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ABSTRACT
Objective: This study aimed to evaluate the periodontal and microbiological alterations in oral flora asso-
ciated with using removable appliances and fixed orthodontic treatments. 
Methods: The study materials consist of subgingival-supragingival plaque samples and periodontal mea-
surements from 48 patients. The groups include fixed appliance users, removable appliance users, and a 
nontreatment control group. Periodontal measurements, including gingival index, plaque index, bleeding 
on probing, mobility, furcation, probing depth, and attachment level, were recorded at baseline (before 
treatment) and 6 months after treatment initiation. Plaque samples were collected at T0 and T1. Dental 
plaque samples were cultured on selective media for qualitative and quantitative microbial analysis, fol-
lowed by qualitative evaluation using the VITEK 2 (Biomerieux) system. Data were analyzed using one-way 
one-way analysis of variance one-way analysis of variance (ANOVA), paired sample-T test, and Duncan’s 
multiple range test to identify and compare statistically significant differences within and between groups, 
while intraobserver reliability was assessed using the Kappa statistic. 
Results: Mobility or furcation involvement was not detected in any of the groups at either time point. At 
the T1 stage, a slight improvement in attachment level was observed in both the fixed and removable 
appliance groups compared with baseline measurements. However, during the same period, a signifi-
cant increase in mean probing depth was detected only in the fixed appliance group (p = 0.003). Plaque 
index levels increased in both the removable appliance group (p = 0.019) and the fixed appliance group 
(p = 0.023). Furthermore, the bleeding on probing index also showed an increase in both groups, with 
p = 0.020 in the removable appliance group and p = 0.012 in the fixed appliance group. At the T1 stage, an 
increase in yeast counts was observed in the removable appliance group (p = 0.008), whereas decreases 
were detected in Lactobacillus (p = 0.004) and mutans streptococci (p = 0.026) levels. In contrast, the fixed 
appliance group demonstrated significant increases in Lactococcus (p = 0.042) and mutans streptococci 
(p = 0.037) counts. The identified microorganisms included a diverse range of bacterial species, such as 
Actinomyces spp., Fusobacterium spp., Lactobacillus spp., Streptococcus spp., Veillonella spp., and other clini-
cally significant genera. 
Conclusions: It may be inferred that fixed orthodontic treatments create a biological environment that 
is more susceptible to adverse periodontal alterations and increased colonization by specific microbial 
species. Conversely, the potential suppressive effects of removable appliances on certain microbial groups 
emphasize the need to consider patients’ oral hygiene compliance, periodontal risk profile, and microbial 
sensitivity during treatment planning. 
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Introduction

The primary objectives of orthodontic treatment are to establish 
optimal occlusion, enhance facial esthetics, and ensure long-
term stability while preserving the health of periodontal struc-
tures. Conventional fixed orthodontic appliances continue to 
serve as a widely preferred treatment modality in contemporary 
orthodontic practice, with their clinical effectiveness supported 
by scientific evidence [1]. Both fixed and removable orthodontic 
appliances, including bands, brackets, and clasps, can promote 
plaque accumulation in the areas surrounding the associated 
teeth [2]. Using bands and brackets in orthodontic treatments 

facilitates the retention of food particles, leading to decreased 
pH, increased colonization of Streptococcus mutans and 
Lactobacillus acidophilus, biofilm formation, and plaque accu-
mulation. These conditions contribute to the development of 
white spot lesions, which include enamel decalcification and 
cavitation, potentially resulting in irreversible damage. S. mutans 
is the primary microorganism implicated in the progression of 
dental caries [3, 4].

A study [5] has shown that orthodontic attachments sub-
stantially elevate the prevalence of cariogenic bacteria, espe-
cially Streptococcus mutans, with bacterial counts increasing up 
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to fourfold compared to the beginning of treatment. Moreover, 
one study [6] reported the presence of nonoral opportunistic 
pathogens, including Staphylococcus and Candida species, on 
orthodontic retainers and the oral mucosa. Furthermore, fixed 
orthodontic appliances have been reported to promote the 
growth of periodontopathogenic bacterial species, including 
Porphyromonas gingivalis, Prevotella intermedia, Tannerella for-
sythia, Aggregatibacter actinomycetemcomitans, Fusobacterium 
nucleatum, and Treponema denticola [7]. Taken together, these 
findings suggest that fixed orthodontic therapy may shift the 
oral microbiome toward a dysbiotic profile, thereby increasing 
the risk of plaque-induced soft-tissue complications. Gingival 
overgrowth associated with orthodontic therapy has been 
linked to inadequate oral hygiene, primarily resulting from bac-
terial plaque accumulation [8], tartar buildup [9], and the depo-
sition of chromium and nickel released from orthodontic alloys 
[10] all of which may contribute to an inflammatory periodontal 
response. From a clinical perspective, early identification of ad-
verse periodontal or microbial changes may allow timely pre-
ventive strategies, improving long-term prognosis and reducing 
the likelihood of irreversible sequelae such as gingival recession, 
bone loss, or treatment relapse.

Although the relationship between orthodontic appliances 
and periodontal health has been widely explored in previous 
clinical studies [1, 7, 8, 11–13], existing research has predomi-
nantly focused either on fixed appliances or removable applianc-
es separately, often without employing a simultaneous compar-
ative design or integrating both periodontal and microbiological 
outcomes at multiple time points. In contrast, the present study 
incorporates both fixed and removable orthodontic appliances 
within the same methodological framework, enabling direct 
comparison under identical clinical conditions, while also per-
forming parallel periodontal and microbiological evaluations. 
Beyond this, the use of the VITEK 2 system provides a higher-res-
olution identification of microbial profiles, including less com-
monly detected taxa, thereby enhancing the microbiological di-
agnostic depth rather than serving merely as a novel tool. 
Therefore, this study aims to address an unmet gap in the litera-
ture by combining dual appliance comparison, longitudinal per-
iodontal assessment, and advanced microbial identification to 
offer a more comprehensive understanding of how orthodontic 
treatment modalities influence oral microbial ecology and perio-
dontal health.

The hypothesis of this study is that the use of fixed and re-
movable orthodontic appliances leads to significant differences 
in periodontal parameters and oral microbial profiles, with fixed 
appliances resulting in a more unfavorable microbial and perio-
dontal outcome.

Materials and methods

Study design

This comparative clinical study protocol was prepared by the 
Declaration of Helsinki. Ethical approval was obtained from 
Atatürk University Faculty of Dentistry Ethics Committee 
(Decision number: 57). Written informed consent forms were 

also obtained from the parents of the individuals participating 
in the study. We recruited 48 voluntary participants (30 females, 
18 males), with an average age of 15.5 years, seeking orthodon-
tic treatment at the Department of Orthodontics, Faculty of 
Dentistry, Atatürk University. The study sample comprised 
patients with mild dental crowding (2–3 mm), and all partici-
pants were selected based on comparable baseline periodontal 
characteristics to maintain methodological integrity and reduce 
potential bias. Based on their planned treatment modalities, the 
participants were assigned to either fixed appliance, removable 
appliance, or untreated control groups. Subgingival and suprag-
ingival dental plaque samples were collected from these partic-
ipants at two distinct time points. Considering evidence 
indicating that [14] bracket material and design can influence 
enamel demineralization severity, Gemini Metal brackets (3M 
Unitek Monrovia, CA, USA) were selected for the current study 
due to their more favorable demineralization profile compared 
with ceramic and self-ligating alternatives. To ensure methodo-
logical standardization, all patients were treated with 0.018-inch 
Roth prescription brackets, and stainless steel wire ligatures 
were used for archwire engagement. Removable appliances, 
including expansion, distalization, and protrusion devices, were 
sanitized, fitted, and adjusted for proper occlusion, with detailed 
instructions provided to the patients. Moreover, to minimize 
operator-related variability, all appliances were delivered by a 
single clinician (A.A.A.İ). 

