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Abstract
Background: Compliance to periodontal maintenance therapy (PMT) is essen-
tial for long-term periodontal health. Between PMT visits, patients must main-
tain good oral hygiene. A dentifrice with demonstrable clinical benefits for use
between PMT visits would be highly desirable. The aim of this clinical study
was to investigate the effect of a novel dental gel on probing depths (PD) and
inflammation when used as a home care dentifrice in Stage I and II periodontitis
patients.
Methods: This double-blind clinical study randomized 65 subjects with Stage I
and II periodontitis to the novel dental gel containing 2.6%EDTA, and a commer-
cially available anti-gingivitis dentifrice with 0.454% stannous fluoride. Primary
endpoint was PD at 6 months for those sites with baseline PD ≥ 4 mm and sec-
ondary endpoints included whole mouthmean scores of modified gingival index
(MGI),modified sulcus bleeding index (mSBI) and plaque index (PI). No SRPwas
performed at baseline.
Results: Subjects using the novel dentifrice showed significant PD reductions of
1.18mm (from4.27mmat baseline to 3.09mmat 6months) compared to 0.93mm
(from4.23mmat baseline to 3.30mmat 6months) shown for those using the pos-
itive control dentifrice. Difference between treatments at 6 months was 0.21 mm
with P-value = 0.0126. Significant improvements in MGI (P = 0.0000), mSBI
(P = 0.0000), and PI (P = 0.0102) were also observed in 6 months.
Conclusion:Thenovel dentifrice showed significant reductions in PDand gingi-
val inflammation over 6months solely as a home care dentifricewithout baseline
SRP in Stage I and II periodontitis maintenance patients.
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1 INTRODUCTION

Periodontal disease includes a group of inflammatory con-
ditions, typically initiated by the community of microor-
ganisms embedded in an extracellular polysaccharide
matrix of the oral biofilm that develops on all surfaces in
the oral cavity including the tooth surface, gingival mar-
gin and subgingival environment.1 If this oral biofilm is
left undisturbed, it can lead to formation of dental calculus,
periodontal disease, dental demineralization, and caries.2,3
Periodontal diseases include gingivitis,4 reversible inflam-
mation contained within the gingiva, and periodontitis,
a chronic multifactorial inflammatory disease associated
with dysbiotic biofilms and characterized by progressive
destruction of the tooth-supporting apparatus.5 In addi-
tion, recent evidence indicates that periodontal inflamma-
tionmay increase the risk of systemic diseases, such as dia-
betes mellitus, cardiovascular diseases, rheumatoid arthri-
tis, and adverse pregnancy outcomes.6–9
The cornerstone of success of all therapies implemented

for treatment of inflammatory periodontal disease is in
the removal of the biofilm and reduction of periodontal
pathogens associated with the tooth surfaces, periodontal
tissues, and other nicheswithin the oral cavity.10 This high-
lights the importance of an individual to be a co-therapist
for the establishment of optimal oral hygiene and to per-
form effective daily plaque control to prevent periodon-
tal disease and to improve gingival health.11–13 Although
heightened awareness, concerted public health measures,
and use of home care products to facilitate mechanical
and chemical methods of plaque control have contributed
to an overall improvement in oral cleanliness, the preva-
lence of periodontal disease, especially severe periodonti-
tis, has continued to remain high in developed countries.14
Several epidemiological studies have revealed that plaque-
induced gingivitis is prevalent among all ages of dentate
individuals.15,16 Also, based on data collected as part of
CDC’s 2009-2014 National Health and Nutrition Examina-
tion Survey (NHANES), 42.2% of adults aged 30-years and
older in the U.S have some form of periodontitis.17
Thus, different chemotherapeutic agents have been

studied and incorporated into dentifrice formulations for
daily use to remove oral biofilm and prevent its re-
accumulation. Numerous side-effects of such existing anti-
plaque formulations including taste alteration, staining of
teeth, dental abrasion, sensitivity, and gingival lesions have
been reported.18 A new novel dental gel containing 2.6%
ethylenediamine tetra acetic acid (EDTA) has been stud-
ied to improve plaque control and alleviate symptoms of
gingivitis while minimizing the side effects experienced
with some of other dentifrices as published in several stud-
ies that have demonstrated its superior anti-gingivitis and
anti-biofilm efficacies.19–21 Other studies have also been

