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ARTICLE INFO ABSTRACT

Keywords: Objective: Histological features of oral inflammation include infiltration of polymorphonuclear leukocytes
Dental plaque [PMN], however studies have not examined the effects of interventions mitigating inflammation on oral PMN.
G1ng1v1t1§ . Methods: This double-blind clinical study examined the effects of rinsing with mouthwashes formulated with
Ezg:s:g:: chlorhexidine [CHX], an ingredient widely utilized in the dental clinic in comparison to a control on oral PMN
Mouthwash representing a novel measure of inflammation. A concurrent evaluation of dental plaque and gingival inflam-

mation using widely accepted clinical indices was included in the study. The study enrolled adult subjects pro-
viding informed consent, met study criteria and registered gingival index scores of 1.0 or more at the screen-
ing visit. Subjects [n = 90; age range 19-58 years] completed a washout phase prior to baseline evaluations
for PMN and clinical assessments for dental plaque and gingivitis. Treatments [CHX or a control mouthwash]
were randomly assigned to subjects for twice-daily use for the next two weeks. Post-treatment evaluations sim-
ilar to baseline were conducted after one and two week use of assigned treatment. Results: At baseline, no sta-
tistically significant differences between treatment groups for PMN or clinical indices for dental plaque or gin-
givitis were noted. Rinsing with CHX demonstrated significant reductions for PMN and dental plaque, gingivi-
tis in comparison to the control group. After one and two week use of CHX, PMN demonstrated a 35.9% and
54.9% reduction respectively in comparison to the control group representing significant differences
[p < 0.05]. At the one and two week post-treatment evaluations, rinsing with CHX demonstrated 15% and
25% reductions in gingivitis respectively and were significantly different from the control [p < 0.05]. Rinsing
with CHX also demonstrated significant reductions in dental plaque of 15% and 19% at the one and two-week
post-treatment evaluations respectively in comparison to the control [p < 0.05]. The CHX group also demon-
strated reductions in interproximal scores and registered the lowest frequency of gingival index or dental
plaque scores on all oral surfaces. Conclusions: Results outline an objective approach to evaluate oral inflam-
mation demonstrating a large and sustained reduction in oral PMN by CHX with these outcomes numerically
higher than a clinical index evaluating gingivitis.

Polymorphonuclear leukocytes

1. Introduction flammatory components and may reverse the symptoms associated

with gingivitis.

Gingivitis, an inflammation of the gums and tissues that supports
the teeth is a commonly reported condition with a widespread preva-
lence [1]. The inception and progression of gingivitis is attributed to
the natural formation of dental plaque comprising large densities of
endogenous oral organisms leading to the accumulation of their
metabolites and by-products with inflammatory potential [1,2]. Effec-
tive oral hygiene reduces accumulating dental plaque and other in-

Chlorhexidine [CHX], a cationic bisbiguanide with antiseptic fea-
tures is extensively used in medicine and surgery [3,4]. Based on the
available evidence, CHX is widely regarded as a gold-standard. No-
table features of CHX are its recognized safety and stability while de-
livering antibacterial effects for a sustained period due to its substan-
tivity on oral surfaces [5] with substantial reductions in dental plaque
and gingival index scores.
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Tissue inflammation is characterized by histological features that
include rapid infiltration of neutrophils [2,6] and are referred to as
first responders. Estimates suggest about 1 billion neutrophils are pro-
duced per day per kilogram of body weight [6] representing the most
abundant leukocyte population with effector functions on mucosal
surfaces. During oral inflammation neutrophils [7] form a barrier be-
tween the plaque and the gingival tissue and wall off the growing mi-
croorganisms [2]. Following extravasation, neutrophils [PMN] accu-
mulate in oral fluids with approximately 80% retaining viability for a
short duration [8]. Noninvasive approaches to evaluate oral neu-
trophils in health and periodontal disease have been reported [9-13].
Surveys indicate that oral PMN increase from health to gingivitis with
the highest numbers noted in periodontal disease (unpublished data)
reflecting a relationship with the oral inflammatory burden. However,
the effects of interventions that mitigate gingival inflammation on the
numbers of oral PMN remain unknown. The aim of the present was to
examine the effects of daily oral hygiene that included a CHX and a
fluoride mouthwash on oral neutrophils as a novel and objective mea-
sure of inflammation to examine treatment related changes. Concur-
rent assessments of clinical parameters of dental plaque and gingivitis
were included representing widely accepted measures to evaluate the
effects of interventions.

