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Abstract

Objective This study compared the effects of oral hygiene with a toothpaste formulated with zinc (test) to a fluoride dentifrice
(control) for effects on oral polymorphonuclear leukocyte (PMN) as a measure of whole mouth inflammation along with effects
on clinical parameters of dental plaque and gingivitis.

Materials and methods Adults (age range 1860 years, n =212) completed this double-blind, parallel design study. After washout,
a baseline oral rinse sample was evaluated for PMN prior to clinical assessments for gingivitis and dental plaque. Subjects were
randomly assigned to brush twice daily with either the test or the control toothpaste. Post-treatment evaluations repeated all baseline
assessments after 4-week, 6-week and 12-week use of dentifrice with all assessments conducted 12 hours after brushing.

Results PMN reductions in the test were 16.8%, 18.7% and 42.5% at the 4-week, 6-week and 12-week evaluations respectively
and significantly different from the control (p < 0.05). The test toothpaste also demonstrated progressively increasing reductions
in gingivitis and dental plaque that ranged from 7.6 to 33.3% and 2.3 to 9.1% respectively versus the control (p < 0.05).
Conclusions The test dentifrice demonstrated progressive reductions in oral PMN representing whole mouth inflammation in
conjunction with improvements in oral hygiene as compared to the control toothpaste.

Clinical relevance A hallmark of oral inflammation includes the accumulations of PMN in the afflicted gingival regions to reduce
the influences of proliferating microorganisms. Brushing with a zinc dentifrice demonstrated progressive reductions in oral PMN
and improvements in oral hygiene as evidenced by progressively lower dental plaque and gingival indices.

Keywords Dental plaque - Gingivitis - Neutrophils - Zinc salts

Introduction

A diverse polymicrobial microflora is routinely isolated from
distinct ecological niches of the human mouth [38].
Endogenous oral organisms include biofilms on the surfaces
of hard and soft tissues and as non-adherent salivary compo-
nents suggesting potential niche preferences based on locali-
zation. Commencing with initial reports from the 1960s, clin-
ical studies demonstrate associations between these
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endogenous organisms and the initiation of oral diseases [4,
21]. These studies report an increasing proportion of gram-
negative organisms within the dental plaque in the absence of
routine oral hygiene during the transition from health to gin-
gival inflammation. Reported in the literature are new organ-
isms in halitosis [16], caries [2] and other inflammatory con-
ditions of the periodontium [28, 29].

Analysis of the complex oral microbial ecosystem reveals
metabolic aspects unique to these organisms. Complex micro-
bial metabolites, a feature of these organisms and their inflam-
matory components, such as lipopolysaccharide, are readily
isolated during the transition from health to gingivitis [18] and
trigger specific host responses. Professional dental care and
effective routine mechanical oral hygiene are primary steps in
the control of bacterial flora and the associated inflammation
[44]. While effective self-care is emphasized and widely rec-
ommended by dental professionals, global surveys consistent-
ly report inadequate hygiene in most populations [4]. Almost
50% of the plaque is left behind on the teeth following an
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episode of tooth brushing [8] with gingivitis, an inflammatory
condition, reported from all populations [21]. Approaches to
supplement oral hygiene procedures include the routine use of
formulations with antimicrobial agents. A dentifrice formulat-
ed with zinc salts has been a subject of clinical studies, with
results demonstrating reductions in dental plaque and associ-
ated gingivitis [9], and significant reductions in the microbial
flora of distinct oral niches [39] all of which represent im-
provements in oral health.