published to showno observation of tooth surface degrada-
tion and no significant difference in microhardness when
comparing the novel dental gel without fluoride to stan-
dard fluoride toothpastes.22–23 Interim analysis in early
to moderate periodontitis patients has also been reported
recently with promising results.24
The overall aim of this study was to evaluate the safety

and effectiveness of the novel dental gel containing 2.6%
EDTA as a home care dentifrice compared to a positive
control dentifrice on clinical periodontal parameters in
Stage I and II periodontitis patients, using a reduction in
PD as the primary efficacy endpoint. All study subjects
were between PMT visits, so additional SRP was not per-
formed at baseline or during the relatively short study
duration of 6 months.

2 MATERIALS ANDMETHODS

2.1 Study design and participants

This single center randomized active-controlled clinical
study was designed as a prospective, double-blind study
in maintenance patients with Stage I and II periodonti-
tis and conducted at University of California at Irvine.25,26
It was approved by the University of California at Irvine,
IRB protocol #2013-9778 and all clinical procedures were
conducted in accordance with the Helsinki Declaration
of 1975, as updated in 2013.27 This clinical study was
registered on clinicaltrials.gov, with registration number
NCT02271815. No significant changes were made in the
study design after commencement of the study.
Subjects in this clinical study were between their PMT

visits at local community dental clinics and were referred
to the university study center for potential participation
in this clinical study. Males and females aged ≥ 30 years
with a minimum of 20 natural teeth were included in
this study. Key inclusion criteria included subjects hav-
ing 1) Plaque Index ≥ 2.0, Modified Gingival Index26 ≥

1.5, and Modified Sulcus Bleeding Index27 ≥ 1.0, 2) Stage
I or II periodontitis,24 3) at least 3 teeth with periodontal
pocket depth ≥ 4 mm, and 4) bleeding on probing > 50%
of teeth as determined by single-pass probing depth mea-
surements. Key exclusion criteria included (1) pregnant
female, (2) tobacco use, (3) participation in a clinical trial
within 30 days of the start of the study, (4) history of
significant adverse effects, including allergies following
use of oral hygiene products, (5) any quadrant or main-
tenance scaling, and root planing; or periodontal surgical
therapy within the 6 months prior to baseline, (6) sub-
jects who have been diagnosed with Sjögren’s disease, or
immune deficiency diseases (i.e., HIV or AIDS, poorly
controlled diabetes), or (7) anti TNF-alpha medication
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for rheumatoid arthritis, systemic antibiotics in the last 3
months, or anti-inflammatory drugs, or immune suppres-
sants. After eligibility was determined based on the inclu-
sion and exclusion criteria, and after obtaining informed
written consent, the participants were randomly assigned
in a 1:1 ratio to the treatment with either the test dentifrice
or the positive control dentifrice. The rolling recruitment
through advertisements was initiated in September 2017
and all the study visits were completed by a single exam-
iner by March 2020.

2.2 Study products and interventions

Both the participants and the study examiner were kept
blinded on the randomization and throughout the study.
The oral hygiene of the subjects was standardized by rigor-
ous uniform instructions and training. Subjects were pro-
vided with a new standard toothbrush* and trained using
the tell-show-domethod in the standard sulcular brushing
technique by the study examiner with over 10 years of clin-
ical experience as a periodontist.

2.3 Study products included

1. Test dental gel: a commercially available dentifrice
formulated with 2.6% EDTA†; and

2. Positive control dentifrice: a commercially available
dentifrice formulated with 0.454% stannous fluoride‡.

Participants were instructed to brush with the study
material twice a day (in the morning and evening) for 2
minutes and to use a pea size amount of the dentifrice
provided. They were required to bring back the empty
and partially empty dentifrice tubes at each visit and each
tube returned was weighed to measure compliance. Sub-
jects were provided with de-identified plain white, num-
bered tubes of toothpaste and new toothbrushes at each
study visit. They were also asked not to use any other oral
hygiene products including interproximal cleaning devices
throughout the study duration. No prophylaxis or SRP was
performed in this study.

