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ABSTRACT 

This study aimed to investigate the temporal changes in bacterial communities on clear orthodontic retainers over a 
14-day period. Saliva and plaque samples were collected from the surfaces of clear retainers worn by five healthy 
volunteers who had not previously used any other orthodontic appliances. Participants were instructed to wear the 
retainers continuously for 14 days, removing them only for meals and cleaning with a soft-bristle toothbrush. 
Microbial composition was analyzed using Illumina MiSeq sequencing of the bacterial 16S rRNA gene. 
Bioinformatic analyses were conducted via the QIIME pipeline to assess both intra- and intergroup microbial 
diversity.  Bacterial communities on the retainers and in saliva exhibited notable changes over the 14-day period. At 
the phylum level, Firmicutes increased significantly on the retainers by 1.26-fold (p = 0.0194) at 7 days and 1.34-
fold (p = 0.0123) at 14 days compared to saliva. Conversely, Campylobacteriota decreased 1.80-fold (p = 0.05) on 
retainers at 7 days relative to saliva. At the genus level, several bacterial taxa showed a significant increase in relative 
abundance on the retainers after 14 days. The presence of a clear orthodontic retainer may promote changes in oral 
microbial communities that could contribute to enamel alterations or periodontal tissue damage, particularly 
following two weeks of use. 
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Introduction 
 

The oral cavity hosts a highly diverse microbiota, 
comprising over 700 bacterial species. Each individual 
possesses a “core” microbiome, which is generally 
consistent across individuals, alongside a “variable” 
microbiome, which can include both commensal and 
potentially pathogenic bacteria [1, 2]. Orthodontic 
treatment has been associated with an increased risk of 
dental caries and gingival inflammation. This is largely 
due to challenges in maintaining oral hygiene, leading to 
the accumulation of plaque and bacterial biofilms on teeth 
and around the gingival sulcus. While the normal oral 
microbiota maintains oral health, excessive plaque 
buildup can shift the microbial balance, promoting the 
proliferation of pathogenic bacteria that may damage 
periodontal tissues and elevate caries risk [3-5]. Given 
that nearly 90% of oral microbes exist in biofilm form, 
understanding biofilm dynamics is essential [6, 7]. 

Environmental changes, such as the placement of 
orthodontic brackets or other appliances, can alter the oral 
microbial community, promoting the growth of 
pathogenic bacteria [8, 9]. Orthodontic appliances 
facilitate bacterial retention, which increases biofilm 
accumulation and can contribute to enamel 
demineralization, gingival inflammation, and periodontal 
disease. Common pathogenic species associated with 
these effects include Streptococcus mutans, 
Porphyromonas gingivalis, Treponema denticola, 
Tannerella forsythia, Fusobacterium nucleatum, and 
Aggregatibacter actinomycetemcomitans. S. mutans, in 
particular, has been detected in areas adjacent to 
orthodontic appliances and is implicated in caries 
development, enamel decalcification, and post-
orthodontic white-spot lesions and gingivitis [10-16]. A 
systematic review reported that the abundance of these 
bacteria increases during active orthodontic treatment, 
with a notable decline observed within three months after 
appliance removal [17, 18]. Subgingival pathogenic 
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bacteria have been shown to rise within one month of 
treatment initiation and remain elevated for up to three 
months post-treatment [19]. 
Several studies have examined bacterial adherence to 
orthodontic brackets. Pellissari et al. evaluated biofilm 
formation around fixed brackets, straight arch wires, and 
modular elastomeric ties, finding that individuals without 
appliances primarily harbored commensal and enamel-
associated microorganisms, while appliance wearers 
showed a higher prevalence of pathogenic Gram-negative 
bacteria [20, 21]. Papaioannou et al. investigated bacterial 
adherence on stainless steel, ceramic, and plastic brackets, 
concluding that bracket material had minimal influence on 
microbial colonization [22, 23]. Consistently, stainless 
steel bracket placement has been linked to increased 
biofilm accumulation on teeth and heightened periodontal 
colonization [24, 25]. 
In recent years, removable aligner therapy has gained 
popularity due to its aesthetic appeal, comfort, and 
facilitation of oral hygiene. Invisalign, a widely used 
aligner system, provides patients with a series of 
removable trays, typically replaced every one to two 
weeks [26-29]. Studies have reported that bacterial 
abundance in genera such as Firmicutes, Lactobacillales, 
Bacteroides, Granulicatella, Porphyromonas, Prevotella, 
Haemophilus, Acinetobacter, and Streptococcus 
significantly increases on uncleaned retainers within 24 
hours [30, 31]. Other investigations observed elevated 
levels of Campylobacter rectus, F. nucleatum, Prevotella 
melaninogenica, P. intermedia, Fusobacterium 
periodonticum, T. denticola, T. forsythia, and P. 
gingivalis associated with clear aligner use [32, 33]. 
Additionally, S. mutans has been shown to increase in 
patients using removable appliances compared to 
untreated controls [34, 35]. Guo et al. reported that 
Firmicutes, Actinobacteria, and Tenericutes were more 
abundant during aligner therapy [36, 37]. A 2022 study 
found that Streptococcus and Granulicatella were 
significantly enriched on clear aligner trays relative to 
tooth-associated plaque, whereas Actinomyces, 
Corynebacterium, and Selenomas decreased, indicating 
that aligners serve as a unique microbial niche and 
potential reservoir for pathogenic bacteria [38]. 
Many studies have investigated biofilm accumulation on 
conventional fixed orthodontic appliances and compared 
it to removable appliances. While several studies have 
focused on the composition of biofilms on traditional 
orthodontic devices, research on bacterial colonization of 
clear aligners and retainers—and the corresponding 
changes in salivary microbiota over time—is limited. One 
study examined bacterial shifts over a 24-hour period; 
however, to our knowledge, no studies have evaluated the 
bacterial composition at multiple time points (0, 7, and 14 
days) on both clear retainers and in saliva. Essix C+ is a 
widely used thermoplastic material for fabricating clear 
aligners and retainers. Unlike aligners, which actively 
move teeth, retainers are passive devices designed to 

