Efficacy of interdental brushes for cleaning fixed orthodontic appliances: An
in vitro study
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ABSTRACT

Aim: To investigate the cleaning efficacy of interdental brushes of different sizes on fixed
orthodontic appliances using an in vitro typodont model. Methods: A typodont model fitted with
bonded metal brackets and a stainless-steel arch wire was used and divided into six segments.
Artificial plaque was applied to each segment to simulate dental plaque accumulation. Various
sizes of interdental brushes (TePe, Sweden) were used to clean the plaques. Plaque removal was
assessed using the modified Silness and Loe Plaque Index. The time required to achieve complete
plaque removal was recorded for each brush size. Results: Overall, the green (0.8mm passage-
hole diameter (PHD)) and purple (1.10mm) TePe interdental brushes showed the greatest efficacy
for cleaning interdental sites, with mean values of 42.02 + 4.48 seconds and 43.16 + 8.99 seconds,
respectively, significantly outperforming other interdental brush sizes (P < 0.05 for all). No
statistically significant difference was observed between the green and purple interdental brushes.
When the oral cavity was divided into six segments, both interdental brushes maintained
significantly greater efficacy compared to other sizes (p < 0.05). Conclusion: In this in vitro study,
the green (0.8mm) and purple (1.10mm) TePe interdental brushes demonstrated the highest overall
cleaning effectiveness across all oral segments. These findings suggest that specific sizes and
designs of interdental brushes can significantly influence plaque removal efficiency, indicating the
importance of selecting appropriately sized interdental brushes for optimal oral hygiene during
fixed orthodontic treatment. Further clinical studies are recommended to validate these results in

real-world settings.
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INTRODUCTION

Fixed orthodontic appliances interfere with conventional oral hygiene practices, not only
promoting plaque accumulation but also increasing the cariogenic risk of dental biofilms [1]. The
orthodontic brackets and wires create additional sites for plaque retention, complicating hygiene
efforts despite having specialised cleaning aids [2, 3]. A common consequence of plaque
accumulation in these patients is the development of white spot lesions, affecting 45.8%-68.4% of
those patients [4]. White spot lesions are an indicator of enamel demineralisation, which can
progress to caries if not addressed [5, 6].

Patients wearing fixed orthodontic appliances show increased levels of Streptococcus
mutans and Lactobacilli, bacteria associated with the formation of white spot lesions and dental
caries(7). There is also a higher prevalence of Porphyromonas gingivalis, Prevotella intermedia,
Tannerella forsythia, and Fusobacterium species, which affect periodontal health [7]. Multiple
studies indicated that fixed orthodontic treatment increases the risk of gingivitis, especially in the
first few months of the treatment.

Previous research indicates that chemical interventions, such as fluoride-releasing materials
and fluoride rinses, are insufficient in effectively preventing the formation of white spot lesions
during the prolonged treatment [8]. This highlights the importance of using mechanical cleaning
aids to enhance oral hygiene in the orthodontic patients, such as toothbrushing and interdental
cleaning aids [2]. Research has demonstrated that routine toothbrushing alone is inadequate for
effectively removing plaque around orthodontic brackets and beneath archwires, particularly in
reducing gingival inflammation as reflected by the gingival index [2, 9]. This shifts our focus

towards interdental cleaning aids, such as interdental brushes.



Interdental brushes have proven more effective than toothbrushing alone for plaque removal
in patients with fixed orthodontic appliances [10]. Various brands of interdental brushes are
available, including TePe, Curaprox, Colgate, Dental Pro, Tandex, Icon, Piksters, and Procare,
with diameters ranging from 0.2 to 1.5 mm [11]. There is a gap in the literature regarding the
appropriate sizes of interdental brushes for patients with fixed multibracket orthodontic appliances.
Variations in inter-bracket space sizes among individuals complicates the execution of clinical
trials regarding the true random assignment of interdental brushes [9]. There lacks an established
guideline for selecting appropriately sized interdental brushes for these patient population.
Furthermore, inconsistencies in specifications of interdental brushes may lead to improper use,
non-usage, and overuse, which can traumatise gingival tissues [12].

The aim of this study was to investigate the cleaning efficacy of interdental brushes of
different sizes on fixed orthodontic appliances using an in vitro typodont model. The findings may
help inform recommendations for selecting appropriate interdental brush sizes for patients with

fixed orthodontic appliances.

METHODS

Typodont preparation

The Sore-Spotter for Dentures (Holmes Dental) was used as a plaque simulant based on the
literature [13]. A typodont bonded with metal brackets (3M Victory Series, Low Profile MBT)
served as the in vitro model for the study [14, 15]. Eight sizes of TePe interdental brushes (Original
series, TePe, Sweden) were used: pink, orange, red, blue, yellow, green, violet, and grey (Figure
1). The black size was excluded due to incompatibility with the orthodontic brackets, as it was too

large to fit.



