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Abstract

Objective
The objective of this study was to evaluate the effect of different levels of filament 
end-rounding on gingival abrasions (GAs).

Methods
The study was a crossover, split-mouth, contralateral, double-blinded, randomized 
design using professional brushing. Three manual toothbrushes, with 0%, 40–50% and 
>90% end-rounded filaments, were investigated. Participants refrained from all oral 
hygiene procedures for 48 h prior to each of the three visits. Prior to brushing, oral 
soft tissue (OST) and GAs were assessed. Based on the randomization, during every 
visit contra-lateral quadrants were brushed with one of the three test brushes. After 
brushing, GAs were re-assessed. The means of the GAs pre-brushing and post-brushing 
and differences per brush were calculated. Subanalyses were performed based on the 
size of the abrasion and its location.

Results
A total of 46 generally healthy participants without periodontitis completed the study 
and provided a full data set. All brushes had statistically significant increases of abrasions 
following their use (P < 0.001). Non-end-rounded brushes provided significantly more 
GAs than did the 40–50% and the >90% brushes (P ≥ 0.001). A subanalysis showed 
that significantly more small-sized (P ≥ 0.002) abrasions located at the gingival margin 
(P < 0.001) occurred when a non-end-rounded brush was used. No significant differ-
ences were found between the 40–50% and >90% end-rounded brushes in any of the 
analyses. OST deviations were not observed.

Conclusions
Based on the results of this experiment involving professional brushing, it can be 
concluded that 40–50% or greater end-rounded filaments can provide a significant 
reduction in gingival abrasions compared to non-end-rounded filaments.
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Introduction

Oral health is an integral part of general health, and a toothbrush is the most com-
mon device used for the mechanical removal of dental plaque. When used efficiently, 
tooth brushing can prevent dental caries and periodontal diseases and improve the 
oral health of individuals1- 3. However, the simple act of cleaning one’s teeth may cause 
trauma to soft and hard oral tissues.
As early as 1948, it was reported that gingival abrasions (GAs) were related to sharp 
filament tips4. The definition of a GA is a reversible, localized, epithelial lesion. These can 
be superficial lesions of the keratinized epithelial layer, puncture wounds or mechanical 
erosion of the epithelium, which may extend into the submucosa and expose the con-
nective tissue5. Terms such as soft tissue or gingival abrasion, damage, injury, laceration, 
lesion, recession and ulceration are used interchangeably. The depth of epithelial lesions 
caused by tooth brushing is influenced by the quality of the filament end-rounding6. 
While a direct correlation between gingival abrasion and gingival recession has not 
been established, Breitenmoser et al. (1979)7 have demonstrated that the incidence of 
gingival recession increases by 30% with the use of sharp, non-rounded bristle ends. 
Studies by Klima and Rossiwall (1976)8 and Silverstone and Featherstone (1988)9 also 
showed that rounded ends are superior, as they produce fewer gingival lesions when 
compared to non-rounded bristles. End rounding removes the roughness caused by 
bristle trimming during the manufacturing process. An additional factor implicated in 
gingival abrasion is bristle stiffness. Soft nylon filaments with rounded ends are less 
traumatic to the tissue than medium or hard bristles, and they can be directed into 
the gingival sulcus, minimizing pain, lacerations or gingival or cervical abrasions. The 
risk of tissue damage is reported to be two times higher with medium–hard than with 
soft toothbrushes10. The advantages are obvious in that the lack of associated trauma 
enables patients to direct the filaments into the areas of greatest concern11. Most of the 
studies investigating the end-rounding patterns of bristles have unanimously agreed 
that it is highly desirable for toothbrushes to have end-rounded bristles7, 12–15.
The American Dental Association (ADA) recommends that the toothbrush bristle ends 
be ‘free of sharp or jagged edges and endpoints’ to minimize gingival and dental abra-
sions16. The degree of filament end-rounding found in commercially available manual 
toothbrushes shows great variation in bristle-end morphology, ranging from rounded 
to sharp edged8, 17, 18. The percentage of acceptable bristle ends varies considerably 
among different brands19–21, with a range of acceptable filaments observed between 22 
and 88%18. Although there is evidence of the importance of end-rounded toothbrushes, 
a large percentage of toothbrushes on the retail market do not meet acceptable quality 
criteria22. As new brushes are developed, it is important to evaluate their safety, which 
is of concern to both consumers and dental care professionals. The characteristics of 
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safe and effective toothbrushes are the prime functional properties of the bristles23. 
Although information on the stiffness of the bristles is generally provided by manu-
facturers, many products still do not contain information on their bristle end-rounding 
properties. Each toothbrush may have a different level of filament end-rounding. The 
effect of various levels of filament end-rounding of manual toothbrushes on GAs has 
not been investigated before24, although the percentage of filament end-rounding was 
not measured. The primary objective of this study was therefore to assess the effect of 
different levels of filament end-rounding on GAs. In addition, the size of the abrasions 
and their location were evaluated.

Materials and methods

This study is reported following the Consolidated Standards of Reporting Trials25 and the 
Template for Intervention Description and Replication (TIDieR) checklist26. CONSORT 
Group. The CONSORT statement 2010. Available at: http://www.consort-statement.org/ 
(accessed 15 February 2016).