maintain tooth position. In this study, we aimed to 
characterize the plaque formation on clear orthodontic 
retainers and the changes in salivary bacterial composition 
in patients wearing retainers over a 14-day period. Based 
on prior evidence and our preliminary observations, we 
hypothesized that the bacterial composition on the 
retainers and in saliva would shift between day 7 and day 
14. This prospective in vivo study investigates these 
microbial changes using 16S rRNA gene sequencing. 

Materials and Methods  

This pilot study was conducted as a prospective clinical 
investigation of bacterial colonization on orthodontic 
clear retainers at defined time points. Five adult 
participants were recruited, and written informed consent 
was obtained from each prior to study initiation. Ethical 
approval was granted by the Rutgers University 
Institutional Review Board (IRB protocol # 
Pro2018001627). Inclusion criteria were: adults aged 25–
65 with well-controlled periodontal health, presence of all 
permanent teeth from first molar to first molar, and no 
previous use of retainers. Exclusion criteria included poor 
systemic health, prior retainer use, tobacco use, 
professional dental cleaning within two weeks, poor oral 
hygiene, need for prophylaxis, history of heart murmur or 
rheumatic fever, pregnancy, current or recent (within one 
month) antibiotic therapy, and chronic use of NSAIDs or 
corticosteroids. 
On day 1 (T0), participants underwent a periodontal 
assessment and completed a health and oral hygiene 
questionnaire to confirm eligibility. Prophylaxis was 
performed, and participants received oral hygiene 
instructions, including the provision of a toothbrush and 
toothpaste, with instructions to brush twice daily and floss 
once daily. Use of any additional oral hygiene products 
was prohibited during the 14-day study period. 
Participants were instructed to wear the clear retainer 
continuously, removing it only for eating and cleaning 
with a soft-bristle toothbrush and warm water. 
Alginate impressions were taken at T0, poured in 
mounting stone, and used to fabricate clear Essix C+ 
retainers (Dentsply Sirona, Charlotte, NC, USA) with a 
thickness of 0.020” (0.5 mm). Samples of unstimulated 
saliva and retainer plaque were collected at T0 (day 1), T1 
(day 7), and T2 (day 14). Retainers were assumed to be 
sterile at T0. All impressions, retainer fabrication, and 
sample collection were performed by a single investigator 
to ensure consistency. 