2. Materials and methods
2.1. Study design

This single site, two-week parallel design study was double-blind
with randomized treatment assignment that enrolled healthy volun-
teers. The study protocol was approved by the ethics board of the
SDM Dental College and Hospital, Dharwad, India, prior to study en-
rollment and conducted at the dental clinic of the Dental College.

Volunteers of either gender from the local area who expressed an
interest in study participation were invited to the dental clinic for a
screening visit and allotted a unique identification number. Partici-
pants who voluntarily completed an informed consent form and con-
sented to study participation were screened for study eligibility. The
study dentist completed an oral examination that included the entire
dentition, the tongue, palate and all soft tissue regions with these as-
sessments conducted under constant lighting conditions. A medical
history was taken and a whole mouth assessment of dental plaque and
gingivitis conducted on evaluable teeth using the Turesky-
Modification of the Quigley Hein Index [14] and Loe-Silness [15] In-
dex respectively. Study eligibility was restricted to those of either gen-
der between the age of 18-70 years and presented atleast 20 natural
teeth. Subjects in good general health and registering dental plaque
scores equal to or greater than 1.5 and gingival index equal to or
greater than 1.0, were enrolled. Subjects with dentures, orthodontic
bands were excluded. Exclusion criteria included pregnancy or breast
feeding, systemic diseases, ongoing or scheduled medical or dental
treatments during the study period. Those reporting medical or dental
treatments or medications including antibiotics or anti-inflammatory
treatments in the month preceding study screening or enrollment in a
clinical study in that duration were excluded. Other exclusion criteria
included those reporting allergies to oral hygiene formulations, a his-
tory of drug or alcohol abuse or with objects that pierce the lips of
tongue. Subjects unable to refrain for upto 4 h from food and water
were also excluded. Participants who satisfied the study inclusion and
exclusion criteria were enrolled and provided a tube of commercially
available fluoride toothpaste [Colgate Dental Cream, Great Regular
Flavor, New York, NY] and a commercially available soft bristled
toothbrush [Colgate Extra Clean, New York, NY] for use during the
one week washout phase. Subjects were instructed to brush their en-
tire dentition twice daily once in the morning and in the evening with
the provided washout articles. Subjects were also instructed to not
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share any test related articles with anyone and only use the provided
clinical supplies for the study duration.

After completing the washout phase, subjects refrained from oral
hygiene for 12 h prior to their scheduled baseline visit at the dental
clinic. Subjects were provided sterile saline to rinse their mouth for
30 s. These samples were expectorated into tubes labeled with unique
subject identifiers and transported to the laboratory for microscopic
analysis for PMN as described in section below. A dental examiner
conducted an assessment of dental plaque and gingivitis.

Subjects were randomized and issued their treatments that com-
prised a commercially available fluoride mouthwash [Colgate Fluori-
gard, New York, NY; henceforth control] or a mouthwash formulated
with 0.12% CHX [Colgate PerioGard, New York, NY; henceforth test].
All treatments were overwrapped and issued a unique code. To main-
tain blinding, randomization and product dispensation were con-
ducted by study personnel who had no role in any other study related
activities with these efforts scheduled in an area separate to that in
which clinical assessments were conducted. All subjects were pro-
vided an identical tube of commercially available fluoride toothpaste
[Colgate Dental Cream, Great Regular Flavor, New York, NY] and a
commercially available soft bristled toothbrush and instructed to use
allocated products twice daily for the 2 week duration of the study.
Subjects instructed to brush their teeth twice daily with assigned
toothpaste and then rinse for 30 s with 15 ml of assigned mouthwash.