2.4 Outcomes

The first brushing occurred during the baseline (day 0)
visit. Study duration was 6 months (180 days); subjects

* Oral-B Pro-Flex, Procter & Gamble, Cincinnati, OH.
† LivFresh Dental Gel, Livionex Inc., Los Gatos, CA.
‡Crest ProHealth, Procter & Gamble, Cincinnati, OH.

were evaluated at Visit 1–(day 0 or baseline), Visit 2 (day
90 ± 3 or 3-month), and Visit 3 (day 180 ± 3 or 6-month).
Following clinical variables were recorded at these 3 vis-
its by the same blinded, pre-standardized, experienced
study periodontist (who was being calibrated for measur-
ing these clinical variables on a quarterly basis by the IRB
with a minimum of 90% accuracy):

1. Probing Depths (PD)measured as the distance between
gingival margin and base of the pocket.

2. Clinical Attachment Loss (CAL) calculated as the dis-
tance between the cementoenamel junction (CEJ) and
base of the pocket based on the measured PD and free
gingival margin (FGM).

3. Modified Gingival Index (MGI): Same as Löe and Sil-
ness Gingival Index but without the bleeding on prob-
ing component.28

4. Modified Sulcus Bleeding Index (mSBI).29
5. Plaque Index (PI): Quigley Hein Index with Turesky

modification.28

PD and CAL was were recorded at six sites (buccal, lin-
gual,mesiobuccal, distobuccal,mesiolingual, distolingual)
per tooth. The examiner used a calibrated technique to
obtain PD and CAL measurements which were rounded
to the nearest millimeter with a standard manual UNC
probe. MGI and mSBI scores were recorded at four sites
(mesiobuccal, distobuccal, mesiolingual, distolingual) per
tooth whereas PI scores were recorded on the buccal and
lingual sites per tooth. PI was measured using a commer-
cially available disclosing solution§ before recording the
other periodontal variables.
The primary efficacy endpointwasmean PDat 6months

for those sites that measured PD ≥ 4 mm (defined as dis-
ease sites) at baseline.Mean clinical attachment loss (CAL)
at 6 months was included as a safety outcome in order to
ascertain that PD reduction did not occur at the expense
of CAL worsening. Secondary efficacy endpoints included
the improvement in clinical indices such as MGI, mSBI
and PI. Safety was monitored throughout the study by
assessing the incidence, timing, and severity of adverse
events (AEs) as well as by examining overall oral health
of the subjects by the examiner at the time of scheduled
visits. Subjects were also provided with a direct telephone
number to contact in case of any AEs.

2.5 Sample size and data analysis

This was the first randomized double-blind study eval-
uating the test dentifrice for the improvement in PD as

§ GUM Butler Red-Cote, Sunstar Americas Inc., Schaumburg, IL.
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Assessed for Eligibility   
( n=76)    

   Exclusion 
   ( n=0)  

Randomization   
( n=76)    

    
      

Test Group   Control Group 
( n=40)    ( n=36)  

      
      
Lost to Follow-up   Lost to Follow-up 

Non-compliance to oral hygiene 
( n=2)  

  Non-compliance to oral hygiene 
( n=1)  

Unwilling to continue ( n=4)    Unwilling to continue ( n=3)  
Unrelated illness ( n=1)  

      
      

Analyzed   Analyzed 
( n=34)    ( n=31)  

F IGURE 1 Flowchart of patients throughout the study

a primary outcome. A minimum sample size of 60 sub-
jects (30 subjects in each group) was determined based on
prior studies including case studies in periodontal patients
and gingival inflammation/bleeding studies in gingivitis
patients, and to provide at least 80% power with an alpha
of 0.05 to detect a between-treatment difference of 0.2 mm
in PD, assuming a standard deviation of 0.25 mm. Accord-
ingly, 76 subjects (38 subjects in each group) were recruited
to compensate for possible dropouts during the study
period. An interim analysis was performed with 33 sub-
jects (14 in the test group and 19 in the control group) who
had completed their 6-month visit as of December 2018 in
order to ensure that the test dental gel has no deleterious
effect on periodontal health, whereas the study examiner
continued to be blinded, therefore there is no impact on
the current data analysis.
Randomization was based on a block randomization