DNA extraction, library construction, and sequencing 
Genomic DNA was isolated from saliva and plaque 
samples collected from clear retainers using the QiaAmp 
DNA kit (Qiagen, Hilden, Germany). DNA concentration 
and purity were assessed with a Nanodrop ND-1000 
spectrophotometer (Industriestrasse, Sursee, Switzerland) 
at 260 nm. Library preparation and sequencing were 
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carried out at the Rutgers Genomic Center (NJMS, 
Newark, NJ, USA). DNA quantification was additionally 
performed using a Qubit 2.0 fluorometer (Invitrogen, 
Carlsbad, CA, USA). Approximately 20 ng of genomic 
DNA was used to generate amplicons targeting the V3–
V4 hypervariable regions of the bacterial 16S rRNA gene. 
Forward primers included the sequence 5′-
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG
CCTACGGGNGGCWGCAG, while reverse primers 
contained 5′-
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACA
GGACTACHVGGGTATCTAATCC. The first PCR 
products were subsequently used as templates in a second 
PCR round incorporating Illumina NexteraXT index 
primers (Illumina, San Diego, CA, USA). Prepared 
libraries were sequenced on an Illumina MiSeq system 
using a paired-end 2 × 300 bp protocol, with image 
acquisition and base calling handled by the embedded 
MiSeq Control Software. 

Bioinformatics analysis 
Raw sequencing data were assessed for quality using 
FASTQC (v0.11.9) and trimmed to remove adapters and 
low-quality sequences with cutadapt (v3.2). Amplicon 
sequence variants (ASVs) were inferred and classified 
taxonomically using DADA2 (v1.20.0) with the SILVA 
rRNA database (release 138) as reference. Alpha and beta 
diversity metrics were calculated using QIIME2 
(v2021.2.0), and rarefaction analyses were performed to 
normalize sequencing depth across samples. Differential 
abundance testing between groups was performed using 
DESeq2 (v1.26.0), with statistical significance 
determined at an FDR-adjusted p-value < 0.05. 

Microbial culture and enumeration 
To quantify viable bacteria, retainer surfaces were rinsed 
in phosphate-buffered saline (PBS; ThermoFisher 
Scientific, Waltham, MA, USA) to remove loosely 
attached cells. Biofilm was then dislodged from the 
retainer by vortexing. Both saliva and retainer biofilm 
samples were serially diluted, plated on blood agar, and 
incubated under anaerobic conditions at 37 °C for 72 
hours. Colony-forming units (CFUs) were counted to 
assess bacterial abundance. 

Results and Discussion 

Bacterial CFUs were determined in saliva and on retainers 
at days 0, 7, and 14. As depicted in Figure 1, saliva 
samples consistently contained higher bacterial counts 

than retainer samples at both day 7 and day 14 (p < 0.001). 
Comparisons of retainer samples between days 7 and 14 
revealed a significant increase in CFUs over time (p = 
0.0263), demonstrating progressive microbial 
colonization on the retainer surface throughout the study 
period. 

Figure 1. Colony-forming units (CFUs) were 
measured from saliva and from plaque collected on the 

retainer surface at 7 and 14 days of wear. Bacterial 
counts in saliva at days 0, 7, and 14 were significantly 

higher than those on the retainer surface at 
corresponding time points (p < 0.0001). Statistical 

comparisons are noted as follows: a, versus saliva at 
day 0; b, versus saliva at day 7; c, versus saliva at day 

14. 

Microbial diversity and community richness of saliva and 
retainer samples 
To evaluate microbial richness and evenness within 
individual samples, alpha diversity metrics were 
calculated for both salivary and retainer-associated plaque 
communities at 7 and 14 days. Richness estimators, 
including Chao1 and ACE (Abundance-based Coverage 
Estimator), were applied to assess the number of taxa 
present in saliva, while the Shannon index quantified 
overall microbial diversity in both saliva and retainer 
samples. Across all indices, there were no statistically 
significant changes in alpha diversity over the 14-day 
period (Table 1). 
Beta diversity, which captures differences in microbial 
community composition between samples, was examined 
using Principal Coordinates Analysis (PCoA) based on 
the Jaccard index. This analysis indicated that bacterial 
communities associated with the retainer differed from 
those in saliva. Nevertheless, temporal changes within 
saliva and retainer samples were minimal, suggesting that 
the microbial structure remained relatively stable over the 
14-day period (Figure 2).
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Figure 2. Beta diversity analysis of the oral microbiome following retainer placement. Principal Coordinates 

Analysis (PCoA) based on the Jaccard index was used to assess differences in microbial composition across all 
samples. No significant variation in the overall structure of the oral microbiota was observed between saliva and 

retainer-associated samples. However, the sample distribution was statistically distinct according to 
Permutational Analysis of Variance (PERMANOVA, p < 0.05). Saliva samples clustered predominantly on the 

right side of the primary horizontal axis, while retainer samples were grouped on the left side. Symbols 
represent sample types: round, saliva at 7 days; cylinder, saliva at 14 days; cone, retainer at 7 days; diamond, 

retainer at 14 days. 
 

