
Open Access Journal of Dental Sciences
ISSN: 2573-8771MEDWIN PUBLISHERS

Committed to Create Value for Researchers

Simulated Nighttime Grinding of 3D Printed Night Guards vs Lab Manufactured Night Guards J Dental Sci

Simulated Nighttime Grinding of 3D Printed Night Guards vs Lab 

Manufactured Night Guards 

Cornwell C*, Remmes J, Dunn K, Tran D and Kugel G

Tufts University School of Dental Medicine, USA

   

*Corresponding author: Cristiane Cornwell, Dental Research Administration, Tufts 

University School of Dental Medicine, USA, Tel: (617)636-2511; Email: Cristiane.Cornwell@

tufts.edu

Research Article

Volume 7 Issue 1

Received Date: January 26, 2022

Published Date: February 21, 2022 

DOI: 10.23880/oajds-16000325

Abstract

Objective: To compare the wear of two different 3D printed resins and a lab manufactured night guard.

Methods:  Three different materials were tested for their ability to stand up to simulated nighttime grinding. The materials 

tested were (n=30): Flex: SprintRay Night Guard Flex (SprintRay, Los Angeles, CA), Firm: SprintRay Night Guard Firm 

(SprintRay, Los Angeles, CA), and NGP: Clear Splint Biocryl 2mm (Great Lakes Orthodontic, Tonawanda, NY).  The materials 

tested were formed into 10mm cubes.  Flex and Firm groups were made using the SprintRay Pro55 3D printer, according to manufacturer specifications then polished using silicon carbide grinding papers of 240 and 600 grit with water (Buehler, IL, 
USA).  The NGP group was made with a sheet of 2mm Clear Splint Biocryl plastic placed over a template block in a Biostar V 

pressure molding machine to replicate the same dimensions as the Flex and Firm groups.The surface roughness of each sample was measured using the Profilometer - Roughness Tester PCE-RT 1200 (PCE 
Instruments) and marked as initial surface roughness (Ra1). After the wear test, another surface roughness test was measured with the Profilometer and marked as the final surface roughness score (Ra2). In addition, all the specimen of each material were analyzed before and after the test with a 3D laser profilometry TMS-500 Top Map Pro.Surf (Polytec GmbH, Germany). These measurements, prior to the wear test were the initial surface area roughness (Sa1) and the final surface area roughness 
(Sa2).  Enamel antagonists (molars cusps) were prepared from caries-free extracted molars.  Four cusps were collected from 

each tooth. Standardization of the enamel antagonists for shape and size were done by using a diamond bur and high-speed 

handpiece under water irrigation.  The enamel cusps were randomized between three groups.  The wear test was performed 

using a wear simulator developed by the Tufts University School of Engineering.  To simulate wear the samples were run 

through 20,000 cycles roughly equivalent to one-month of normal wear, under a load of 25N.  Specimen and antagonists were 

lubricated with water.

Results: The change in roughness/wear (before-after) for each of the three groups (Firm, Flex and NGP) was calculated. Descriptive statistics were calculated for wear, the NGP group showed the highest wear with a mean±SD of -0.94±0.55 for stylus profilometry and -0.92±0.90 for the laser analysis. The Shapiro-Wilk test showed that the data for one of the three groups was not normally distributed; a Kruskal-Wallis test was conducted to assess the difference in wear between the three groups. The Kruskal-Wallis test showed a statistically significant association between group and wear, p<0.0001. The 
Dunn’s test along with the Bonferroni correction used to perform pairwise comparisons showed that there was a statistically significant difference between the Firm and NGP groups (p=0.004 stylus) and (p=0.014 laser) as well as the Flex and NGP groups (p<0.0001).  There was no statistically significant difference between the Firm and Flex groups (p=0.612 stylus) and (p=0.443 laser).  The statistical significance for within group differences was assessed using the Paired t-test for the Firm and NGP groups, and the Wilcoxon signed-rank test for the Flex group. The within group difference in the NGP group was statistically significant (p=0.0004 stylus) and (p=0.022 laser).
Conclusion: Under these in vitro study conditions, Flex and Firm showed more resistance to wear than NGP. There was no statically significant difference between Firm and Flex groups.
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Introduction

