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Abstract

Although periodontal diseases during fixed appliance treatment are a common issue, few studies have focused on the clinical
and microbial factors associated with orthodontic appliances. Hence, we investigated changes in the subgingival microbial
community and their association with periodontal changes at the early stage of fixed appliance treatment. Subgingival plaques
from ten female patients with fixed appliances were obtained at three time points: before, 1 month and 3 months after the
placement of the brackets (TO, T1 and T2). The 16S rRNA gene sequencing was used to analyze the microbial community of
the subgingival plaque. The Plaque Index (PI) and Gingival Bleeding Index (GBI) were also recorded. The GBI significantly
increased at T2, and the PI showed a temporary increase without a significant difference. The alpha diversity indices were
stable. However, the beta diversity was significantly higher at T2 compared to TO and T1. The relative abundance of core
microbiomes at the genus level was relatively stable. Four periodontal pathogens at the species level, including Prevotella
intermedia (Pi), Campylobacer rectus (Cr), Fusobacterium nucleatum (Fn), and Treponema denticola (Td), increased without
significant differences. The subgingival microbial community affected by fixed appliance treatment might cause transient

mild gingival inflammation.

Introduction

Although most studies have suggested that permanent perio-
dontal injuries rarely occur after orthodontic treatment, peri-
odontal inflammation during orthodontic treatment, such as
gingival hyperplasia and recession, is a common complica-
tion [8, 21]. The placement of the bracket and band promote
plaque accumulation and influence plaque maturation [1, 14,
24]. In some cases, gingival inflammation, such as gingival
bleeding and swelling, occurred in patients with poor oral
hygiene [7]. Plaque is the primary etiological factor of gin-
gival inflammation during orthodontic treatment [2, 20, 22].
In the presence of plaque, gingival inflammation can occur.
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Hence, long-term plaque control should be emphasized dur-
ing orthodontic treatment. From the microbial viewpoint,
periodontal inflammation is caused by microbial infection
with periodontal pathogens in the subgingival biofilm. Previ-
ous studies have analyzed the frequency and prevalence of
some putative periodontal pathogens to evaluate periodontal
conditions [13, 14, 19, 27]. Yet shifts in the microbial com-
munity may play a more important role in the development
of periodontal disease than changes in some specific patho-
gens [16]. The relationship between the microbial commu-
nity and clinical periodontal changes during fixed appliance
treatment remains unclear. Therefore, analyzing the micro-
bial community would help to identify periodontal changes
during fixed appliance treatment.

Traditional microbiological detection techniques, such
as polymerase chain reaction (PCR) and culturing, do not
reflect the whole microbial community. 16S rRNA gene
sequencing is used to analyze the microbial community
from a deeper view of structure and diversity [26]. 16S
rRNA genes have been recognized as the most useful tar-
gets for microbial identification. However, only one study
has used 16S rRNA gene sequencing to analyze changes in
the microbial community during fixed appliance treatment
[15]. It mainly focused on microbial changes in adolescent
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patients and did not take clinical periodontal changes into
consideration.

Hence, more studies are needed to avoid periodontal
complications for patients with fixed orthodontic appliances.
In this preliminary investigation, we evaluated microbial
changes and their association with clinical characteristic
during the initial period of fixed appliance treatment.

Materials and Methods
Sampling and Treatment

The Peking University Biomedical Ethics Committee (Bei-
jing, China) (PKUSSIRB-2,012,063) approved the experi-
mental protocol. Ten female patients were recruited from
the orthodontic department of Peking University School and
the Hospital of Stomatology to participate in our study. All
patients were scheduled to have fixed appliance treatment
and signed our written informed consent form.

Patients were included according to the following criteria:
female, 18-40 years old, mild to moderate tooth crowding,
no periodontitis (no periodontal attachment loss), good oral
hygiene, no smoking, not pregnant and no intake of antibiot-
ics or hormones 1 month before joining the study. Patients
with missing first molars or first central incisors, or with
crowns or fixed bridges, were excluded. All included patients
had received subgingival ultrasonic scaling 1 month before
the placement of the brackets. Then, Roth Shinye Brackets
(Shinye, Hangzhou, China) were bonded using Transbond
XT primer and adhesive paste (3M unitek, Monrovia, USA).
Further oral health instructions were received by the par-
ticipants. Periodontal treatment and mouthwash were not
allowed within the first 3 months.

In our study, the first molars and central incisors were
selected as the index teeth. The periodontal examination and
subgingival plaque sample collection of the index teeth were
obtained at three time points: before the placement of the
brackets (TO), 1 month after the placement of brackets (T1)
and 3 months after the placement of the brackets (T2). At
each time point, all patients were required to refrain from
brushing tooth and eating food for 2 h. The clinical exami-
nations and sample collection were performed before any
orthodontic treatment.