Post-treatment evaluations were conducted after one and two
week use of assigned treatments and were identical to those con-
ducted during the baseline visit. Subjects refrained from oral hygiene
for 12-h prior to their visits. Oral samples were evaluated for PMN in
the laboratory and a dental examiner conducted clinical evaluations
for dental plaque and gingivitis. A complete oral examination that in-
cluded examination of the entire dentition, the tongue, palate and all
soft tissue regions was conducted by a dentist at all visits. Product
compliance was checked during visits and subjects interviewed for ad-
verse events. At the final visit, subjects returned all study articles to
the study site.

2.2. Clinical measurements

Subjects were assessed for dental plaque and gingivitis on all
scorable teeth during all visits. Analysis of mouthwash efficacy was
based on scores averaged over all sites of scorable teeth. A primary
outcome measure was the gingival index [Loe-Silness Index [15]; as-
sessment using a 3 point scale on 6 surfaces per tooth: (1)mesio-facial;
(2) mid-facial; (3) disto-facial; (4) mesio-lingual; (5) mid-lingual; and
(6) disto-lingual. The maximum score per tooth, therefore, is 18.
Third molars and those teeth with cervical restorations or prosthetic
crowns were excluded from the scoring procedure. A Loe-Silness Gin-
gival Index score from O to 3 was assigned by the examining dental
examiner to all scoreable surfaces of the maxillary and mandibular
teeth using a dental light and dental mirror. A whole mouth mean
score for each subject was determined by adding the values given by
the dental examiner to each scorable surface and dividing that num-
ber by the total number of surfaces scored. The Loe-Silness criteria for
the Gingival Index is as follows:

0 Absence of inflammation.

1 Mild inflammation-slight change in color and little change in
texture

2 Moderate inflammation-moderate glazing, redness, edema and
hypertrophy. Tendency to bleed upon probing

3 Severe inflammation-marked redness and hypertrophy. Tendency
to spontaneous bleeding.

An additional primary outcome measure was a whole mouth
plaque examination based on the Turesky Modified Quigley-Hein
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plaque index [14]. Dental plaque was disclosed using a red solution to
dye the plaque and all scorable surfaces of the maxillary and
mandibular teeth will be evaluated. A score from 0 to 5 was evaluated
by a dental examiner for all scoreable surfaces of the maxillary and
mandibular teeth using a dental light and dental mirror. Each tooth
was scored on six surfaces: (1)mesio-facial; (2) mid-facial; (3) disto-
facial; (4) mesio-lingual; (5) mid-lingual; and (6) disto-lingual. The
scoring procedures excluded third molars and teeth with cervical
restorations or prosthetic crowns. A whole mouth mean score for each
subject was determined by adding the values given by the dental ex-
aminer to each scorable surface and dividing that number by the total
number of surfaces scored. The Turesky Modification of the Quigley-
Hein Plaque Index is as follows:

0 no plaque

1 separate flecks of plaque at the cervical margin of the tooth.

2 a thin continuous band of plaque (up to 1 mm) at the cervical
margin of the tooth.

3 a band of plaque wider than 1 mm but covering less than one-third
of the crown of the tooth.

4 plaque covering at least one-third but less than two thirds of the
crown of the tooth.

5 plaque covering two-thirds or more of the crown of the tooth.

2.3. Oral PMN estimations

PMN estimations in oral samples were based on previously de-
scribed procedures [9,13] with a few modifications. In brief, oral sam-
ples were briefly centrifuged and the pellet resuspended in an aliquot
of fresh buffer. Samples were stained with acridine orange and the
number of PMN estimated using a fluorescence microscopy with sam-
ples placed in a Neuber's chamber. These evaluations were conducted
immediately after sampling in an adjacent laboratory with results that
could be rapidly relayed chair-side.

2.4. Sample size calculations and statistical analysis

Sample size calculations for this study were based on historical
data of gingival index scores as the response measure with a standard
deviation of 0.3. Fifty (50) subjects enrolled per treatment group
would allow detection of a 10% difference in gingival index scores be-
tween treatment groups at 80% power with a 15% attrition rate over
the study duration.

