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Scientific technology has expanded the profession’s under-
standing of dental plaque. Treatment and prevention are now
focused on dental plaque as a biofilm. Biofilms are three-
dimensional arrangements of bacteria that are loosely or more
firmly adherent to teeth and tissue. Biofilms consist of micro-
colonies of bacteria embedded in slimy matrices. Biofilms are
self-sufficient, dynamic communities that can survive in hos-
tile environments. The regular removal of dental plaque
biofilm, which contain the bacteria responsible for caries
formation and for the etiology of gingivitis and periodon-
titis, is the well-accepted sine qua non of dental health.

In other ecosystems in which biofilms harbor bacteria
that attack surfaces, such as steel,1 two basic strategies of
biofilm control have emerged.2 The first is predicated on the
use of chemicals to kill the bacteria in the biofilm to induce
the natural sloughing of dead biofilm, thus cleaning the

surface and preventing corrosion.3 The second is to remove
the matrix-enclosed bacterial microcolonies from the sur-
face by the use of shear forces that overcome the tensile
strength of the matrix material without damaging the integri-
ty of the material’s surface. The chemical approach suffers
from the limitation that the most effective antimicrobial
agents do not penetrate the biofilm, so it is very difficult to
deliver enough of the agent to clean the surface, and the
biofilm can return to its original state easily. The physical
removal of biofilm from surfaces cleans the surfaces very
effectively,4 and removes the insidious bacteria from the
system completely. Shear forces are widely used to clean oil
and water pipelines, and the same is true for dental biofilms.
Mechanical removal is the most effective method to con-
trol the growth of biofilm. Biofilms are accessible to a den-
tal professional and can be effectively removed by scaling
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Abstract: OBJECTIVE: The objective of this study was to evaluate the effect of a dental water jet on plaque biofilm

removal using scanning electron microscopy (SEM). METHODOLOGY: Eight teeth with advanced aggressive periodontal

disease were extracted. Ten thin slices were cut from four teeth. Two slices were used as the control. Eight were inocu-

lated with saliva and incubated for 4 days. Four slices were treated using a standard jet tip, and four slices were

treated using an orthodontic jet tip. The remaining four teeth were treated with the orthodontic jet tip but were not

inoculated with saliva to grow new plaque biofilm. All experimental teeth were treated using a dental water jet for 3

seconds on medium pressure. RESULTS: The standard jet tip removed 99.99% of the salivary (ex vivo) biofilm, and

the orthodontic jet tip removed 99.84% of the salivary biofilm. Observation of the remaining four teeth by the

naked eye indicated that the orthodontic jet tip removed significant amounts of calcified (in vivo) plaque biofilm. This

was confirmed by SEM evaluations. CONCLUSION: The Waterpik® dental water jet (Water Pik, Inc, Fort Collins, CO) can

remove both ex vivo and in vivo plaque biofilm significantly.
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and root planing. It is more difficult for patients to effec-
tively remove or disrupt the biofilm from all surfaces of the
tooth on a daily basis.

The dental water jet has been studied extensively for the
past 45 years. The research demonstrates that a combina-
tion of 1,200 pulsations per minute and pressure settings
of 55 psi to 90 psi are safe and can significantly reduce
bleeding and gingivitis in a variety of cohorts. Clinical
studies of inflammation have shown statistically significant
repeatable improvement with the use of the water jet,5-19 but
erythrosine-based plaque indices have yielded equivocal
data. Some studies have shown a reduction in the plaque
index with the use of the water jet compared with a con-
trol,7,8,12,18,19 while other studies have shown no signifi-
cant differences.5,14-17 The impact of a dental water jet on
the quality and quantity of supragingival plaque biofilm
remains essentially unknown. A few studies have examined
the supra- and subgingival biofilm microscopically. 

Brady and colleagues20 examined the impact of a dental
water jet on the ultrastructure of supragingival dental
biofilm on rhesus monkeys with an electron microscope.
Experimental sites were treated with a pulsating water jet
at a pressure setting of 70 psi. Posttreatment biofilm sam-
ples showed either removal of biofilm or irreversible dam-
age to the bacteria in the biofilm matrix compared with
untreated sites.20 Cobb et al21 found similar results in
human patients. Periodontally involved teeth were treated
with water irrigation at a pressure of 60 psi and then
extracted with the epithelial lining intact. The treated sites
showed few cocci and short rods randomly dispersed and
associated with a light fibrin-like matrix. In contrast, the
untreated controls exhibited thick mattes of organisms

(short rods, long fusiforms, and chains of cocci), including
spirochetes.21 Other studies have evaluated the reduction
of specific subgingival organisms and have shown a signifi-
cant reduction in Prevotella intermedia,5 Bacteroides
species,13 and spirochetes22 in 4-mm to 6-mm pockets.

