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45 standardized 0.030 inch thick Polyester thermoplastic samples (Essix Ace) 
were fabricated from a 3D printed template using a positive pressure forming 
machine (Biostar).  The samples were divided into three groups, which were 
subjected to simulated brushing to two weeks and six months.  Each group 
utilized a cleansing agent with increasing abrasiveness based on the relative 
detin abrasivity (RDA) values: Group 1- Dawn Dish Soap (non-abrasive), 
Group 2 – Colgate Total, and Group 3- Crest Pro-Health .  

TABLE 1. Toothbrush abrasion protocol by grouping.

Experimental Group Toothbrush RDA value Clensing Agent / manufacturer

1 Oral-B indicator 35 Soft 0 Dawn Dish Soap (Palmolive, NYC, NY)

2 Oral-B indicator 35 Soft 70 Colgate Total (Palmolive, NYC, NY)

3 Oral-B indicator 35 Soft 189 Crest Pro-Health (Proctor and Gamble, OH)



To investigate the effects of  toothbrush abrasion, bacterial retention and surface 
roughness of  the samples were evaluated at baseline, 2 weeks, and 6 months of  
simulated brushing. 

Biofilm retention was evaluated via an immersion of  the samples in a 5ml 
bacterial suspension of  Streptococcus Mutans (106 CFU/ml) in artificial saliva for 
12 hours.  Once  inoculated, the samples were rinsed with deionized water and 
vortexed in sterile saline to remove biofilm from the sample.  The saline 
mixture was then serially diluted and plated on Trypticase Soy Agar with 5% 
Sheep Blood (TSA II) and incubated at 37 +/-2°C in ambient air for 48 hours.  
The CFU’s were counted and CFU/ml will be calculated.



Surface roughness analysis was completed on 5 samples per group utilizing scans from a non-contact 3D 
laser scanning confocal microscope (VK-X250, Keyence, Itasca, IL).  Samples were placed on the 3D 
template, which was mounted onto an index to standardize scanning area.  Using the proprietary software, 
each scan was normalized to remove artifacts and the arithmetical mean height was utilized to measure the 
surface roughness of  the samples in µm.  

Figures left to right: 1. sample mounted with index in VK-X250 scanner.  2. Screenshot of  scanning area, 
note abraded area (center) vs unabraded surface (left).  3. 3D rendering of  scanned baseline sample. 



An automated toothbrushing machine (Sarbi Dental Enterprises) was utilized to standardize abrasion onto the 
samples.  Samples were placed on the 3D printed templates which were mounted onto the machine.  Samples were 
brushed with sectioned toothbrush heads (Oral B Indicator 35 Soft, Proctor and Gamble) and brushed at 60 
strokes/min under 2N of  force.  The samples were brushed in a slurry mixture (250 ml distilled H2O / 96 g) of  
toothpaste).  The samples were brushed at an equivalent of  138 strokes/week for a total of  276 strokes at 2 weeks, and 
3312 strokes at 6 months. 



The sample size was estimated based on the medium effect size in bacterial buildups, with a 
significance level α of  0.05.  A total of  36 samples or 12 per group will achieve 80% power (a total of  
45 samples were used). Paired t-tests and one-way analysis of  variance (ANOVA) were utilized to 
compare the effects of  toothbrush abrasion on surface roughness and bacterial retention of  the 
samples within the three groups.  Tukey’s post hoc test for comparison of  the means were calculated at 
0.05 level of  significance.  Statistical analyses were performed using SAS version 9.4 (Statistical 
Analysis Software, Cary, NC).



Table 2. Bacterial Growth (mean, st dev)  (CFU/mL))

Group Baseline 2 weeks Change Baseline – 2 wks 6 months Change Baseline – 6 months

1 - (Dawn Dish Soap) 4086 (1397) 4478 (1501) 392 (1307) 14940 (6437) 10854 (5934)

2 - (Colgate Total Toothpaste) 4833 (1132) 4107 (1259) -727 (1118) 15100 (6489) 10267 (5872)

3 - (Crest Pro-Health Toothpaste) 5220 (2423) 10927 (4117) 5707 (4108) 22147 (5027) 16927 (5411)



TABLE 3. Surface Roughness (mean, st dev)  (µm)

Group Baseline 2 weeks Change Baseline – 2 wks 6 months Change Baseline – 6 months

1 - (Dawn Dish Soap) 2.18 (0.58) 2.34 (0.22) 0.16 (0.45) 2.35 (0.25) 0.16 (0.42)

2 - (Colgate Total Toothpaste) 2.84 (1.10) 3.20 (0.85) 0.36 (0.26) 3.22 (0.73) 0.38 (0.46)

3 - (Crest Pro-Health Toothpaste) 2.80 (0.60) 3.13 (0.64) 0.33 (0.05) 3.16 (0.75) 0.36 (0.16)









Based on the data, practitioners should recommend that 
patients brush their removable thermoplastic orthodontic 
appliances with toothpaste, if  the toothpaste has a lower 
RDA value. 
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