At each time point of the study, descriptive statistics were sepa-
rately computed for each treatment group that included subject age
and gender with analysis conducted for subjects who completed the
entire study and provided evaluable results. Frequency distributions
for dental plaque and gingival index scores at each evaluation were
computed. Summary statistics were calculated for the test and control
groups along with mean scores for each outcome measure. Chi-square
analysis and an analysis of variance (ANOVA) compared the two
treatment groups with respect to demographic results and subject age
respectively. Statistical analyses were conducted for PMN, gingival
and plaque index scores at baseline and each post-treatment evalua-
tion. Results of polymorphonuclear leukocytes (PMN) recorded as
counts per milliliter were log transformed (log;o) for analysis with
percent differences between treatment groups determined as reported
previously [16]. An analysis of variance (ANOVA) compared baseline
scores for PMN, gingival and plaque index scores between treatment
groups. Within-treatment comparisons from baseline to each post-
treatment evaluation for PMN, gingival and plaque index scores were
conducted by paired t-tests. Comparisons of treatment groups with re-
spect to baseline-adjusted PMN, gingival and plaque index scores to
all post-treatment examinations were conducted by analyses of covari-
ance (ANCOVA's). All statistical tests of hypotheses were two-sided
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with statistically significant results reported at « = 0.05. Post-hoc sta-
tistical analyses were conducted for statistically significant results.
Analyses were completed using commercially available statistical soft-
ware (Minitab, State College, PA, USA).

3. Results

The population screened, evaluated for study enrolment and sub-
ject flow through the study is presented in the CONSORT diagram
[Fig. 1]. One-hundred and twenty subjects who completed their vol-
untary informed consent were scheduled to visit the dental clinic for a
screening examination conducted by a dentist to evaluate study eligi-
bility. Nineteen subjects were excluded during the screening visit with
15 not meeting study criteria and 4 declining study participation. One
hundred and one subjects met study criteria and were enrolled in the
study and completed the washout phase with a commercially avail-
able fluoride toothpaste. Following the washout period, subjects ar-
rived at the dental clinic for their baseline evaluations. 49 subjects
and 52 subjects were randomized to the control and the test groups
respectively and issued their treatments. Over the study period, 11
subjects discontinued study participation with these drop-outs unre-
lated to study procedures or products. Most of these subjects were lost
during follow-up due to missed appointments. A total of 90 subjects
completed the study with 45 subjects providing evaluable results from
both the control and the test groups. No adverse events were reported
by the subjects or dental examiners over the study period. Shown in
Table 1 is a summary of demographic characteristics. Sixty eight
women and twenty two men completed the study with an age range
of 19-58 years and an average age of 34.37 years. Analysis indicate
that the mean age in the control and test groups were 34.67 and
34.07 years respectively with no significant differences by ANOVA
(p > 0.1). Similarly, there were no significant differences between the
two treatment groups for gender by chi-square analysis (p > 0.1).

Results from the clinical evaluations conducted over the study pe-
riod from subjects who completed the entire study is presented in
Tables 2-4. Table 2 provides a summary of results as mean and SD
from all evaluations conducted twelve (12) hours after oral hygiene.
Average baseline scores for oral PMN in the treatment groups were
5.4 with treatment groups recording average gingival index scores of
1.4 and dental plaque index scores of 2.6 at baseline. Baseline scores
for gingival severity, plaque severity or interproximal measures indi-
cate no significant differences between treatment groups (p > 0.1).
Analyses indicate no significant differences between treatment groups
for any recorded clinical outcome (p > 0.1) but progressive reduc-
tions in post-treatment scores over the study period.

