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Abstract:

Limited longitudinal evidence exists on oral microbiological changes during fixed orthodontic treatment and their clinical
significance. This prospective study evaluated 90 patients aged 13-28 years using clinical periodontal assessment and 16S rRNA
sequencing of saliva and supragingival plaque at baseline, 3 months and 6 months. Plaque microbiota showed significantly increased
alpha diversity and greater abundance of anaerobic genera including Actinomyces, Veillonella, Prevotella, Fusobacterium and Leptotrichia
(p < 0.001). Beta-diversity analysis confirmed significant microbial community shifts over time (PERMANOVA p = 0.002), and plaque
index independently predicted dysbiosis at 6 months (p = 0.39, p = 0.004). Thus, data shows that fixed orthodontic therapy promoted
progressive oral microbial dysbiosis, supporting early microbiological monitoring and reinforced plaque-control measures during
treatment.
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dysbiosis
Background: minimized with careful oral hygiene, they can still vary between

The oral cavity is a highly organized microbial ecosystem with
distribution of microorganisms in saliva, tongue, mucosa,
supragingival and subgingival plaque. Over 700 bacterial taxa
have been described in oral habitats and their spatial
distribution is influenced by host-derived factors as well as local
ecological factors including oxygen tension, salivary flow, pH,
diet and surface availability [1]. The use of curated oral
microbial databases and high throughput sequencing has
enhanced taxonomic resolution and allowed the assessment of
organisms that are not cultivable, which were underestimated in
culture-based orthodontic studies [2]. The oral microbiota is a
dynamic biofilm community that plays a role in colonization
resistance and ecological balance in health. Disease is now
known to be a dysbiotic change, not just the presence of
individual pathogens. The ratio of health-associated commensals
to organisms associated with dental caries, gingivitis and
periodontitis can be modified by biofilm maturation, acidogenic
pressure, proteolytic metabolism and inflammation-related
environmental changes [3]. The ecological perspective is
especially important in orthodontic therapy, as appliances are in
close proximity to enamel and gingival margins for months or
years. Fixed orthodontic brackets, bands, archwires, elastomeric
ligatures and auxiliary attachments provide more plaque
retention and irregular surfaces that are hard to clean. The
stagnation zones can lead to reduced redox potential, higher
carbohydrate retention and the presence of mature biofilm
around bracket margins. During treatment, therefore, clinical
complications  like  gingival inflammation,  enamel
demineralization, white spot lesions, halitosis and periodontal
deterioration are important concerns [4]. While these risks can be

individuals depending on their microbial response, age, diet,
baseline plaque control, appliance design and host inflammatory
response. The use of 16S rRNA gene sequencing has
revolutionized the assessment of the orthodontic microbial
ecology. Both cross-sectional and longitudinal data suggest that
orthodontic treatment can lead to changes in microbial richness,
relative abundance at the phylum and genus levels and
enriching anaerobic or disease-associated taxa in plaque and
saliva [5]. Studies have also compared saliva and plaque and
found that the biofilm immediately adjacent to brackets may
exhibit more dysbiotic changes than saliva, further emphasizing
the importance of site-specific sampling over whole-mouth
saliva assessment [6]. Recent prospective studies have shown
that the genera Bacteroidetes, Fusobacteria, Saccharibacteria,
Actinomyces, Veillonella, Prevotelln and other anaerobes were
increased in the early months of fixed appliance therapy [7].
Microbial changes are also observed by similar sequencing
methods and can occur within weeks of bonding and persist for
the first 3-6 months, even with reinforcement of oral hygiene
instructions [8]. But the significance and clinical impact of these
changes are still controversial as many studies vary in sampling
methods, sequencing region, bioinformatics pipeline, follow-up
period and clinical indices. A second key area of unmet need is
the lack of integration of microbial diversity metrics with
practical chairside variables. Plaque index, gingival index,
bleeding on probing, brushing frequency, interproximal cleaning
and dietary sugar exposure could be factors that help to
understand why some patients have a marked dysbiosis while
others have relatively stable microbial profiles. There are several
investigations available that have described the composition of
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the microbiota, but they have not been able to sufficiently
correlate the changes in diversity with clinical parameters of
plaque accumulation and gingival inflammation [9]. Therefore, it
is of interest to investigate the diversity of oral microbiota in
fixed orthodontic patients by longitudinal sampling of saliva
and supragingival plaque.