This study evaluated the hydraulic forces (shear forces)
produced by a pulsating dental water jet (Water Pik, Inc, Fort
Collins, CO) on ex vivo and in vivo biofilm using scanning
electron microscopy (SEM).

METHODS AND MATERIALS
Eight teeth were extracted from a patient with advanced
aggressive periodontitis. Institutional Review Board approval
was obtained (proposal No. IR00000792), as well as
informed consent from the patient. The teeth were fixed in
Karnovsky’s solution23 for 48 hrs at 4˚C and washed twice
in phosphate-buffered saline. Ten thin slices comprising
the regions spanning above and below the cementoenamel
junction were cut from four of the extracted teeth and
sterilized by autoclaving. The cut slices were placed in two
6-well plates and filled with 6 mL of Todd-Hewitt media.
Saliva was taken from a volunteer and incubated in Todd-
Hewitt media for 24 hrs at 37˚C. The two 6-well plates
containing the tooth slices were inoculated with the
precultured salivary biofilm (ex vivo) and incubated for 4
days at 37˚C with daily media change. Eight of the tooth
slices were mounted individually on a clamp. The dental
water jet was used in accordance with the manufacturer’s
instructions for the standard jet and the orthodontic jet tip.
The unit was set on a medium-pressure setting of 6 (;70
psi). Each sample was treated for 3 seconds and timed
using a digital metronome (Metrina Multi 353, Zen-On

Figure 1B Orthodontic jet tip (courtesy of Water Pik, Inc).Figure 1A Standard jet tip (courtesy of Water Pik, Inc).
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Music, Co, Ltd, Tokyo, Japan) set to 120 (two beats per
second). Four tooth slices were treated with the standard
jet tip (Figure 1A), and four tooth slices were treated
with the orthodontic jet tip (Figure 1B). Two tooth
slices with ex vivo-grown salivary biofilm served as con-
trols. The 10 treated and untreated slices with ex vivo
salivary biofilms were examined by SEM. The four
remaining extracted teeth were treated with the orthodon-
tic jet tip to evaluate the effect on in vivo calcified
biofilm. No additional salivary biofilm was grown on
these teeth as described previously. The four samples with
in vivo-calcified biofilm were evaluated with the naked
eye and SEM.

SCANNING ELECTRON MICROSCOPY 
The treated and untreated tooth slices were dehydrated in
graded ethanol, critical point-dried with carbon dioxide,
and mounted on a stub. The samples were sputter-coated
with 25 nm platinum and examined with a scanning elec-
tron microscope with 5 KeV in the secondary electron
mode (XL 30 S, FEG, Philips/FEI Co, Hillsboro, OR).

Images of the control and samples were taken in the SEM
from representative areas of treated and untreated regions
of the tooth slices, and total bacteria numbers were count-
ed on standard areas of 10 µm x 10 µm. The mean was
determined, and the results were extrapolated on a stan-
dard area of 1 cm2. The extrapolated area was then multi-
plied with the number of bacterial layers of the biofilm.
The total bacterial load was calculated. Because of the sim-
plistic assumptions (exact determination of the tooth sur-
face, number of biofilm layers, and even distribution), this
calculation can be regarded only as a semi-quantitative
approximation of the number of bacteria in the biofilm.24

RESULTS
When the tooth slices with the ex vivo-grown salivary
biofilm were examined under the scanning electron micro-
scope, they were colonized by luxuriant biofilm covering the
entire surface (Figure 2A through Figure 2C). The biofilms
appeared to be several micrometers thick. The predominant
morphotypes in the biofilms were fusiform bacteria and
cocci. Several regions showed co-aggregation between the two
morphotypes, which is a phenomenon of mutual dependence
for nutrition and growth. The salivary-derived biofilm
showed characteristics typical of a naturally occurring in
vivo biofilm in the mouth. The standard jet tip treatment

Figure 2A through Figure 2C Progressively magnified scan-

ning electron micrographs of a tooth slice used as a sub-

strate to grow salivary biofilm. Note the extensive growth

of saliva biofilm serving as control. The saliva-derived

biofilm was composed of fusiform bacteria (recognizable

by their characteristic tapered ends) and cocci. 
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for 3 seconds on the tooth slices with ex vivo-grown
biofilm showed extensive areas of biofilm removal in com-
parison with the untreated control slices (Figure 2D
through Figure 2F). The standard jet removed 99.99% of
the salivary biofilms. The orthodontic tip treatment for 3
seconds on the tooth slices appeared to clear very extensive
areas of ex vivo-grown salivary biofilm (Figure 3A and
Figure 3B). Biofilm removal was observed both at the crown
surface and below the cementoenamel junction. The per-
centage of biofilm removed by the orthodontic tip was
99.84%. Observation with the naked eye indicated that
treatment of in vivo biofilm with the orthodontic tip
removed significant amounts of this calcified biofilm. This
was evident in SEMs, which showed the presence of clear-
ance marks (Figure 3C) caused by the bristles associated
with this tip.