Analysis of the one-week post-treatment results is presented in
Table 3. All treatments demonstrating significant reductions from
their corresponding baselines for clinical outcomes evaluated
(p < 0.001). Analysis by ANCOVA comparing the two treatment
groups indicates significant greater reductions in the test group in
comparison to the control (p < 0.001). Baseline-adjusted PMN scores
for the test and control were 5.235 and 5.428 respectively represent-
ing a statistically significant difference of 35.9% between the treat-
ment groups (p < 0.001). At the one-week post-treatment evaluation,
the gingival index scores for test and control groups were 1.15 and
1.36 respectively for a 15.4% difference between treatments
(p < 0.001). Plaque index scores for the test and control were 1.96
and 2.33 respectively after one-week use of assigned test treatments.
A significant difference of 15.9% in dental plaque scores were ob-
served with lower plaque levels observed in the test group in compari-
son to the control (p < 0.001). Gingival and plaque severity scores
amongst the test were 37.5% and 31.3% respectively and significantly
lower than the control (p < 0.001). Additionally, the test demon-
strated a significantly lower interproximal gingival index and dental
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[ Enrollment ]

Assessed for eligibility (n= 120)

Excluded (n=19)
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A,

+ Declined to participate (n=4)
+ Other reasons (n=0)
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v

v
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Control (n=49) Allocation Test (n=52)
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Analysed (n=45) [ ) ] Analysed (n=45)
+ Excluded from analysis Analvsis + Excluded from analysis
(n=0) (n=0)

Fig. 1. CONSORT 2010 flow diagram.

Table 1
Demographics of subjects who completed the entire study.

Total Control Test

n =90 n =45 n = 45
Age
Mean (SD)* 34.37 (9.62) 34.67 (9.97) 34.07 (9.36)
Age Range 19-58 20-58 19-56
Gender”
Male n =22 n=11 n=11
Mean (SD) 34.82 (11.72) 36.45 (12.68) 33.18 (11.04)
Age Range 19-56 22-55 19-56
Female n = 68 n = 34 n =34
Mean (SD) 34.22 (8.93) 34.09 (9.07) 34.35 (8.92)
Age Range 20-58 20-58 21-55

a No significant differences between treatment groups for age by ANOVA
(p > 0.1).

b = No significant differences between treatment groups for gender by chi-
square analysis (p > 0.1).

plaque scores of 11.8% and 15.5% respectively in comparison to the
control (p < 0.001).

Shown in Table 4 is a summary of the analysis of results from the
two-week post-treatment evaluations. Both treatment groups demon-
strated reductions from their corresponding baseline by paired t-tests
for each evaluated outcome measure (p < 0.001). The test group
demonstrated significantly greater reductions than the control by AN-
COVA for PMN and the clinical indices evaluating gingivitis and den-
tal plaque (p < 0.001). Baseline-adjusted PMN scores for the test and
control were 5.07 and 5.41 respectively representing a statistically
significant difference of 54.9% between the treatment groups
(p < 0.001). Gingival index scores for the test and control were 0.96

Table 2

Summary of subject Mean (SD) for Polymorphonuclear (PMN) Leukocytes and
dental plaque, gingival index scores at all examinations for subjects who com-
pleted the entire study.

Parameter Treatment Baseline Mean 1 Week 2 Week
(S.D)? Mean (S.D) Mean (S.D)
PMN leukocytes Test 5.474 (0.193) 5.247 5.082
(log10Count/ml) (0.192) (0.212)
Control 5.450 (0.214) 5.417 5.404
(0.214) (0.221)
Gingival Index Test 1.47 (0.29) 1.150 (0.21)  0.96 (0.23)
Control 1.46 (0.25) 1.36 (0.25) 1.28 (0.24)
Plaque Index Test 2.64 (0.5) 1.964 (0.59) 1.75 (0.55)
Control 2.65 (0.47) 2.33 (0.44) 2.17 (0.44)
Gingival Severity Test 0.37 (0.18) 0.20 (0.15) 0.10 (0.13)
Control 0.38 (0.17) 0.32 (0.17) 0.28 (0.18)
Plaque Severity Test 0.42 (0.17) 0.22 (0.17) 0.19 (0.16)
Control 0.42 (0.17) 0.33 (0.16) 0.30 (0.16)
Gingival Interproximal  Test 1.48 (0.28) 1.20 (0.18) 1.07 (0.17)
Control 1.47 (0.25) 1.36 (0.24) 1.29 (0.23)
Plaque Interproximal Test 2.68 (0.5) 2.01 (0.59) 1.80 (0.54)
Control 2.68 (0.5) 2.38 (0.43) 2.23 (0.45)

