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Abstract— oBJECTIVE: To determine the effectiveness of a water flosser in reducing the bleeding on probing (BOP) index
around dental implants as compared to flossing. METHODS AND MATERIALS: Patients with implants were randomly assigned to

one of two groups in this examiner-masked, single-center study. The study compared the efficacy of a manual toothbrush paired with

either traditional string floss or a water flosser. RESULTS: The primary outcome was the reduction in the incidence of BOP after
30 days. There were no differences in the percent of bleeding sites between the groups at baseline. At 30 days, 18 of the 22 (81.8%)
implants in the water flosser group showed a reduction in BOP compared to 6 of the 18 (33.3%) in the floss group (P = 0.0018).

CONCLUSIONS: These results demonstrate that the water flosser group had statistically significantly greater bleeding reduction

than the string floss group. The authors concluded that water flossing may be a useful adjuvant for implant hygiene maintenance.
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eri-implant mucositis is an inflammatory

lesion of the mucosa surrounding an implant. I'ts

pathogenesis and visual appearance is similar

to gingivitis.! If there is evidence of bone loss

(peri-implantitis), the implant is at increased
risk for failure. Peri-implantitis is similar to periodontitis
clinically but differs histopathologically.> Peri-implant mu-
cositis occurs in approximately 80% of individuals who have
implants or about 50% of implant sites, and peri-implantitis
occurs in 28% to 56% of people with implants or 12% to 40%
of implant sites.?

The subgingival microbiota is a mix of anaerobic bacteria
dominated by Gram-negative organisms similar to chronic
periodontal infections.* Bleeding is a standard measure used
to diagnose mucositis. The absence of bleeding is generally
indicative of peri-implant stability.>®

Poor plaque control is one of the risk factors for the ini-
tiation and proliferation of peri-implant diseases.” The goal
of oral hygiene with implants is to reduce the biofilm and
subsequent infection. Due to clinical similarities, home care
recommendations tend to mimic those for dentate individuals
such as brushing, flossing, and rinsing. A recent systematic
review reported there is no reliable evidence demonstrating
an effective intervention for treating peri-implant disease.?
Clearly there is a need for studies that measure the success
and safety of different methods and devices for daily cleansing

around implants and prosthetic replacements. The objective
of this study was to determine the efficacy of a water flosser
in reducing bleeding on probing (BOP) index around dental
implants as compared to traditional string floss.

Methods and Materials

Adult subjects between 22 and 62 years of age were recruited
from the Boston, Massachusetts area. Exclusion and inclusion
criteriawere assessed (Table 1). To qualify, a subject must have
had at least two out of six sites of bleeding on probing present
on at least one implant. If a subject had more than one implant
that qualified, up to two implants were included in the study.

If a subject had more than two implants that qualified for
the study, two of the implants were chosen for inclusion in the
study using a computer-generated randomization scheme.

The study forms and protocol were approved by the
Institutional Review Board at Tufts Medical Center and Tufts
University Health Sciences Campus. Subjects read and signed
the informed consent and received a copy for their records at
the screening/baseline visit.

This university-based (Tufts University School of Dental
Medicine), examiner-blind, double-arm, parallel-group,
single-center study compared the efficacy of a manual
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TABLE 1
Subject Criteria

Inclusion Criteria

» Be able to provide written informed consent prior
to participation.

» Agree to not participate in any other oral/dental
products clinical study for the study duration.

» Be in good general health and be a nonsmoker.

» Agree to refrain from the use of any nonstudy dental
device or oral care product for the study duration.

> Agree to return for the scheduled visits and follow
study procedures.

» Agree to delay dental prophylaxis until study completion.

» Have at least one restored root-form dental implant.

» Have BOP at a minimum of two out of six sites/implant.

> Be between 21 and 65 years of age.

Exclusion Criteria

» Have systemic disease (eg, diabetes, immunodeficiency).

» Have advanced periodontitis.

» Taking medication influencing gingival health (eg,
Dilantin, Procardia [calcium channel blockers],
Cyclosporine, anticoagulants).

» Be currently pregnant.

> Be a smoker.

Discontinuance Criteria

» Dental prophylaxis prior to study completion.
» Use of any oral care products other than assigned
study products.

TABLE 2

Carter and Barnes Bleeding Index

0 No bleeding

1 Bleeding

toothbrush paired with either traditional string floss or a
water flosser. The entire study lasted 4 months, including a
3-monthrecruitment period and a 1-month evaluation period.
The subjects were randomized to one of two groups by way of a
computer-generated randomization scheme. Randomization
was performed at the subject level and not the implant level,
resulting in 22 implants in each group. The allocation ratio
was 1:1. A spreadsheet generated by the statistician and viewed
by the research coordinator (and not the examiners) at the
time a subject was enrolled contained the randomization
scheme. A research coordinator also enrolled participants
and assigned them to the randomized group. Examiners were
blinded to the subject’s treatment group.

