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ABSTRACT

Background: Periodontal disease continues to be prevalent globally, but little

clinical research has been undertaken to evaluate the long-term benefits of a daily

oral hygiene regimen on progression of gingivitis/early periodontitis. The objective

of this study was to evaluate the effects of an oral hygiene regimen (OHR) on the periodontal health of adults in good general health with

established gingivitis and early periodontitis over 24 months. Methods: A randomized controlled trial was conducted in adults with established

gingivitis, with isolated sites of probing pocket depth >4 mm. Study participants were randomized to the OHR (bioavailable stannous fluoride

dentifrice, oscillating-rotating electric toothbrush, cetylpyridinium chloride rinse, and floss; P&G) or usual care products (sodium fluoride dentifrice

and manual toothbrush; P&G) groups. At baseline and every 6 months, gingivitis and periodontal measures were assessed and a prophylaxis was

conducted. The primary outcome was Gingival Bleeding Index-Bleeding Sites (GBI-BS). Analyses used ANCOVA at 5% significance levels. Results:

A total of 107 individuals were enrolled; 87 completed the study. Mean GBI-BS, Modified Gingival Index, and Probing Pocket Depth (PPD) scores

were significantly lower at each visit for the OHR versus usual care group by 28% to 39%, 12% to 18%, and 6% to 13%, respectively (p < 0.0009).

The magnitude of reduction in median number of >2 mm PPD loss events for OHR versus the usual care group at 24 months was 74%. Conclusion:

Long-term use of the OHR produced significant periodontal health improvements versus the usual care products.

RESUME

Contexte : La maladie parodontale continue d'étre prévalente sur le plan mondial, mais peu de recherches cliniques ont été effectuées pour
évaluer les avantages a long terme d'un régime d'hygiéne buccodentaire sur la progression de la gingivite ou de la parodontite précoce. L'objectif
de cette étude était d'évaluer les effets d'un régime d'hygiéne buccodentaire (RHB) sur la santé parodontale des adultes en bonne santé générale
qui présentent une gingivite établie et une parodontite précoce au cours de 24 mois. Méthodologie : Un essai controlé randomisé a été effectué
chez des adultes présentant une gingivite établie et des sites isolés de profondeurs de poches au sondage >4 mm. Les participants de I'é¢tude ont
été confiés & un groupe de RHB aléatoire (pate dentifrice au fluorure stanneux biodisponible, une brosse & dents électrique rotative et oscillante,
un rince-bouche au chlorure de cétylpyridinium et la soie dentaire; P & G) ou a un groupe de produits de soins habituels (dentifrice au fluorure de
sodium et une brosse a dents manuelle; P & G). La gingivite et les mesures parodontales ont été évaluées au début de I'intervention et tous les 6
mois et une prophylaxie avait été effectuée. Le résultat primaire était I'lndice de saignement gingival-les sites de saignements (ISG-SS). L'analyse
de covariance a été utilisée a des seuils de signification de 5 %. Résultats : Un total de 107 personnes ont été inscrites : 87 ont terminé |'étude. Les
cotes moyennes de I'lSG-SS, de I'indice gingival modifié et des cotes de profondeurs des poches au sondage (PPS) étaient significativement plus
faibles a chaque visite du groupe de RHB par rapport au groupe de soins habituels, de 28 % a 39 %, 12 % a 18 % et 6 % a 13 %, respectivement
(p < 0,0009). L'ampleur de la réduction en nombre médian d'événements de perte de PPS >2 mm du groupe de RHB par rapport au groupe de
soins habituels était de 74 % a 24 mois. Conclusion : L'utilisation a long terme du RHB a produit des améliorations significatives de la santé
parodontale par rapport aux produits de soins habituels.
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INTRODUCTION

Surveys find the earliest form of periodontal disease,  periodontitis result from an inflammatory response in the
gingivitis, in the majority of populations worldwide."> The = periodontal tissues due to localized toxic effects of dental
more severe form of periodontal disease, periodontitis, affects plaque microbial biofilms.*® Host response competence also
approximately 10% of surveyed populations.?>® Gingivitis and ~ plays an important role in the progression from gingivitis to
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periodontitis.” The cost and effort to repair (or compensate
for) damaged periodontium (e.g., periodontal therapy, dental
implants, prosthodontics) support the importance of disease
prevention, principally consistent, effective oral hygiene
directed towards thorough dental plaque removal. While
professional dental scaling and root planing provide this
benefit on an infrequent basis, daily thorough personal oral
hygiene is considered to be the most effective approach to
maintaining a healthy periodontium.**'> Though most
populations carry out some form of daily oral hygiene, the
underlying epidemiological statistics and specific studies show
most individuals find it challenging to maintain periodontal
health through their own efforts.”***