The groups are defined as follows:

•	 Fixed appliance users (n = 16)
•	 Removable appliance users (n = 16)
•	 Nontreatment control group (n = 16)

Inclusion criteria:

•	 Age between 12 and 19 years,
•	 Normal root development,
•	 No previous history of orthodontic treatment.

Exclusion criteria:

•	 Presence of any missing teeth,
•	 Periodontal bone loss,
•	 Habit of nail-biting,
•	 Any systemic or syndromic diseases (e.g. hepatic, renal, 

hematological, cardiovascular),
•	 Congenital, genetic, or acquired craniofacial deformities 

due to trauma, such as cleft palate or lip,
•	 Smoking,
•	 Untreated tooth decay.

Measurement of periodontal parameters 

Periodontal evaluation was conducted using an online perio-
dontal chart (https://www.periodontalchart-online.com) and 
categorized based on periodontal health, gingivitis, and perio-
dontitis (stage and grade). All periodontal index measurements 
were performed by the corresponding author, who had received 

https://www.periodontalchart-online.com
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prior training from a periodontologist in the use and calibration 
of the indices applied in this study.

Mobility assessment

Mobility was assessed manually through horizontal and vertical 
measurements. Horizontal mobility was evaluated using two 
hand instruments placed on the buccal and lingual surfaces, 
while vertical mobility was assessed by applying force perpen-
dicular to the occlusal surface. The degree of mobility, if present, 
was measured using a Periotest device (Medizintechnik Gulden, 
Modautal, Germany) [15].

Furcation assessment

Furcation involvement was assessed through clinical and radio-
graphic examinations. Clinically, a Nabers probe was directed 
apically toward the furcation entrance and horizontal displace-
ment into a space indicated furcation involvement [16].

Clinical attachment level assessment

The clinical attachment level measures the distance from the 
base of the pocket to a fixed point on the crown, typically the 
cementoenamel junction. The gingival margin is first identified, 
representing the distance from the gingival boundary to a refer-
ence point, such as the cementoenamel junction, unless restora-
tion margins apical to this junction are used. Probing depth 
refers to the distance from the gingival margin to the base of the 
gingival sulcus or periodontal pocket [17].

Probing depth assessment

A periodontal probe (UNC 15, Hu-Friedy, USA) was used to 
measure probing depth, recording millimetric values for each 
tooth. The probe was aligned with the tooth’s long axis, and 
probing ceased upon encountering optimal resistance. The dis-
tance from the base of the pocket/sulcus to the gingival margin 
was measured at the mesiobuccal, distobuccal, midbuccal, and 
midpalatal surfaces. The mean probing depth was calculated by 
averaging the measurements from all recorded surfaces [18].

Plaque index assessment

The plaque index was evaluated using the Silness and Löe 
method [19]. Each tooth surface was scored individually, and the 
total score was averaged by dividing it by four. Teeth were iso-
lated with cotton rolls, and plaque presence and severity were 
assessed using an examination probe. The plaque index was cal-
culated by dividing the total score by the number of teeth.

Bleeding on the probing index assessment

The bleeding on the probing index was assessed by gently 
inserting a periodontal probe into the pocket and evaluating 
bleeding after approximately 20 s. Bleeding was recorded as (+) 

if present and (–) absent. The percentage of bleeding sites was 
calculated by dividing the number of bleeding sites by the total 
number of sites examined [20].

Sample collection 

Subgingival and supragingival dental plaque samples were col-
lected from 48 volunteer participants in the study at two differ-
ent time points:

T0: Before treatment.
T1: After 6 months of treatment.
Before subgingival sampling, all participants underwent pro-

fessional supragingival plaque removal to prevent contamina-
tion. Subgingival plaque samples were collected from shallow 
sulci (2–3 mm probing depth) using sterile size #4 paper points, 
which were inserted for 20 s without causing gingival damage. 
Samples collected from the vestibular surfaces of 24 teeth using 
a periodontal probe were transferred to Amies transport medi-
um tubes, whereas samples obtained with paper points were 
placed into tubes containing 2 ml of thioglycolate broth. All 
plaque samples were transported to the microbiology laborato-
ry within 30 min under cold chain conditions to preserve micro-
bial viability. Prior to culturing, tenfold serial dilutions (10–¹ to 
10–³) were performed to ensure proper colony separation and 
minimize overgrowth, facilitating accurate isolation and identifi-
cation of pure colonies. Additionally, supragingival dental 
plaque samples were collected from the vestibular surfaces of 
24 teeth using a scaler and transferred in 2 ml of tryptic soy 
broth for microbial analysis. Cells that appeared purple were 
Gram positive, whereas those that appeared pink or red were 
classified as Gram negative. The morphological characteristics 
of the microorganisms, including their size, shape, and arrange-
ment, were examined on Gram-stained slides [21] (Figure 1).

Microbiological analysis 

All microbiological procedures were also carried out by the corre-
sponding author with support from a microbiology expert. The 
number of microorganisms was determined through quantitative 
analysis, which involved counting colony-forming units (CFU) per 
milliliter of solution. The researcher applied a spread plate tech-
nique to distribute 100 µL of each dilution across selective and 
nonselective agar media after performing serial dilutions from 10–¹ 
to 10–³ (Figure 2). The digital colony counter enabled researchers to 
count colonies between 30 and 300 per plate after the plates 
received their required aerobic or anaerobic incubation conditions. 
The CFU/ml values were determined through the following calcu-
lation: CFU/ml = (number of colonies × dilution factor) / plated vol-
ume (ml). The research team documented their microbial count 
results as average CFU/ml values for each tested sample.

Identification of bacteria using the VITEK 2 (bioMérieux, 
Hazelwood, MO, USA) system

Anaerobic conditions were created using AnaeroGen™ (Oxoid 
Ltd., Basingstoke, UK) sachets in anaerobic jars to achieve a gas 
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mixture of 10% CO₂, 10% H₂, and 80% N₂. The absence of oxygen 
was verified with anaerobic indicators. Furthermore, bacterial 
species grown on anaerobic media were not automatically 
assumed to be obligate anaerobes. After colony isolation, iden-
tification with VITEK 2 (bioMérieux, Hazelwood, MO, USA) 
allowed differentiation between obligate and facultative anaer-
obes, ensuring accurate classification.

The VITEK 2 system is an automated microbial identification 
and antibiotic susceptibility testing platform widely used in 
clinical microbiology laboratories [22], offering a practical and 
rapid solution for routine microbial identification. It works by 
analyzing the biochemical and metabolic characteristics of 
organisms using miniaturized tests with fluorescence-based 
detection, quickly determining the organism’s identity to the 
species level [23]. In practice, VITEK 2 can deliver identification 
results within a few hours, which is a major advantage compared 
to 16S rRNA gene sequencing that may take several days despite 
its high accuracy. While MALDI-TOF MS can identify cultured 
bacteria within minutes, it does not simultaneously perform 
susceptibility testing and requires an expensive mass 
spectrometer instrument [24]. By contrast, VITEK 2 offers an 
integrated, fully automated workflow that provides both 
identification and antibiotic susceptibility results in a short time, 
making it highly effective for routine clinical use.

