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ABSTRACT

Our aim was to assess, systematically, the effect of
flossing on interproximal caries risk. Six trials involving
808 subjects, ages 4 to 13 years, were identified. There
were significant study-to-study differences and a moderate
to large potential for bias. Professional flossing performed
on school days for 1.7 years on predominantly primary
teeth in children was associated with a 40% caries risk
reduction (relative risk, 0.60; 95% confidence interval,
0.48-0.76; p-value, < 0.001). Both three-monthly
professional flossing for 3 years (relative risk, 0.93; 95%
confidence interval, 0.73-1.19; p-value, 0.32) and self-
performed flossing in young adolescents for 2 years
(relative risk, 1.01; 95% confidence interval, 0.85-1.20; p-
value, 0.93) did not reduce caries risk. No flossing trials in
adults or under unsupervised conditions could be
identified. Professional flossing in children with low
fluoride exposures is highly effective in reducing
interproximal caries risk. These findings should be
extrapolated to more typical floss-users with care, since
self-flossing has failed to show an effect.
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INTRODUCTION

Suggestions regarding the benefits of flossing date back to the
early 19th century, where the belief was expressed that irritating
matter between teeth is the source of dental diseases (Parmly,
1819). Further microbiological work, both in the late 19th century
and in the 20th century, implicated dental plaque as the cause of
caries. Since plaque build-up at interproximal sites has been
reported to be more acidogenic than in other areas of the mouth
(Igarashi et al., 1989), and since dental floss has the ability to
disrupt and remove some interproximal plaque (Waerhaug, 1981), it
appears plausible that the use of dental floss should reduce
interproximal caries risk. The goal of this study was to provide a
systematic review of the controlled clinical trial evidence on dental
floss and interproximal dental caries.

METHODS

Inclusion/Exclusion Criteria

The hypothesis of this study was that dental flossing reduces
interproximal caries incidence. The treatment comparisons of interest
included flossing vs. no flossing, or a comparison of different
frequencies of flossing use. Studies where the effect of flossing could
not be separated from the effects of other treatments were excluded.
The primary study outcome was a measure of caries incidence. There
were no restrictions with respect to the study population. Study designs
included in this synthesis were limited to controlled clinical trials.

Search Strategy

The literature searches involved MEDLINE, the Cochrane Central
Register of Controlled Trials (CENTRAL), the Web of Science, and the
controlled-trials database of clinical trials (http://www.controlled-
trials.com). Reference lists of potentially relevant reports and review
articles were also searched. We used the MEDLINE highly sensitive
search strategy for identifying reports of randomized controlled trials
(Higgins and Green, 2005). The following strategy was used to search
MEDLINE to December, 2004: ("dental caries"[MeSH Terms] OR
"tooth demineralization"[MeSH Terms] OR "DMF Index"[MeSH
Terms] OR "Approximal caries"[tw] OR "proximal caries"[tw] OR
"Interproximal caries"[tw]) AND ("Dental Devices, Home Care"[MeSH
Terms] OR floss*[tw]). The search strategies for CENTRAL and Web
of Science were equivalent to those used in the MEDLINE search.
Attempts to obtain missing information and 'grey' literature were made
through contact with selected investigators.

Quality Assessment

A quality assessment of the trials identified by the search strategy was
performed, and the following items were assessed as either being
utilized in the study or not (Verhagen et al., 1998): random allocation
(adequate if method of random sequence generation prevents selection
bias; inadequate, if sequence generation could be related to prognosis;
and unclear if method of randomization is not reported but the word
"random" is used), treatment allocation concealment (adequate if
patient and investigators cannot foresee assignment, inadequate if
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patient or investigator can foresee assignment, unclear if the
method of concealment is not stated), blinding of outcomes
assessors, presentation of point estimates with a measure of
variability for the primary outcome measure, 'intention to treat'
analysis, report of baseline characteristics by treatment group,
eligibility criteria, loss to follow-up, and missing values. Blinding
of the care provider and the subject was not applicable to our
research question.

