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Abstract
Background: A pilot randomized controlled clinical trial was performed to evaluate

the efficacy of a post-foaming dental gel containing cetylpridinium chloride (CPC),

hydrogen peroxide (H2O2), sodium bicarbonate, and antioxidants on periodontal/oral

health.

Methods: Individuals with gingivitis or mild-moderate periodontitis (n=36) were

included and randomly assigned to Group 1 and 2 with foaming gel loaded on a mouth-

piece with a light source and controlled warming heat built-in unit or on a toothbrush,

respectively, in addition to regular twice-daily brushing. Group 3 served as control

with twice daily brushing and further assigned split-mouth to Group 3a-un-flossed and

Group 3b-flossed. Gingival index (GI) and bleeding on probing (BOP) were evaluated

in addition to plaque index (PI), pocket depth, and clinical attachment level at days

14, 28, 42 (treatment), and 60 (maintenance). Subgingival plaque microbial profiles

and gingival crevicular fluid (GCF) cytokine levels were determined by DNA-DNA

hybridization and multiplexing assays, respectively. Exploratory analyses included

esthetic outcomes: changes in tooth color and levels of volatile sulfur compounds in

breath. Statistical analyses were conducted using ANOVA with a post hoc analysis of

Fisher’s LSD.

Results: Use of post-foaming gel in both test groups resulted in significant changes

in GI and BOP at Day 42 compared to control and un-flossed control (P<0.05).

Device-enhanced foaming gel significantly reduced the PI in Group 1 at Day 42

compared to control and un-flossed control (P=0.02; P=0.007, respectively). GCF

IL-6 and TNF-𝛼 levels were significantly reduced in Group 2 compared to control

(PIL-6=0.01, PTNF-𝛼=0.02). Post-foaming gel resulted in greater reductions in peri-

odontopathogens, whereas health-associated species remained stable. Despite cessa-

tion of adjunct treatments, Group 1 and 2 continued having reduced levels of GI, BOP,

and PI at Day 60 (P<0.05).

Conclusions: The novel post-foaming dental gel improves oral health by reducing

gingival inflammation at the local site in addition to better esthetic outcomes.
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1 INTRODUCTION

Periodontal diseases, comprising gingivitis and periodonti-

tis, are multifactorial inflammatory conditions initiated by

pathogenic bacteria within the dental biofilm, which can

result in tooth supporting tissue destruction if left untreated.1

According to a recent report applying the Centers for Disease

Control and Prevention/American Academy of Periodontol-

ogy periodontitis case definitions for surveillance, as well as

various thresholds of clinical attachment loss and periodon-

tal probing depth (PD), periodontitis affects nearly half of the

American adults 30 years or older,2,3 which suggests that cur-

rent strategies to control periodontal inflammation have not

been effective on a population level and improved efforts in

therapeutic innovation are necessary. Furthermore, there is

compelling evidence that periodontal disease is a risk fac-

tor for a number of significant medical conditions includ-

ing cardiovascular disease,4 diabetes,5 and adverse pregnancy

outcomes.6

Research has indicated that the initiation and progression

of periodontal disease is, in part, influenced by gram-negative

anaerobes (i.e., Aggregatibacter actinomycetemcomitans and

Porphyromonas gingivalis).7 These bacteria exist within the

dental plaque biofilm and trigger the host inflammatory

response. Although the etiology of periodontal disease is bac-

terial, it has been clearly demonstrated that host inflamma-

tory response mediates disease progression and periodontal

destruction.8,9

Consistent with the nonspecific plaque theory, strategies

for prevention and treatment of gingivitis and mild periodon-

titis are dependent on the reduction of plaque mass at the den-

togingival junction.10 It is expected that by lowering plaque

levels the disease severity is reduced; however, the relation-

ship of supragingival plaque mass to the severity of gingi-

val inflammation is not linear and varies among individuals.11

Currently, the most widely used method for prevention or con-

trol of periodontal disease is the daily mechanical removal

of etiologic bacteria, and the success relies on attaining and

sustaining high standards of daily plaque removal, lifelong.

Although mechanical removal of plaque remains the primary

means of controlling periodontal inflammation, finding safe

and effective agents for modification of biofilm composition

and inflammatory response is the ultimate goal especially for

susceptible individuals.12 Especially, in high-risk individu-

als, it appears that the amount of plaque and the periodontal

disease risk is not linear, therefore removal of dental plaque

does not always result in health.13 Thus, the adjunctive use of

oral care products containing chemotherapeutic agents such

as chlorhexidine, essential oils, and cetylpridinium chloride

(CPC) has taken a variety of forms over the years with varying

clinical benefits.14 Although it is shown to be the most pow-

erful antimicrobial, the use of chlorhexidine as a daily adjunct

mouthwash is limited because of its side effects, primarily

staining and taste alteration as well as epithelial sloughing and

ulcerations.14,15

A tooth whitening system* recently introduced a bleach-

ing device that has integrated light (blue LED) and heat ele-

ments to accelerate the bleaching agent, hydrogen peroxide

(H2O2), as a home bleaching tool. Per manual of operations,

the structural and action mechanism is that an elevated tem-

perature from the heating elements and/or the frictional heat

of toothbrushing causes the post-foaming gel to volumize and

help deliver the active ingredients of CPC, H2O2, and sodium

bicarbonate to the hard to reach areas. This study was designed

to investigate the efficacy of the adjunctive use of a novel post-

foaming dental gel formulation containing 0.1% CPC, sodium

bicarbonate, 1.4% H2O2, and antioxidants on existing gingivi-

tis, overall oral hygiene/health and esthetic outcomes.

