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Abstract 

Objective: To evaluate the effect of post-curing method, printing layer thickness, and water storage 

on the mechanical properties and degree of conversion of a light-curing methacrylate based resin 

material (IMPRIMO® LC Splint), used for the fabrication of 3D printed occlusal splints and 

surgical guides. 

Methods: 96 bar-shaped specimens were 3D printed (Asiga MAX), half of them with a layer 

thickness of 100 µm (Group A), and half with 50 µm (Group B). Each group was divided in three 

subgroups based on the post-curing method used: post-curing with light emitting diode (LED) and 

nitrogen gas; post-curing with only LED; and non-post-curing. Half of the specimens from each 

subgroup were water-stored for 30 days while the other half was dry-stored (n=8). Flexural strength 

and flexural modulus were evaluated. Additional specimens were prepared and divided in the same 

way for surface hardness (n=96), fracture toughness, and work of fracture (n=96). Five specimens 

were selected from each subgroup for evaluating the degree of conversion (DC). Data were 

collected and statistically analyzed with 1-way, 2-way ANOVA, and Tukey post-hoc analysis 

(α=0.05).  

Results: The 2-way ANOVA showed that the post-curing method and water storage significantly 

affected the investigated mechanical properties (P<0.001). The 1-way ANOVA revealed a 

statistically significant difference among the tested groups on the investigated properties (P<0.001).  

After water storage, the 100 µm subgroup post-cured with only LED showed higher flexural 

strength (51±9) than the 50 µm and 100 µm subgroups that were post-cured with LED in addition to 

nitrogen gas atmosphere (38 ±5, 30 ±3)  (p < 0.05). The 50 µm subgroup post-cured with only LED 

showed the highest significant flexural modulus values (1.7 ±0.08)  (p < 0.05). However, the 50µm 

subgroup post-cured with LED plus nitrogen showed significantly higher surface hardness values (p 

< 0.05) among the investigated groups. The non-post-cured subgroups showed the lowest values, 

which were significantly different from the other subgroups (p<0.05).  
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Conclusion: The post-curing method, water storage, and printing layer thickness play a role in the 

mechanical properties of the investigated 3D Printed occlusal splints material. The combination of 

heat and light within the post-curing unit can enhance the mechanical properties and degree of 

conversion of 3D printed occlusal splints.  Flexural strength and surface hardness can increase when 

decreasing printing layer thickness. 
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1. Introduction 

Occlusal stabilization splints (SS) are devices often used in the treatment of temporomandibular 

disorders (TMDs), which is a term used to describe masticatory muscle weakness and pain of 

temporomandibular joints and associated structures.1 The use of such SS for the treatment of TMDs 

and bruxism is clinically accepted and has a low risk of side effects.2,3 Occlusal splints reduce the 

muscular tension and protect teeth against wear by distributing occlusal forces generated during 

teeth grinding and/or jaw clenching.4 

Autopolymerizing or heat-cured polymethyl methacrylate (PMMA) has been used for 

the fabrication of hard SS.5 The fabrication is made on plaster casts poured from an intraoral 

impression of the patients’ dental arches. Then, intra-oral try in and adjustments are carried out in 

order to obtain the desired adaptation to the teeth. However, the process is time-consuming for the 

dentist and the patient. Furthermore, the quality and clinical performance of SS are affected by pore 

formation, large amount of residual monomer content and shrinkage which may occur during the 

production process.6 

Additive manufacturing (AM) has been used as an alternative for the fabrication of 

three-dimensional (3D) resin-based SS. The functioning of AM technologies involves the use of 

two-dimensional data (2D), which is acquired from the segmenting process of 3D models produced 

via computer-aided designing (CAD) and computer-aided manufacturing (CAM) systems to 

physically replicate 3D objects in a layer-by-layer method.7–10  

This technique is more time-efficient compared with the traditional manufacturing 

method, which also results in accurate occlusal splints.11,12 It is associated with less processing 