2 No statistically significant difference was indicated between the two
treatment groups at baseline with respect to PMN leukocytes (log;oCount/ml)
samples (p = 0.576); gingival index (p = 0.952); plaque index (p = 0.773);
gingival severity (p = 0.754); plaque severity (p = 0.916); gingival
interproximal (p = 0.884); plaque interproximal (p = 0.939).

and 1.28 respectively representing a 25% difference between treat-
ment groups (p < 0.001). At the two-week assessment, plaque index
scores for the test and control were 1.75 and 2.17 respectively. A sig-
nificant difference of 19.4% in dental plaque scores were observed be-
tween the treatment groups with lower scores registered with the test
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Table 3

Summary of baseline-Adjusted Subject Mean (SE) for Polymorphonuclear
(PMN), Gingival and Plaque Index, Gingival and Plaque Severity, Gingival
and Plaque Interproximal scores at the one-week post-treatment evaluation
for subjects who completed the entire study.

Parameter Treatment Adj. 1 Week Within Between
Mean (S.E.) treatment treatment
comparisons® comparisons”
PMN leukocytes Test 5.235 40.7% 35.9%
(logy0Count/ml) (0.008)
Control 5.428 7.5%
(0.008)
Gingival Index Test 1.15(0.01) 21.8% 15.4%
Control 1.36 (0.01) 6.8%
Plaque Index Test 1.96 (0.05) 25.8% 15.9%
Control 2.33(0.05) 12.1%
Gingival Severity — Test 0.20 (0.01)  45.9% 37.5%
Control 0.32(0.01) 15.8%
Plaque Severity Test 0.22 (0.02) 47.6% 31.3%
Control 0.32(0.02) 21.4%
Gingival Test 1.20 (0.01) 18.9% 11.8%
Interproximal
Control 1.36 (0.01) 7.5%
Plaque Test 2.01 (0.05) 25.0% 15.5%
Interproximal
Control 2.38(0.05) 11.2%

a Percent change exhibited by the one week mean relative to the baseline
mean. A positive value indicates a reduction in the parameter by paired t-test.
Statistically significant at p < 0.001.

b Percent differences between the test and control treatments evaluated by
ANCOVA utilizing baseline-adjusted means. Statistically significant at p < 0.
001.

Table 4

Summary of baseline-Adjusted Subject Mean (SE) for Polymorphonuclear
(PMN), Gingival and Plaque Index, Gingival and Plaque Severity, Gingival
and Plaque Interproximal scores at the two-week post-treatment evaluation
for subjects who completed the entire study.

Parameter Treatment Adj. 2 Week Within Between
Mean (S.E.) treatment treatment
comparisons” comparisons”
PMN leukocytes Test 5.070 59.4% 54.9%
(log1oCount/ml) (0.012)
Control 5.416 10.1%
(0.012)
Gingival Index Test 0.96 (0.02) 34.7% 25.0%
Control 1.28 (0.01) 12.3%
Plaque Index Test 1.75(0.05) 33.7% 19.4%
Control 2.17 (0.05) 18.1%
Gingival Severity =~ Test 0.11 (0.01)  73.0% 60.7%
Control 0.28 (0.01)  26.3%
Plaque Severity Test 0.19 (0.02) 54.8% 36.7%
Control 0.30 (0.02)  28.6%
Gingival Test 1.07 (0.02) 27.7% 17.7%
Interproximal
Control 1.30 (0.02) 12.2%
Plaque Test 1.80 (0.05) 32.8% 19.3%
Interproximal
Control 2.23(0.05) 16.8%

a Percent change exhibited by the one week mean relative to the baseline
mean. A positive value indicates a reduction in the parameter by paired t-test.
Statistically significant at p < 0.001.

b percent differences between the test and control treatments evaluated by
ANCOVA utilizing baseline-adjusted means. Statistically significant at p < 0.
001.

group in comparison to the control (p < 0.001). The test demon-
strated significantly greater reductions of 60.7% and 36.7% for gingi-
val and plaque severity scores respectively in comparison to the con-
trol (p < 0.001). A significantly lower interproximal gingival index
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and dental plaque score of 17.7% and 19.3% respectively for the test
was noted in comparison to the control (p < 0.001).

