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Abstract
Aims: The aims of this study were to (1) investigate the incidence of bacteraemia
following flossing in subjects with chronic periodontitis or periodontal health; (2)
identify the micro-organisms in detected bacteraemias; and (3) identify any patient or
clinical factors associated with such bacteraemia.

Materials and Methods: Baseline blood samples were obtained from 30 individuals
with chronic periodontitis (17 M:13 F, 29–75 years) and 30 with periodontal health
(17 M:13 F, 28–71 years) following a non-invasive examination. Each subject’s teeth
were then flossed in a standardized manner and blood samples obtained 30 s and
10 min. after flossing cessation. Blood samples were cultured in a BACTECt system
and positive samples subcultured for identification.

Results: Forty per cent of periodontitis subjects and 41% of periodontally healthy
subjects tested positive for bacteraemia following flossing. Viridans streptococci,
which are commonly implicated in infective endocarditis (IE), were isolated from 19%
of positive subjects and accounted for 35% of microbial isolates. Twenty per cent of
subjects had a detectable bacteraemia at 10 min. post-flossing. No patient or clinical
factors were significantly associated with post-flossing bacteraemia.

Conclusions: Dental flossing can produce bacteraemia in periodontally healthy and
periodontally diseased individuals at a rate comparable with that caused by some
dental treatments for which antibiotic prophylaxis is given to prevent IE.
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Bacteraemia of oral origin is considered
to be important in the pathogenesis of
infective endocarditis (IE) because oral
streptococci account for 20% of cases of
native valve IE and 26% of cases of late
prosthetic valve endocarditis (Moreillon
& Que 2004). IE caused by viridans
streptococci has been reported to have
a mortality rate of 6–16% (Sandre &
Shafran 1996, Netzer et al. 2000). Thus,
European, American and Australian

guidelines for prevention of IE recom-
mend that antibiotic prophylaxis should
be given to individuals in specified
cardiac risk groups before having dental
treatment likely to cause bacteraemia
[Horstkotte et al. 2004, Wilson et al.
2007, Infective Endocarditis Prophy-
laxis (IEP) Expert Group 2008]. The
recent British guidelines are the excep-
tion and do not recommend antibiotic
prophylaxis for dental procedures
[National Institute for Health and
Clinical Excellence (NICE) Guideline
Development Group 2008]. All of these
guidelines have stressed that good oral
hygiene and oral health are important
factors in reducing the incidence of IE in
susceptible individuals and therefore it
is recommended that oral hygiene
should be reinforced for patients at risk
of IE and that they attend regular

preventive dental check-ups (Duval &
Leport 2008).

Paradoxically, the various national
guidelines suggest that patient-per-
formed oral hygiene procedures could
be implicated in IE due to their potential
to cause bacteraemia on a daily basis as
compared with dental treatment, which
might occur infrequently (Daly et al.
2008). Indeed, the most recent Ameri-
can guidelines go so far as to state that
the vast majority of cases of IE caused
by oral microflora most likely result
from random bacteraemias caused by
routine daily activities, including oral
hygiene procedures (Wilson et al. 2007).
Similarly, the UK guidelines concluded
that it was ‘‘biologically implausible’’
that a dental procedure would lead to a
greater risk of IE than an everyday oral
hygiene activity such as regular tooth-
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brushing (NICE Guideline Development
Group 2008). The question then arises
as to which individuals may be most at
risk of bacteraemia due to their oral
hygiene activities. While it has been
reported that bacteraemia caused by
toothbrushing is more common in the
presence of periodontal inflammation
than health (Silver et al. 1977), the
situation as regards dental flossing is
unclear. Although anecdotal reports
suggest that flossing may be implicated
in causing specific cases of IE (Jenney
et al. 2001), epidemiological studies
have reported that subjects who floss
daily appear to be less susceptible to IE
(Strom et al. 2000).

Dental flossing is the most common
method of inter-proximal cleaning
recommended by dentists and the most
common method of inter-proximal
cleaning utilized by patients (Warren
& Chater 1996). The risk of bacteraemia
following flossing is not clear as there is
little published evidence available. Only
four studies have previously sought to
address the issue of whether flossing
causes bacteraemia (Lineberger &
De Marco 1973, Ramadan et al. 1975,
Wank et al. 1976, Carroll & Sebor
1980). A critical appraisal of these pre-
vious studies reveals a number of meth-
odological shortcomings such as a lack
of a periodontal diagnosis (Ramadan
et al. 1975); the use of partial recording
indices when assessing the amount of
periodontal disease present (Wank et al.
1976); no indication as to when perio-
dontal assessment was performed in
relation to the flossing exercise (Line-
berger & De Marco 1973); the presence
of an interval of a week or more
between measuring indices and the
actual performance of the flossing exer-
cise (Wank et al. 1976, Carroll & Sebor
1980); and failure to record whether the
subject or the investigator performed the
flossing (Lineberger & De Marco 1973).
Some studies included commonly
regarded skin contaminants as positive
results in their bacteraemia analysis
(Ramadan et al. 1975, Wank et al.
1976) or did not identify the bacteria
present in positive blood cultures to
ensure they were of oral origin (Carroll
& Sebor 1980).