2 MATERIALS AND METHODS

2.1 Study design
A 60-day randomized controlled, single blind (examiner-

blind), parallel group study was conducted on thirty-six

medically healthy participants with existing chronic gin-

givitis and/or mild-moderate periodontitis (according to

AAP/CDC criteria).16 The clinical stability was assessed on

Day 60 after product cessation on Day 42. Oral hygiene was

standardized for all participants as twice daily brushing with

a manual toothbrush† and an antioxidant toothpaste‡ given

at baseline for the study duration of 60 days. In addition to

twice daily brushing, they were randomized to one of the

three study groups to use adjunctive regimens as follows:

Group 1 (n = 12) was instructed to follow a once-a-day

8-minute application of the post-foaming dental gel§ with the

light- and heat-controlled device¶ and Group 2 (n= 12) was

instructed to apply the post-foaming dental gel (once-a-day)

on top of the toothpaste during one of the two toothbrushing

sessions. Group 3 (control; n=12) was instructed to floss

half of their mouth (right side of the mouth, upper and lower

jaws) once daily. In a split mouth design, data from this

group was analyzed as Group 3a: un-flossed and Group 3b:

flossed. All participants were asked to refrain from the use of

mouthwashes, interdental brushes, chewing gums containing

xylitol and oral hygiene products other than those supplied

by the study. Expect Group 3, the participants in Groups 1

and 2 were also asked to not to use dental floss.

* GLO Brilliant Teeth Whitening System, GLO Science, Inc. New York, NY.

† Oral B Pro-Health 35 Medium, Procter & Gamble, Co., Cincinnati, OH.

‡ GLO Antioxidant Toothpaste, GLO Science, Inc. New York, NY.

§ ECO Balance, GLO Science, Inc. New York, NY.

¶ GLO Brilliant Teeth Whitening Device.
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At Day 42, adjunctive use of device, post-foaming den-

tal gel and floss* in test and control groups, respectively,

were discontinued and oral hygiene was maintained by twice-

daily brushing in all groups for another 18 days reaching 60

days after baseline. All participants were examined at base-

line and follow-up visits on days 14, 28, and 42 for treatment

endpoints including the primary endpoint, change in gingi-

val inflammation, as measured by gingival index (GI)17 and

the key secondary endpoint bleeding on probing (BOP). The

other secondary endpoint measures were plaque index (PI),18

PD, clinical attachment level (CAL), levels of volatile sulfur

compounds (VSCs) in breath, subgingival plaque microbial

profile, inflammatory mediators in gingival crevicular fluid

(GCF), and tooth color. Participants returned for a final visit

on Day 60 to assess the clinical stability of treatment effect by

the measurement of GI, BOP, PI, PD, CAL, tooth color, and

VSCs.

2.2 Participant selection, enrollment, and
randomization
Participants were recruited from the volunteer pool at

the Forsyth Institute Center for Clinical and Translational

Research (CCTR). Individuals, who consented to take part in

the clinical trial, with an age range of 18 to 60 years, a whole

mouth mean GI score of ≥1.5 and pockets depths ≤7 mm

were enrolled in the study between October 2015 and August

2016.

Those with current medical conditions or on medications

known to affect periodontal tissues or interfere with any of

the study outcomes were excluded. In addition, individuals

with orthodontic appliances, pregnant and nursing women,

and current or former smokers within 1 year of enrollment

were excluded because of potential confounding effects on

study outcomes.

Qualified participants were enrolled in the study and

received baseline evaluations within 7 to 10 days of screen-

ing. After confirming the eligibility by medical history and

clinical measurements at baseline, participants were random-

ized into treatment groups using a permuted block randomiza-

tion schedule. The randomization sequence was generated by

the study biostatistician with a random number generator. The

randomization scheme was kept in the sole possession of the

unblinded clinician who was also responsible for providing

study treatments with instructions to participants and assess-

ing the protocol and product compliance throughout the study.

After baseline, participants were evaluated on Day 5 (only for

safety and compliance) and at days 14, 28, 42, and 60 for

safety, compliance and efficacy measurements. Compliance

of oral hygiene regimens were measured by evaluating partic-

ipant’s diary given at baseline, collected and replaced at each

* Oral-B Glide Floss, Procter & Gamble, Co., Cincinnati, OH.

study visit. A participant was considered to have “over used” if

regimens were used more often (>110%) than prescribed use.

A participant was considered to have “under used” if regimens

were used less often (<90%) than prescribed use. In addition,

participants were exclusively interviewed by the unblinded

clinician for oral hygiene practices; deviations were recorded,

and participants were reinstructed, if needed. Returned post-

foaming gel bottles, light/device exposures, toothpaste tubes

and floss boxes were evaluated at each study visit for compli-

ance assessment.

2.3 Ethical considerations
This study was approved by an independent ethical review

board of The Forsyth Institute (Protocol #15-05) and was con-

ducted in accordance with the Helsinki Declaration of 1975,

as revised in 2013. Written informed consent was obtained

from all participants prior to their enrolment. Each partici-

pant was given unlimited time to read the consent form and

ask questions. The study was registered at clinicaltrials.gov

(NCT03196618).

2.4 Clinical measurements and procedures
A single examiner (E.S.) who was blinded to study treatments

was responsible for all clinical oral measurements in a given

subject for the course of the study. A back-up examiner (C.R.)

was also assigned to examine a subject whose appointments

did not fit in the primary examiner’s schedule. An intra- and

inter-examiner calibration exercise was performed as previ-

ously described19 with a minimum 𝜅 coefficient of 0.8.

All participants received a thorough oral safety examina-

tion of soft and hard tissues at each visit. The examination

included upper and lower lips, labial and buccal mucosa,

mucosa of hard and soft palate, uvula, tonsils, tongue, and

floor of mouth. The adverse events reported during the study

were evaluated for safety measures.

Clinical periodontal measurements, including GI, BOP, PI,

PD, and CAL were recorded at baseline and each of the

follow-up visits on days 14, 28, 42, and 60. PD and CAL

were measured using a UNC-15 periodontal probe† at six

sites per tooth rounded to the next lower whole millimeter.

BOP was assessed within 15 seconds after probing, using a

dichotomous scoring system (1 and 0, for presence or absence,

respectively) at six sites per tooth. GI was assessed by plac-

ing the periodontal probe under the gingival margin and

sweeping along the buccal and lingual surfaces, with nota-

tion of tissue quality and bleeding as described by Löe and

Silness.17 PI was assessed by sweeping the periodontal probe

along the buccal and lingual surfaces, with notation of plaque

abundance.18

† Hu-Friedy, Co., Chicago IL.
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The product feedback was evaluated through a question-

naire administered to participants in Group 1 and Group 2.