Table 1. Alpha diversity comparisons between saliva and retainer at 7 and 14 days. 

Alpha Diversity Saliva 0 d Saliva 7 d Saliva 14 d Retainer 7 d Retainer 14 d 

Shannon 5.28 ± 0.79 5.52 ± 0.29 5.62 ± 0.17 4.56 ± 0.55 4.47 ± 1.27 

Observed features 132.67 ± 82.95 156.33 ± 22.6 164.67 ± 15.50 145.33 ± 55.87 146.00 ± 57.17 

Faith_pd 12.84 ± 3.10 13.45 ± 1.40 13.70 ± 1.32 12.13 ± 2.55 14.76 ± 2.10 

Evenness 0.79 ± 0.01 0.76 ± 0.02 0.76 ± 0.2 0.64 ± 0.05 0.62 ± 0.14 

 
Comparison of alpha diversity indices 
No statistically significant differences in alpha diversity 
were observed among the groups. Statistical analyses 
were conducted using either ordinary one-way ANOVA 
or the Kruskal–Wallis test, as appropriate. Data are 
presented as mean ± SEM. 

Comparison of microbial abundance and composition in 
saliva and retainer plaque 
To further investigate shifts in microbial community 
structure, we analyzed the relative abundance of bacteria 
at both phylum and genus levels. At the phylum level, the 
six most prevalent phyla—Actinobacteria, Fusobacteria, 
Firmicutes, Bacteroidetes, Proteobacteria, and 
Campylobacterota—were consistently observed in both 
saliva and retainer samples (Figure 3a). Comparative 
analysis of phylum-level abundances revealed that 
Firmicutes increased significantly on the retainer, with a 
1.33-fold rise at day 7 (p = 0.0021) and a 1.5-fold increase 
at day 14 (p = 0.0063) relative to saliva at day 0 (Figure 
3b). When comparing saliva and retainer at day 7, 
Firmicutes on the retainer were elevated by 1.26-fold (p = 

0.0193), while at day 14, retainer-associated Firmicutes 
increased by 1.34-fold compared to salivary levels. In 
contrast, Campylobacterota displayed reduced abundance 
on the retainer, with 1.80-fold (p = 0.0008) and 1.5-fold 
(p = 0.0051) decreases at days 7 and 14, respectively, 
relative to saliva at day 0. The remaining phyla were 
similarly distributed between saliva and retainer samples. 
Overall, most bacterial taxa detected in saliva were also 
present on the retainer throughout the 14-day period. 

a) 
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b) 
Figure 3. Phylum-Level Analysis of Oral Microbiota. 

a) Relative abundances of the dominant bacterial 
phyla in saliva and on the retainer, with each color 
representing a specific phylum. b) Normalized log2 

fold changes in phylum-level microbiota on the 
retainer compared with saliva at 0, 7, and 14 days. 

Comparisons: a = saliva at day 0; b = saliva at day 7; 
c = saliva at day 14. 

Genus-level comparison of bacterial abundance between 
saliva at day 0 and retainer at day 7 
To investigate microbial shifts in greater detail, we 
analyzed the genus-level composition. The relative 
abundances of the predominant genera are illustrated in 
Figure 4a. Comparison between saliva at baseline (day 0) 
and retainer plaque at day 7 revealed significant increases 
in several genera on the retainer: Gemella (3.93-fold, p < 
0.0001), Streptococcus (2.61-fold, p = 0.001), 
Capnocytophaga (3.90-fold, p = 0.009), Bergeyella (2.90-
fold, p = 0.016), Granulicatella (1.60-fold, p = 0.021), 
Lautropia (4.80-fold, p = 0.0004), Eikenella (3.51-fold, p 
= 0.053), Aggregatibacter (3.80-fold, p = 0.016), and 
Actinobacillus (3.50-fold, p = 0.016). Conversely, 
Campylobacter decreased by 1.90-fold (p = 0.016). 
Similar patterns were observed when comparing baseline 
saliva to retainer plaque at day 14 (Figure 4b), indicating 
a consistent enrichment of specific genera on the retainer 
over time. 