From the previous studies, it is not
possible to determine whether indivi-
duals with periodontal disease are at
higher risk of bacteraemia from flossing
than those who are periodontally
healthy. Although one study reported a
decrease in the incidence of bacteraemia

due to flossing from 29% to 14% in the
same group of patients before and after
non-surgical periodontal treatment, no
data were presented on the degree of
gingival inflammation, plaque accumu-
lation, bleeding on probing or probing
depths, which could assist in identifying
individual risk for bacteraemia (Wank
et al. 1976). One study sought to inves-
tigate whether daily flossing resulted in a
lower incidence of bacteraemia as com-
pared with flossing every two to three
days (Carroll & Sebor 1980). However,
as the study involved only four subjects
(two gingivitis; two healthy), no reliable
conclusions can be drawn as to the
impact of periodontal status or plaque
levels on bacteraemia caused by floss-
ing. Another study that investigated
bacteraemia due to dental flossing, use
of stimudents or periodontal surgery did
contain a periodontally healthy control
group (Lineberger & De Marco 1973).
Unfortunately, the investigators did not
subject the control group to flossing on
the basis that the incidence of bacterae-
mia was only 20% in the untreated,
periodontitis group.

Given the paucity of data on bacter-
aemia caused by flossing, there is a
need to clarify whether patients with
periodontal disease are more at risk of
oral bacteraemia due to flossing than
are patients with a healthy periodon-
tium. Thus, the aims of this study were:

(1) To determine if there is an increased
incidence of flossing-induced bac-
teraemia in patients with perio-
dontitis as compared with
periodontal health.

(2) To identify the micro-organisms
present within positive blood cul-
tures.

(3) To identify any factors that might be
associated with such bacteraemia.

Materials and Methods
Study design

This study was a cross-sectional inves-
tigation in which 30 individuals with
chronic periodontitis and 30 with perio-
dontal health attended for a single visit
during which the experimental flossing
protocol was performed, blood samples
collected and periodontal data gathered.

Ethics approval

The study was approved by the Human
Research Ethics Committees of the Uni-

versity of Sydney and the Sydney West
Area Health Service. Subjects were
given written and verbal advice about
the study and were required to sign a
witnessed consent form. Research was
conducted in accordance with the World
Medical Association Declaration of Hel-
sinki (version VI, 2002 http://www.
wma.net/e/policy/b3.htm).

Population screening

Thirty volunteers with chronic perio-
dontitis were sought by telephone inter-
view from patients on the periodontal
waiting list of the Westmead Centre for
Oral Health (WCOH) and in person
from patients presenting to clinics at
the same institution, for whom clinical
and radiographic records were available.
The experimental procedures and pur-
poses of the study were explained to all
potential subjects and their medical and
dental histories were reviewed to assess
inclusion and exclusion criteria and sui-
table patients were then invited to attend
for the clinical procedure. A total of 106
periodontitis subjects were screened of
whom 58 did not meet the inclusion
criteria, nine could not be contacted
and seven declined to participate. Thirty
subjects with periodontal health were
recruited from the clinics and from staff
and dental students at the WCOH, all of
whom were contacted in person by the
investigator (K. C.). A total of 53 sub-
jects with periodontal health were
approached of whom four did not meet
the inclusion criteria and 18 declined to
participate. Subjects in the periodontitis
group were recruited first and then sub-
jects in the periodontally healthy group
were recruited on the basis of age and
gender matching. Subject recruitment
occurred between 05 March 2007 and
13 July 2008.

Selection criteria

Subjects in the periodontitis group were
selected initially on the basis of radio-
graphic evidence of inter-proximal bone
loss viewed on an orthopantomogram
(OPG) (Walsh et al. 1997). They were
required to have had no history of
periodontal treatment in the last 12
months. Subjects in the periodontally
healthy group were selected on the
basis of having no evidence of
chronic periodontitis as defined by the
American Academy of Periodontology
(2000a, b) nor of having generalized
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plaque-induced gingivitis (Mariotti
1999).

All subjects were required to have at
least 10 teeth. Volunteers with signifi-
cant medical problems (e.g. diabetes),
cardiac defects or other conditions
requiring prophylactic antibiotic cover,
immune defects, haematological disor-
ders, pregnancy, upper respiratory tract
infections, mouth ulceration, pulpal/
periapical infections or those taking
immunosuppressive or corticosteroid
medication or those who had taken
antibiotics in the past 3 months were
excluded from the study. Subjects
were instructed not to brush or floss
their teeth, chew any food or
perform any intra-oral manipulations
for at least 1 h before the experimental
protocol.

Data collection

The experimental design is shown in
Fig. 1. All experimental procedures
and clinical data gathering were per-
formed at the dental clinics at WCOH
between 10 March 2007 and 17 July
2008. All data collection was performed
by K. C. during a single visit. All inva-
sive data-gathering procedures were per-
formed immediately after the flossing and
blood collection procedures, as perio-
dontal probing has been shown to cause
bacteraemia (Daly et al. 2001, Kinane
et al. 2005). Data were gathered in three
stages:

(1) Pre-flossing

(a) Patient questionnaire including
medical history, personal inter-
proximal cleaning regimen, age,
gender and smoking status (never,
former or current).

(b) Marginal Gingival Index (MGI;
Lobene et al. 1986) on the vestib-
ular and oral surfaces at all gingi-
val papillae to assess gingival
inflammation. The gingival tissue
adjacent to a tooth bounding a
saddle area was also considered a
papilla.