The VITEK 2 system uses separate cards to identify and test 
the susceptibility of Gram-positive and Gram-negative 
microorganisms. Each gram-positive (GP) and gram-negative 
(GN) card contains 64 wells, enabling simultaneous identification 
and antibiotic susceptibility testing of up to 60 isolates. The 
system performs 43 biochemical tests, assessing carbon source 
utilization, enzymatic activity, and resistance. After card filling, 

Figure 1.  Isolation and identification of microorganisms.

the system automatically transfers the cards to the reader 
incubator, takes optical readings, and discards the cards post-
analysis. Results are typically available within 8 h [25].

Bacterial identification was performed for aerobic, microaer-
ophilic, and anaerobic bacteria using specific culturing and test-
ing methods. Aerobic bacteria were isolated by inoculating sam-
ples into tryptic soy broth, plating onto selective agar media 
(Plate Count Agar, Blood Agar, MacConkey Agar, and Mannitol 
Salt Agar), and incubating at 37°C for 24–48 h. Microaerophilic 
bacteria were cultured on Brain Heart Infusion Agar supple-
mented with vitamin K and haemin under microaerophilic con-
ditions (5–10% CO₂) for 2–7 days, while anaerobic bacteria were 
grown on Reinforced Clostridial Medium, 5% Sheep Blood Agar, 
and Brain Heart Infusion Agar under anaerobic conditions (90% 
hydrogen, 10% carbon dioxide) for 72 h. The researcher ob-
tained pure colonies through subculturing before performing 
catalase and oxidase and Gram staining tests. The researchers 
used McFarland criteria to create bacterial suspensions in sterile 
saline before they inserted VITEK 2 cards (GP, GN, or ANC) for 
exact bacterial identification.

Statistical analyses 

A priori power analysis was performed using G*Power 3.1.9.7 
software (Heinrich Heine University, Düsseldorf, Germany). A 
one-way ANOVA test was selected, with an alpha level of 0.05, 
power of 0.80, and an effect size of f = 0.471. The effect size was 
calculated based on a predicted mean difference of 0.5 units in 
periodontal indices and a standard deviation of 0.5, consistent 
with similar study designs reported in the literature. The analy-
sis indicated that a minimum of 16 participants per group was 
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required [26]. Therefore, the current sample size can be consid-
ered sufficient to detect clinically meaningful differences. Prior 
to inferential analysis, the Shapiro–Wilk test was used to assess 
normality, while homogeneity of variances was examined using 
Levene’s test. Since both assumptions were met (p > 0.05), par-
ametric tests were deemed appropriate. The data were ana-
lyzed using SPSS software (IBM SPSS Statistics, Version 22) 
through one-way ANOVA and paired sample-T tests to evaluate 
within- and between-group differences. Statistically significant 
variances identified by one-way one-way analysis of variance 
(ANOVA) were further analyzed using Duncan’s multiple-range 
test. As the assumption of variance homogeneity was satisfied, 
Duncan’s multiple-range test was chosen to better detect inter-
group differences. Although this test is statistically more liberal 
and may increase the risk of Type I error, it offers higher power in 
post-hoc comparisons. Future studies are encouraged to report 
effect sizes (e.g. eta-squared, Cohen’s d) and 95% confidence 
intervals in addition to p-values to enhance the interpretability 
and clinical relevance of the findings. In order to test intraob-
server reliability, periodontal index measurements were 
repeated at two different time points in 15 individuals. No statis-
tically significant differences were observed between the 
repeated measurements, and a high level of correlation was 
reported (r = 0.73–0.91). Additionally, Cohen’s kappa coefficients 
for ordinal-scale indices ranged from 0.70 to 0.79, indicating a 

Figure 2.  Yeast colonies on Sabouraud Dextrose Agar (A), Lactococcus colonies on M17 Agar (B), S. aureus colonies on Baird Parker Agar (C), S. mutans col-
onies on Mitis Salivarius-Bacitracin Agar (D), Staphylococcus-Micrococcus colonies on Mannitol Salt Agar (E), and total anaerobic bacterial colonies on Brain 
Heart Infusion Agar (F).

high level of intraexaminer reliability. The results have been pre-
sented in charts, with significant changes indicated by different 
letter groupings.

Results

Analysis of periodontal parameters as shown in Table 1 
revealed that, at T1, the mean probing depth differed sig-
nificantly among groups (p = 0.032), with higher values in 
the removable and fixed appliance groups compared with 
the control group, and a significant intragroup increase 
was observed only in the fixed appliance group (p = 0.003). 
Similarly, plaque index values showed a significant increase 
at T1 for both the removable (p = 0.019) and fixed appli-
ance groups (p = 0.023). Regarding microbiological find-
ings in Tables 2 and 3, a significant increase in yeast counts 
was detected in the removable appliance group (p = 0.008), 
whereas Lactobacillus counts significantly decreased in 
both the control (p = 0.005) and removable appliance 
groups (p = 0.004). In the fixed appliance group, Lactococcus 
levels increased significantly (p = 0.042). Additionally, 
mutans streptococci levels increased significantly in both 
the removable (p = 0.026) and fixed appliance groups (p = 
0.037), while a significant decrease in total anaerobic 
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microorganism counts was observed in the control group 
(p = 0.024). 

Ninety-six samples were collected in this study, and 352 
VITEK 2 cards were used for analysis. However, 10 cards were 
excluded from the evaluation due to low identification 
accuracy or insufficient sample volume. In the control group, 
21 microorganisms were identified using 54 VITEK 2 cards 
during the T0 period, while 26 were identified using 57 
VITEK 2 cards during the T1 period. In the removable 

appliance group, 18 microorganisms were identified using 
55 VITEK 2 cards during the T0 period, and 34 microorganisms 
were identified using the same number of cards during the 
T1 period. In the fixed appliance group, 21 microorganisms 
were identified using 57 VITEK 2 cards during the T0 period, 
and 34 microorganisms were identified using 64 VITEK 2 
cards during the T1 period. The increase in microbial 
diversity within the orthodontic treatment groups is 
detailed in Figure 3.