2.5 Biological assessments
Analysis of GCF proinflammatory mediators and subgingival

plaque microbial profile were performed for the samples col-

lected at baseline and a follow-up visit at Day 28.

GCF samples were obtained from mesiobuccal sites of 4

teeth, 1 per quadrant based on GI score, using sterile PerioPa-

per strips* until slight resistance was felt for 30 seconds. Sam-

ples with blood contamination were discarded and site resam-

pled after bleeding cessation. Following collection, the sam-

ple was snap-frozen in liquid nitrogen and stored at −80◦C.

The frozen GCF samples were then thawed at room tem-

perature and proteins were eluted through two centrifuga-

tions at 13,000 ×g at 4◦C for 8 minute in a total of 110𝜇L

sterile phosphate buffered saline (PBS, pH 7.4). The sam-

ples were analyzed for inflammatory cytokines/chemokines

including MCP-1, TNF-𝛼, IL-1𝛽, IL-6, and IL-8 using an

assay kit (Human Cytokine/Chemokine 5-plex)† with multi-

plexed sandwich immunoassays, based on flowmetric multi-

plexing technology at the Forsyth Institute Luminex Core as

described previously.20 Briefly, assays were carried out on an

immunoassay multiplex platform‡ and data were read using

the system’s data analysis software.§ Immediately prior to

the initiation of study measurements, the multiplex platform

underwent a complete on-site maintenance cycle and opera-

tional qualified by Luminex field engineers. Daily and weekly

performance qualification was continuously verified by the

Core staff during the analytical period. Assay analysis was

performed according to manufacturer’s protocols. Single lot

numbers of each kit were used to minimize analytical variabil-

ity. Reagents provided in these kits included magnetic beads

pre-coated with capture antibodies, standards, assay diluents,

biotin-conjugated secondary antibodies, biotin diluent, strep-

tavidin conjugated to the fluorescent protein, R-phycoerythrin

(streptavidin-RPE), streptavidin-RPE diluent, washing buffer

concentrates, and assay buffers, as well as the 96-well fil-

ter or magnetic plates. The quality control measurements and

coefficient variations were calculated as described previously

by the same laboratory.20 The detection limits of the kits

were 0.28 pg/mL for IL-1𝛽, 0.11 pg/mL for IL-6 and 0.65

pg/mL for IL-8, 0.87 pg/mL for MCP-1 and 0.34 pg/mL for

TNF-𝛼.

Subgingival plaque samples collected from the mesiobuc-

cal surfaces of two teeth at each quadrant selected based on

* Oraflow, Inc., Smithtown, NY.

† EMD Millipore Corporation, 290 Concord Road, Bllerica, MA.

‡ Luminex 200 Bio-Plex, Bio-Rad Corp., Hercules, CA.

§ Bio-Plex Manager version 6.1; Bio-Rad Corp., Hercules, CA.

the GI score (highest GI score given) using sterile curettes

were analyzed using DNA-DNA hybridization (checker-

board) technique as described previously.21 In brief, after

removal of supragingival plaque, subgingival plaque samples

were collected from the selected mesiobuccal sites based

on the GI score using individual Gracey curettes.¶ As with

the GCF, samples with blood contamination were discarded

and site resampled after bleeding cessation. Samples were

placed in individual microcentrifuge tubes# containing

10 mM Tris-HCl and 1 mM EDTA (0.15 mL, pH 7.6);

for preservation, 0.15 mL of 0.5 M NaOH was added and

frozen at −80◦C until analysis. For analysis, samples were

lysed, and DNA was placed in lanes on a nylon membrane

with a blotting device.∥ After fixation of DNA to the nylon

membrane, the membrane was placed in a blotter** with

DNA lanes arranged perpendicularly to the device lanes.

Digoxigenin-labeled whole genomic DNA probes were

hybridized to 40 subgingival species in individual blotter

lanes. After hybridization, membranes were washed at high

stringency and DNA probes were detected with an antibody

to digoxigenin conjugated with alkaline phosphatase and

chemifluorescence. To detect signals, a fluorescent alkaline

phosphatase substrate†† and a computer-linked fluorescence

scanner‡‡ were used to read the intensity of fluorescence

signals resulting from probe target hybridization. Sensitivity

of the assay was adjusted to permit detection of minimum

104 cells of a given species by adjusting concentration of

each DNA probe. The observed signals were converted to

absolute counts by comparison with internal standards on the

same membrane. Failure to detect a signal was recorded as

zero.

2.6 Esthetic outcome measures
Assessment of esthetic clinical endpoints including, tooth

stain, tooth color, and breath measurements were conducted

at baseline and each of the following visits: days 5, 14, 28, 42,

and 60. Extrinsic tooth stain was evaluated using modified

Lobene Stain Index22 on the facial surfaces of six maxillary

and six mandibular anterior teeth. Each facial surface was

divided into two areas, gingival region and the entire facial

surface, and scored for area and intensity of the stain.

Tooth color was assessed on four maxillary incisors using

procedures accepted by the ADA for whitening products.23

¶ Hu-Friedy, Chicago, IL.

# Eppendorf tubes, Thermo Fisher Scientific, Waltham, MA.

∥ Minislot, Immunetics, Cambridge, MA.

** Miniblotter 45, Immunetics, Cambridge, MA.

†† AttoPhos substrate, Promega, Madison, WI.

