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Abstract Results

Objectives: This study evaluates effectiveness of a novel dentifrice containing stabilized

chlorine dioxide, sodium lauroyl sarcosinate, and sodium fluoride for plaque removal, enamel

fluoride uptake, enamel remineralization and inhibition of biofilm regrowth.

Methods: Assessment of pellicle cleaning and plaque removal utilized a standard 800 strokes

of 4.5 minutes to remove artificially induced staining by different dentifrices and scored based

on the pellicle cleaning ratio (PCR). Fluoride content of each enamel specimen were

determined using a micro-drill technique to a depth of 100 µm and 20-day Surface Micro

Hardness (SMH) assessments were conducted. For determining the efficacy of the dentifrices’

inhibition of polymicrobial biofilm regrowth, artificial biofilm was established onto teeth

specimen then brushed for 30 seconds. The specimens were rinsed with sterile water and the

remaining oral biofilm on the enamel sections was incubated for 24 hours, followed by

counting of the colonies on the agar plates.

Results: The mean pellicle cleaning ratio of CloSYS® Toothpaste B, CloSYS® Toothpaste C,

and ADA Reference Material were 95.9, 101.21, and 100.0, respectively. The fluoride uptake

by Toothpaste C, current commercial product, was 96.1%, 107.7%, and 303.3% higher than

USP Reference Dentifrice, Colgate Total Advanced Whitening, and Crest 3 D White Mild Mint

toothpastes, respectively. The remineralization after 20 days by Toothpaste C was 37.6%,

80.9%, and 103.0% higher than USP Reference Dentifrice, Colgate Total Advanced

Whitening, and Crest 3 D White Mild Mint toothpastes, respectively. There was a significant

reduction in regrowth of oral polymicrobial biofilm obtained by Toothpaste C compared to the

water brushed control (p<0.05).

Conclusions: There is synergism exhibited between sodium fluoride, stabilized chlorine

dioxide, and sodium lauroyl sarcosinate as indicated by the superior efficacy of the novel

dentifrice compared to other commercial toothpastes and controls that were tested.
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Surface Micro Hardness after 20 days of remineralization treatment

Figure 2 : Comparision of Surface Micro Hardness after 20 days of remineralization treatment between

Crest 3 D White, Colgate Total, US Pharmocopenia Reference Dentifrice, CloSYS Fluoride Toothpaste B,

CloSYS Fluoride Toothpaste C.

Inhibition of the Regrowth of Oral Polymicrobial Biofilm

 Higher pellicle removal by CloSYS® toothpaste C (current commercial product) is attributed to

increased penetration of chlorine dioxide in presence of sodium lauroyl sarcosinate thereby

disrupting the biofilm and eliminating the anaerobic bacteria residing in the polymicrobial biofilm.

 Elimination of anaerobic bacteria results in observed reduced regrowth of biofilm by CloSYS®

toothpaste C.

 Disruption of polymicrobial biofilm further enhances penetration of sodium fluoride thereby

resulting in much higher fluoride uptake and enhanced remineralization as demonstrated by

Surface Micro Hardness.

 Synergism between sodium fluoride, stabilized chlorine dioxide and sodium lauroyl sarcosinate

was observed in enhanced plaque removal, enamel remineralization and inhibition of biofilm

regrowth.
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Change 

in SMH

Crest 3 D White Mild Mint Fluoride 32.1 48.6 16.5

Colgate Total Advanced Whitening Fluoride 32.1 50.5 18.4

US Pharmacopoeia Reference Dentifrice 32.1 56.3 24.2

ClōSYS Anticavity Toothpaste B 32.2 51.9 19.7

ClōSYS Anticavity Toothpaste C 32.2 65.6 33.3

Surface Micro Hardness (SMH) of Enamel After 20 Days

 

Pellicle Cleaning Ratio (PCR) of Dentifrices 

Toothpaste n Mean SEM 

Toothpaste B 76 94.48 + 1.12 

ADA Reference Material 75 100.00 + 1.20 

Toothpaste C 75 103.51 + 0.96 

 

 

Regrowth of Oral Polymicrobial Biofilm 

Sample number 
Mean 

CFU/ml 

Group 

Mean 

CFU/ml 

p value 

compared to 

Control 

Toothpaste C-1 1.04 x10E7 

5.08 x10E7 0.018 Toothpaste C-2 1.39 x10E8 

Toothpaste C-3 3.18 x10E6 

Control-1 8.31 x10E7 

13.1 x10E7 NA Control-2 9.96 x10E7 

Control-3 2.09 x10E8 
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Aside from proper tooth brushing techniques, the selection of a dentifrice is one of the most

crucial component for maintaining a healthy dentition and allowing optimal chemomechanical

action. Different brands of dentifrices can lead to varying incidences of caries in the animal

model, despite the fact that the dentifrices may all contain fluoride.1 Additional research has

shown that fluoride dentifrices contribute to a decrease in plaque and caries, however, the

performance of a given dentifrice cannot be explained solely by the fluoride content alone, but

rather a concerted and synergistic effect of the individual ingredients in the particular

formulation.2 The criteria of an effective dentifrice centers around three main objectives

including the ability to adequately clean the pellicle and remove plaque, the ability to enhance

the uptake of fluoride for remineralization of the enamel and the accomplishment of inhibition

of the regrowth of oral polymicrobial biofilm after brushing.
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in the rat. Afr J Med Med Sci 2004;33(2):131-4.

