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This study investigated the eﬀect of interdental brushes on the reduction of interproximal bleeding in adults without periodontal disease. Forty-six adults were
enrolled in a 3-month, observer-blinded, parallel-group randomized control trial.
The test group used a standard manual toothbrush twice daily and an interdental
brush daily. The control group used a standard manual toothbrush. At each visit, a
calibrated colorimetric probe was used in all interdental spaces to determine the
appropriate size of the interdental brush required, the brush of the corresponding
size was introduced into the interproximal space, and the presence of bleeding was
recorded. The outcome was the frequency of bleeding after application of the
appropriate interdental brush. All participants were evaluated 1 wk, 1 month, and
3 months after the baseline visit. The overall preventive fraction with respect to
bleeding frequency was 46% at 1 wk and 72% at 3 months. More bleeding reduction was observed in anterior sites than in posterior sites (80% vs. 69%, respectively). Participants with low baseline bleeding frequency presented with less
bleeding (OR = 2.3). This study shows that daily use of calibrated interdental
brushes reduces interdental bleeding. These ﬁndings may support interdental cleaning as an eﬀective means to help individuals maintain and/or achieve optimal oral
health.

Disruption of the oral bioﬁlm in interproximal sites by
mechanical methods remains one of the best options
for preventing periodontal disease (1). Well-designed
randomized control trials (RCTs) are required to provide evidence supporting the clinical practice of the
new hypothesis that interdental cleaning should become
an established part of daily oral hygiene for the reduction of interproximal plaque in all populations. Originally, dental professionals recommended that patients
with large embrasure spaces between their teeth should
use interdental brushes (IDBs) (2, 3), mainly to prevent
periodontal destruction. However, with the availability
of a greater range of IDBs calibrated in size and crosssectional diameter, IDBs have become a potentially
suitable alternative to dental ﬂoss for healthy patients
who have interdental papillae that ﬁll the interdental
space (4, 5).
Oral hygiene instruction (OHI), which includes
instruction in toothbrushing and interdental cleaning, is
eﬀective in disturbing oral bioﬁlm and preventing periodontal diseases, such as gingivitis and periodontitis
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(6). Studies have evaluated the eﬀect of OHI on clinical
and immunological parameters and on the microbiological proﬁles of periodontal maintenance participants,
but no studies have evaluated its role in the management of gingivitis (7). It is unclear whether the daily
use of IDBs is eﬀective (3) because only low-quality
evidence for IDB-related gingivitis reduction exists. The
eﬀectiveness of interdental/interspace brushes in addition to standard toothbrushes is not supported by clinical investigations. However, there are conﬂicting study
results regarding the eﬃcacy of IDBs in reducing the
clinical parameters of gingival inﬂammation (8). There
is also a lack of consensus regarding whether IDBs are
only suitable for patients with moderate to severe
attachment loss and open embrasures or are also a suitable aid for preventing gingivitis in healthy patients
who have suﬃcient interdental space to accommodate
them (9, 10).
The purpose of this study was to determine whether
mechanical cleaning with IDBs, combined with the use
of a manual toothbrush, is more eﬀective than
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mechanical cleaning with a manual toothbrush alone in
reducing interproximal bleeding in the gums of adults
with gingivitis.
The study hypothesis was that the IDB is an eﬀective
alternative for reducing bleeding in the gums of individuals with gingivitis, allowing them to maintain and/or
achieve optimal oral health and encouraging daily
home use of IDBs.

Material and methods
The guidelines of the CONSORT Statement were followed
in this clinical trial (11). The protocol was declared of
public interest by the National Ethics Committee and was
approved by the National Commission of Informatics and
Liberties, France. It was performed in accordance with the
Code of Ethics established by the Declaration of Helsinki.
The study was performed according to the guidelines of
Good Clinical Practice. Before participation, all participants received full oral and written information on the
study aims and signed a written consent form.
The workﬂow design, summarized in Fig. 1, was a
3-month, observer-blinded, single-centre, stratiﬁed, parallel-group, RCT with patients allocated (1:1) to the following two groups: test group (manual toothbrush and
interdental calibrated brushes); and control group (manual
toothbrush).
Forty-six Caucasian adults, diagnosed as periodontally
healthy, were recruited between September 2014 and
December 2014 from a pool of ﬁrst-time volunteers who
were referred to the Department of Public Health of the
Faculty of Oral Medicine at the University of Lyon
(UCBL), France. Participants were included if they: (i)
were 18–25 yr of age; (ii) had at least 20 natural recordable teeth, including third molars; (iii) had no signs of
clinical periodontitis; (iv) had no signiﬁcant dental anomalies or prosthetic restorations or interproximal caries;

Fig. 1. Flow chart of the study design. IDB, interdental
brush.