‡‡ FluorImager, Amersham Biosciences, Sunnyvale, CA.
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A shade score derived from the shade guide* in the order of

lightest to darkest with corresponding scores of 1 to 20 (See

Supplementary Table S1 in online Journal of Periodontol-
ogy) was given for each tooth at baseline, Day 5. Changes in

tooth color was calculated based on shade score changes from

baseline. Chromatograph measurements of breath samples

were analyzed by a simple gas chromatography method

using semiconductor gas sensor,† which measures three

major VSCs including hydrogen sulfide, methyl mercaptan

and dimethyl sulfide, and displays gas concentration of each

compound in 1 cc of manually sampled breath. The VSC mea-

surements were conducted according to the manufacturer’s

instructions.‡

2.7 Sample size and statistical analyses
The number of participants was estimated based on previ-

ous studies to reach a significant difference in change of GI

between intervention and control groups after 6 weeks of

treatment. Using the normal approximation for sample size

determination concerning two independent sample t-tests and

assuming a 12% reduction (with respect to GI), alpha=0.05

and 80% power, a sample size of 12 per group was required.24

Descriptive statistics were calculated for all outcomes sepa-

rately by treatment group. Linear regression with robust stan-

dard errors were used to estimate treatment group differences

at each time point and treatment group differences in aver-

age change from baseline to each time point, as well as cor-

responding 95% confidence intervals (95% CI). For descrip-

tive statistics and analyses of group differences, values were

averaged over all tooth sites. For analyses of change, differ-

ences from baseline to each time point were computed on a

site-specific basis and estimates represent differences in mean

site-specific changes between treatment groups. Post hoc dif-

ferences and P values were estimated for treatment-group dif-

ferences using ANOVA and Fisher’s least significant differ-

ence (LSD) method. For PD, the rate of change over time and

difference in rate of change over time were also analyzed using

general estimating equations (GEE). For 3-treatment-group

comparisons, the controls (Group 3) served as the referent

category; for 4-treatment group comparisons, the un-flossed

region in controls (Group 3a) served as the referent. For all

analyses, significance level was determined at P<0.05. Com-

putations were conducted using a commercially available sta-

tistical package.§

* Toothguide 3D-MASTER with Bleached Shades; VITA Zahnfabrik, H.

Rauter GmbH & Co. KG, Germany.

† OralChroma, FIS Inc. Kitazono, Itami, Hyogo, JAPAN.

‡ OralChroma-CHM-2 Instruction Manual.

§ Stata version 13.0; College Station, TX.

3 RESULTS

3.1 Participant demographics and
compliance
Out of 145 potentially eligible individuals screened for the

study, 39 were found eligible and enrolled in the study with

baseline evaluations and randomized into study groups.

Three participants (2 in Group 3 and 1 in Group 2) were lost

to follow-up after baseline but before Day 14, a post-baseline

primary endpoint measurement visit, thus were excluded from

the data analyses. The safety and efficacy data collected from

36 participants who completed the entire trial were evaluated

as detailed in Materials and Methods (See Supplementary

Figure S1 in online Journal of Periodontology). Participants

in the control group were not significantly different from

participants in either treatment group with respect to age,

gender, race, and ethnicity (Table 1). All participants were

in treatment compliance at each study visit throughout the

study. Overall treatment compliance was between 95% and

107% across groups.

3.2 Baseline clinical parameters
Baseline clinical parameters for treatment and control groups

are outlined in Table 1. The data are presented as full mouth

averages and standard deviation. The groups were similar

with respect to periodontal and esthetic outcome measures at

baseline.

3.3 Clinical periodontal outcomes
3.3.1 Primary endpoint measure: GI
Mean GI scores significantly decreased at all post-baseline

time points from baseline in both foam-treatment groups.

On the contrary, there was no or minimal change in con-

trol group (Group 3) regardless of flossing status (Figure 1).

The greatest decrease in GI values was observed at Day 42

in Group 2 (foam applied with toothbrushing) (−0.25 versus

−0.23 and −0.09 for the foam with device and control groups,

respectively).

Treatment group comparisons
Both post-foaming dental gel groups (Group 1 and 2) signifi-

cantly reduced the GI compared to control when primary end-

point (change in Day 42) was considered. Treatment-group

differences in GI were statistically significant for Group 2 at

days 42 and 60 (P=0.002 and P=0.027, respectively), both

in primary and post hoc analyses, compared to control group

(3-group comparisons) (Figure 1A) and compared to both

un-flossed and flossed controls (4-group comparisons) (Fig-

ure 1B-mean difference ranged from−0.14 at Day 14 to−0.28

at Day 42; P-values range from <0.0001 to 0.031). Similarly,
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T A B L E 1 Baseline clinical parameters (with 95% CI) and participant demographics by study group

Characteristics
Foam with device
N=12

Foam with toothbrushing
N=12

Control
N=12

Overall
N=36

Gender—n (%)

Male 8 (66.6) 6 (50.0) 5 (41.7) 19 (52.8)

Female 4 (33.4) 6 (50.0) 7 (58.3) 17 (47.2)

Age (years)

N 12 12 12 36

Mean 43 39 39 41

SD 11.1 10.5 11.1 12

Median 43 37 35.5 39

(Min, Max) (20, 56) (22, 59) (25, 60) (20, 60)

Race—n (%)

American Indian/Alaska Native 0 0 0 0

Asian 2 (16.7) 1 (8.3) 0 3 (8.3)

Native Hawaiian or other Pacific Islander 0 0 0 0

Black or African American 3 (25.0) 3 (25.0) 7 (58.3) 13 (36.2)

White 7 (58.3) 6 (50.0) 4 (33.4) 17 (47.2)

More than one race 0 2 (16.7) 1 (8.3) 3 (8.3)

Ethnicity—n (%)

Hispanic or Latino 2 (16.7) 0 0 2 (5.6)

Not Hispanic or Latino 10 (83.3) 12 (100) 12 (100) 34 (94.4)

Total 12 12 12 36 (100)

Periodontal parameters (mean ± SD)

Gingival index (score of 0-3) 1.91 1.81 1.84

Bleeding on probing (%) 37 33 35

Plaque index (score of 0-3) 1.23 1.37 1.15

Pocket depth (mm) 2.28 2.11 2.33

Clinical attachment level (mm) 1.73 1.56 1.88

treatment-group differences were statistically significant for

Group 1 (post-foaming gel applied with the device) compared

to control (3-group comparisons; Figure 1A) and un-flossed

controls (4-group comparisons; Figure 1B) at Day 42 in both

primary and post hoc analyses (P=0.020 and 0.038, respec-

tively). Group 2 also showed statistically significant differ-

ence in GI at Day 28 in both primary and post hoc analyses

compared to control (Figure 1A) and un-flossed control (Fig-

ure 1B; P=0.013 and 0.049, respectively).