Plaque simulant application

A standardised amount of Sore-Spotter was applied to each segment using a fine applicator tip to
ensure even coverage of the inter-bracket and interdental areas. Care was taken to distribute the
material uniformly across all designated surfaces. The applied plaque simulant was allowed to set
for a consistent period (e.g., 60 seconds) prior to cleaning to achieve a stable and comparable

coating. Visual inspection was performed to confirm uniformity of application before each trial.

Measurement of the sizes of interdental brushes and inter-bracket spaces
Each interdental brush size (passage-hole diameter, PHD) and its corresponding brush diameter
(BD) were measured (Table 1). The BD was measured between the filaments on both sides. This
measurement allows for comparisons across different interdental brushes’ brands when PHD data
are unavailable.

The Inter-bracket space in the models was represented by the shape of a triangle (Figure 2).
By measuring the three sides of each triangle, the diameter of the inscribed circle (D) within the
triangle was calculated. As the inscribed circle represents the largest circle that can fit within a
triangle, it was considered a suitable approximation for determining the optimal cross-sectional
size of an interdental brush. The average diameter of the inscribed circles within each segment was

taken to represent that segment.

Measurement of plaque removal efficacy (time taken for cleaning)
A modified split-mouth design was used in our study by dividing the typodont into 6 segments
(Figure 1). Each segment was cleaned with various sizes of TePe interdental brushes. Cleaning

was performed by positioning the interdental brush parallel to the tooth surface and moving it in



an occlusal—gingival direction with consistent pressure. All procedures were carried out by a single
trained operator who was calibrated prior to the experiment to ensure consistency in brushing
technique and pressure application. The same operator performed all cleaning procedures and
controlled the digital timer to standardise the start and end points of measurement. The endpoint
of “complete cleaning” was defined as the removal of all visible plaque simulant from the tested
segment, corresponding to a reduction in the modified Silness and Loe plaque index score from 6
to 0 [2, 16]. This assessment was performed visually by the operator under consistent lighting
conditions. No additional magnification or disclosing agents were used after each timed attempt.
The time (in seconds) required to achieve complete cleaning for each segment was recorded using
a digital timer. Each measurement was repeated ten times to ensure reliability and minimise

random error, and the mean cleaning time for each interdental brush size was calculated.

Statistical analysis

Data were analysed and drawn through OriginPro 2025 SR1 10.2.0.196 (Academic) for Windows.
Continuous variables were expressed as the mean = standard deviation (SD) if normally distributed,
or as the median and interquartile range (IQR) if they had a skewed distribution. A one-way
multivariate analysis of variance (MANOVA) was conducted to evaluate the effect of interdental
brush size on plaque removal time across the six segments of the typodont model. Post hoc
pairwise comparisons were conducted using Tukey’s honestly significant difference (HSD) test to
identify differences between interdental brush sizes. Assumptions for MANOVA were assessed
prior to analysis. Normality of the data distribution was evaluated using (Shapiro—Wilk test). A P-

value of less than 0.05 was considered to be statistical significance.



RESULTS

Overall, the green (0.8mm) and purple (1.10mm) TePe interdental brushes were most efficacious
for cleaning interdental sites in vitro, with mean time of 42.02 + 4.48 seconds and 43.16 + 8.99
seconds, respectively, significantly outperforming the other brush sizes (P = 0.01). However, the
difference between the green and purple interdental brushes was not statistically significant (Figure
3).

When the oral cavity was divided into six segments, upper right (UR), upper anterior (UA),
upper left (UL), lower right (LR), lower anterior (LA), and lower left (LL), both the green and
purple interdental brushes demonstrated statistically significant efficacy compared to the other
sizes (p < 0.05) (Figure 4) (Supplementary Table 1).

Among the evaluated parameters, including interdental brush size (BD), passage PHD, inter-
bracket space (L), and inscribed circle diameter (D), the inter-bracket space (L) seemed to be the
most convenient, practical, and balanced criterion for selecting the appropriate interdental brush
size for each segment (Figure 2, Figure 4, and Table 2). In most regions, the recommended
interdental brush size closely matched the inter-bracket space (L), with the exception of the lower
anterior region, where the space was approximately half the size of the selected interdental brush

size, reflecting its narrower anatomic structure (Figure 2 and Table 2).

DISCUSSION

It is a challenge to clean orthodontic fixed appliances. The current study compared different sizes
of interdental brushes for cleaning plaque in vitro, and suggested that the green (0.8mm) and purple
(1.1) TePe interdental brushes showed the highest cleaning efficacy the interdental sites. Further

clinical studies are required to validate these results in real-world settings.