Gingival index frequency scores from evaluations over the study
period is shown in Fig. 2. At baseline, approximately 60% of surfaces
in the treatment groups registered a score of 1. Scores of 2 were noted
on approximately 28% and 25% surfaces of the control and test
groups respectively at the baseline evaluation. At the one-week post-
treatment evaluations, both treatment groups registered reductions in
the number of sites with a score of 3. Scores of 0 and 1 increased in
the test group to 6.2% and 74.1% respectively in contrast to corre-
sponding scores of 1.2% and 66.9% respectively for the control group.
Frequencies for score 2 and 3 decreased in both treatment groups at
the two-week evaluation with a score of 2 noted on 26% of the con-
trol and 10% of the test groups. The test group demonstrated in-
creases in the frequencies of score 0 and 1 than the control. Sites with
the highest scores were 0.5% in the test and 1.8% in the control. Ap-
proximately 15% of surfaces in the test group registered a gingival in-
dex score of 0 in contrast to 2.2% in the control group.

Shown in Fig. 3 are frequency scores from dental plaque index
evaluations recorded over the study. Irrespective of treatment group,
scores of 1,2 and 3 were noted on approximately 16%, 43% and
17.0% of surfaces at baseline. Both treatment groups demonstrated
improvements at the one-week evaluation with between 24 and 38%
of the surfaces registering a score of 1 and between 37 and 42% of the
surfaces registering a score of 2. Less than 15% of surfaces registered
scores of 4 or more with the test group registering lower frequencies
of these scores at post-treatment evaluations. The two-week evalua-
tion registered additional improvements in the test group with 4% of
surfaces free of dental plaque and a score of 1 observed on 46% of
surfaces and a score of 2 registered on 30% of surfaces. In contrast,
for the control group, a score of 0 was observed on 1.7% of the sur-
faces and scores of 1 and 2 noted on 30% and 38% of surfaces respec-
tively.

4. Disscussion

Neutrophils are critical effector cells, referred to as the first re-
sponders [17] that are produced in large numbers and reported from
mucosal surfaces including the eye, nose, saliva and other locations to
protect these barriers [6,13,18]. Earlier investigations report the abil-
ity of dental plaque, isolated oral bacteria or their components [19]
on PMN functions with differences noted between virulent and aviru-
lent strains [20]. Salivary PMN has been enumerated in samples col-
lected from subjects with reports indicating differences between
healthy and periodontal disease [8-13].

This double-blind study investigated the preventative effect of a
well-established oral therapeutic i.e. CHX [3-5,21] with regards to
mitigating gingival inflammation and included an estimation of oral
neutrophils as an objective measure of inflammation. This study uti-
lized commercially available formulations and enrolled adult subjects
of either gender with gingivitis from the general population who were
not seeking any medical or dental care. Test conditions were stan-
dardized with a washout phase included to reduce the influences of
previously utilized formulations with treatments assigned randomly.

Notable features of this study utilizing CHX an established ingredi-
ent are relevant in this effort examining effects on the numbers of oral
PMN. These include the relatively short duration of the study with
subjects visiting the dental clinic weekly for regularly scheduled visits
for evaluations. In addition to examining progressive clinical changes,
the study design allowed assessments of adverse events and determine
study compliance. Oral health status was determined using traditional
clinical indices utilized extensively [5].