(c) Plaque Index (PI; Silness & Löe
1964) at each approximal surface
on facial and lingual/palatal aspects.
A 1% erythrosine disclosing dye
(Plaque Disclose, Professional Den-
tal Supplies, Bayswater, Vic., Aus-
tralia) was used to disclose plaque.
No probing was performed as part
of the PI.

(2) During flossing

(a) Papillary bleeding on flossing
(Carter & Barnes 1974). The pre-
sence or absence of bleeding on
flossing was recorded within 30 s
after flossing. Each papilla was trea-
ted as a single unit, regardless of
whether bleeding was noted on the
vestibular and/or oral aspect of the
papilla or on the mesial and/or distal
aspect of the papilla.

(b) Time taken to floss.

(3) Post-flossing

(a) Periodontal probing depth (PPD)
and recession (REC) to the nearest

millimetre were recorded using a
PCP-11 periodontal probe (Hu-
Friedy, Chicago, IL, USA) at six
sites per tooth (mesial, mid and distal
on vestibular and oral aspects).

(b) Bleeding on probing (BOP)
assessed as Yes/No at six sites per
tooth.

(c) Tooth mobility assessed as Yes/No
and graded as Grade I, II or III
(Miller 1938).

Flossing technique

Flossing was performed by K. C. to ensure
standardization of technique and because
the blood sampling procedure precluded
subjects being able to use their own hands
for flossing. A 150 cm strand of waxed
dental floss (DentaFloss, Caredent, Horns-
by, NSW, Australia) was pre-measured
and then wrapped around the index fingers
of each hand. The floss was gently moved
through the contact area with a back and
forth action using a combination of the
thumbs and/or middle fingers of both
hands. A recommended flossing action
was then utilized (Perry 1996, American
Dental Association 2008). The floss was
shaped into a ‘‘C’’ configuration and
moved apically along the tooth surface
from the contact area to a position under
the gingival papilla where it could not
penetrate any further and then back again
to the contact area. A standardized, cali-
brated force of 50 g (0.5 N) was used when
flossing (Smith et al. 1986). This flossing
action was repeated three times on the
tooth surface before the adjacent tooth
surface on the other side of the gingival
papilla was similarly flossed (Carter et al.
1975). The floss was then unravelled
slightly and moved between the fingers
before progressing from one inter-proximal
area to the next so that there was no
transfer of blood or plaque from one area
to another. The mesial and distal surfaces
of all teeth were each flossed in this
manner.

Calibration and reproducibility

Calibration scoring of the PI, MGI,
mobility, PPD and REC was undertaken
before the study. Intra-examiner repro-
ducibility was calculated during the
study by randomly re-assessing six
selected sites within each subject for
each of the indices, and calculating the
percentage agreement within those
scores. Analysis of the Pearson correla-
tion coefficient in each case revealed
substantial intra-observer reliability:

Non-invasive examination

• No. of teeth

• Marginal Gingival Index

• Plaque Index

Baseline blood sample

• Venepuncture

• 20mL blood sample

Flossing

• Bleeding on flossing

• Time taken

Post-flossing blood samples

• 20mL at 30s

• 20mL at 10mins

Periodontal examination

• Periodontal probing depth

• Bleeding on probing

• Recession

• Mobility

Microbiological procedures

• BACTEC culture

• Microbial identification

Fig. 1. Experimental design.
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0.91 for the PI; 0.92 for the GI; 0.97 for
mobility; 0.89 for PPD; and 0.95 for
REC. A score of X0.75 for the Pear-
son statistic is considered substantial
(Thompson & Walter 1988). The force
used when flossing was standardized at
50 g (0.5 N) by performing repeated
measurements with the floss on an elec-
tronic weighing scale (Tronic S, Maul,
Bad Konig, Germany) before the study.

Blood sampling

Three blood samples (20 ml each in
volume) were obtained from each sub-
ject by a registered nurse under the
direct supervision of the investigator.
The skin was initially wiped with a
sterile 70% isopropyl alcohol wipe
(Medinds Alcohol Prep, Medical
Industries Australia, Sydney, NSW,
Australia) and venepuncture performed
with an intravenous 25 mm/22 gauge
cannula (Protectivs Plus, Cincinnati,
OH, USA) inserted into the median
cubital vein. The cannula was fitted
with a one-way valve (RV1000NC
Safsites, Braun Medical Inc., Bethle-
hem, PA, USA) and minimum volume
extension set (Tuta Healthcare, Lane
Cove, NSW, Australia). A 20 ml base-
line blood sample was then taken with a
20 ml syringe (Becton Dickinson, Sin-
gapore, Singapore). After taking the
baseline sample, the cannula was taped
and secured with a sterile dressing
(OPSITE IV3000t 10 � 14 cm, Smith
& Nephew, Hull, UK) to prevent con-
tamination of the venepuncture site. The
cannula was then left in place in the
subject’s outstretched and supported
arm while the flossing procedure was
performed.

Subsequent collections of 20 ml
blood samples were initiated at 30 s
and again at 10 min. after cessation of
flossing. Immediately before these sam-
ples being obtained, 4 ml of 0.9% saline
(Sodium Chloride Injection BP, Pfizer
Australia Pty Ltd., West Ryde, NSW,
Australia) was flushed into the vein with
a 5 ml disposable syringe (Becton Dick-
inson) and the first 4 ml of blood was
aspirated and discarded in order to avoid
any contamination of the blood sample
with saline. From each 20 ml blood
sample, 10 ml was immediately inocu-
lated into a BACTECt Plus Aerobic/Fn

9240 media culture bottle (Becton Dick-
inson Diagnostic Systems, Sparks, MD,
USA) and 10 ml into a BACTECt
Lytic/10 Anaerobic/Fn 9240 media cul-

ture bottle (Becton Dickinson Diagnos-
tic Systems).