Numerous clinically proven products have been
developed to assist clients in improving gingival health,
including manual toothbrushes with angled bristles,'®
oscillating-rotating electric toothbrushes,'”!® irrigators,"
polytetrafluoroethylene dental floss,®® and a number
of antimicrobial dentifrices and mouthrinses.”’ Several
studies have begun to evaluate the effect of these oral
hygiene measures on more advanced periodontal disease
progression.”>* Recent studies have been initiated to
explore the benefits of combination oral hygiene for
controlling plaque and gingivitis at home.?*-*

The purpose of this study was to examine the clinical
benefits of combined mechanical (oscillating-rotating
electric toothbrush + polytetrafluoroethylene dental floss)
and chemotherapeutic (bioavailable stannous fluoride
toothpaste and cetylpyridinium chloride mouthrinse)
technologies on the prevention of gingivitis and progression
of probing pocket depth (PPD) over a 2-year period in
generally healthy adults with established gingivitis and
isolated sites with PPD >4 mm.

METHODS

Study design and population

This was a randomized, controlled, examiner-blind,
2-treatment parallel group study approved by an
Institutional Review Board (Ref# 0482-13-HMO, Hadassah
Medical Organization Helsinki Committee, Jerusalem, Israel)
and registered in the ISRCTN database (ISRCTN66780304).
The study was conducted over a 24-month period at the
Kibbutz Na’an in Israel. One hundred and ten physically
healthy adult volunteers with established gingivitis and
isolated sites of PPD >4 mm but no PPD >6 mm were
qualified to be enrolled in the study. All participants
provided written, informed consent. The target population
consisted of individuals between 18 and 65 years of age
with at least 16 natural teeth, a minimum of 20 bleeding
sites, and 9 sites for possible plaque sampling, including
3 healthy sites (PPD <3 mm, no bleeding), 3 gingivitis
sites (PPD <3 mm, bleeding), and 3 periodontal sites (PPD
4 mm to 6 mm, bleeding). Individuals with moderate to
severe periodontal disease, undergoing active treatment
for periodontitis, and/or any diseases or conditions that
could be expected to interfere with safe completion of the
study were excluded. Plaque sampling was conducted for
purposes of future research. Participants were stratified
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and randomly assigned equally to either a regimen group
(antimicrobial paste, rinse, floss, and electric toothbrush)
or a usual care group (standard anti-cavity toothpaste and
regular manual toothbrush). Participants were requested to
carry out home oral hygiene with the assigned products
twice daily for the duration of the study according to the
written and verbal usage instructions given to them during
product distribution. At the same time points, participants
received oral soft tissue exams and had gingival
inflammation, bleeding, and periodontal evaluations. Both
groups received supragingival dental prophylaxes every 6
months at study visits, consistent with local norms and
standards. Products were resupplied approximately every
6 months post-baseline. Study participants were contacted
periodically to check compliance with product use.

Investigational product(s) and instructions

The regimen group was provided an oscillating-rotating
electric toothbrush with brush head comprising angled
bristles (Oral-B Professional Care 5000 with Smart Guide
and CrossAction [EB50] brush head); dentifrice with 1100
ppm F bioavailable stannous fluoride and 350 ppm F
sodium fluoride (Oral-B Pro-Expert All Around Protection
toothpaste); 0.07% cetylpyridinium chloride rinse (Crest
Pro-Health Multi-Protection rinse); and floss (Oral-B
Essential). Participants were instructed to brush with the
assigned electric toothbrush and the marketed dentifrice
for 2 minutes twice daily (morning and evening) following
the manufacturer’s usage instructions and to floss the
whole mouth once daily for the duration of the study.
They were instructed to glide the floss between teeth to
the gumline and to curve the floss to contact as much of
the tooth as possible and to rinse with 20 mL of the mouth
rinse for 30 seconds after each brushing. Participants used
only the assigned products in place of normal oral hygiene
products for the duration of the study.