Topical fluoride exposure was categorized as not
recommended (--), recommended to a subgroup or the whole
cohort but with no compliance measures (-), recommended and
compliance assessed (+), or delivered under supervised conditions
(++). Oral hygiene was similarly classified as no instructions
provided (--), instructions provided but compliance not measured
(-), instructions provided and compliance measured by plaque
scores or gingival bleeding scores (+), or provided under
supervision (++).

Statistical Analysis

For each trial, the number of surfaces at risk and the number of
new interproximal caries lesions were derived or estimated based
on published data. Since the timing of caries events was typically
not reported, caries risks rather than caries rates are reported.
Differences in follow-up times across studies typically have a
negligible impact on the results (Guevara et al., 2004), a fact which
was confirmed to be accurate for summary estimates reported here.

Both the relative risk (RR, or a ratio of the surface caries risk
in the flossing group to the surface caries risk in the control group)
and the risk difference (RD, or a difference in the surface caries
risks between the flossing and the control groups) and their
respective standard deviations were calculated. The standard errors
of the RR and RD were calculated according to standard formulae
for 2x2 tables (Rothman ef al., 1998), multiplied by the square root
of the variance inflation factor to account for the dependence of
sites within patients. We estimated the variance inflation factors
for each trial by dividing the appropriate standard error of a
patient-based ¢ test (one- or two-sample ¢ tests as described in the
APPENDIX) by the standard error of a surface-based ¢ test. Three
split-mouth trials (Granath et al., 1979; Wright et al., 1979, 1980)
did not report sufficient information for variances to be calculated.
For two split-mouth trials (Wright et al., 1979, 1980), the variance
was derived from the McNemar statistic and an estimate of the
correlation of matched pairs within patients (Mékinen et al., 1996).
For the remaining split-mouth trial (Granath et al., 1979), the
variance was derived from the reported caries rate (Marinho et al.,
2004) and an estimate of the split-mouth correlation from an
external dataset (Mikinen et al., 1995).

The results of the studies included in the review were
summarized by general variance-based methods, with the weight
for each study being the inverse of the variance (fixed-effects
model) (Petitti, 1994). The summary RR and RD are equal to the
sum of the weights times the risk estimate for each study, divided
by the sum of the weights (Petitti, 1994). The weighted grand
mean difference was calculated, and the 12 statistic was used to test
the hypothesis of the homogeneity of the effect. An I? statistic
larger than 50% is considered moderate to high heterogeneity
(Higgins et al., 2003) and an indication to use random-effects
models (DerSimonian and Laird, 1986). The effect of study
characteristics such as fluoride, oral hygiene, or caries risk on
flossing effectiveness was estimated by meta-regression
(Thompson and Higgins, 2002).

Dental Flossing and Interproximal Caries

104 potentially
relevant RCTs
identified in the
MEDLINE search

17 potentially
relevant RCTs
identified in the
CENTRAL search
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22 potentially relevant
RCTs identified in the
Web of Science and
Controlled trials

searches
94 excluded
A
49 RCT retrieved for
more detailed evaluation
44 excluded

[ RCT - Personal
communication with
trial investigators

39 reports without a
flossing group and/or
an appropriate control
group and/or caries

measures
S preliminary reports
of the included studies

A 4
6 RCTs included

Figure 1. Flow diagram of the selection process of controlled trials on
flossing and interproximal caries.

RESULTS

Study Identification and Characteristics (Fig. 1)

The MEDLINE search identified 104 controlled trials, the
CENTRAL search identified 17 controlled trials, and the other
sources identified 22 trials. One trial could not be located in
MEDLINE or in CENTRAL, but was identified by contacting
trial investigators (Wright et al., 1980). Trials were excluded
from this review for the following reasons: no assessment of
the effect of flossing, absence of caries outcomes, no control
group that would have allowed flossing effects to be estimated,
or preliminary reports of the included studies (Fig. 1). Six
randomized clinical trials of the effect of flossing on
interproximal caries, involving 808 participants followed for
1.7 to 3 yrs, were included in this review (Table 1). The ages of
the study participants ranged from 4 to 13 yrs. Flossing was
professionally performed on school days in two studies
(typically 5 days per week for a 10-month period or
approximately 121-150 flossings days per year) (Wright et al.,
1979, 1980), professionally performed once every 3 months in
two studies (Gisselsson et al., 1988, 1994), supervised on
school days in one study (Granath et al., 1979), and
unsupervised in one study (Gisselsson et al., 1983).

