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ABSTRACT 

Objectives Orthodontic treatment is highly popular for restoring function and facial esthetics 
in juveniles and adults. As a downside, prevalence of biofilm-related complications is high. 
Objectives of this review are to (1)-identify special features of biofilm formation in orthodontic-
patients and (2)-emphasize the need for strong concerted action to prevent biofilm-related 
complications during orthodontic treatment.

Materials and methods Literature on biofilm formation in the oral cavity is reviewed to identify 
special features of biofilm formation in orthodontic patients. Estimates are made of juvenile 
and adult orthodontic-patient-population sizes and biofilm-related complication rates are 
used to indicate the costs and clinical workload resulting from biofilm-related complications.

Results Biofilm formation in orthodontic patients is governed by similar mechanisms as 
common in the oral cavity. However, orthodontic-appliances hamper maintenance of oral 
hygiene and provide numerous additional surfaces, with properties alien to the oral cavity, 
to which bacteria can adhere and form a biofilm. Biofilm formation may lead to gingivitis 
and white spot lesions, compromising facial esthetics. Whereas gingivitis after orthodontic 
treatment is often transient, white spot lesions may turn into cavities requiring professional 
restoration. Complications requiring professional care develop in 15% of all orthodontic 
patients, implying an annual cost of over US$ 500,000,000 and a workload of 1000 fulltime 
dentists in the USA alone.

Conclusions Improved preventive measures and antimicrobial materials are urgently required 
to prevent biofilm-related complications of orthodontic treatment from overshadowing its 
functional and esthetic advantages.

Clinical relevance High treatment demand and occurrence of biofilm-related complications 
requiring professional care make orthodontic treatment a potential public health threat.
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INTRODUCTION

Orthodontic treatment for restoring function and facial esthetics is highly popular. Between 
1982 and 2010 the number of orthodontic patients in North America has increased by 100% 
(Fig. 1). Together there are nearly four million juvenile, aged between 6-18 years, and more 
than one million adult patients in North America alone reported by the American Association 
of Orthodontists.1 The juvenile patients constitute about 7% of the total population,2 which 
is much lower than the number of juvenile patients with an objective orthodontic treatment 
need, estimated to be between 17-43%.3 When subjective treatment need is taken into 
consideration, 50-75% of the Western population could benefit from orthodontic treatment.1 
Therefore, the number of potential orthodontic patients is much larger than currently treated 
and further increase in the number of orthodontic patients over the coming years can be 
expected with increasing self-awareness of dental esthetics, oral health related quality of life 
and affordability of orthodontic treatment.

However, the downside of orthodontic treatment has not been much addressed. The region 
of the tooth surface around brackets is prone to adhesion of oral bacteria and subsequent 
biofilm formation or “dental plaque”. Oral biofilms on dental hard and soft tissues are the 
main cause of dental diseases, including caries and periodontal disease and are difficult to 
remove. A single-time, self-performed manual brushing4 is often insufficient and known to 
leave biofilm behind in retention sites, such as fissures, interproximal spaces and gingival 

Figure 1. Number of orthodontic patients in North America over the past three decades. For 1982-1986, no data are 
available about the percentage of adult patients. (source: American Association of Orthodontists: AAO Patient Census 
Surveys 1989-2010. Bull Am Assoc Orthod 2012)
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margins. Orthodontic appliances make effective biofilm removal even more difficult and 
brushing nearly always leaves biofilm behind at the vulnerable bracket-adhesive-enamel 
junction and the sensitive region between brackets and gingival margin (Fig. 2), therewith 
contributing to the occurrence of dental diseases.

In the current review, we identify the special features of biofilm formation in orthodontic patients, 
without aiming to fully describe mechanisms of oral biofilm formation in general, and provide 
an estimate of the occurrence of biofilm-related complications during orthodontic treatment, 
including consequences for dental health care in general.

Oral biofilm formation
Whereas it is beyond the scope of this review, to fully describe mechanisms of oral biofilm 
formation in general, we will briefly outline some important features. Oral biofilms form on all 
surfaces exposed to the human oral cavity, most notably on all oral hard and soft surfaces. 
Oral biofilms formed on tooth surfaces cause demineralization of enamel, which in its mildest 
form yields white spot lesions, indicative of sub-surface decalcification. Biofilm formed below 
the gingival margin leads to inflammation of the gums, which in an extreme case can lead to 
periodontitis and tooth loss.

