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ABSTRACT
Objective: To characterize the morphology of children’s toothbrushes marketed in the Peruvian market using scanning electron microscopy. 
Material and Methods: This was an observational, prospective, cross-sectional, and analytical study. Scanning electron microscopy images of 
bristles from 24 models of pediatric toothbrushes were analyzed, following the classification system proposed by Silverstone and Featherstone 
and modified by Reiter and Wetzel, using a digital tool specifically developed for this study. A descriptive statistical analysis was performed on 
patterns of bristle acceptability and unacceptability, along with inferential analysis of these patterns in relation to the following characterization 
variables: number of filaments per tuft, total number of filaments per brush, country of origin, and retail price. Results: The percentage of 
acceptable bristle tips ranged from 0% to 100%, indicating substantial variability in bristle morphology among the evaluated toothbrushes. 
No statistically significant associations were found between bristle acceptability and the analyzed variables. However, a moderate and 
statistically significant positive correlation was observed between the total number of bristles in manual toothbrushes and their retail price 
in Peruvian soles (r = 0.58, p = 0.003). Conclusion: This study revealed substantial heterogeneity in the morphology of bristles in children’s 
toothbrushes marketed in Peru, with several models exhibiting proportions of unacceptable bristles equal to or greater than acceptable ones. 
In addition, although a positive association was observed between toothbrush price and bristle density, no significant relationship was found 
between price and bristle acceptability, indicating that higher-cost toothbrushes do not necessarily guarantee better morphological quality.
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RESUMO
Objetivo: Caracterizar a morfologia das escovas de dentes infantis comercializadas no mercado peruano por meio da microscopia eletrônica 
de varredura. Material e Métodos: Trata-se de um estudo observacional, prospectivo, transversal e analítico. Foram analisadas imagens 
de microscopia eletrônica de varredura das cerdas de 24 modelos de escovas de dentes pediátricas, seguindo o sistema de classificação 
proposto por Silverstone e Featherstone e modificado por Reiter e Wetzel, utilizando uma ferramenta digital desenvolvida especificamente 
para este estudo. Foi realizada uma análise estatística descritiva dos padrões de aceitabilidade e inaceitabilidade das cerdas, bem como 
uma análise inferencial desses padrões em relação às seguintes variáveis de caracterização: número de filamentos por tufo, número total 
de filamentos por escova, país de origem e preço de mercado. Resultados: A porcentagem de pontas de cerdas aceitáveis variou de 0% 
a 100%, indicando uma variabilidade substancial na morfologia das cerdas entre as escovas de dentes avaliadas. Não foram encontradas 
associações estatisticamente significativas entre a aceitabilidade das cerdas e as variáveis analisadas. No entanto, observou-se uma correlação 
positiva moderada e estatisticamente significativa entre o número total de cerdas das escovas de dentes manuais e o preço de mercado, 
na unidade monetária local (r = 0,58, p = 0,003). Conclusão: Este estudo revelou uma heterogeneidade substancial na morfologia das 
cerdas das escovas de dentes infantis comercializadas no Peru, com vários modelos apresentando proporções de cerdas inaceitáveis iguais ou 
superiores às aceitáveis. Além disso, embora tenha sido observada uma associação positiva entre o preço da escova de dentes e a densidade 
das cerdas, não foi encontrada relação significativa entre o preço e a aceitabilidade das cerdas, indicando que escovas de dentes de custo 
mais elevado não garantem, necessariamente, melhor qualidade morfológica.
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and free of sharp edges to minimize the risk of 
soft tissue injury [19-24].

Internationally, several institutions establish 
regulatory frameworks for toothbrush production. 
For example, the Food and Drug Administration 
(FDA, United States) and the European Union 
Medical Device Regulation (EU-MDR) classify 
manual toothbrushes as Class I medical devices 
(lowest risk). Similarly, in countries such as 
Canada, toothbrushes are considered low-
risk health devices [25]. In addition, the ISO 
20126:2022 standard [26] specifies technical 
requirements for manual toothbrushes, including 
that bristle tips should be rounded and free of 
imperfections. In Peru, there is a wide range of 
toothbrushes available for children at different 
stages of development. However, as over-
the-counter products, they are not subject to 
specific technical standards regulating their 
characteristics, but only to general guidelines 
established by the Ministry of Health (MINSA, by 
its Spanish acronym). Furthermore, the General 
Directorate of Medicines, Supplies and Drugs 
(DIGEMID, by its Spanish acronym) [27] does 
not require mandatory registration or health 
notification for these products.

In this context, evaluating the quality of 
toothbrush bristles available in the national 
market becomes particularly relevant. However, 
to date, no evaluation has been conducted in Peru 
regarding the degree of bristle tip rounding in 
children’s toothbrushes. The only prior study with 
this focus was conducted by Lopez et al. [28], 
corresponding to Part I of the present study, 
which analyzed adult toothbrushes and reported 
a high frequency of unacceptable bristles. This 
finding highlights the need to investigate this 
characteristic in children’s toothbrushes as well, 
due to its relevance to oral health. Accordingly, 
this study aims to characterize the morphology 
of children’s toothbrushes sold in the Peruvian 
market using scanning electron microscopy.

MATERIALS AND METHODS

Toothbrush selection

This study was conducted at the Scanning 
Electron Microscopy Laboratory of the Universidad 
de Huánuco during the year 2025. Prior to 
initiating the study, a survey was conducted to 
identify children’s toothbrushes available in the 
local market. For this purpose, various drugstores, 

INTRODUCTION

Poor oral hygiene in early childhood is a 
major public health concern, as it represents one 
of the main risk factors for the development of 
dental caries [1,2]. Dental caries can negatively 
affect children’s growth and development, 
causing pain, discomfort, feeding difficulties, 
weight loss, and impairing their quality of 
life [2,3], including psychosocial aspects [4] and 
masticatory performance [5].