Inflammation of oral tissue is uniformly characterized by
histological features reporting a rapid infiltration of neutro-
phils through the inflamed vessels of afflicted regions [11].
Polymorphonuclear neutrophils (PMN) are the most abundant
leukocyte population during inflammatory conditions of the
mouth [18] with a range of protective functions [31] and re-
portedly form a barrier between bacterial plaque and the gin-
gival tissue to wall off the growing microorganisms.
Following extravasation, neutrophils accumulate in oral fluids
with approximately 80% retaining viability for a short dura-
tion [11]. These observations have an extended history includ-
ing histologic and functional characterizations [33]. Studies
report non-invasive assays to evaluate oral neutrophils in
health, periodontal disease and other conditions [1, 5, 31,
45]. We hypothesized that the effects of an intervention that
can reduce gingivitis may be evaluated by enumerating oral
PMN. Accordingly, the present clinical investigation exam-
ined the effects of oral hygiene with the described zinc tooth-
paste on oral neutrophils amongst adult subjects in conjunc-
tion with clinical parameters of dental plaque and gingivitis.

Materials and methods
Study population and experimental design

This study was designed as a double-blind, parallel design,
single-center trial to evaluate the outcomes after 12-week
use of randomly assigned toothpastes on oral PMN and clin-
ical outcomes. The study was approved by the Institutional
Ethics Committee of the SDM College of Dental Sciences
and Hospital and conducted in accordance with widely accept-
ed practices for clinical studies. Subjects from the local area
who provided voluntary written informed consent were sched-
uled for a screening visit at the dental clinic to determine
eligibility for study inclusion. The study is reported in accor-
dance with the CONSORT statement.

Subject inclusion criteria
Prospective subjects of either gender in good health (age range
18-70 years) from the local area were scheduled for an initial

screening visit. A dentist conducted a whole mouth clinical
examination during the screening visit with all assessments
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conducted in the morning in the dental operatory under stan-
dard lighting. Enrolled subjects had at least 20 natural teeth,
and did not have removable or fixed dental prostheses. Study
enrollment was restricted to those registering a minimum den-
tal plaque index score of 1.5 by the Turesky modification of
the Quigley-Hein Index [42] and a minimum gingivitis index
score of 1.0 by the Loe-Silness Index [22].

Subject exclusion criteria

Individuals reporting pregnancy or anticipating pregnancy
were excluded. Subjects reporting chronic or serious condi-
tions, such as diabetes mellitus, heart disease or renal and liver
disease; or transmissible conditions, e.g. AIDS; or taking pre-
scription medications, were excluded. Also excluded were
those presenting oral conditions that required dental care such
as ulcers, abscess, carious lesions, restorations including re-
ported allergy of oral hygiene formulations, concurrent partic-
ipation in another clinical study, participation in a clinical
study in the preceding month or a history of tobacco use.

Following enrollment, subjects were scheduled for baseline
clinical evaluations as described below.

Clinical procedures
Baseline and test product assignment

Enrolled subjects underwent a 1-week washout phase with a
commercially available fluoride toothpaste and a soft-bristled
toothbrush with a twice-daily oral hygiene regime. Study
participants were instructed to discontinue the use of all other
oral hygiene formulations for the remainder of the study
period.

After the washout phase, subjects were scheduled to arrive
at the dental clinic for baseline evaluations. Subjects refrained
from oral hygiene for 12 hours, prior to their visit and all
examinations were conducted in the morning. At the baseline
visit, subjects were provided 10 ml of sterile saline solution.
Subjects were instructed to rinse their mouth for 10 s and
expectorate into a sterile tube for neutrophil assessments
(PMN) with these steps representing minor modifications
from those reported previously [1, 5, 45]. All subjects
underwent clinical assessments for plaque and gingival indi-
ces by one calibrated examiner. The clinical examiner was
calibrated in exercises prior to the start of the study with a
kappa score of 0.9 recorded in the evaluations. After complet-
ing the baseline assessments, subjects were randomly
assigned either a fluoride toothpaste (control) or a fluoride
toothpaste formulated with zinc salts (test) with all dentifrices
overwrapped to mask all identifying features and assigned a
unique code to blind the subjects and examiners for treatment
assignments. Subjects completed the first use of their assigned
toothpaste in the dental clinic and instructed to brush twice
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daily with the provided toothpaste. No other brushing instruc-
tions were provided and subjects instructed to maintain their
usual eating and dietary habits but instructed to refrain from
using any other oral hygiene formulations over the 12-week
study period.