(v) reported brushing teeth at least twice per day; (vi) had
no health condition that required antibiotic prophylaxis
before interproximal probing; (vii) had IDB dexterity; and
(viii) lacked experience with interdental cleaning and were
willing to undergo four study visits.
Exclusion criteria comprised: (i) teeth missing as a result
of periodontal disease; (ii) any other concomitant systemic
disorder; (iii) diseases aﬀecting the immune system; (iv)
receiving medication, such as anti-platelet or anti-coagulant agents; (v) pregnancy or breastfeeding; (vi) professional prophylaxis within 4 wk before the baseline
examination; (vii) history of periodontal disease or treatment; (viii) use of over-the-counter mouthwash; and/or
(ix) undergoing a course of dental or orthodontic treatment. The use of antibiotics during the study period led to
exclusion.
All participants met the criteria described by the American Academy of Periodontology (12), with some modiﬁcations (13). The healthy participants presented ≤10% of
sites with bleeding on probing (BOP) after 30 s and/or
overt gingival redness, and had no pocket depth of >3 mm
and no clinical attachment loss of >2 mm.
Procedure
Calculation of sample size (sites) was performed using
Sample Power 2.0 (SPSS, Chicago, IL, USA). In the
absence of exact values provided by theory or experience
in this speciﬁc area, the t-test for independent groups was
used to detect a power of 80% and 5% alpha error for an
estimated Cohen’s d of 0.5 – a medium eﬀect size according to Cohen’s scale (14) – in bleeding after IDB use. We
needed 128 a-priori sites (64 test and 64 control). After
considering a design eﬀect (owing to sites being clustered
within participants) of 5.0 (estimated from 20 pilot participants from this study) in estimating the bleeding percentage, the sample size increased to 640 sites (=128 9 5).
Furthermore, after considering an estimated 70% of the
sites available for analysis (i.e. 30% would be excluded
owing to lack of space to introduce the IDB, the presence
of diastema or the lack of teeth), the sample size increases
to 914 sites (=640/0.70). Considering 30 sites per participant, this results in a minimum sample size of 31 participants (i.e. approximately 16 participants per group).
To achieve the same sample size in both groups and
simultaneously satisfy the randomization procedure to
achieve balanced groups with respect to the most relevant
variables (sex and baseline bleeding), a stratiﬁed (two
levels for sex and two levels for baseline bleeding) block
randomization (computer-assisted) method was used. Baseline bleeding was deﬁned as the percentage of bleeding
sites, per participant, as follows: a high level of bleeding if
the participant had ≥30% bleeding sites; and a low level of
bleeding if the participant had <30% bleeding sites. Each
participant was identiﬁed using a code. An allocation
schedule was generated by computer by an independent
assistant not involved in the study.
At baseline, the prescreened participants referred to the
clinic for baseline examinations (gingivitis, periodontal
conditions, and bleeding) had refrained from oral hygiene
for at least 8 h but no more than 18 h. A colorimetric
probe (IAP Curaprox; Curaden, Kriens, Switzerland) was
used to evaluate the diameter of the interproximal spaces,
except those between the second and third molars (15), in
order to determine the appropriate size of the IDB for
each site. After the baseline oral examinations and
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assessments of other inclusion/exclusion criteria, qualifying
participants were randomly assigned to one of two groups.
Participants randomized to the control group brushed
twice daily in their usual manner with an American Dental
Association (ADA)-approved ﬂuoride toothpaste and a
soft-bristle toothbrush. Participants randomized to the
active treatment group brushed twice daily in their usual
manner, followed by interdental brushing once daily in the
evening with their IDB formulation determined during the
baseline examination with the colorimetric probe.
Participants in the test group received a manual soft-bristle toothbrush, an ADA-approved ﬂuoride-containing dentifrice, and a pack of IDBs of diﬀerent sizes (Curaprox CPS;
Curaden). The ﬁrst use of the product was conducted under
the supervision of study personnel, following instruction of
IDB use by a qualiﬁed public health professor. The instruction comprised verbal instructions on interdental brushing
supported by practical demonstration on a plastic model.
No further oral-hygiene instructions were provided. All
other brushings were unsupervised, and the participants
were required to maintain a diary card. Participants were
instructed to mark the box corresponding to the current
date on the diary card every evening after performing their