According to the World Health Organization 
(WHO), between 60% and 90% of school-aged 
children experience dental caries, particularly 
in disadvantaged populations [6]. In Peru, the 
prevalence of dental caries among schoolchildren 
aged 3 to 15 years reaches 85.6%, reflecting the 
significant burden of this disease in the country [7].

The prevention of dental caries in children 
largely depends on establishing a daily routine 
of toothbrushing with fluoride toothpaste 
appropriate for their age [1]. International 
p ro fes s iona l  consensus  ind ica tes  tha t 
toothbrushing should begin with the eruption 
of the first tooth and be performed at least twice 
a day, including once before bedtime, under 
parental supervision [8]. These recommendations 
are consistent with current pediatric guidelines, 
which also emphasize the importance of regular 
toothbrushing and the use of fluoridated 
toothpaste for caries prevention [9].

The effectiveness of this practice depends 
on the proper use of oral hygiene devices and 
their ability to remove dental biofilm [10]. The 
toothbrush is the primary tool for this purpose 
and, in many cases, the most widely used method 
for dental biofilm control [11-15].

However, improper use of a toothbrush may 
cause adverse effects on both soft and hard oral 
tissues, including gingival and dental abrasions, 
bristle impaction, and ulcerations. These 
effects are associated with brushing technique, 
toothbrush characteristics, and toothpaste 
composition, requiring special attention in 
pediatric populations [16,17]. Children with 
limited manual dexterity often perform horizontal 
brushing movements, which, although effective 
in dental biofilm removal, may increase the 
risk of abrasions [18]. One contributing factor 
to this risk is bristle morphology; therefore, 
current evidence and clinical recommendations 
emphasize that bristle tips should be rounded 
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supermarkets, and wholesale stores in the city 
of Huánuco were visited during January and 
February, with the aim of identifying and selecting 
all toothbrush models available for each stage 
of childhood from different commercial brands.

Fol lowing the ini t ia l  screening,  24 
toothbrushes were acquired, with one unit 
selected from each identified model. Detailed 
information about each toothbrush, including 
brand name, intended age group, country of 
origin, place of purchase, price, number of tufts, 
number of filaments per tuft, and total number of 
filaments per toothbrush, is presented in Table I.

Sample preparation

A trained examiner prepared the toothbrush 
samples from the selected brands, assigning 
numerical codes according to Table I. One tuft was 
randomly chosen from each toothbrush, and its 

filaments were carefully trimmed using a No. 15 
scalpel, taking care not to alter their original shape.

The trimmed filaments were mounted onto 
aluminum stubs using carbon adhesive discs and 
examined under a Thermo Scientific Prisma E 
scanning electron microscope, operating under 
low vacuum conditions at 75 Torr and 30 kV. The 
microscope was set to a 2 mm magnification with 
a 90° viewing angle relative to the longitudinal 
axis of the filaments.

Morphological analysis of toothbrush 
filaments

The morphology of the filament tips was 
assessed using the classification system proposed 
by Silverstone and Featherstone [29], as modified 
by Reiter and Wetzel [30] (Figure 1). In this 
system, bristles with adequately rounded tips 
were considered acceptable and further divided 
into three categories (A1–A3). In contrast, 

Table I – Characteristics of the toothbrushes

Toothbrush Origin Place of 
purchase

Retail price 
(in Peruvian 

Soles)

Number  
of tufts

Number  
of bristles 
per tuft

Total  
of bristles 
per brush

Neopan® 0 to 2 yrs China Supermarket 9.9 23 60 1,380

Neopan® 2 to 5 yrs China Supermarket 9.9 23 68 1,564

Neopan® 6+ yrs China Supermarket 9.9 30 72 2,160

Vitis Baby 0 to 2 yrs Spain Drugstore 16.5 26 154 4,004

Vitis Kids 3 to 5 yrs Spain Drugstore 16.5 20 100 2,000

Vitis Junior 6+ years Spain Drugstore 16.5 29 54 1,566

Aquafresh Little Teeth 3 to 5 yrs India Supermarket 12.9 26 70 1,820

TotalDent kids 3+ yrs China Drugstore 7.9 28 34 952

Oral B® Stages 0 to 2 yrs USA Supermarket 13 32 56 1,792

Oral B® Stages 3+ yrs USA Supermarket 13 33 60 1,980

Oral B® Kids 3+ yrs Mexico Drugstore 4.3 33 50 1,650

Oral B® Stages 5 to 7 yrs USA Drugstore 13 33 60 1,980

GUM® Crayola 5+ yrs China Drugstore 9 25 64 1,600

Tuinies® Kids 2+ yrs China Drugstore 3 29 44 1,276

Tuinies® Kids 3+ yrs China Drugstore 3 28 42 1,176

Condor Baby 0 to 2 yrs Brazil Drugstore 5.3 24 84 2,016

Condor Kids 2 to 4 yrs Brazil Drugstore 5.3 23 58 1,334

Colgate® Baby 2+ yrs China Supermarket 11.5 22 56 1,232

Colgate® Infantil 2+ yrs Vietnam Drugstore 4.5 28 68 1,904

Colgate® 2 to 5 yrs China Supermarket 8.6 24 60 1,440

Colgate® 5+ years Vietnam Wholesale market 4.5 29 62 1,798

Colgate® 6+ years China Supermarket 11.5 27 70 1,890

Dentito® 2 a 6 yrs Peru Wholesale market 3.2 27 26 702

D´Lucas® Not specified Wholesale market 2 24 24 576
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bristles with features such as sharp edges, 
sharp rectangular tips, sharp oblique tips, 
triangular tips, or protruding plastic material 
were categorized as unacceptable and classified 
into five subcategories (N1–N5) (18).

This classification system was digitized 
through the development of a web application 
called “CerdasCheck,” [31]. The tool allowed 
users to upload microscopic images in their 
original format (TIF) and overlay them with 
various classification pattern icons corresponding 
to the Silverstone and Featherstone [29] system, 
as modified by Reiter and Wetzel [30]. These 
icons could be resized without distortion to fit the 
tip of each filament analyzed (Figure 2).