Demographic data and medical history were collected.
Subjects received a comprehensive oral examination to evaluate
the oral and perioral region, including hard and soft tissues. All
subjects used an American Dental Association (ADA) standard
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FIG.1

Ficure 1. Waterpik® Ultra Water Flosser used in study.

manual toothbrush (Oral-B® Soft Compact 35, Procter &
Gamble, www.pg.com) and an ADA-standard dentifrice (Crest®
Cavity Protection Gel Toothpaste, Procter & Gamble).

Group 1 (String Floss [SF]) was assigned unflavored
waxed string floss, and Group 2 (Water Floss [WF]) was
assigned a water flosser and specialized tip. Test products
were distributed away from the examiner. Subjects were
given tooth brushing instructions for the Bass technique.
The SF group received standard flossing instructions, and
the WF group received manufacturer’s instructions. Subjects
used all of their products under the direction of the research
coordinator before being allowed to take them home, and
they were given written instructions to follow at home and a
log in which to track brushing and flossing or water flossing,
Subjects in both groups were instructed to brush twice a day
(morning and evening) for 2 minutes each time using a sand
timer. Subjects in the SF group flossed before brushing in the
evening. Subjects in the WF group used the water flosser and
specialized tip at pressure setting number 6 (medium) with
500 ml of lukewarm water before brushing in the evening,.
All subjects refrained from using any other oral hygiene aid
or agent during the study.

A trained examiner recorded BOP at six sites per implant
(ie, mesio-facial, facial, disto-facial, mesio-lingual, lingual,
and disto-lingual) using a plastic probe at screening/baseline,
day 14, and day 30 (Table 2).

At visit 2 (Day 14) and visit 3 (Day 30), discontinuance
criteria were assessed (Table 1). Subjects received a compre-
hensive oral examination and the bleeding index was recorded
at six sites per implant. Subjects brought the tooth brushing
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Ficure 2. Specialized Plaque Seeker® Tip.

log to this visit, and the log was checked to ensure that the
subject was complying with instructions.

Stupy ProbucTs
The water flosser (Waterpik® Ultra Water Flosser, Water Pik,
Inc., www.waterpik.com) is a pulsating device that delivers water
or other solution to clean interdentally and subgingivally. The
device has areservoir for the solution, variable pressure control,
and a handle for tip placement (Figure 1). Subjects used a spe-
cialized tip (Plaque Seeker® Tip, Water Pik, Inc.) designed with
an orifice to deliver the irrigant surrounded by three individual
tufts of soft nylon bristles (Figure 2). The tip is directed at the
gingival margin and interdental areas of the prostheses attached
to the implant from the lingual and buccal area.

Unflavored waxed string dental floss (Reach®, Johnson &

Johnson Oral Care Company, ww.jnj.com) was provided to the
subjects in the SF group. Subjects cleaned the proximal surfaces
of the implants following instruction for wrapping the floss on
the mesial and distal surfaces of the prosthesis forming a “C”
and moving the floss up and down the surface several times.

STATISTICAL ANALYSIS
The primary outcome measure for the study was reduction in
incidence of bleeding on probing at 30 days. It was anticipated
that at least 50% of the individuals in the water floss group
would have bleeding at no more than one site/implant by 30
days, compared to only 10% of the individuals in the string
floss group. As a result, a sample size of 20 per group would
provide 80% power to detect a difference between a 50%
reduction in incidence of BOP in the Waterpik group and a
10% reduction in the control group, using an exact test of two
proportions, assuming alpha = 0.05 (nQuery Advisor, 7.0).
An intent-to-treat analysis was performed. Mean age at
baseline was compared between the two groups using a two-
sample -test. Any Pvalue < 0.05 was considered statistically
significant. All analyses were performed using SAS® Version
9.2 (SAS Institute Inc., www.sas.com).

Results

Among 40 subjects screened for the study, 30 qualified. They
were entered into a randomization scheme and contributed
a total of 44 implants. Two subjects completed only their
baseline visit and then dropped out: one subject withdrew

TABLE 3
Demographics
Water Flosser (n = 15) Floss (n = 13) Overall (n = 28)
Mean SD Mean SD Mean SD
Age
49.7 10.6 47.8 12.0 48.8 ma
Sex N % N % N %
Male 1 73.3 10 76.9 21 75.0
Female 4 26.7 3 231 7 25.0
Race/Ethnicity N % N % N %
Caucasian n 73.3 7 53.9 18 64.3
African- 1 6.7 3 2311 4 14.3
American
Asian 1 6.7 1 7.7 2 71
Other 2 13.3 2 15.4 4 14.3
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Ficure 3. Participant Flow Diagram.