scheme with a fixed block size of four in order to ensure
a balance in sample size across groups over time. To
ensure allocation concealment, each qualified subject was
assigned a randomization number generated by a ran-
domnumber generator by an independent statistician. The
unique randomization number determined the treatment
assignment for that subject.
Site-specific measurements were averaged to calculate

a patient-specific mean value for each clinical param-
eter. Primary and secondary efficacy endpoints were
assessed and compared between treatments using analysis
of covariance (ANCOVA) with treatment as a factor and
the corresponding baseline values as a covariate. Clinical
response (in terms of the number of measurement sites
showing a decrease, no change, or increase in PD in 6
months) was also assessed and compared between treat-
ments using Pearson’s Chi squared test. Two-tailed statis-
tical significance was determined by a P < 0.05.

3 RESULTS

Efficacy was analyzed based on the full analysis set (FAS)
following the Intent-to-Treat principle, defined as all ran-
domized subjects who had completed at least through the
follow-up visit at 3 months. A total of 65 such subjects
(34 in the test group and 31 in the control group) were
analyzed in this study. All 65 subjects were in compliance
with their usage of the assigned dentifrice. The flowchart
of patients throughout this clinical study is illustrated in
Figure 1.
Participants in the test group ranged in age from 39 to

79 years old, mean 60 years, and in the control group 40
to 76 years, mean 57-years old. Majority of the participants
in both groups were Asians. There were no statistically sig-
nificant differences between the test group and the control
group in terms of demographics and baseline clinical char-
acteristics.
In the disease sites with baseline PD ≥ 4 mm, the

test group demonstrated greater improvements in PD at
6 months compared to the control group as presented
in Table 1. Mean PD values were 3.09 mm in the test
group and 3.30 mm in the control group at 6 months
with the mean difference between treatments of 0.21 mm
(P = 0.0126). Mean PD reductions from baseline to 6
months were 1.18 mm in the test group and 0.93 mm in
the control group. These PD improvements were accom-
panied by the corresponding CAL gains in both groups
but there was no statistically significant difference in CAL
gains between groups. As summarized in Table 2, themean
PD reductions were greater for deeper sites as compared to
shallower sites.
A total of 10,320 periodontal pockets sites (5382 in the

test group and 4938 sites in the control group) were mea-
sured for PD in this clinical study. Of these measured sites,
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TABLE 1 Comparison of PD and CAL with baseline PD ≥ 4 mm

Test Group (n = 34) Control Group (n = 31)
Outcome Mean Change Mean Change

Mm SD Mm % Mm SD mm %
PD
BL 4.27 0.21 N/A N/A 4.23 0.21 N/A N/A
3 M 3.23 0.36 1.05 24.5% 3.43 0.36 0.80 18.9%
6 M 3.09 * 0.33 1.18 27.6% 3.30 * 0.33 0.93 21.9%
Difference between treatments (95% confidence interval) at 6 M = 0.21 mm (0.05 mm, 0.38 mm) with P = 0.0126.
CAL
BL 4.19 0.51 N/A N/A 4.03 0.31 N/A N/A
3 M 3.21 0.41 0.98 23.4% 3.32 0.41 0.71 17.7%
6 M 3.10 0.38 1.09 26.0% 3.21 0.38 0.82 20.4%

BL, baseline; SD, standard deviation; SE, standard error
Difference between treatments (95% confidence interval) at 6 M = 0.11 mm (-0.08 mm, 0.30 mm) with p = 0.2535.
BL values presented in mean ± SD, and 3 M and 6 M values presented in adjusted mean ± SE based on ANCOVA model. P-values were calculated based on
ANCOVA model with term for treatment and baseline as covariate.
3 M, 3 months; 6 M, 6 Months.
*P < 0.05.