Post-treatment evaluations

Subjects were scheduled to return for post-treatment assess-
ments similar to baseline that were conducted after 4-week, 6-
week and 12-week use of provided toothpaste. Study person-
nel interviewed subjects during each recall visit for adverse
events and reminded subjects of study procedures to empha-
size compliance with study procedures. During the study, sub-
jects were periodically contacted to reinforce study proce-
dures. At the conclusion of the study, all issued toothpastes
were collected and weighed as an additional measure of study
compliance and subjects provided their compensation.

Laboratory procedures for PMN quantitation Procedures for
PMN quantitation were similar to those described previously
and utilized fluorescent microscopy [1, 5, 45]. In brief, all
samples were transported to the laboratory and mixed gently
with formalin. Samples were stored at 4 °C and stained with
ethidium bromide for microscopy. Microscopic results were
reported as number of PMN per ml of sample.

Statistical methods

Sample-size calculations for this study estimated inclusion of
approximately 100 subjects in each treatment group to detect a
difference of approximately 0.2 units between treatments with
an attrition rate of 5%. Calculations were based on standard
deviation values of 0.5 units with « of 0.05 and statistical
power of 80%.

Statistical analyses

Demographic variables between treatment groups were com-
pared by a chi-square analysis with an analysis of variance
(ANOVA) comparing the age of enrolled subjects. PMN
counts were transformed (log;,) for analysis. PMN and clini-
cal results recorded over the course of this investigation were
summarized for statistical analysis with descriptive statistics
presented as mean =+ standard deviation at all evaluations. For
each treatment group, #-test analysis compared baseline results
with corresponding post-treatment outcomes. An analysis of
variance (ANOVA) compared baseline results between treat-
ment groups. Statistical differences between treatments were
determined by an analysis of covariance (ANCOVA) that in-
cluded the corresponding baseline as the covariable with treat-
ment differences evaluated by a Tukey-HSD. For all tests,

statistically significant results are reported at p values less than
0.05.

Results
Subject demographics

Subjects screened for this study are shown in a CONSORT
diagram (Fig. 1) with 245 evaluated for study enrollment.
Two hundred twelve subjects who met the study criteria were
enrolled, completed the washout phase and randomly placed
in the treatment groups. Ninety-four subjects in the control
group and 97 in the test group completed the entire study.
Twelve subjects in the control group and 9 subjects in the test
group discontinued study participation at various follow-up
visits. A primary reason for subjects discontinuing study par-
ticipation was relocation from the area. Other reasons for
study discontinuation included non-compliance with study
procedures and represented factors unrelated to the trial. The
study population comprised 41 males and 150 female subjects
with average age of 32.4 and 32.3 years, respectively
(Table 1). The average age of subjects in the control and test
groups was 32.6 and 32.3 years respectively with no signifi-
cant differences by ANOVA (p > 0.05). Age range of subjects
recorded in the control and test groups were 18—60 and 18-59
respectively with chi-square analysis demonstrating no signif-
icant differences between treatment groups for subjects’ de-
mographics (p > 0.05).

The effect of brushing with assigned toothpaste on dental
plaque and gingival index scores is presented in Table 2 as
average =+ standard deviation over the study period. At base-
line, analyses indicate no statistically significant differences
for either dental plaque or gingival index scores (p > 0.10). On
the other hand, treatment groups reported progressive reduc-
tions in clinical scores over the study period. Gingival index
scores for the test group consistently demonstrated reductions
from baseline to each post-treatment evaluation (p < 0.05). In
contrast, the control group demonstrated no statistically sig-
nificant reduction in gingival index scores from baseline to
any of the post-treatment evaluations (p > 0.05) (Table 2).