The usual care group was provided a dentifrice with
1450 ppm F sodium fluoride (Oral-B 123) and a soft
regular manual toothbrush (Oral-B Indicator 35). They
were instructed to brush with the assigned products twice
daily (morning and evening) in their customary manner,
using only the assigned products in place of normal oral
hygiene products during the study (continued use of
floss was allowed if that was part of their usual care). All
products in both groups were manufactured by The Procter
and Gamble Co., Cincinnati, Ohio, USA.

Study visits

Study participants refrained from performing any oral
hygiene procedures the morning prior to scheduled
evaluation visits and from using medicated lozenges,
breath mints, eating, drinking (except for water),
smoking, and chewing gum for 4 hours prior to the
visit. A comprehensive oral examination was conducted,
and demographic information and study inclusion and
exclusion criteria were obtained. Participants then received
Modified Gingival Index (MGI), Gingival Bleeding Index
(GBI), CAL, and PPD assessments in that order by the



same experienced examiner (AZ). They were instructed to
continue using regular home oral hygiene products until
the baseline visit, approximately 2 weeks after screening.

At baseline, continuance criteria were verified and
a comprehensive oral examination was conducted.
Participants were randomized to either the regimen or
usual care group by site staff using a computer-generated
sequence produced by the study sponsor based on
screening mean PPD, mean GBI, age, gender, and tobacco
use. They received assigned products from site staff to use
twice daily in an area separated from the examination area
to ensure blinding of the examiner to the identity of the
test products. Participants in both groups also received
supervised oral hygiene and product usage instructions
(verbal and written) and used the assigned products in front
of a mirror supervised by site staff, which was considered
one of the participant’s 2 daily brushings. Approximately
1 week later, and periodically throughout the study, site
staff not blinded to the products reconnected with all
individuals via phone to ensure proper product usage
and compliance. Within 1 month from baseline visit, all
participants received a dental prophylaxis.

At months 6, 12, 18, and 24 participants returned
to the site and continuance criteria were verified.
Participants returned used brush heads (regimen group),
manual brushes (usual care group), paste, rinse, and floss.
Site staff monitored compliance based on the product
returns, and if low product consumption was suspected
study participants were reinstructed on product usage (at
months 6, 12, and 18). At each visit, participants used
their assigned treatment products in front of a mirror
supervised by site staff. A comprehensive oral examination
was then conducted followed by an MGI assessment by
the experienced examiner. Participants then received
GBI, CAL/GR, and PPD examinations in that order by the
experienced examiner.

Following that, participants received a supplemental kit
box containing resupply of assigned products in an area
separated from the examination area to ensure blinding of
the examiner to the identity of the test products. Within
1 month from month 6, 12, 18, and 24 visits, participants
received a dental prophylaxis.

The same experienced examiner conducted clinical
assessments for each participant: MGIL?» GBI,*® CAL/GR,
and PPD. The examiner was blinded to the treatment
group assigned to each subject. Clinical information
was recorded for all scorable teeth present, excluding
3rd molars, teeth with crowns or large restorations (i.e.,
covering 50% or more of the tooth surface), bridges,
orthodontic appliances or implants. At screening, direct
measurements of MGI, GBI, PPD, and CAL were made
and GR was calculated as follows GR = CAL - PPD. After
completion of screening measurements, it was decided,
based on practical considerations, to replace direct
measurements of CAL at subsequent visits with direct
measurements of GR and to calculate CAL as follows: CAL
= GR + PPD (where CEJ/recession = positive values and
overgrowth = negative values). The impact of this change

Periodontal regimen evaluation

in measurement methodology for CAL and GR between
baseline and ensuing visits resulted in confounding of CAL
and GR measurements with respect to magnitude and >2
mm loss events. Oral soft tissue assessment was conducted
by a licensed dental professional. Abnormal findings
were recorded and categorized by location; hard tissue
findings were categorized as “other.” An adverse event
was recorded if a new abnormal finding was noted after
product distribution or if any previously noted abnormal
finding increased in severity during the treatment period.
All self-reported adverse events were recorded. Whole
body adverse events were collected only if potentially
related to product use.