a) 

b) 
Figure 4. Genus-Level Microbial Analysis. a) 

Relative abundances of the predominant bacterial 
genera in saliva and on the clear retainer, with each 
color representing a specific genus. b) Normalized 

log2 fold changes in bacterial genera between saliva 
and retainer at 7 and 14 days. Comparisons: a = saliva 

at day 0; b = saliva at day 7; c = saliva at day 14. 

Comparison of bacterial abundance between baseline 
saliva and retainer at day 14 
The relative abundance of bacterial genera was evaluated 
to investigate changes in the microbial community over 
time. When comparing saliva at baseline (day 0) to 
retainer plaque at day 14, significant increases were 
observed for Gemella (4.3-fold; p < 0.0001), 
Streptococcus (3.10-fold; p < 0.0001), Capnocytophaga 
(3.90-fold; p = 0.01), Bergeyella (4.5-fold; p = 0.0001), 
Granulicatella (1.40-fold; p = 0.051), Lautropia (7.4-
fold; p < 0.0001), Eikenella (3.90-fold; p = 0.037), and 
Actinobacillus (2.90-fold; p = 0.03). In contrast, 
Actinomyces (2.00-fold; p = 0.013), Prevotella-7 (2.61-
fold; p = 0.028), and Aggregatibacter (3.1-fold; p = 0.048) 
showed significant decreases (Figure 4b). 

Comparison between saliva and retainer at day 7 
At day 7, retainer-associated plaque demonstrated higher 
relative abundances of several genera compared to saliva, 
including Gemella (3.4-fold; p < 0.0001), Streptococcus 
(2.87-fold; p = 0.0002), Dialister (2.62-fold; p = 0.008), 
Parascardovia (4.23-fold; p = 0.024), Cryptobacterium 
(3.40-fold; p = 0.038), Capnocytophaga (3.28-fold; p = 
0.030), Bergeyella (2.64-fold; p = 0.024), Granulicatella 
(1.44-fold; p = 0.036), Limosilactobacillus (2.33-fold; p = 
0.042), Lautropia (2.63-fold; p = 0.047), and 
Aggregatibacter (3.12-fold; p = 0.043) (Figure 4b). 

Comparison between saliva and retainer at day 14 
By day 14, similar trends persisted, with the retainer 
showing elevated abundances of Gemella (3.40-fold; p < 
0.0001), Streptococcus (2.86-fold; p < 0.0001), 
Bergeyella (3.93-fold; p = 0.0008), Capnocytophaga 
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(3.35-fold; p = 0.026), Lautropia (2.97-fold; p = 0.030), 
and Eikenella (3.70-fold; p = 0.042). Conversely, 
Actinomyces (1.92-fold; p = 0.015) and Oribacterium 
(2.1-fold; p = 0.038) were less abundant on the retainer 
(Figure 4b). Notably, several genera were exclusive to 
either saliva or the retainer at both 7 and 14 days, 
indicating distinct microbial niches. 
After 7 days, genera such as Cutibacterium, 
Bifidobacterium, Campylobacter, Bulleidia, Dubosiella, 
Mogibacterium, Shuttleworthia, Bradyrhizobium, 
Sphingomonas, Neisseria, and Haemophilus were present 
in saliva but absent on the retainer, whereas Slackia, 
Prevotella, Tannerella, UCG8, Solobacterium, 
Isobaculum, Lactobacillus UCG11, Veillonella, 
Propionigenium, and Leptotrichia were observed on the 
retainer but not in saliva. At day 14, Tannerella, Bulleidia, 
Lactobacillus, Lactococcus, UCG11, Mogibacterium, and 
Bradyrhizobium were exclusive to the retainer, while 
Slackia, Dubosiella, Mycoplasma, Butyrivibrio, and 
Streptobacillus were only found in saliva. 
This study examined temporal changes in the oral 
microbiome on clear thermoplastic retainers and in saliva 
over a 14-day period. Our results indicate that the 
microbial community composition evolves continuously, 
with notable shifts between day 7 and day 14. Certain 
genera were detected exclusively on the retainer, while 
others were only present in saliva, consistent with prior 
findings by Yan et al. [31]. The distinct microbial patterns 
likely result from the retainer enclosing the teeth, creating 
a localized environment distinct from saliva, unlike fixed 
orthodontic brackets, which remain in continuous contact 
with salivary microbiota. 
Common pathogenic bacteria were detected at higher 
frequencies in both saliva and on the retainer at 7 and 14 
days. These microorganisms have been associated in the 
literature with caries development, enamel 
demineralization, gingivitis, and periodontal disease [10-
12, 39-41]. Streptococcus spp., belonging to the 
Firmicutes phylum, was the most abundant genus on the 
clear retainer at both time points. This aligns with Yan et 
al., who reported a significant increase in Firmicutes on 
the inner surface of clear aligners within the first 24 hours 
of use [31, 42]. Similarly, a systematic review by 
Lucchese et al. reported elevated levels of S. mutans on 
removable orthodontic appliances, highlighting the 
potential for clear aligners to act as reservoirs for 
cariogenic bacteria and increase the wearer’s caries risk 
[39]. 
In the present study, Granulicatella showed an 
approximately 2-log increase on the retainer at day 7 
relative to saliva. Previous reports have described 
decreased Granulicatella in saliva [43], whereas other 
studies detected Granulicatella elegans at higher levels in 
plaque from orthodontic patients with white-spot lesions 
[10]. Parascardovia, commonly associated with dental 
caries, was also significantly enriched on the retainer at 
day 7 [10]. Gemella, a facultatively anaerobic Gram-