TABLE 2 PD changes at 6 M for PD categorized by baseline PD

Baseline PD
Study Arm ≤ 1 mm 2mm 3mm 4mm 5mm > 5 mm All sites
Test Group 0.28 (0.06) (0.51) (1.02) (1.46) (2.03) (2.03)
Control Group 0.44 0.03 (0.32) (0.82) (1.47) (1.94) (1.94)

1472 sites (739 sites in the test group and 733 sites in the con-
trol group) were PD ≥ 4 mm at baseline. Clinical response
was assessed by categorizing these sites based upon if the
PD decreased, remained unchanged or increased over a
period of 6 months as shown in Table 3. 80.9% of the test
sites and 76.1% of the control sites responded well to the
respective treatment and showed PD reductions whereas
2.3% of the test sites and 3.8% of the control sites did not
respondwell and showed increases in PDover the 6-month
duration of this study (P = 0.0497). There were also statis-
tically and clinically significant reductions in the number
of sites with PD ≥ 4 mm and PD ≥ 5 mm as summarized
in Table 4. The number of the sites with PD ≥ 4 mm was
reduced from 739 at baseline to 309 at 6 months (by 58.2%)
for the test group and from 733 to 371 (49.4%) in the control
group.
Full mouth scores of all the clinical periodontal indices

(MGI, mSBI, PI) with mean value and standard deviation
(SD) at baseline, 3 months and 6 months are summarized
in Table 5. The test group demonstrated statistically signifi-
cant improvements at 3months inMGI (P< 0.0008),mSBI
(P< 0.0002), and PI (P= 0.0131) and further improvements
at 6 months in MGI (P < 0.0000), mSBI (P < 0.0000), and
PI (P = 0.0102) compared to the control group. No adverse
events were reported during the study.

4 DISCUSSION

Several studies have been conducted to assess the effect
of the novel formulation of dental gel that contains
2.6% EDTA on oral biofilm and gingivitis.19–21,24,31 Previ-
ous studies have demonstrated enhanced plaque removal,
improved gingival health, and prevention of biofilm re-
accumulation with the use of the test dental gel than a
positive control dentifrice in patients with gingivitis.19,31
In a study utilizing high-resolution in vivo multiphoton
microscopy and digital imaging, it was concluded that
reduced biofilm levels of using the test dental gel were
associated with a macroscopic break-up of the dental
plaque layer, and smaller, fragmented residual deposits
with no apparent changes in the pellicle and significantly
more reduction in clinical indices was reported in the
test group versus the control group.20 An unpublished
in vitro study (available on request) showed that the test
dental gel makes the zeta potential (a measure of electri-
cal charge) on hydroxyapatite spheres more negative, thus
resulting in a larger repulsive force between the tooth sur-
face and negatively charged bacteria. This repulsionmakes
it easier to remove bacterial plaque while brushing and
harder for the bacteria to attach (or re-attach) to tooth
surface.
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TABLE 3 Number of sites with baseline PD ≥ 4 mm, stratified as per 6 M change

Decrease No change Increase Total
Study Arm No. % No. % No. % No. % P-value
Test Group 598 80.9% 124 16.8% 17 2.3% 739 100.0% 0.0497
Control Group 558 76.1% 147 20.1% 28 3.8% 733 100.0%

P-value was calculated based on Pearson’s chi squared test.

TABLE 4 Number of sites with PD ≥ 4 mm and PD ≥ 5 mm at BL and 6 M

PD ≥ 4 mm PD ≥ 5 mm
Study Arm BL 6M P-value BL 6M P-value
Test Group 739 309 0.0399 229 65 0.0345
Control Group 733 371 177 76

P-values were calculated based on Pearson’s chi squared test.