Bruxism is a common condition that entails grinding of 

the teeth or clenching of the jaw. The prevalence of bruxism is 8% - 31.4% [1,2] and it can occur in individuals that are 
awake or asleep. Night-time bruxism is a multifactorial 

process and has been associated with stress as well as altered 

sleep patterns6. This parafunctional habit contributes to 

dental attrition, the wear of tooth structure from the teeth 

sliding against each other, as well as temporomandibular 

disorders. Temporomandibular disorders (TMD) have 

multiple and broad clinical effects on orofacial structures and 

are often diagnosed in patients with a prevalence between 5% and 12% [3-5]. Among treatment options, occlusal 
splints, also known as oral appliances, oral orthotics, and 

night guards are the most common therapeutic procedures 

(68%) and allow interesting clinical outcomes, as they 

were shown to reduce 70%–90% of the TMD symptoms successfully [4-9]. Nightguard devices have been advocated 
as a means of decreasing or preventing occlusal attrition 

and relaxing masticatory muscle activity caused by diurnal or nocturnal bruxism [10]. Additionally, the occlusal splints 
provide biomechanical equilibrium for the jaw and the temporomandibular joint [11]. 

The night guard or occlusal splint is a removable 

appliance that covers the surfaces of the patient’s teeth. These 

appliances are conventionally fabricated with polyethylene 

(PVAc-PE), acrylic resin, or polymethylmethacrylate (PMMA) by an analog workflow including refractory cast [12]. 
Although these materials display interesting properties, they 

are not considered ideal for a variety of reasons including 

thermal irritation unpleasant taste, dimensional changes, 

time consuming process, residual monomers, unfavorable 

shape or color, susceptibility to fracture, among many others [13,14]. Accordingly, digital dentistry has open new area of 
research and development to overcome these limitations [15]. Nowadays these appliances can be fabricated by the use of a (complete) digital workflow, applying subtractive as well as additive CAD/CAM methods [16-18]. Digital 
occlusal splints have been reported to have advantages 

over conventional ones due to superior materials and fabrication methods [17]. These materials are considered 
as interesting options for occlusal splints, as they are 

high-performance-polymers with less susceptibility to 

fracture, reducing individual human errors during technical 

processes, and exhibiting superior material properties to those of conventional ones [7]. Furthermore, these materials 

have shown superior performance over traditional ones in terms of fit, quantitative control, time-saving, speed, and dimensional stability [16,19,20].However, evidence of resistance to wear of these new 
3D printed materials compared to conventional plastic night 

guards is scarce. Therefore, the aim of this study was to 

compare the wear of two different 3D printed resins and a 

lab manufactured night guard.

Methods

Three different materials were tested for their ability 

to stand up to simulated nighttime grinding. The three 

materials tested were (n=30):

• Group 1 - Sprint Ray Night Guard Flex (Sprint Ray, Los 

Angeles, CA)

• Group 2 - Sprint Ray Night Guard Firm (Sprint Ray, Los 

Angeles, CA)

• Group 3 - Clear Splint Biocryl 2mm (Great Lakes 

Orthodontic, Tonawanda, NY)With 10 specimens in each group, all 30 samples were 
the following dimensions, 10x10x10 mm. The 3D printed 

samples were made using the Sprint Ray Pro55 3D printer. 

After printing, the specimens were cleaned with 96% 

Isopropyl alcohol for 5 minutes according to manufacture specifications and dried with forced air. Once dried they 
were polymerized for 15 minutes in curing unit set at 30°C. 

The surfaces of all 3D printed materials were polished using special silicon carbide grinding papers of 240 and 
600 grit with water (Buehler, IL, USA). The traditional lab 

manufactured nightguard material were made with a sheet 

of 2mm Clear Splint Biocryl plastic. A template block was 

placed in a Biostar V pressure molding machine to replicate 

the same dimensions and the excess was trimmed off after 

cooling.

Wear Measurement

Prior to the wear test, the surface roughness of each sample was measured using the Profilometer-
Roughness Tester PCE-RT 1200 (PCE Instruments). These 

measurements were the initial surface roughness (Ra1). 