Oral biofilms are diverse communities of adhering microorganisms, embedded in a self-
produced matrix of extracellular-polymeric-substances and possessing a complex, spatially 
heterogeneous and dynamic structure.5 The extracellular matrix acts not only as a glue for the 
biofilm, ensuring adhesion to a substratum and integrity of the biofilm itself,6 but also hampers 

Figure 2. Orthodontic biofilm, visualized by staining with GUM red-cote, before (lower dentition) and after (upper 
dentition) removal of brackets. Stained areas, representing oral biofilm, can be clearly seen on the tooth surfaces 
around the area where the brackets have been bonded, around the brackets still present and along the gingival 
margins.
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penetration of antimicrobials into the biofilm to offer protection to organisms in a biofilm mode 
of growth. Although the bacterial diversity in the oral cavity is estimated to include at least 800 
different species, consisting of a wide variety of Gram-positive and Gram-negative bacteria, 
oral biofilms accumulate through sequential and ordered colonization by different strains and 
species present in the oral cavity.7

Bacterial adhesion depends on the properties of the bacterial cell and substratum surfaces. 
Under clinical conditions, surface roughness is the overruling property of any material placed 
in the oral cavity with respect to bacterial adhesion and biofilm formation, especially in supra-
gingival regions where sizeable detachment forces are operative during the day.8 Roughness 
is of less importance in relatively stagnant regions, such as in sub-gingival pockets and here 
substratum hydrophobicity plays a major role.

Oral biofilm in orthodontic patients
Placement of an orthodontic appliance consisting of metals and polymers, is accompanied 
by the creation of surfaces with properties, alien to the those of the natural oral hard and 
soft surfaces. In addition, the number of retention sites is much larger in orthodontic patients. 
These special features not only increase the amount of biofilm, but also the prevalence of 
cariogenic bacteria such as mutans streptococci9 and periodontopathic bacteria such as 
Porphyromonas gingivalis, Prevotella intermedia, Prevotella nigrescens, Tannerella forsythia, 
and Fusobacterium species.10 Moreover, orthodontic appliances greatly reduce the efficacy of 
natural oral cleansing forces and of mechanical biofilm removal by toothbrushing.11

The variety of alien surfaces introduced by orthodontic intervention provides numerous 
additional surfaces to which microorganisms can adhere and form a biofilm. Banding induced 
more biofilm formation mostly at the gingival margin, periodontal inflammation and white spot 
lesions than bonding.12 Composite bonding resins are prone to bacterial adhesion at the 
vulnerable bracket-adhesive-enamel junction, especially since polymerization shrinkage may 
yield a gap at the contact interface where bacteria find themselves protected against oral 
cleansing forces and antibacterial agents.13 Moreover, bacterial adhesion forces to composite 
resin, often having a rougher surface than enamel or brackets, were stronger than to brackets 
or saliva-coated enamel.14 

Initial biofilm formation in vivo has been observed on different bracket materials.15 Brackets 
placed maxillary or at labial surfaces harvested more biofilm than at mandibular or lingual 
ones.16 Although more anaerobic and aerobic organisms have been found in self-ligating 
than in conventional bracket sites,17 the occurrence of white spot enamel lesions and gingival 
inflammation was similar in both patient groups,18 indicating that biofilm formation on the 
brackets themselves is less harmful than when formed at the bracket-adhesive-enamel junction.
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No difference was found regarding biofilm weight or biofilm-related clinical indices between 
different ligating devices. However, use of elastomeric rings was related to a higher incidence 
of enamel demineralization.19 In general, complicated auxiliaries create areas difficult to 
clean and enhancing biofilm formation.11

Removable acrylic retainers stimulate early biofilm formation, harvesting different strains of 
streptococci and candida, and provide new retention sites favoring bacterial adhesion and 
growth.20 Fixed retainers in direct contact with the enamel surface cannot be removed for 
extensive cleaning and may yield extensive biofilm formation.21 No differences were found 
in the clinical plaque and gingivitis indices between fixed retainers made of multi-strand or 
single-strand wires, but more biofilm was isolated from the multi-strand wires having niches 
where biofilms can be easily form and are protected against environmental attacks22 (Fig. 3).