As for clinical investigation, we choose Gingival Bleed-
ing Index (GBI) and plaque index (PI) as the clinical param-
eter. An experienced periodontist recorded them at each
time point. The Quigley—Hein Plaque Index was selected
to measure the presence of plaque. Gingival Bleeding Index
was assessed by inserting a WHO probe horizontally into
the interproximal papilla of each index tooth with a 20 g
probing force [12]. The PI and GBI scores for each patient
are presented as the mean + SD.
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After clinical examination and removal of supragingival
plaque, subgingival plaque samples were collected immedi-
ately from the labial or buccal surfaces of index teeth with
a sterilized periodontal curette. All samples were pooled
together into a microcentrifuge tube that contained 1.0 mL
of sterilized saline water and were stored immediately at
— 80 °C.

DNA Isolation and 16S rRNA Gene Sequencing

DNA was isolated from subgingival plaque samples using a
commercial bacterial DNA mini kit (Tiangen Biotechnolo-
gies, Beijing, China) as described by Guo et al. [9]. Nan-
oDrop ND1000 spectrophotometer (NanoDrop Technolo-
gies, Inc.) was used to measure the quality and quantity of
DNA. The v3-v4 hypervariable regions of the 16S rDNA
were amplified using PCR. The libraries were pyrose-
quenced on an Illumina MiSeq Platform at the Biomarker
Institute (Biomarker Institute, Beijing, China). The sequence
data obtained in this study have been deposited in the NCBI
Short Reads Archive database under Accession Number
SRP114894.

Sequence Processing and Statistical Analyses

The sequences were analyzed using the Mothur software and
the Quantitative Insights Into Microbial Ecology (QIIME)
pipeline. After the raw sequences were trimmed and filtered,
the remaining high-quality sequences were clustered into
the operational taxonomic units (OTUs) at 97% similarity.
With the program UCLUST, the Human Oral Microbiome
Database and the SILVA 16S rRNA reference alignment
were used to identify and taxonomically place the sequences
[4, 23]. We evaluated the differences of microbial diversity
(alpha diversity and beta diversity) at different time points
with one-way analyses of variance (ANOVA). The statisti-
cal significance of differences in relative abundance among
groups was determined following the Metastats method.
P <0.05 was accepted as statistically significant.

Results
OTU Analyses

We used Illumina sequencing to analyze 30 subgingival
plaque samples from ten subjects at three time points. The
mean age of all female patients included in the study was
23.3+3.7 years (range 19-30 years) at the start of the fixed
appliance treatment. A total of 2,211,137 raw reads were
generated with an average of 73,705 +5776 (ranging from
61,997-80,087) reads per sample. After data were trimmed
and filtered, 1,646,231 high-quality reads were obtained with
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an average of 54,874 + 5268 (ranging from 42,399-61,266)
sequences per sample. The average length of the high-quality
reads was 441 + 2.1 bp (ranging from 437 to 445 bp). With
all reads clustering into OTUs at 97% similarity cutoff, 417

Table 1 Clinical parameters of patients with fixed appliances

Time points Plaque Index (PI) Gingival Bleed-
(mean +s.d.) ing ilndex (GBI)
(mean=+s.d.)
TO 0.6+0.52 0.6+0.70
T1 1.2+0.63 0.9+0.57
T2 0.9+0.57 1.3+0.68*

The Plaque Index (PI) was measured using the following classifica-
tion: (0) no plaque, (1) flecks of plaque at the gingival margin, (2)
definite line of plaque at the gingival margin, (3) plaque cover-
ing < 1/3 of tooth surface, (4) plaque covering> 1/3 and <2/3 of the
tooth surface, and (5) plaque covering >2/3 of the tooth surface. The
Gingival Bleeding Index (GBI) was measured using the following
classification: (0) healthy gingival, no bleeding, (1) edema, change
in color without bleeding, (2) bleeding without flow along gingival
margin, (3) bleeding with flow along the gingival margin, (4) copi-
ous bleeding, (5) severe inflammation with a tendency for spontane-
ous bleeding. The scores of clinical parameters for each patient were
determined by the mean measurements of index teeth

*Statistically significant difference: GBI: TO-T2, P=0.0248

Fig. 1 Four alpha diversity A Simpson
indices for subgingival plaque
bacteria at TO, T1, and T2. No 0.15+
alpha indices showed statisti-
cally significant differences
between time points
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OTUs were ultimately detected, with an average of 272 +49
(ranging from 124 to 337) OTUs per sample.

Clinical Results

The clinical information of included patients are presented
in Table 1. The PI showed a temporary increase after the
placement of the fixed appliance, but the change was not
statistically significant. The overall mean GBI at T2 was
1.3+0.7, which was significantly higher than at TO.

Microbial Diversity

Alpha diversity is a measure of the microbial diversity
within each group, while beta diversity is used to evaluate
the variation in microbial community among groups. Four
alpha diversity parameters were calculated and compared
at three different time points. Both the microbial richness
estimator (Chao 1 and ACE index values) and the microbial
community diversity estimators (the Simpson and Shannon
diversity indices) showed no significant differences (Fig. 1).
The alpha diversities within each group were basically
equivalent. The weighted UniFrac distance measurements
were used to compare the microbial community structure at
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TO, T1, and T2. The variation in beta diversity across time
points was significantly different. As shown in Fig. 2, the
variation in the beta diversity at T2 was higher compared
to that at TO (P <0.05) and T1 (P <0.01), but there were no
significant differences between TO and T1.

