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1  |  INTRODUC TION

Prevention and early diagnosis of peri-implant inflammation are 
crucial for long-term success of dental implants. Peri-implant 

mucositis is characterized by reversible inflammation of the peri-
implant mucosa without bone loss. If untreated it can progress into 
peri-implantitis, which represents the main cause for implant failure 
due to bone loss.1,2
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Abstract
Objective: The aim of this preclinical study was to compare the ability of tapered and 
cylindrical bristles to penetrate the peri-implant sulcus.
Methods: A full mandibular dental arch was reproduced in plaster cast. In site #3.6 
a hollow glass cylinder was positioned simulating a 4 mm diameter implant and the 
gingival component was recreated by using dedicated silicone. A Bass brushing tech-
nique was performed from the vestibular side in humid environment. During it, the 
penetration of the bristles between the gum and the implant was recorded by mean 
of an optic fibre fixed inside the cylinder. The protocol included 5 toothbrushes per 
group and 10 tests per toothbrush, for a total of 50 assessments for each of the two 
groups.
A scale of 5 grades for bristle penetration was defined: grade 0 (× < 2 mm), grade 1 
(2 ≤ × < 3 mm), grade 2 (3 ≤ × < 4 mm), grade 3 (4 ≤ × < 5 mm) and grade 4 (5 ≤ × < 8 mm). 
From the video recordings the highest value of penetration was identified for each 
test.
Results: The tapered bristles showed an 8 times greater penetration capacity 
(p = 0.001) in respect to the cylindrical bristles (multilevel analysis). The percentage of 
tests reaching depths ≥3 mm was 86% for tapered group and 28% for the cylindrical 
group.
Conclusion: This preclinical study shows a clear and superior penetration capacity of 
the tapered bristles in respect to traditional cylindrical ones. For tapered bristles, a 
potentially greater hygienic efficacy around dental implants is suggested.
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In the literature there seems to be an agreement about the 
cause-effect relation between biofilm and inflammation, with both 
preclinical and clinical studies confirming that biofilm deposition and 
adhesion onto implant-prosthetic structures is the main factor re-
sponsible for the onset and persistence of the peri-implant inflam-
mation.3,4 It is further worthy to mention that supragingival biofilm 
deposits significantly affect the formation of subgingival biofilm.5–7

Several studies have shown the importance of self-performed 
oral hygiene for the long-term stability of implants,8 underlining that 
the hygienic maintenance of peri-implant tissues is a key point for 
peri-implantitis prevention.9 As a consequence, all strategies aimed 
to reach a thorough plaque control must be considered as preven-
tive/treatment measures to manage peri-implant inflammation.10,11

The main function of a manual or powered toothbrush is to 
break up and remove bacterial plaque,12 making its use as essen-
tial for implant hygiene care as it is for natural dentition. Among the 
toothbrush bristles now available on the market, synthetic tapered 
bristles are longer and thinner than the classical round-ended ones, 
specifically in their terminal portion.

Clinical and preclinical studies have shown that these kinds of 
bristles are more effective in plaque removal around marginal soft 
tissues, from interproximal surfaces and into the occlusal fissures 
than rounded bristles.13–19

Checchi et al. (2007) in a clinical study showed that tapered 
bristles reduce plaque index quicker and are stronger than an ADA 
standard toothbrush with rounded bristles.16 In a subsequent clinical 
study by the same authors, the participants perceived the tapered 
bristles as more comfortable and effective, especially at interproxi-
mal areas than rounded ones.20

Ni et al. (2017) investigating gingival and dental hygienic param-
eters come to support the superior plaque control and gingivitis 
reduction benefits of this specific bristles with respect to rounded 
ones.21

A recent systematic review and meta-analysis of clinical studies 
confirms that toothbrushes with tapered bristles seem to give an 
additional benefit in reducing gingival inflammation when compared 
to cylindrical ones; though concluding that scientific evidence is still 
insufficient to recommend their use.22

Given the greater flexibility of these bristles and the apparent 
ability to penetrate into hidden areas like interproximal spaces, it 
would be interesting to investigate the ability to reach the subgingi-
val spaces. Paraphysiological conditions such as residual periodontal 
pockets, pseudo-pockets or deep peri-implant sulcus all demand for 
specific hygienic care where this new opportunity must be tested.

2  |  AIM

The aim of this in-vitro study was to compare standard round-ended 
bristles with tapered bristles on their ability to penetrate the peri-
implant sulcus during brushing.

The null hypothesis affirms that no difference in the level of pen-
etration exists between the two types of bristles.