Microbiological procedures

All microbiological procedures were
carried out in the microbiology labora-
tory of the Centre for Infectious Dis-
eases and Microbiology, Institute of
Clinical Pathology and Medical
Research, Westmead Hospital, Sydney,
which is a tertiary referral centre and an
anaerobic reference laboratory. All bot-
tles were transported to the laboratory
within 30 min. of collection. The blood
culture bottles were then incubated in
the BACTECt 9240 automated proces-
sor (Becton Dickinson Diagnostic Sys-
tems). The staff at the microbiology
laboratory were blinded as to whether
the blood samples belonged to a subject
with periodontitis or to one with perio-
dontal health. Bottles were monitored
continuously for 14 days before being
discarded if they failed to signal posi-
tive.

Bottles that signaled positive were
Gram-stained and subcultured onto
Horse Blood Agar and Chocolate Agar
plates (BioMedia Laboratories, Singa-
pore, Singapore), which were incubated
at 5% CO2 and 351C; onto MacConkey
agar plates (Biomedia Laboratories) that
were incubated aerobically at 351C; and
Brain Heart Infusion agar plates supple-
mented with vitamin K (BioMedia
Laboratories), which were incubated
anaerobically at 351C. Any isolated
bacteria were identified to at least genus
level using conventional microbiologi-
cal techniques (Murray et al. 2003)
including colonial morphology, Gram
stain appearance, catalase and oxidase
reactions, and where appropriate, reac-
tions in kit systems, such as API (Ana-
lytab Products, Plainview, NY, USA).

Interpretation of results and statistical

analysis

The primary outcome measure for this
study was the incidence of bacteraemia
following flossing. A priori, sample size
estimation was undertaken based on an
expected difference in the incidence of
post-flossing bacteraemia levels of 25%
between subjects with chronic perio-
dontitis and healthy controls. Based on
that difference, a sample size of 28
subjects per group was calculated neces-
sary to detect a significant difference
(a5 0.05) with 80% power and there-

fore 30 subjects were recruited in each
group.

A correlation matrix was used to
examine associations between subject
and clinical variables. The Spearman
(non-parametric) analysis was used in
order to account for the relatively small
sample size and high variance in the
data. Mean scores for clinical measures
that demonstrated normality of distribu-
tion are presented, otherwise median
values are represented.

Appropriate statistical methods, such
as w2 tests for proportions and t-tests (or
the non-parametric equivalent), for con-
tinuous outcomes were used to explore
differences for binary and continuous
outcomes. In all cases a of o0.05 was
considered to be statistically significant.
All data analysis was undertaken using
SPSSs Version 14.0 (SPSS Inc., Chi-
cago, IL, USA) and SASs Version 8.2
(SAS Institute Inc., Cary, NC, USA).

Results

Data for subject groups

The age and clinical data for the perio-
dontitis group and the periodontally
healthy group are shown in Table 1.
All subjects in the periodontitis group
were found to fulfil the diagnosis of
severe chronic periodontitis as defined
by Page & Eke (2007). They all had at
least two inter-proximal sites on non-
adjacent teeth and not on the same tooth,
with clinical attachment loss (CAL)
X6 mm with at least one of these sites
exhibiting concomitant PPD of X5 mm.
All subjects in the periodontally healthy
group were found to fulfil the criteria for
periodontal health of 420% BOP and
410% sites with PPDX4 mm (Hugoson
et al. 2008).

The periodontitis and periodontally
healthy groups were age and gender
matched. Both groups consisted of 17
males and 13 females with a mean age
of 49.4 (� 12.0) years in the perio-
dontitis group and 48.6 (� 12.1) years
in the periodontally healthy group
(p 5 0.9). There were five current smo-
kers, eight former smokers and 17 never
smokers in the periodontitis group with
the corresponding numbers in the perio-
dontally healthy group being two, seven
and 21. This difference was not statisti-
cally significant (p 5 0.4). There were
six daily, three less than daily and 21
never flossers in the periodontitis group,
the corresponding figures being 15, nine
and six in the periodontally healthy
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group. This difference was statistically
significant (p 5 0.001).

The median GI (po0.001), median PI
(po0.001), mean PPD (po0.001),
mean number of sites with PPDX5 mm
(po0.001), mean CAL (po0.001), per-
centage of sites with BOP (po0.001)
and number of teeth with mobility
Grade II/III (po0.001) were signifi-
cantly greater for the periodontitis group
compared with the periodontally healthy
group. There was no statistically signif-
icant difference in the number of teeth
(p 5 0.3) between both groups.

Flossing

It was possible to floss all inter-proximal
areas of all teeth and no discomfort or
adverse sequelae were reported by any
of the subjects during or after flossing.
The mean time taken to floss the sub-
jects’ teeth was 280.1 s (� 52.3) in the
periodontitis group and 258.7 s (� 50.2)
in the periodontally healthy group. This
difference was not significant (p 5 0.8).
The occurrence of bleeding on flossing
is shown in Table 1. The percentage of
papillae that bled on flossing was higher
in the periodontitis group (30%) when
compared with the periodontally healthy
group (8%). This difference was statis-
tically significant (po0.001). The mean
number of papillae that bled on flossing
was higher in the periodontitis group
(9.2 � 5.3) than in the periodontally
healthy group (2.5 � 2.1) and this dif-
ference was statistically significant
(po0.001).