DISCUSSION
A high level of confidence can be placed in the direct
demonstration of the removal of biofilm by microscopic
methods,25 in contrast with other studies that have used
scraping for recovery and plating techniques for the enu-
meration of sessile bacteria.26 This confidence can be
assured because of a recent demonstration27 that bacterial
cells in biofilm grow poorly, if at all, when they are placed
on the surfaces of agar plates, so that the enumeration of
biofilm bacteria by scraping and plating is not valid. This
study approached the real situation in the oral environ-
ment, in that the removal of biofilm from well-defined
regions of the surfaces of extracted teeth was compared
with untreated regions of the same tooth and untreated
controls. The teeth used in this study were extracted from
a patient with severe periodontitis, so that supragingival
and subgingival biofilm was available for evaluation and
was the ideal surface for growing ex vivo salivary biofilm.
The data presented here demonstrate that a 3-second
exposure to hydraulic forces produced by a pulsating water
stream from a dental water jet with 1,200 pulsations per
minute exerting shear force (;70 psi) removed biofilm
from the tooth surface both above and below the cemen-
toenamel junction with 99.99% and 99.84% efficiency.

Comparing dental biofilm against the whole spectrum
of biofilm studied by biofilm engineers, dental biofilm’s
susceptibility to removal by shear forces fits into a logical
pattern. Microbial biofilms have been shown to vary the
cross-linking of the component polymers of their matrices

Figure 2D through Figure 2F Scanning electron micro-

graphs of tooth slices subjected to the standard jet (Water

Pik, Inc) treatment for 3 seconds. 
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to develop a tensile strength appropriate for their retention
on surfaces in the ecosystem in which they operate. Various
degrees of mineralization of biofilms make them much more
resistant to removal by shear forces. In the oral ecosystem,
mineralization takes the form of calcification, and the
deeper layers of the biofilm used in this study were, in fact,
calcified to the extent that they had tensile strengths ap-
proaching that of the enamel of the tooth. For this reason,
the authors distinguished between the removal of less calci-
fied ex vivo salivary biofilm and the removal of calcified
biofilm that had formed over a long period on the patient’s
teeth in vivo.

Recent published clinical studies measuring the use of
water with either the orthodontic tip or standard jet tip on
biofilm removal have used traditional plaque biofilm
indices. A randomized clinical study comparing a dental
water jet with the orthodontic tip plus manual toothbrush-
ing with manual toothbrushing and flossing or manual
toothbrushing alone showed a significantly greater reduc-
tion in biofilm for the dental water jet group compared
with flossing (3.76 times) or manual toothbrushing (5.83
times) in adolescent patients with fixed orthodontic appli-
ances.18 A dental water jet paired with either manual or
sonic toothbrushing showed a greater reduction in biofilm
removal compared with manual toothbrushing and floss-
ing.6 The differences were significant for sonic toothbrush-
ing and dental water jet use compared with manual tooth-
brushing and flossing. A 2-week study demonstrated a sig-
nificantly greater reduction in biofilm with the standard jet
tip use compared with routine oral hygiene practices.8

This microscopic study adds to the existing data and
provides an explanation for the consistent reduction in
inflammation from using a dental water jet. Along with
biofilm removal, other studies have shown reductions in
the subgingival microflora,21,22 changes in the cells result-
ing in decreased viability and cell death,20,21 and a reduc-
tion in the serum and gingival crevicular fluid measures of
pro-inflammatory mediators.7,8

CONCLUSION
This study demonstrated microscopically that the hydraulic
forces produced by a dental water jet with 1,200 pulsations
per minute on medium pressure (;70 psi) (Water Pik, Inc)
can significantly remove biofilm from tooth surfaces above
and below the cementoenamel junction in vitro. A standard
jet tip can remove 99.99% of ex vivo-grown biofilm with 3
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Figure 3A through Figure 3C Scanning electron micrographs

of tooth slices with ex vivo-grown salivary biofilm subjected

to the orthodontic tip (Water Pik, Inc) treatment for 3 sec-

onds. (A) The crown area of the tooth slice exhibited scat-

tered regions of biofilm growth (denoted by arrows 1) amidst

large areas of complete biofilm clearance after dental water

jet treatment. Biofilm removal also was evident around the

cementoenamel junction (arrow 2). (B) Scanning electron

micrograph depicting the area under the cementoenamel

junction with patches of biofilm (arrow). (C) Biofilm clearance

marks caused by the bristles (denoted by arrows) were evi-

dent throughout the treated areas on the extracted tooth

with calcified, naturally grown in vivo periodontal biofilm.
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seconds of use. An orthodontic tip can remove 99.84% of ex
vivo-grown biofilm with 3 seconds of use. And, an orthodon-
tic tip can remove in vivo-grown biofilm significantly with
3 seconds of use, as observed by the naked eye and SEM.
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