3  |  MATERIAL S AND METHODS

This preclinical study was performed on a full arch mandibular plas-
ter cast to simulate natural anatomy. The cast was properly treated 
to make it waterproof. The element #3.6 was defined as the area of 
testing and prepared to simulate a peri-implant rehabilitation. Using 
burs, the cast was carefully carved, and a bucco-lingual tunnel was 
made respecting the gingival margin as the coronal limit and the #3.6 
contact points as the mesio-distal limits. The vestibular aspect of soft 
tissues corresponding to the part removed were faithfully reproduced 
in silicone. The lingual part of the #3.6 crown was removed and then 
placed a 4 mm-wide hollow glass cylinder simulating the implant neck. 
The glass cylinder was wrapped in a 0.2 mm plastic film before plac-
ing the artificial gingiva. This film was then removed acting as a space 
maintainer to recreate the peri-implant sulcus. Through a lingual per-
foration of the cylinder, an endoscopic fibre (DV2 Perioscopy System) 
was inserted to visualize the submarginal area from 2 mm up to 8 mm 
apically. A groove on the occlusal surface of #4.7 and a silicone stent 
in the lingual area stabilized the fibre (Figure 1).

The cast was then fixed on a weight scale to control the pressure 
during the toothbrush movements. The two manual toothbrushes 
examined in this study were one with soft-tapered bristles (Meri-
dol®, GABA International AG) and the other with standard round-
ended bristles (American Dental Association) (Figure  2). The two 
models had the same length and width of the head with all bristles 
perpendicular inserted. Every toothbrush was stored at least for 48 h 
at 20°C before the test.

In this assay, the Bass brushing motion,23 consistently performed 
by the same operator (L.B.), was used for 60 s in a wet environment ob-
tained using water spray over the model right before the test. The inter-
val of weight-pressure exerted was between 300 g and 400 g, reaching 
an ideal weight-pressure of 350 g with a stroke length of 5 mm. To con-
trol the stroke length, two straight lines were drawn on the vestibulo-
occlusal side of plaster cast. Referring to the same midpoint the length 
of the toothbrush head was marked with dotted lines (Figure 3).

F I G U R E  1  Occlusal view of the plaster cast. It is possible to see 
the vestibular silicon gingiva, the 4 mm glass cylinder simulating the 
dental implant and the herein stabilized endoscopic fibre.
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On the registration clip, the circular endoscopic view was divided 
into 4 areas by means of parallel horizontal lines corresponding to the 
periodontal probe marks (periodontal probe PCP15, HuFriedy). The 
most apical line identifies also the half of the circular area (Figure 4).

To classify the bristles penetration degree a scale of 5 grades 
was created as follows:

1.	 Grade 0: bristles are not visible in the endoscope, and pen-
etration depth is below 2 mm (× < 2 mm).

2.	 Grade 1: bristles are barely visible, and penetration depth is be-
tween 2 and 3 mm (2 ≤ × < 3 mm).

3.	 Grade 2: bristles are clearly visible, and penetration depth is be-
tween 3 and 4 mm (3 ≤ × < 4 mm).

4.	 Grade 3: bristles are clearly visible but do not reach the half 
of the circular view, penetration depth is between 4 and 5 mm 
(4 ≤ × < 5 mm).

5.	 Grade 4: bristles are clearly visible and reach or pass over the half 
of the circular view, and penetration depth is between 5 mm and 
8 mm (5 ≤ × < 8 mm).

The grade assigned during data collection was the highest one 
reached during the 1-min endoscopic recording.

3.1  |  Sample size

At an α level of 0.05 for a one-sided test and a power of 80%, with a 
superiority margin of 40%, based on clinician's opinion, a total sam-
ple of 10 toothbrushes was needed; the experimental setting con-
sisted of 5 brushes with tapered bristles and 5 with rounded bristles 
with 10 evaluations for each toothbrush.

3.2  |  Statistical analysis

Intra-observer variation was evaluated by means of K-statistics.
Frequency distributions were used to describe the results.
A mixed effect model was applied considering as primary outcome 

the level of bristle penetration of the ten toothbrushes (five with tapered 
and five with rounded bristles) in the experimental setting (ten not inde-
pendent events for each type of bristles) and as a fixed effect the type 
of bristles. Being that the outcome is an ordered categorical variable, a 
multinomial link function was used in the multilevel analysis. The level of 
significance α was a priori set at 0.05 for a one-sided test.

F I G U R E  2  Toothbrush models used for the study. From left to 
right flat ADA standard end-rounded bristles and Meridol® tapered 
bristles.

F I G U R E  3  Experimental set. It is possible to distinguish dotted 
and straight lines: the first ones identify the toothbrush head 
length, the second ones are the brushing limits.