Materials and Methods:

Study design and setting:

This was a prospective observational study carried out in the
Department of Orthodontics, a tertiary dental teaching hospital
over a period of 18 months. Comprehensive fixed orthodontic
treatment was started in patients who were screened in
sequence. The study design was a longitudinal repeated-
measures design, with microbial and clinical evaluation at three
time points: before bracket bonding (T0), 3 months after bonding
(T1) and 6 months after bonding (T2). The minimum sample size
was calculated to be 78 participants to detect a mean difference
of 0.25 units in Shannon diversity index between baseline and 6
months with 80% power, 5% alpha error and a within-subject
correlation of 0.50. 90 participants were recruited, allowing for
about 15% of the reads to be unusable or attrition.

Inclusion criteria:

Patients aged 13-28 years who needed fixed orthodontic
appliance therapy in both arches were included. Patients were
selected if they were systemically healthy, had 24 or more
permanent teeth, had no untreated carious lesions that needed
emergency care and had no periodontal pocket depth greater
than 4 mm. Patients were excluded from the study if they had
been treated with antibiotics, probiotics, professional fluoride
varnish, antiseptic mouthrinse, or periodontal therapy in the last
3 months. Patients who were smokers, pregnant, had systemic
inflammatory disease, or were wearing removable aligners or
functional appliances were also excluded.

Orthodontic procedure:

All participants were given 0.022-inch slot edgewise metal
brackets that were bonded with a light-cured orthodontic
adhesive following standard enamel etching and priming.
Avoidance of bands was attempted and when clinically possible,
molar tubes were bonded. Following bonding, a uniform oral
hygiene protocol was given, which involved demonstration of
orthodontic brushing, interdental brush use and discouraging
frequent fermentable carbohydrate consumption. To prevent
microbial outcomes being confounded, no antimicrobial
mouthrinse was prescribed during the study period.

Clinical data collection:

Demographic variables, malocclusion class, baseline oral
hygiene practices, frequency of sugar intake and previous dental
history were recorded. One calibrated examiner performed
plaque index, gingival index, BOP % and white spot lesion score
at each time point. Fifteen non-study orthodontic patients were
used for calibration and there was acceptable intra-examiner
agreement for categorical clinical scoring (kappa = 0.84).

©Biomedical Informatics (2026)

Sample collection:

The participants were asked not to eat, drink, brush or chew
gum for a minimum of 2 hours before sampling. Unstimulated
whole saliva was collected in sterile tubes for 5 minutes.
Supragingival plaque was removed from the labial surfaces of
the brackets of the first molar, the mandibular incisors and the
maxillary incisors with sterile gracey curettes. Samples were
immediately placed in DNA stabilization buffer and stored at -
80°C until processed. DNA extraction and sequencing: Microbial
DNA was extracted using a silica membrane-based kit with
mechanical disruption by bead beating. Spectrophotometry and
fluorometry were used to determine the concentration and
purity of the DNA. Universal primers were used to amplify the
V3-V4 hypervariable region of the bacterial 16S rRNA gene,
which was then sequenced on an Illumina paired-end platform.
All sequencing batches contained negative extraction controls
and mock community controls. Raw reads were demultiplexed,
quality-filtered, denoised and merged using a standard
amplicon sequence variant workflow in bioinformatic
processing. Chimeric sequences, low abundance contaminants
and non-bacterial reads were filtered out. Taxonomic assignment
was carried out using a curated database that is suitable for oral
microbiome. Rarefaction was performed prior to diversity
comparison. Observed amplicon sequence variants, Shannon
index and Simpson index were used to measure alpha diversity.
Bray-Curtis dissimilarity and weighted UniFrac distance were
used to assess beta diversity. Standardized abundance change of
genera associated with caries and anaerobes were used to create
a composite dysbiosis score.