Table 1.  Probing depth, attachment level, plaque index, and bleeding on probing values were summarized by means across all time points among groups.
Time Control group Removable appliance Fixed appliance F P

Mean probing depth
T0 1.318 ± 0.867b 1.581 ± 0.813a 1.250 ± 0.456bB 5.662** 0.006
T1 1.338 ± 0.107b 1.700 ± 0.103a 1.538 ± 0.166abA 3.745* 0.032
t −0.436 −1.623 −3.502*
p 0.669 0.125 0.003
Mean attachment level
T0 1.644 ± 0.322 1.594 ± 0.558 1.475 ± 0.502 0.034 0.967
T1 1.563 ± 0.338 1.731 ± 0.553 1.581 ± 0.504 0.038 0.963
t 0.612 −0.702 −1.204
p 0.549 0.493 0.247
Plaque index
T0 1.244 ± 0.140 1.538 ± 0.88B 1.300 ± 0.098B 1.972 0.152
T1 1.213 ± 0.165b 1.881 ± 0.148aA 1.700 ± 0.158aA 4.827* 0.013
t 0.628 −2.624* −2.521*
p 0.539 0.019 0.023
Percentage values of bleeding on probing
T0 21.438 ± 5.789 24.375 ± 3.760B 20.000 ± 2.604B 0.274 0.762
T1 19.288 ± 5.445 34.750 ± 5.460A 32.563 ± 4.650A 2.590 0.086
t 1.841 −2.592* −2.855*
p 0.086 0.020 0.012

In each column (A, B ↓) and row (a, b, c →), different letters indicate statistically significant differences between groups and times at p < 0.05.
*p < 0.05.
**p < 0.001.
Values are presented as mean ± standard deviation.

Table 2.  Comparison of microorganism counts (CFU-Log10) between different time points and appliance groups.
Time Control group Removable appliance Fixed appliance F  p

Total aerobic mesophilic microorganism count CFU-(Log10)
T0 5.430 ± 0.162 5.547 ± 0.132 5.371 ± 0.137 0.383 0.685
T1 5.075 ± 0.187 5.290 ± 0.222 5.170 ± 0.156 0.324 0.727
t 1.771 1.177 0.921
p 0.097 0.257 0.371
Total anaerobic microorganism count CFU-(Log10)
T0 5.226 ± 0.188A 4.575 ± 0.360 4.905 ± 0.366 1.07 0.353
T1 4.735 ± 0.135B 4.707 ± 0.213 4.561 ± 0.349 0.41 0.869
t 2.518* −0.269 0.765
p 0.024 0.792 0.456
Microaerophilic microorganism count CFU-(Log10)
T0 5.271 ± 0.176 5.601 ± 0.171 5.493 ± 0.087 1.25 0.296
T1 5.295 ± 0.138 5.394 ± 0.187 4.641 ± 0.474 1.80 0.176
t −0.113 0.750 1.900
p 0.911 0.465 0.077

In each column, letters A and B (↓) indicate statistically significant differences between days at p < 0.05. 
*: p < 0.05.
CFU: Colony-forming units.
Values are presented as mean ± standard deviation.



ACTA ODONTOLOGICA SCANDINAVICA  46

Discussion

Orthodontic patients need both clinical evaluations and micro-
biological tests to determine their periodontal health because 
this data enable doctors to develop suitable treatment plans 
and assess treatment outcomes. The two orthodontic treatment 
approaches of fixed and removable appliances operate as sepa-
rate systems that produce distinct effects on dental health. 

In our study, the absence of mobility and furcation findings 
was associated with the contraindication of orthodontic 
treatment in individuals with active periodontal problems. The 
immobility observed during the T1 period was attributed to 
applying light forces, the absence of primary occlusal contacts, 
and the health of periodontal tissues. Data from longitudinal 
clinical studies [27, 28] suggest that orthodontic treatment with 
fixed appliances has a negligible effect on periodontal 
attachment levels. In our study, the mean probing depth in the 
fixed appliance group was statistically significant at the 6th 
month post-treatment. These findings are consistent with those 
of several other researchers. Our findings indicate a 
nonsignificant gain in attachment levels in the removable and 

fixed treatment groups at the 6th month of treatment. While our 
study aligns with findings reported in previous studies [29, 30]. 
This discrepancy stems from the age-based analysis conducted 
in those studies.

Our study observed a statistically significant increase in plaque 
index at the T1 time point compared to the T0 time point in the 
orthodontic treatment groups. These findings are consistent with 
changes in plaque index reported in previous studies [31–33]. 
Additionally, a significant increase in bleeding on probing 
percentage was detected in both treatment groups from T0 to T1. 
These results emphasize the need for improved oral hygiene 
practices and align with findings from other studies [34, 35].

Upon evaluation of the yeast-related parameters, our study 
demonstrated an increase in yeast counts within the orthodontic 
treatment groups. Studies on the effect of orthodontic 
treatments on Candida colonization [34, 36] have reported 
results consistent with our findings.

Lactococcus is a bacterium commonly found in the oral flora 
and associated with the fermentation of dairy products. 
A  literature review revealed no studies reporting the potential 
effects of orthodontic treatments on Lactococcus bacterial 

Table 3.  Comparison of microorganism counts (CFU-Log10) for yeast and specific bacteria between different time points and appliance groups.
Time Control group Removable appliance Fixed appliance F  p

Yeast count CFU-(Log10)
T0 0.669 ± 0.299 0.269 ± 0.184B 1.104 ± 0.332 2.24 0.118
T1 0.865 ± 0.237 1.069 ± 0.273A 1.747 ± 0.308 2.84 0.069
t −0.453 −3.029* −1.510
p 0.657 0.008 0.152
Lactococcus microorganism count CFU-(Log10)
T0 4.814 ± 0.258 4.735 ± 0.397 4.749 ± 0.210B 0.021 0.981
T1 4.778 ± 0.184 4.923 ± 0.250 5.338 ± 0.184A 1.942 0.155
t 0.095 −0.358 −2.222*
p 0.926 0.725 0.042
Staphylococcus-Micrococcus microorganism count CFU-(Log10)
T0 0.850 ± 0.216 0.333 ± 0.185 0.850 ± 0.227 2.032 0.143
T1 1.213 ± 0.207 0.861 ± 0.184 1.356 ± 0.252 1.390 0.259
t −1.197 −1.792 −1.762
p 0.250 0.093 0.098
Lactobacillus count CFU-(Log10)
T0 5.381 ± 0.192A 5.666 ± 0.147A 5.117 ± 0.142 2.87 0.067
T1 4.465 ± 0.186B 4.401 ± 0.385B 4.838 ± 0.221 0.72 0.493
t 3.275* 3.379* 1.141
p 0.005 0.004 0.272
Staphylococcus aureus count CFU-(Log10)
T0 0.481 ± 0.224 0.829 ± 0.312 0.715 ± 0.225 0.474 0.625
T1 0.764 ± 0.215 0.375 ± 0.149 0.610 ± 0.245 0.896 0.415
t −1.238 1.131 0.480
p 0.235 0.276 0.638
Mutans streptococci count CFU-(Log10)
T0 4.873 ± 0.186b 5.718 ± 0.136aA 4.799 ± 0.137bB 4.553* 0.016
T1 4.950 ± 0.203 5.133 ± 0.247B 5.453 ± 0.166A 1.494 0.235
t −0.403 2.479* −2.289*
p 0.693 0.026 0.037

In each column (A, B ↓) and row (a, b, c →), different letters indicate statistically significant differences between groups and times at p < 0.05.
*: p < 0.05.
CFU: Colony-forming units.
Values are presented as mean ± standard deviation.
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Figure 3.  Microorganism changes between groups at T0 and T1; control group (A), removable appliance group (B), and fixed appliance group (C) (microor-
ganisms detected only once across T0 and T1 were omitted from the figure.) 
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species. This study observed an increase in Lactococcus 
microorganisms from T0 to T1 in orthodontic treatment groups. 
The observed increase in this microorganism during the T1 
period in orthodontic treatment groups could be attributed to 
changes in the patient’s dietary habits.