Ethical aspects
The study was conducted in accordance with ethical principles that have their origin in 
the Declaration of Helsinki and approximate Good Clinical Practice guidelines. Medical 
ethics approval was obtained prior to the start of the study (MEC NL40530.018.12). The 
study was registered with the Dutch Trial Register (NTR 3451). The clinical study was 
conducted following Good Clinical Practice (GCP) as laid out in the International Con-
ference on Harmonization (ICH). The study took place at the Department of Periodon-
tology of the Academic Centre for Dentistry Amsterdam (ACTA), the Netherlands, in 
June 2012. Participation in this study was voluntary. Participants were informed about 
the study in a recruitment letter sent by e-mail. After the participants were selected, 
the purpose, procedures and duration of the study were explained. Subsequently, 
participants had time to consider whether they wished to be involved and undergo 
screening. Participants who were eligible and willing to participate in this study signed 
an informed consent form. Participants could leave the study at any time for any reason 
without any consequences. To compensate for the inconvenience of participating in 
this study, participants received financial compensation only on completion of the en-
tire protocol at the end of the study. During the course of the trial, the clinical site was 
monitored by an external study monitor provided by the sponsor to ensure compliance 
with the protocol, regulations and guidelines; adequacy of the equipment and facilities; 
and satisfactory data collection.

http://www.consort-statement.org/
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Design
This was a three-treatment, crossover, contra-lateral, split-mouth, double-blind, 
randomized study with professional brushing. A double randomization (DES) was per-
formed a priori for the three different test products and professional brushing in two 
contra-lateral quadrants (1st and 3rd quadrants OR 2nd and 4th quadrants). The ran-
domization resulted in 12 sequences (block size = 4 9 12 and allocation ratio = 1:1) (for 
details see; appendix S1), in which every product was tested at two visits (out of three), 
once in the 1st and 3rd quadrants and once in the 2nd and 4th quadrants. Participants 
were randomized to one of the 12 sequences. Randomization was performed using 
true random numbers, which were generated by sampling and processing a source of 
entropy outside the computer. The source was atmospheric noise, which was sampled 
and fed into a computer, avoiding any buffering mechanisms in the operating system 
(www.random.org). Every participant received a unique identification number. No fur-
ther stratification was applied. The randomization code was kept in a sealed envelope 
in the investigator site file and was not accessible to the examiner. The clinical research 
coordinator (NLHH) was responsible for allocation concealment. The examiner and 
the participant were blind to the treatment randomization, and the records of earlier 
examinations were not available at each re-examination. All brushing took place in an 
area separated from the examination area so that the examiner was not aware of the 
test products and location used by the hygienist.

Participants
Non-dental students were recruited and screened based on the following eligibility cri-
teria: ≥18 years of age, in good general physical and oral health, minimum of 5 evaluable 
teeth per quadrant excluding teeth with porcelain crowns, no carious lesions requiring 
immediate treatment, no orthodontic appliances or removable partial dentures, and no 
periodontitis or active treatment for periodontal disease (by investigator description, 
anyone presenting a probing depth ≥ 5 mm with bleeding on probing and attachment 
loss ≥ 2 mm). Participants were considered systemically healthy through assessment 
with a medical questionnaire. Use of any antibiotics with in the 2 weeks prior to study 
initiation, anticipation of taking any antibiotics during the course of the study, and 
self-reported pregnancy or nursing were prohibited. Participants received SMS (Short 
Message Service) reminders before screening and 48 h before each appointment to 
stop all oral hygiene procedures.

Sample size
Sample size calculations, with an alpha of 0.01, a difference of 15.1 in the GA increase, 
and 80% power, based on a SD of 12.78 as derived from a previous study27, supported 
a sample size of 42 participants. Taking possible dropouts into account because of the 

http://www.random.org/
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duration and number of visits during the trial, it was decided to increase enrolment by 
10% and include 46 participants in the study.

Investigational products
The home-use products were distributed in labelled kit boxes for a duration of approxi-
mately four weeks by the clinical research coordinator (and dental hygienist) (NLHH) 
at the screening visit. The kit boxes contained a manual toothbrush and two tubes of 
Blend-a-med Classic 75 ml dentifrice (NaF containing 1450 ppm F) (http://www.oralb-
blendamed.de/de-de/produkte/blend-a-med-classic-original-zahnpasta). The soft 
manual toothbrush was an Oral-B® Indicator 40 (>90% end-rounded filaments) (http://
www.oralb.com/products/indicator-toothbrush/) and is accepted by the American 
Dental Association (ADA). The home-use dentifrices were weighed before distribution 
at the screening and after collection at visit 3. Participants were instructed to use these 
home-use study products twice daily (morning and evening) in their customary man-
ner for the duration of the study.
The test products used for the professional brushing exercise were Oral-B Indicator 40 
Soft manual toothbrushes with 0% end-rounded filaments (prototype), 40–50% end-
rounded filaments (prototype) and >90% end-rounded filaments (commercially avail-
able). The percentages refer to degrees of end-rounding, which is a gradual process 
that ranges from blunt cut filaments with no end-rounding (0%) to those that have a 
perfect, dome-shaped tip (100%). Figure 1 a–c shows scanning electron microscopy 
(SEM) images of the test products.

Study Procedures

Screening
At the screening, the eligibility (inclusion/exclusion) criteria were reviewed. A com-
prehensive oral soft tissue examination (OST) was conducted to evaluate the oral and 
perioral regions, including hard and soft tissues. Assessment of the oral soft tissue 
was conducted via a visual examination of the oral cavity and perioral area utilizing a 
standard dental light, dental mirror and gauze. The structures examined included the 
gingiva (free and attached), hard and soft palates, oropharynx/uvula, buccal mucosa, 
tongue, floor of the mouth, labial mucosa, mucobuccal/mucolabial folds, lips and peri-
oral area.

http://www.oralb/
http://blendamed.de/de-de/produkte/blend-a-med-classic-original-zahnpasta
http://www.oralb.com/products/indicator-toothbrush/


End rounded fi laments

27

2

A. 0% end-rounded fi laments.

b. 40–50% end-rounded fi laments.