Over the study period both the gingival and plaque indices scores
decreased from their corresponding baselines and corroborated pub-
lished results. Additionally, results evaluated effects on different sites
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of the mouth, the frequencies of clinical scores over the study period
and effects on interproximal and other hard to reach sites. The CHX
group demonstrated reductions of 0.2 for gingival index and 0.4 for
plaque index in this study with progressive effects observed over the
study period. Furthermore, these effects were observed on all oral re-
gions and surfaces providing a comprehensive treatment assessment.
These results also support the compliance of study procedures by sub-
jects.

Investigators have evaluated CHX mouthwashes in clinical trials of
different designs for effects on cytokines and other inflammatory me-
diators with these studies also concurrently evaluating clinical indices
for dental plaque and gingivitis [21-23][. Whereas, clinical indices of-
fer subjective assessments of oral health they have an extended his-
tory and are accepted by regulatory agencies [24]. In this study, oral
PMN were collected by non-invasive sample collection with assess-
ments conducted immediately after sampling for chair-side reporting.
PMN numbers are related to oral health status in surveys with their
numbers increasing from health to those with gingivitis and the high-
est numbers noted in subjects with periodontal disease (unpublished
data). Estimation of PMN likely provides an assessment of the inflam-

matory continuum representing changes in healing and resolution in
an interventional clinical setting and is relevant to oral health. Fur-
ther, PMN dynamics may allow an evaluation of incipient disease in
contrast to classical clinical indices. Biomarkers related to PMN activ-
ity such as lactoferrin and PMN-elastase have been cleared by the FDA
for clinical use in USA and Europe [25] with studies reporting correla-
tions between other PMN derived components such as myeloperoxi-
dase and clinical indices [26].

In the present study, PMN scores of the two treatment groups at
baseline were similar with no statistically significant differences. Oral
PMN scores in the control group decreased modestly from 5.45 to
5.40 over the study period representing between 7.5 and 10% differ-
ences, however, the effects in the CHX group were substantially
higher and ranged between 40 and 59.4%. The CHX group consis-
tently demonstrated statistically significant differences from the con-
trol with a 35% difference noted at the first week and 54% noted at
the two-week evaluation. These results demonstrate progressive re-
ductions in PMN counts over the study period representing cumula-
tive treatment effects on the oral inflammatory burden. While PMN
observations corroborated those noted with the conventional clinical
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indices the differences between the test and control groups for neu-
trophils were numerically higher than those for the gingival index but
similar to gingival severity scores.

This study enrolled adults with gingivitis. Availability of the pre-
sent results allows future studies that can examine the effects of other
interventions amongst selected populations with common oral dis-
eases. PMN and its activities are widely acknowledged as key determi-
nants in host defense [2] and likely reflect changes in the oral micro-
biome including microbial and fungal constituents. These results facil-
iate evaluations of common oral therapeutics and may likely con-
tribute to the development of strategies that could augment or en-
hance neutrophil functions. For instance, a recent report proposes vit-
amin E supplementation as a nutritional interventional strategy for
oral therapeutics to enhance neutrophil functions and is applicable to
persons of all ages [27]. Similarly, dietary supplements reportedly aid
patients with systemic inflammation and neutrophil function suggest-
ing the availability of potential approaches for investigation [28].

In summary, the results from this double-blind clinical study
demonstrate progressive reductions from the one-week to the two-
week evaluation of subjects’ twice-daily brushing with a commer-
cially-available fluoride toothpaste and rinsing with a commercially
available 0.12% chlorhexidine mouthwash. Samples from subjects
taken 12 h after oral hygiene with chlorhexidine had significantly
greater reductions in the numbers of oral PMN compared to those
rinsing with a commercially available fluoride mouthwash and brush-
ing with a commercially-available fluoride toothpaste. Correspond-
ingly, the use of chlorhexidine demonstrated significantly greater re-
ductions in dental plaque and gingivitis than the control group at all
post-treatment evaluations. A simultaneous assessment of clinical out-
comes in conjunction with immunological characteristics will likely
enhance an understanding on the progression of common oral condi-
tions to design and evaluate measures for their prevention and con-
trol.
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