Study Quality

The quality assessment of the controlled trials revealed
generally poor reporting of the studies and the presence of a
moderate to high risk of bias (Table 2). Two trials used the
word "random" to describe the allocation method of proximal
surfaces within individuals to treatments, but the allocation
concealment method was not described (Wright et al., 1979,
1980). One study did not use the word "random" to describe the
allocation method, but did describe that children were ranked
according to baseline disease severity and systematically (non-
randomly) distributed to experimental and control groups
(Gisselsson et al., 1983). In three studies, treatments were
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L . Weight RR RR® Weight RD RD® RR" RD'
Study Fluoride OH % 95% CI° % 95% CI 95% CI 95% Cl
Professional flossing on schooldays
Wright et al., 1979 ot ] 0.46 [0.30, 0.71] 5 -0.08 [-0.12, -0.04] —a— -
Wright et al., 1980 = - 19 0.67 [0.51, 0.87] 9 -0.04 [-0.07, -0.01] —_— =
Subtotal (95% CI) 27 0.60 [0.48, 0.76] 54 -0.05 [-0.07, -0.03] E %
Professional flossing every 3 months
Gisselsson ef al,, 1988 ++ - 11 0.81 [0.57, 1.18] 27 -0.02 [-0.05, 0.01] — =
Gisselsson et al.. 1994 % . 13 1.05 [0.76, 1.47] 3 0.01 [-0.08, 0.11] —_——
Subto!al{ss%l:l}l 24 0.92 [0.73, 1.19] 30 -0.02 [-0.04, D.01] i
S:;Ilhperformed "?si';gs - -, 2 0.70 [0.26, 1.86] 2 -0.04 [-0.16, 0.07] —_—
isselsson ot al., N 47 1.02 [0.86, 1.22] 14 0.00 [-0.04, 0.05] -
Granath et al., 1979 et » 45 1.01 [0.85, 1.20] 16  0.00 [-0.04, 0.04] : &
Subtotal (95% CI)
100 0.86 [0.76, 0.97] 100 -0.03 [-0.05, -0.02] L 4 [
Total (95% Cl)
1 1 I 1
05 2 -0.25 0 0.25

@ Fluoride Topical fluoride exposure was categorized as not
recommendecr(--), recommended to a subgroup or the whole cohort but
with no compliance measures (-), recommended and compliance
assessed (+), or delivered under supervised conditions (++).
Oral hygiene was similarly c|qssiEed as no instructions provided (--),
instructions provided but compliance not measured (-), instructions
rovided and compliance measured by plaque scores or gingival
E|eeding scores (+), or provided under supervision (++).

Favors flossing Against flossing Favors flossing  Against flossing

¢ Test for overall effect: Z = 2.54 (P = 0.01) and test for heterogeneity:

Chi2=16.77,df = 5 (P = 0.005), 12 = 70.2%.

Test for overall effect: 3.88 (P = 0.0001) and test for heterogeneity: Chi?

=9.37,df=5(P=0.10), I = 46.6%.

e RR: Relative Risk.

f RD: Risk Difference.

9 Cl: Confidence intervals.

h The publication su?gesis a score of (--), while a personal communication
suggests a score of ().

a

Figure 2. Flossing and interproximal dental caries—fixed-effects meta-analysis and Forrest plot of the relative risks and risk differences.(AQ)

assigned not to individuals, but to groups of individuals, such
as school classes (Granath et al., 1979; Gisselsson et al., 1988,
1994). The method of assignment of flossing to group was
based on birth-year (Gisselsson et al., 1994), by lot (Granath et
al., 1979), and by allocation (the word "random" not specified)
(Gisselsson er al., 1988). In all four studies reporting
information on baseline caries rates, the experimental units
assigned to flossing were healthier (fewer cavities) at baseline
(Granath et al., 1979; Gisselsson et al., 1983, 1988, 1994).
When summarized across the four studies, the difference in
baseline caries was significant (p-value < 0.05). No statistical
comparison of baseline caries rates by treatment group could be
obtained in two studies (Wright et al., 1979, 1980), preventing
an assessment of the successfulness of the randomization.