Routine toothbrushing remains the most common and widely accepted method for
maintaining oral hygiene among patients with fixed orthodontic appliances [17]. However,
research indicates that the cleaning efficacy of manual toothbrushes ranges between only 74% and
89% [18]. Various toothbrush designs have emerged to enhance oral hygiene for these individuals.
One such design is the single-tufted toothbrush, which is specifically engineered to remove plaque
in areas that are difficult for conventional toothbrushes to access [19, 20]. Research suggests that
combining a single-tufted toothbrush with a conventional brush can significantly reduce plaque in
orthodontic patients [21]. Despite its potential benefits, it is not commonly utilised in orthodontics
due to unclear evidence of its clinical superiority. Another design is the orthodontic toothbrush,
which features a V-shaped groove along the head. This design incorporates shorter, firmer nylon
bristles within the groove to effectively remove debris from mid-bracket areas, while longer, softer
bristles are used around the bracket wings [22]. Yet, studies show mixed results regarding its
efficacy, for example, one study found no significant difference in plaque removal compared to
conventional brushes [23], whereas another study reported that it was less effective than traditional
flat-trimmed toothbrushes and orthodontic toothbrushes in conjunction with the Modified Bass
technique may be more effective for reducing plaque accumulation in patients with fixed
appliances [22].

Tooth brushing technique is also important for effective plaque removal. The Modified Bass
technique has demonstrated greater efficacy in plaque removal compared to the Stillman
Technique [23]. A systematic review reported that there was insufficient evidence to support the
effectiveness of any particular toothbrushing method for orthodontic patients [24]. A recent
clinical study evaluated an orthodontic toothbrushing technique specifically designed for patients

with fixed appliances and found it to be more effective than the Modified Bass technique [25].



This orthodontic technique incorporated horizontal strokes combined with a ‘bite and wiggle’
motion behind arch wires, allowing the bristles to effectively reach the areas behind the arch wire
and brackets. The findings demonstrated that this orthodontic technique resulted in superior plaque
control compared to the Modified Bass technique; however, no significant improvements were
observed in gingival health.

Electric toothbrushes are generally considered to be more efficient in cleaning plaque and
reducing gingival inflammation than manual toothbrushes [21]. Additionally, electric toothbrushes
can enhance patient’s motivation to upkeep their oral hygiene should they already have a positive
perception of its ease of use and efficacy. This motivation is crucial for orthodontic treatment
which typically spans over 2 years, and adherence to oral hygiene practices is essential to prevent
complications associated with plaque buildup during this extended period [26].

Compliance regarding routine usage of dental floss among adults is low, varying between
10-30% [27]. This could compliance rate can be attributed to the technical difficulty of flossing,
which is exacerbated by tight contact points between teeth. This renders it an effective method for
interdental cleaning in patients with fixed multibracket orthodontic appliances [28]. Consequently,
unsupervised flossing often fails to produce a substantial reduction in gingival inflammation. A
Cochrane review conducted in 2019 highlighted “weak and unreliable evidence” supporting the
use of flossing as an adjunct to brushing for plaque reduction; however, it did indicate a notable
benefit in reducing gingivitis [29].

The oral irrigation device, commonly referred to as a water flosser, has garnered
considerable attention due to its user-friendly design and is regarded as a safe and effective method
for inter-dental cleaning. Numerous studies have shown the effectiveness of oral irrigation devices

in reducing gingival inflammation; however, strong evidence supporting their ability to remove



plaque remains insufficient [30]. For patients undergoing fixed orthodontic treatment, current
research suggests that water flossing does not offer significant advantages over traditional dental
flossing [31, 32], nor when used in conjunction with manual tooth brushing [33]. A comparative
study examined different shapes of interdental brushes, specifically cylindrical-shaped versus
waist-shaped brushes. The findings indicated that the waist-shaped interdental brush resulted in
significantly greater plaque reduction, particularly around brackets [34]. Although the TePe
interdental brushes selected for this study are cylindrical in shape, Erbe, Zanders-Grote [34] also
noted that interdental brushes, in general, are a superior choice of maintaining optimal oral hygiene
during orthodontic treatment due to its safety profile and effectiveness.