Complications arising from biofilms during orthodontic treatment
Enamel demineralization Enamel demineralization surrounding brackets is the most common 
side-effect in orthodontics and can range from white spot lesions to cavitation upon bracket 
removal (Fig. 4). This can occur on both vestibular and lingual surfaces, with the most affected 
sites being the bracket-adhesive-enamel junction on teeth at the esthetic region.14 Enamel 
remineralization of white spot lesions can be achieved spontaneously by saliva or actively by 
fluoride or calcium-phosphate-based remineralization.23 Whether complete remineralization 
occurs or not is related to the type and severity of the lesions.11 White spot lesions can 
develop rapidly in susceptible individuals within the first month of treatment, and can remain 
visible many years after debonding, or in severe cases appear as a permanent enamel 

Figure 3. Scanning electron micrograph of a multi-strand wire used for fixed retainers. Biofilm formation in the niches 
between the wires is clearly visible.
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scar.11 Fast developing or soft lesions are mostly superficial enamel defects and may almost 
completely remineralize within a few weeks. In most patients, lesions develop gradually 
during treatment and remineralize extremely slowly. Micro-abrasion, in essence an invasive 
method removing sound as well as diseased tissue, is an effective professional, cosmetic 
measure to treat permanent enamel scarring,24 which may also take place spontaneously 
leading to a gradual regression of the white spot lesion. More severely, white spot lesions 
may turn into actual cavities and not seldom orthodontic appliances have to be removed 
before the treatment goal has been reached to prevent further demineralization. The long 
term presence of white spot lesions or of composite restorations at labial surfaces of teeth, 
with the potential to turn into cavities or discolor respectively, are the most prevalent biofilm-
related complications in orthodontics, compromising facial esthetics after an often lengthy 
and costly orthodontic treatment.

Soft tissue inflammation Almost all orthodontic patients experience some degree of soft 
tissue inflammation (Fig. 4). Gingivitis during orthodontic treatment is often temporary and 
rarely progresses to periodontitis, although biofilms on retention sites increase the risk 
for periodontitis. Biofilms on temporary anchorage devices (Fig. 5), such as mini-screws, 
micro-implants, or mini-plates, can cause inflammation of surrounding soft tissues similar to 
peri-implantitis, especially on trans-gingival parts of the devices. These inflammations are 
associated with a 30% increase in failure rate of the devices.25 In addition, biofilms on the 
head of a temporary anchorage device may infect adjacent contacting mucosa resulting in 
aphthous ulceration forewarning a greater soft tissue inflammation.26 Treatment of gingivitis 
or peri-implantitis in orthodontics includes local cleaning, application of antimicrobial 
containing products, such as chlorhexidine, cetylpyridinium chloride or triclosan preferably 
combined with brushing with a fluoridated toothpaste.26

Figure 4. White spot lesions, cavities (upper dentition) and gingival inflammation (lower dentition) caused by orthodontic 
biofilms after removal of fixed orthodontic appliance.
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Other consequences of orthodontic biofilms Bacteremia caused by trauma during appliance 
placement or removal, is usually transient and occurs with an incidence of up to 10% during 
fixed appliance treatment27 and 30% at removal of fixed expansion appliances.28 Biofilms 
may also affect the appliance itself and cause pitting and crevice corrosion of metallic 
biomaterials, affect mechanical properties, surface roughness or topographies of composite 
adhesives.29 Increase in roughness of the appliance materials due to biofilm is especially 
troublesome, since rougher surfaces promote biofilm formation,30 providing protective niches 
against environmental challenges. Hence a vicious cycle develops in which biofilm formation 
amplifies itself and may eventually compromise the efficiency of clinical mechanics.31

Occurrence of biofilm-related complications
Table 1 summarizes the occurrence of biofilm-related complications during orthodontic 
treatment. Noticeably, large differences exist in reported occurrences of the major 
complications possibly relating to the various patient compliances that will greatly affect 
the study outcome, but are not systematically recorded in all studies. In a study on the 
prevalence of white spot lesions in 19-year-olds, only 23% of all participants showed good 
compliance with oral hygiene instructions, while 77% had moderate or poor compliance.32

Based on Table 1, it can be concluded that white spot lesions are a very common biofilm-
related complication during orthodontic treatment, with a conservative estimate of the 
occurrence of 60%. Severe lesions requiring professional attention develop in up to 15% of 
all patients.33

Figure 5.  Biofilms on and around temporary anchorage devices causing soft tissue inflammation.
(A): Gingival inflammation (black arrow) around a temporary anchorage device (see white arrow). 
(B) and (C): Scanning electron micrographs of biofilm formed on a temporary anchorage device at low (B) and high 
magnification (C).
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Interproximal caries development is not significantly different from untreated controls34 and 
periodontitis is virtually absent.35 Gingivitis, often combined with gingival hyperplasia, is 
very common after orthodontic treatment but normally requires no treatment because of its 
transient nature.36

Year Number 
of 
patients 

WSL 
(%)