The outcome assessors were not blinded in one study
(Gisselsson et al., 1983). No studies reported confidence
intervals for the outcome point estimates. It was unclear if any
of the reported studies provided an intent-to-treat analysis.
Eligibility criteria were provided for all six studies. The three
split-mouth trials did not report adjustment for within-patient
correlation of split-mouths or class clustering (Granath et al.,
1979; Wright et al., 1979, 1980). Two studies reported industry
support for the conduct of the study (Gisselsson et al., 1988;
Wright et al., 1980). For one study, this support included
materials, costs, and salaries (Banting, 2005), while for the
other study the support was limited to materials (Birkhed,
2005). The four remaining studies reported government or

professional organization support (Granath et al., 1979; Wright
et al., 1979; Gisselsson et al., 1983, 1994).

Overall Summary (Fig. 2)

Differences in interproximal caries rates in the flossing and
control groups were found to be not statistically significant in
four of the six reported trials and statistically significant in two
studies. For these latter studies, we imputed p-values of 0.0003
(Wright et al., 1979) and 0.006 (Wright et al., 1980). The p-
values were imputed because the reported values in the study
did not take into account the clustering of matched surface-
pairs within patients. Four trials reported a decreased relative
caries risk, ranging from 19% to 54%, associated with flossing
(Wright et al., 1979, 1980; Gisselsson et al., 1983, 1988), while
two trials reported a slightly increased relative caries risk
associated with flossing (Granath et al., 1979; Gisselsson et al.,
1994). Substantial quantitative heterogeneity was found on the
multiplicative scale (I> = 70%, p-value < 0.001) and less so on
the additive scale (I> = 47%; p-value = 0.10). Using a fixed-
effects model, ignoring heterogeneity, on a relative risk basis,
we found a 14% lower risk of caries on flossed surfaces over an
approximately two-year period (Risk Ratio = 0.86; 95%
confidence interval (CI) = 0.76, 0.97; p-value = 0.01). On an
additive scale, flossing was associated with an absolute caries
risk reduction of 3% (95% CI = -0.05, -0.02; p-value < 0.001).
A random-effects model, which may be more appropriate
considering the substantial heterogeneity, identified marginally
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Study Wright et al. (1979) Granath et al. (1979) Wright et al. (1980) Gisselsson et al. (1983) Gisselsson et al. (1988) Gisselsson et al. (1994)
Study Design ~ Split-mouth Split-mouth Split-mouth Parallel Parallel Parallel
Caries risk 25/374(0.07) 313/1245(0.25) 50/624 (0.08) 40/414(0.10) 331/4199 (0.08) 263/927 (0.28)

in flossing group

Caries risk
in control group

54/374(0.14)

303/1229 (0.25)

75/624(0.12)

Flossing Professional flossing Supervised 'simple’ Professional flossing
intervention on test quadrants flossing on school days. on test quadrants on
on school days Waxed floss was forced  school days
up and down once through
each proximal contact on
the experimental side
Compliance  Supervised Supervised Supervised

Control groups

Contralateral side in

Dental assistants checked

Contralateral side in

for flossing same patient received that only the experimental  same patient received

intervention  no professional flossing.  side was flossed. no professional flossing.

Outcome DFS and dfs indices of DFS index of permanent  DFS and dfs indices of

assessment  permanent and primary  posterior teeth (excluding  permanent and primary
posterior teeth based on  second molars) based on  posterior teeth based on
clinical and radiographic  clinical and radiographic  clinical and radiographic
examinations. Only prox-  diagnostic criteria. No examinations. Only
imal lesions penetrating  information on caries proximal lesions pene-
the dentino-enamel severity. trating the dentino-enamel
junction were counted junction were counted.

