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ABSTRACT 
INRTODUCTION: Microwave irradiation is considered an effective way to disinfect complete dentures. The 

effect of microwave disinfection on CAD/CAM milled and 3D-printed denture resin was unclear. 

OBJECTIVES: This study was carried out to evaluate effect of repeated cycles of microwave disinfection on 

flexural strength and dimensional stability of CAD/CAM milled and 3D-printed denture resin. 

MATERIALS AND METHODS: 40 rectangular samples with dimensions of (65 mm× 10 mm× 3.3 mm) were 

designed from each type of resin for flexural strength test and 10 samples with dimensions of (32 mm × 10 mm× 

2.5 mm) from each type of materials for dimensional stability test. Samples were irradiated by microwave oven 

with power of 650 watts for 3 min. The disinfection cycle was repeated for 40, 80, 120 cycles. Flexural strength 

was measured by universal testing machine. Dimensional changes were determined by digital caliper calibrated 
to 0.03 mm. 

RESULTS: No significant differences were found in flexural strength among CAD/CAM milled groups while 

there was significant decrease among 3D printed groups. No significant differences were found specimens 

dimensions in both types of materials. 

CONCLUSION: Microwave disinfection was a safe technique for 120 cycles that had no effect on flexural 

strength of CAD/CAM milled resin. However, an adverse effect was noticed on the flexural strength of 3D-

printed resin. There was no effect on dimensional stability of both types of resin materials 

KEY WORDS: Denture resin, CAD/CAM, 3D-printed, microwave disinfection, flexural strength, dimensional 

stability. 
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INTRODUCTION 
Dentures are dental appliances that encourage the 

growth of both pathogenic and non-pathogenic 

bacteria.[1] As a result of  increased usage of dental 

prostheses, denture stomatitis is also increasing in 

frequency.[2] As part of a denture hygiene routine, 

it is necessary to disinfect contaminated dentures . 

Cleaning using chemical solutions is a crucial step 

that helps prevent spread of pathogens and improve 

a patient's oral health, the amount of time 
prostheses are worn, and general quality of life.  

Chemical disinfection on the other hand, 

may have unfavorable effects on the material, 

including denture staining[3], weakened strength, 

increased surface roughness[4] and poor aesthetics 

might result from the dental material's color 
changing. Microwave disinfection is simple, fast 

and easy to be used as an alternative.[5] According 

to Sanita et al., entire dentures infected with 

individual suspensions of every species of Candida 

consistently sterilized after 3 minutes of 650 W 

radiation.[6] Dovigo et al. investigated how 

microwave energy affected various bacterial 

species and discovered that disinfection of 

complete dentures contaminated with S. aureus and 

P. aeruginosa was achieved by exposing them to 

microwave radiation for three minutes at 650 W.[7] 

However, a denture may need to be subjected to 
microwave disinfection numerous times over the 
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course of its lifetime, which could negatively 

impact its strength and structure. 

Previous studies showed that flexural 

capabilities of heat cured  denture resins were 

reduced after 5 and 15 minutes of microwave 
irradiation at 750 W, whether in dry or wet state.[8] 

Contrarily, Consani et al. noticed no appreciable 

differences in the flexural strength between 

specimens that had undergone microwave 

disinfection cycles (5 times at 650 Watt for 3 min 

in distilled water) and those that hadn't.[9]  The 

effects of microwave irradiation on the dimensional 

stability of acrylic resins were extensively studied. 

Consani et al. reported no appreciable dimensional 

alterations when they microwave-disinfected 

dentures in 650 W for 3 min.[10] However, when 

Seo et al. increased the period of radiation cycle to 
6 min with the same power, that caused denture 

bases to shrink.[11]  

Relying on the aforementioned results, the 

best protocol to be used to get the best effect in 

denture disinfection without destructive effect on 

the material was 650 W for 3 min. 

CAD/CAM complete dentures performed 

similarly to conventional prostheses if not 

better.[12]  Baba et al. recently analyzed existing 

procedures for fabricating CAD/CAM complete 

dentures and determined that their physical 
qualities were superior to those created using 

traditional laboratory techniques..[13] 

Presently, two methods are used for 

CAD/CAM complete dentures: subtractive 

"CAD/CAM milled" and additive "3D printed". 