Research studies [37, 38] have investigated Lactobacillus 
species that demonstrate strong cariogenic properties during 
orthodontic treatment of patients. The research demonstrated 
that all three groups showed a major decrease in their 
Lactobacillus microorganism populations. The combination of 
improved oral hygiene and higher fluoride toothpaste usage 
and dietary changes led to decreased microorganism numbers.

In the literature [39], S. mutans is described as a bacterium 
with cariogenic effects, and for this reason, a study [40] has been 
conducted regarding changes in S. mutans levels in patients 
undergoing fixed orthodontic treatment. According to the 
results of our study, a statistically significant increase (p < 0.05) 
in the number of S. mutans was observed in the fixed orthodontic 
treatment group. This finding is consistent with the literature 
[41, 42]. On the other hand, in the group using removable 
appliances, a decrease in microorganism count was detected at 
T1. This reduction could be attributed to the fact that individuals 
can remove their removable appliances during eating and 
drinking, allowing for more regular oral hygiene.

Although no statistically significant periodontal changes 
were observed within the control group across the follow-up pe-
riod, a noteworthy reduction was detected in both Lactobacillus 
counts and total anaerobic microorganism levels. The decrease 
in microbial numbers could result from typical changes in per-
sonal oral bacterial populations or participants enhancing their 

oral care practices because of research participation (Hawthorne 
effect) or unmonitored changes in their diet and daily routines.

Orthodontic appliances can modify the oral microbiota by 
increasing plaque accumulation, potentially facilitating the 
growth of pathogenic species. However, not all microorganisms 
that increase during treatment are harmful. Therefore, identify-
ing specific bacterial subgroups is essential to assess periodon-
tal risk, as no single species has been definitively linked to active 
periodontal disease, though some serve as risk indicators. In our 
study, similar microorganisms were identified among the groups 
during the T0 period, with common species including A. meyeri, 
A. naeslundii, A. odontolyticus, D. nishinomiyaensis, K. rosea, L. aci-
dophilus, P. micra, S. mitis, S. oralis, S. pseudoporcinus, S. sanguinis, 
and Veillonella spp.

The microorganisms with high pathogenic potential identi-
fied during the T1 period include A. otitis, C. butyricum, C. clost-
ridioforme, C. glycolicum, C. histolyticum, E. faecalis, E. rhusiopathi-
ae, F. nucleatum, G. elegans, S. aureus, P. micra, P. anaerobius, P. 
oralis, and S. pneumoniae. The presence of A. meyeri, A. naeslun-
dii, and A. odontolyticus species in samples indicates their role as 
primary pathogens that cause infections in different parts of the 
body [43]. The detection of these bacteria could indicate that 
oral aphthous ulcers existed at the time of sample collection.

The anaerobic microorganism Lactobacillus acidophilus is 
most commonly found in humans, particularly in the gastrointes-
tinal tract and oral cavity [44]. Its frequent detection in this study 
is likely attributed to the oral cavity being its natural habitat.

Parvimonas micra is an anaerobic microorganism frequently 
isolated from dental plaque in patients with chronic periodontitis 
[45]. It was commonly detected in samples collected during the 

Figure 3.  Continued
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T0 and T1 periods. As one of the bacteria in biofilm formation 
within the oral cavity, P. micra benefits from the biofilm structure, 
facilitating its persistence in periodontal pockets.

S. mitis, S. oralis, S. pseudoporcinus, and S. sanguinis species 
were isolated during the T0 and T1 periods. These streptococcal 
species are known as primary commensals of the oral cavity. 
They exhibit antagonistic effects against pathogens such as S. 
mutans and P. gingivalis, thereby contributing positively to the 
oral microbiota [46].

F. magna is an anaerobic coccus with a high pathogenic 
potential [47] and is part of the normal human mucocutaneous 
flora and has been isolated in deep organ abscesses, obstetric 
and gynecological sepsis, oral infections, and sinusitis [48]. In 
our study, this microorganism was frequently detected during 
the T1 period, which may indicate the presence of an oral 
infection at that time. 

During the T1 period, the isolation of pathogenic microor-
ganisms suggests possible ongoing infections such as otitis, si-
nusitis, or tonsillitis. Although these species are not primary 
pathogens, the anaerobic environment during infection may 
promote their growth. Prior study [49] has shown that fixed or-
thodontic appliances can alter supragingival and salivary micro-
flora, favoring facultative aero-anaerobic species. In our study, a 
microbial shift from aerobic to anaerobic species was observed 
from T0 to T1, potentially due to dietary or oral hygiene changes 
that lower pH and promote anaerobic proliferation by creating 
protected ecological niches.

When the periodontal and microbiological findings are 
interpreted together, a clearer pattern emerges regarding the 
biological impact of orthodontic appliances. The increase in 
plaque index, probing depth, and bleeding on probing in both 
treatment groups coincided with a shift in the microbial profile, 
characterized by reduced aerobic and microaerophilic counts 
and a relative predominance of anaerobic species. In the fixed 
appliance group, the rise in S. mutans levels is consistent with 
the greater plaque accumulation and bleeding scores, 
supporting its role as a cariogenic and plaque-associated 
pathogen under conditions of increased biofilm retention. By 
contrast, in the removable appliance group, the decrease in S. 
mutans and Lactobacillus counts, together with less pronounced 
periodontal changes, may reflect the advantage of being able to 
remove the appliance during oral hygiene procedures. The 
concurrent increase in Lactococcus and Staphylococcus–
Micrococcus species likely represents ecological adaptation to 
new retention surfaces rather than overt disease, but these 
shifts may still signal a higher susceptibility to periodontal 
imbalance in patients with inadequate plaque control.

This study possesses several methodological strengths that 
enhance the reliability, novelty, and interpretability of its 
findings. The inclusion of a nontreatment control group allowed 
for valid temporal comparisons and helped differentiate 
appliance-related alterations from natural microbial or 
periodontal fluctuations. Furthermore, the species-level 
microbial identification achieved through the VITEK 2-automated 
system represents a novel methodological contribution to 
orthodontic research, providing higher diagnostic precision 

than conventional culture-based approaches. The use of 
standardized periodontal indices, two-time-point sampling, and 
consistent sampling procedures further contributed to internal 
validity. Moreover, evaluating both fixed and removable 
orthodontic appliances within the same research framework 
allowed for direct comparison of their biological effects, thereby 
offering a broader clinical perspective.

This study should be interpreted considering several 
limitations. First, the follow-up period was limited to 6 months, 
which restricts the ability to determine long-term periodontal 
and microbial alterations; therefore, future studies incorporating 
post-treatment and retention-phase assessments are warranted. 
Second, the use of conventional culture-based microbiological 
techniques may have limited detection to cultivable organisms 
only, potentially overlooking uncultivable or low-abundance 
species. Additionally, variations in participants’ oral hygiene 
practices and dietary habits were not controlled during the 
study period, which may have influenced microbial composition. 
As all periodontal measurements were performed by a single 
examiner, inter-examiner reliability could not be assessed, and 
this has been acknowledged as an additional limitation. Third, 
the use of a single diagnostic platform (VITEK 2) without 
molecular confirmation may restrict the depth of microbial 
characterization. Future studies should therefore consider larger 
sample sizes, multicenter designs, molecular-based microbial 
analysis, and extended follow-up durations.