complications, which happen due to technical errors and/or material properties such as 

polymerization shrinkage. Accurate shape and thickness of the stent can be obtained. Additionally, 

the occluding contact points can be optimized with the aid of a virtual articulator and glide paths 

of lateral and protrusive movements.13,14  
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For manufacturing occlusal SS, the use of 3D printing equipment might then be a 

cost-effective alternative to obtain precise 3D occlusal splints. The production of a digital and 

subsequent physical splint lead to a precise planning of the treatment sequence, time saving and 

more predictable results.15 A variety of 3D printing methods and devices are currently available. 

Based on the printing methods, the current printing systems may be categorized as a) extrusion 

printing, where a material is handed out from a nozzle with computer controlled movement of a 3-

axis stage; 16 b) inkjet printing, where droplets of an ink are allocated using 3-axis stages;17 c) laser 

melting and sintering, where the high temperature of the laser is utilized to sinter specific regions in 

a powder bed while a platform moves up or down and the material is coupled layer-by-layer 

generating a 3D structure;18 and d) stereolithography printing (SLA), which uses photopolymers 

that are kept in a Z-axis controlled vat, resulting in a 3D printed structure due to the direct 

exposition of the polymer to light.19  

A digital scanner is used for capturing the three-dimensional image of the structure 

and creating a CAD file, which is then processed, edited and transformed into a stereolithography 

(STL) file.  This STL file can be used as the input for an STL apparatus. Then, inside the apparatus, 

the structure is made by using any of the currently available printing methods. Two irradiation 

methods are involved in SLA printing, which are mask irradiation and direct irradiation. In the first 

method, each layer of a polymer is solidified using UV radiation that is produced by a lamp and 

transmitted through a mask with transparent areas equivalent to the section of the model to be 

fabricated. 20 Vector photo fabrication is the second irradiation method used in SLA printing. In this 

method a laser is involved for polymerizing each layer of the polymer defining the cross section of 

the 3D object. This direct irradiation system is conformed by a vat containing a photosensitive 

polymer, a mobile platform where the model is built, a laser irradiating UV light and an optical 

system for the laser to be directed along the polymeric layer. 10 
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In the SLA printing process unpolymerized resin is removed by rinsing the 3D printed 

object with solvent and placing it in an ultraviolet light oven in order to accomplish final 

polymerization.21–23 Since resins used for 3D printing purpose usually contain ultraviolet absorbers, 

translucent objects can be obtained such as implant drilling guide and transparent surgical models.24 

Casts with high accuracy can be obtained if such printing is combined with imaging data like cone 

beam computed tomography.25 

Although it is known that 3D printed resin materials are anisotropic in relation to the 

printing direction,26 literature concerning the evaluation of the mechanical properties11 and wear 

resistance27,28 of 3D printed occlusal devices is generally scarce. Therefore, the aim of this study 

was to investigate the effect of post-curing methods, printing layer thickness, and water storage on 

the mechanical properties and the degree of conversion of a light-curing methacrylate based resin 

material (IMPRIMO® LC Splint), used for the fabrication of 3D printed occlusal splints and 

surgical guides. 

 

2. Materials and methods: 

2.1 Flexural strength and flexural modulus testing: 

In this study, a methacrylate-based acrylic resin (IMPRIMO® LC Splint, SCHEU-DENTAL 

GmbH, Iserlohn, Germany) was evaluated, which is a light-curing resin (bisphenol-A-ethoxylate 

diacrylate (Bis-EMA), structural formula shown in Figure 1) used for the manufacture of high-

precision 3D printed occlusal splints and surgical guides.  
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Figure 1. Structural formula of the major monomer component (bisphenol-A-ethoxylate diacrylate) 

of the resin system 

 

 

Bis-EMA is the ethoxylated version of Bis-GMA, which has a higher molecular weight (MW=540 

g/mol) that can be reduced by the strong secondary molecular interactions given by hydroxyl 

groups, allowing for higher degree of double bond conversion (DC) and better mechanical 

properties to be achieved. 29 Photo-polymerization is done by means of image projection systems. 