C. >90% end-rounded fi laments.
FIGuRe 1. Scanning electron microscopy (SeM) images (200 lm) derived from and provided by 
Procter & Gamble (Kronberg, Germany).
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Visit 1
Participants visited the clinic after refraining from all oral hygiene procedures for ap-
proximately 48 h prior to visit 1. Pre-brushing OST was performed as described pre-
viously. The pre-brushing GAs7, 28, 29 were assessed after the gingiva was stained with 
Mira-2-Ton disclosing solution (Mira-2-Ton, Hager & Werken GmbH & Co. KG., Duisburg, 
Germany) for better visualization of the areas where the surface of the oral epithelium 
had been abraded7. The staining procedure was performed as follows: the gingiva was 
dried with an air blast and stained. Undiluted dye was applied by the examiner (EVDS) 
with a fully saturated cotton swab starting from the lingual surfaces of the lower jaw, 
followed by the buccal surfaces of the lower jaw and the palatal and buccal surfaces 
of the upper jaw (up to 1.5 cm from the gum line). After staining, participants were 
instructed to rinse their mouths with water (one sip only) and expectorate carefully.
Prior to the GA assessment, the gingiva was dried with an air blast. Abrasions were 
recorded in each buccal and lingual quadrant of the incisor and canine, premolar and 
molar regions. Marginal (cervical-free gingiva), interdental (papillary-free gingiva) and 
midgingival (attached gingiva) aspects of the gingiva were assessed for small (Ø ≤ 2.5 
mm), medium (Ø > 2.5 mm, but ≤ 5 mm) and large (Ø > 5 mm) GAs (for the standard 
operational procedure of scoring Gingival abrasions, see: appendix S2). A lesion in 
the interdental area between two teeth was assigned to the closest tooth area. The 
midgingival area comprised the gingival tissues up to the muco-gingival junction28. In 
the upper jaw, this area comprised the whole palate5. A PQ-William’s periodontal probe 
(Hu-Friedy Mfg. Co., Inc., Chicago, IL, USA), placed across the long axis of the lesions, was 
used to measure the size of the abrasions. The greatest diameter of the abrasion lesion 
determined the size30. Loosely attached discolorations were excluded from evaluation. 
When plaque or abrasions at the gingival margin were difficult to assess, the examiner 
carefully tried to remove the staining. Staining that could not be removed was assessed 
as an abrasion. The number and site location of the GAs were recorded on the case 
record form, with the exclusion of the third molars and central incisors. The rationale 
for not including the central incisors was to avoid results from overlapping brushing of 
adjacent quadrants5.
A trained dental hygienist (SCS) brushed the 1st and 3rd quadrants with the assigned 
toothbrush according to the randomization sequence. Brushing was performed using 
the modified Bass method31. No dentifrice was used. A timer was used to assess the du-
ration of a one-minute brushing procedure per toothbrush and a 15-second procedure 
per buccal/lingual aspect of one quadrant. This process was repeated for the 2nd and 
4th quadrants with the alternate toothbrush. Following brushing, OST was re-assessed 
and the gums and the teeth were restained for post-brushing GAs. Throughout the 
study, all examinations were performed by the same examiner (EVDS) under the same 
conditions.
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Visits 2 and 3
Participants visited the clinic for visits 2 and 3. To minimize carry-over effects, the mini-
mum time between visits was approximately 7 days. Visits 2 and 3 comprised the same 
procedures as visit 1 and described previously: pre-brushing measurements, profes-
sional brushing exercise and post-brushing measurements.

Data analysis
The statistical analysis was performed by a researcher who was blinded to the random-
ization (JG). The adjusted mean with standard errors (SE) for the overall abrasions in all 
regions and incremental differences of all pre- and post-brushing GAs were calculated 
for brushes with 0%, 40–50% and >90% end-rounded filaments. As a subanalysis, the 
subsequent adjusted mean and SE regarding the number of lesions of small, medium 
and large sizes were calculated separately for the different levels of filament end-round-
ing. Similarly, means were calculated related to the region. The primary analysis was a 
comparison of the different levels of filament end-rounding pre- and post-brushing 
and of the change in incidence of GAs (pre-brushing minus post-brushing). An F-test 
was used for testing the overall brush effect. The ANOVA model for the pre-brushing 
number of abrasions included brush, period and region as fixed effects. The ANCOVA 
model for the post-brushing number of abrasions and for the change in the number 
of abrasions included pre-brushing number of abrasions, brush, period and region as 
fixed effects, while subject and subject by period were as modelled as random effects. 
A two-sided P-value from the ANCOVA t-test was used for testing the change in the 
number of abrasions relative to zero and for brushes based on the adjusted mean 
change in the number of abrasions. Analyses were performed by ‘intention to treat’, 
and P-values <0.05 were accepted as significant.

Results

Participants
In total, 56 participants were screened and six participants were excluded. Thus, 50 
participants were enrolled in the study, and of those, four dropped out before visit one. 
In total, 46 participants, 14 males (30%) and 32 females (70%) with a mean age of 22.5 
(SD 2.51) years, and a range of 18–31 years, completed the study and were included in 
the analyses (Figure 2). Based on the pre- and post-brushing OST, no deviations were 
observed.
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FIGuRe 2. Flow chart depicting subject enrolment and measurements.
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Data analysis
With regard to overall GAs, the 0% end-rounded brush showed an increase of 10.38, 
while the 40–50% brush had an adjusted mean increase of 8.56 abrasions and the >90% 
brush had an increase of 8.80 abrasions. The difference between the pre- and post-
brushing adjusted mean scores differed significantly (P < 0.001) for the 0%, 40–50% and 
>90% end-rounded brushes. The average pre-brushing scores were comparable (P = 
0.713) for the three brushes. All brushes showed a significant (P = 0.002) increase in the 
total numbers of abrasions post-brushing. The 0% brush differed significantly from the 
40–50% brush (P = 0.001) and the >90% brush (P = 0.005) regarding abrasion increase 
(pre- to post-brushing). There was no statistically significant difference between the 
40–50% and the >90% brushes (P = 0.671) (Table 1). Subanalyses relevant to the size 
of the GAs showed a statistically significant increase from pre-brushing for small- and 
medium-sized abrasions for all brushes. For small-sized abrasions, the 0% brush had a 
significantly higher increase in abrasions compared to the 40–50% brush (P = 0.002) 
and the >90% brush (P = 0.008) (Table 2). Table 3 shows small-sized GAs in the marginal, 
interdental and mid-gingival areas. Analysing the data relative to the regions’ marginal 
abrasions showed a significant difference between the 0% brush compared to both 
the 40–50% brush (P=<0.001) and the >90% brush (P=<0.001). All participants who 
completed the study showed signs of compliance. The average weight of the dentifrice 
used was 33 (SD 16) grams in the period from the initial screening to visit 3 (n = 46). 
There was one participant reporting a mild, non-serious adverse event, which was 
probably related to study procedures/products that mentioned tooth hypersensitivity.