Future studies should include longer follow-up periods 
extending into the post-treatment and retention phases to 
clarify long-term microbial and periodontal outcomes. 
Additionally, molecular-based identification techniques such as 
16S rRNA sequencing, qPCR, or metagenomic profiling should 
be employed to detect noncultivable and low-abundance 
microorganisms with higher precision. Standardization of oral 
hygiene routines and diet-control protocols, ideally through 
patient diaries or digital tracking, would minimize behavioral 
confounders. Finally, multicenter trials with larger and more 
diverse patient populations are needed to enhance the external 
validity of the findings and facilitate subgroup analyses based 
on age, appliance type, and oral hygiene level. Beyond research 
implications, clinical practice should also be considered. From a 
clinical perspective, periodic periodontal co-management 
through scheduled referrals to periodontologists may optimize 
patient motivation and compliance, facilitate timely detection 
of early periodontal alterations, and ultimately support the 
maintenance of periodontal health and long-term treatment 
stability, particularly throughout the retention period.

The research findings support the partial acceptance of the 
study hypothesis because fixed appliances produced worse 
results in particular periodontal and microbial parameters, but 
other variables showed no significant differences.

Conclusions

The research findings showed that orthodontic appliances with 
fixed and removable designs create measurable changes in per-
iodontal health and microbial populations. The research results 
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emerged from the established study parameters, which pro-
duced the following findings:

•	 Plaque index, probing depth, and bleeding on probing val-
ues increased at 6 months in both treatment groups, indi-
cating heightened periodontal susceptibility during active 
appliance use.

•	 Aerobic mesophilic and microaerophilic microorganism 
counts decreased, while anaerobic counts demonstrated 
appliance-dependent directional variation, suggesting an 
ecological shift toward reduced oxygen-tolerant species.

•	 The microbial community showed different responses to 
appliances through S. mutans population growth in fixed 
appliance users and decline in removable appliance users.

•	 The yeast population increased while Lactobacillus and S. 
aureus numbers decreased in all treatment groups, which 
showed unpredictable effects on caries-causing microor-
ganisms and opportunistic pathogens.

•	 The microbial community contained higher numbers of 
Lactococcus and Staphylococcus–Micrococcus species 
because of surface alterations caused by appliances and 
dietary components.

•	 The pathogenic potential of isolated species from both appli-
ance types proved equal, which shows microbial changes 
stem from ecological shifts instead of disease progression.

Acknowledgments

The authors declare that this study was financially supported by 
Atatürk University Scientific Research Projects (TDK2022/10130). 
We sincerely thank the Department of Food Hygiene and 
Technology at Atatürk University Faculty of Veterinary Medicine 
for granting us access to their microbiology laboratory. We 
would like to express our sincere gratitude to our project coordi-
nator, Prof. Dr. Nihat Kılıç, for his valuable contributions and sup-
port throughout the course of this project.

Conflicts of interest

No potential conflict of interest relevant to this article was 
reported. 

Author contributions

A.A.A.İ.: Contributed to the conception and design of the work, 
data acquisition, drafted the manuscript, and participated in 
data interpretation. A.E.: Performed the analysis and contrib-
uted to data interpretation, as well as revising the manuscript 
critically for important intellectual content. All authors read and 
approved the final manuscript.

Funding

This study was financially supported by Atatürk University 
Scientific Research Projects (TDK2022/10130). 

Supplementary material

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

Ethical approval and consent to participate

The study protocol was prepared by the Declaration of Helsinki. 
Ethical approval was obtained from Atatürk University Faculty of 
Dentistry Ethics Committee (Decision number: 57). Written 
informed consent forms were also obtained from the parents of 
the individuals participating in the study. 

References
[1]	 Giannini L, Galbiati G, Tartaglia FC, Grecolini ME, Maspero C, 

Biagi R. Orthodontic treatment with fixed appliances versus align-
ers: an experimental study of periodontal aspects. Dent J (Basel). 
2025;13:70. https://doi.org/10.3390/dj13020070

[2]	 Metin-Gürsoy G, Uzuner FD. The relationship between orthodontic treat-
ment and dental caries. In: Akarslan Z, editor. Dental Caries-Diagnosis, 
Prevention and Management. London, UK: IntechOpen; 2018. pp. 55–77.

[3]	 dos Santos Junior VE, Targino AGR, Flores MAP, Rodríguez-Díaz JM, Teixeira 
JA, Heimer MV, et al. Antimicrobial activity of silver nanoparticle colloids 
of different sizes and shapes against Streptococcus mutans. Res Chem 
Intermed. 2017;43:5889–99. https://doi.org/10.1007/s11164-017-2969-5

[4]	 Mhaske AR, Shetty PC, Bhat NS, Ramachandra CS, Laxmikanth 
SM, Nagarahalli K, et al. Antiadherent and antibacterial proper-
ties of stainless steel and NiTi orthodontic wires coated with silver 
against Lactobacillus acidophilus – an in vitro study. Prog Orthod. 
2015;16:40. https://doi.org/10.1186/s40510-015-0110-0

[5]	 Mummolo S, Tieri M, Nota A, Caruso S, Darvizeh A, Albani F, et al. 
Salivary concentrations of Streptococcus mutans and Lactobacilli 
during an orthodontic treatment. An observational study compar-
ing fixed and removable orthodontic appliances. Clin Exp Dent Res. 
2020;6:181–7. https://doi.org/10.1002/cre2.261

[6]	 Reichardt E, Geraci J, Sachse S, Rödel J, Pfister W, Löffler B, et al. 
Qualitative and quantitative changes in the oral bacterial flora 
occur shortly after implementation of fixed orthodontic appliances. 
Am J Orthod Dentofacial Orthop. 2019;156:735–44. https://doi.
org/10.1016/j.ajodo.2018.12.018

[7]	 Niu Q, Chen S, Bai R, Lu Y, Peng L, Han B, et al. Dynamics of the 
oral microbiome during orthodontic treatment and antimicrobial 
advances for orthodontic appliances. iScience. 2024;27:111458. 
https://doi.org/10.1016/j.isci.2024.111458

[8]	 Huang J, Yao Y, Jiang J, Li C. Effects of motivational methods on oral 
hygiene of orthodontic patients. Medicine. 2018;97:e13182. https://
doi.org/10.1097/MD.0000000000013182

[9]	 Shirbhate U, Bajaj P, Solanki D, Dare S, Sarangi S. Management of 
orthodontic-induced gingival enlargement: a case report. Cureus. 
2023;15(10):e47660. https://doi.org/10.7759/cureus.47660.

