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BACKGROUND: It is well-known that poor oral hygiene during orthodontic treatment may lead to development of
gingivitis, probing pocket depth, hyperplastic tissue, decalcification, dental caries and white spot lesions on the coronal
surfaces of teeth.
METHODS: Twenty-two patients with the following inclusion criteria were enrolled in the present study: fixed orthodontic treatment, age 12-18 years, systemically healthy, no history of periodontal treatment, periodontal health or gingivitis. The following clinical parameters were collected: periodontal screening and recording, plaque control record, and
bleeding on probing. Oral hygiene instructions were given and a specifically designed technique for orthodontic patients
was suggested. Complete information about the mechanical interdental device were also provided. Means and standard
deviations or medians and interquartile ranges for each parameter were collected.
RESULTS: There was a statistically significant reduction in plaque control record on both sides. The reduction in the
experimental group was significantly greater compared to controls after adjusting for baseline values. There was also a
statistically significant reduction in bleeding on probing in the experiment group, but not in controls.
CONCLUSIONS: The combination of manual toothbrush and mechanical interdental device demonstrated a better
plaque control and gingival inflammation levels in orthodontic patients compared to manual brushing alone.
(Cite this article as: Quaranta A, Marchisio O, D’Isidoro O, Genovesi AM, Covani U. Single-blind randomized clinical trial
on the efficacy of an interdental cleaning device in orthodontic patients. Minerva Stomatol 2018;67:______. DOI: 10.23736/
S0026-4970.18.04104-3)
Key words: Oral hygiene - Dental plaque - Home care dental devices - Orthodontics.

t is well-known that poor oral hygiene during orthodontic treatment leads to develop
gingivitis, probing pocket depth, hyperplastic
tissue, decalcification, dental caries and white
spot lesions on the coronal surfaces of teeth.1-3
The earliest sigs of enamel caries are the
white spot lesions (WSL).4 Arches, tubes,
ligatures, brackets facilitate plaque retention
increasing microbial load and decreasing pH
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with the onset of demineralization in subsurface of the enamel.5 As demonstrated by
O’Reilly et al.6 and Ogaard et al.,7 development of clinically visible WSL in orthodontic
patients can occur within 4 weeks or sooner.
In a study by Maxfield et al., it is shown that
this may result in an esthetic damage, influencing the patient’s relations. Patients, parents,
orthodontists, and general dentists had similar
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mation parameters were recorded, and plaque
samples were analyzed the residual protein
concentration. The Authors concluded that
the sonic interdental cleaning, when used in
addition to a manual toothbrush, provided
significantly greater reductions in gingivitis
and bleeding sites (P<0.01) than a manual
toothbrush alone. After four weeks, it reduced
gingivitis by 33% more, gingival bleeding by
75% more and the number of bleeding sites by
86% more than a manual toothbrush alone. Interproximal plaque evaluated after a single use
showed that interdental sonic devices removed
significantly more plaque than a manual toothbrush alone (P<0.01). Both products were safe
to use. This kind of technology, when used in
addition to manual brushing, removed significantly more interproximal plaque and resulted
in significantly greater reductions of gingivitis
after two weeks and four weeks of use, compared to manual brushing alone.14
The aim of this study is to assess the effect
of a mechanical interdental cleaning device
combined with manual toothbrush in the improvement of self-performed plaque control
and gingival health in patients undergoing
orthodontic treatment.