For flexural strength and flexural modulus testing, 96 bar-shaped specimens (3.2×10.0×65.0 mm) 

were printed in a horizontal direction with digital light printing (DLP) 3D printer (ASIGA MAX™, 

SCHEU-DENTAL GmbH, Iserlohn, Germany). Half of the specimens (n=48) was printed with a 

layer thickness of 50 µm (Group A), and the other half (n=48) with 100 µm layer thickness (Group 

B).  

The 3D printed specimens were cleaned from fluid resin residues by placing them for 

three minutes in an ultrasonic cleaning unit containing a cleaning liquid (IMPRIMO® Cleaning 

Liquid, SCHEU-DENTAL GmbH, Iserlohn, Germany), which is a water-based cleaning agent. 

Subsequently, the specimens were rinsed with isopropanol for three minutes in a different cleaning 

unit (Form Wash, Formlabs, Berlin, Germany). Afterwards, group A was divided into three equal 

subgroups (n=16/subgroup) according to the post curing method used as follow: Scheu oven 50 

µm, where specimens were polymerized in a light oven with light emitting diode (LED) exposure 

technology and protective gas device (nitrogen gas atmosphere) to avoid the formation of an 
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inhibition layer for three minutes (IMPRIMO® Cure, SCHEU-DENTAL GmbH, Iserlohn, 

Germany) at a wave length of 365-405 nm and a pressure of 1.8 bar; Form Cure 50 µm, where the 

specimens were polymerized in a light curing unit with LED at wave length of 405 nm for 30 

minutes at 60 °C (Form cure, Formlabs, Berlin, Germany); and non-post-cured 50 µm, where the 

specimens were not exposed to any post-curing mechanism. Group B specimens were divided into 

three subgroups following the same parameters as per group A. For each subgroup, half of the 

specimens was stored in distilled water at 37° C for 30 days while the other half was dry stored 

under ambient laboratory conditions (23 ± 1 °C) before testing.  

The flexural strength and flexural modulus were assessed by conducting a 3-point 

bending test for the printed specimens in air at room temperature using a universal testing machine 

(Model LRX; Lloyds Instruments Ltd, Hampshire, UK). The speed of the crosshead was adjusted to 

be 5 mm/min and the distance between the supports of the test specimens was 50 mm. 

 

2.2 Surface microhardness 

The same procedures described above were repeated to obtain additional bar-shaped specimens (4 × 

10 × 10 mm) for surface hardness measurement (n=16/subgroup). A Vickers hardness testing 

machine (Duramin-5, Struers, Ballerup, Denmark) was used for conducting the surface 

microhardness test on selected portions of the printed specimens. The force used was 490.6mN for 

15s.  

 

2.3 Fracture toughness (Kic) and work of fracture (Wf)  

Ninety-six 3D printed bar-shaped specimens (4.0 × 8.0 × 40.0 mm) that were divided in the same 

manner as described above were used for the purpose of performing fracture toughness testing. It 

was evaluated using single-edge notched bend (SENB) specimens. The printed specimens were 

placed on a flat holder and then centrally notched with a 0.15 mm double-sided diamond disk 
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(Komet, Brassler, Legmo, Germany). The notches were polished and sharpened by a straight edged 

razor blade. The length of the notch was 3.0 mm. The specimens were exposed to a 3-point bending 

test with a universal testing machine at a cross head speed of 1.0 mm/min and the distance between 

the supports of the test specimens was 32 mm. After testing, the crack length (a) was calculated as 

the average of 3 measurements of the notch length on the fracture surface of each specimen with 

light microscope (Leica; Leica Microsystem, Wetzlar, Germany).The KIc
30 was calculated in MPa 

m0.5 using the following equation: 

 