Participants 118 Not reported 188

enrolled

Participants 88 140 147

analyzed

Participants' 5.8 12-13 Tst grade

age (yrs) at

start of study

Study 1.7 2 1.7

duration (yrs)

Fluoride Drinking water < 0.1 ppm, Fluoridated toothpaste Drinking water < 0.1

exposure no information on use of  and brushing every 6th ppm, self-reported use of

fluoride products, no oral  wk with 0.2% NaF solution

hygiene procedures or
instructions

fluoride and non-fluoride
toothpaste, no oral hygiene
procedures or instructions

40/289.5* (0.14)

Unsupervised flossing.
Instruction fo use floss every
evening. Every 3rd week,
their performance on the
method was contro||ed, and
re-instruction was given

if necessary

Unsupervised—Only eight
children reported flossing
at least every other day

No flossing instructions

DFS index of incisors and
1st molars based on clinical
diagnostic criteria only.
Koch caries criteria

(Koch, 1967)

40

35

10-11

Weekly 0.2% NaF solution
and bi-annual topical
fluoride application

373/3836(0.10)

Professional flossing
every 3rd month

Supervised

No professional flossing

DFS of all 56 interproximal
surfaces based on clinical
and radiographic diagnostic
criteria. Enamel caries lesions
were included in the score

1632

148

Drinking fluoridated water
0.3 ppm, weekly rinsing
with 0.2% NaF

487/1810(0.27)

Professional flossing every
3rd month

Supervised

No professional flossing

def of interproximal surfaces
based on clinical and
radiographic diagnostic
criteria. Both enamel and
dentinal proximal lesions
were counted.

197

174

Drinking fluoridated water
0.2 ppm; recommended to
use 250 ppm fluoride tooth-
paste and fluoride tablets

number of children of control group, or (24-4.7)*15.
@ Estimated based on the assumption of similar dropout rates across treatment groups.

(Mean number of interproximal surfaces examined per child - mean number of carious interproximal surfaces at baseline) multiplied by the

statistically significant association on a relative risk scale (Risk
ratio = 0.79; 95% confidence interval, 0.61, 1.01; p-value =
0.06) and a statistically significant association on a risk
difference scale (Risk difference, -0.03; 95% CI = -0.06,-0.01;
p-value = 0.02).

Effectiveness Modifiers

Flossing's effectiveness depended significantly on whether
studies reported the administration of topical fluorides and the
assessment of compliance (p-value < 0.001). The four studies
reporting delivery of topical fluoride or assessment of fluoride

compliance had a slightly increased caries risk associated with
flossing (Granath et al., 1979; Gisselsson et al., 1983, 1988,
1994), while the two studies reporting no assessment of topical
fluoride exposure or compliance measures showed a highly
significant flossing benefit (Wright et al., 1979, 1980). Oral
hygiene measures were not significantly related to the
effectiveness of flossing (p-value = 0.31). The flossing
effectiveness depended significantly on the caries risk in the
population, with high caries risk translating into non-
effectiveness of flossing (p < 0.002). The interproximal caries
risk was approximately 25% in two studies (Granath et al.,
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Study

Wright et al. (1979)

Granath et al. (1979)

Wright et al. (1980)

Gisselsson et al. (1983)

Gisselsson et al. (1988)

Gisselsson et al. (1994)

Random allocation
mechanism

Reported allocation
concealment

Details of allocation

Unclear

Unclear

Proximal surfaces
were randomly
assigned to flossed
and control groups

Adequate

Unclear

Each of the six classes
was divided info two
halves by lot; half
flossed on the left side

Unclear

Unclear

Proximal surfaces
were randomly
assigned to floss and
control groups by

Inadequate

Inadequate

Alternate allocation of
individual subjects
according fo baseline
DFS scores

Inadequate

Unclear

Nine school classes
were allocated to
three treatments

Inadequate

Inadequate

Control group was born
in same city but in the
year that preceded and
followed the experimental

by quadrant and the other halfon  quadrant group
the right side
Blinding of outcome Yes Yes Yes Not reported Yes No
assessors
Reported loss fo follow-up Yes No Yes Yes Yes Yes
N (%) of drop-outs 30 (25.4) Not reported 41 (21.8) 5(12.5) 15(9.2) 23(11.4)
Intention to treat analysis No Unclear No Partly No No
Reported baseline No No No Yes Yes Yes
characteristics
Reported eligibility criteria Yes Yes Yes Yes Yes Yes
Reported point estimates with ~ No No No No No No
correct confidence intervals
Reported missing values Yes Yes Yes Yes Yes Yes

1979; Gisselsson et al., 1994), and ranged from 10% to 14% in
the four remaining studies.