The differences can be seen in the processing 

procedures, the materials employed, and the 

precision.[14, 15]  

Although the fabrication of CAD/CAM 

dentures is rising in clinical practices, there is no 

confirmed protocol for the use of microwave 

radiation cycles to decontaminate these types of 
dentures. For that, the goal of the present study is to 

assess and compare between the effect of frequent 

cycles of this type of radiation on the mechanical 

properties of CAD/CAM milled and 3D printed 

denture base resins. 

the null hypothesis here was that repeated 

exposure to microwave irradiation (650W for 3 

min.) would have no effect on flexure strength nor 

dimensional stability of both materials  

 

MATERIALS AND METHODS 
This study was conducted using Avadent PMMA 

blanks (Avadent Digital dental Solutions, USA) 

and Ceramill Motion 2 machine (AMANN 

GIRBACH, ENGLAND) for CAD/CAM milled 

specimens, NextDent PMMA liquid (Vertex 

Dental, Soesterberg, Netherlands) and Phrozen 

Shuffle XL 2019 machine for 3D-printed 

specimens. 

Microwaving of specimens was performed by 

microwave oven with 650 watts power (FMW-

20MC-B, Fresh Electric, Egypt). Flexural strength 

was measured by Universal testing machine (5ST, 

Tinius Olsen, England). Measurements of length 
were taken by a digital caliper standardized to 0.03 

mm. Each measure was repeated three times and 

the mean value was figured and listed. 

Sample size was based on Rosner’s 

method [16]  and  calculated by Brant’s sample size 

calculator at the University of British 

Columbia.[17] 

40 samples with dimensions of (65 mm length × 10 

mm width × 3.3 mm thickness)[18] and 10 samples 

with dimensions of (32 mm length × 10 mm width 

× 2.5 mm thickness) were designed for each type of 

materials using the software.[19] 
ExoCad software was used to produce 

standard tessellation language (STL) file for the 

specimens. STL file was exported into CAD/CAM 

milling machine in order to execute the cutting 

process. Then these designed samples were 

automatically milled by a computer-aided machine 

from pre-polymerized resin discs (Fig. 1). 

STL file was exported into 3D printer in 

order to fabricate 3D printed specimens with a 100 

mm thick layer of material , and post polymerized 

(according to operating instructions) depending on  
UV light-polymerization unit. [20] (Fig. 2)  

Microwave cycle was adjusted to 650 

watts for 3 minutes. This wattage is the optimum 

wattage for bacterial[7] and candida[6] disinfection 

without detrimental effect on the denture base 

material.[9, 10, 21] The time interval between each 

cycle was 24 hours. 

The samples were submerged individually 

in glass beaker full of 200 ml of distilled water. 

The cycles were repeated every day resembling 

patient daily use until the number of exposures are 

reached, and with a new water bath of 23±2°C for 
every exposure.[19] 

10 samples of each type with dimension of 

(65 mm × 10 mm × 3.3 mm) were stored in distal 

water without being subjected to microwave 

irradiation as a control group. Another 10 samples 

of each type of materials were exposed to 40 

cycles, 10 specimens were subjected to 80 cycles 

and 10 samples were exposed to 120 cycles 

resembling daily routine of disinfection for 4 

months. 

10 samples with dimensions of (32 mm × 
10 mm × 2.5 mm) were subjected to disinfection 

cycles with measuring dimensional changes at 0 

"control", 40, 80,120 cycles. 

A universal testing machine was used to 

perform the flexural strength test (Fig. 3). The 

specimens were placed on testing machine's 

supports (three-point loading). When placing the 

specimen on the testing apparatus, care was taken 

to ensure that the central loading plunger was 
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touching center of the sample. The force was 

gradually applied perpendicular to the center of the 

specimen strips at a crosshead speed of 0.5 

mm/min. The load was applied until the three-point 

testing device's maximum capacity was registered. 
The flexural strength was calculated by 

the following equation [22] :  

F = 3Pl/2bd²   where, F= flexural strength, P= the 

ultimate load at fracture, l= the distance of the 

supports, b= the width of the sample, d= the 

thickness of the sample. and the measuring unit 

was MPa. 

In Dimensional stability test, 

measurements were taken at 0 "control, 40, 80 ,120 

cycles as the specimens were not destructed. 

Measurements were taken using a digital caliper 

calibrated to 0.03 mm (Fig.4). Each measurement 
was repeated 3 times and the mean value was be 

calculated and recorded.[19] 

STATISTICAL ANALYSIS 

Data collected from measurements of the 

specimen's flexural strength and length. Normality 

was approved. Data were presented mainly using 

mean and standard deviation. Two Way ANOVA 

followed by Tukey’s post hoc test with Bonferroni 

correction was performed to assess the effect of 

disinfection cycles on flexural strength and length. 

All tests were two tailed and significance level was 
set p value ≤0.05. Data were analyzed using IBM 

SPSS version 23, NY, Armonk, USA. 