Statistical analyses evaluating the effects of the two denti-
frice treatment groups for inter-group comparisons of clinical
scores over the study period are in Table 2 and reported as
adjusted means at each of these evaluations. At the 4-week
post-treatment evaluation, the test group demonstrated lower
dental plaque and gingival index scores Table 2 than the con-
trol group that was significantly different (p < 0.05). Average
scores for gingival and dental plaque indices were 1.21 and
2.92 respectively for the test group at the 4-week examination
with the control group registering average scores for gingival
index and dental plaque scores of 1.31 and 2.99, respectively.
Analysis of the 4-week results indicates significantly lower
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Table 1 Baseline clinical parameters of subjects enrolled in the study
Parameter Treatment group Baseline 4-week 6-week 12-week
(Mean + SD) (Mean + SD) (Mean + SD) (Mean + SD)

Gingivitis Test group 1.30+£0.24 1.20 +£0.24 1.18+0.23 0.85+0.27
Control group 1.33+£0.27 1.32+£0.27 1.32+0.26 1.30+0.24

Dental plaque Test group 3.17+0.36 2.92+0.36 2.68+0.30 240+0.27
Control group 3.18+£0.36 2.99 +£0.34 2.75+0.32 2.64+0.29

Polymorphonuclear leukocytes (PMN) Test group 5.67+0.25 5.61+0.25 5.55+0.25 5.40+0.27
Control group 5.65+0.24 5.67+0.23 5.67+0.25 5.64+£0.22

scores for the test group in comparison to the control group (p
< 0.05). At the 6-week examination, the test group demon-
strated average scores of 1.18 and 2.68 for gingival index and
dental plaque indices respectively and was significantly lower
than the corresponding scores of 1.31 and 2.75 for the control
group (p < 0.05). At the 12-week evaluation, the test group
demonstrated an average gingival index score of 0.86 while
the control group registered a score of 1.29 representing a
33.3% reduction that was statistically significant (p < 0.05).
The dental plaque index demonstrated a 9.1% reduction for
the test group in comparison to the control with these out-
comes representing statistically significant results (p < 0.05).

While the test group demonstrated reductions in gingival
index scores from baseline to each of the post-treatment visits
(p < 0.05), the control group demonstrated no statistically
significant reduction in gingival index scores from baseline
to any of the post-treatment evaluations (p > 0.05).

The effect of brushing with the control and test toothpaste
on oral PMN is shown in Table 3. Results are presented as
average £ SD for recovered PMN (Log;oCFU/ml). At the
baseline examination, the test and control groups registered
oral PMN scores of 5.67 and 5.65, respectively. Analysis in-
dicates no statistically significant differences between the
treatment groups at baseline for oral PMN (p > 0.05).
Brushing with the test toothpaste demonstrated progressive
reductions in PMN at the 4-week, 6-week and 12-week eval-
uations. In contrast, brushing with the control dentifrice result-
ed in slight changes in oral PMN over the study duration.

Comparisons between treatment groups for effects on oral
PMN are shown in Table3 with analyses conducted by
ANCOVA. At the 4-week evaluation, the test group registered
a significantly lower oral PMN score of 5.60 in comparison to
5.68 recorded for the control (p < 0.05). Analyses indicate the
brushing with the test group resulted in a 16.8% lower oral
PMN score than the control toothpaste at the 4-week exami-
nation. PMN scores at the 6-week evaluation were 5.54 for the
test and 5.63 for the control groups respectively representing
statistically significant differences (p < 0.05). Brushing with
the test group resulted in a 18.7% reduction for oral PMN in
comparison to the control. At the 12-week post-brushing eval-
uation, the average scores for the test and control toothpastes
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were 5.40 and 5.64 respectively for oral PMN scores and were
significantly different (p < 0.05). PMN in the test group were
42.5% lower than in the control.