2.Guggenheim B, Lutz F, Schmid R. Caries and plaque inhibition in rats by five topically applied dentifrices. Eur J Oral Sci 

1997;105(3):258-63.

Pellicle Cleaning and Plaque Removal

Three different dentifrice formulations were used in this study to compare its efficacy in the

three different criteria including pellicle cleaning and plaque removal (American Dental

Association (ADA) reference material (Odontex Inc., Lawrence, Kansas, USA) (ADA Control),

while the experimental dentifrices included Toothpaste B (sodium fluoride with stabilized

chlorine dioxide) and Toothpaste C (sodium fluoride with stabilized chlorine dioxide, and

sodium lauroyl sarcosinate). Bovine, permanent, central incisors were cut to obtain labial

enamel specimens approximately 10 X 10 mm. Then exposed to air and a solution of PGY

broth, tea, coffee, mucin, FeCl3, and Micrococcus luteus. The staining broth was changed and

specimens were rinsed daily until a uniform stain had accumulated. After approximately seven

days, a darkly stained pellicle film was apparent on the enamel surfaces. The specimens were

brushed for 800 strokes (4.5 minutes). Different test products were used on each run, with one

tube of slurry made up for each product. Following brushing, specimens were rinsed, blotted

dry, and scored again for stain.

Enamel Fluoride Uptake and Remineralization

Toothpaste B and Toothpaste C were compared to US Pharmacopoeia Reference Standard

for fluoride toothpaste, Crest 3D White Mild Mint toothpaste and Colgate Total Advanced

Whitening toothpaste in the ability to promote enamel fluoride uptake and lesion

remineralization. Artificial lesions were formed in the bovine enamel specimens by a 33-hour

immersion into a solution of 0.1 M lactic acid and 0.2% Carbopol C907 which was 50%

saturated with hydroxyapatite and adjusted to pH 5.0. The lesion surface hardness range was

25-45 Vickers micro-hardness (VHN; 200 gF, 15s dwell time) and average lesion depth of

70µm. The cyclic treatment regimen consisted of a 4 hours/day acid challenge in the lesion

forming solution with four, one-minute dentifrice treatment periods. Then specimens were

rinsed with distilled water and placed in human saliva for the remaining time (~ 20 hours).

Surface Micro Hardness (SMH) assessments were conducted after 10-days and 20-days.

Inhibition of the Regrowth of Oral Polymicrobial Biofilm

Toothpaste C was tested for its effectiveness in the inhibition of the regrowth of oral

polymicrobial biofilm. 4x4 mm bovine enamel sections were prepared for use in sterile 12-well

tissue culture plates. 3 ml of Brain Heart Infusion broth supplemented with Yeast Extract and

Vitamin K and hemin (BHI-YE) was inoculated with 50 µl of an overnight culture of a mixed

species whole salivary bacterial preparation in the wells. The plates were incubated for 24

hours to grow the biofilm on the enamel. The sections were brushed with Toothpaste C (3

sections/paste) for a brushing schedule similar to a 30 second brushing by human subjects.

The sections were rinsed with sterile water and inserted into a fresh tissue culture plate

containing 3 ml of BHI-YE to facilitate regrowth of the remaining oral biofilm on the enamel

sections. The plates were incubated for 24 hours. The sections were removed, placed in 2 ml

of sterile saline, sonicated for 10 sec, vortexed for 10 sec, diluted to 1:10 and 1:1000 and

spiral plated on blood agar plates. After 24 hours of incubation, the colonies on the agar

plates were counted using an automated colony counter.

Figure 1 : The mean pellicle cleaning ratios and the SEM values of Toothpaste B, C & ADA Reference Material.

Toothpaste B - CloSYS® Anticavity toothpaste , It contained sodium fluoride 0.24%, water, hydrated silica, sorbitol, stabilized chlorine dioxide, 

cellulose gum, disodium hydrogen phosphate, titanium dioxide, flavor, sodium dihydrogen phosphate, and sucralose 

Toothpaste C - CloSYS® Anticavity toothpaste contained sodium fluoride 0.24%, water, hydrated silica, stabilized chlorine dioxide, Sarkosyl

(sodium lauroyl sarcosinate), disodium hydrogen phosphate, cellulose gum, titanium dioxide, peppermint oil, sodium dihydrogen phosphate, 

sucralose, and menthol 

ADA Reference Material - (ADA) reference material (Odontex Inc., Lawrence, Kansas, USA) (ADA Control)

Figure 3: Comparision of Total Surface Micro Hardness after 10 and 20 days of remineralization

treatment between Crest 3 D White, Colgate Total, US Pharmocopenia Reference Dentifrice, CloSYS 

Fluoride Toothpaste B, CloSYS Fluoride Toothpaste C.
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