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ABSTRACT:
Introduction: The removal of plaque is vital to maintain the health of periodontal and peri-implant tissues. To compare
clinical efficacy for plaque removal between dental floss with soft ellipsoidal knots and conventional floss. Materials and
Methods: We studied 33 university students including regular and sporadic users of dental floss, with interproximal spaces
<1 mm, who used floss with and without knots in a randomized manner following a split-mouth design. The Modified Navy
Plaque Index (RMNPI) by Rustogi et al. was applied to determine the total removed plaque (TPI) and that removed in the
gingival area (GPI) and interproximal spaces (IPl). Results: The reduction in GPI was greater with the knotted versus
conventional floss in all cases (14.77 + 12.38; 64.79% vs. 17.38 + 13.66 ; 57.51%) and especially among no floss users
(12.469 + 10.98; 68.02% vs 15.833 + 11.88; 58.55%). No statistically significant difference between floss types was found
in TPI and IPI (globally or by floss utilization frequency) or in the mean GPI of floss users. Conclusion: Floss with
ellipsoidal knots showed similar efficacy to remove plaque in patients with less experience of flossing compared to flossing
themselves with conventional floss, and it may be an optimal solution for patients starting to use dental floss and for those
with a lesser or only sporadic history of floss utilization.
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INTRODUCTION

Periodontal tissue inflammation (gingivitis and
periodontitis) is a highly frequent oral diseasel,2,
whose main etiologic agents are the bacteria present
in plaque3. Invasion of these tissues by the plaque or
its toxins triggers an inflammatory response that can,
alongside other factors, lead to their destruction and
evolve from gingivitis to periodontitis4. The removal
of plaque is therefore vital to maintain the health of
periodontal and peri-implant tissues5,6. The efficacy
of tooth brushing to remove plaque is lesser on
interproximal surfaces, even when using brushes
designed to improve access to these spaces7, and use

of interdental devices in addition to tooth brushing
reduces more interdental plaque in comparison with
tooth brushing alone8. The efficacy of other methods
to clean interproximal surfaces varies according to the
size of the space and the positioning of the teeth9-11.
For instance, dental floss is effective to clean narrow
but not wide interdental spaces. Dental floss did not
achieve superior outcomes in comparison to other
devices for interdental cleaningl2 and was found to
be less effective than interproximal brushes when both
were combined with manual tooth brushing with
toothpaste13,14. Another study found no significant
difference between these devicesl5, although
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interdental brushes can evidently only be used in
larger interproximal spaces. According to the Spanish
Oral Health Population Survey in 2015, dental floss
was used by one-third of the Spanish population
(34%), while the proportion using interdental brushes
had markedly decreased from 42% in 2010 to 18%16.
Given the popularity of dental floss but the drawback
of its low efficacy in wider interproximal spaces17,
the development of a dental floss with ellipsoidal floss
knots at regular distances has been proposed to
facilitate plague removal in these spaces. The
objective of this study was to compare the clinical
efficacy of dental floss with soft ellipsoidal knots and
conventional dental floss to remove plaque.

MATERIAL AND METHODS

The “knotted” dental floss was not waxed and
featured soft ellipsoidal knots of 0.7 mm diameter at
intervals of 10 cm. We studied 33 university students
including regular and sporadic users of dental floss,
with interproximal spaces <1 mm, who used floss
with and without knots in a randomized manner
following a split-mouth design. After obtaining
informed consent for participation in the study, an
appointment was made for the examination,
instructing participants to carry out no oral hygiene