Discussion

Changes in oral microbial ecology and dental plaque levels
induce gingival inflammation with gingivitis and periodontitis
representing conditions prevalent worldwide [4, 21].
Evaluating the status of the entire mouth provides a compre-
hensive measure of health rather than assessments restricted to
certain oral sites. Indeed we utilized this approach previously
(Prasad et al., 2018) to examine effects of toothbrushing on
organisms of distinct oral microenvironments including those
that are not subjected to oral hygiene such as the surfaces of
the cheek, tongue, gingiva and in saliva. Notably, the zinc
toothpaste demonstrates reductions in viable organisms
representing those capable of growth and colonization of dis-
tinct oral sites which may induce inflammatory responses.
These effects were noted at evaluations conducted 12 h after
brushing in comparison to a fluoride toothpaste (Prasad et al.,
2018) with these results supporting outcomes from longer
term evaluations reporting reductions in dental plaque and
gingivitis [10]. A whole mouth antimicrobial effect
representing a reduction in microbial burden prompted an as-
sessment of oral PMN that respond to inflammatory stimuli
for an assessment of whole mouth inflammation.

This double-blind clinical study compared the 12-h effects
of brushing with a fluoride toothpaste to this zinc dentifrice on
oral PMN over a 12-week period. PMN were enumerated after
4-week, 6-week and 12-week of toothpaste with these assess-
ments conducted in conjunction with determinations of clini-
cal efficacy measured as gingival inflammation and dental
plaque using commonly utilized clinical indices. Several as-
pects were standardized for this study to enroll individuals
from the general population who were not seeking any med-
ical or dental care. Male and female subjects with gingivitis
and a complement of natural teeth comprised the evaluated
population with a broad age range (>18 years) to provide
generalizable outcomes relevant for preventative approaches.
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Fig. 1 Consort flow diagram showing the distribution of the study subjects through each stage of the trial

Enrolled subjects completed a washout phase, reported no  average gingival index and dental plaque index scores of
previous experiences with clinical studies and registered ~ ~1.3 and 3.1 respectively at their baseline visit representing
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Table 2  Inter-group comparisons between treatments for dental plaque and gingivitis at 4-, 6- and 12-week follow-up
Time interval Parameter Treatment Adj.4-week mean (S.E) Within-treatment analysis! Between-test vs. control group
Reduction Sig Difference Sig
4-week Gingivitis Test 1.21 (0.02) 7.7% p<0.001 7.6% p<0.001
Control 1.31 (0.02) 0.8% p=0.781
Dental plaque Test 2.92 (0.02) 7.9% »<0.001 2.3% p=0.044
Control 2.99 (0.02) 6.0% p <0.001
6-week Gingivitis Test 1.18 (0.02) 9.2% p <0.001 9.9% p <0.001
Control 1.31 (0.02) 0.8% p=0.781
Dental plaque Test 2.68 (0.02) 15.5% »<0.001 2.5% p=0.019
Control 2.75 (0.02) 13.5% p <0.001
12-week Gingivitis Test 0.86 (0.02) 34.6% p <0.001 33.3% p <0.001
Control 1.29 (0.02) 2.3% p=0.097
Dental plaque Test 2.40 (0.02) 24.3% »<0.001 9.1% p<0.001
Control 2.64 (0.02) 17.0% »<0.001

T Calculated using least square means

the clinical status of the local population reported previously
[40]. For this investigation, subjects were randomly provided
their randomized treatment and were not instructed to change
their diet or brushing habits to reduce the influences of these
changes on dental plaque and oral organisms [14, 36, 37].
Included for evaluations were accepted indices for clinical
activity in conjunction with oral PMN representing areas that
have not been previously investigated.

PMN are described broadly as critical effector cells and
identified as initial first responders [6, 27] that are produced
in large numbers daily with human adults reportedly produc-
ing 100 billion neutrophils per day [3] with their production a
central activity of the bone marrow [6]. Many methods for
PMN enumeration such as samples stained for analysis by
microscopy or flow cytometers [23] to resolve the cell types
in oral washings and other types of samples have been de-
scribed extensively [26]. While reductions in PMN infiltrates
are associated with improving oral hygiene [18], histological
analyses of gingival inflammation or of the implant mucosa
[47] indicate a predominance of PMN as the principal class of