O

perceptions regarding the significance, prevention, and treatment of white spot lesions. All
groups indicated that patients were the most
responsible for the prevention of white spot lesions. Communication among patients, parents,
orthodontists, and general dentists needed to
be improved to decrease the incidence of white
spot lesions in the orthodontic population.8
Kim et al. demonstrated how orthodontic
treatment may lead to gingival inflammation
and how orthodontic appliances affect the
subgingival microbial composition even during the early period of orthodontic treatment,
increasing the prevalence of periodontal bacteria 9. Among these pathogens we can include
including F. nucleatum and Porphyromonas
gingivalis.10, 11
Tanner et al. characterized the microbiota
of WSL, accounting for confounding due to
gingivitis. Sixty children aged between 10 and
19 years with fixed appliances were enrolled
and the half of them had WSL. Plaque samples
were assayed by a 16S rRNA-based microarray and by PCR. Mean gingival index was positively associated with WSL (P=0.018). Taxa
associated with gingivitis by microarray included: Gemella sanguinis, Actinomyces spp.,
Prevotella cluster IV and Streptococcus spp.
HOT 071/070; Many taxa showed a stronger
association with gingivitis than with WSL.12
Recent studies show that there is not a significant association between type of malocclusion and gingival biotype. There is however a
prevalence of thick gingival biotype in patient
with class II malocclusion and a slight prevalence of thin gingival biotype in patient with
class I malocclusion.13
An in-vivo study was carried out in 2011 to
assess the effect of sonic device on interproximal plaque and gingivitis when used in addition to manual toothbrushing. One hundred
and forty-eight adults (98 females, 50 males;
mean age 39.5 years) with moderate gingivitis participated in this single-blind, four-week,
parallel, randomized controlled clinical trial.
Subjects were randomized either to a manual
toothbrush (two minutes, twice a day) or to
a manual toothbrush plus sonic device (once
daily, evening). Changes in gingival inflam-

Materials and methods

This paper was carried out according to
WMA Declaration of Helsinki, recently reviewed at 64th WMA General Assembly in
Fortaleza, Brazil, in October 2013.
According the CONSORT guidelines published by the Lancet on March 24th, 2010, and
according to the CONSORT flow diagram of
the progress through the phases of a parallel
randomized trial of two groups, we enriched
the materials and method section. First of all,
the assessment for eligibility was carried out,
and no exclusion was made (all participants
fulfilled the inclusion criteria and no declinations were observed).
Twenty-two patients under orthodontic
treatment in the Clinical Faculties of the Dental School of the Marche Polytechnic University were enrolled in January 2014 and joined
the clinical study between February 2014 and
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After 15 days, the second session was carried out by the third author and the same clinical investigators of the first session. Data on
patient comfort when using Sonicare Air Floss
were also collected.
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the first clinician. At the end of the first session, oral hygiene devices were given, and
motivation and instructions were provided, depending on the group to which patients were
assigned. The following instructions were provided by two senior dental hygiene students:
—— orthodontic toothbrush and brushing
method: brush teeth twice a day for at least two
minutes with orthodontic toothbrush and toothpaste. Modified Bass technique for buccal surfaces followed by short horizontal movements
to clean the brackets; modified Bass technique
for lingual/palate surfaces;
—— Sonicare Air Floss®: place the tip of
the device in the interdental space and press
the activation button; move the tip to the next
dental space and repeat the operation, without
neglecting the hard-to-reach spots around the
second molars.

O

May 2014. Each patient contributed to the
study in a split mouth fashion (one side test
and one side control). Patients have given their
informed consent for participation in the research study. The study was carried out at the
University Periodontal Clinic.
The patients enrolled fulfilled the following inclusion criteria: fixed orthodontic treatment in both jaws, age between 12 and 18, and
a Periodontal Screening and Recording of the
American Academy of Periodontology (PSR)
Score of 1 or 2. Patients affected by periodontitis, patients younger than 12 or older than 18,
and psychophysically-compromised patients
were excluded.
For each patient a clinical record consisting of medical history, plaque control record
(PCR),15 bleeding on probing (BOP),16 and intraoral photos was collected.
After obtaining informed consent, each
patient’s side was randomly assigned to two
groups: an experimental group, using medium orthodontic toothbrush and Sonicare Air
Floss®, and a control group, using medium
orthodontic toothbrush only.
The patients were randomly allocated using
a free online randomizer (www.randomization.com), which prints simple lists of random
allocations.
The study was divided in three sessions,
each taking place 15 days after the previous
one, which were carried out by two experienced operators. Discussion and consensus
were used to resolve disagreements about the
clinical parameters collection.
In cases where mutual agreement between
the examiners could not be reached, a third
Author assessed the study and a final decision
was taken.

QUARANTA

Third session
During the third and last session, that was
carried out one month later, the following
indexes were collected again by the first author: PSR, BOP, PCR, and photographic status (consisting of frontal, lateral, lingual and
palatal photographs) before and after plaque
detection. In addition, information on patient
comfort with the use of Sonicare Air Floss was
collected.