Average change from baseline
The decrease in the mean GI at days 28, 42, and 60 in Group

1 was statistically significantly greater than that seen in con-

trol group at the same time points (P=0.008, 0.006, and 0.048,

respectively). In Group 2, the decrease in mean GI at Day 42

was statistically significantly greater than that seen in con-

trol group (P=0.018). Although the GI reduction in Group

2 was maintained through Day 60, it failed to reach statisti-

cal significance compare to control group (P=0.097). In 4-

group comparisons, Group 1 demonstrated a statistically sig-

nificantly greater decrease in the mean GI than the un-flossed

control group at both 28 and 42 days (P=0.048 and 0.037,

respectively). The decrease in the GI was maintained through

Day 60; however, the average change failed to reach statisti-

cal significance compared to the change seen in the un-flossed

control group (P=0.098) (Figure 1C). There were no signifi-

cant differences between two foam-treatment groups (Group

1 and 2) at any time point in the primary endpoint, GI.

3.3.2 Secondary endpoint measures: BOP, PI,
PD, and CAL
Mean values of percent BOP, PI, PD, and CAL (data not

shown) in both foam-treatment groups were reduced at all

post-baseline time points compared to baseline levels. On the

contrary, there was no or minimal change in control group

regardless of flossing status. In both Group 1 and Group 2,

mean values for all secondary outcomes except for attachment

loss were consistently lower at day 42 compared to baseline

(Figures 2 and 3).
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F I G U R E 1 Primary endpoint, gingival index (GI). (A) 3-Group comparisons. At Day 42, GI (GI) was significantly reduced in both test groups

adjunctively using the dental foam applied either with a device or a toothbrush compared to brushing alone control group (*P< 0.05). Foam applied

with toothbrush also resulted in significant difference in GI at days 28 and 60 compared to control (*P<0.05). (B) 4-Group Comparisons.

Toothbrush-foam group showed significant difference in GI compared to un-flossed control group at days 28, 42, and 60, whereas Group 1 had a

significant difference only at Day 42 compared to un-flossed control (*P<0.05). Post hoc analysis also revealed a significant difference between

Group 2 and flossed controls at both days 42 and 60 (†P<0.05). (C) Percentage change from baseline. Both foam-treatment groups showed

significant percent changes (reductions) from baseline at Day 42 and Day 60 (P<0.05, within treatment-group analysis) and compared to un-flossed

and flossed control groups (†P<0.05)

Treatment-group comparisons
Reduction in percent BOP supported the findings with

GI indicating that the post-foaming dental gel is effec-

tive in reducing gingival inflammation in existing

gingivitis/mild-to-moderate periodontitis. Percent BOP

was significantly lower in Group 1 compared to control at

Day 28 (mean difference=−10%, P=0.005) and Day 42

(mean difference=−11%, P=0.002) (3-group comparisons)

and un-flossed control (mean difference Day 28=−14%,

P< 0.0001 and mean difference at Day 42=−13%, P=0.001)

(4-group comparisons), a pattern also observed in post hoc

analyses (Figure 2A–C). The difference in BOP at Day 42

compared to flossed control was also statistically significant

for Group 1 in post hoc analysis (P=0.032). Similarly, in

4-group comparisons, treatment-group differences in BOP at

Day 42 were statistically significant for Group 2 compared to

un-flossed control in post hoc analyses (P=0.027)

Mean values for PI were lower in all groups compared to

un-flossed control (estimates ranged from −0.37 to −0.05, P-

values ranged from 0.007 to 0.79). Group 1 showed signifi-

cantly less plaque compared to un-flossed control at Day 42

(P=0.007) whereas Group 2 showed the greatest reduction in

plaque at Day 60 with a significant difference compared to

un-flossed control (P=0.025). A similar pattern was observed

in post hoc analyses (Figure 3A).

Group 2 had significantly lower mean pocket depth than

control at each post-baseline time point up to Day 42 (P-values

ranged from 0.02 to 0.04 by ANOVA) and compared to un-

flossed control in post hoc analysis (P values ranged from 0.03

to 0.05; ANOVA and Fischer’s LSD test). Group 2 also experi-

enced greater decreases in mean attachment loss at each post-

baseline time point up to Day 42, the differences compared to

control failed to reach statistical significance (3-group com-

parison) and un-flossed control (4-group comparison) (P val-

ues ranged from 0.06 to 0.09). A similar pattern was observed

in post hoc analyses.

Although the mean PD and CAL change from baseline

was greater in Group 1, the differences compared to control

were not statistically significant (Figure 3B). The mean PD

and CAL remained unchanged during the study in the control

group regardless of flossing.

Average change from baseline
Mean change from baseline in BOP was also greatest in Group

1 participants at days 28, 42, and 60 compared to control (3-

group comparisons) (P=0.05, 0.016, and 0.026, respectively)
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F I G U R E 2 The key secondary endpoint, bleeding on probing (BOP). (A) 3-Group Comparisons. Similar to GI, at Day 42, BOP was

significantly reduced in both test groups, when foam was used either with the device or with a toothbrush compared to control (*P< 0.05).

Post-foaming gel applied with device also showed significant difference on Day 28 compared to control (*P<0.05). (B) 4-Group Comparisons. Both

foam treatments resulted in significant changes in BOP at Day 42 compared to un-flossed control (*P<0.05). Changes was significant in foam with

device group when compared to the flossing controls as well on Day 42 (P<0.05). There was little evidence for differences in both GI and BOP for

the both controls (un-flossed and flossed) compared to baseline. (C) Percent change from baseline. Both foam-treatment groups showed significant

percent changes (reductions) from baseline at Day 42 and Day 60 (P<0.05, within treatment-group analysis) and compared to un-flossed and flossed

control groups (†P<0.05)

and at days 28 and 60 compared to un-flossed control (4-group

comparisons) (P=0.004 and 0.013, respectively). Group 2

also showed significant reduction at day 60 compared to un-

flossed control (P=0.05).