All previous clinical studies conducted in gingivitis
patients have demonstrated that the test dental gel is a safe
and effective tool for plaque removal and improving gin-
gival health.19–21,31 This investigation is the first controlled
study to assess this novel dental gel in the therapy of peri-
odontitis patients. Thus, this randomized control double-
blind clinical study is the first in the series to evaluate
and compare the efficacy of this novel dentifrice with 2.6%
EDTA on periodontal health of patients with Stage I and
II periodontitis. Interim data from this clinical study was

reported in which the test dental gel was found to improve
periodontal pocket depths aswell as gingival inflammation
and bleeding significantly better than the positive control
dentifrice in the periodontitis patient population.24
Periodontal health (as reported in PD and CAL in this

study) is evaluated using the data for those disease sites
with baseline PD ≥ 4 mm. Mean PD reduction achieved
by the test group during the study duration of 6 months
was 1.18 mm (Table 1). It is useful to compare these reduc-
tions in PD without prophylaxis to other clinical trials for

TABLE 5 Comparison of full mouth clinical indices

Test group (n = 34) Control group (n = 31)
Mean Change Mean Change

Outcome Score SD Score % Score SD Score %
MGI
BL 2.56 0.22 N/A N/A 2.54 0.22 N/A N/A
3 M 2.23a 0.17 0.33 12.9% 2.38 a 0.17 0.16 6.2%
6 M 2.08a 0.20 0.48 18.9% 2.35 a 0.20 0.19 7.6%
Difference between treatments (95% confidence interval) at 6 M = 0.27 (0.17, 0.37) with P = 0.0000.
mSBI
BL 2.58 0.21 N/A N/A 2.53 0.24 N/A N/A
3 M 2.25 a 0.17 0.34 13.0% 2.42 a 0.17 0.11 4.2%
6 M 2.13 a 0.19 0.45 17.6% 2.37 a 0.19 0.16 6.4%
Difference between treatments (95% confidence interval) at 6 M = 0.24 (0.14, 0.33) with P = 0.0000.
PI
BL 2.18 0.38 N/A N/A 2.26 0.46 N/A N/A
3 M 1.69 b 0.24 0.49 22.4% 1.85 b 0.24 0.41 18.3%
6 M 1.51 b 0.28 0.67 30.7% 1.70 b 0.28 0.56 24.8%

BL, baseline; SD, standard deviation; SE, standard error.
Difference between treatments (95% confidence interval) at 6 M = 0.19 (0.05, 0.33) with P = 0.0102.
BL values presented in mean ± SD and 3 M and 6 M values presented in adjusted mean ± SE based on ANCOVA model. P-values were calculated based on
ANCOVA model with term for treatment and baseline as covariate.
3 M, 3 months; 6 M, 6 Months.
aP < 0.0001.
bP < 0.05.
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FDA approved locally administered antimicrobial thera-
pies adjunctive to SRP in (moderate to severe) periodon-
titis patients.32 Arestin (a locally administered minocy-
cline) as an adjunct to SRP has shown PD reductions
of 1.32 mm (compared to 1.08 mm for SRP alone) and
1.63mm in its 9-month randomized controlled clinical trial
(n = 748) and Perio Chip (a locally administered chlorhex-
idine) also as an adjunct to SRP has shown the combined
average of 0.95 mm (compared to 0.65 mm for SRP alone)
in its two 9-month randomized controlled clinical trials
(n= 447).33,34 Baseline PDvalues are also important to con-
sider because nonsurgical periodontitis treatments gener-
ally have a greater impact in deeper periodontal pockets,
because there is more room for reduction in PD values.
The baseline means PD for Arestin and Perio Chip stud-
ies was ≈5.80 mm versus 4.27 mm in this study. It should
be noted that potential adverse effects (such as gingival dis-
comfort, teeth sensitivity, and antimicrobial-resistant bac-
teria) must also be taken into account when assessing the
benefit of these antimicrobial adjunctive therapies.
A comprehensive systemic review article found the PD

reductions for the SRP (which is the gold standard for non-
surgical periodontal treatment) have a weighted average
PD reduction of 1.40mm for those sites with baseline PD of
4 to 6mm.35 In contrast, this clinical studywas based solely
on home carewithout SRP or prophylaxis. Another unpub-
lished randomized double-blind clinical study (available
on request) has demonstrated that as an adjunct to profes-
sional prophylaxis (scaling and polishing) at baseline, the
test dental gel was able to achieve statistically and clini-
cally significant PD reductions of 0.81 mm in just 30 days.
It is plausible to expect even greater PD reductions for the
test dental gel when used as an adjunct to SRP in future
studies.
Good oral hygiene alone (without professional peri-