Statistical methods

Statistical power calculations were conducted and a sample
size of 94 individuals (47 per group) would yield at least
8500 power to detect a statistically significant difference
between treatment groups estimating a mean difference of
9.0 bleeding sites with a standard deviation of 14.4. In
addition, there would be at least 85% power to estimate a
mean difference of 0.125 for MGI with a standard deviation
of 0.200. These power calculations utilized a 2-sided 5%
significance level. Up to 110 participants (55 per group)
were enrolled in the study to account for the possibility of
up to 15% subject dropout.

Participants were stratified based on screening mean
GBI (equal to/above or below 0.49), mean PPD (equal
to/above or below 2.23 mm), mean age (equal to/above
or below 45 years of age), gender (male or female), and
tobacco use (yes or no). Within strata, participants were
randomized to 1 of the 2 study groups using a balance and
assignment procedure on site. Participants from the same
household were assigned to the same study group.

The primary variable was number of bleeding sites (GBI-
BS) as measured from GBI. Summary statistics (e.g., means,
standard deviations, frequencies) of the demographic
characteristics as well as each efficacy endpoint were
calculated for each study group and visit. For each
efficacy variable and visit, the means for the study groups
were compared using the analysis of covariance method
with the screening values of the respective endpoint as
the covariate. For each efficacy variable and visit, mean
comparisons to screening for each study group were
investigated using paired difference t-tests. Additionally,
the average number of persistent bleeding sites (e.g., sites
bleeding at consecutive visits) were summarized by visit for
each study group. The location of the persistent bleeding
sites at each visit was estimated by determining highest
site frequency within each group. The average number of
sites with pocket depth progression of 2 mm or greater
from the screening visit was also summarized by visit and
study group. The location of the sites with pocket depth
incidence 2 mm or greater at each visit were estimated by
determining the highest site frequency within each study
group. To analyse the number of >2 mm PPD loss events,
a nonparametric ANOVA was carried out at each visit to
determine between groups differences.
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Statistical tests were 2-sided using a 5% significance
level. P value adjustments were not carried out for multiple
testing, and missing data were not imputed since only 2%
of post-baseline data was missing.

RESULTS

One hundred and ten (110) individuals were screened; 107
signed informed consents for study participation and were
enrolled. Seventeen subjects were dropped at baseline
because they were inappropriately placed in the regimen
group in conflict with their randomization assignment
to the control group, leaving 90 who were assigned to
treatment and received products. Three enrollees did not
complete the study—2 were lost to follow-up and 1 dropped
out due to pregnancy—leaving 87 participants completing
the 24-month clinical evaluations (Figure 1). Table 1 shows
baseline demographics and clinical measures. Individuals
who entered into the study ranged in age from 28 years to
64 years, with an average of 46.7 years. Fifty percent (50%)
of participants were female and 14% were tobacco users.

Self-reported oral hygiene practices at baseline indicated
that 980 of all study participants had regular dental
cleanings or checkups; 849% reported having biannual
visits. More than 80% reported using a manual toothbrush
and toothpaste at least twice daily. The majority (>69%)
reported using mouthwash, dental floss, and an electric
rechargeable toothbrush no more than once a week.

At baseline, the mean number of gingival bleeding
sites (GBI-BS) was 55-56 (screening), with a mean MGI
score of 1.68-1.69 (Table 1). Table 2 highlights gingivitis
measures (GBI-BS, MGI) at months 6, 12, 18 and 24. The
usual care group showed little change in either GBI-
BS or MGI throughout the 24-month study period. The

Table 1. Baseline demographics summary and clinical parameters

regimen group in contrast showed statistically significant
(p < 0.001) and consistent reductions in number of GBI-
BS and MGI throughout the study at months 6, 12, 18,
and 24. With respect to GBI-BS, the regimen group
was associated with statistically significant (p < 0.001)
reductions of 33%, 28%, 38%, and 39% at 6, 12, 18, and
24 months versus the usual care group. With respect to
MGI, the regimen group was associated with statistically
significant (p < 0.001) reductions of 14%, 12%, 17%,
and 18% at 6, 12, 18, and 24 months versus the usual
care group. Importantly, the difference between regimen
and usual care groups in the management of gingival
bleeding increased over time (Figure 2).