Mean change in PI from baseline was significantly greater

in both foam-treatment groups (Groups 1 and 2), compared

to un-flossed control for all time points (P-values ranged

from <0.0001 to 0.02). In 3-group comparisons, Group 2

showed statistically significant average change from base-

line compared to control regardless of flossing status at all

time points (P values ranged from 0.001 to 0.03), whereas

in Group 1 average change from baseline was statistically

significant at days 28 and 42 compared to control (P=0.05

and 0.03, respectively). No significant differences between the

two foam-treatment groups were observed at any time point in

BOP or PI.

There were no statistically significant differences in

changes in PD or CAL from baseline in either post-foaming

dental gel group compared to controls at any time point.

Treatment group differences in changes in PD and CAL were

also analyzed using GEE analyses and stratifying by baseline

pocket depth. The rate of decline in PD and attachment loss

(AL) from baseline to Day 42 was greater for sites with pocket

depths of 4 to 7 mm in both Group 1 and 2 (P-values ranged

from 0.001 to 0.007 and 0.001 to 0.09, respectively); how-

ever, the differences were not significant when compared to

control.

3.4 Biological outcomes
3.4.1 Proinflammatory cytokines
Mean proinflammatory cytokine levels (IL-1𝛽, IL-6, IL-8,

MCP-1, and TNF-𝛼) were lower across all treatment groups at

Day 28, but differences were attenuated after log transforma-

tion. One reason for this observation could be attributed to the

finding that both mean and median cytokine levels at baseline

were greatest in control group.

Treatment-group comparisons
Mean cytokine levels were consistently lower in Group 2 com-

pared to control regardless of flossing, and these differences

were statistically significant for IL-6 and TNF-𝛼 (P=0.01 and

0.02, respectively). Differences between Group 1 and control

were not statistically significant (Figure 4A).

Estimates from post hoc analyses of 3- and 4-treatment

group comparisons showed that IL-6 and TNF-𝛼 levels were
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F I G U R E 3 Secondary efficacy endpoints. (A)

Plaque index. PI was significantly reduced in both

test groups, when foam was used either with the

device or with a toothbrush; compared to controls

without flossing statistically significant differences

were observed at Day 42 and Day 60, respectively

(statistically significant compared to non-flossing

controls, *P<0.05). (B) Pocket depth. Foam with

toothbrush group showed the greatest pocket depth

reduction at all time points; however, the difference

was not statistically significant compared to controls

or other treatment groups

F I G U R E 4 Secondary efficacy endpoints. (A) Change in inflammatory cytokines in GCF. Gingival crevicular fluid IL-1𝛽, IL-6, IL-8, MCP-1,

and TNF-𝛼 levels were measured at baseline and at Day 28 during treatment. Reductions in the cytokine levels were seen in all groups, but the only

statistical differences were with IL-6 and TNF-𝛼 in the foam with toothbrush group (P=0.01 and 0.02, respectively). (B) Change in total bacteria.

Total number of bacteria was calculated in each group at baseline and at Day 28. The greater and statistically significant reduction was seen in

toothbrush + foam group compared to baseline (P=0.03). Un-flossed control sites showed slight increase at Day 28 but was not statistically

significant. Flossed control and device + foam groups showed slight but insignificant reductions on day 28 (paired t-test)

consistently lower in Groups 1 and 2 compared to control

overall, and specifically to flossed control (P-values ranged

from 0.01 to 0.05).

Average change from baseline
The magnitude of mean change in cytokine levels from base-

line was greater in both foam-treatment groups compared to
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control (3-group comparison) for all cytokines but failed to

reach statistical significance. In 4-treatment group compar-

isons, changes in MCP-1 were greater in both Group 1 and

Group 2 compared to un-flossed controls (P-values ranged

from 0.02 to 0.07).

3.4.2 Microbial profiles
Total bacteria
Reduction in total bacteria was greater and statistically sig-

nificant in Group 2 at Day 28 compared to control (P=0.03).

Group 1 and flossed sites in control both showed ample reduc-

tions in total bacteria without significant differences. Interest-

ingly, un-flossed control sites had increased total number of

bacteria on Day 28 (Figure 4B).

Treatment-group comparisons
Species levels in Group 2 at Day 28 were consistently lower

than control with statistically significant differences in N.
mucosa, C. gingivalis, P. acnes, and E. corrodens (p-values

ranged from 0.03 to 0.04). However, the statistical signifi-

cance did not hold when compared to un-flossed control in

4-treatment comparisons for the same species or any other

microbial species. Likewise, there were no significant differ-

ences in bacterial outcomes in the other treatment groups (Fig-

ure 5A–D).

Average change from baseline
Differences in change from baseline were variable across

bacteria. Both post-foaming dental gel-treatment groups

showed ample reductions in T. forsythia, P. intermedia, and

P. nigrescens. However, E. saburreum (P=0.04) was the

only species with statistically significant reduction that was

observed in Group 1 compared to control.

In 4-treatment group comparisons, Group 2 showed

significant average reductions at Day 28 in P. gingivalis, A.
actinomycetemcomitans, S. oralis, N. mucosa, and S. gor-
donii, compared to un-flossed controls (P=0.027, P=0.030,

P=0.041, P=0.034, P=0.020, respectively). An important

observation was that slight but overall reductions were seen in

most of the species levels in flossed group whereas un-flossed

group showed limited or no change but also increases in some

species.

3.5 Esthetic outcomes
3.5.1 Tooth shade and stain index
Mean shades at baseline were 8.6, 9.1, and 8.0 in controls,

Group 1, and Group 2, respectively, with no significant dif-

ferences. Although Group 1 showed slightly greater average

shade change from baseline over time compared to controls,

the differences were not statistically significant (See Supple-

mentary Table S1 in online Journal of Periodontology).

Stain was significantly reduced by both Group 1 and Group

2 compared to controls at Day 42. Post-foaming dental gel

applied with toothbrushing specifically resulted in significant

stain removal at the gingival region (P=0.032 for both area

and intensity measures). When applied with the device, the

post-foaming dental gel resulted in a statistically significant

stain reduction at the entire facial surface in both area and

intensity measures (P=0.047). There was no significant dif-

ference between foam-treatment groups in any of the outcome

measures.