 KIc= [P L/B W3/2] f(x), 

f (x)=3x1/2 [1.99-x (1-x) (2.15-3.95x+2.7x2)/(2 (1+2x)(1-x) 3/2 and 0<x<1 with x=a/W 

 

where P is the maximum load (in Newton) and L is the span distance in millimeters (mm), B is the 

specimen thickness in mm, W is the specimen width, x  is a geometric function dependent on a/W 

and a is the crack length in mm. Then, the SENB specimens were used for determining the total 

fracture work (Wf) 
31 in J/m2, by using the equation:  

 

Wf = U/ [2 B (H − a)] 1000 

 

2.4 Degree of double bond conversion (DC) 

Five specimens were selected from each subgroup and the degree of double bond conversion (DC) 

was measured. The unpolymerized material was considered as the control for measuring the DC of 

methyl methacrylate (MMA) to PMMA. DC was analyzed using Fourier Transform Infrared (FTIR) 

spectrometer (Frontier FT-IR spectrometer, Perkin Elmer, Llantrisant, UK). Five specimens from 

each subgroup, as well as the nonpolymerized material were analyzed. Each polymerized test 

specimen was ground with a file and the resulting powder was placed on the ATR crystal for the 

https://www.sciencedirect.com/topics/medicine-and-dentistry/spectrometer
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test. DC was measured by evaluating the absorbance peak intensity of aromatic bonds around at 

1608 cm−1 wave number on the FTIR spectrum. Absorbance peak intensity values 1608 cm−1 wave 

numbers for unpolymerized and polymerized specimens were proportioned and DC values were 

recorded as percentage (%) using the following equation: 

DC % = 100* (1- cured aromatic absorbance peak intensity/uncured aromatic absorbance peak 

intensity). 

 

All data for the evaluated properties were collected and statistically analyzed with 1-way analysis of 

variance (ANOVA) followed by Tukey multiple comparison post hoc analysis using a statistical 

software (IBM SPSS Statistics v21, IBM, Redmond, WA, USA).  Multi-way ANOVA was 

conducted to detect the effect of post-polymerization method, printing layer thickness, and water 

storage as the independent variables on the evaluated properties (α=0.05). 

 

3. Results 

The 2-way ANOVA statistical analysis showed that the post-curing method and the water storage 

significantly affected the values of the investigated mechanical properties (P<0.001). Printing layer 

thickness did not have a significant effect on the fracture toughness, work of fracture, and the 

degree of conversion (P=0.088, P=0.179, P=0.412) while it affected significantly the other 

investigated properties (P<0.05) as shown in Table 1. A significant interaction exists between the 

layer thickness and post-curing method (P=0.003). 

 

Table 1. P values of two-way and 3-way ANOVA for the evaluated mechanical properties 

  Variable Flexural 

strength 

(P value)  

Flexural 

modulus 

(P value) 

Work of 

fracture 

(P value)   

Hardness 

(P value) 

 Fracture 

toughness  

Degree of 

conversion 

(P value) 

Post –polymerization 

method 

< 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Layer thickness 0.032 0.001 0.179 0.007   0.088   0.412 
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Storage < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 ------- 

P<.05 significant 

 

 

The mean values for flexural strength, flexural modulus, fracture toughness, work of fracture, and 

micro hardness of the tested groups are presented in Table 2.  

 

Table 2. Mean values of evaluated mechanical properties of tested groups 

Group Subgroup Storage Flexural 

strength 

(MPa) 

Mean ± SD 

Flexural 

modulus 

(GPa) 

Mean ± SD 

Work of 

fracture 

(J/m2) 

Mean ± SD 

Fracture 

toughness (MPa 

m1/2) 

Mean ± SD 

Vickers 

hardness 

Mean ± SD 

 

 

Group A 

(50 µm) 