This study has several limitations. First, the experiments were conducted using an in vitro
simulation model, which may not fully capture the complexity and variability present in human
subjects. In particular, the absence of dynamic intraoral factors such as saliva, soft tissues, and
patient-related behaviours (e.g., dexterity and compliance) limits direct clinical extrapolation.
Second, the study employed a single-operator design without blinding, and inter-examiner
reliability was not assessed. This may introduce operator-related bias and limit the reproducibility
of the findings. Although efforts were made to standardise the procedure, the potential influence
of operator technique cannot be excluded. Third, the artificial plaque simulant used in this study
may not fully replicate the viscoelastic properties, structural complexity, or adhesion
characteristics of mature orthodontic biofilm, which could affect the generalisability of the
cleaning efficacy outcomes. Fourth, the split-mouth design introduced a potential carry-across
effect that could have influenced the outcomes [35]. Additionally, measurements for the maxillary
and mandibular arches were derived by aggregating findings from individual segments, which may

not accurately reflect the actual cleaning times required in a continuous clinical setting. Potential
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sources of bias, including experimenter fatigue and human error, could have led to either
overestimation or underestimation of cleaning times due to unintended interactions between sites.
Furthermore, the findings are specific to the interdental brushes tested (TePe, Sweden; cylindrical
design) and the orthodontic system used (metal brackets and archwire configuration consistent
with the Victory Series, 3M). Therefore, caution should be exercised when generalising these
results to other brush designs, brands, or orthodontic systems. Finally, although the study identified
the most effective interdental brush sizes for plaque removal under controlled conditions, it did
not evaluate other clinically relevant factors influencing real-world effectiveness and patient
adherence. These include patient comfort and preference, ease of use, comparison with alternative
interdental cleaning aids, cost-effectiveness, and long-term compliance. Future in vivo studies are

required to investigate these variables and to validate the present findings in clinical settings.

CONCLUSION

In this in vitro study, the green (0.8 mm) and purple (1.1 mm) TePe interdental brushes
demonstrated the highest overall cleaning efficacy across all evaluated oral segments. These results
highlight the critical role of brush size and design in optimizing plaque removal, emphasizing the
importance of selecting appropriately sized interdental brushes to enhance oral hygiene during
fixed orthodontic treatment. Further clinical research is required to validate these findings in vivo

and to assess their applicability in routine patient care.

CLINICAL RELEVANCE
Scientific Rationale: Effective plaque removal around fixed orthodontic appliances is critical for

preventing dental diseases, yet optimal interdental brush sizes remain unclear.
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Principal Findings: In this study, 0.8 mm (green) and 1.1 mm (purple) TePe interdental brushes
demonstrated superior cleaning efficacy compared to other sizes across all oral segments, with no
significant difference between the two.

Practical Implications: Selecting appropriately sized interdental brushes enhances plaque removal
efficiency in orthodontic patients. Clinicians may consider recommending 0.8 mm or 1.1 mm
brushes to improve oral hygiene, while future clinical trials are needed to confirm these findings

1n vivo.
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Table 1. The corresponding passage-hole diameter (PHD) and brush diameter (BD) of each size

of TePe interdental brush

Interdental brush | Passage hole diameter (mm) | Brush diameter (mm)
Pink 0.40 1.90 £0.20
Orange 0.45 2.00+0.20

én Red 0.50 2.30+0.30

g Blue 0.60 2.90+0.20

;
,i
0.70 3.50+0.20
Green 0.80 5.30+0.20
Purple 1.10 5.70 £0.20
f  Grey 1.30 8.80 + 0.20
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Table 2. Inscribed circle diameter (D), inter-bracket space (L), and the ratios relevant to interdental brush size (BD)

Segment Diameter of inscribed Length of inter-bracket D:PHD* D:BD L:PHD L:BD

circle (mm, D) space (mm, L)
UR/UL 2.39+0.75 5.38+1.03 1:0.5 1:2.4 1:0.2 1:1
UA 1.96 +0.17 5.10+0.22 1:0.4 1:2.7 1:0.2 I:1
LA 1.50 £0.09 2.70 £0.27 1:0.5 1:3.5 1:0.3 1:2
LR/LL 2.58 £0.79 5.75+2.02 1:0.4 1:2.2 1:0.2 I1:1

*D: the diameter of the inscribed circle; PHD: passage hole diameter; BD: brush diameter



Figure 1. Diagram of the dentition divided into six segments. UR (upper right): from mesial
surface of 17 to distal surface of 13. UA (upper anterior): from mesial surface of 13 to mesial
surface to 23. UL (upper left): from distal surface of 23 to mesial surface of 27. LL (lower left):
from mesial surface of 37 to distal surface of 33. LA (lower anterior) from mesial surface of

33 to mesial surface of 43. LR (lower right): from distal surface of 43 to mesial surface of 47.
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Figure 2. Triangles illustrated on the models representing the inter-bracket space spaces between teeth.

S = Enlarged triangle representing inter-bracket space
D = Diameter of inscribed circle within triangle

L = Length of triangle representing inter-bracket distance
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Figure 3. The green (0.8 mm PHD) and purple (1.10mm PHD) interdental brushes demonstrated the highest efficacy in removing artificial plaque

in vitro.
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Figure 4. Segmental cleaning efficacy of each interdental brush size. The green (0.8 mm) and purple (1.1 mm) brushes demonstrated statistically

significant cleaning efficacy (p < 0.05) across all six oral segments compared to the other brush sizes.
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