Severe WSL 
requiring 
treatment (%)a

Fluoride
addition

Evaluation 
method

Reference

1982 121 50 7 No Visual Gorelick et al.57

1982 269 84 Not reported No Visual Mizrahi et al.58

1986 60 59 Not reported Yes Visual Artun and 
Brobakken59

1988 34 34 5 Yes Visual Geiger60

1989 51 96 10 Yes Visual Øgaard32

2005 64 97 Not reported No QLFb Boersma et al.61

2007 53 94 3 Yes PAc Lovrov et al.62

2010 332 36 14 No PA Chapman et al.63

2011 72 46 Not reported No Visual Tufekci et al.64

2011 400 61 15 Yes PA Enaia et al.33

2012 40 60 0 Yes Visual Hadler-Olsen et al.34

2012 64 43 Not reported No Visual Lucchese et al.65

2013 885 23 Not reported No PA Julien et al.66

The number of biofilm-related complications developing during orthodontic treatment is high. 
Considering the size of the current patient population, the results of this review indicate 
that 3 million orthodontic patients in the US alone develop white spot lesions as a result of 
the treatment. Up to 750,000 of these patients require professional care after orthodontic 
treatment. We estimate that basic treatment of white spot lesion on teeth in the esthetic 
region costs at least US$ 650 per patient37 adding up to nearly US$ 500,000,000 for all 
patients requiring professional care after orthodontic treatment. Since at least 2-3 hours are 
needed per patient, the total amount of man hours involved in these restorative treatments 
is estimated to be around 2,000,000. This means that every year around 1000 dentists have 
to work full time in order to treat the consequences of biofilm-related complications after 
orthodontic treatment. Although most orthodontists are aware of these problems, effective 
preventive programs and focussed research efforts are lacking.

a percentage of total number of patients;
b quantitative light-induced fluorescence; 
c photographic assessment.

Table 1. Overview of reported occurrences of white spot lesions (WSL) during orthodontic treatment, according 
to different studies over the past three decades. 
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Traditional and current preventive measures
Mechanical removal Effective manual or powered brushing and use of interdental brushes 
is still by far the most important measure for oral hygiene control in orthodontic patients. 
Manual toothbrushes with a special head design for orthodontics, such as staged, v-shaped, 
or triple-headed, are more efficient than brushes with a conventional planar bristle field.38 
Powered toothbrushes for removing biofilms are difficult to compare because of the diversity 
of frequencies or types of vibration, areas or types of bristle, and criteria or methods for 
assessment,39 but are generally accepted to perform better than manual brushing. However, 
the use of powered toothbrushes demonstrating non-contact removal (“cleaning beyond the 
bristles”) of oral biofilm40 up to brushing distances of 6 mm, depending on the energy output 
and frequency of the brush,41 may be advisable for orthodontic patients, although a thorough 
evaluation of the use of such brushes has never been made.

Chemical biofilm control A variety of chemical biofilm control measures including incorporation 
of antimicrobials in toothpastes, mouthrinses, varnishes and adhesives are currently used. 
Chlorhexidine however, still remains the most effective antimicrobial in reducing biofilm-
related complications in orthodontic patients,42 although compliance may not be optimal in 
many patients since long-term use of chlorhexidine is known to stain teeth and tongue and 
affect taste sensation. Cetylpyridinium chloride is also an effective oral antimicrobial, but in 
many formulations its bio-availability is low. The benefits of fluoride containing toothpastes 
and mouthrinses in preventing caries have been well established and besides aiding enamel 
remineralization, fluoride acts as a buffer to neutralize acids produced by bacteria and 
suppresses their growth.30 Stannous fluoride provides dual benefits with respect to caries 
and biofilm prevention by stannous ions.43 The combination of an aminefluoride/stannous 
fluoride containing toothpaste or mouthrinse showed greater inhibition of biofilms, less white 
spot lesions and gingivitis during orthodontic treatment than sodium fluoride containing 
products.11 Laser irradiation in addition to fluoride treatment has been suggested to prevent 
formation of white spot lesions both in vitro and in vivo.44

Recently, it has been demonstrated that oral biofilm left-behind after brushing, absorbs 
antibacterial components from mouthrinses used after brushing to act as a reservoir for 
antibacterial components, that are subsequently slowly released in bioactive concentrations.45 
Importantly, biofilm is always left-behind where it appears most harmful to the enamel surface, 
in case of orthodontic treatment around brackets. Consequently, slow release of absorbed 
antibacterial components from biofilm left-behind occurs where it matters most.