leukocytes in the oral cavity. Neutrophil infiltration of gingi-
val regions is widely recognized with increases from 2.5 x 10’
PMN/ml in the connective tissue, and 1.7 X 108 PMN/ml in
the junctional epithelium in minimally inflamed gingivia, to
substantially higher amounts with progressing inflammation
[13] with up to 30,000 cell/min migrating through the tissue
[33]. Reports with an oral rinse outline approaches to collect
and enumerate oral PMN [1, 5, 31, 45]. Results from the
literature indicate lower oral neutrophils amongst adult sub-
jects in good gingival health in comparison to those with peri-
odontal disease with no differences including functional as-
pects of isolated oral PMN reported between genders [31].
While procedures for neutrophil assessment in this study had
similarity to those reported previously [1, 5, 31, 45], an as-
sessment of oral hygiene due to an intervention and inclusion
of a distinct group of subjects with gingivitis represented eval-
uations that went further than available research.

At baseline, clinical parameters showed no significant dif-
ferences between treatment groups but demonstrated progres-
sive changes over the study period with the effects of the zinc

Table 3 Inter-group comparisons
between treatment groups for
polymorphonuclear leukocytes
(PMN) log;o(counts/ml)

Time interval ~ Treatment group

Adj.4-week mean (S.E) Between-test vs.

control group'!

Within-treatment
analysis"

Reduction  Sig Difference  Sig

4-week Test
Control

6-week Test
Control

12-week Test
Control

1.21 (0.02) 560(0.01) 129% p<0001  16.8%
1.31 (0.02) 568(001) —4.7% p=0.037
1.18 (0.02) 554(001) 24.1% p<0.001  18.7%
1.31 (0.02) 563(001) 45%  p=0012
0.86 (0.02) 540 (0.01) 463% p<0001  42.5%
1.29 (0.02) 564 (001) 23%  p=0.064

T Calculated using least square means
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toothpaste markedly better than the control. Notably, the con-
trol dentifrice demonstrated no significant reductions from
baseline for gingival index scores at all post-treatment evalu-
ations and registered effects between 0.8 and 2.3%. In con-
trast, progressive gingival index reductions were noted
amongst those brushing with the zinc toothpaste that ranged
between 7.7 and 34.6% with statistically significant reduc-
tions at all evaluations. Dental plaque scores for the control
group registered reductions between 6.0 and 17.0% over the
study period representing significant reductions but were sig-
nificantly lower than those for the zinc toothpaste that were
between 7.9 and 24.3%.

The effects of toothpastes on numbers of oral PMN broadly
reflected observations from the clinical indices. While the
control dentifrice demonstrated a slight increase of 4.7% in
PMN from baseline to the 4-week post-brushing evaluation,
no significant reductions in PMN were noted for the remain-
ing evaluations. In comparison, the zinc toothpaste registered
reductions of 12.9%, 24.1% and 46.3% at the 4-week, 6-week
and 12-week examinations respectively that were significantly
lower than baseline. In comparison to the control, the zinc
toothpaste provided PMN reductions between 16.8 and
42.5% over the study period and consistently higher than cor-
responding effects on the gingival index.

Zinc is the second most abundant dietary trace element in
the body with influences on numerous functions [46] and a
long history of use in dentistry for oral care applications. In
laboratory studies, sodium lauryl sulphate (SLS) improves the
solubility of zinc salts [15] with this combination demonstrat-
ing greater inhibition of supragingival plaque after clinical
application. Zinc demonstrates bacteriostatic properties and
readily binds bacteria including those growing as biofilms
[7]. A number of microbial biochemical pathways were
inhibited by zinc (Phan et al., 2004) with reductions in inflam-
matory end-products of P. gingivalis and F. nucleatum [35].
Whereas the effects of zinc on oral mucosa have fewer repre-
sentations in the literature, tissue bound zinc reportedly mod-
ulates inflammation mediated by H. pylori [34]. The effects of
a zinc toothpaste on bacteria found in distinct oral microenvi-
ronments [35] indicate delivery and retention features of ac-
tive ingredients in the distinct regions of the human mouth.