TAble 1. Mean (Se) of overall sites with gingival abrasions (marginal, interdental, and mid-gingival 
areas).

brush with %
end-rounding N=46

Pre-brushing
Adj. Mean (Se)

Post-brushing
Adj. Mean (Se)

Difference
Adj. Mean 
(p-value**)

brush difference (p-value***)

40-50% >90%

0% 12.31 (0.66) 22.44 (0.50) 10.38 (<0.001) 1.82 (0.001) 1.59 (0.005)

40-50% 11.87 (0.66) 20.62 (0.50) 8.56 (<0.001) -0.24 (0.671)

>90% 12.01 (0.66) 20.86 (0.50) 8.80 (<0.001)

Overall test p-value* 0.713 0.002 0.002

* One-sided p-value, F-test, for testing overall brush effect. The ANOVA model for the pre-brushing number 
of abrasions included brush, period and region as fixed effects while subject and subject by period were 
modeled as random effects. The ANCOVA model for the post-brushing number of abrasions and for the 
change in the number of abrasions included pre-brushing number of abrasions, brush, period and region 
as fixed effects, while subject and subject by period were modelled as random effects.
** Two-sided p-value from ANCOVA t-test for testing the change in the number of abrasions relative to zero.
*** Two-sided p-value from ANCOVA t-test for testing brushes based on the adjusted mean change in the 
number of abrasions.
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TAble 2. Subanalysis: Mean (Se) of small-, medium- and large-sized gingival abrasions in marginal, 
interdental, and mid-gingival areas.

Size abrasions
N=46

brush with %
end-rounding

Pre-brushing
Adj. Mean (Se)

Post-brushing
Adj. Mean (Se)

Difference
Adj. Mean 
(p-value**)

brush difference (p-value***)

40-50% >90%

0% 11.44 (0.61) 21.32 (0.50) 10.07 (<0.001) 1.78 (0.002) 1.52 (0.008)

Small 40-50% 11.04 (0.61) 19.54 (0.50) 8.29 (<0.001) -0.26 (0.637)

>90% 11.25 (0.61) 19.80 (0.50) 8.56 (<0.001)

Overall test p-value* 0.630 0.003 0.003

0% 0.53 (0.10) 0.87 (0.08) 0.32 (<0.001) 0.09 (0.389) 0.10 (0.333)

Medium 40-50% 0.58 (0.10) 0.78 (0.08) 0.23 (0.004) 0.01 (0.916)

>90% 0.56 (0.10) 0.77 (0.08) 0.22 (0.006)

Overall test p-value* 0.896 0.569 0.569

0% 0.31 (0.07) 0.26 (0.03) 0.00 (0.998) -0.02 (0.540) -0.03 (0.423)

Large 40-50% 0.27 (0.07) 0.29 (0.03) 0.02 (0.398) -0.01 (0.849)

>90% 0.21 (0.07) 0.30 (0.03) 0.03 (0.268)

Overall test p-value* 0.464 0.704 0.704

See footnote table 1 for the explanation of the symbols.

TAble 3. Subanalysis: Mean (Se) of small-sized gingival abrasions in marginal, interdental, and mid-
gingival areas.

Region
Abrasions
N=26

brush with %
end-rounding

Pre-brushing
Adj. Mean (Se)

Post-brushing
Adj. Mean (Se)

Difference
Adj. Mean 
(p-value**)

brush difference (p-value*)

40-50% >90%

0% 4.04 (0.29) 11.00 (0.35) 6.85 (<0.001) 1.96 (<0.001) 1.97 (<0.001)

Marginal 40-50% 4.33 (0.29) 9.04 (0.35) 4.89 (<0.001) 0.01 (0.979)

>90% 4.10 (0.29) 9.03 (0.35) 4.88 (<0.001)

Overall test p-value* 0.618 <0.001 <0.001

0% 7.30 (0.50) 9.40 (0.28) 2.50 (<0.001) -0.21 (0.551) -0.47 (0.173)

Mid-gingival 40-50% 6.44 (0.50) 9.60 (0.28) 2.71 (<0.001) -0.27 (0.444)

>90% 6.95 (0.50) 9.87 (0.28) 2.97 (<0.001)

Overall test p-value* 0.169 0.392 0.392

0% 0.11 (0.05) 0.89 (0.10) 0.70 (<0.001) 0.02 (0.861) -0.07 (0.589)

Interdental 40-50% 0.23 (0.05) 0.86 (0.10) 0.68 (<0.001) -0.09 (0.472)

>90% 0.23 (0.05) 0.96 (0.10) 0.77 (<0.001)

Overall test p-value* 0.115 0.755 0.755

See footnote table 1 for the explanation of the symbols.
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Discussion