The reliability of the digital instrument was 
assessed through repeatability (intra-observer) 
and reproducibility (inter-observer) testing, 
using 10 scanning electron microscopy images 
of toothbrush bristles that were not part of the 
main study sample. For repeatability, the principal 
investigator (P.A.L.B), who had prior experience 
in bristle morphology classification, classified 
the images on two separate occasions, with a 

two-week interval between assessments, yielding 
very high agreement (Kappa = 0.956). For 
reproducibility, a second investigator (E.A.A.C) 
independently classified the same 10 images. 
The classifications performed by the principal 
investigator were considered the reference 
standard for the assessment of interexaminer 
agreement, and substantial agreement was 
observed (Kappa = 0.766).

To minimize b ias  re lated to  brand 
recognition and ensure analytical impartiality, 
all samples were coded and remained blinded 
throughout the evaluation. Image analysis 
was performed by a researcher who was not 
involved in the sample preparation process 
and who possessed full knowledge of the 
morphological classification system and the use 
of the CerdasCheck program.

To standardize the number of filaments 
analyzed per microscopic image, the image 
containing the fewest fully visible filaments—
ten—was used as a reference. Accordingly, the 
first ten fully visible filaments were selected and 
evaluated from each image, beginning from the 

Figure 1 - Classification of toothbrush bristle tip morphology according to Silverstone and Featherstone [29], modified by Reiter and Wetzel [30].
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far left and proceeding sequentially until the 
predetermined count was reached.

Statistical analysis

Data were processed and analyzed using 
Stata® 19 software (StataCorp LP, College 
Station, TX, USA). A stacked bar chart was used 
to illustrate the distribution of bristle quality 
across toothbrushes. The Pearson correlation 
coefficient was applied to assess the relationship 
between the total number of bristles and retail 
price. Fisher’s exact test and Student’s t-test were 
used to examine the association between bristle 
acceptability and both country of origin and sale 
price, respectively. A significance level of 5% was 
established for all statistical tests.

RESULTS

A total of twenty-four pediatric toothbrush 
models sold in Peru were analyzed, revealing 
considerable variability in country of origin, place 
of purchase, price, and technical characteristics 

(number of tufts, filaments per tuft, and total 
number of filaments per toothbrush). Most of the 
toothbrushes originated from China (9 out of 24), 
followed by models from the United States, Spain, 
and other countries. Prices ranged from 2.00 to 
16.50 Peruvian soles, with the most expensive 
brushes being the Vitis® models (Spain), sold 
exclusively in drugstores, while the least expensive 
were local brands or those with unspecified 
origin, typically purchased in wholesale markets. 
Regarding technical specifications, a wide range 
of bristle densities was observed. The model with 
the highest total number of filaments was the Vitis 
Baby 0–2 years, containing 4,004 bristles, while 
the D’Lucas® model had the lowest count, with 
only 576 bristles.

Figure 3 illustrates the distribution of 
acceptable and unacceptable bristle quality 
among various commercially available pediatric 
toothbrushes, categorized by brand and 
intended age group. A substantial proportion of 
toothbrushes—particularly those from brands 
such as Oral-B®, Aquafresh®, TotalDent®, 

Figure 2 - Microscopic image of bristles from pediatric toothbrushes analyzed using the CerdasCheck program. Filaments with rounded tips 
classified as acceptable are observed, identified using superimposed icons based on the classification by Silverstone and Featherstone [29], 
modified by Reiter and Wetzel [30].
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Figure 3 - Distribution of acceptable and non-acceptable bristle quality in pediatric toothbrushes according to brand and age group.
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GUM® Crayola, and Colgate® (2–5 years and 5+ 
years)—demonstrated 100% acceptable bristle 
quality, indicating compliance with recommended 
manufacturing standards. In contrast, significant 
deficiencies were identified in certain products. 
Dentito® (2–6 years) and Vitis Junior (6+ years) 
exhibited the highest proportions of unacceptable 
bristle quality, at 90% and 80%, respectively. 
Similarly, certain models from Neopan®, Vitis 
Baby, and Condor® showed up to 40% of 
bristles classified as unacceptable. These findings 
highlight substantial variability in product quality 
across brands and age-specific designs.

A moderate and statistically significant 
positive correlation was observed between the 
total number of bristles in manual toothbrushes 
and their retail price in Peruvian soles, determined 
using Pearson’s correlation coefficient (r = 0.58, 
p = 0.003). As shown in Figure 4, toothbrushes 
with a higher number of bristles tended to be 
more expensive, a relationship reflected in the 
upward trend of the fitted regression line.

No statistically significant associations were 
found between the acceptability of pediatric 
toothbrushes and the evaluated characteristics 
(Table  II). While a higher proportion of 
unacceptable toothbrushes originated from 
China (58.3%), the difference was not statistically 
significant (Fisher’s exact test, p = 0.215). 

Similarly, no significant differences were observed 
regarding place of purchase (Fisher’s exact test, 
p = 0.373), even though acceptable toothbrushes 
were more frequently purchased from drugstores 
(66.7%). No significant differences were found in 
average retail price (Student’s t-test, p = 0.827) 
or in the total number of bristles per toothbrush 
(Student’s t-test, p = 0.726) between the acceptable 
and unacceptable groups. These results suggest 
that the evaluated variables are not significantly 
associated with the acceptability of bristle quality.

DISCUSSION

This study aimed to characterize the 
morphology of bristles in children’s toothbrushes 
sold in the Peruvian market using scanning electron 
microscopy. The results revealed a wide variability 
in filament morphology, with acceptability rates 
ranging from 0% to 100%, according to the 
Silverstone and Featherstone [29] classification, 
as modified by Reiter and Wetzel [30]. While 
some models fully met the acceptability criteria, 
others showed no compliance at all.