RESULTS

A final sample of 33 students with an average age of
20.15 + 0.89, (29 females, 87.9 %), including 13 (39.4
%) undergraduate/postgraduate students of dentistry
and 20 (60.6 %) students on courses unrelated to
healthcare. Dental floss was used regularly (at least
once/week) by 13 participants (39.4 %) but not by the
remaining 20 (60.6 %). 76.9% of dentistry students
were users of dental floss while among others students
only 15% were users of dental floss. Data were
obtained on 66 quadrants in which conventional floss
was used and 66 in which the knotted dental floss was
used. In all cases, no statistical significant differences
were detected after tooth brushing.. In the
conventional floss quadrants, the mean GPI was 36.38
+ 18.03 after tooth brushing and 17.39 * 13.66
(57.51% reduction) after flossing; in the knotted floss,
the mean GPI was 35.54 + 17.17 after tooth brushing
and 14.77 + 12.38 (64.79% reduction) after flossing.
No significant difference in percentage reduction with
flossing was observed between conventional floss

measures during the preceding 24-h period and to
consume no solids, liquids, or chewing gum during
the preceding 12-h period. The Rustogi et al.
Modified Navy Plague Index (RMNPI)18 was used
for plague evaluations in this study, dividing each
tooth surface into nine parts, measuring both
vestibular and palatine/lingual surfaces but excluding
any third molars present. Results were grouped into
the following subindexes: total plaque index (TPI) for
all dental surfaces, Gingiva plaque index (GPI) for
surfaces closest to the gingiva, and Interproximal
plaque index (IPI), for plaque on interproximal
surfaces after flossing. Stained surfaces were not
recorded before the tooth brushing, whose efficacy
was not a study objective. In each participant, two
quadrants were randomly selected (using OxMaR, an
open source free software)19 for application of the
conventional floss and two for application of the
knotted floss. After the flossing, plaque on surfaces in
each quadrant was again evaluated, using the RMNPI,
with the examiner blinded to the type of floss used for
each quadrant. IBM SPSS 23.0 for Windows (IBM
SPSS Inc., Chicago, IL) was used for the statistical
analysis, calculating means and using the Student’s t-
test for independent samples for comparisons; p<0.05
was considered significant.

quadrants and knotted floss quadrants (p=0.15). The
TPI and IPI results obtained in all participants are
showed in Table 1. Among the 13 participants who
used dental floss, the mean GPI was 37.78 £ 19.15
after tooth brushing and 19.78 + 16.24 (55.90%
reduction) after flossing in controls versus 37.48 +
18.13 after tooth brushing and 18.31 + 13.98 after
flossing (59.81% reduction) in cases. No significant
difference in percentage reduction with flossing was
observed between conventional floss and knotted floss
quadrants (p=0.66). Table 2 exhibits the TPI and IPI
results obtained in floss users. Among the 20
participants who did not use dental floss, the mean
GPI was 5.48 £ 17.71 after tooth brushing and 15.83
11.88 (58.55% reduction) after flossing in controls
versus 34.255 + 16.87 after tooth brushing and 12.47
+ 10.98 after flossing (68.02% reduction) in cases. No
significant difference in percentage reduction with
flossing was observed between conventional floss and
knotted floss quadrants (p=0.14). Table 3 exhibits the
TPI and IPI data obtained in participants who did not
use dental floss.
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Table 1. TPI and IPI values in all participants

% plaque
reduction
TPI after TPI with Student’s-t
Index Floss brushing after flossing
type flossing
Normal Mean 19.9600 8.4597 61.5327
N 33 33 33
SD 10.35413 6.46399 18.52685
TPI
Study Mean 19.7233 8.0806 65.1973
N 33 33 33
SD 9.83545 6.69594 18.93885 p=0.43
Normal Mean 29.1982 10.7418 65.8333
N 33 33 33
SD 14.10783 7.74096 17.96315
1P
Study Mean 28.0539 10.9776 65.9472
N 33 33 33
SD 13.86768 9.20681 19.34038 p=0.98
TPI, Total plaque index; IPI, Interdental plaque index; SD, Standard deviation
Table 2. TPI and IPI results in habitual floss users
% plaque
reduction
TPI TPI with Student’s-t
Index Floss after after flossing
type brushing flossing
Normal Mean 21.2908 8.7585 63.7554
N 13 13 13
S 8.62118 6.60958 17.16224
TPI
Study Mean 21.8400 9.7077 62.9208
N 13 13 13
S 9.36685 7.28280 19.69452 p=0.90
Normal Mean 32.8815 12.5000 64.7293
N 13 13 13
SD 13.75391 8.88386 18.17998
IPI
Study Mean 32.1685 13.6662 64.9573
N 13 13 13
SD 13.63202 10.91186 21.43934 p=0.98
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Table 3. TPI and IPI in non-habitual floss users