First session

Statistical analysis

During the first session, a detailed medical history was compiled. Subsequently, PSR,
BOP, and PCR indexes were collected. In addition, a photo status (consisting of intra-oral
frontal, lateral, lingual and palatal photographs) before and after plaque detection was
performed. The first visit was performed by

The primary outcome was the plaque index
in %, while the secondary outcome was the
BOP reduction. A statistical power of 80% and
a C.I of 95% were considered statistically significant.
The sample size was calculated as follows
using SPSS Statistics software:
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—— first variable: supragingival plaque reduction;
—— Z tests: proportions: difference between
two independent proportions
—— analysis: a priori: computer; required
sample size.
A total size of 34 samples (group 1, N.=17,
group 2, N.=17) corresponds to a statistical
power of 91% (0.9073357) with a critical Z
value of 1.9599640.

pact on plaque control record. BoP does not
reveal a statistically significant reduction on
the control side.
Discussion

Table II.—Bleeding on probing score.

PCR
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There was a statistically significant reduction in both sides (control -5.5, 95% CI -9.2 to
-1.7, p=0.006; treatment -12.9, 95% CI -15.8
to 9.9, P<0.001) with the reduction on the
treatment side statistically significantly greater
compared to the control side after adjusting for
baseline values (-7.6, 95% CI: -11.1 to -4.0,
P<0.001) (Table I).

Control group (N.=20) Experimental group (N.=20)

Baseline
Follow-up
Change

54.7±14.1
49.3±14.0
-5.5±8.4

Data presented as mean±SD.

4

A

Table I.—Plaque control record score.

Results

F

Medians and inter-quartile ranges shown
due to skewed values, although model residuals were acceptable without transformation
(Table II).
There was a statistically significant reduction on the treatment side (-3.4, 95% CI: -5.0
to -1.7, P<0.001) but not the control side (-0.8,
95% CI: -2.3 to 0.7, P=0.272).
The reduction on the treatment side was statistically significantly greater compared to the
control side after adjusting for baseline values
(-1.8, 95% CI: -3.0 to -0.6, P=0.004).
The treatment side show a greater reduction
of clinical parameters compared to the control
side. The mechanical device has a greater im-

The orthodontic forces and movements induce hard and soft tissues responses, as well
described by Antoun et al. In general, the
controlled movement of teeth seems to have
a positive, but highly variable effect on the
supporting tissues.17 Davies et al. note that
inflammation and hyperplasia can affect even
patients with a good oral hygiene. This gingival enlargement explains some of the reported
increases in probing depths, which are not related to attachment loss and is resolved as early as 48 hours after band removal, suggesting
that the appliances themselves have an influence on periodontal health unrelated to plaqueinduced periodontal disease.18
However, as confirmed by the literature,
poor oral hygiene and plaque accumulation,
worsens the periodontal conditions and the
long-term success of the orthodontic treatment. This study shows that a combination
of manual toothbrush and interdental device
demonstrated a better control of plaque and
gingival inflammation levels compared to
manual brushing alone in patients undergoing
orthodontic treatment. Our results are similar
to those obtained by de Jager et al.14
The first factor to consider is that patients
show a better compliance in the use of Sonicare AirFloss®. Krell et al. in a study about the
device use and compliance, showed that after
one month of use, irregular flossers (people
who floss from once a month to three times a
week) changed their habits using the mechanical interdental device on an average of 1.3

53.9±13.7
41.0±12.1
-12.9±6.7

Control group (N.=20) Experimental group (N.=20)

Baseline
Follow-up
Change

3.5 (7.0)
3.0 (6.0)
-0.8±3.4

5.0 (5.0)
0.5 (6.0)
-3.4±3.8

Data presented as median (IQR) or as mean±SD.

Minerva Stomatologica

???? 2018

EFFICACY OF AN INTERDENTAL CLEANING DEVICE

M

IN

E

IC

D

E

M

R
VA

O

R

P
Vol. 67 - No. ??