This finding is particularly concerning in 
light of current evidence, which highlights the 
importance of rounded bristle tips to reduce 
the risk of gingival abrasions [20,21,23,24]. In 
this context, Hennequin-Hoenderdos et al. [20] 
suggested that a minimum rounding level between 

Figure 4 - Correlation between bristle count and toothbrush price in Peruvian soles, showing a positive relationship (Pearson’s r = 0.58, p = 0.003).
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40% and 50% is necessary to achieve this objective, 
while Yildiz Telatar et al. [23] emphasized 
that the proportion of bristles with acceptable 
morphology should exceed that of unacceptable 
ones to minimize the risk of soft tissue injury.

These results are consistent with previous 
studies conducted in different countries, 
which have reported substantial variability in 
bristle acceptability, with several commercially 
available toothbrush models failing to meet 
the recommended standards for bristle tip 
rounding [12,18,19,23,32-34].

Previous studies evaluating children’s 
manual toothbrushes have reported considerable 
variation in the proportion of acceptable bristles. 
Turgut et al. [12] found acceptability rates ranging 
from 18.9% to 60.3% in children’s toothbrushes. 
Similarly, Gemperle et al. [17] reported percentages 
between 5.6% and 45.6%, while Lee et al. [18] 
documented values as low as 1.4% to 20.2% in 
pediatric models. In line with these findings, the 
present study also identified substantial variability 
in bristle acceptability among the evaluated 
toothbrushes, with values ranging from completely 
unacceptable to fully acceptable models. This 

greater variability compared to previous reports 
may be explained by differences in manufacturing 
processes across brands, particularly those related 
to the grinding and end-rounding of bristles, which 
influence the quality of bristle finishing and may 
lead to inconsistencies in bristle tip morphology, 
as achieving uniformly rounded filament ends can 
be technically challenging due to differences in 
toothbrush design [18].

This variability reflects marked differences 
in manufacturing quality among toothbrushes 
available on the market and underscores the 
importance of monitoring bristle morphology in 
products intended for children. From a clinical 
perspective, while some toothbrushes meet 
recommended standards for bristle tip morphology, 
others may present characteristics that increase 
the risk of soft tissue injury during toothbrushing.

In this context,  the wide variety of 
toothbrushes available on the market, differing 
in color, shape, material, design, and price [17], 
and often marketed as superior in dental biofilm 
removal effectiveness, may create confusion 
among consumers and highlights the importance 
of professional guidance in the selection of 

Table II – Association between toothbrush characteristics and bristle acceptability

Characteristics
Acceptability

PYes (n=12)
n (%)

No (n=12)
n (%)

Origin 0.215†

China 7 (58.33) 3 (25)

Spain 2 (16.67) 1 (8.33)

India 0 1 (8.33)

USA 1 (8.33) 2 (16.67)

Mexico 0 1 (8.33)

Brazil 0 2 (16.67)

Vietnam 0 2 (16.67)

Peru 1 (8.33) 0

Not specified 1 (8.33) 0

Place of purchase 0.373†

Supermarket 6 (50.0) 3 (25.0)

Drugstore 4 (33.33) 8 (66.67)

Wholesale store 2 (16.67) 1 (8.33)

Retail price (S/)* 9.15 ± 1.50 8.73 ± 1.21 0.827‡

Total of bristles per brush* 1609.83 ± 254.33 1706.16 ± 94.76 0.726‡

* Mean[MF1.1] ± Standard deviation. † Fisher’s exact test ‡ Student’s t-test
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appropriate oral hygiene devices [12,33]. 
Furthermore, current standards and evidence 
regarding suitable filament types and bristle tip 
morphology classifications [24,29,30,32] raise 
concerns about whether commercially available 
products consistently meet these standards. 
This issue may be particularly relevant in 
pediatric populations, where children have not 
yet developed the manual dexterity required 
for optimal brushing technique. Therefore, 
minimizing potential risks associated with 
toothbrushing remains an important consideration 
in this age group [12,17,18,33,35].

In addition to the variability observed in 
bristle acceptability, methodological differences—
particularly regarding the viewing angle 
used in microscopic analyses—should also 
be considered when interpreting results. The 
present study employed a 90° perpendicular 
angle, consistent with the original Silverstone 
and Featherstone [29] classification as modified 
by Reiter and Wetzel [30], allowing direct 
comparison with these criteria. However, other 
authors, such as Meyer-Lueckel et al. [34] 
and Jung et al. [35], have proposed using 45° 
angles, which allow the evaluation of a greater 
number of filaments within a tuft but may 
alter the perception of bristle tip morphology 
compared with the reference classification. These 
methodological differences may influence reported 
acceptability rates and highlight the importance of 
standardized evaluation methods when assessing 
the morphology of toothbrush bristles.

This investigation also enabled an economic 
analysis of pediatric toothbrushes. A price gradient 
ranging from 2.00 to 16.50 Peruvian soles was 
identified, which was directly proportional 
to bristle density (r = 0.58, p = 0.003). This 
relationship could be partially explained by 
studies describing the structural characteristics 
of toothbrush bristles. Bristle stiffness varies 
according to filament diameter; soft toothbrushes 
typically have thinner filaments, which allow a 
greater number of filaments to be packed within 
each tuft [36-38]. Axe et al. [39] reported in an 
in vitro study that such structural characteristics 
may contribute to improved dental biofilm 
removal performance. However, despite these 
experimental findings, there is currently limited 
clinical evidence demonstrating that toothbrushes 
with a higher number of filaments provide superior 
dental biofilm removal or improved oral hygiene 
outcomes. Consequently, while brushes with 

higher filament density may involve more complex 
design and manufacturing processes, which could 
partially explain their higher market price, the 
clinical advantages of this feature remain unclear.

This price variation may have relevant 
implications for access to oral hygiene products. 
For a low-income family (monthly income of 
1,695.20 Peruvian soles) [40], this implies 
allocating approximately 1% of their income 
solely for the annual purchase of toothbrushes, a 
financial burden that increases when considering 
the recommended quarterly replacement. 
National [41] and multiethnic [25] studies 
confirm that cost is a barrier to accessing 
quality toothbrushes in vulnerable populations. 
However, although price was found to be 
associated with bristle density, no statistically 
significant association was observed between 
price and bristle acceptability. This finding 
suggests that a higher cost does not necessarily 
guarantee superior morphological quality. 
Therefore, identifying which commercially 
available toothbrushes meet acceptable technical 
criteria becomes particularly important in order 
to recommend affordable and safe options, 
especially in contexts of relative poverty.