Data analysis:

SPSS version 28.0 and R version 4.3 were used for statistical
analysis. Continuous variables were reported as mean = SD or
median (IQR) depending on the distribution. Within-subject
comparisons at different time points were made using repeated-
measures ANOVA or Friedman test. Bonferroni correction was
used for post hoc comparisons. Chi-square or Cochran Q test
was used to compare categorical data. PERMANOVA was used
to test for beta diversity clustering. Multiple linear regressions
were used to determine predictors of 6-month dysbiosis score. A
p value <0.05 was deemed statistically significant.

Results:

Ninety patients were enrolled and 84 patients had complete
paired saliva and plaque sequencing data at all three follow-up
visits. Six participants were excluded from final longitudinal
analysis because of missed follow-up or inadequate sequencing
depth. The mean age was 17.9 * 4.1 years and 51.2% were
female. The baseline clinical parameters and oral hygiene
parameters are presented in Table 1. Clinical indices
deteriorated in the first 3 months and were elevated at 6 months
despite multiple hygiene reinforcement attempts. Plaque index
increased from 0.82 + 0.31 at TO to 1.34 + 0.39 at T1 and 1.28 +
0.42 at T2 (p < 0.001). Gingival index increased from 0.61 + 0.24
to 1.02 £ 0.35 at T1 and 0.96 + 0.32 at T2 (p < 0.001). The mean
bleeding on probing percentage increased from 8.6 + 4.9% at
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baseline to 18.7 £ 9.8% at 6 months (p < 0.001). After denoising, a
mean of 42,650 + 8,940 quality filtered reads per sample were
obtained from sequencing. There was a significant increase in
alpha-diversity in plaque and saliva and plaque had a larger
increase. The plaque Shannon index increased from 2.86 + 0.42 at
TO to 3.41 + 0.48 at T2 (p < 0.001), whereas salivary Shannon
index increased from 3.12 + 0.39 to 3.38 £ 0.44 (p = 0.006). The
number of observed amplicon sequence variants (ASVs) was
significantly higher for both sample types (Table 2). The relative
abundance patterns revealed a progressive enrichment of
anaerobe-enriched and biofilm maturation-associated genera. In
plaque, Streptococcus decreased from 27.8 + 8.9% at baseline to
21.6 = 7.4% at 6 months (p = 0.002). Actinomyces increased from
9.4+3.7% to 13.8 + 4.8% (p < 0.001), Prevotella from 6.1 £ 2.8% to
9.6 £3.5% (p < 0.001) and Fusobacterium from 4.7 + 2.1% to 7.9 =
3.0% (p < 0.001). Smaller, but similar, changes were seen in
saliva (Table 3). The results of beta-diversity analysis showed
that there was a significant difference between the communities
of the baseline and follow-up samples. The Bray-Curtis distance
was used for PERMANOVA, which was significant for plaque
(pseudo-F = 3.84, p = 0.002) and saliva (pseudo-F = 2.19, p =
0.018). Higher 6-month plaque index (beta = 0.39, p = 0.004),
bleeding on probing percentage (beta = 0.31, p = 0.012) and
sugar intake more than twice daily (beta = 0.27, p = 0.021) were
independent predictors of higher dysbiosis score, whereas
regular use of interdental brushes was protective (beta = -0.29, p
=0.015).

Table 1: Baseline demographic and clinical characteristics of the study

population
Variable Value
Participants analyzed 84
Age (years), mean + SD 179+4.1
Female sex, n (%) 43 (51.2)
Male sex, n (%) 41 (48.8)
Angle Class I malocclusion, n (%) 31 (36.9)
Angle Class II malocclusion, n (%) 39 (46.4)
Angle Class III malocclusion, n (%) 14 (16.7)
Baseline plaque index, mean + SD 0.82 +0.31
Baseline gingival index, mean * SD 0.61+0.24
Baseline bleeding on probing (%), mean+ SD 8.6 +4.9
Brushing twice daily, n (%) 57 (67.9)
Interdental brush use, n (%) 22 (26.2)
Sugar intake >2 times/day, n (%) 29 (34.5)