interdental brushing to ensure that brushing was performed
every day. Participants in the control group received an
ADA-approved ﬂuoride-containing dentifrice and a softbristle toothbrush at their baseline visit. No other oralhygiene procedures were permitted, including teeth cleaning
and dental procedures. At baseline (T0), and at 1-wk (T1),
1-month (2 d) (T2), and 3-month (T3) visits, participants
had brushed or used their IDBs at least 8 h previously but
no more than 18 h previously. Two examiners collected the
data at T0, T1, T2, and T3, and were blinded to the participant group allocation, which was assigned by an assistant
not involved in the examination.
All participants were instructed in the modiﬁed Bass
technique and were instructed to use a manual, compacttuft, soft-bristle toothbrush, twice a day. Participants in
the test group were instructed with the appropriate IDB
sizes determined at baseline and to introduce the calibrated IDBs once per day using diﬀerent sizes for diﬀerent
sites.
At each visit during the evaluation period, the colorimetric probe was used in all interdental spaces for all participants in both groups. The procedure consists of
introducing the colorimetric probe into the vestibular
interdental space, inserting it fully, and then noting the
colour that appears in the interdental space on the vestibular side. This colour corresponds to the colour of the IDB
that is most suitable for the space in question. The probing protocol was always the same, starting in the 16–17
interdental space and ﬁnishing in the 46–47 interdental
space. Information concerning the IDB diameter for each
interdental space was recorded in a chart, and a copy was
given to the participant. After horizontal probing, the corresponding brush was introduced into the interproximal
space, and the presence of bleeding was observed. The
pressure applied by a horizontal brush in the interdental
area should be ﬁrm and continuous until reaching maximum compression with minimal discomfort to the patient.
A visual analogue scale (VAS) was used to estimate the
correlation between the patient’s discomfort perception
and the interproximal pressure (0 = no pain, 10 = unbearable pain) (16). The pressure used to place the IDB was
approximately 50–100 N cm2 (0.20–0.40 gram-force), and
80% of participants were assigned a VAS score of ≤1.
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The IDBs used are from the CPS range of Curaprox
(Curaden) products. This pack comprises ﬁve cylindrical
IDBs with the following characteristics: a colour code
related to the size of the brush; an access diameter deﬁned
by the gauge of the Cural (Curaden) wire core used to stiffen the IDB; and an eﬀective cleaning diameter deﬁned by
the length of the synthetic bristles covering the working
part of the device.
Two experienced examiners with graduate training in
periodontics were trained beforehand in the use of the
IAP Curaprox colorimetric probe (Curaden) and had
obtained a minimum kappa value of 0.82 compared with
the gold standard examiner (excellent agreement according to the LANDIS & KOCH scale (17). These examiners
were trained in the use of the CPS Curaprox IDBs in a
single cleaning movement, comprising three stages: (i)
place an IDB at the point where the interdental gap
begins, tilt the tip at an angle to the centreline of the
teeth, and push it in gently at the correct angle as far
as the centre of the teeth; (ii) without putting any more
pressure on the brush, hold the handle at 90° to the
teeth; and (iii) push the brush through with care and
then pull it out. The VAS was used (16). Examiners
were blinded to each other, and the two observations
were collected at an interval of at least 15 min. The
kappa statistic for the reproducibility of the pressure
was 0.76 (95% CI: 0.14–1.38; P = 0.02).
Measures
The Bleeding on Interdental Brushing Index (BOIB) was
recorded, as was the bleeding response to the horizontal
pressure applied in the interdental area by a calibrated
IDB (18). After 30 s, bleeding at each gingival unit was
recorded according to the following scale: 0, absence of
bleeding after 30 s; and 1, bleeding after 30 s (19).
Statistical analysis
SPSS Windows 20.0 (IBM, Chicago, IL, USA) was used
for the descriptive statistics (mean values with SD and
percentages) and for the analytical statistics (P-value calculation) in those analyses in which the patient was the
unit of analysis. SUDAAN 7.5 (RTI International,
Research Triangle Park, NC, USA) was used for the
analytical statistics (P-value calculation) in those analyses in which the interproximal site was the unit of analysis to adjust for clustering (multiple sites within the
patients). The output variable is the interproximal bleeding after IDB use at the interproximal site level. The
statistical methods are indicated in the Table footnotes.