Among the strengths of this study is the 
inclusion of toothbrushes for all stages of 
childhood and all brands available in the local 
market, exceeding the number of models evaluated 
in previous research [12,17,18]. Additionally, 
low-vacuum scanning electron microscopy was 
used, which avoids metal coating and preserves 
the original filament morphology [42]. A custom-
developed web application was also employed to 
reduce observer bias, in line with similar strategies 
used by Turgut et al. [12]. This digital tool helped 
reduce the subjectivity inherent in the Silverstone 
and Featherstone [29] classification as modified 
by Reiter and Wetzel [30]. However, this system 
has been criticized in the literature for relying on 
two-dimensional images [34] and for difficulty 
in categorizing atypical morphologies [18,35], a 
limitation also encountered in this study.

A key limitation of this study was the sample 
size, as only one unit per model and ten filaments 
per brush were analyzed. This design may 
limit the ability to capture intra-brand or batch 
variability. Studies by Meyer-Lueckel et al. [34] 
and Gemperle et al. [17] used five brushes per 
brand with stratified sampling to achieve greater 
representativeness.
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CONCLUSIONS

The present study demonstrated substantial 
variability in the morphology of bristles in 
children’s toothbrushes sold in the Peruvian 
market. According to the classification by 
Silverstone and Featherstone [29], modified 
by Reiter and Wetzel [30], the proportion of 
unacceptable bristles in several models was 
comparable to or even higher than that of 
acceptable bristles. These findings indicate 
that not all commercially available pediatric 
toothbrushes meet recommended bristle tip 
morphology criteria.

In addition, a positive association was 
observed between toothbrush price and bristle 
density; however, no significant relationship was 
found between price and bristle acceptability. 
This suggests that higher-cost toothbrushes do 
not necessarily guarantee better morphological 
quality of bristles, emphasizing the need to 
evaluate the characteristics of commercially 
available toothbrushes intended for children.

Data availability

The data that support the findings of this 
study are available from the corresponding author 
upon reasonable request.

Author’s Contributions

PLB: Conceptualization, Investigation, 
Wri t ing  –  Or ig ina l  Dra f t  Prepara t ion , 
Writing – Review & Editing, Project Administration 
and Funding Acquisition. EAAC: Investigation, 
Wri t ing  –  Or ig ina l  Dra f t  Prepara t ion , 
Writing – Review & Editing. MST: Writing – Original 
Draft Preparation, Writing – Review & Editing, 
Formal analysis. CFQ: Investigation, Writing – 
Original Draft Preparation, Writing – Review & 
Editing. EJPP: Investigation, Writing – Original 
Draft Preparation, Writing – Review & Editing. 
AJSA: Investigation, Writing – Original Draft 
Preparation, Writing – Review & Editing. AERC: 
Investigation, Writing – Original Draft Preparation, 
Writing – Review & Editing.

Conflict of Interest

The authors declare no personal, financial, 
or proprietary interests related to any product, 
service, and/or company mentioned in this article.

Funding

This study was ful ly funded by the 
Universidad de Huánuco, according to Resolution 
No. 857-2023-P-CD-UDH.

Regulatory Statement

This study was exempted from review by the 
local ethics committee, since it did not involve 
the participation of any volunteers, or the use of 
any human material.

REFERENCES
1.	 Benadof D, Polk D, Documet P. Stages and transitions in the 

development of tooth brushing skills in children of Mexican 
immigrant families: a qualitative study. J Public Health Dent. 
2015;75(4):337-42. https://doi.org/10.1111/jphd.12108. 
PMid:26079473.

2.	 Naidu RS, Nunn JH. Oral health knowledge, attitudes and 
behaviour of parents and caregivers of preschool children: 
implications for oral health promotion. Oral Health Prev Dent. 
2020;18(2):245-52. https://doi.org/10.3290/j.ohpd.a43357. 
PMid:32618448.

3.	 Dickson-Swift V, Kenny A, Gussy M, de Silva AM, Farmer J, 
Bracksley-O’Grady S. Supervised toothbrushing programs in 
primary schools and early childhood settings: a scoping review. 
Community Dent Health. 2017;34(4):208-25. https://doi.
org/10.1922/CDH_4057Dickson-Swift18. PMid:29119741.

4.	 Barbosa TS, Tureli MC, Nobre-dos-Santos M, Puppin-Rontani 
RM, Gavião MB. The relationship between oral conditions, 
masticatory performance and oral health-related quality of 
life in children. Arch Oral Biol. 2013;58(9):1070-7. https://doi.
org/10.1016/j.archoralbio.2013.01.012. PMid:23453082.

5.	 Barbosa T, Gavião M, Leme M, Castelo P. Oral health-related 
quality of life in children and preadolescents with caries, 
malocclusions or temporomandibular disorders. Oral Health Prev 
Dent. 2016;14(5):389. https://doi.org/10.3290/j.ohpd.a36097. 
[Internet] PMid:27175445.

6.	 Gurenlian J. Every child has a toothbrush. Int J Dent 
Hyg. 2015;13(1):79-79. https://doi.org/10.1111/idh.12117. 
PMid:25470447.

7.	 Plataforma digital única del Estado Peruano. MINSA: la caries 
dental es la enfermedad más común entre la población infantil 
[Internet]. Lima: Government of Peru; 2023 Apr 12 [cited 2025 
Mar 12]. Available from: https://www.gob.pe/institucion/minsa/
noticias/741092-minsa-la-caries-dental-es-la-enfermedad-mas-
comun-entre-la-poblacion-infantil

8.	 Glenny AM, Walsh T, Iwasaki M, Kateeb E, Braga MM, Riley P, et al. 
Development of tooth brushing recommendations through 
professional consensus. Int Dent J. 2023;74(3):526-35. https://
doi.org/10.1016/j.identj.2023.10.018. PMid:38052700.