Toothbrushing is effective in reducing levels of dental plaque and, generally, can be 
considered safe for the teeth and their surrounding tissues32. The efficacy of manual 
toothbrushes in plaque removal following a brushing exercise is indicated by a reduc-
tion in the baseline plaque score of 42% on average, with a range of 30–53% dependent 
on the plaque index used. The available evidence indicates that the bristle tuft arrange-
ment (flat trim, multilevel, angled) and brushing duration are factors that contribute to 
the variation in observed efficacy33. In the literature, several factors related to gingival 
abrasions (GAs) have been suggested, such as abusive toothbrush use34, 35, manual or 
electric tooth brushing36, 37, toothbrush grip38, brush head shape36, stiffness of bristles39, 
end-rounding of the toothbrush bristles7, daily toothbrush frequency40, 41, bristle mate-
rial, hardness and tip morphology42, 43.
Filaments must have a degree of stiffness for sufficient abrasion to dislodge plaque de-
posits. This stiffness has to be balanced against potential detrimental effects to dental 
hard and soft tissues2. Designing a short-term clinical study to assess the incidence of 
GAs caused by tooth brushing is complicated because many factors, such as brush-
ing technique, force, time, brushing skills of the participants and compliance with the 
study’s brushing instructions, influence the results. Therefore, a professional brushing 
model was employed and procedures were standardized to minimize the effect of 
differential variables as interfering factors. This design has been used previously by 
other investigators in the evaluation of different brushing techniques, brushing force 
and manual/electric toothbrushes44–4). The mean increase of GAs in this study, where 
participants’ teeth were brushed by a professional, was lower than that observed by 
Rosema et al. (2014)27 where the panellists brushed their own teeth with their own 
toothbrushes, although scoring was performed by the same examiner. Versteeg et al. 
(2005)5 showed that there was no difference in GAs between participants who brushed 
their own teeth (with their own sensory perception feedback) and those whose teeth 
were brushed by a professional brusher. The most probable explanation for the effect 
size difference between the present study and Rosema et al.27 may therefore be differ-
ences in toothbrush brands and brushing technique (e.g. self-brushing versus profes-
sional brushing).
In the present study, following a single brushing exercise, the 0% end-rounded soft 
toothbrush caused significantly more GAs compared to the 40–50% and the >90% 
end-rounded brushes. One to two more gingival abrasions were observed on average 
when brushing with a 0% end-rounded toothbrush as compared to those with 40–50% 
or greater end-rounding. Post-brushing small abrasions were more prevalent than me-
dium- and large- sized abrasions. The increase of GAs differed predominantly between 
the three types of toothbrushes in the marginal region. The pre- and post-brushing ex-
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ercises were performed by a professional brusher according to the Bass method31. The 
Bass method4 is widely accepted as an effective method for bacterial plaque removal 
in the crevicular area adjacent to and directly beneath the gingival margin. The use of 
this method may explain the higher incidence of ‘marginal’ abrasions. The subanalysis 
(Table 3) showed a significant increase of GAs in the marginal area, although GAs in 
the mid-gingival area were higher prebrushing. Additional longer term studies should 
clarify the effect of bristle tip shape on gingival integrity.
The simple act of removing deposits from teeth requires that the toothbrush–dentifrice 
combination possess some level of abrasiveness. It had been suggested in the past that 
the combination of a dentifrice and toothbrush filaments can cause damage to oral 
tissues11. However, Versteeg et al. (2005)5 observed that the use of a dentifrice, with its 
abrasive ingredients and detergents, did not induce additional abrasions. This obser-
vation was in agreement with earlier work by Alexander et al. (1977)50. Subsequently, 
in the present study, the toothbrushes were used without any dentifrice to improve 
visibility for the professional brusher. Adding dentifrice to the experiment could intro-
duce another intervention which was not intended to investigate in this clinical trial. 
A limitation is that brushing without dentifrice does not reflect the reality. Different 
abrasives could influence wear and morphology of toothbrush bristle tips during use51 
or the dentifrice could protect the gingiva as a lubrication film.
The present study showed no difference between 40–50% and >90% end-rounding. 
Danser et al. (1998)28 evaluated different types of end-rounding, such as the ‘roman’-
shaped and ‘gothic’-shaped filaments that can be produced by different end-rounding 
machines. The ‘roman’ form represents a more-or-less flat end of the filament with 
rounded edges. The form designated ‘gothic’ represents a filament that has a rounded 
but more pointed end. The incidence of abrasions was higher with the ‘gothic’ style of 
end-rounding. Therefore, for the present study, the ‘roman’ style of end-rounding was 
used. A roman-shaped bristle tip is one potential target shape for production. If produc-
tion lots contain brushes that including bristles with the ‘gothic’ style of end-rounding, 
counter-measures should be initiated to improve brush quality.
GA is difficult to score because visible GAs are not a common finding. For the present 
study, a method was used that was first described by Breitenmoser et al. (1979)7 and 
further refined by Danser et al. (1998)28 to assess abrasions on the cervical, interdental 
and mid-gingival areas of the gingiva in the incisor and canine, premolar and molar 
regions. In addition, the size of the lesions was taken into account by differentiating 
between small (≤ 5 mm) and large (> 5 mm) abrasions28. In 2004, Van der Weijden et al.29 
suggested adding a medium-sized abrasion to the GA score to increase the sensitivity 
of the scoring. The score now encompasses small (Ø ≤ 2 mm), medium (Ø ≥ 3, but ≤5 
mm) and large (Ø > 5 mm) abrasions. Scoring is performed according to the nearest 
millimetre mark on the periodontal probe. As noted in the studies by Van der Weijden 
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(2004)29 and Rosema et al. (2014)27, the presence and incidence of medium- and large- 
sized abrasion is an uncommon finding. The present data confirm that small lesions are 
the ones most often found. Pre-brushing scores show that, despite 48 h of abstaining 
from oral hygiene procedures, GAs at baseline are a normal finding. This could be the 
result of consuming hard and hot foods. Tooth-related soft tissues were28 traditionally 
divided into three areas: cervical, interdental and mid-gingival. Van der Weijden et al. 
(2004)29 replaced the term ‘cervical’ with ‘marginal’ to prevent confusion between cervi-
cal abrasions, which are related to the hard tissue of the teeth, and marginal GAs. In the 
present study, the term ‘approximal’ is used instead of the term ‘interdental’ because 
interdental (or inter-dental/interproximal) areas refer to the area beneath and related to 
the contact point, and approximal (proximal) areas are the visual spaces between teeth, 
which are not under the contact area52.
Some authors suggest that bristle ends become more rounded with clinical use53. There 
are controversial reports regarding the time needed for wear to occur8, 54. Little is known 
about deterioration patterns. Future studies should evaluate the shape of the tip over 
time and determine if any changes in shape (e.g. a non-end-rounded tip becoming 
round upon use) are relevant for maintenance of gingival integrity55. In this study, a 
new toothbrush was used for each brushing exercise. This implies that, for the experi-
ment, a maximum possible abrasive effect for the given shape was scored. Consumers 
select their toothbrushes based on non-scientific criteria, and usually, the softness of a 
toothbrush is a determining factor53. In general, package information on end-rounding 
quality is lacking. Based on the results of this experiment, it can be concluded that 
40–50% end-rounding can provide a significant reduction in GAs. If present, GAs are 
more pronounced as small-sized lesions located at the marginal area.