Bacteraemia

One subject with periodontal health
tested positive for bacteraemia of oral
origin at baseline. The organism isolated
before flossing in this subject was

Actinomyces odontolyticus. The subject
confirmed that he had avoided any
brushing, flossing or chewing before
the experimental procedure and there
was no evidence of any periapical
pathology on his OPG. This positive
result at baseline necessitated that the
subject’s results be excluded from
further analysis.

Four blood samples tested positive
for bacteraemia of non-oral origin. A
Staphylococcus spp. was isolated from
one subject with periodontal health and
Propionibacterium spp. were isolated
from one subject with periodontitis and
two subjects with periodontal health
following flossing. These isolates were
considered skin contaminants from the
blood sampling procedure and were
excluded from analysis (Cockerill et al.
1997, McBryde et al. 2005).

Table 2 summarizes the microbiolo-
gical findings for those subjects who
demonstrated a positive oral bacterae-
mia at 30 s and/or 10 min. post-flossing.
In the periodontitis group, 12/30 (40%)
of the subjects were positive for bacter-
aemia of oral origin following flossing
whereas in the periodontally healthy
group 12/29 (41%) of the subjects
were positive. This difference was not
statistically significant (p 5 0.8). Ten
minutes following flossing, 8/30 of the
periodontitis group (27%) and 4/29 of
the periodontally healthy group (14%)
tested positive for bacteraemia of oral
origin (20% of all subjects). This differ-
ence, however, was not significant
(p 5 0.2). Those subjects who tested
positive for bacteraemia at 10 min.
post-flossing did not necessarily test
positive at 30 s post-flossing. In those
subjects who exhibited a bacteraemia at
both 30 s and 10 min., the microbial
isolates were often different at the two
time points.

Microbiological findings

A wide variety of oral micro-organisms
was identified in the isolates. Viridans
streptococci were identified in positive
cultures from 23% (7/30) of the perio-
dontitis group and 14% (4/29) of the
periodontally healthy group. This differ-
ence was not statistically significant
(p 5 0.3). Overall, viridans streptococci
were found in 19% of all positive sub-
jects, and accounted for 35% (15/43) of
all microbes isolated.

Data for bacteraemia subjects

Correlations between subject or clinical
indices and the occurrence of flossing-
induced bacteraemia are summarized in
Table 3. No significant correlations
were found between any of the subject
or clinical indices assessed and the
occurrence of bacteraemia following
flossing (Table 3). Neither the GI
(p 5 0.09), PI (p 5 0.6), number of sites
bleeding on flossing (p 5 0.2) nor the
percentage of sites bleeding on flossing
(p 5 0.2) were found to be significantly
associated with the occurrence of bac-
teraemia and no other statistically sig-
nificant predictors of outcome were
identified.

Discussion

This study found that the incidence of
bacteraemia caused by dental flossing
was not significantly different in sub-
jects with periodontitis (40%) when
compared with those with periodontal
health (41%). This incidence is compar-
able to the rate of bacteraemia occurring
with periodontal treatment procedures
in adults such as periodontal probing
(Daly et al. 2001), ultrasonic scaling
(Reinhardt et al. 1982, Cherry et al.
2007), subgingival irrigation (Lofthus
et al. 1991) and scaling and prophylaxis
(Baltch et al. 1982).

When compared with previous inves-
tigations of bacteraemia caused by floss-
ing, the incidence found in the present
study is similar to the 38% reported by
Carroll & Sebor (1980) but higher than
those reported by Lineberger & De
Marco (1973) (20%), Ramadan et al.
(1975) (18%) and Wank et al. (1976)
(22%). Comparison with these previous
studies is complicated by the fact that
none of the studies described either the
technique of flossing which was used
nor was there any indication of the force
utilized for flossing. Flossing of the
subjects’ teeth was performed by several

Table 1. Clinical and patient data for the periodontitis and periodontally healthy groups

Variable Periodontitis Periodontal
health

p value

Age (years) (mean � SD) 49.4 (� 12.0) 48.6 (� 12.1) 0.9n

Teeth (mean � SD) 26.2 (� 4.7) 26.9 (� 3.6) 0.3n

Gingival Index (median � SD) 1.9 (� 0.4) 0.5 (� 0.6) o0.001^
Plaque Index (median � SD) 2.0 (� 0.6) 0.9 (� 0.9) o0.001^
Periodontal probing depth (mm) (mean � SD) 3.4 (� 0.9) 2.3 (� 0.2) o0.001n

Periodontal probing depth sitesX5 mm (n)
(mean � SD)

28.9 (� 27.6) 0 o0.001n

Clinical attachment level (mm) (mean � SD) 3.9 (� 1.0) 2.5 (� 0.4) o0.001^
Bleeding on probing (%) (mean � SD) 41 (� 19.4) 6 (� 3.8) o0.001^
Teeth with mobility Grade II/III (mean � SD) 0.9 (� 1.4) 0 o0.001n