9.	 American Academy of Pediatric Dentistry. Policy on early 
childhood caries (ECC): Consequences and preventive strategies. 
The Reference Manual of Pediatric Dentistry. Chicago, IL: American 
Academy of Pediatric Dentistry [Internet]. 2025 [cited 2026 Apr 
10]. Available from: https://www.aapd.org/globalassets/media/
policies_guidelines/p_eccconsequences.pdf

10.	 Pullishery F, Abuzenada BM, Alrushnudi NM, Alsafri MM, 
Alkhaibari WM, Alharbi MF,  et  al. Comparison of efficacy 
of different supervision methods of toothbrushing on 
dental plaque scores in 7–9-year-old children. Int J Clin 

https://doi.org/10.1111/jphd.12108
https://pubmed.ncbi.nlm.nih.gov/26079473
https://pubmed.ncbi.nlm.nih.gov/26079473
https://doi.org/10.3290/j.ohpd.a43357
https://pubmed.ncbi.nlm.nih.gov/32618448
https://pubmed.ncbi.nlm.nih.gov/32618448
https://doi.org/10.1922/CDH_4057Dickson-Swift18
https://doi.org/10.1922/CDH_4057Dickson-Swift18
https://pubmed.ncbi.nlm.nih.gov/29119741
https://doi.org/10.1016/j.archoralbio.2013.01.012
https://doi.org/10.1016/j.archoralbio.2013.01.012
https://pubmed.ncbi.nlm.nih.gov/23453082
https://doi.org/10.3290/j.ohpd.a36097
https://pubmed.ncbi.nlm.nih.gov/27175445
https://doi.org/10.1111/idh.12117
https://pubmed.ncbi.nlm.nih.gov/25470447
https://pubmed.ncbi.nlm.nih.gov/25470447
https://doi.org/10.1016/j.identj.2023.10.018
https://doi.org/10.1016/j.identj.2023.10.018
https://pubmed.ncbi.nlm.nih.gov/38052700


11Braz. Dent. Sci. 2026; 29 : e4971

Lopez-Beraun P et al. Morphological analysis of the bristles from toothbrushes sold 
in the Peruvian market, using scanning electron microscopy. 

Part II – Pediatric toothbrushes

Lopez-Beraun P et al. Morphological analysis of the bristles from toothbrushes sold 
in the Peruvian market, using scanning electron microscopy. 

Part II – Pediatric toothbrushes

Pediatr Dent. 2021;14(2):263-8. https://doi.org/10.5005/
jp-journals-10005-1927. PMid:34413604.

11.	 Garbin C, Garbin A, Dos Santos K, De Lourdes Carvalho M, 
Lima D. Evaluation of toothbrush bristles’ deterioration used by 
preschool children. Int J Dent Hyg. 2009;7(4):285-8. https://doi.
org/10.1111/j.1601-5037.2009.00414.x. PMid:19832916.

12.	 Turgut MD, Keçeli TI, Tezel B, Çehreli ZC, Dolgun A, Tekçiçek 
M. Number, length and end-rounding quality of bristles in 
manual child and adult toothbrushes: toothbrush bristles. Int J 
Paediatr Dent. 2011;21(3):232-9. https://doi.org/10.1111/j.1365-
263X.2010.01102.x. PMid:20961341.

13.	 Ballini A, Di Cosola M, Saini R, Benincasa C, Aiello E, Marrelli 
B,  et  al. A comparison of manual nylon bristle toothbrushes 
versus thermoplastic elastomer toothbrushes in terms of 
cleaning efficacy and the biological potential role on gingival 
health. Appl Sci (Basel). 2021;11(16):7180. https://doi.
org/10.3390/app11167180.

14.	 Ranzan N, Muniz FWMG, Rösing CK. Are bristle stiffness and 
bristle end- related to adverse effects on soft tissues during 
toothbrushing? A systematic review. Int Dent J. 2019;69(3):171-
82. https://doi.org/10.1111/idj.12421. PMid:30152076.

15.	 Tangade PS, Shah AF, Ravishankar TL, Tirth A, Pal S. Is plaque 
removal efficacy of toothbrush related to bristle flaring? A 
3-month prospective parallel experimental study. Ethiop J Health 
Sci. 2013;23(3):255-64. https://doi.org/10.4314/ejhs.v23i3.8. 
PMid:24307825.

16.	 Zhou N, Wong HM, McGrath C. Toothbrush deterioration and 
parents’ suggestions to improve the design of toothbrushes 
used by children with special care needs. BMC Pediatr. 
2020;20(1):443. https://doi.org/10.1186/s12887-020-02347-8. 
PMid:32958022.

17.	 Gemperle GA, Hamza B, Patcas R, Schätzle M, Wegehaupt 
FJ, Hersberger-Zurfluh MA. In-vitro tooth cleaning efficacy 
and filament end rounding of different manual children’s 
toothbrushes. Oral Health Prev Dent. 2024;22:277-84. https://
doi.org/10.3290/j.ohpd.b5573917. PMid:39037346.

18.	 Lee HS, Jung HI, Kang SM, Kim HE, Kim BI. Evaluation of the 
bristle end-rounding patterns of children’s toothbrushes using 
scanning electron microscopy and stereomicroscopy. Int J 
Dent Hyg. 2017;15(2):120-7. https://doi.org/10.1111/idh.12179. 
PMid:26376737.

19.	 Checchi L, Minguzzi S, Franchi M, Forteleoni G. Toothbrush 
filaments end-rounding: stereomicroscope analysis: Toothbrush 
filaments. J Clin Periodontol. 2001;28(4):360-4. https://doi.
org/10.1034/j.1600-051x.2001.028004360.x. PMid:11314893.