Clinical relevance

Scientific rationale for the study
End-rounded filaments of manual toothbrushes are highly desirable for safe tooth 
brushing. The effect of various levels of filament end-rounding of manual toothbrushes 
on gingival abrasions has not been investigated before.

Principle findings
A 0% end-rounded manual toothbrush is unsafe to use. A 40–50% end-rounded brush 
provides a significant reduction of gingival abrasions.
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Practical implications
A majority of consumers select their toothbrushes based on non-scientific criteria, 
including brand, cost and even colour or shape. Manufacturers may consider including 
bristle end-rounding properties in their product information for consumers and dental 
care professionals.

Acknowledgements

The authors gratefully thank Esther Martin for her professional support in conducting 
this project and Sam Supranoto (SCS) for professionally brushing the teeth of the par-
ticipants. We also thank the Procter & Gamble R&D department for the preparation and 
analysis of brushes with different end-rounding levels.

Conflict of interest

The authors NLHH, DES, EvdS and GAW declare that they have no conflict of interest. 
Slot and Van der Weijden have received external advisor fees, lecturer fees or research 
grants from Procter & Gamble. RA and JG are employees of Procter & Gamble.

Source of funding

The study was performed with a commission from ACTA Dental Research BV. ACTA 
Research BV received financial support from Procter & Gamble for their commitment to 
award this project to the Department of Periodontology of ACTA.



End rounded filaments

37

2

References

 1. Claydon NC. Current concepts in toothbrushing and interdental cleaning. Periodontology 2000; 

2008(48): 10–22.

 2. Van der Weijden GA, Danser MM. Toothbrushes: benefits versus effects on hard and soft tissues. 

In: Addy M, Embery G, Edgar M, Orchardson R eds. Tooth wear and sensitivity: clinical advances in 

restorative dentistry. London: Martin Dunitz; 2000. 217–235 p.

 3. Van der Weijden F, Slot DE. Oral hygiene in the prevention of periodontal diseases: the evidence. 

Periodontology 2000; 2011(55):104–123.

 4. Bass CC. The optimum characteristics of toothbrushes for personal oral hygiene. Dent Items Interest 

1948; 70: 697–718.

 5. Versteeg PA, Timmerman MF, Piscaer M, Van der Velden U, Van der Weijden GA. Brushing with and 

without dentifrice on gingival abrasion. J Clin Periodontol 2005; 32: 158–162.

 6. Plagmann HC, Goldkamp B, Lange DE. Morgenroth K [The mechanical effect of various types of tooth 

brushes on the alveolar mucosa and the gingiva (scanning electron microscopic studies)]. Dtsch 

zahnarztl Z 1978; 33: 14–20.

 7. Breitenmoser J, Mormann W, Muhlemann HR. Damaging effects of toothbrush bristle end form on 

gingiva. J Periodontol 1979; 50:212–216.

 8. Klima J, Rossiwall B. Shape of toothbrush bristles, scanning electronmicroscopic studies. Quintessenz 

1976; 27: 113–119.

 9. Silverstone LM, Featherstone MJ. Examination of the end rounding pattern of toothbrush bristles 

using scanning electron microscopy: a comparison of eight toothbrush types. Gerodontics 1988; 4: 

45–62.

 10. Greggianin BF, Oliveira SC, Haas AN, Oppermann RV. The incidence of gingival fissures associated with 

toothbrushing: crossover 28-day randomized trial. J Clin Periodontol 2013; 40: 319–326.

 11. Goldman HM, Cohen DW. Periodontal Therapy. 4th edn. St Louis USA: The C.V. Mosby Company; 1968.

 12. Anneroth G, Poppelman A. Histological evaluation of gingival damage by toothbrushing. An experi-

mental study in dog. Acta Odontol Scand 1975; 33: 119–127.

 13. Bergstrom J, Eliasson S. Cervical abrasion in relation to toothbrushing and periodontal health. Scand 

J Dent Res 1988; 96: 405–411.

 14. Sandeep A, Lawande GSL. Morphological analysis and evaluation of percentage acceptability of 

bristle end-rounding of manual toothbrushes: a stereomicroscopic study. J Pharm Biomed Sci 2013; 

34: 1711–1719.

 15. Sharma NC, Qaqish JG, Galustians HJ, Cugini M, Thompson MC, Warren PR. Plaque removal efficacy 

and safety of the next generation of manual toothbrush with angled bristle technology: results from 

three comparative clinical studies. Am J Dent 2005;18: 3–7.

 16. ADA. American Dental Association Acceptance Program Guideliness for Toothbrushes. 2012. Available 

from: http://www.ada.org/~/ media/ADA/Science%20and%20Research/Files/guide_toothbrushes.

pdf?la=en. (accessed 15 February 2016).