odontal therapy) is not sufficient in healing periodontal
pockets (i.e., reducing PD) in periodontitis patients but
the test dental gel was able to demonstrate clinically sig-
nificant PD reductions as a home care dentifrice prod-
uct in this controlled clinical study.36 The findings are
clinically significant particularly for Stage I and II peri-
odontitis patients who can accelerate healing time and/or
extend time interval of their professional periodontal ther-
apy including SRP and other (non-invasive and/or inva-
sive) interventions.
Significant mean PD reductions were also supported by

the statistically and clinically significant response rates
(Table 2) and the decrease in the number of the disease
sites (Table 3) as well as the overall improvements in
gingival health (gingival inflammation and bleeding) and
plaque control (Table 5) in the test group.
It is well understood that deeper periodontal pockets

(comparing to shallow periodontal pockets) experience

greater clinical improvements after nonsurgical periodon-
tal treatments.37 The data from this study also demon-
strated that greater PD reductions were achieved in peri-
odontal pockets that were deeper at baseline. Mean PD
changes in all baseline PD categories are greater for the test
group than the control group as summarized in Table 4.
Smaller CAL gains and resulting lack of statistical signif-

icance as compared to PD reductionswere likely because of
a) CAL measurements having greater variability than PD
measurements and b) the impact of gingival recession not
being a part of the CAL measurements. Therefore, CAL is
more difficult to show a significant difference because it
does not take into account (unlike PD) the amount of gingi-
val recession because of decreased inflammation. The test
group has shown improvements in PD of 1.18 mm and in
CALof 1.09mmat 6months, the difference of 0.09mmrep-
resenting the amount of gingival recession (or the change
in FGM) in 6months. On average in the test group, the gin-
gival margin moved apically from 0.08 mm above CEJ to
0.06 mm below the CEJ in 6 months because of reduced
gingival inflammation.
Clinically and statistically significant improvements in

full mouth MGI, mSBI, and PI scores are noted for the
test group compared to the positive control group in this
study (Table 5). However, these improvements in clini-
cal indices are smaller than the results reported in pre-
vious clinical studies for the test dental gel in gingivitis
patients.19–21 This probably reflects the fact that the patient
population recruited for this study was characterized by
poor plaque control and generalized severe inflammation
in both groups at baseline and (unlike PD or CAL) these
indices have inherent limitations in capturing the degree of
severity in the high score range especially in a population
with poor oral hygiene. The inflammatory data in Table 5
might indicate a poorly controlled group of patients. How-
ever, it is interesting to note that the test dental gel and oral
hygiene still resulted in a significant PD reduction, in spite
of the persistent level of inflammation. This may suggest
that the impact of the test dental gel on PD might yield
an even greater clinical benefit when used in patients with
less inflammation at baseline.
Both groups showed significant improvement in the

periodontal clinical parameters in patientswith Stage I and
II periodontitis; this may be attributed to the mechanical
disruption of the plaque biofilm and as well as the anti-
plaque and anti-gingivitis properties of the active ingredi-
ents in the positive control group.38,39 Despite these estab-
lished properties of the positive control dentifrice, the test
dental gel had significantly superior efficacy. It should be
noted that the test dental gel does not contain abrasives
or antimicrobial (bactericidal) active ingredients typically
formulated in commercially available anti-plaque and anti-
gingivitis toothpastes.
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5 CONCLUSION

The results of this clinical study show that Stage I and
II periodontitis patients can achieve significant PD reduc-
tions, reduce the level of inflammation and improve their
periodontal health by using the test dental gel as a home
care dentifrice during PMT and/or between scheduled
PMT visits. The study population had previously been
diagnosed and treated in community dental clinics for
Stage I and II periodontitis prior to referral as poten-
tial study participants. This level of disease may have
inherently limited the amount of PD reductions that was
achieved. Future studies should evaluate the efficacy of the
test dental gel as an adjunct to SRP. If future studies show
the test dental gel has an adjunctive therapeutic benefit to
SRP, it would support potential inclusion as a therapeutic
component in nonsurgical periodontal therapy to extend
the benefit of SRP and delay and/or prevent relapse of peri-
odontal disease.
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