Modification of orthodontic materials Fluoride has been incorporated into various orthodontic 
adhesives46 to yield a slow release system with direct, beneficial clinical effects on enamel 
de- and remineralization. Other fluoride applications, which have not yet found their way to 
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extensive clinical use, include coating of brackets and wires e.g. titanium tetrafluoride or 
calcium fluoride,47 demonstrating sustained release of fluoride and associated reductions in 
lesion depths and total mineral loss around the bracket-adhesive-enamel junction. Fluoride-
containing elastomeric rings have also been demonstrated to release significant amounts 
of fluoride with a concurrent clinical reduction in the degree of decalcification around 
brackets,48 although the number of Streptococcus mutans or anaerobic bacterial growth in 
saliva or biofilms surrounding the brackets remained the same.49

Incorporation of antimicrobial agents in adhesives is more directly aimed at biofilm prevention. 
Antimicrobial release kinetics depend on the solubility of the antimicrobial in water, while the 
build-up of sufficiently high concentrations preventing microbial growth in saliva may be 
impossible due to wash-out in vivo. The solubility of chlorhexidine and triclosan in water 
for instance, is low and their release from adhesives may be less than required to reach a 
minimal inhibitory concentration preventing microbial growth.50 The release of cetylpyridinium 
chloride in water from adhesives showed a burst release during the first two weeks, followed 
by a much lower tail-release and in vitro caused an inhibition zone on bacterially inoculated 
agar. Other antimicrobials as e.g. benzalkonium chloride are only effective for two weeks 
after an initial burst release. Silver nanoparticles and quaternary ammonium polyethylenimine 
nanoparticles mixed into adhesives with an antibacterial activity upon contact are preferred 
since they are long-lasting,51 but the safety of nanoparticles for human use is still a matter of 
controversy.

Efforts required to prevent biofilm-related complications
Orthodontists should first of all inform patients adequately about the potential risks of 
treatment and emphasize preventive programs. Especially adult patients can be made aware, 
better than juveniles, of the importance of oral hygiene. As an essential part of a preventive 
program, patients should be encouraged towards a more intensive oral hygiene control and 
use of powered toothbrushes, in combination with fluoridated, antibacterial toothpastes and 
antimicrobially effective mouthrinses, not solely aimed at creating fresh breath. Efforts to 
determine the possible clinical importance of non-contact, powered brushing in orthodontic 
patients should be undertaken.

Materials-related efforts currently focus on the development of antimicrobial releasing 
adhesives to fix brackets to tooth surfaces which will protect the vulnerable bracket -adhesive- 
enamel junction against biofilm formation, but it is doubtful whether clinically the small volume 
of adhesive applied to fix a bracket will be an effective reservoir for any antimicrobial over 
the duration of an average orthodontic treatment. Considering the duration of orthodontic 
treatment, more permanent non-adhesive or antimicrobial coatings that kill bacteria upon 
contact are preferable. However, neither low surface free energy polytetrafluoroethylene 
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coatings on brackets52 nor polymer brush-coatings53 to discourage bacterial adhesion or 
photocatalytic TiO2 on wires54 to discourage bacterial growth have yet found their way toward 
clinical application. Alternative directions include modified composites with antimicrobial 
surface properties that kill bacteria upon adhesion.55 Recently, polymerization of antimicrobial 
cross-linked quaternary ammonium polyethylenimine nanoparticles into composite matrix 
has been demonstrated to significantly prevent oral biofilm formation in vivo and exhibit 
a potent broad spectrum antibacterial activity against salivary bacteria.56 Contact-killing 
coatings may have greater potential for the future than antimicrobial-release coatings as 
their efficacy is not hampered over time by a reduced release rate of antimicrobials from a 
reservoir with a limited volume.

CONCLUSIONS

The number of patients at risk of biofilm-related complications, including white spot lesions, 
caries and gingivitis has increased tremendously over the past two decades as a result 
of the success of orthodontic intervention to restore function and facial esthetics and now 
encompasses sizeable juvenile and adult populations. Based on this study, a conservative 
estimate of 60% of all orthodontic patients acquires one or more biofilm-related complications 
as a result of orthodontic treatment. Fixed braces and other orthodontic appliances hamper 
the maintenance of oral hygiene and provide numerous additional surfaces in the oral cavity 
to which bacteria can adhere and form a biofilm. With the growing demand for orthodontic 
treatment and a high occurrence of oral biofilm-related complications requiring professional 
care, orthodontic treatment is at risk of becoming a public health threat requiring improved 
preventive measures, including information for patients, effective personal oral care products 
like powered toothbrushes demonstrating non-contact removal of biofilms, pastes and 
rinses and the development of antimicrobial materials, preferentially contact-killing rather 
than materials relying on limited release of antimicrobials overtime. Only through concerted 
action, we will be able to prevent biofilm-related complications during orthodontic treatment 
from overshadowing  it’s obvious advantages.
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