F I G U R E  4  Endoscopic view and specific lines defining four 
areas of possible bristles penetration. The vertical line identifies 
the corono-apical axe, it is possible to see the periodontal probe in 
between.
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4  |  RESULTS

Excellent agreement was obtained between the measurements 
performed by the observatory (K-statistics = 1). The percentage of 
global agreement between observed and expected level of penetra-
tion according to multilevel analysis was 60%; the agreement per-
centage of the estimated model with the observed values was 82% 
for level 1, 69% for level 2 and 92% for level 3.

The comparison of level of penetration (Table  1) denotes that 
with tapered bristles the level of penetration ≥3 mm is observed in 
86% of the results, with rounded bristles the percentage decreases 
to 28%.

Considering the average value of each degree multiplied by its 
frequency, the average penetration value is 2.03 mm for rounded 
bristles and 3.72 mm for tapered bristles. Based on the observed 
data the tapered bristles have a mean penetration capacity of 
1.07 mm greater.

Tapered bristles proved to be 8.37 times more effective than 
round-ended bristles (p = 0.001, 95% CI 3.550–19.749).

The data shown in Table 2 reported also the cumulative proba-
bility of each threshold in comparison with Grade 4 (intercept of the 
multilevel analysis).

In the absence of any device, the lowest intercept level is 0.198. 
Based on the statistical model, as the penetration level is 8.373 
times greater, the level of penetration of tapered bristles is 1.6 mm 
higher than rounded bristles.

5  |  DISCUSSION

Implant-prosthetic reconstructions can present anatomical con-
ditions that may render an effective daily oral hygiene difficult to 
perform. The presence of physiologically deep peri-implant sulcus, 
particular implant long axis angulations and prosthetic crowns with 
large diameters are some of the conditions that can make it hard to 
control bacterial biofilm accumulation.

In this laboratory assay, the penetration capacity of tapered 
bristles was tested in an in vitro model and they were found to be 
superior in peri-implant subgingival access compared to standard 
round-ended bristles. These results can be considered in line with 
those from in vitro studies that analysed the penetration capacity of 
toothbrush bristles in periodontal sulcus.13,15,19

We can presume that changes in design can yield improved perfor-
mance characteristics: a longer and thinner bristle may have resulted 
in higher flexibility, allowing a deeper penetration into the artificial 
peri-implant sulcus. In addition, differently from Yankell et al. (2003) 
study,13 the Bass brushing technique was used in this study: this 
movement is oriented towards the marginal and subgingival cleaning 
so it is more specific than the horizontal scrub. A previous in vitro 
study using the horizontal brushing stroke showed that tapered bris-
tles were also more effective in removing an experimental gold coat-
ing from interproximal surfaces than the conventional toothbrush.17

This preclinical study wanted to emulate real intra-oral condi-
tions during toothbrushing. However, the mouth is a complex micro-
environment whose conditions are difficult to recreate in a laboratory 
setting. For example, even the consistency of saliva could modify the 
bristle characteristics: a smoother saliva may wet the bristles early, 
while a more viscous one may interfere with the brushing motion. 
Intraoral temperatures could also modify the mechanical properties 
of the toothbrush: the heat inside the mouth is generally higher than 
the room temperature at which the toothbrush is stored and this may 
increase the bending capacity of the bristles. The possible effect of 
these conditions in the clinical outcomes could not be evaluated.

The plaster model was replicated from a natural dentition in 
order to mimic real conditions as much as possible: it allowed to use 
real crown shapes and to reproduce the direction assumed by bris-
tles during the brushing motion. In fact, the crown shape at the sites 
where the brushing motion happens, as well as the toothbrushing 
technique, may condition the direction of the bristles regarding the 
peri-implant sulcus. Unlike previous studies where the horizontal 
technique was used,13 in the case of our study, the Bass motion was 
selected for its better ability to cleanse below the gumline.

As described by its author, the Bass technique requires that “the 
ends of the filaments should be applied to the area to be cleaned 
with firm pressure and the brush moved back and forth with short 
strokes”.23 There is no clear evidence of how much pressure is cor-
rect to exercise with the toothbrush. The pressure chosen in this 
study is quite similar with that clinically detected in a normal, non-
supervised, brushing regime,24,25 and it does not seem to damage 
hard and soft tissues when performed with a correct brushing 
technique.26–28

TA B L E  1  Level of penetration of the two types of bristles.