 
Fig. 1: CAD/CAM milled specimens 

 

 

Fig. 2: 3D printed specimens 

 

 
Fig. 3: Universal testing machine ( Three points 

loading) 

 

 
Fig. 4: length measuring using digital caliper 
 

RESULTS 
Flexural strength: 

Data obtained from changes in flexural strength of 

denture base materials at all predetermined number 

of cycles were presented in (Table 1) and a bar 
chart (Fig. 5). Statistical Analysis of the differences 

from baseline at all specified cycles revealed no 

significant differences among CAD/CAM milled 

groups (p value = 1). While in 3D printed group, 

the differences were insignificant between the 

control group and the 40 cycles group. The result of 

3D-printed specimens showed 43.60 ± 3.29 MPa. 

and 42.73 ± 3.92 MPa. respectively (p value = 1), 

but they became more significant when compared 

to the following groups. The result showed 38.43 ± 

3.67 MPa. for the 80 cycles group and 35.03 ± 4.34 
MPa. for 120 cycles group (p value<0.05). (Table 

1) 

Dimensional stability: 

 Data obtained from changes in length of the 

specimens at all predetermined number of cycles 

CAD/CAM milled and 3D printed groups are 

presented in (Table 2) and a bar chart (Fig. 6). 

Statistical Analysis of the differences from baseline 

at all specified cycles revealed no significant 

differences among groups of both types of 

materials (p value<0.05) (Table 3) 
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Fig. 5: flexural strength results 
 

 
Fig. 6: dimensional stability test results 

 

Table 1: Comparison of flexural strength in MPa 

between CAD CAM and 3D at 0, 40, 80, 120 

cycles 

 

Cycles 

CAD CAM 

(n=10) 

3D 

(n=10) 

Mean ± SD 

0 cycle 149.11 ± 3.01 43.60 ± 3.29 

40 cycles 148.60 ± 2.45 42.73 ± 3.92 

80 cycles 147.70 ± 2.44 38.43 ± 3.67 

120 cycles 147.40 ± 3.91 35.03 ± 4.34 

 Pairwise comparisons 

 “p value” 

0 cycle vs 40 

cycles 

1.00 1.00 

0 cycle vs 80 

cycles 

1.00 0.028* 

0 cycle vs 120 

cycles 

1.00 <0.0001* 

40 cycle vs 80 
cycles 

1.00 0.099 

40 cycle vs 

120 cycles 

1.00 <0.0001* 

80 cycles vs 

120 cycles 

1.00 0.327 

Statistically significant at p value<0.05, 

Table 2: Comparison of length in mm between 

CAD CAM and 3D at 0, 40, 80, 120 cycles 

 

Cycles 

CAD CAM 

(n=10) 

3D 

(n=10) 

Mean ± SD 

0 cycle 32.05 ± 0.63 31.52 ± 0.85 

40 cycles 31.99 ± 0.49 31.51 ± 0.96 

80 cycles 32.00 ± 0.63 31.39 ± 0.88 

120 cycles 31.80 ± 0.63 31.40 ± 0.86 

 

Table 3: Two Way ANOVA assessing effect 
of disinfection cycles on length 
 Mean 

square 

F test P 

value 

Ƞ 

CAD/CAM 0.131 0.230 0.876 0.009 

3D 0.133 0.274 0.894 0.009 

*Statistically significant at p value<0.05, Model 

summary: p = 0.215, Adjusted Squared = 0.035 

 

DISCUSSION 
CAD-CAM milled and 3D printed resin were tested 

for flexure strength and dimensional stability, in 

which flexural strength determines how will the 

denture base material can endure masticatory 

stresses. Therefore, three-point loading was used 
for testing in the present study because it simulates 

the stresses applied on the denture during use. It 

has been demonstrated that the bases of dentures 

can bend under the forces produced by chewing, 

putting the acrylic polymer under internal strains 

that could cause cracks to grow and finally cause 

the denture to break.[23] 

This study evaluated the effect of different 

numbers of exposure of microwave on the flexural 

strength of both CAD/CAM milled and 3D printed 

resin materials. The study’s results displayed that 
microwave disinfection did not significantly affect 

the flexural strength of the CAD/CAM milled 

specimens. Generally, the specimens of milled 

resin material showed much higher values of 

flexural strength than 3D-printed resin specimens. 