Results
All 46 randomized participants completed the study.
The baseline characteristics of the intervention and control groups are presented in Table 1. The groups were
broadly similar in terms of the principal variables at
baseline, suggesting a high level of homogeneity
between these two groups.
Table 2 shows the evolution of bleeding during the
trial period. At T0, the percentage of bleeding sites was
34.8% in the control group and 35.9% in the test
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group (P = 0.88). During T0–T3, the evolution of the
percentage of bleeding sites was not signiﬁcant in the
control group (34.8% at T0 and 37.6% at T3;
Table 1
Baseline characteristics of trial participants according to study
groups (n = 46)
Variable
Sex
Male
Female
Age (yrs)
Bleeding risk‡
High
Low
Smoker
Yes
No

Control
(n = 23)

Test
(n = 23)

16 (69.6)
7 (30.4)
22.8  3.8

14 (60.9)
9 (39.1)
22.0  1.8

12 (52.2)
11 (47.8)

10 (43.5)
13 (56.5)

0.768*

8 (34.8)
15 (65.2)

4 (17.4)
19 (82.6)

0.314*

P

0.757*
0.409†

Values are given as n (%) or mean  SD.
*Chi-square, with Yates’ correction.
†
Student’s t-test.
‡
High if ≥30% bleeding sites, and low if <30% bleeding sites.

P = 0.10). In the test group, the frequency of bleeding
sites decreased from 35.9% at T0 to 14.6% at T1, to
10.9% at T2, and to 10.4% at T3 (P = 0.008). The preventive fraction (PF) was 46% at T1, 64% at T2, and
72% at T3.
Analysis of the PF according to localization (anterior sites or posterior sites) showed better eﬀectiveness results for anterior sites. The PF values in
anterior sites were 80% and 69% in the posterior
sites at 3 months.
Table 3 shows the results of multilevel logistic
regression analysis of the associations between candidate predictor variables and the presence of bleeding
in a site after 3 months of interdental brushing. The
OR for the presence of bleeding in the control group
was 4.3. The interdental brushing had poorer results
in participants with high baseline bleeding than in
participants with low baseline bleeding (OR = 2.3).
The odds of bleeding were higher in posterior sites
than in anterior sites (OR = 2.2). Finally, we found
an inverse relationship between the diameter of the
IDB and the presence of bleeding: a larger diameter
was associated with a smaller amount of bleeding.

Table 2
Bleeding frequency, according to study time point, for sites (in anterior and posterior regions)
in participants in test (n = 23) and control (n = 23) groups
Control
Zone and study time point
Anterior
T0 (Baseline)
T1 (+1 wk from T0)
T2 (+1 month from T0)
T3 (+3 months from T0)
Global P‡
Pairwise comparison**
Posterior
T0 (Baseline)
T1 (+1 wk from T0)
T2 (+1 month from T0)
T3 (+3 months from T0)
Global P
Pairwise comparison
Anterior + Posterior
T0 (Baseline)
T1 (+1 wk from T0)
T2 (+1 month from T0)
T3 (+3 months from T0)
Global P
Pairwise comparison

n (sites)*

Comparison
(P)‡

% Diﬀerence§
(eﬀectiveness)
(95% CI)¶

Test

%  SE†

n (sites)

%  SE

170
170
170
170

28.2 
17.6 
28.8 
29.4 
0.057

6.2
6.1
6.4
6.4

188
188
188
188

28.7  6.4
10.6  3.8
8.0  3.0
5.9  2.9
0.019
T0 6¼ T1, T2, T3

0.956
0.335
0.005
0.001

72 (48–96)
80 (59–100)