20.	 Hennequin‐Hoenderdos N, Slot D, Van Der Sluijs E, Adam R, 
Grender J, Van Der Weijden G. The effects of different levels 
of brush end rounding on gingival abrasion: a double‐blind 
randomized clinical trial. Int J Dent Hyg. 2017;15(4):335-44. 
https://doi.org/10.1111/idh.12212. PMid:26934834.

21.	 Hoogteijling F, Hennequin‐Hoenderdos N, Van Der Weijden G, 
Slot D. The effect of tapered toothbrush filaments compared 
to end‐rounded filaments on dental plaque, gingivitis and 
gingival abrasion: a systematic review and meta‐analysis. Int 
J Dent Hyg. 2018;16(1):3-12. https://doi.org/10.1111/idh.12272. 
PMid:28173609.

22.	 Bhole SS, Vibhute NA, Belgaumi U, Kadashetti V, Bommanavar 
S, Kamate W. Effect of an educational intervention on manual 
toothbrush bristle wear: A light microscopic study. J Indian Soc 
Periodontol. 2022;26(6):604-8. https://doi.org/10.4103/jisp.
jisp_50_21. PMid:36582950.

23.	 Yildiz Telatar G, Atici Bedi RMG, Bedi RF. Farkli diş firçalarina ait 
kil ucu morfolojisinin stereomikroskop ile analizi- in vitro çalişma. 
Ataturk Univ Dis Hekim Fak Derg. 2022;32(1):44-8. https://doi.
org/10.17567/ataunidfd.1012006.

24.	 American Dental Association. Toothbrushes [Internet]. [cited 
2026 Apr 10]. Available from: https://www.ada.org/resources/
ada-library/oral-health-topics/toothbrushes.

25.	 Cooray U, Singh A, Aida J, Tsakos G, Peres MA. Impact 
of poverty reduction on oral health outcomes among US 
adults. J Dent Res. 2025;104(10):1069-76. https://doi.
org/10.1177/00220345251323183. PMid:40326603.

26.	 ISO: International Organization for Standardization. ISO 
20126:2022 Dentistry — Manual toothbrushes — General 
requirements and test methods [Internet]. Geneva: ISO; 2022 
[cited 2025 Jun 3]. Available from: https://www.iso.org/
standard/74662.html

27.	 Perú. Ministerio de Salud. Productos que no cuentan con registro 
sanitario 2023 [Internet]. Lima: Ministry of Health; 2023 [cited 
2025 Jun 23]. Available from: https://www.digemid.minsa.
gob.pe/Archivos/PortalWeb/Informativo/RegistroSanitario/
ProductosNoRS-2023.pdf.

28.	 Lopez P, Alegría E, Soto A, Paredes E. Morphological analysis 
of the bristles from toothbrushes sold in the Peruvian market, 
using scanning electron microscopy. Braz Dent Sci. 2024;27(4):1-
9. https://doi.org/10.4322/bds.2024.e4503.

29.	 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(2):45-62. PMid:3209027.

30.	 Reiter C, Wetzel W. The finishing of the bristle ends in interdental 
brushes. Schweiz Monatsschr Zahnmed. 1991;101(4):431-7. 
PMid:2020838.

31.	  CerdasCheck [Internet]. Huánuco: Universidad de Huánuco; 
2026 [cited 2026 Jul 31]. Available from: https://cerdascheck.
onrender.com/

32.	 Jung M, Koçkapan C, Wetzel WE. Bristle end rounding of manual 
toothbrushes and reproducibility of end rounding classification. 
Am J Dent. 2003;16(5):299-304. PMid:14677607.

33.	 Rehman A, Shah S, Ali S, Khokhar N, Mehmood S, Ifrahim A. Analysis 
of bristle design of commercially available tooth brushes by using 
scanning electron microscope. J Pak Med Assoc. 2020;70(2):248-
51. https://doi.org/10.5455/JPMA.11418. PMid:32063615.

34.	 Meyer‐Lueckel H, Rieben AS, Kielbassa AM. Filament 
end‐rounding quality in electric toothbrushes. J Clin 
Periodontol. 2005;32(1):29-32. https://doi.org/10.1111/j.1600-
051X.2004.00628.x. PMid:15642055.

35.	 Jung M, Soydan N, Rubbert F, Wetzel WE. Quality of bristle end-
rounding on replaceable heads of powered toothbrushes. J Clin 
Periodontol. 2005;32(6):604-9. https://doi.org/10.1111/j.1600-
051X.2005.00719.x. PMid:15882218.

36.	 Lippert F, Arrageg MA, Eckert GJ, Hara AT. Interaction between 
toothpaste abrasivity and toothbrush filament stiffness on 
the development of erosive/abrasive lesions in vitro. Int 
Dent J. 2017;67(6):344-50. https://doi.org/10.1111/idj.12305. 
PMid:28574173.

37.	 Ng C, Tsoi JKH, Lo ECM, Matinlinna JP. Safety and design aspects 
of powered toothbrush: a narrative review. Dent J. 2020;8(1):15. 
https://doi.org/10.3390/dj8010015. PMid:32033270.

38.	 Tellefsen G, Liljeborg A, Johannsen A, Johannsen G. The role of 
the toothbrush in the abrasion process: toothbrush abrasivity in 
vitro. Int J Dent Hyg. 2011;9(4):284-90. https://doi.org/10.1111/
j.1601-5037.2011.00505.x. PMid:21545405.

39.	 Axe A, Mueller WD, Rafferty H, Lang T, Gaengler P. Impact of 
manual toothbrush design on plaque removal efficacy. BMC 
Oral Health. 2023;23(1):796. https://doi.org/10.1186/s12903-
023-03518-6. PMid:37880662.