The GBI-BS data were analysed with respect to which
sites manifested bleeding most frequently by both timepoint
and treatment group. These frequency data were plotted on
whole mouth tooth diagrams to visualize where bleeding
sites most frequently occurred through rank ordering
(Figure 3). These data support that bleeding sites occur with
the highest frequency in the posterior and interproximal
dentition. Similar analysis examining persistent GBI-BS,
defined as those sites that bled at baseline and each ensuing
visit, was performed. These frequency data for persistent
GBI-BS were plotted on whole mouth tooth diagrams to
visualize where persistent bleeding sites most frequently
occurred through rank ordering (Figure 4). With respect to
persistent GBI-BS, the regimen group was associated with
statistically significant (p < 0.001) reductions of 33%, 439%,
53%, and 64% at 6, 12, 18, and 24 months versus the usual
care group.

Table 3 shows results for PPD. PPD loss events over the
2-year treatment period were statistically significantly (p <
0.001) lower in individuals in the regimen group compared

Demographic/statistic or category f::tr:;) (R:sin;ir)i 8\\]/231”07) p value
Age (years)

Mean (SD) 47.6 (10.29) 459 (10.79) 46.7 (10.53) 0.4075°
Min-Max 28-64 29-63 28-64

Sex

Female®, n (%) 26 (49) 27 (50) 53 (50) 1.0000¢
Male®, n (%) 27 (51) 27 (50) 54 (50)

Tobacco

No®, n (%) 46 (87) 46 (85) 92 (86) 1.0000°
Yes®, n (%) 7 (13) 8 (15) 15 (14)

Mean GBI-BS 56.11 (14.921) 55.36 (13.723) 55.73 (14.266) 0.784
Mean MGI score (SD) 1.69 (0.154) 1.68 (0.129) 1.68 (0.141) 0.723
Mean PPD mm (SD) 2.25 (0.186) 2.25 (0.206) 2.25 (0.195) 0.980
Mean CAL mm (SD) 2.62 (0.228) 2.60 (0.241) 2.61(0.234) 0.783
Mean GR mm (SD) 0.36 (0.174) 0.35 (0.139) 0.36 (0.157) 0.741

22-sided ANOVA p value for the treatment comparison
®The number (percent) of participants in each category
2-sided Fisher's exact test p value for the treatment comparison
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Figure 1. Study flow diagram
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Table 2. Gingivitis clinical results (GBI-BS, MGI) per visit

Month 6

Control 50 60.11 (2.564)

Regimen 40 40.36 (1.887) 329
Month 12

Control 49  58.37 (2.689)

Regimen 39 42.18 (2.127) 27.7
Month 18

Control 48 60.63 (2.593)

Regimen 39 37.48 (2.144) 382
Month 24

Control 48 60.01 (2.144)

Regimen 39 36.63 (2.064) 39.0

1.80 (0.021)

<0.0001 1.54 (0.025) 14.1 <0.0001
1.55 (0.024)

<0.0001 1.37 (0.025) 1.8 <0.0001
1.57 (0.022)

<0.0001 1.31 (0.020) 16.9 <0.0001
1.65 (0.019)

<0.0001 1.35(0.018) 18.4 <0.0001

2ANCOVA with respective screening value as the covariate

Can J Dent Hyg 2021;55(2): 85-94 ‘ 89



Zini, Mazor, Timm, et al.

Figure 2. Mean GBI-BS per visit
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Figure 3. Location of most frequent bleeding sites by visit
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Figure 4. Location of most frequent persistent bleeding sites by visit
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to those in the usual care group. The PPD adjusted means
for the regimen group were lower by 129%, 6%, 11%, and
13% at 6, 12, 18, and 24 months, respectively.

Figure 5 shows median number of sites with >2 mm PPD loss
events from baseline per subject analyses. PPD loss events during
the study period were lower in participants in the regimen group
than in those in the usual care group. For median number of >2
mm PPD loss events, results were statistically significantly (p <
0.005) lower for the regimen group with fewer median number of
events by 73%, 56%, 77%, and 74% at 6, 12, 18, and 24 months,
respectively, versus the usual care group. Figure 6 shows the
location of the most frequent >2 mm PPD loss events by tooth
and site over the course of the study:.

There was 1 non-serious adverse event (mild burning
mouth) reported in the regimen group at month 6 which
resolved. All components of the test regimen as well as the
usual care products were well tolerated.