After the wear test, another surface roughness test was measured with the Profilometer - Roughness Tester PCE-RT 1200 (PCE Instruments). These measurements are the final surface roughness (Ra2) [21]. In addition, all the specimen 
of each material were analyzed before and after the test with a 3D laser profilometry TMS-500 Top Map Pro.Surf (Polytec GmbH, Germany) [22]. These measurements, prior to the 
wear test were the initial surface area roughness (Sa1) and the final surface area roughness (Sa2). 
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Antagonist Enamel

All collected teeth were manually cleaned and stored in a 10% bleach solution for 5 days, according to OSHA 
disinfection standards. After proper disinfection, teeth were 

store in deionized water until ready to be used for the wear 

test.

Enamel antagonists (molars cusps) were prepared 

from caries-free extracted molars as mentioned above. 

Four cusps were collected from each tooth. Standardization 

of the enamel antagonists for shape and size was done by 

using a diamond bur and high-speed handpiece under water 

irrigation. Schematic representation of preparing antagonist enamel is show in Figure 1 [23]. According to Krejci I, et al. 
standardization of enamel cusps did not reduce the variation 

of the resulting wear compared with that of non-standardized 

enamel antagonists. Natural enamel antagonists are 

preferable for the simulation of wear in the occlusal contact area [24]. Therefore, for this study, the enamel cusps were 
randomized.

Figure 1: Schematic representation of preparing enamel antagonist [23].
Wear test 

The wear test was performed using a wear simulator 

develop by the Tufts University School of Engineering. For 

the wear test, extracted human molars teeth were collected 

and used as the antagonists. Each enamel specimen was 

mounted on a specimen holder using auto-polymerizing 

resin (Caulk Orthodontic Resin, DENTSPLY Caulk, NC, USA). 

Enamel antagonist and opposing splint resin material were 

mounted on the wear simulator Figure 2.

To simulate wear the antagonists (enamel molar cusps) 

ran back and forth 8mm (average lateral excursion in the bruxism group) [25] for 20,000 cycles to resemble aging of 
one month of clinical performance, assuming total grinding time of 320 seconds per night (40 seconds per hour of sleep/average 8 hours of sleep/night) [26] under a load of 25 N. 
Specimen and antagonists were lubricated with water which 

was dispensed regularly throughout the test.

Figure 2: Schematic representation of enamel antagonist 

and opposing splint resin material mounted on the wear 

simulator.

Sample size

The statistical software Stata 15 was used for sample 

size calculation. Sample size was calculated for the Ra change 

using results from a previous study that compared surface 

roughness and wear behavior of occlusal splint materials [27]. The authors reported a Ra changes of 0.749 ± 0.134. 
To detect a Ra change difference of at least 25% between 

two groups, a minimum sample of 20 specimens (n=10 per group) will achieve a power of 80% and significance level of 
0.05. A total of 30 specimens will be needed for 3 groups in 

the proposed study.

Data Analysis

Descriptive statistics (Means ± SD) was calculated for 

localized wear. One-way ANOVA with Tueky’s post hoc test was used to compare the wear between groups. Significance 
level was set at 0.05. Stata version 15 was used for analysis.

Results

To evaluate the simulated nighttime grinding of each 

material, surface roughness was measured with two types of profilometer analysis: stylus profilometry and a Laser 3D profilometry.
Stylus Profilometry Results

The change in roughness/wear (before-after) for each 

of the three groups (Firm, Flex and NGP) was calculated. 

Descriptive statistics were calculated for wear, the NGP group showed the highest wear with a mean ± SD of -0.94±0.55. The 

https://medwinpublishers.com/OAJDS/
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Shapiro-Wilk test showed that the data for one of the three groups was not normally distributed; a Kruskal-Wallis test 
was conducted to assess the difference in wear between the three groups. The Kruskal-Wallis test showed a statistically significant association between group and wear, p<0.0001. 
The Dunn’s test along with the Bonferroni correction used 

to perform pairwise comparisons showed that there was a statistically significant difference between the Firm and 

NGP groups (p=0.004) as well as the Flex and NGP groups (p<0.0001). There was no statistically significant difference 
between the Firm and Flex groups (p=0.612). The statistical significance for within group differences was assessed 
using the Paired t-test for the Firm and NGP groups, and the Wilcoxon signed-rank test for the Flex group. The within group difference in the NGP group was statistically significant (p=0.0004).