Bleeding on flossing (%) (mean � SD) 30 (� 16.5) 8 (� 6.9) o0.001^
Bleeding on flossing (no. of sites) (mean � SD) 9.2 (� 5.3) 2.5 (� 2.1) o0.001n

nIndependent t-test. ^Mann–Whitney U test.
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investigators in one study (Ramadan
et al. 1975), by the subjects themselves
in two studies (Wank et al. 1976, Carroll
& Sebor 1980) and the remaining study
did not describe whether flossing was
performed by the investigator or the sub-
ject (Lineberger & De Marco 1973). One
of the studies involved only four subjects
meaning that it was underpowered
(Carroll & Sebor 1980). Whereas pre-
vious studies used broths or agar plates
for bacterial culture, the present study
used the automated, continuous culture
BACTECt system, which has been
shown to be effective in detecting oral
micro-organisms in bacteraemias caused
by oral procedures (Daly et al. 2001,
Lucas et al. 2002, Tomas et al. 2004,

Kinane et al. 2005). The BACTECt
system can detect odontogenic bacter-
aemia in 24–30 h (Pauli et al. 1999,
Lucas et al. 2002) and thus the 14-day
continuous culture used in our study
would have permitted ample time for
the detection of bacteria present within
the blood samples. While polymerase
chain reaction (PCR) has been shown to
be more sensitive than BACTECt in
the detection of oral micro-organisms in
blood samples (Kinane et al. 2005),
PCR does not discriminate between
live and dead bacteria. However, PCR
is acknowledged as an accurate and
sensitive method for identification of
bacterial isolates compared with the
procedures used in the present study.

The finding of a 41% incidence of
bacteraemia in the periodontally healthy
group was unexpected. However, with
the exception of Carroll & Sebor’s
(1980) investigation of only two perio-
dontally healthy subjects, no previous
study has investigated bacteraemia due
to flossing in a periodontally healthy
group. Our findings in the periodontally
healthy group differ from previous stu-
dies of toothbrushing in adult subjects
with periodontal health in which the
incidence of bacteraemia has been found
to be low (8%; Silver et al. 1979) or zero
(Sconyers et al. 1979, Hartzell et al.
2005, Forner et al. 2006) regardless of
whether toothbrushing was performed
by the investigator (Silver et al. 1979,
Sconyers et al. 1979) or by the subject
(Hartzell et al. 2005, Forner et al. 2006).
The 40% incidence of bacteraemia we
found for flossing in the periodontitis
group was similar to the 43% incidence
reported for adult subjects with perio-
dontal disease who underwent investi-
gator-brushing (Silver et al. 1977) and
also to the overall incidence of 32%
found in patients with a range of perio-
dontal indices who self-brushed (Lock-
hart et al. 2008). However, it was higher
than that reported in other studies of
toothbrushing (17%; Sconyers et al.
1973, 3%; Kinane et al. 2005, 2%;
Forner et al. 2006).

The generally higher incidence of
bacteraemia found for flossing as com-
pared with toothbrushing may indicate

Table 3. Correlation between occurrence of bacteraemia following flossing and subject or
clinical variables

Variable Post-flossing bacteraemia
(Spearman’s correlation co-efficient)

p value

Group 0.17 0.2
Age 0.18 0.2
Gender � 0.08 0.5
Smoking status � 0.04 0.7
Time spent flossing � 0.04 0.8
Gingival Index 0.22 0.09
Plaque Index 0.07 0.6
% of sites bleeding on flossing 0.17 0.2
No. sites bleeding on flossing 0.17 0.2
% of sites bleeding on probing 0.16 0.2
Pocket depth 0.09 0.5
Clinical attachment loss 0.06 0.6
Self-reported daily flossing � 0.12 0.4

Table 2. Microbiological findings of those subjects with positive oral bacteraemia post-flossing

Periodontitis group Periodontally healthy groupn

subject 30 s 10 min. subject 30 s 10 min.

7 Neisseria subflava 1 Actinomyces odontolyticus
10 Streptococcus mitis, Neisseria

subflava
25 Prevotella nigrescens

11 Streptococcus spp, Neisseria spp. Eikenella corrodens 29 Bovis group
streptococci

14 Capnocytophaga sputigena 30 Gemella morbillorum
16 Streptococcus anginosus,

Corynebacterium spp.
Corynebacterium spp. 38 Anginosus group streptococci

17 Viridans streptococcus � 2,
Corynebacterium spp.

Corynebacterium spp., Viridans
streptococcus

41 Bovis group streptococci

18 Aggregatibacter
actinomycetemcomitans

45 Diphtheroids, Streptococcus
intermedius

20 Corynebacterium spp. 47 Anginosus group streptococci
21 Streptococcus spp., Micrococcus

spp., Eikenella spp.
Streptococcus intermedius,
Peptostreptococcus anaerobius

50 Neisseria mucosa

23 Anginosus group streptococci Peptostreptococcus anaerobius 51 Gemella haemolysans
26 Anginosus group streptococci Peptostreptococcus anaerobius 52 Actinomyces gerencseriae Micromonas micros
35 Neisseria subflava Selemonas spp. 54 Streptococcus

gordonii, Diphtheroids

nOne subject not included due to positive oral bacteraemia at baseline.
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that flossing is not as benign a procedure
as toothbrushing. The act of flossing
involves mechanically disrupting the
approximal and inter-proximal bacterial
biofilm such that subgingival displace-
ment of bacteria into the tissue may
occur. To compound this, disruption of
the junctional epithelium can also occur
as the floss slides 2–3 mm below the
inter-proximal gingival margin (Waer-
haug 1981). In contrast, toothbrush bris-
tles cannot reach the inter-proximal
regions of teeth and are restricted to
the approximal tooth surfaces (Egelberg
& Claffey 1998). Thus, flossing may
have a greater potential to introduce
bacteria into the circulation than tooth-
brushing.