Level of penetration Tapered bristles Rounded bristles

Grade 0 (× < 2 mm) — 5 10%

Grade 1 (2 ≤ × < 3 mm) 7 14% 31 62%

Grade 2 (3 ≤ × < 4 mm) 29 58% 13 26%

Grade 3 (4 ≤ × < 5 mm) 12 24% 1 2%

Grade 4 (5 ≤ × < 8 mm) 2 4% —

TA B L E  2  Comparison between tapered and round-ended 
bristles: results of multilevel analysis.

Terms of 
model

Odds 
ratio p-value

95% confidence 
interval

Level of 
penetration

Intercept

0 0.198 0.001 0.096 0.407

1 2.079 0.015 1.158 3.732

2 20.172 0.001 8.652 47.046

3 76.083 0.001 25.122 230.426

4a

Type of bristles Tapered 8.373 0.001 3.550 19.749

vs

Round-endeda

aReference category.
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Implant-prosthetic reconstructions and peri-implant tissues 
share some common clinical features with the periodontum around 
natural teeth. However, there are structural and anatomical differ-
ences that may underlie the different biological behaviours observed 
between the two scenarios. One in particular is represented by the 
mucous tunnel depth. In fact, the new peri-implant classification 
underlines how an implant with probing depth up to 5 mm can be 
considered physiological and healthy.29 Vice versa, this represents 
a mostly pathological condition in the presence of a natural teeth.

To date, the devices for implant hygiene are mostly mutualized 
from generical dental hygiene not taking in account the peculiarity 
of the anatomy implant derived, in particular the depth of sulcus.

Supra- and subgingival bacterial biofilm is composed by com-
municating colonies so every single millimetre of extra penetration 
during brushing is important for breaking down the dental plaque 
at a deeper level.7 It is also true that by eliminating the more su-
perficial plaque, the deeper and more dangerous subgingival plaque 
may be affected.5–7 In any case, daily plaque disruption may hinder 
the growth of pathogenic microorganisms. In addition to the effect 
on the peri-implant plaque, tapered bristles may have other clini-
cal benefits, as reported by some authors who have detected the 
toothbrush ability to reduce gingivitis through mechanical intermit-
tent brushing stress30,31; the higher penetration capacity of tapered 
bristles may provide these benefits also in the peri-implant tissues.

The hygienic capacity at these depths is uncertain as stated 
above and it is therefore important to understand which home oral 
hygiene tools may be more suitable for implant conditions without 
neglecting their safety. Dental floss, for example, is generally con-
sidered safe in the periodontal area but should be used with care 
on implants. It has been shown how it could tear in correspondence 
with certain implant-prosthetic conditions, leaving potentially dan-
gerous residues.32–34

In a study by Montevecchi et al., patients felt that toothbrushes 
with tapered bristles were more comfortable and some retained 
they were more effective in food removal at interproximal areas in 
comparison to round-ended ones.20 These perceived benefits lead 
to assume that tapered bristles could improve patient compliance in-
creasing the time and commitment employed during toothbrushing, 
leading to improved peri-implant tissue health.

It would be interesting to investigate in future studies the 
reason why the same bristle design had different penetration 
values into the sulcus. Checchi et al. (2001) found differences in 
the number and disposition of filaments among different tooth-
brush brands and even within the same brand,35 this could change 
the penetration capacity of the bristles. Comparative analysis on 
various commercial toothbrushes with different number of tufts, 
disposition, length and thickness of tapered bristles is strongly 
suggested. The interpretation of these results must take into ac-
count the peculiarity of the study model specifically focused on 
the implant sulcus. The prosthetic connection, the implant surface 
as well as other aspects closely related to an implant-supported 
tooth are not reproduced in this model. We only took into con-
sideration the highest penetration value perceived during the 60 s 

trial. However, this value could also have been affected by the dif-
ferent weight pressures exercised during brushing, even if within a 
controlled selected range.

6  |  CONCLUSIONS

Tapered bristles are able to penetrate deeper into a simulated peri-
implant sulcus than the standard round-ended ones. It can be hy-
pothesized that toothbrushes with tapered bristles could be more 
effective in preventing plaque related peri-implant diseases. Future 
studies are strongly recommended.

7  |  CLINIC AL RELE VANCE

Scientific rationale for study: implant rehabilitation implies new 
anatomy that need to be properly maintained. It is still not known 
whether the design of the toothbrush bristles can influence the pen-
etration below the mucous margin.

Principal findings: in an in-vitro implant setting under endoscopic 
evaluation, tapered bristles have shown a clearly greater penetration 
capacity than cylindrical ones.

Practical implication: dental implants may present deep mucous 
tunnels and a toothbrush with tapered bristles seems to be the most 
appropriate for its hygienic maintenance.
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