3.5.2 Halitosis
Mean VSC [H2S, CH3SH, (CH3)2S] levels were highest in

Group 1 participants at baseline but were not statistically dif-

ferent from other groups. Average change from baseline was

greater in H2S and observed in Group 2 compared to control

at each time point with a statistically significant difference at

Day 28 (P=0.02). No significant treatment group differences

in change were found for CH3SH and (CH3)2S over time.

3.6 Participant feedback
Participants of Group 1 and Group 2 were given a ques-

tionnaire at the end of the study to obtain their feedback on

device and/or post-foaming gel use. The level of satisfaction

was similar in both groups (75% responded as extremely sat-

isfied or very satisfied, with 25% who responded neutral).

Ninety-two percent of the participants in both groups found

the treatments extremely or fairly easy to use with only 8%

who responded neutral. The majority of participants (75%)

reported having a fresh feeling in their mouth during or after

treatment. Although 25% of participants experienced transient

and mild tooth sensitivity, all participants reported no pain or

discomfort but good impressions with fresh breath and differ-

ences in tooth color during and after the product use.

4 DISCUSSION

The present randomized, single-blinded, controlled proof-of-

concept study was conducted to assess the anti-gingivitis effi-

cacy of a newly formulated dental foam containing 0.1% CPC,

1.4% H2O2, sodium bicarbonate, and antioxidant compounds

compared to regular home care applied with a manual tooth-

brush and an over-the-counter toothpaste. The findings of GI

and BOP- the key measures of gingival inflammation- show

that the newly formulated post-foaming dental gel delivered

via the light-device (Group 1) or a manual toothbrush (Group

2) significantly reduced gingival inflammation in participants

with gingivitis and mild-to-moderate periodontitis. Both GI

and BOP were significantly reduced in Group 1 and Group

2 at days 28 and 42 following baseline; up to 12% and 13%

reduction in GI at day 42, respectively. When applied with
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F I G U R E 5 Species level changes in subgingival plaque composition. (A) Foam with device; (B) Foam with toothbrush; (C) Un-flossed control

and (D) Flossed control. Species level analysis showed significant differences in both test groups, foam used with device and foam used with

toothbrush, compared to baseline. Specifically, changes in T. forsythia, P. intermedia, P. nigrescens, and E. saburreum were the greatest. Foam with

toothbrush group showed significant average reductions at Day 28 in P. gingivalis, A. actinomycetemcomitans, S. oralis, N. mucosa, and S. gordonii,
compared to un-flossed controls (P=0.027, P=0.030, P=0.041, P=0.034, P=0.020, respectively). Interestingly, in control group flossing resulted

greater changes compared to un-flossed sites in most of the species, particularly in P. gingivalis, F. nucleautum, and T. denticola
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the device or toothbrushing over 42 days, post-foaming den-

tal gel resulted in an average of a 32% and 16% reduction in

BOP, respectively. These findings demonstrate that adjunctive

use of post-foaming dental gel to regular home care signif-

icantly reduces the clinical degree of gingival inflammation

compared to regular home care alone. Regardless of deliv-

ery method of the post-foaming dental gel, the anti-gingivitis

effect was maintained through Day 60 even after cessation

of applications on Day 42. Although there was no differ-

ence between chemotherapeutic groups in reducing gingival

inflammation, the average changes from baseline in Group 1

were statistically significant compared to regular home care

regardless of flossing status, which implies that the blue LED

light and controlled heat further amplified the therapeutic effi-

cacy of the dental gel.

The reduction in GI in both chemotherapeutic groups at

42 days (−0.25 and −0.23, respectively) is greater than the

reduction reported for chlorhexidine rinse (−0.21) in a recent

Cochrane systematic review.25 Reductions in GI and BOP are

also comparable to the reductions reported for rinses con-

taining 0.07% CPC26-28 whereas the reduction in BOP was

superior than that were seen in another study with 0.07%

CPC rinse.29 In addition to its powerful anti-inflammatory

properties, the adjunctive use of post-foaming dental gel sig-

nificantly reduced the existing extrinsic staining with addi-

tive esthetic outcomes seen as greater tooth shade changes

when enhanced by LED blue light. In contrast, an earlier

study30 with 0.07% CPC reported on participant complaints

for extrinsic staining and a substantial increase in extrinsic

tooth staining with chlorhexidine use at four to six weeks as

commonly reported in other studies. With the addition of 1.4%

H2O2, the new formulation of 0.07% CPC, sodium bicarbon-

ate and antioxidants not only significantly reduced the gingi-

val inflammation, but also reduced the existing staining and

resulted in lighter shades compared to baseline and regular

home care alone.

The secondary endpoint, PI, was also significantly lower

in both post-foaming dental gel groups at 42 and 60 days

compared to toothbrushing alone regardless of flossing status.

GI and PI scores are used to evaluate gingivitis severity—an

increase in plaque abundance and a decline in gingival

health indicate progression of disease.14 The simultaneous

significant reductions in GI and PI scores suggest that the

post-foaming dental gel, when applied by either method,

is efficacious in controlling the progression of periodontal

inflammation. Further, the results suggest that the current

standard of care oral hygiene composed of brushing and

flossing is inadequate for maintaining the periodontal health

between clinical visits.1 Therefore, the novel post-foaming

dental gel with significant anti-inflammatory and anti-plaque

properties provides a promising adjunctive approach in

the prevention of initiation and progression of periodontal

diseases.

In addition to its impact on supragingival plaque mass,

the dental gel used with a toothbrush significantly reduced

the total number of bacterial taxa in the subgingival plaque.