FIG. 3
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TABLE 4
Reduction in BOP at Baseline,
14 Days, and 30 Days
Water Flosser Floss
(n=22) (n=18)
Bleeding | % N | % |Pvalue

on Probing

Baseline 22 | 1000 | 18 |1000| ---

Day 14 5 77.3 9 | 50.0 | 0.0720

Day 30 4 81.8 12 | 33.3 | 0.0018

* Bleeding on probing defined as at least two of the six sites
experiencing bleeding

from the study due to personal issues that would preclude
completion of the study visits; and one subject was withdrawn
after repeated attempts to set up recall appointments with
this individual were unsuccessful. These two subjects, both
of whom were in the SF group, had contributed a total of four
implants (two each). Thus, the final analysis is based on 40
implants placed in 28 subjects (Figure 3).

The mean (SD) age of the 15 subjects in the water flosser
group was 49.7 (10.6) years; it was 47.8 (12.0) years in the
13-subject string floss group (Table 3). This difference was
not statistically significant (P = 0.6730).

The primary outcome measure was the reduction in the
incidence of bleeding on probing (BOP) after 30 days. BOP
was defined as at least two of the six sites experiencing bleed-
ing. All subjects (100%) had BOP at baseline. The percent
of bleeding sites was comparable between the two groups.
The mean (SD) percent of bleeding sites in the WF group
was 47.0% (13.3%) and in the SF group was 52.8% (19.2%).
This difference was not statistically significant (P = 0.2655).
At 30 days, 18 of the 22 (81.8%) implants in the WF group
experienced a reduction in BOP, compared to 6 of the 18
(33.3%) seenin the SF group. This 2.45-fold difference (145%)
was highly statistically significant (P = 0.0018), suggesting an
improvement in BOP for the subjects in the WF group (Table
4). No adverse events were reported during the study.

Discussion

This study evaluated the efficacy of water irrigation used
with a specialized tip on the incidence of bleeding around
implants. The results showed that a water flosser on medium
pressure with tap water is a more effective way to reduce
bleeding around implants than string floss. The results from
this study are similar to findings from studies that compared
water flossing to string floss on natural teeth. Barnes et al
demonstrated a 40% to 93% reduction in bleeding and 51%
to 53% reduction in gingivitis using a water flosser on medium
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pressure with only water once daily compared to string floss
used once daily.” Similarly, Rosema et al found the water
flosser was significantly more effective at reducing bleeding
compared to string floss with a standard tip (13% vs. 26%) and
aspecialized tip (13% vs. 20%). At 4 weeks, the flossing group
returned to baseline measures, while the water flosser groups
continued to show a significant reduction in bleeding (15%
to 17%).° A third study measured the reduction of bleeding
with 11- to-17-year-olds with fixed orthodontic appliances and
found a 26% better reduction in bleeding for the group using
the water flosser with the orthodontic tip compared to string
floss at 4 weeks."

The number of implants placed by dentists and dental
specialists is increasing based on a predictable outcome
of success.'*’® A comprehensive treatment plan includes
advising the patient of the risk of failure based on smoking,
history of radiotherapy, and local bone quality and quantity.
Peri-implant disease is a sequelea of poor oral hygiene,
placement of a noncleansable prosthetic, or recommenda-
tions that are not effective for implants. Thus, one of the key
factors to implant success is the adherence to an effective
maintenance program.

The evidence for cleaning around implants and the pros-
thetic replacement is limited. A systematic review included
five studies that evaluated the efficacy of an implant mainte-
nance regimen.® Two of the studies evaluated the efficacy of
a powered toothbrush and a sonic toothbrush, with neither
showing a statistically significant difference compared to
manual brushing. Another study compared rinsing with an
antiseptic for 30 seconds twice a day to rinsing with a placebo
and reported improvements in plaque, bleeding, and gingival
index compared to placebo. There were no differences in
probing depth or attachment levels.

A study that compared rinsing with chlorhexidine to ir-
rigating with a subgingival delivery tip showed a benefit in
favor of the irrigation, which was found to be significantly
more effective in reducing the plaque, gingivitis, and stain
index over 3 months.'*

This study provides clinical information on the efficacy of
a water flosser on BOP around implants. Studies on natural
teeth have found similar results along with the reduction of
gingivitis,”'° probing pocket depth,'"” subgingival bacteria,'**®
and proinflammatory mediators as measured in the gingival
crevicular fluid or blood serum.'>! The ability to access?**!
and remove pathogenic bacteria from pockets up to 6 mm'*'®
is a benefit for implant-supported prostheses, with the best
clinical outcome of 3 mm to 5 mm pockets. Water flossing has
also been tested on people with orthodontics,"** diabetes,"
and those in periodontal maintenance.***

This study evaluated the efficacy of a water flosser on
single implants restored with a crown. Additional studies with
implant-supported dentures, bridges, and other prosthetic
appliances are needed.

Conclusion

This 30-day randomized clinical trial demonstrated that awater
flosser paired with a manual toothbrush is 2.45-fold (145%)
more effective at reducingbleeding around implants than string
floss with no adverse events reported in either group.
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