Subgroup Analyses

The results were stratified according to flossing frequency and
method. A summary of the two studies in children using
professional flossing on predominantly primary teeth
performed on school days during 1.7 yrs identified a reduced
caries risk on the difference scale (Risk Difference= -0.05; 95%
CI = -0.07, -0.03; p-value < 0.001; I? = 55%) and on the ratio
scale (Relative Risk = 0.60; 95% CI = 0.48, 0.76; p-value <
0.001; I = 50%). For the two studies that performed
professional flossing once every 3 mos for 3 yrs, no reduced
caries risk was observed on the difference scale (Risk
Difference = -0.02; 95% CI = -0.04, 0.01; p-value = 0.32; 12 =
0%) or on the ratio scale (Relative Risk = 0.93; 95% CI = 0.73,
1.19; p-value = 0.58; 12 = 10%). The two studies using self-
performed flossing over a two-year period similarly did not
identify a reduced caries risk on either the difference scale
(Risk Difference = 0.00; 95% CI = -0.04, 0.04; p-value = 0.96;
12 = 0%) or the ratio scale (Relative Risk, 1.01; 95% CI = 0.85,
1.20; p-value = 0.93; 12 = 0%).

Sensitivity Analyses

The two split-mouth studies that reported a statistically
significant flossing effect did not take into account the within-
patient correlation of matched surface-pair observations.
Sensitivity analyses were used to impute at what level of
within-patient clustering of caries events the reported flossing

benefits would become non-significant. If the within-patient
correlation of matched surface-pairs was larger than 0.96 in the
first study (Wright et al., 1979) and larger than 0.39 in the
second study (Wright et al., 1980), the results would not be
statistically significant.

DISCUSSION

A systematic review of the evidence on flossing indicates that
professional flossing performed in first-grade children on
school days reduced caries risk by 40%. This benefit was
identified in predominantly the primary teeth in children who,
it is assumed, had comparatively poor oral hygiene and
minimal exposure to fluoride. When professional flossing was
performed on a three-monthly basis, there was no evidence of a
benefit, suggesting that infrequent flossing may be ineffective
when it comes to caries control. When flossing was self-
performed by young adolescents, even under supervision on
school days, there was also no evidence of benefit, which may
be due to the presence of fluorides, poor flossing techniques, or
other reasons. No evidence on the effectiveness of floss in
adults or under real-world clinical conditions could be
identified. In particular, there was no evidence that flossing is
effective in the presence of topical fluorides.

Of the six trials that evaluated the effect of flossing on
interproximal caries risk, two trials reported that professional
flossing reduced caries risk (Wright et al., 1979, 1980). The
strengths of these two studies include the large observed
relative risk reduction of 40%, the statistical significance of the
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combined results, and the possibility that flossing benefits were
underestimated because there was no professional flossing
performed on weekends and the extended summer break, and,
possibly, because parental flossing of control teeth diluted the
professional flossing effect. Weaknesses include that both
studies were not truly independent, since they were conducted
by the same investigators, that financial support may have
biased study findings (Wright et al., 1980), that minimal data
were available on oral hygiene and fluoride exposure, and that
a difference of 54 caries lesions in two studies combined is a
small number on which to base universal flossing
recommendations. If the benefits of flossing clustered within
mouths more than we estimated, or if the baseline
randomization was biased, the statistical significance of a
flossing benefit could come into question.

Four studies failed to identify a flossing benefit. In three of
the studies, apparent straightforward reasons can be identified
to explain the lack of a flossing effect. A sample size of 20
flossers, only eight of whom actually reported using floss more
than every other day, doomed, in all likelihood, one study's
ability to find a flossing effect (Gisselsson et al., 1983). Three-
monthly flossing in two other studies may have been too
infrequent to provide a benefit (Gisselsson et al., 1988, 1994).
The enigma is one split-mouth study showing a high caries rate,
but no identifiable anti-caries benefit from supervised flossing
(Granath et al., 1979). Like the other studies, this study had
weaknesses, including no information on dropouts, insufficient
details on statistical analyses, and no information on group
randomization. The lack of an effect is puzzling, however.
Possibly, moving the floss once through the contact point, as
opposed to wrapping the floss around the tooth's proximal
surface and then moving it up and down to disrupt or remove
the interproximal plaque, was not effective against caries. An
alternative explanation is that young adolescents may have
been more conscientious regarding their oral hygiene, and the
increased frequency of topical fluoride exposure through
toothbrushing may have eliminated any benefit of flossing.