This could be due to the polymerization technique 

of discs in factory under high pressure.[24] The 

high pressure influences the formation of longer 

polymer chains.[20]. Furthermore, inorganic fillers 

and high temperatures during the CAD/CAM resin 

polymerization process improve various 

mechanical qualities, particularly flexural 
strength.[25] 

 On the other hand, generally, there was a 

significant decrease in flexural strength in case of 

3D printed specimens. At first, the decrease was 

insignificant in group of 40 cycles when compared 

to the control group but it started to be more 

significant between the values of 80, 120 cycles 

groups and the values of control. The absence of 

significant difference at stage of 40 cycles group 

may be related to post-curing polymerization of the 

residual monomer existing in 3D printed samples 
during microwaving since microwave radiation is 

considered one of the effective ways for acrylic 

resin curing [26, 27]. This process produces cross 

linking between polymer chains preserving its 

flexure strength. However, The significant  drop in 

flexure strength in groups of 80 and 120 may be 

due to the consumption of all amount of residual 

monomer in the previous cycles .[28] Although the 

amount of residual monomer was tested to be more 

in milled acrylic dentures than in 3D printed ones, 

post curing of the it might help the milled material 
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to preserve its flexural strength throughout the 

cycles of microwaving. [28] 

The results of the milled resin were similar 

to the conventional resin when subjected to 

microwave irradiation with 650 watts for 3 min. the 
study was conducted by Consani et al.[9] however, 

the values were tested only after 6 disinfection 

cycles. Konchada et al.[29] increased the period of 

irradiation to 5 min and still no significant 

differences found. Senna et al.[18] maintained the 

study on conventional resin for 36 cycles on 

irradiation of  630 for 3 min. and they found no 

significant difference in flexural strength of the 

specimens. 

On the contrary, when increasing the 

parameters of the disinfection cycle " the wattage 

and the duration of the cycle", the conventional 
resin started to display significant changes in the 

flexural strength. Hamouda and Ahmed showed 

that 5 and 15 minutes of 750 W microwave 

exposure, whether in dry or wet conditions, 

reduced the strength properties of conventional 

denture resins, and they came to the conclusion that 

this method is unacceptable for conventional 

acrylic dentures.[8] 

On the other hand, dimensional stability 

was also tested for both types of denture resins. 

This parameter gives indicators about adaptability 
of denture bases after using microwave disinfection 

protocols. Insignificant amount of shrinkage was 

noticed when both resins were subjected to 

microwave radiation. 

The reason for the minimal initial 

shrinkage of both materials is most likely due to 

annealing, which is the result of the materials' 

internal stresses being released as a result of 

radiation exposure, either directly or indirectly. Its 

indirect action may be caused on by the water 

bath's temperature exceeding 90 °C as early as the 

first minute of microwaving.[19] 
The gradual, insignificant shrinking of 

PMMA can be explained by the migration of 

residual monomer to the polymer chain's active 

sites[30, 31], which causes further polymerization 

and shrinkage of the polymer.[32] 

These findings are consistent with those of 

Polychronakis et al. They concluded that irradiating 

dentures in dry and wet conditions for 6 minutes at 

650W was effective. When disinfection was 

performed in wet conditions, no dimensional 

alterations were observed.[19] 
The results are also in agreement with 

results of Burns et al.[33] who stated that 

microwave radiation of samples of three several 

acrylic resins ( heat-polymerized, auto-

polymerized, and visible light-polymerized acrylic 

resins) after 15 min at 650 W displayed no 

dimensional changes. 

Nevertheless, the results contradicted the 

findings of Goncalves et al., who argued that 

microwave energy (650 W for 6 minutes in 200 mL 

of water) exhibited considerable reduction in the 

dimension of conventional resin bases of 

dentures.[32] Furthermore, Thomas and Webb 

noted that considerable contraction occurred 
following microwave radiation at 650 W for 10 

minutes. However, when the exposure duration was 

reduced to 6 minutes, the alterations were 

minor.[34] Nevertheless, these studies can be 

neglected because the parameters of time and 

power of radiation were much higher than the 

parameters of this study. 

The most related study was made by 

Consani et al.[9] and he used parameters similar to 

our study " 650 watt for 3 min in wet conditions ". 

He concluded that there were no significant 

changes in dimensions when they subjected 
conventional dentures to microwave disinfection. 

The null hypothesis was accepted for 

flexural strength of milled resin and rejected for 

flexural strength of 3D- printed resin. It was 

accepted for dimensional changes of both types of 

resin materials. 

 

CONCLUSION 
Within the limitations of this study, it was 
concluded that: 

Microwave disinfection "650 watt for 3 min. in wet 

conditions" had no effect on flexural strength nor 

dimensional stability of CAD/CAM milled acrylic 

resin specimens after 40, 80 ,120 cycles 

It caused significant decrease in flexural strength of 

3D-printed resin after 80 and 120 cycles but it 

didn't affect dimensional stability 

Microwave disinfection is safe for CAD/CAM 

milled denture resin which showed greater flexural 

strength than 3D printed resin. 
Microwave disinfection was limited for 3D-printed 

resin due to its unfavorable effect on flexural 

strength of the material 
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