Type N Variable Mean
Std 

Dev
Minimum Maximum Median

Std 

Error
Variance

Lower 95% 

CL for Mean

Firm 10

Ra1-Before Wear 0.462 0.074 0.397 0.620 0.437 0.023 0.005 0.409Ra2-After Wear 0.499 0.101 0.378 0.644 0.511 0.032 0.010 0.426
Change -0.037 0.061 -0.111 0.054 -0.040 0.019 0.004 -0.080

Flex 10

Ra1-Before Wear 0.904 0.567 0.301 1.809 0.566 0.179 0.322 0.498Ra2-After Wear 0.758 0.438 0.447 1.685 0.520 0.139 0.192 0.444
Change 0.147 0.389 -0.270 1.173 0.088 0.123 0.151 -0.132

NGP 10

Ra1-Before Wear 0.061 0.015 0.039 0.090 0.056 0.005 0 0.050Ra2-After Wear 1.001 0.541 0.452 1.837 0.764 0.171 0.23 0.613

Change -0.940 0.548 -1.795 -0.362 -0.708 0.173 0.299 -1.332

Table 1: Stylus profilometer analysis before (Ra1) and after (Ra2) wear test.

Figure 3: Stylus Profilometer analysis-average roughness in µm before and after wear.
Laser 3D Profilometry Results

The change in roughness/wear surface area (before-after), using a 3D Laser profilometer, for each of the three 
groups (Firm, Flex and NGP) was calculated. Descriptive 

statistics were calculated for wear, the NGP group showed 

the highest wear with a mean±SD of -0.92±0.90. The Shapiro-Wilk test showed that the data for one of the three groups was not normally distributed; a Kruskal-Wallis test was 
conducted to assess the difference in wear between the 
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three groups. The Kruskal-Wallis test showed a statistically significant association between group and wear (p=0.019). 
The Dunn’s test along with the Bonferroni correction used 

to perform pairwise comparisons showed that there was a statistically significant difference between the Firm and NGP groups (p=0.014). There was no statistically significant difference between the Firm and Flex groups (p=0.443) as 

well as the Flex and NGP groups (p=0.511). The statistical significance for within group differences was assessed using the Paired t-test for the Firm group, and the Wilcoxon signed-
rank test for the Flex and NGP groups. The within group difference in the NGP group was statistically significant 
(p=0.022).

Type N Variable Mean
Std 

Dev
Minimum Maximum Median

Std 

Error
Variance

Lower 95% 

CL for Mean

Firm 10

Sa1-Before Wear 0.507 0.104 0.397 0.677 0.496 0.033 0.011 0.433Sa2-After Wear 0.517 0.118 0.4 0.729 0.488 0.037 0.014 0.433
Change -0.011 0.021 -0.052 0.02 -0.006 0.007 0 -0.0253

Flex 10

RS1-Before Wear 0.489 0.204 0.117 0.835 0.541 0.065 0.042 0.343Sa2-After Wear 0.565 0.12 0.265 0.667 0.597 0.038 0.014 0.479
Change -0.076 0.127 -0.264 0.168 -0.065 0.04 0.016 -0.167

NGP 10

Sa1-Before Wear 0.371 0.333 0.043 0.755 0.334 0.105 0.111 0.133Sa2-After Wear 1.295 0.572 0.611 1.94 1.364 0.181 0.327 0.885

Change -0.923 0.899 -1.896 0.114 -0.965 0.284 0.808 -1.566

Table 2: Optical profilometry analysis before (Sa1) and after (Sa2) wear test.

Figure 4: Optical profilometry image showing 3D surface topography of NGP after wear test.