Table 2: Diversity indices in saliva and supragingival plaque across treatment
time points

©Biomedical Informatics (2026)

Table 3: Relative abundance of selected bacterial genera in plaque samples

Genus Baseline 3 months 6 months p-
(T0), % (T1), % (T2), % value
Streptococcus ~ 27.8 +8.9 239+81 216+74 0.002
Actinomyces 9.4+37 127 +44 13.8+4.8 <0.001
Veillonella 7.8+3.1 99+3.6 10.6 £3.9 0.003
Prevotella 6.1+28 85+3.2 9.6+3.5 <0.001
Fusobacterium 4.7 +2.1 68+27 79+3.0 <0.001
Leptotrichia 34+17 49+21 56+23 0.001
Neisseria 82+3.5 71+£3.2 6.6 3.0 0.041

Sample / index Baseline 3 months 6 months p-
(TO0) (T1) (T2) value

Plaque observed 138.4+31.2 164.7+35.6 1769+381  <0.001

ASVs

Plaque Shannon 2.86+0.42 3.28+0.46 3.41+0.48 <0.001

index

Plaque Simpson 0.82+0.06 0.87+0.05 0.88 +0.05 <0.001

index

Saliva observed 156.2+34.8 171.6+374  1793+39.6  0.004

ASVs

Saliva Shannon 3.12+0.39 3.31+043 3.38£0.44 0.006

index

Saliva Simpson 0.86 +0.05 0.88 £0.05 0.89 £0.04 0.018

index

ASV: amplicon sequence variant. Values are expressed as mean + SD.

Values represent mean relative abundance + SD after rarefaction and taxonomic
assignment

Discussion:

The present study showed that the oral microbiota diversity and
composition significantly changed during the first 6 months of
fixed orthodontic treatment. The results indicate that the null
hypothesis should be rejected as both alpha and beta diversity
significantly changed following the placement of the appliances.
The most significant changes were seen in supragingival plaque
around brackets and the changes in the saliva were less
significant. The orthodontic appliance-associated biofilm niche
may be more vulnerable to disruption of the ecology than
whole-mouth saliva. The number of amplicon sequence variants
(ASVs) and the Shannon diversity of the plaque indicate that
bonding resulted in a more complex community of plaque
bacteria. However, higher diversity is not necessarily a good
thing in oral biofilms, as in plaque near the gingival margin; it
may be a sign of maturation of anaerobic and proteolytic
communities. This is in line with the concurrent rise in plaque
index, gingival index and bleeding on probing seen at follow-up.
This is explained by the ecological plaque hypothesis, as
stagnation of the appliance could allow organisms that thrive in
lower oxygen levels and higher inflammatory nutrient levels to
grow. The decrease in Streptococcus and the increase in
Actinomyces, Veillonella, Prevotella, Fusobacterium and Leptotrichia
indicate a shift from an early colonizer-dominated community to
a mature mixed biofilm. This change is clinically significant as
some of these genera are involved in coaggregation, lactate
metabolism, proteolysis and inflammatory biofilm formation. A
prolonged period of fixed appliance treatment can lead to
gingival inflammation and enamel demineralization, even if
there is no frank periodontal disease and may be associated with
increased levels of anaerobe-associated taxa [10, 11]. The present
results are in line with previous sequencing studies of
orthodontic appliances, which have shown changes in the
microbial diversity following the insertion of orthodontic
appliances. Fixed appliances can create protected niches around
brackets, ligatures and cervical margins and increase the plaque
retentive surface area. These areas can be colonized over time by
ecological succession from health-associated commensal
communities to communities with a higher abundance of
anaerobes and inflammation-associated taxa [12]. The Bray-
Curtis separation was also significant in the present study,
suggesting the microbial shifts were not restricted to specific
genera, but rather a restructuring of the microbial community.
The amount of change in the saliva was less than the amount of
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change in the plaque, further highlighting the importance of
sampling location. Saliva can also be used for non-invasive
monitoring and is a reflection of pooled shedding of microbes
from multiple oral surfaces, but can dilute site-specific dysbiosis
around brackets. The bracket margins are more directly exposed
to mechanical retention, adhesive excess, archwire obstruction
and stagnation of the gingival margin in plaque samples. Thus,
future studies of the oral microbiome should involve both saliva
and plaque to differentiate between changes in the oral
microbiome and changes in the biofilm adjacent to the appliance
[13]. An important finding was the independent association
between plaque index and dysbiosis score at 6 months. This
means that microbial changes that occur during orthodontic
treatment are not just a by-product of the brackets, but are
greatly affected by the level of plaque control. Bleeding on
probing and frequent sugar consumption also predicted
dysbiosis, indicating that inflammatory and dietary pressures
may exacerbate ecological change due to the appliance. On the
other hand, the regular use of interdental brushes was associated
with a protective effect, highlighting the benefit of personalized
hygiene reinforcement during the initial stages of treatment [14].
The rise in Actinomyces and Veillonella may be especially
important in the context of white spot lesion risk as they are
involved in the maturation of the biofilm and metabolic cross-
feeding. Under fluctuating pH conditions, acidogenic
communities can survive because Veillonella is able to use lactate
produced by the streptococci. Actinomyces can also be a factor in
the accumulation of root surface and cervical plaque. The
microbial profile at 6 months in this study indicates that patients
with poor plaque control may be moving into a higher risk
ecological state [15] although caries outcome was not a primary
endpoint in this study. The findings of the present study also
have implications for chairside monitoring. Diversity patterns
and determinant analysis offer a biological basis for risk-based
prevention; however, microbiomes are not routinely sequenced
in orthodontic clinics yet. If plaque scores are rising, gingival
bleeding and sugar intake is high, then patients should be given
more intensive oral hygiene training, professional prophylaxis,
fluoride-based preventive therapy and white spot lesion
monitoring. The results also indicate that the first 3 months after
bonding might be a critical time for preventive intervention, as
significant microbial and clinical changes were observed at this
time point [16]. This study has several strengths, such as the
longitudinal design, the simultaneous collection of saliva and
plaque samples, the standardized appliance protocol and the
incorporation of sequencing data with clinical indices. The
repeated-measures design minimized inter-individual variation
and enabled evaluation of the progressive changes in
microorganisms over time. Taxonomic assignment was more
reliable with the use of quality controls during sequencing and
with a curated oral database. Behavioral variables also helped to
identify factors that could be modified during orthodontic
treatment. There are some restrictions to be noted, however. The
study was performed in one center and the follow-up was short
(6 months). Orthodontic appliances create additional plaque-
retentive surfaces that can modify the oral microbial
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environment and alter the balance between health-associated
and pathogenic microorganisms [14]. Microbial changes during
orthodontic treatment may occur across saliva, dental plaque
and other ecological niches, emphasizing the dynamic influence
of orthodontic appliances on oral health [15]. Evidence from 16S
rRNA-based studies indicates that orthodontic treatment can
induce oral dysbiosis, although the nature and magnitude of
these changes may vary with appliance type [16]. Longitudinal
observations have demonstrated changes in microbial diversity
and composition during orthodontic treatment, supporting the
importance of sustained oral hygiene throughout therapy [17].
Maintenance of microbial symbiosis is essential during
orthodontic therapy because increased plaque retention may
contribute to gingival inflammation, white spot lesions and
caries development [18, 19].

Conclusion:

We show that fixed orthodontic treatment produced progressive
oral microbial dysbiosis during the first 6 months, with greater
changes in plaque than saliva. Anaerobic and biofilm-associated
genera, including  Actinomyces, Veillonella, Prevotella,
Fusobacterium and Leptotrichia increased significantly and were
associated with poorer plaque control and higher sugar intake.
Thus, early individualized preventive care and reinforced oral
hygiene may reduce dysbiosis-related complications during
orthodontic treatment.
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