positive cocci linked to bacteremia and infective 
endocarditis, was similarly elevated on the retainer at both 
time points [31]. 
Consistent with Yan et al. [31], Actinomyces abundance 
decreased with prolonged retainer use. While some 
studies report variable trends for Actinomyces depending 
on the orthodontic appliance and timing, our results 
suggest that the retainer environment is less favorable for 
its proliferation [43]. 
Kado et al. [43] examined supragingival plaque and saliva 
in fixed orthodontic patients at baseline, 6 months, and 
appliance removal, identifying Proteobacteria, 
Firmicutes, Bacteroidota, Fusobacteriota, and 
Actinobacteriota as the predominant phyla. Notably, 
Firmicutes decreased over treatment, Proteobacteria 
fluctuated, and Bacteroidota and Fusobacteriota 
increased toward appliance removal. TM7 and 
Spirochetes were also present in lower numbers [43]. Our 
study observed the same predominant phyla in both saliva 
and retainer samples, with Spirochetes at comparatively 
low levels, suggesting that the microbial composition at 7 
and 14 days persisted through retainer use. These results 
imply that prolonged retainer wear could increase caries 
risk and periodontal susceptibility [43]. 
Actinobacteria levels remained relatively stable from 7 to 
14 days, slightly higher in saliva than on the retainer, 
consistent with their role as stable environmental 
microbiota [31, 43]. Campylobacter was more abundant 
in saliva than on the retainer, consistent with prior 
observations that this facultative anaerobe can contribute 
to periodontal pathogenesis [43]. 
Genera associated with gingivitis, including 
Solobacterium, Parvimonas, and Selenomonas, were 
detected on the retainer at both 7 and 14 days [43-45], 
along with periodontitis-associated bacteria such as 
Fusobacterium and Tannerella [46, 47]. F. nucleatum 
serves as a bridge between early and late colonizers in 
periodontal biofilms [46, 47], while Tannerella was 
enriched on the retainer, supporting its potential 
pathogenic role following orthodontic appliance 
placement [31]. 
From day 7 to day 14, the diversity of bacteria present 
exclusively in saliva significantly decreased. At day 7, 
twelve genera were identified in saliva that were absent 
on the retainer, whereas at day 14, only five genera were 
detected in saliva but not on the retainer. Of these five, 
three were the same as those observed at day 7. Camelo-
Castillo et al. [48] reported that a decline in microbial 
diversity is associated with less stable and less healthy 
communities. This observation aligns with the results of 
the present study, which showed that prolonged retainer 
use from 7 to 14 days led to a reduction in microbial 
diversity. These findings suggest that extended retainer 
use may promote a less favorable oral microbial 
environment and indicate that saliva’s microbial 
composition can be influenced by clear retainer usage, 
contrary to the findings of Zhao et al. [49]. 
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The alpha diversity results provide insight into microbial 
richness and evenness in each sample, reflecting the 
stability and health of the microecological environment 
[31]. Beta diversity analyses indicated differences in 
microbial composition among the groups, showing that 
the community structure in both saliva and on the retainer 
shifted between day 7 and day 14. Some species decreased 
in abundance while others increased, highlighting that the 
duration of retainer usage influences microbial 
colonization on the inner surface of the clear retainer. 
Factors contributing to bacterial accumulation on the 
retainer include microgrooves, wear or abrasion of the 
material, and plaque buildup on the teeth or gingival 
margin. Understanding these microbial dynamics is 
critical for determining optimal retainer cleaning intervals 
and evaluating retainer longevity to prevent potential 
adverse effects. 

