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METHODS CONT.
Testing of Flexural Models

Effects of 3D Building Parameters and Dual Post-Curing on Mechanical 
Properties of 3D Printed Models Using Digital Light Processing

RESULTS CONT.

Ø Increasing temperature as well as time of UV post-curing 
causes an increase in the Flexural Modulus (Figure 7.)

ØOptimal modulus is reached when temperature is 40°C  
to 60°C from 60 to 90 minutes. 

ØFlexural modulus increases due to an increase in the 
kinetics of the unreacted monomer therefore resulting in 
a higher degree of conversion (6).

Figure 2. Figure 7.

INTRODUCTION
Ø Additive manufacturing is the process in which a 

Computer-aided design model is created into a 3D 
object through a layer by layer format (1,2)

Ø Flexural strength, hardness, impact strength, and color 
stability are important to extend the use of temporary 
dental restorations (3)

Ø Denture bases may crack due to the fatigue caused by 
repeated flexing during mastication over many years 
(4)

Ø Therefore, a high flexural strength is required for 
dental resins to prevent failure under load.

CONCLUSION / FUTURE WORK
ØSamples that had the force applied perpendicular to the 

direction that they were built in resulted in the highest 
flexural strength. 

ØSmaller layers and post-curing may be used to create 
strong dental models that are able to withstand the 
mechanical stress of surgery or overnight guards. 

ØFuture work, the adhesion between layers should be 
studied and a different dental resin should be used to 
see if orientations results are the same. 
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METHODS
Resin Type

Ø Acrylate based dental resin. 

3D Printing of Testing Models 

Ø Solidworks was used to create ASTM D760 Flexural 
Testing Models.(5) 

Ø Flexural Models were printed using a digital light 
processing technique with a MoonRay Model S100 3D 
printer (λ = 405 nm & Intensity = 1.005 mW/cm2).

Ø Two batches were printed for each orientation: Batch1 = 
control group (N = 5) and Batch2 = post-cured samples 
(N = 5).

Ø Samples were printed in 3 different thicknesses: 20, 50, 
& 100 μm. 

Ø Samples were rinsed in Isopropyl Alcohol for 3 minutes 
to remove any unreacted resin.

Ø Six different orientations printed (Figure 1) :

Figure 1.

Figure 5.

Ø Three-Point Bend Test: Allows for characterization of the flexural samples’ 
max strength, elastic modulus, and max strain (Figure 2.) Samples were 
tested at a speed of 1mm/min.

Ø Dynamic Mechanical Analysis (Single Cantilever): 3 samples were tested 
for each orientation. The protocol was initialized at 30°C and ramped up to 
170°C by 5°C increments.

Ø Dual Post-Curing: Three batches of 50 μm samples (N=5) for each 
orientation were printed and post-cured at three different temperatures, 30°C,
40°C and 60°C for 3 different times 30 min, 60 min, and up to 90 min.
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• Horizontal orientation = strongest flexural strength & 45° support 
= lowest flexural strength (Figure 3.) 

• After post-curing = increased flexural strength (Figure 3). 

• Similar trend for flexural modulus is seen for different layer 
thicknesses. (Figure 5.)

• Smaller layer thickness allows deeper light penetration light and 
results in  higher degree of polymerization for this specific resin.

• Highest storage modulus = Horizontal & lowest storage 
modulus 45° support (Figure 6.)

• DMA results confirm 3-point bend test results.

Figure 6.

• After post-curing = decrease in the max strain for all (Figure 4.)

• Inverse relationship: Flexural Strength vs Max Strain. (Figures 
3. & 4.)

Figure 4.Figure 3.