Scheu   Water 38±5ac 1.1 ±0.1ab   97 ±15ab 0.7 ±0.1abd 16.4 ±1.1a 

Dry 53 ±6fgh 1.3±0.2bf 139 ±12c 0.8 ±0.1abc 17.7 ±1.6af 

Form 

Cure  

Water 48 ±8cf 1.7 ±0.1h  129±25bc 0.6 ±0.1ad 13.5 ±0.8be 

Dry 63 ±11h  1.5 ±0.1gh 127 ±12bc 0.8±0.1c 13.8 ±0.8b 

Non-post-

cured  

Water 14 ±0.6de 0.2 ±0.1e 370 ±24f 0.3 ±0.1ef 2 ±0.3c 

Dry 22 ± 0.8bd 0.5 ±0.1d 285 ±8e 0.4 ±0.1e 11.1 ±0.6d 

 

 

Group B 

(100 µm) 

Scheu  Water 30 ±3ab 0.9 ±0.1c 180 ±18d 0.7 ±0.1abd 12.2 ±0.8de 

Dry 45 ±6cf 1.1 ±0.1ac 125 ±10bc 0.7 ±0.1bc 17.1 ±0.7af 

Form 

Cure 

Water 51 ±9fg 1.2 ±0.3ab 71 ±18a 0.6 ±0.1d 12 ±0.9d 

Dry 60 ±10gh 1.4 ±0.2fg 123 ±13bc 0.8 ±0.1c 17.9 ±0.8f 
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Non-post-

cured  

Water 11 ±0.5e 0.2 ±0.1e 396 ±42f 0.3 ±0.1f 2.2 ±0.6c 

Dry 16 ±0.6de 0.3 ±0.1de 257 ±13e 0.3 ±0.1ef 11.1 ±0.7d 

P value   <0.001  <0.001 <0.001  <0.001 <0.001 

SD, standard deviation. 

P<.05 significant 

Same superscripted lowercase letters indicate groups not statistically significantly different when compared by Tukey multiple comparisons post hoc 
analysis (P>.05).  

Same superscripted uppercase letters indicate groups not statistically significantly different when compared by one-way ANOVA analysis (P>.05).  

 

 

 

The DC % for the tested groups is presented in Figure 2. Figure 3 represents the IR spectra showing 

the peaks used for calculating the DC%.  

 

 

 

Figure 2. Diagram of degrees of double bond conversion % for the tested groups 

 



14 
 

 

 

Figure 3. IR spectra showing the Aromatic bond peak (red arrow) used for calculating the DC% 

 

 

The 1-way ANOVA revealed a statistically significant difference on the flexural strength (Figure 4), 

flexural modulus, fracture toughness (Figure 5), work of fracture, Vickers micro hardness (Figure 

6), and DC percentage values among the tested groups (P<0.001).  
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Figure 4. The flexural strength (MPa) according to post-curing method, printing layer thickness and 

storage conditions  

 

 

 

 
Figure 5. The fracture toughness (Mpa.m0.5) according to post-curing method, printing layer thickness and 
storage conditions  
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Figure 6. The surface hardness (VHN) according to post-curing method, printing layer thickness 

and storage conditions  

 

The obtained flexural strength values were compared with those for clear autopolymerizing and 

heat-polymerizing acrylic resin materials (Palapress; Kulzer GmbH and Paladon 65; Kulzer GmbH 

respectively) tested in a previous study32 as shown in Figure 4. 

For dry specimens, the mean flexural strength values of Scheu oven 50 µm, Form 

Cure 50 µm, and Form Cure 100 µm subgroups were not significantly different from each other 

(P=0.055). After water storage for the 30 days, the flexural strength values of Form Cure 50 µm and 

Form cure 100 µm subgroups were significantly the highest (P<0.05) while being not significantly 

different from each other (P=0.438). The highest significant flexural modulus values of dry 

specimens were recorded by Form Cure 50 µm, and Form Cure 100 µm subgroups, while after 

water storage only Form Cure 50 µm subgroup showed the highest significant values (P<0.001) 

followed by Scheu oven 50 µm, and Form Cure 100 µm subgroups which were not significantly 

different (P=0.534). A graphical representation of the load-deflection values according to post-
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curing method for 50µm and 100µm printing layer thickness is shown in Figure 7 and 8 

respectively.  