Monitoring inflammatory activity is a relevant endpoint
from the standpoint of clinical trials. Currently accepted ap-
proaches for monitoring the effects of oral hygiene interven-
tions are based on clinical examinations that can include ra-
diographic evidence [17, 25]. Whereas these approaches are
subjective with semi-quantitative outcomes and other identi-
fied limitations [12, 17], they find extensive application and
form a primary basis for investigations [12, 17]. An aspect of
major strength in the present study is the longitudinal design
with a series of multiple follow-ups over an extended period
and inclusion of a control group. Since healing and resolution
of inflammation are patient-relevant outcomes, PMN

enumeration may represent an inflammatory continuum and
a measure of ongoing clinical activity in contrast to classical
clinical indices that are also likely inappropriate for evaluating
incipient disease. PMN-relevant biomarkers such as
lactoferrin and PMN elastase have been investigated with
some finding acceptance for gastrointestinal conditions with
FDA cleared tests and available for clinical use in the USA
and Europe [20].

Improvements in oral hygiene with reductions of dental
plaque and the viable organisms of distinct microenviron-
ments capable of multiplication and translocating between
oral niches (Prasad et al., 2018) highlight a decrease in the
oral inflammatory burden. These observations may contribute
to other outcomes based on the relationships between oral and
systemic diseases. An elevated systemic neutrophil response
was reported in some populations with differences noted in
subjects based on race and gender during a 3-week experi-
mental gingivitis model that restricted oral hygiene to accu-
mulate bacterial dental plaque [19, 43] with these effects at-
tributed to endotoxemia observed in about 56% of the evalu-
ated subjects. In long-term epidemiology studies, higher pe-
ripheral blood neutrophil counts were reported as predictive of
subsequent coronary disease amongst the healthy or those
previously diagnosed with coronary disease [24, 30, 41] or
diabetics [32].

This study enrolled community-dwelling adults with clini-
cal gingivitis and excluded those who did not present with
qualifying criteria or requiring dental care. Study inclusion
criteria were chosen to reduce the influence of clinical vari-
ables with a sizeable number of subjects enrolled to identify
effects on a broad population [31]. Results from this investi-
gation suggest that the selected evaluations have a high like-
lihood for implementation in future studies to examine the
effects of other oral hygiene measures, i.e. flossing,
mouthrinses and other hygiene aids. Efforts indicate that these
methods are suitable for surveys to examine subjects stratified
by clinical status and research evaluating oral hygiene im-
provements by treatments including mouthwashes or dental
prophylaxis (unpublished data). Notable aspects include the
relatively inexpensive, safe and non-invasive approach that
utilize commonly available equipment for easy interpretation
of outcome measures. Furthermore, replicate analyses of col-
lected samples can improve measurement accuracy. The study
did not enroll subjects with other types of common oral con-
ditions and enrolled subjects based on self-reporting for sys-
temic diseases for generalizable outcomes. Future efforts can
be designed to determine the effects of interventions on se-
lected populations. Patients with gingivitis reflective of those
in the population brushing with the assigned toothpaste regis-
tered a measure of reversal of gingivitis and healing that was
differentiated between the treatment groups.

In summary, the results from this double-blind clinical
study demonstrate that after 4 weeks, 6 weeks and 12 weeks
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of subjects’ twice-daily brushing with a zinc toothpaste with
samples taken 12 h after oral hygiene had significantly lower
numbers of PMN representing reductions in whole mouth
inflammation as compared to those who brushed twice daily
with a fluoride toothpaste. Additionally, at each post-
treatment evaluation, subjects brushing with the zinc tooth-
paste demonstrated significant improvements in oral hygiene
with greater reductions in gingivitis and dental plaque as com-
pared and those provided the fluoride toothpaste. Taken to-
gether, the present study design demonstrating reductions in
whole mouth inflammation complements microbiological in-
vestigations demonstrating reductions in whole mouth micro-
bial burden by evaluating bacteria at distinct oral microenvi-
ronments (Prasad et al., 2018).
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