J. 2013, 32, 367–375. [CrossRef]

43. Pisani, M.X.; Da Silva, C.L.; Paranhos, H.O. The effect of experimental denture cleanser solution Ricinus communis on acrylic
resin properties. Mater. Res. 2010, 13, 369–373. [CrossRef]

44. Gad, M.M.; Fouda, S.M.; Abualsaud, R.; Alshahrani, F.A.; Al-Thobity, A.M.; Khan, S.Q.; Akhtar, S.; Ateeq, I.S.; Helal, M.A.;
Al-Harbi, F.A. Strength and surface properties of a 3D-printed denture base polymer. J. Prosthodont. 2021, 31, 412–418. [CrossRef]

45. Kosti’c, M.; Kruni’c, N.; Nikoli’c, L.; Nikoli’c, V.; Najman, S.; Koci’c, J. Residual monomer content determination in some acrylic
denture base materials and possibilities of its reduction. Vojn. Pregl. 2009, 66, 223–227. [CrossRef]

46. Fouda, S.M.; Gad, M.M.; Abualsaud, R.; Ellakany, P.; AlRumaih, H.S.; Akhtar, S.; Al-Qarni, F.D.; Al-Harbi, F.A. Flexural Properties
and Hardness of CAD-CAM Denture Base Materials. J. Prosthodont. 2023, 32, 318–324. [CrossRef]

47. Asad, T.; Watkinson, A.C.; Huggett, R. The effects of various disinfectant solutions on the surface hardness of an acrylic resin
denture base material. Int. J. Prosthodont. 1993, 6, 9–12.

48. Asad, T.; Watkinson, A.C.; Huggett, R. The effect of disinfection procedures on flexural properties of denture base acrylic resins. J.
Prosthet. Dent. 1992, 68, 191–195. [CrossRef]

49. Ma, T.; Johnson, G.H.; Gordon, G.E. Effects of chemical disinfectants on the surface characteristics and color of denture resins. J.
Prosthet. Dent. 1997, 77, 197–204. [CrossRef]

50. Atalay, S.; Çakmak, G.; Fonseca, M.; Schimmel, M.; Yilmaz, B. Effect of different disinfection protocols on the surface properties of
CAD-CAM denture base materials. J. Prosthet. Dent. 2022, 8, 787–795. [CrossRef]

51. Vallittu PK: The effect of surface treatment of denture acrylic resin on the residual monomer content and its release into water.
Acta Odontol. Scand. 1996, 54, 188–192. [CrossRef]

52. Dogan, A.; Bek, B.; Cevik, N.N.; Usanmaz, A. The effect of preparation conditions of acrylic denture base materials on the level of
residual monomer, mechanical properties and water absorption. J. Dent. 1995, 23, 313–318. [CrossRef]

53. Braun, K.O.; Mello, J.A.; Rached, R.N.; Cury, A.A.D.B. Surface texture and some properties of acrylic resins submitted to chemical
polishing. J. Oral Rehabil. 2003, 30, 91–98. [CrossRef]

54. Kwon, T.Y.; Imai, Y. Polymerization characteristics of ethyl methacrylate-based resin initiated by TBB. Dent. Mater. J. 2004,
23, 161–165. [CrossRef]

55. Cucci, A.L.; Vergani, C.E.; Giampaolo, E.T.; Afonso, M.C.S.F. Water sorption, solubility, and bond strength of two autopolymerizing
acrylic resins and one heat-polymerizing acrylic resin. J. Prosthet. Dent. 1998, 80, 434–438. [CrossRef]

56. Takahashi, Y.; Chai, J.C.; Kawaguchi, M. Equilibrium strengths of denture polymers subjected to long-term water immersion. Int.
J. Prosthodont. 1999, 12, 348–352.