 17. Meyer-Lueckel H, Rieben AS, Kielbassa AM. Filament end-rounding quality in electric toothbrushes. J 

Clin Periodontol 2005; 32: 29–32.

http://www.ada.org/~/


Chapter 2

38

 18. Silverstone LM, Featherstone MJ. A scanning electron microscope study of the end rounding of 

bristles in eight toothbrush types.

 19. Dellerman PA, Burkett TA, Kreyling KM. A comparative evaluation of the percent acceptable end-

rounded bristles: butler G.U.M., colgate plus, crest complete, and reach. J Clin Dent 1994;5: 38–45.

 20. Rawls HR, Smith NK, Lentz DL, Cobb GW Jr, Bailey MS. An electron microscopic comparison of bristle 

end-rounding of three commercial toothbrushes. J Clin Dent 1993; 4: 96–100.

 21. Rawls HR, van Gelder R, Smith NK, Jeppesen M, Yuan C. Bristle end-rounding in children’s toothbrushes: 

a comparative study. J Clin Dent 1993; 4: 61–66.

 22. Checchi L, Minguzzi S, Franchi M, Forteleoni G. Toothbrush filaments end-rounding: stereomicroscope 

analysis. J Clin Periodontol 2001; 28: 360–364.

 23. ADA. Accepted Dental Therapeutics. Chicago, USA:American Dental Association; 1984.

 24. Versteeg PA, Rosema NA, Timmerman MF, Van der Velden U, Van der Weijden GA. Evaluation of two 

soft manual toothbrushes with different filament designs in relation to gingival abrasion and plaque 

removing efficacy. Int J Dent Hyg 2008; 6:166–173.

 25. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guidelines for reporting parallel 

group randomized trials. Ann Intern Med 2010; 152: 726–732.

 26. Hoffmann TC, Glasziou PP, Boutron I et al. Better reporting of interventions: template for intervention 

description and replication (TIDieR) checklist and guide. BMJ 2014; 348: g1687.

 27. Rosema N, Adam R, Grender J, Van der Sluijs E, Supranoto S, Van der Weijden G. Gingival abrasion and 

recession in manual and oscillating-rotating power brush users. Int J Dent Hyg 2014; 12: 257–266.

 28. Danser MM, Timmerman MF, IJzerman Y, Bulthuis H, van der Velden U, van der Weijden GA., van der 

Weijden GA. Evaluation of the incidence of gingival abrasion as a result of toothbrushing. J Clin 

Periodontol 1998; 25: 701–706.

 29. Van der Weijden GA, Timmerman MF, Versteeg PA, Piscaer M, Van der Velden U. High and low brushing 

force in relation to efficacy and gingival abrasion. J Clin Periodontol 2004; 31: 620–624.

 30. Versteeg PA, Piscaer M, Rosema NA, Timmerman MF, Van der Velden U, Van der Weijden GA. Tapered 

toothbrush filaments in relation to gingival abrasion, removal of plaque and treatment of gingivitis. 

Int J Dent Hyg 2008; 6: 174–182.

 31. Lang NP, Lindhe J. Clinical periodontology and implant dentistry. In: Van der Weijden F, Slot DE, Ech-

everria JJ, Lindhe J, eds. Mechanical Supragingival Plaque Control. 6th edn. Wiley-Blackwell, UK, 2015, 

Chapter 36.

 32. Van der Weijden FA, Slot DE. Efficacy of homecare regimens for mechanical plaque removal in manag-

ing gingivitis a meta review. J Clin Periodontol 2015; 42(Suppl 16): S77–S91.

 33. Slot DE, Wiggelinkhuizen L, Rosema NA, Van der Weijden GA. The efficacy of manual toothbrushes 

following a brushing exercise: a systematic review. Int J Dent Hyg 2012; 10: 187–197.

 34. Addy M, Hunter ML. Can tooth brushing damage your health? Effects on oral and dental tissues. Int 

Dent J 2003; 53(Suppl 3): 177–186.

 35. Smukler H, Landsberg J. The toothbrush and gingival traumatic injury. J Periodontol 1984; 55: 713–719.

 36. Niemi ML, Ainamo J, Etemadzadeh H. Gingival abrasion and plaque removal with manual versus 

electric toothbrushing. J Clin Periodontol 1986; 13: 709–713.



End rounded filaments

39

2

 37. Van der Weijden FA, Campbell SL, Dorfer CE, Gonzalez-Cabezas C, Slot DE. Safety of oscillating-rotating 

powered brushes compared to manual toothbrushes: a systematic review. J Periodontol 2011; 82: 

5–24.

 38. Niemi ML, Ainamo J, Etemadzadeh H. The effect of toothbrush grip on gingival abrasion and plaque 

removal during toothbrushing. J Clin Periodontol 1987; 14: 19–21.

 39. Niemi ML, Sandholm L, Ainamo J. Frequency of gingival lesions after standardized brushing as related 

to stiffness of toothbrush and abrasiveness of dentifrice. J Clin Periodontol 1984; 11: 254–261.

 40. Khocht A, Simon G, Person P, Denepitiya JL. Gingival recession in relation to history of hard toothbrush 

use. J Periodontol 1993; 64:900–905.

 41. Sangnes G, Gjermo P. Prevalence of oral soft and hard tissue lesions related to mechanical tooth-

cleansing procedures. Commun Dent Oral Epidemiol 1976; 4: 77–83.

 42. Checchi L, Farina E, Felice P, Montevecchi M. The electric toothbrush: analysis of filaments under 

stereomicroscope. J Clin Periodontol 2004; 31: 639–642.

 43. Dyer D, Addy M, Newcombe RG. Studies in vitro of abrasion by different manual toothbrush heads 

and a standard toothpaste. J Clin Periodontol 2000; 27: 99–103.

 44. Bergenholtz A, Gustafsson LB, Segerlund N, Hagberg C, Ostby N. Role of brushing technique and 

toothbrush design in plaque removal. Scand J Dent Res 1984; 92: 344–351.