[10]	 Velasco-Ibáñez R, Lara-Carrillo E, Morales-Luckie RA, Romero-
Guzmán ET, Toral-Rizo VH, Ramírez-Cardona M, et al. Evaluation of 
the release of nickel and titanium under orthodontic treatment. Sci 
Rep. 2020;10:22280. https://doi.org/10.1038/s41598-020-79221-1

[11]	 Gül İ, Çolak R, Cicek O. Evaluation of the effect of periodontal health and 
orthodontic treatment on gingival recession: a cross-sectional study. BMC 
Oral Health. 2025;25:1069. https://doi.org/10.1186/s12903-025-06449-6

[12]	 Küçükoğlu Çolak M, Çolak R, Cicek O. Fractal dimension analy-
sis of mandibular trabecular architecture in gingival recession 
during orthodontic retention: a cross-sectional study. Diagnostics. 
2025;15:1013. https://doi.org/10.3390/diagnostics15081013

[13]	 Wu Y, Cao L, Cong J. The periodontal status of removable appli-
ances vs fixed appliances. Medicine. 2020;99:e23165. https://doi.
org/10.1097/MD.0000000000023165

https://doi.org/10.3390/dj13020070
https://doi.org/10.1007/s11164-017-2969-5
https://doi.org/10.1186/s40510-015-0110-0
https://doi.org/10.1002/cre2.261
https://doi.org/10.1016/j.ajodo.2018.12.018
https://doi.org/10.1016/j.ajodo.2018.12.018
https://doi.org/10.1016/j.isci.2024.111458
https://doi.org/10.1097/MD.0000000000013182
https://doi.org/10.1097/MD.0000000000013182
https://doi.org/10.7759/cureus.47660
https://doi.org/10.1038/s41598-020-79221-1
https://doi.org/10.1186/s12903-025-06449-6
https://doi.org/10.3390/diagnostics15081013
https://doi.org/10.1097/MD.0000000000023165
https://doi.org/10.1097/MD.0000000000023165


51  A.A. ATASEVER İŞLER AND A. ERDEM

[14]	 Demircioglu RM, Cicek O, Comert F, Erener H. Do different types 
of adhesive agents effect enamel demineralization for orthodon-
tic bonding? An ın vitro study. Coatings. 2023;13:401. https://doi.
org/10.3390/coatings13020401

[15]	 Kim GY, Kim S, Chang J-S, Pyo S-W. Advancements in methods of clas-
sification and measurement used to assess tooth mobility: a narrative 
review. J Clin Med. 2023;13:142. https://doi.org/10.3390/jcm13010142

[16]	 Farook FF, Alnasyan B, Almohammadi D, Alshahrani A, Alyami M, 
Alharbi R, et al. Reliability assessment of the clinical and radiographic 
diagnosis of furcation ınvolvement. Open Dent J. 2020;14:403–7. 
https://doi.org/10.2174/1874210602014010403

[17]	 Newman MG, Takei H, Klokkevold PR, Carranza FA. Carranza’s Clinical 
Periodontology. 10th ed. St. Louis (MO): Saunders Elsevier; 2006.

[18]	 Garnick JJ, Silverstein L. Periodontal probing: probe tip diameter. J 
Periodontol. 2000;71:96–103. https://doi.org/10.1902/jop.2000.71.1.96

[19]	 Löe H, Silness J. Periodontal disease in pregnancy I. Prevalence 
and severity. Acta Odontol Scand. 1963;21:533–51. https://doi.
org/10.3109/00016356309011240

[20]	 Hickel R, Mesinger S, Opdam N, Loomans B, Frankenberger R, 
Cadenaro M, et al. Revised FDI criteria for evaluating direct and 
indirect dental restorations – recommendations for its clinical use, 
interpretation, and reporting. Clin Oral Investig. 2022;27:2573–92. 
https://doi.org/10.1007/s00784-022-04814-1

[21]	 Tripathi N, Sapra A. Gram staining. In: StatPearls [Internet]. Treasure 
Island (FL): StatPearls Publishing; 2024.

[22]	 Carvalhaes CG, Shortridge D, Woosley LN, Gurung N, Castanheira 
M. Performance of the Vitek 2 Advanced Expert System (AES) as a 
rapid tool for reporting antimicrobial susceptibility testing (AST) in 
Enterobacterales from North and Latin America. Microbiol Spectr. 
2023;11:e0467322. https://doi.org/10.1128/spectrum.04673-22.

[23]	 Ling TKW, Liu ZK, Cheng AFB. Evaluation of the VITEK 2 system for 
rapid direct ıdentification and susceptibility testing of gram-negative 
bacilli from positive blood cultures. J Clin Microbiol. 2003;41:4705–7. 
https://doi.org/10.1128/JCM.41.10.4705-4707.2003

[24]	 Li Y, Gu B, Liu G, Xia W, Fan K, Mei Y, et al. MALDI-TOF MS versus VITEK 
2 ANC card for identification of anaerobic bacteria. J Thorac Dis. 
2014;6:517–23. https://doi.org/10.3978/j.issn.2072-1439.2014.02.15

[25]	 Ligozzi M, Bernini C, Bonora MG, de Fatima M, Zuliani J, Fontana 
R. Evaluation of the VITEK 2 system for ıdentification and antimi-
crobial susceptibility testing of medically relevant gram-positive 
cocci. J Clin Microbiol. 2002;40:1681–6. https://doi.org/10.1128/
JCM.40.5.1681-1686.2002

[26]	 Chhibber A, Agarwal S, Yadav S, Kuo C-L, Upadhyay M. Which ortho-
dontic appliance is best for oral hygiene? A randomized clinical trial. 
Am J Orthod Dentofacial Orthop. 2018;153:175–83. https://doi.
org/10.1016/j.ajodo.2017.10.009

[27]	 Davis SM, Plonka AB, Fulks BA, Taylor KL, Bashutski J. Consequences 
of orthodontic treatment on periodontal health: clinical and micro-
bial effects. Semin Orthod. 2014;20:139–49. https://doi.org/10.1053/j.
sodo.2014.06.002

[28]	 Marincak Vrankova Z, Rousi M, Cvanova M, Gachova D, Ruzicka F, 
Hola V, et al. Effect of fixed orthodontic appliances on gingival sta-
tus and oral microbiota: a pilot study. BMC Oral Health. 2022;22:455. 
https://doi.org/10.1186/s12903-022-02511-9

[29]	 Papageorgiou SN, Papadelli AA, Eliades T. Effect of orthodontic treat-
ment on periodontal clinical attachment: a systematic review and 
meta-analysis. Eur J Orthod. 2018;40:176–94. https://doi.org/10.1093/
ejo/cjx052

[30]	 Tu C-C, Lo C-Y, Chang P-C, Yin H-J. Orthodontic treatment of peri-
odontally compromised teeth after periodontal regeneration: 
a restrospective study. J Formos Med Assoc. 2022;121:2065–73. 
https://doi.org/10.1016/j.jfma.2022.02.021

[31]	 Zhao M, Yu C, Su C, Wang H, Wang X, Weir MD, et al. Dynamic effects 
of fixed orthodontic treatment on oral health and oral microbiota: 
a prospective study. BMC Oral Health. 2024;24:1537. https://doi.
org/10.1186/s12903-024-05356-6

[32]	 ElNaghy R, Al-Qawasmi R, Hasanin M. Does orthodontic treatment 
using clear aligners and fixed appliances affect periodontal status 
differently? Evid Based Dent. 2023;24:73–4. https://doi.org/10.1038/
s41432-023-00890-8

[33]	 Shirozaki MU, da Silva RAB, Romano FL, da Silva LAB, De Rossi A, 
Lucisano MP, et al. Clinical, microbiological, and immunological eval-
uation of patients in corrective orthodontic treatment. Prog Orthod. 
2020;21:6. https://doi.org/10.1186/s40510-020-00307-7

[34]	 Arikan V, Kizilci E, Ozalp N, Ozcelik B. Effects of fixed and removable 
space maintainers on plaque accumulation, periodontal health, 
candidal and enterococcus faecalis carriage. Med Princ Pract. 
2015;24:311–7. https://doi.org/10.1159/000430787