Limitations of the study 
Several limitations should be acknowledged. Although 
any intraoral appliance can alter bacterial communities, 
additional factors may have influenced bacterial 
composition in saliva and on the retainer, including 
patient-specific caries risk and tooth anatomy. These 
variables were not controlled in this study and may affect 
biofilm formation and bacterial accumulation. Another 
limitation is the small sample size, comprising only five 
participants, which restricts the generalizability of the 
findings; larger-scale studies are warranted. Furthermore, 
oral hygiene practices varied among participants despite 
standardized instructions to brush twice daily and floss 
once daily, potentially contributing to inter-individual 
differences in bacterial composition over the 14-day 
period. Future studies should implement more strictly 
controlled oral hygiene protocols to maintain consistent 
retainer and oral environments. 
This study represents the first in vivo investigation of 
bacterial composition on the inner surfaces of clear 
retainers at both 7 and 14 days. Further research should 
examine changes in oral microflora on clear retainers from 
day 0 to day 14, rather than focusing only on day 7 to 14. 
Subsequent studies could also evaluate whether the teeth 
develop a similar biofilm to the retainer and assess 
interventions or products that reduce retainer-associated 
biofilm formation in vivo. While many bacterial genera 
were shared between saliva and the retainer at day 14, 
notable compositional changes occurred between day 7 
and day 14, potentially due to the enclosed environment 
created by the retainer. Importantly, persistent bacteria 
from day 7 to day 14 included several pathogenic genera 
associated with gingivitis, dental caries, periodontitis, and 
enamel demineralization. 

Significance of the study 
Several factors contribute to bacterial accumulation on the 
inner surfaces of clear retainers, including microgrooves 
in the retainer material, worn or abraded areas, and plaque 

deposits on teeth or along the gingival margin. In this 
study, Firmicutes, Bacteroidota, Proteobacteria, 
Actinobacteriota, and Fusobacteriota were identified at 
the highest frequencies in samples from both saliva and 
the retainer. These bacterial taxa are early colonizers that 
can persist throughout orthodontic treatment and have 
been reported in previous studies to remain detectable up 
to the conclusion of therapy. The presence of these early 
colonizers can disrupt the oral microbial balance, 
contributing to dysbiosis and increasing the risk of dental 
caries and periodontal disease in patients undergoing 
long-term orthodontic treatment. However, this dysbiosis 
is expected to reverse following the removal of the clear 
retainer. 
Understanding microbial changes on the inner surface of 
clear retainers is crucial for establishing optimal cleaning 
intervals and assessing the retainer’s longevity relative to 
potential adverse effects on the host. Orthodontists should 
consistently monitor patients’ periodontal health 
throughout treatment, regardless of age or general health. 
Establishing clear guidelines for retainer cleaning 
frequency is essential to provide both patients and 
clinicians with effective oral hygiene protocols. The 
microbial insights from this study can help define the 
maximum safe usage period of clear retainers before 
adverse microbial effects may occur. 

Conclusion 

Over the 14-day period, microbial diversity decreased in 
saliva, and the clear retainer harbored a range of bacteria 
associated with dental caries, gingivitis, periodontitis, and 
enamel demineralization. Plaque biofilm development 
was time-dependent, showing increased abundance and 
diversity from day 7 to day 14. By day 14, the biofilm had 
become more pathogenic, highlighting the importance of 
monitoring retainer usage and implementing effective 
cleaning practices to maintain oral health during 
orthodontic treatment. 
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