A similar observation has been made
in relation to rubber dam placement in
children in which an incidence of bac-
teraemia of 31.4% was found (Roberts
et al. 2000). The investigators in that
study ascribed this unexpectedly high
incidence to the technique of rubber
dam placement, which involved ‘‘inter-
proximal rubber being forced down
between the teeth and at the same time
pushing the dental plaque ahead of it
and then squashing it onto the inflamed
gingivae’’. The act of flossing involves a
similar action to rubber dam placement
and thus tissue trauma and bacterial
displacement caused by flossing may
be factors accounting for a higher rate
of bacteraemia than might be caused
by toothbrushing. Use of inter-dental
woodsticks for inter-proximal cleaning
may also cause trauma and bacterial
displacement and may account for the
30% incidence of bacteraemia found
following the use of inter-dental wood-
sticks in subjects with periodontitis
(Lineberger & De Marco 1973).

The incidence of flossing-induced
bacteraemia found in the present study
is similar to that following investigator-
performed manual toothbrushing in chil-
dren (39%; Roberts et al. 1997, 46%;
Bhanji et al. 2002) but less than that for
investigator-performed powered tooth-
brushing in children (78%; Bhanji
et al. 2002). However, it should be noted
that children may demonstrate higher
rates of bacteraemia than adults due to
their smaller blood volume, which
means that bacteraemia can be of a
higher concentration than in adults and
thus more easily detectable. Children
also have an immature immune system
such that there may also be a difference
in the rate of bacteraemia clearance as
compared with adults (Yagupsky &

Nolte 1990). Thus, it is not possible to
directly compare the findings of the
present investigation of adults with stu-
dies involving children.

In previous studies of bacteraemia
due to toothbrushing, the toothbrushing
has sometimes been performed by the
one investigator in order to standardize
the brushing action among the subjects
(Silver et al. 1977, Sconyers et al. 1979).
In this study, flossing was performed by
the one investigator (K. C.), which
ensured that a standardized, recom-
mended technique was used in all sub-
jects (Perry 1996, American Dental
Association 2008) and that a standar-
dized flossing force of 50 g was utilized
(Smith et al. 1986). In addition, because
each subject had an intravenous cannula
present in one of their arms for the entire
experimental visit, it was physically
impossible for them to perform flossing
without the cannula being removed and
then re-inserted after the flossing exer-
cise. However, it has been shown that
bacteraemia peaks at 30 s following a
dental procedure and so blood samples
should be taken then in order to max-
imize chances of bacteraemia detection
(Roberts et al. 1992). If subjects carried
out their own flossing, the time then
required to perform the venepuncture
procedure and obtain the blood sample
would be too long, thus lowering the
chances of detecting bacteraemia. The
average time taken to floss all the teeth
was 4.5 min., which is similar to the
average of 4 min. reported in a previous
study of whole mouth, subject-per-
formed flossing (Gjermo & Flotra
1970). The fact that flossing was inves-
tigator-performed and that the investi-
gator could not be masked as to the
subject’s periodontal status are
acknowledged as limitations of this
study.

No clinical variables, including gin-
gival inflammation, plaque levels or
bleeding on flossing, were found to be
associated with bacteraemia in this
study. In contrast, the incidence of bac-
teraemia caused by toothbrushing has
been reported to increase significantly
when gingival inflammation increased
(Silver et al. 1977) and a positive but
weak correlation between gingival
inflammation and the incidence of bac-
teraemia due to scaling has also been
reported (Forner et al. 2006). However,
the role of gingival inflammation and
plaque control in bacteraemia is conten-
tious and it is considered that it cannot
be assumed that a healthy mouth

reduces the risk of odontogenic bacter-
aemia (Wilson et al. 2007, NICE Guide-
line Development Group 2008). No
associations have been found between
bacteraemia and gingival inflammation
for scaling (Cherry et al. 2007), nor for
scaling and root planing (Lafaurie et al.
2007) and no associations between pla-
que levels and bacteraemia have been
found for toothbrushing (Silver et al.
1977), periodontal probing (Daly et al.
2001), ultrasonic scaling (Cherry et al.
2007) or extractions (Wahlmann et al.
1999, Tomas et al. 2008). The finding
that the presence of bleeding on flossing
was not associated with an increased
risk of bacteraemia is in agreement
with a previous report that gingival
bleeding caused by various oral hygiene
and dental procedures is not predictive
of odontogenic bacteraemia (Roberts
1999).