DISCUSSION

Clinical data support efficacy for the individual therapeutic
interventions of oscillating-rotating electric toothbrushes,
bioavailable stannous fluoride dentifrice, cetylpyridinium
chloride mouthrinse, and dental floss for reducing plaque
and gingivitis.'®!”202 However, a limited number of studies
have examined these individual therapies for periodontal
disease progression extending up to 2 years.? Likewise,
combinations of these therapies have been examined in
shorter-term studies showing high levels of efficacy.**

Periodontal regimen evaluation
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This study combined 4 clinically proven technologies
for their gingivitis effects and progression of periodontal
indices over a longer period (2 years) in adults with
established gingivitis and isolated sites of incipient
periodontitis. Results demonstrated significant and
consistent efficacy of the regimen in reducing number of
GBI-BS and gingival inflammation (MGI) over 2 years.
The periodontal measure of PPD progressed consistently
throughout the study. In the regimen group, PPD increased
over the 24 months. However, the increase in this
periodontal parameter was statistically significantly lower
versus the usual care group. The magnitude of reduction
in GBI-BS for the regimen versus usual care group was
390 at 24 months. The magnitude of reduction in median
PPD for the regimen versus usual care group at 24 months
was 13%. The magnitude of reduction in = 2 mm PPD loss
events for the regimen versus usual care group at 24 months
was 74%. These represent clinically important reductions
in gingival inflammation and periodontal measures.

Clearly, the regimen slowed the rate of periodontal
disease progression in the population. The decreased
progression of PPD in the regimen group might be
expected from the reductions in GBI-BS observed during
the study for the regimen group versus the usual care
regimen. Lang and others®** have systematically studied
the longitudinal progression of periodontal disease in
populations and assessed the role of localized gingivitis
on disease progression towards tooth loss. In these studies,
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Table 3. Periodontal clinical results (PPD) per visit

Month 6

Control 50 2.65 (0.047)

Regimen 40 2.33 (0.041) 12.3 <0.0001
Month 12

Control 49 2.75 (0.030)

Regimen 39 2.57 (0.041) 6.3 0.0009
Month 18

Control 48 2.86 (0.031)

Regimen 39 2.54 (0.033) 1.4 <0.0001
Month 24

Control 48 2.91 (0.035)

Regimen 39 2.54 (0.026) 12.6 <0.0001

2ANCOVA with respective screening value as the covariate

Figure 5. Median number of > 2 mm PPD loss events
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Figure 6. Location of most frequent > 2 mm PPD loss events from baseline by visits
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significantly elevated rates of CAL as compared to sites
with infrequent or no gingival bleeding. These studies
went on to determine that approximately one-third of sites
with consistent gingival bleeding during adulthood are at
risk of future tooth loss due to periodontal disease. PPD
and CAL are highly correlated, as CAL is calculated by
adding PPD and GR. The results of this study support the
benefits that reducing gingival bleeding has on reducing
the rates of PPD progression.

With respect to study limitations, the change in
measurement methodology for CAL (direct) and GR
(imputed) at screening/baseline to CAL (imputed) and GR
(direct) at 6, 12, 18, and 24 months introduces a potential
confounding effect on change from baseline analyses in
terms of absolute magnitude of change, as well as the
ability to measure CAL events. Importantly, the GBI-BS,
MGI, and PPD measures were not affected by this change
in methodology. Due to the nature of the study in which
the test variable was the regimen itself rather than the
individual products within the regimen, another limitation
is that it is impossible to determine the relative contribution
of each product within the regimen with respect to the
observed clinical benefits. Nevertheless, the study results
provide compelling evidence of the importance of oral
hygiene measures in improving the gingival health of
clients with at-home care. Furthermore, these gingival
health improvements have the long-term benefit of slowing
the progression of periodontal disease (PPD).

In summary, a regimen of oral care hygiene aids including
an oscillating-rotating electric toothbrush, bioavailable
stannous fluoride dentifrice, cetylpyridinium chloride
mouthrinse, and dental floss was found to be effective
in reducing GBI-BS, MGI, and PPD compared to a usual
care routine including a manual toothbrush and fluoride
toothpaste over a period of 2 years. The regimen was well
tolerated by study participants.
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