The changes in individual bacterial species suggests that

a small but significant portion of the benefit of den-

tal gel could be explained by suppression of P. gingi-
valis and A. actinomycetemcomitans for 28 days compared

with toothbrushing alone. Both P. gingivalis31,32 and A.
Actinomycetemcomitans33-35 are shown to be implicated in

destructive periodontal disease and possess certain virulence

factors that enable them to invade tissues. It is plausible that

decreasing host inflammatory reaction to these key pathogens

may reduce tissue destruction. Additionally, because P. gin-
givalis may also serve as a keystone pathogen that induces

biofilm dysbiosis,36 new dental gel containing of H2O2, CPC,

and antioxidant compounds might also alter the environment

for these pathogens through reduced inflammation. Further, P.
gingivalis and pore-forming toxin leukotoxin A of A. actino-
mycetemcomitans may be a trigger of the autoimmune disease

rheumatoid arthritis because of their ability to stimulate pro-

tein citrullination, a post-translational protein modification

targeted by autoantibodies in this disease.37 These findings

are of particular importance as there are increasing number

of reports associating oral pathogenic bacteria with several

other systemic inflammatory diseases including atherosclero-

sis, cardiovascular disease, stroke, Alzheimer’s disease and

colorectal, lung and pancreatic cancers.38 Research has also

indicated that the treatment of periodontal disease (i.e., erad-

ication of pathogens) can improve systemic inflammation.39

In parallel, post-foaming gel when used either with the

device or a toothbrush significantly reduced levels of proin-

flammatory cytokines IL-6 and TNF-𝛼 in the GCF com-

pared to control. One of the most key pathological events

in periodontal destruction is the upregulation of proinflam-

matory mediators.20 IL-6, in particular, has been found

to be an effective stimulator of osteoclast differentiation

and bone resorption.21 Although it has been shown that

increased concentrations of serum cytokines are associated

with periodontitis,40 these proteins have also been associated

with systemic diseases—for example, IL-6 and TNF-𝛼 eleva-

tion have been related to atherosclerosis.41 Mechanical treat-

ment of chronic gingivitis in conjunction with oral hygiene

products was capable of lowering GCF levels of TNF-𝛼 and

IL-1𝛽 in pregnant women, which resulted in lower preterm

birth rates and lower low birth weight, although the results

were insignificant because of small sample size and not hav-

ing proper control group.42 The reductions in IL-6 and TNF-𝛼

observed in dental gel-treatment groups are supportive of the

changes observed in plaque abundance, bacterial load, bleed-

ing and gingivitis condition, therefore representing a promis-

ing approach to managing disease progression beyond brush-

ing and flossing alone. It is clear that home care is imperative

to the success and maintenance of therapy provided by dental
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professionals. However, the need for effective and compliant

adjunctive solutions to home care are equally important for

patient-specific and precision oral hygiene.

In a recent review of 20 clinical trials on gingivitis preven-

tion and treatment, stabilized stannous fluoride (SnF2) tooth-

paste, CPC rinses and oscillating electric toothbrushes were

found significantly effective in improving gingival health.43

The review also confirmed that short-term treatment mod-

els allow for efficient evaluation in clinically relevant pop-

ulations with existing disease. Further studies with stabilized

SnF2 toothpaste showed clinical gingivitis benefits without

affecting the plaque mass.44 In the present study, a short-term

treatment model using a formulation of 0.1% CPC, sodium

bicarbonate and 1.4% H2O2 with antioxidants was applied

for existing gingivitis and a “lasting” effect was also eval-

uated after the product use was ceased for 15-20 days. The

plaque mass was significantly reduced in both post-foaming

dental gel groups with notable changes in total bacteria,

certain periodontopathogens and proinflammatory cytokines.

Although there were no statistically significant differences

between Group 1 and 2, when delivered by toothbrushing, the

impact of the novel chemotherapeutic dental gel on micro-

bial profiles and proinflammatory cytokines was more pro-

nounced (Group 2). It should also be noted that both test

groups applied mechanical removal (toothbrushing) of plaque

mass in combination with dental gel use. Thus, the difference

might be because of the instant delivery of chemotherapeutic

dental gel onto the dentogingival unit during biofilm disrup-

tion with a mechanical stimulus. This finding suggests that

post-foaming dental gel offers an effective and easy-to-use

daily oral hygiene measure with disruption of biofilm allow-

ing modification of dysbiotic microbiome and altered host

response, hence an effective resolution of inflammation.

This study has limitations including small sample size and

limiting power although it was large enough to detect signifi-

cant benefits on clinical parameters including GI, BOP and PI.

On the other hand, this study likely underestimated the true

impact on proinflammatory cytokine and microbial home-

ostasis; larger trials will be necessary to provide estimates

with greater precision. In addition, the duration of 42 days

could be a limiting factor to determine long-term effects pri-

marily the impact on compliance. Additionally, plaque sam-

pling from four posterior sites may not be representative

of periodontally affected sites, which could introduce bias

to some extent as well as increase variability. The checker-

board analysis technique only examined a subset of the gin-

gival microbiome, although a number of the most prevalent

pathogens were included. Nonetheless, it is possible that the

post-foaming dental gel tested in this present study modify the

oral microbiome by reducing the bioburden beyond the subset

of bacteria studied here.

Some notable strengths of this study are the randomized,

examiner-masked, controlled design; high compliance with

minimal drop-outs; and consistent impact on primary and

secondary outcomes, as clinical measures of periodontitis,

gingivitis, and inflammation as well as biochemical measures

of local inflammation. The short-term treatment model

including periodontal and esthetic outcomes allowed testing

the efficacy of the products with an overall oral health

approach. Further, the lasting effect of chemotherapeutics

was also tested after cessation of treatments.

5 CONCLUSIONS

It is well established that most American adults live with some

degree of periodontal disease, with the highest prevalence

among the elderly.2 Approximately one-third of adults in the

United States report daily flossing and whereas this incom-

pliance may be because of technique sensitivity or general

poor habit, it is important to recognize the negligence that the

population has towards oral hygiene and how that relates to

the current periodontal disease status in the U.S.45 Providing

people nationwide with an innovative method convenient to

incorporate into routine daily hygiene and effective in plaque

control and gingivitis prevention and treatment with micro-

bial balance and additional esthetic benefits may aid in shift-

ing the population ratio of periodontal disease and in turn

potentially influence several systemic inflammatory diseases.

The novel formulation of post-foaming chemotherapeutic gel,

in this sense, shows strong promising results as tested in the

present study. Longitudinal studies with many participants

and high-throughput analyses will be helpful to further prove

the efficacy of this easy to use product with high acceptance

on balancing microbiome and inflammatory profiles.
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