None of the periodontitis group had a
positive bacteraemia of oral origin in the
baseline blood sample but one of the
periodontally healthy subjects did (A.
odontolyticus) giving a baseline bacter-
aemia rate of 2%. Previous studies of
flossing have not found any baseline,
pre-flossing oral bacteraemia (Lineber-
ger & De Marco 1973, Ramadan et al.
1975, Wank et al. 1976, Carroll & Sebor
1980) nor have any toothbrushing stu-
dies in adults (Sconyers et al. 1973,
Silver et al. 1977, Sconyers et al.
1979, Silver et al. 1979, Hartzell et al.
2005, Forner et al. 2006, Lockhart et al.
2008). A baseline bacteraemia is usually
absent (Heimdahl et al. 1990, Okabe
et al. 1995, Cherry et al. 2007) or low
(5%; Kinane et al. 2005, 2.5%; Lafaurie
et al. 2007, 2%; Tomas et al. 2008). The
rate of spontaneous oral bacteraemia has
been reported to range from o1% in
adults (Everett & Hirschmann 1977) to
9.3% for children (Roberts et al. 2000).
However, in this latter study, the child
subjects had undergone nasotracheal
intubation for general anaesthesia that
can cause bacteraemia, most likely due
to trauma of the pharyngeal and tra-
cheal mucosa (McShane & Hone 1986,
Dinner et al. 1987) and so the high rate
of baseline bacteraemia should be inter-
preted with caution.

The finding that viridans streptococci
were found in positive post-flossing
blood samples of 23% of the perio-
dontitis group and 14% of the perio-
dontally healthy group is notable
because this group of bacteria is a
principal pathogen in IE (Netzer et al.
2000) and the incidence of viridans
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streptococcal bacteraemia (VSB) is
considered an important factor in IE
(Shanson 2008). The occurrence of
VSB following dental flossing raises
the question as to whether individuals
in risk groups for IE should avoid floss-
ing, even if they have a healthy period-
ontium, so as to limit their exposure to
VSB. This proposal would be at odds
with an epidemiological study, which
found a trend for a reduced risk of IE in
those who flossed daily and which
recommended that patients with cardiac
valvular abnormalities should be vigi-
lant about oral hygiene (Strom et al.
2000). It would also be negated by the
fact that the proportion of positive cul-
tures found to consist of viridans strep-
tococci in our study (35%) is less than
the 48% reported in a recent study of
toothbrushing in 89 subjects (Lockhart
et al. 2008). The incidence of VSB
caused by flossing in the present study
is much lower than that reported for
more invasive dental procedures such
as extractions (85%; Heimdahl et al.
1990, 70%; Lockhart et al. 2008).

As well as the incidence of bacterae-
mia, its magnitude may also be impor-
tant in the development of IE. Although
the incidence of flossing-induced bac-
teraemia was the same between the
periodontitis and periodontally healthy
groups, it is possible that the magnitude
of bacteraemia may have been higher in
the periodontitis group. As the BAC-
TECt system does not permit quantita-
tion of bacteraemia, determining the
magnitude of bacteraemia was beyond
the scope of this study. However, the
finding of a trend for a longer duration
of bacteraemia in the periodontitis group
may have been due to a higher magni-
tude of bacteraemia, which would
require a longer period of time for
clearance from the circulation. As
such, daily flossing to maintain good
oral health may still be important to
reduce the quantity of bacteria that enter
the bloodstream although there are no
data to demonstrate that a greater mag-
nitude of bacteraemia is more likely to
cause IE in humans (Wilson et al.
2007).

The findings of the present study are
important in light of recent changes to
national guidelines, which have reduced
or abolished the need for antibiotic
prophylaxis for IE, based in part on the
contention that ‘‘everyday procedures’’,
such as daily oral hygiene, may be of
more importance in the aetiology of IE
than bacteraemia caused by dental pro-

cedures (Wilson et al. 2007, NICE
Guideline Development Group 2008,
IEP Expert Group 2008). As stated by
Wilson et al. (2007), there may not be a
clinically significant difference in the
frequency, nature, magnitude and dura-
tion of bacteraemia associated with a
dental procedure compared with that
resulting from routine daily activities
and so it is inconsistent to recommend
prophylaxis for dental procedures but
not for these same patients during rou-
tine daily procedures. The present study
has shown that the incidence of bacter-
aemia due to flossing is similar to that
for many dental procedures for which
antibiotic prophylaxis is routinely given,
but that the incidence of VSB is less
than that caused by more invasive pro-
cedures such as tooth extraction (Heim-
dahl et al. 1990, Lockhart et al. 2008).

In conclusion, given the experimental
constraints of this study, it would appear
that dental flossing can produce bacter-
aemia in periodontally healthy as well as
periodontally diseased individuals and
that there are no patient or clinical
factors that would assist the clinician
in predicting who are most likely to
experience such a bacteraemia. In addi-
tion, the occurrence of VSB suggests
that flossing has the potential to be
implicated as a causative factor in cases
of streptococcal IE. Studies investigat-
ing the magnitude of bacteraemia due to
flossing are required to further clarify
the role of flossing in contributing to the
daily cumulative exposure of an indivi-
dual to odontogenic bacteraemia.
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Clinical Relevance

Scientific rationale for the study:
Bacteraemia of oral origin is impli-
cated in the pathogenesis of IE. This
study investigated whether dental
flossing caused a higher incidence
of bacteraemia in health as compared
with chronic periodontitis.

Principal findings: Periodontally
healthy individuals experienced oral
bacteraemia due to flossing at the
same rate as those with untreated
periodontitis. This rate was the
same as that of some dental treat-
ments for which antibiotic prophy-
laxis is given.

Practical implications: Dental floss-
ing is a potential source of bacterae-
mia, even in periodontal health, and
may therefore be implicated in cases
of infective endocarditis.
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