An important limitation of the current evidence on flossing
is the inability to establish whether flossing provides a benefit
above and beyond brushing with a fluoridated toothpaste (Rule
et al., 1984; Conti et al., 1988). In the two studies where
toothbrushing compliance at home was not assessed, and where
no toothbrushing was performed under supervised conditions at
school, a flossing benefit was observed (Wright et al., 1979,
1980). In the four studies where topical fluoride compliance
was assessed or delivered under supervised conditions, flossing
was non-effective (Granath et al., 1979; Gisselsson et al., 1983,
1988, 1994). This stark contrast between studies suggests that
topical fluoride exposure may attenuate or eliminate the
effectiveness of flossing. The effect of flossing was also limited
to studies with low caries rates, raising the possibility that
flossing, just like other caries-preventive agents, may be less
effective in high-risk populations (Seppi et al., 1991; Forgie et
al., 2000; Hausen et al., 2000; Kallestal, 2005). Nonetheless,
these are leaps of faith, since many other factors, including
flossing frequency and technique, also differed between the
studies.

Several observations suggest that the actual fluoride
exposure in the two studies reporting a significant flossing
benefit was low. The two studies were conducted on young (5-
6 yrs old) children who are typically assumed to be "unable to
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perform satisfactory oral hygiene themselves" (Poulsen et al.,
1976), and for whom "no other oral hygiene procedures or
instruction was provided" (Wright et al., 1979, 1980). This
assumption of lack-of-oral hygiene appears to be validated,
since children using and not using fluoridated toothpaste had
approximately the same number of caries lesions in one of the
two studies (Wright er al., 1980). While the lack of a fluoride
effect may have been a chance finding due to low power, or
due to self-selection bias, it may also possibly have been due to
lack of adequate brushing. In addition, the children were living
in an area where fluoride levels in the water were low. As a
result, there is a possibility that flossing may be effective in a
situation where oral hygiene is poor and where exposure to
fluorides is minimal. This assumption of poor oral hygiene and
consequent low-fluoride exposure is plausible and is supported,
in part, by the reported data, but remains an assumption
nonetheless, since information on the actual oral hygiene levels
and toothpaste characteristics in these two studies was not
reported (Wright et al., 1979, 1980).

Weaknesses of this systematic review relate to the
inclusion/exclusion criteria, the focus of the research question,
the statistical uncertainties present in calculating summary
estimates, and lack of consideration for the caries lesion
severity in the analysis. A rigorous pre-analysis definition of
study inclusion/exclusion criteria appeared impossible because
of the authors' familiarity with the trials, and the high
likelihood that apparently reasonable pre-synthesis established
study inclusion criteria would have excluded most, if not all, of
the available evidence. Additionally, this systematic review
focused on the effectiveness of floss, not flossing and brushing.
A systematic review on the latter topic would have included a
study where the effect of brushing and flossing on
interproximal caries risk was evaluated (Horowitz et al., 1977),
and where, in the absence of fluoride, a marginally significant
effect of plaque removal on interproximal caries risk was
observed. The three split-mouth studies on flossing and caries
(Granath et al., 1979; Wright et al., 1979, 1980) failed to report
information that would have allowed variances to be estimated.
Unless data from these split-mouth trials can be resurrected, we
are unable to determine how (in)accurate our imputed values
were. Finally, for this synthesis, caries lesions limited to the
outer enamel, caries lesions into the dentin, and caries lesions
in primary and permanent tooth were all considered to be
similar events. The validity of this assumption has been
insufficiently evaluated and must be considered when the
findings are interpreted.