Figure 5: Optical profilometry image 3D surface showing topography of Firm resin after wear test.

https://medwinpublishers.com/OAJDS/
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Figure 6: Optical profilometry image showing 3D surface topography of Flex resin after wear test.
Discussion

The objective of this study was to compare the wear of 

two different 3D printed resins and one Clear Splint Biocryl splint (NGP). The results, with both types of profilometers, stylus and 3D laser, showed a statistically significant 
difference in wear between the 3D printed resins (Firm 

and Flex) when compared to the traditionally fabricated nightguard material. However, no significant difference was found between the firm and flex 3D printed resins. Moreover, 
the results were slightly different between the Flex and NGP group in both profilometry analysis. When using the stylus profilometry there was statistically significant difference 
between the Flex and NGP groups. On the other hand, there was no statistically significant difference between those groups with the laser profilometry analysis.

Measuring surface wear is a complicated process and 

multiple factors contribute to it, which have been investigated by various research groups in vivo and in vitro [21,28]. In 
this study we attempted to simulate the clinical situation as 

much as possible.

 There is no agreement in the literature as to which 

material should be used as the antagonist in wear simulation tests [29]. Alternate materials to enamel have been used as antagonist in wear studies without significant changes in results [27,30-32]. Therefore, in order to simulate a clinical 
situation, enamel cusps were chosen as the antagonist in this 

study.

The cusps were standardized to achieve a uniform contact area because the resulting wear is significantly altered by this factor [33]. No other aspects of the enamel cusps were 
standardized because previous research suggested that this 

did not reduce the variation of the resulting wear compared with that of non-standardized enamel [24]. The reduced 

variation between antagonists is desirable for the wear 

study therefore randomized natural enamel antagonist are 

preferred for the simulation of wear in the occlusal contact area [24]. 
The antagonists were scoured onto each of the nightguard 

samples for 8mm. This distance was chosen as it has been observed to be the average lateral excursions in bruxers [25]. 
The time for each cycle during the grinding test was set at 

1.0 seconds, as this was very close to what has been reported 

to be the time span of each EMG (electromyographic) burst during bruxism [25].
The force used in this study was 25N and the nightguard 

materials were run through 20,000 cycles, to simulate one 

month of clinical performance, assuming total grinding time of 320 seconds per night (40 seconds per hour of sleep/average 8 hours of sleep/night) [26]. A range of vertical load 
has been used in a variety of in-vitro wear studies ranging from 6.5- 49N for 1,000-100,000 cycles [27,30,31,34]. The 
25N vertical load was chosen as a mid-point test as this is the first study on these printed resins. Additionally, this 
was considered an appropriate force because bruxers often grind or clench in episodes that fluctuate in patterns of force. 
Although a bruxer can develop higher forces, (s) he will not do that for a long time [35].

A constant change of water removes the worn particles 

from the interaction zone between antagonist and material, 

thus reducing the effect of the worn material to act as an abrasive [29]. Due to these previous studies we chose to 
include a constant lubrication system in our wear testing 

with room temperature water. Benli, et al. [27] evaluated subtractive resins used in 
computer-aided design/computer-assisted manufacturing 

(CAD/CAM) system and thermoforming discs. The results 

https://medwinpublishers.com/OAJDS/
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showed significant differences between the two materials 
after chewing simulation. The milled resin (PEEK) showed 

the lowest Ra values, while the thermoforming discs had the greatest Ra values. This result is consistent with the findings 
of this study where both 3D printed resins showed decrease 

roughness values after wear when compared to the laboratory night guard material. The materials in the Benli [27] study were tested with a non-contact profilometer while this study was performed with both stylus profilometer and laser non-contact profilometer. Both methods are valid according to Heintze [29] who found both mechanical and optical 
methods are suitable for quantifying the wear produced in flat specimens. In this study however a volumetric loss was 
not evaluated. In addition, Benli, et al. performed a higher 

number of cycles (60,000) and a different force which could 

justify the lower difference in the surface roughness between 

the two studies before and after wear.

Conclusion

Under these in vitro study conditions, Flex and Firm 

showed more resistance to wear than NGP. There was no statically significant difference between Firm and Flex 
groups. Descriptive statistics were calculated for wear, the NGP group showed the highest wear, in both profilometry analysis, with a mean ± SD of -0.94±0.55 for the stylus and 
with a mean±SD of -0.92±0.90 for the Laser 3D analysis. There was no statistically significant difference between the Firm and Flex groups (p=0.612, stylus) and (p=0.443 laser).
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