40.	 Instituto Nacional de Estadística e Informática. Perú: 
Comportamiento de los indicadores del mercado laboral a nivel 

https://doi.org/10.5005/jp-journals-10005-1927
https://doi.org/10.5005/jp-journals-10005-1927
https://pubmed.ncbi.nlm.nih.gov/34413604
https://doi.org/10.1111/j.1601-5037.2009.00414.x
https://doi.org/10.1111/j.1601-5037.2009.00414.x
https://pubmed.ncbi.nlm.nih.gov/19832916
https://doi.org/10.1111/j.1365-263X.2010.01102.x
https://doi.org/10.1111/j.1365-263X.2010.01102.x
https://pubmed.ncbi.nlm.nih.gov/20961341
https://doi.org/10.3390/app11167180
https://doi.org/10.3390/app11167180
https://doi.org/10.1111/idj.12421
https://pubmed.ncbi.nlm.nih.gov/30152076
https://doi.org/10.4314/ejhs.v23i3.8
https://pubmed.ncbi.nlm.nih.gov/24307825
https://pubmed.ncbi.nlm.nih.gov/24307825
https://doi.org/10.1186/s12887-020-02347-8
https://pubmed.ncbi.nlm.nih.gov/32958022
https://pubmed.ncbi.nlm.nih.gov/32958022
https://doi.org/10.3290/j.ohpd.b5573917
https://doi.org/10.3290/j.ohpd.b5573917
https://pubmed.ncbi.nlm.nih.gov/39037346
https://doi.org/10.1111/idh.12179
https://pubmed.ncbi.nlm.nih.gov/26376737
https://pubmed.ncbi.nlm.nih.gov/26376737
https://doi.org/10.1034/j.1600-051x.2001.028004360.x
https://doi.org/10.1034/j.1600-051x.2001.028004360.x
https://pubmed.ncbi.nlm.nih.gov/11314893
https://doi.org/10.1111/idh.12212
https://pubmed.ncbi.nlm.nih.gov/26934834
https://doi.org/10.1111/idh.12272
https://pubmed.ncbi.nlm.nih.gov/28173609
https://pubmed.ncbi.nlm.nih.gov/28173609
https://doi.org/10.4103/jisp.jisp_50_21
https://doi.org/10.4103/jisp.jisp_50_21
https://pubmed.ncbi.nlm.nih.gov/36582950
https://doi.org/10.17567/ataunidfd.1012006
https://doi.org/10.17567/ataunidfd.1012006
https://doi.org/10.1177/00220345251323183
https://doi.org/10.1177/00220345251323183
https://pubmed.ncbi.nlm.nih.gov/40326603
https://doi.org/10.4322/bds.2024.e4503
https://pubmed.ncbi.nlm.nih.gov/3209027
https://pubmed.ncbi.nlm.nih.gov/2020838
https://pubmed.ncbi.nlm.nih.gov/2020838
https://cerdascheck.onrender.com/
https://cerdascheck.onrender.com/
https://pubmed.ncbi.nlm.nih.gov/14677607
https://doi.org/10.5455/JPMA.11418
https://pubmed.ncbi.nlm.nih.gov/32063615
https://doi.org/10.1111/j.1600-051X.2004.00628.x
https://doi.org/10.1111/j.1600-051X.2004.00628.x
https://pubmed.ncbi.nlm.nih.gov/15642055
https://doi.org/10.1111/j.1600-051X.2005.00719.x
https://doi.org/10.1111/j.1600-051X.2005.00719.x
https://pubmed.ncbi.nlm.nih.gov/15882218
https://doi.org/10.1111/idj.12305
https://pubmed.ncbi.nlm.nih.gov/28574173
https://pubmed.ncbi.nlm.nih.gov/28574173
https://doi.org/10.3390/dj8010015
https://pubmed.ncbi.nlm.nih.gov/32033270
https://doi.org/10.1111/j.1601-5037.2011.00505.x
https://doi.org/10.1111/j.1601-5037.2011.00505.x
https://pubmed.ncbi.nlm.nih.gov/21545405
https://doi.org/10.1186/s12903-023-03518-6
https://doi.org/10.1186/s12903-023-03518-6
https://pubmed.ncbi.nlm.nih.gov/37880662


12 Braz. Dent. Sci. 2026; 29 : e4971

Lopez-Beraun P et al. Morphological analysis of the bristles from toothbrushes sold 
in the Peruvian market, using scanning electron microscopy. 

Part II – Pediatric toothbrushes

Lopez-Beraun P et al. Morphological analysis of the bristles from toothbrushes sold 
in the Peruvian market, using scanning electron microscopy. 

Part II – Pediatric toothbrushes

Pablo Alonso Lopez Beraun  

(Corresponding address) 

Universidad de Huánuco, Huánuco, Perú. 

Email: pablo.lopez@udh.edu.pe

Editor-in-chief: Sergio Eduardo de 
Paiva Gonçalves
Editor: Cristiane Meira Assunção

Date submitted: 2025 Sept 06 
Accept submission: 2026 May 26

nacional y en 26 ciudades: Primer trimestre 2024: informe técnico 
[Internet]. Lima: INEI; 2024 [cited 2025 Jun 6]. Available from: 
https://www.inei.gob.pe/media/MenuRecursivo/boletines/02-
informe-tecnico-empleo-nacional-primer-trimestre-2024.pdf.

41.	 Azañedo D, Hernández-Vásquez A, Visconti-Lopez FJ, Turpo 
Cayo EY. Frequency, inequalities and spatial distribution of oral 
health services utilization in Peruvian children under twelve years 

of age: a population-based comparative analysis of the years 
2017 and 2021. BMC Oral Health. 2023;23(1):778. https://doi.
org/10.1186/s12903-023-03528-4. PMid:37872527.

42.	 Franchi M, Checchi L. Temperature dependence of toothbrush 
bristle morphology An ultrastructural study. J Clin Periodontol. 
1995;22(8):655-8. https://doi.org/10.1111/j.1600-051X.1995.
tb00821.x. PMid:8583025.

https://doi.org/10.1186/s12903-023-03528-4
https://doi.org/10.1186/s12903-023-03528-4
https://pubmed.ncbi.nlm.nih.gov/37872527
https://doi.org/10.1111/j.1600-051X.1995.tb00821.x
https://doi.org/10.1111/j.1600-051X.1995.tb00821.x
https://pubmed.ncbi.nlm.nih.gov/8583025