An additional weakness of the systematic review is the lack
of power. This has two consequences. First, possibly, real-
world flossing has a modest impact on interproximal caries
lesions, and only large studies will be able to identify these
benefits reliably. The second consequence of the lack of
adequately powered clinical trials on self-performed flossing is
the lack of safety information. None of the six controlled trials
assessed safety. It cannot be excluded that non-professional
simple flossing (moving the floss through the interproximal
contact point only), such as performed by the young
adolescents in one study (Granath et al., 1979), increases the
caries risk by 22% (22% is the upper 95% confidence interval
observed in the study on self-flossing). Flossing may cause
harm by disrupting from 2 to 3.5 mm of the epithelial cuff
around the teeth (Waerhaug, 1981), and by damaging both
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tooth and periodontal structures (Ratcliff, 1966; Gow and
Kelleher, 2003). Daily imperfect flossing may select for
colonization by floss-resistant cariogenic strains that penetrate
the tooth or the white-spot lesion, may transmit infections from
one interproximal site to another, or may enhance pathogenic
maturation of inaccessible or unremoved plaque (Loesche,
1993). Granath indicated that some have postulated that the
viability of bacteria in a plaque follows a gradient, the
outermost bacteria being most viable. Ineffective flossing stirs
plaque around and might therefore be harmful if the less viable
plaque is removed (Granath, 2005). The possibility for harmful
effects of non-professional flossing should be assessed in future
trials.

A scientific double-standard exists in the evaluation of
dental drugs and devices. Some dental devices, such as
toothbrushes or floss, have largely escaped the rigorous
scientific evaluation that is required for drugs. While the Food
and Drug Administration and the American Dental Association
indicate that dental floss may reduce caries risk (Food and
Drug Administration, 2005), there are not two independent,
randomized controlled trials demonstrating that self-performed
flossing can reduce caries risk. The Council on Scientific
Affairs of the American Dental Association suggests
(Acceptance Program Guidelines, 2003) that interdental
cleaning devices should be evaluated "under unsupervised
conditions" and "by the average patient", conditions under
which the effect of floss on caries has not been evaluated.
There have been no trials showing that flossing prevents caries
in adults in real-world clinical situations.

The advocacy of flossing as a caries-preventive tool hinges
in large part on apparent common sense. Since dental plaque is
cariogenic, and since dental floss disrupts and removes some
interproximal plaque (Waerhaug, 1981), flossing should reduce
caries risk. Such a common-sense argument represents the
lowest level of scientific evidence (Sackett e al., 2000).
Common sense was wrong in claiming that knee debridement
relieves osteoarthritic knee pain (Moseley et al., 2002), that
optic nerve decompression prevents vision loss (Ischemic Optic
Neuropathy Decompression Trial: twenty-four-month update,
2000), or that internal mammary artery ligation improves
cardiovascular outcomes (Cobb et al., 1959). Several trials
have also failed to support the common-sense argument that
dental plaque removal lowers caries risk (Horowitz et al., 1977;
McKee et al., 1977; Silverstein et al., 1977; Agerbaek et al.,
1978; Ashley and Sainsbury, 1981), which led to the
hypothesis that a mutans streptococci infection cannot be
controlled by mechanical means (Loesche, 1993). One should
be careful to justify flossing based on common-sense
arguments, especially when other caries-preventive
interventions are supported by higher levels of evidence.

In summary, the controlled trial evidence on flossing and
dental caries is challenging to interpret because of the
inconsistent results across trials, the difficulty in extrapolating
results of two trials conducted in children who differ
substantially from typical floss-users, and the poor to moderate
scientific quality of some of the reported studies. There have
been no evaluations in real-world clinical situations, and, as a
result, clinical recommendations have to be based on a level of
evidence which would be questionable if flossing were a drug.
The current low-level evidence is consistent with the
hypothesis that regular and meticulous flossing can drastically
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lower interproximal caries risk in young children with poor
toothbrushing habits and low fluoride exposure. Better
toothbrushing and/or enhanced topical fluoride exposure may
attenuate or eliminate this flossing effect. The dental
professional should determine, on an individual patient basis,
whether professional-quality flossing is an achievable goal, and
to what extent a recommendation to floss may decrease the
exposure time to caries interventions that are supported by
better evidence. Factorial designs, where the effects of novel
fluoride toothpastes and flossing devices are evaluated
simultaneously, may provide a relatively low-cost opportunity
to determine what fraction, if any, of interproximal cavities can
be prevented by dental floss in a fluoridated world.
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