57. Von Fraunhofer, J.A.; Suchatlampong, C. The surface characteristics of denture base polymers. J. Dent. 1975, 3, 105–109. [CrossRef]
58. Schwindling, F.S.; Rammelsberg, P.; Stober, T. Effect of chemical disinfection on the surface roughness of hard denture base

materials: A systematic literature review. Int. J. Prosthodont. 2014, 27, 215–225. [CrossRef]
59. Lin, C.T.; Lee, S.Y.; Tsai, T.Y.; Dong, D.; Shih, Y. Degradation of repaired denture base material in simulated oral fluid. J. Oral

Rehabil. 2000, 27, 190–198. [CrossRef]
60. Koda, T.; Tsuchiya, H.; Yamauchi, M.; Hoshino, Y.; Takagi, N.; Kawano, J. High-performance liquid chromatographic estimation

of eluates from denture base polymers. J. Dent. 1989, 17, 84–89. [CrossRef]
61. Zissis, A.; Yannikakis, S.; Polyzois, G.; Harrison, A. A long term study on residual monomer release from denture materials. Eur.

J. Prosthodont. Restor. Dent. 2008, 16, 81–84.
62. Bollen, C.M.; Lambrechts, P.; Quirynen, M. Comparison of surface roughness of oral hard materials to the threshold surface

roughness for bacterial plaque retention: A review of the literature. Dent. Mater. 1997, 13, 258–269. [CrossRef]
63. Kessler, A.; Reichl, F.X.; Folwaczny, M.; Högg, C. Monomer release from surgical guide resins manufactured with different 3D

printing devices. Dent. Mater. 2020, 36, 1486–1492. [CrossRef]
64. Carvalho, C.F.; Vanderlei, A.D.; Salazar Marocho, S.M.; Pereira, S.; Nogueira, L.; Arruda Paes-Junior, T.J. Effect of disinfectant

solutions on a denture base acrylic resin. Acta Odontol. Latinoam. 2012, 25, 255–260.
65. Gad, M.M.; Abualsaud, R.; Fouda, S.M.; Rahoma, A.; AlThobity, A.M.; Khan, S.Q.; Akhtar, S.; Al-Abidi, K.S.; Ali, M.S.; Al-Harbi,

F.A. Color Stability and Surface Properties of PMMA/ZrO2 Nanocomposite Denture Base Material after Using Denture Cleanser.
Int. J. Biomater. 2021, 2021, 6668577. [CrossRef]

66. Yiu, C.K.; King, N.M.; Pashley, D.H.; Suh, B.; Carvalho, R.; Carrilho, M.; Tay, F. Effect of resin hydrophilicity and water storage on
resin strength. Biomaterials 2004, 25, 5789–5796. [CrossRef]

https://doi.org/10.1111/jopr.12539
https://doi.org/10.4012/dmj.2012-110
https://doi.org/10.1590/S1516-14392010000300015
https://doi.org/10.1111/jopr.13413
https://doi.org/10.2298/VSP0903223K
https://doi.org/10.1111/jopr.13535
https://doi.org/10.1016/0022-3913(92)90303-R
https://doi.org/10.1016/S0022-3913(97)70235-X
https://doi.org/10.1016/j.prosdent.2021.12.007
https://doi.org/10.3109/00016359609003522
https://doi.org/10.1016/0300-5712(94)00002-W
https://doi.org/10.1046/j.1365-2842.2003.00997.x
https://doi.org/10.4012/dmj.23.161
https://doi.org/10.1016/S0022-3913(98)70008-3
https://doi.org/10.1016/0300-5712(75)90060-3
https://doi.org/10.11607/ijp.3759
https://doi.org/10.1046/j.1365-2842.2000.00513.x
https://doi.org/10.1016/0300-5712(89)90137-1
https://doi.org/10.1016/S0109-5641(97)80038-3
https://doi.org/10.1016/j.dental.2020.09.002
https://doi.org/10.1155/2021/6668577
https://doi.org/10.1016/j.biomaterials.2004.01.026


Prosthesis 2025, 7, 24 14 of 14

67. Almuraikhi, T. Evaluation of the Impact of Different Disinfectants on Color Stability of Denture Base Materials: A Comparative
Study. J. Contemp. Dent. Pract. 2022, 23, 543–547. [CrossRef]

68. Piskin, B.; Sipahi, C.; Akin, H. Effect of different chemical disinfectants on color stability of acrylic denture teeth. J. Prosthodont.
2014, 23, 476–483. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.5005/jp-journals-10024-3328
https://doi.org/10.1111/jopr.12131

	Introduction 
	Materials and Methods 
	Specimen Preparation 
	Specimen Disinfection Procedures 
	Specimen Testing 

	Results 
	Discussion 
	Conclusions 
	References