370
370
370
370

37.8 
31.1 
30.8 
41.4 
0.227

4.9
4.7
4.8
6.2

380
380
380
380

39.5  6.5
16.6  4.2
12.4  3.0
12.6  5.3
0.007
T0 6¼ T1, T2, T3

0.841
0.026
0.002
0.001

47 (15–78)
60 (37–83)
69 (43–96)

540
540
540
540

34.8 
26.9 
30.2 
37.6 
0.102

4.5
4.1
4.7
5.8

568
568
568
568

35.9  6.2
14.6  3.6
10.9  2.5
10.4  4.2
0.008
T0 6¼ T1, T2, T3

0.886
0.028
<0.001
<0.001

46 (15–76)
64 (44–84)
72 (49–96)

*Eﬀective sample size for each estimation. For example, the ﬁrst number value (n = 170) is obtained from the following calculation: 23
control patients 9 10 anterior sites/patient = 230 sites, minus sites with diastemas (n = 12), lack of tooth (n = 7) or with no space to introduce the interproximal brush along the follow-up (n = 41), gives eﬀective sample = 170 sites (=230 minus 12 minus 7 minus 41).
†
Standard errors (SEs) corrected for complex sampling (multiple sites within the mouth), using the DESCRIPT procedure in SUDAAN
7.0.
‡
Values of P corrected for complex sampling (multiple sites within the mouth), using chi-square analysis (CROSSTAB procedure in
SUDAAN 7.0).
§
Per cent diﬀerence between control (C) and test (T) subjects = {[(%C %T)/%C] 9 100}.
¶
95% CI = %  1.96 SE, where the standard error (SE) is calculated, after correction for multiple sites within the mouth (using the
DESCRIPT procedure in SUDAAN 7.0), according to DUBEY et al. (14).
**When the global P-value is signiﬁcant, paired comparisons were performed using chi-square analysis, corrected for complex sampling;
the symbol ‘6¼’ indicates signiﬁcantly (P < 0.05) diﬀerent groups.
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Table 3
Multivariate associations* between studied variables and
bleeding at 3 months after interproximal brushing
(n = 1,108† sites from 46 subjects)
Variable
Participant-level variables
Group
Control (no interproximal
brushing)
Test (interproximal brushing)
Baseline bleeding risk
High
Low
Site-level variables
Zone
Posterior
Anterior
Interproximal brush at 3 months
5 (1.1 mm)
4 (0.9 mm)
3 (0.8 mm)
2 (0.7 mm)
1 (0.6 mm)

n

OR (95% CI)

P

540

4.3 (1.6–12.1)

0.006

568

1

526
582

2.3 (0.9–5.5)
1

0.065

750
358

2.2 (1.5–3.3)
1

<0.001

112
159
251
405
181

0.0
0.1
0.5
0.6
1

(0.0–0.2)
(0.0–0.5)
(0.3–1.1)
(0.3–1.0)

0.005

*Backward stepwise based on statistical signiﬁcance (P > 0.15 to
exclude a variable). Initial variables included also age, sex, and
smoking status. Values of P and 95% CI were calculated using
LOGISTIC PROC in SUDAAN 7.0, to account for clustering
(multiple sites within patients).
†
These data refer to 46 patients 9 30 sites/patient = 1,380 sites;
sites were excluded owing to presence of diasthema (n = 21), lack
of tooth (n = 163), or lack of space to introduce the interproximal
brush during the follow up (n = 80); thus, available sites for this
table = 1,167.