 

 

Figure 7. The load-deflection curves according to post-curing method for 50µm printing layer 

thickness  

 

 

Figure 8. The load-deflection curves according to post-curing method for 100µm printing layer 

thickness  
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The non-post-cured 50 µm and non-post-cured 100 µm subgroups recorded the lowest significant 

flexural strength, modulus, fracture toughness, and surface hardness in both groups under dry and 

water storage (P<0.001). 

Regarding fracture toughness under dry storage conditions, Scheu oven 50 µm, Form 

Cure 50 µm, and Form Cure 100 µm subgroups were not significantly different (P=0.256), while 

after water storage a non-significant difference was found among Scheu oven 50 µm, Scheu oven 

100 µm, and Form Cure 50 µm subgroups (P=0.067). 

Water storage decreased significantly the surface hardness values of all tested 

subgroups except for the Scheu oven 50 µm subgroup (P>0.05). Surface hardness values for the 

water stored specimens of Scheu oven 50 µm subgroup followed by those of the Form Cure 50 µm 

subgroup were significantly higher than the other tested subgroups (P<0.001). The highest 

significant values for the work of fracture was recorded by the non-post-cured 50 µm and non-post-

cured 100 µm subgroups especially the water-stored specimens (P<0.001). Regarding the DC%, 

Scheu oven 50 µm, Scheu oven 100 µm, Form Cure 50 µm, Form Cure 100 µm recorded the 

highest values and were not significantly different from each other (P=0.164).  

 

4. Discussion 

This study demonstrated the effect of polymerization methods, printed layer thickness, and water 

storage on the mechanical properties and the degree of double bond conversion of LC Splint, which 

is a material used for manufacturing 3D printed devices used as occlusal splints and surgical guides. 

The overall results demonstrated a significant difference between post-cured and non-post-cured 

specimens.  

This study was conducted isothermally at 37° C in agreement with previous 

studies28,33 since occlusal splints are not exposed to temperature changes intraorally as they are 
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usually inserted in the patients’ mouth at night when there is no intake of hot and cold food or 

drinks. Post-curing is essential to provide high conversion for photopolymers used in 3D printing 

and to obtain superior mechanical properties.34 It is achieved by either additional light exposure 

and/or heating up the photopolymers. Previous investigations showed that different post-curing 

methods result in variable shrinkage strains and mechanical properties.35,36 In case of bruxism 

treatment, occlusal splints are used for longer durations and exposed to higher load values up to 770 

N.37 Therefore, identifying the mechanical properties of the material after complete curing is 

necessary for evaluating whether such 3D printed material is suitable or not for using in the 

fabrication of occlusal devices. 

The degree of polymerization and curing depth of photoresins are affected by many 

parameters such as the characteristic of light curing unit,38,39 layer thickness,22 exposure duration,38  

and distance between light source and the cured material,40 temperature and curing time.40 When 

choosing the correct printing layer thickness, an over curing effect should be avoided. This occurs 

during the manufacturing process when the printer’s light penetrates deeper into the object than the 

specific layer thickness, 41 which leads to inaccuracies in the 3D printed object. Additionally, it 

leads to a heat development during polymerization that impairs the conversion of the single print 

layers.42  

Since 3D printing resins for DLP printers must be properly photopolymerized layer by 

layer to form the objects, they must have a low viscosity during the printing process. In this study, 