 45. Hansen F, Gjermo P. The plaque-removing effect of four toothbrushing methods. Scand J Dent Res 

1971; 79: 502–506.

 46. Rosema NA, Hennequin-Hoenderdos NL, Versteeg PA, van Palenstein Helderman WH, van der Velden 

U, van der Weijden GA. Plaque-removing efficacy of new and used manual toothbrushes–a profes-

sional brushing study. Int J Dent Hyg 2013; 11: 237–243.

 47. Van der Weijden GA, Danser MM, Nijboer A, Timmerman MF, van der Velden U. The plaque-removing 

efficacy of an oscillating/ rotating toothbrush. A short-term study. J Clin Periodontol 1993; 20:273–278.

 48. Van der Weijden GA, Timmerman MF, Reijerse E, Snoek CM, van der Velden U. Toothbrushing force in 

relation to plaque removal. J Clin Periodontol 1996; 23: 724–729.

 49. Versteeg PA, Timmerman MF, Paraskevas S, van der Weijden GA. Evaluation of several brushing motion 

combinations in relation to plaque-removing efficacy with Oral-B CrossAction Power: a professional 

brushing study. Int J Dent Hyg 2006; 4: 204–208.

 50. Alexander JF, Saffir AJ, Gold W. The measurement of the effect of toothbrushes on soft tissue abrasion. 

J Dent Res 1977; 56: 722–727.

 51. de Oliveira GJ, de AJ, Pavone C, Marcantonio R. Influence of different toothpaste abrasives on the 

bristle end-rounding quality of toothbrushes. Int J Dent Hyg 2015; 13: 18–24.

 52. Lang NP, Karring T. Proceedings of the 1st European Workshop on Periodontology. Thurgua, Switzer-

land: Quintessence Publishing Co, Inc; 1994.

 53. Turgut MD, Keceli TI, Tezel B, Cehreli ZC, Dolgun A, Tekcicek M. Number, length and end-rounding 

quality of bristles in manual child and adult toothbrushes. Int J Paediatr Dent 2011;21: 232–239.

 54. McLey L, Boyd RL, Sarker S. Clinical and laboratory evaluation of powered electric toothbrushes: rela-

tive degree of bristle end-rounding. J Clin Dent 1997; 8: 86–90.

 55. Voelker MA, Bayne SC, Liu Y, Walker MP. Catalogue of tooth brush head designs. J Dent Hyg 2013; 87: 

118–133.



Chapter 2

40

Supporting information

APPeNDIx S1. Randomization sequence box.

Sequence Visit 1 Visit 2 Visit 3
I A→1/3 & B→2/4 B→1/3 & C→2/4 A→2/4 & C→1/3

II A→2/4 & B→1/3 B→2/4 & C→1/3 A→1/3 & C→2/4

III A→1/3 & B→2/4 A→2/4 & C→1/3 B→1/3 & C→2/4

IV A→2/4 & B→1/3 A→1/3 & C→2/4 B→2/4 & C→1/3

V B→1/3 & C→2/4 A→1/3 & B→2/4 A→2/4 & C→1/3

VI B→2/4 & C→1/3 A→2/4 & B→1/3 A→1/3 & C→2/4

VII B→1/3 & C→2/4 A→2/4 & C→1/3 A→1/3 & B→2/4

VIII B→2/4 & C→1/3 A→1/3 & C→2/4 A→2/4 & B→1/3

IX A→2/4 & C→1/3 B→1/3 & C→2/4 A→1/3 & B→2/4

X A→1/3 & C→2/4 B→2/4 & C→1/3 A→2/4 & B→1/3

XI A→2/4 & C→1/3 A→1/3 & B→2/4 B→1/3 & C→2/4

XII A→1/3 & C→2/4 A→2/4 & B→1/3 B→2/4 & C→1/3

Test product: A/B/C with different levels of end-rounding
Contra-lateral brushing per treatment: quadrant 1/3 or 2/4

APPeNDIx S2. Standard operational procedure of scoring Gingival abrasions in the marginal, inter-
dental, and mid-gingival areas.

Procedure
Prior to the staining gingiva will be dried with the air blast and stained with Mira- 2-Ton. 
Dye (non diluted) will be applied by the examiner with a fully saturated cotton swab 
starting from the lingual surfaces of the lower jaw followed by the buccal surfaces of 
the lower jaw and palatal and buccal surfaces of the upper jaw (up to 1.5 cm from 
the gum line). For all assessment the same staining sequence will be followed. After 
staining, subjects will be instructed to rinse out their mouth with water (one sip only) 
and spit out very carefully.

Assessment
Prior to the assessment, the gingiva will be dried with the air blast. During the measure-
ment the size of each lesion (colored dark blue) will be measured using periodontal 
probe (assessing the largest width of lesion). Loosely attached discolorations will be 
excluded from evaluation. If examiner has difficulty with assessment at the gingival 
margin (plaque or abrasion), she/he will carefully try to remove the staining (not remov-
able staining will be assesses as abrasion). After brushing the gingival will be restained 
again prior to the 2nd assessment (post brushing).
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Abrasion score
Abrasions are split into 3 categories
– small, if Ø ≤ 2.5 mm,
– medium, if Ø > 2.5, but ≤ 5 mm,
– large, if Ø > 5 mm

Abrasions are recorded in the following regions (for each quadrant)
– M=molar
– P=premolar
– I=incisors + canin

For each region cervical, approximal and gingival areas are assessed (Figure S2). The 
lesion in the interdental area in between two teeth (molar, premolar and incisor) is 
assigned to the closest tooth area. In each quadrant both surfaces (Lingual and Buc-
cal) are assessed. Each subject will be assigned a total number of small, medium and 
large lesions (separately) across all scorable sites. In addition, an overall total will be 
computed by adding together the number of small, medium and large lesions.

FIGuRe S2. Regions
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