Discussion
To the best of our knowledge, the present study is the
ﬁrst randomized clinical trial based on the CONSORT
statement (11, 20) that describes the eﬃciency of interdental calibrated brushes on interproximal bleeding in
healthy periodontal adults.
The ﬁrst objective of our study was to examine
whether CPS interdental calibrated brushes are eﬀective
in reducing the frequency of interproximal bleeding
when used with regular toothbrushing. A potential limitation of this study was the absence of a group using
dental ﬂoss or other IDBs. In the literature, the quality
of the only published study comparing toothbrushing
plus interdental brushing with toothbrushing alone is
considered low (3). Only one study, which had a high
risk of bias, has compared interdental brushing and
toothbrushing with toothbrushing alone (21). There is
no agreed-upon scientiﬁc method for choosing IDBs
(5). The so-called reference technique is the empirical
subjective method in everyday use. This technique consists of testing the various IDBs in order of increasing
diameter. The use of colorimetric probes and interdental brushing in our study was more beneﬁcial than
interdental brushing alone and can be considered a new
technique for increasing the concordance between the
empirical choice of IDBs of diﬀerent diameters and the
gold standard (5).
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This explanatory randomized control study provide
information on whether the intervention is eﬀective
under optimal conditions, including strict eligibility
criteria, compliant subjects, maximum monitoring of
practitioner adherence to the study protocol, and formal follow-up visits (22). With respect to such criteria,
volunteers of the Faculty of Oral Medicine University
diﬀer from many other groups in society in a number
of ways, which has implications for the generalizability
of the results (external validity). However, the quality
of the results in an explanatory approach is not
aﬀected.
Regarding the sampling method, there are several
important points to consider. First, the analysis is performed on all interdental sites using the SUDAAN program, which allows for adjustment of the P-values and
standard errors from clustering (i.e. multiple sites
within the mouth). Second, to achieve correct randomization in the two groups, balanced selection was used
in terms of sex and baseline bleeding, as described in
the Material and Methods. Therefore, the allocation
has been made without any bias. Bleeding on IBD pressure was used as the dependent variable. According to
LORENZ et al., there is no doubt that indices containing
a bleeding component can successfully be used in clinical trials (23). However, the reproducibility of the diagnosis of bleeding has been widely discussed in the
literature (24). The force applied to the IDB, the angle
of insertion, and the experience of the examiner are
cited as factors of misdiagnosis. The bleeding index can
also be inﬂuenced by the initial oral hygiene standard
of the participants (25). Therefore, participants were
stratiﬁed according to the baseline levels of bleeding to
ensure equal distribution.
The internal validity of the study was guaranteed
using a calibration process. The two examiners who
participated in data collection were previously trained
in a calibration workshop. The same examiners had
participated in a previous study using a similar protocol. The blinding of the examiners was guaranteed
throughout the study. None of the participants in either
group dropped out of the study, which was certainly
because of the speciﬁc characteristics of the sample.
An interesting issue is the association of bleeding
with the need for periodontal care in the medium and
long term. Gingivitis is a reversible condition associated
with bacterial bioﬁlms; it generally resolves clinically
within approximately 1 wk after the reinstitution of
oral-hygiene procedures (26). It could be easily argued
that the natural occurrence of gingival inﬂammation
describes a condition whose characteristics are normally
distributed in the population (27). The reduction of gingivitis in the general population results in more than
merely cosmetic improvement following the reduction
of gingival bleeding. However, there is overwhelming
evidence that gingivitis is linked to periodontitis, and
the elimination of gingivitis will result in the reduction
of attachment loss in the majority of the population
(28).
Adherence to daily dental ﬂossing is low among
patients because it requires a certain degree of dexterity
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and motivation (29); patients prefer IDBs because they
are easier to use (4, 30). Furthermore, when compared
with dental ﬂoss, IDBs are thought to be more eﬀective
for plaque removal because the bristles ﬁll the embrasure and are able to clean the invaginated areas on the
tooth and root surfaces (9). In addition, dental ﬂoss
does not reach the anatomical concavities of the proximal surfaces of premolars and molars, which renders
the ﬂossing eﬀort incomplete (31).
Our ﬁndings suggest a positive impact of the use
of IDBs in reducing interproximal bleeding of periodontally healthy young participants. From week 1,
the observed reduction was 47% compared with the
control. At 3 months, bleeding was reduced by 71%.
No undesired side eﬀects from using IDBs were
observed over the 3-month study period. These ﬁndings need to be conﬁrmed over a longer time period
and the intervention should be compared, in clinical
trials, with other methods of interdental brushing,
such as dental ﬂoss and dental sticks of diﬀerent
kinds.
The study ﬁndings oﬀer evidence of the eﬀectiveness
of a programme for reducing bleeding through daily
IDB use in young adults. The attendance rate for the
intervention sessions was high because the participants
were from the Faculty of Oral Medicine. While these
results may support the feasibility of a population
approach to promoting dental health through interdental brushing coaching programmes, it is still necessary
to evaluate the eﬀectiveness of the procedure in real-life
conditions.
Conﬂict of interest – The authors declare that they have no conﬂicts of interest related to this study.
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