A

F

orthodontic population and use it in daily hygiene. A study by Walsh et al. compared the
effects of four oral hygiene methods (manual
toothbrushing, power toothbrushing, manual toothbrushing plus irrigation, and power
toothbrushing plus irrigation) on plaque and
periodontal disease on 108 subjects. Results
showed that all the oral hygiene methods were
equally effective in reducing plaque and stain
accumulation, gingival bleeding, bleeding to
probing ratio and the rate of pockets 4 mm or
deeper. None of the oral hygiene methods was
associated with injury to soft or hard tissues.25
The effectiveness in reducing the inflammation clinical parameters is confirmed by another work.26
A discording result is shown by Barnes et
al. Comparing manual and sonic toothbrushing combined with flossing and a water jet
found that groups with oral irrigation were significantly more effective in reducing bleeding,
groups with oral irrigation had significantly
lower gingival index on the facial surfaces
of teeth, and only the combination of a sonic
toothbrush with the oral irrigator had a significantly lower plaque index.5 In non-orthodontic
patients, oral irrigation can significantly reduce BI and GI, but likely has minimal effect
on PI. This results do not clearly affirm that
Sonic technology must replace standard flossing to increase clinical parameters in non-orthodontic patients.27
All these considerations cannot underestimate the influence of some factors affecting
the orthodontic and periodontal treatment outcomes. Indeed, the analysis of the literature,
demonstrate that plaque control, however fundamental, is not the only variable to achieve a
good periodontal stability. Other factors such
as the kind of malocclusion, the gingival biotype, the severity of periodontal disease and
the bone loss pattern must be considered. Depending on the diagnosed malocclusion, differing orthodontic strategies can be utilized
to achieve optimal results. A careful assessment of the patients’ overall biotype and the
necessary tooth movement vectors for optimal
results is therefore crucial to determine if surgical gingival augmentation is necessary prior

O

times per day. Moreover 96.1% of participants
used the device four or more days per week.19
In a similar study, 86% of participants reported
the mechanical interdental device easier to use
than floss, and 69% reported it easier to use
than an oral irrigator. About 78% reported the
AirFloss® is more gentle on teeth and gums
than string floss; 81% reported that it was easier to use in the back of the mouth compared to
a string floss.20
We should also consider that the Hawthorn’s
effect could affect this considerations about
compliance. Behavioral change during a study
can often be explained by the Hawthorn effect.
Patients who believe they are participating in
a study generally change behavior when requested; patients who do not know to be involved in a study do not generally show a great
a change in behavior.21
A third factor to focus on is that similar results find general agreement in the literature. A
study by Lanese et al. compared conventional
toothbrush alone (control), electric toothbrush
alone, conventional toothbrushing with oral irrigation device, powered toothbrush with oral
irrigation device, as home use oral hygiene
methods in adult fixed orthodontic patients.
The use of oral irrigation with or without a
power toothbrush yielded significant reduction in plaque, gingival inflammation, and
a tendency for reduced BOP.22 Sharma et al.
selected 82 subjects for a randomized, fourweek, single-blind, two-group parallel clinical
study. Subjects were randomly assigned to one
of two groups: Waterpik® Water Flosser plus
manual toothbrushing or Sonicare® AirFloss
plus manual toothbrushing. Oral irrigation
with the specialized orthodontic tip was shown
to have a 3.76-fold the reduction in plaque index as flossing and a 5.83-fold the reduction
in plaque index as the toothbrushing alone.23
A recent meta-analysis confirms that highfrequency, high-amplitude sonic powered
toothbrushes decreased plaque and gingivitis significantly more effectively than manual
toothbrushes in everyday use in studies lasting
up to three months 24.
A fourth factor to investigate in the future
is the possibility to extend this device to non-
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The sample size may be one of the limits
of this study. Other studies available in the literature are performed on bigger samples (from
60 to 148). Moreover, the effectiveness of this
device has been tested on very selected and
strictly controlled young patients over a period
of a month from each visit. A longer followup and a more extended population should be
investigated.
Many factors influence the periodontal stability in orthodontic patients, such as the duration of orthodontic treatment, forces, biotype
and the biology. In conclusion we can state
that the use of a mechanical interdental cleaning device combined with manual toothbrush
improves self-performed plaque control and
gingival health in patients undergoing orthodontic treatment.
Correct oral instructions and the use of a
mechanical interdental device could reduce the
onset of plaque index, periodontal attachment
loss and lesions of the tooth surface. This work
is in line with similar studies in the literature,
and our results are closely related to those of
other authors.
In the future, the possibility to extend this
device to non-orthodontic population and use
it in daily hygiene should be assessed.
A clearer comprehension of the mechanobiology of orthodontic movements will lead the
clinicians to a more enlightened definition of
orthodontic treatment plans, especially where
a multidisciplinary approach is required.
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