Index Floss TPI after TPI after % plaque Student’s-t
type brushing flossing reduction
with flossing
Normal Mean 19.0950 8.2655 60.0880
N 20 20 20
SD 11.47255 6.53295 19.65938
TPI
Study Mean 18.3475 7.0230 66.6770
N 20 20 20
SD 10.12189 6.24702 18.79544 p=0.28
Normal Mean 26.8040 9.5990 66.5510
N 20 20 20
SD 14.15689 6.89827 18.25739
1P
Study Mean 25.3795 9.2300 66.5906
N 20 20 20
SD 13.68996 7.70720 18.40029 p=0.99
DISCUSSION utilization of conventional and knotted floss among

In this comparison between conventional and
“knotted” dental floss, the RMNPI was employed to
evaluate changes in the plague on free tooth surfaces
(i.e., readily cleaned with toothbrush), on surfaces
closer to the gingival sulcus, and interproximal
surfaces 21. TPI and IPI indexes were reduced to a
similar degree by both types of floss, while a greater
reduction in GPI was obtained on quadrants cleaned
with the knotted floss, although significance was not
reached (p=0.15). The lack of significant difference in
TPI values was expected, because surfaces cleaned
with dental floss represent only a minority of the
surfaces considered in this index. The similarity in IPI
values may be attributable to the identical effects in
small interproximal spaces of conventional floss and
the floss between knots. Other studies using different
indexes found no significant difference between
conventional floss and floss of variable diameter22,
between nylon and polytetrafluorethylene flosses23,
or among waxed, unwaxed, woven, and shred-
resistant flosses 24. The RMNPI was used by another
research group to compare plaque removal between
the utilization of an electric toothbrush alone and in
combination with three conventional dental flosses
and electrical flossing device25. The authors reported
that significantly more plagque was removed by the
combination of dental floss and tooth brushing than
by brushing alone, finding no statistically significant
differences among the flosses studied. Our finding of
a tendency towards a greater reduction in gingival
plaque index with utilization of the knotted versus
conventional floss would be consistent with a more
effective cleaning action of the knots in the wider
interdental spaces at gingival level, acting in a similar
manner to an interproximal brush. The larger volume
of the knot would also be expected to clear more
readily the plaque accumulated on central and
gingival parts of tooth surfaces, which are more
difficult to reach using conventional dental floss.
Interestingly, no difference was observed between the

participants who were floss users (p= 0.66), whereas
there was a tendency for a greater reduction with the
utilization of knotted floss among those who were not
(p= 0.14). It is possible that the greater experience of
floss users would result in its more effective
utilization on more surfaces, while less skillful floss
users may find that the knots make it easier to remove
plaque from these central and gingival areas. The
proportion of the present study population who used
floss at least once a week (39.4%) was higher than
reported for the general population of Spain (34%) in
201516. The proportion of floss users was markedly
higher among the students of dentistry than among the
other students in our study population, attributable to
their greater awareness of dental hygiene needs.

CONCLUSION

Dental floss with ellipsoidal knots and conventional
dental floss showed similar efficacy to remove plaque
overall, although a non-significant tendency was
observed for greater efficacy with the knotted floss in
areas closer to the gingival sulcus, especially among
participants who did not use dental floss. This knotted
floss may be especially useful for patients with less
experience of flossing to start this vital dental hygiene
habit.
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