[35]	 Ghijselings E, Coucke W, Verdonck A, Teughels W, Quirynen M, Pauwels 
M, et al. Long‐term changes in microbiology and clinical periodontal 
variables after completion of fixed orthodontic appliances. Orthod 
Craniofac Res. 2014;17:49–59. https://doi.org/10.1111/ocr.12031

[36]	 Brzezińska-Zając A, Sycińska-Dziarnowska M, Spagnuolo G, Szyszka-
Sommerfeld L, Woźniak K. Candida species in children undergoing 
orthodontic treatment with removable appliances: a pilot study. Int 
J Environ Res Public Health. 2023;20:4824. https://doi.org/10.3390/
ijerph20064824

[37]	 Alforaidi S, Bresin A, Almosa N, Lehrkinder A, Lingström P. Effect of 
drops containing Lactobacillus reuteri (DSM 17938 and ATCC PTA 
5289) on plaque acidogenicity and other caries-related variables 
in orthodontic patients. BMC Microbiol. 2021;21:271. https://doi.
org/10.1186/s12866-021-02310-2

[38]	 Al‐Melh MA, Bhardwaj RG, Pauline EM, Karched M. Real‐time poly-
merase chain reaction quantification of the salivary levels of cario-
genic bacteria in patients with orthodontic fixed appliances. Clin Exp 
Dent Res. 2020;6:328–35. https://doi.org/10.1002/cre2.285

[39]	 Lemos JA, Palmer SR, Zeng L, Wen ZT, Kajfasz JK, Freires IA, et al. The 
biology of Streptococcus mutans. Microbiol Spectr. 2019;7(1):10. 
https://doi.org/10.1128/microbiolspec.GPP3-0051-2018.

[40]	 Lucchese A, Bondemark L, Marcolina M, Manuelli M. Changes in oral 
microbiota due to orthodontic appliances: a systematic review. J 
Oral Microbiol. 2018;10:1476645. https://doi.org/10.1080/20002297
.2018.1476645

[41]	 Arab S, Nouhzadeh Malekshah S, Abouei Mehrizi E, Ebrahimi Khanghah 
A, Naseh R, Imani MM. Effect of fixed orthodontic treatment on salivary 
flow, pH and microbial count. J Dent (Tehran). 2016;13:18–22.

[42]	 Krasniqi S, Sejdini M, Stubljar D, Jukic T, Ihan A, Aliu K, et al. 
Antimicrobial effect of orthodontic materials on cariogenic bacteria 
Streptococcus mutans and Lactobacillus acidophilus. Med Sci Monit 
Basic Res. 2020;26:1-9. https://doi.org/10.12659/MSMBR.920510.

[43]	 Könönen E, Wade WG. Actinomyces and related organisms in 
human ınfections. Clin Microbiol Rev. 2015;28:419–42. https://doi.
org/10.1128/CMR.00100-14

[44]	 Remes-Troche JM, Coss-Adame E, Valdovinos-Díaz MÁ, Gómez-
Escudero O, Icaza-Chávez ME, Chávez-Barrera JA, et al. Lactobacillus 
acidophilus LB: a useful pharmabiotic for the treatment of diges-
tive disorders. Therap Adv Gastroenterol. 2020;13:1–15. https://doi.
org/10.1177/1756284820971201.

[45]	 Rams TE, Sautter JD, van Winkelhoff AJ. Antibiotic resistance of 
human periodontal pathogen parvimonas micra over 10 years. 
Antibiotics. 2020;9:709. https://doi.org/10.3390/antibiotics9​100709

[46]	 Baty JJ, Stoner SN, Scoffield JA. Oral commensal streptococci: gate-
keepers of the oral cavity. Journal of Bacteriology. 2022; 204(11): 
e00257-22. https://doi.org/10.1128/jb.00257-22.

[47]	 Shetty S, Anegundi R, Shenoy PA, Vishwanath S. Understanding anti-
microbial susceptibility profile of Finegoldia magna: an insight to an 
untrodden path. Ann Clin Microbiol Antimicrob. 2023;22:30. https://
doi.org/10.1186/s12941-023-00583-1

[48]	 Brook I. The role of anaerobic bacteria in sinusitis. Anaerobe. 
2006;12:5–12. https://doi.org/10.1016/j.anaerobe.2005.08.002

[49]	 Dallel I, Merghni A, Ben Tanfouss S, Tobji S, Ben Amor A, Mastouri M. 
The effect of orthodontic appliances on oral microflora: a case‐control 
study. Oral Sci Int. 2019;16:29–34. https://doi.org/10.1002/osi2.1005

https://doi.org/10.3390/coatings13020401
https://doi.org/10.3390/coatings13020401
https://doi.org/10.3390/jcm13010142
https://doi.org/10.2174/1874210602014010403
https://doi.org/10.1902/jop.2000.71.1.96
https://doi.org/10.3109/00016356309011240
https://doi.org/10.3109/00016356309011240
https://doi.org/10.1007/s00784-022-04814-1
https://doi.org/10.1128/spectrum.04673-22
https://doi.org/10.1128/JCM.41.10.4705-4707.2003
https://doi.org/10.3978/j.issn.2072-1439.2014.02.15
https://doi.org/10.1128/JCM.40.5.1681-1686.2002
https://doi.org/10.1128/JCM.40.5.1681-1686.2002
https://doi.org/10.1016/j.ajodo.2017.10.009
https://doi.org/10.1016/j.ajodo.2017.10.009
https://doi.org/10.1053/j.sodo.2014.06.002
https://doi.org/10.1053/j.sodo.2014.06.002
https://doi.org/10.1186/s12903-022-02511-9
https://doi.org/10.1093/ejo/cjx052
https://doi.org/10.1093/ejo/cjx052
https://doi.org/10.1016/j.jfma.2022.02.021
https://doi.org/10.1186/s12903-024-05356-6
https://doi.org/10.1186/s12903-024-05356-6
https://doi.org/10.1038/s41432-023-00890-8
https://doi.org/10.1038/s41432-023-00890-8
https://doi.org/10.1186/s40510-020-00307-7
https://doi.org/10.1159/000430787
https://doi.org/10.1111/ocr.12031
https://doi.org/10.3390/ijerph20064824
https://doi.org/10.3390/ijerph20064824
https://doi.org/10.1186/s12866-021-02310-2
https://doi.org/10.1186/s12866-021-02310-2
https://doi.org/10.1002/cre2.285
https://doi.org/10.1128/microbiolspec.GPP3-0051-2018
https://doi.org/10.1080/20002297.2018.1476645
https://doi.org/10.1080/20002297.2018.1476645
https://doi.org/10.12659/MSMBR.920510
https://doi.org/10.1128/CMR.00100-14
https://doi.org/10.1128/CMR.00100-14
https://doi.org/10.1177/1756284820971201
https://doi.org/10.1177/1756284820971201
https://doi.org/10.3390/antibiotics9100709
https://doi.org/10.1128/jb.00257-22
https://doi.org/10.1186/s12941-023-00583-1
https://doi.org/10.1186/s12941-023-00583-1
https://doi.org/10.1016/j.anaerobe.2005.08.002
https://doi.org/10.1002/osi2.1005