Bis-EMA was used, where the absence of the hydroxyl group decreases its viscosity and makes the 

monomer a good candidate for 3D printing.43  A previous study showed that decreasing the 

thickness of the printed layer increases the flexural strength of the 3D printed splints by increasing 

the number of different layers and bonding.28 Additionally, the extent of polymer curing plays a role 

in the surface hardness of photopolymers.38,40,44,45 This was in agreement with our study where the 

flexural modulus and hardness values for the post-cured specimens with 50 µm printing layer 
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thickness were significantly higher than those printed with 100 µm layer thickness. This could be 

attributed to the decrease in light intensity when it passes through a bulk of resin material due to its 

absorption and scattering by resin particles causing a gradation of curing from top surface inward.46  

Increasing the degree of monomer conversion enhances the photopolymers’ strength 

and decreases their elongation at break.34,36 The DC is also crucial for medical resin-based devices 

since it has a high impact on their biocompatibility.47 Additionally, the material’s composition 

seems to be more relevant for its toxicity than DC.47 Nevertheless, a high DC in a material prevents 

the release of its residual monomers,48 and promotes its physical and mechanical properties.49  

Increasing the resin temperature decreases its viscosity and allows better movement of free radicals 

and development of polymer chains resulting in better monomer conversion rate and completed 

polymerization reaction with higher degree of cross linking.50–52 This can explain the differences in 

the flexural strength and flexural modulus values between the specimens post-cured with Scheu 

oven with LED light source for 3 minutes only, while the specimens post-cured in a Form Cure 

oven were exposed to a combination of LED light source and higher temperature (60° C) for 30 

minutes. This was more evident especially when the specimens were printed with 100 µm thickness 

layer. 

The presence of a nitrogen gas atmosphere inside the Scheu oven enables the post-

curing process to be carried out under inert conditions in order to overcome the detrimental effect of 

oxygen inhibition layer.53,54 This might have played a role in enhancing the surface hardness values 

for such specimens only when printed with 50 µm layer thickness.  

The subgroup III, which is the non-post-cured one, recorded the lowest significant 

degree of conversion and mechanical properties except the work of fracture under dry and water 

storage. These could be explained by the presence of a greater amount of residual unreacted 

monomers that causes oxidation and hydrolytic degradation, which may be manifested in the form 

of lower mechanical properties and accelerated wear.55 The work of fracture was the highest for the 
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non-post-cured specimens and increased significantly after water storage. This phenomenon has the 

same explanation as mentioned before since the higher residual monomer content enhances 

swelling, softness of the polymer and increases the amount of water sorption. Hence, it may induce 

the flexibility of the material allowing more noticed bending of the specimens.31,56 A previous study 

showed that the values for work of fracture for Major.Base.20 (Major) and ProBase Hot (Ivoclar-

Vivadent), which are two conventional heat polymerizing denture base resins were 380 ±30 and 270 

±30 J/m2,which is higher than the recorded values for the post-cured specimens.57 The results of the 

hardness test where the same subgroup showed slightly more than 80% reduction in microhardness 

values after water storage were in agreement with a previous study where it was found that 

composite resins with the poorest degree of curing showed the most reduction in hardness after 

water storage.56 

Water storage reduced the investigated mechanical properties for the tested groups 

which is due to the plasticizing effect of water on the polymer network and is in agreement with 

previous reports.31,56,58,59 Water sorption decreases the mechanical properties of resin materials until 

they have been completely water-saturated within 4-6 weeks. After that, no further reduction in the 

mechanical properties occurs and they remain the same.58,60  

Further analysis and investigations on physicochemical properties of this 3D printed 

splint material and other splint materials available in the market for 3D printing are needed such as 

differential scanning calorimetry (DSC) and residual monomer quantification. 

 

Conclusions 

Within the limitations of the current study the following can be concluded: 

1. The post-curing method, water storage and printing layer thickness play a role in the 

mechanical properties of 3D printed occlusal splints.  
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2. The combination of heat and light within the post-curing unit can enhance the mechanical 

properties and degree of conversion of 3D printed occlusal splints. 

3. Flexural strength and surface hardness can increase when decreasing printing layer 

thickness. 
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