Microbial Composition and Distribution

To further investigate the shift in the microbial community,
the microbial composition and distribution at phyla, genera,
and species levels were analyzed. Core microbiomes and
periodontal pathogens, which are the important indicators
of periodontal disease, were also investigated.

Cluster analyses detected 12 phyla. A heat map was used
to illustrate changes in the microbial community profile at
the phyla level (Fig. 3a). The microbial distribution of the
top 10 phyla is illustrated in Fig. 3b. The predominant phyla
were Firmicutes, Bacteroidetes, Actinobacteri, Proteobac-
teria, and Fusobacteria. Firmicutes was the most dominant
phylum, representing 24.2% of all sequence reads at TO; it
was less abundant at T1 (20.80%) and T2 (19.66%), but the
differences were not statistically significant. The relative
abundances of Fusobacteria and candidate division TM7
were slightly higher at T1 and T2 than at TO, but there were
no statistically significant differences.

Cluster analyses detected 105 genera, and the top ten
are shown in Fig. 4. The relative abundance was relatively
stable during the first 3 months of fixed appliance treat-
ment, although a significant change in microbial composi-
tion was found. The five most abundant genera at TO were

Streptococcus (12.89%), Prevotella (9.94%), Fusobacte-
rium (7.29%), Corynebacterium (6.90%), and Actinomyces
(6.72%). In addition, Metastats analyses indicated that the
abundances of three genera significantly differed at differ-
ent time points. The relative abundances of Actinobacillus
and Capnocytophaga were significantly higher at T1 than
at TO (P <0.05), and decreased at T2 (Fig. 5). Both of
these two genera showed a temporary increase. Granuli-
catella showed a significantly reduced abundance between
TO and T2 (P <0.05). Core genera were defined as those
that were commonly shared and detected (relative abun-
dance > 1.0%) among groups. The changes in the relative
abundance of 20 core genera are illustrated in Fig. 6. In
addition to core genera, the relative abundances of eight
putative periodontal genera were analyzed and found no
significant differences during the first 3 months of fixed
appliance treatment (Fig. 7). These data imply that both
the core genera and putative periodontal genera were rela-
tively stable.

Considering the limitation of sequencing v3—v4 hyper-
variable regions of the 16S rDNA, only four periodontal
pathogens were detected and analyzed at the species level
in our study (Fig. 7). The relative abundance of Prevella
intermedia (Pi) and Campylobacer rectus (Cr) showed a
temporary increase at T1, and returned to the pretreatment
level at T2. Slight increases in the relative abundances of
Fusobacterium nucleatum (Fn) and Treponema denticola
(Td) were found at T2 compared to that at TO and T1.
Changes in the relative abundances of the four periodontal
pathogens were not statistically significant. According to

Fig.2 The weighted UniFrac 0.6 -
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Metastats analyses, Streptococcus tigurinus was the only
species that significantly changed and it decreased at T2
compared to TO (P <0.05). These data might indicate that
there was a temporary increase in the relative abundance
of periodontal pathogens at the species level.

Discussion
The periodontium damage is a major concern during fixed

appliance treatment. There are many factors, such as the
presence of brackets, hormonal characteristics, and patient
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at TO, and those of Granulicatella and the species Streptococcus tig-
urinus were significantly higher at TO compared to T1. All data are
expressed as the mean + standard deviation. P <0.05 in ANOVA

compliance, that affect periodontal health and the microbial
community during orthodontic treatment [18]. The effects
of the bracket on periodontal health were emphasized in
our study. To enhance the compliance of patients, standard-
ized oral hygiene instructions were repeated at every visit to
ensure the patients maintained proper oral hygiene.

In previous studies that have evaluated periodontal sta-
tus, traditional microbial culture and PCR have been used
to analyze changes in the abundances of several periodontal
pathogens following the fixed appliance treatment [8]. Some
studies that have used 16S rDNA gene sequencing have
found that periodontal diseases mainly occur due to an obvi-
ous shift in the microbial community rather than changes
in individual periodontal pathogens [17]. Yet changes in
the microbial community during orthodontic treatment
have rarely been studied [16, 29]. One recent prospective
study reported changes in the microbial community during
orthodontic treatment in terms of microbial composition,
but this change was not associated with clinical parameters
and the patients included in the study were adolescents [15].
Because the hormonal changes during puberty could affect
the periodontal status and subgingival microorganisms,
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Fig. 7 Relative abundances of predominant periodontal pathogens at the genus and species levels at three different time points. All data are

expressed as the mean + standard deviation. P <0.05 in ANOVA

our study focused on changes in the subgingival microbial
community and their association with clinical parameters
in female adults.

We observed a transient increase in PI and an increase
in GBI at T2 (1.3 +0.7), indicating that mild gingivitis had
occurred 3 months after the brackets were placed. The tran-
sient increase in PI might be a result of patient unfamiliarity
with the maintenance of oral hygiene with brackets. Once
they properly maintained oral hygiene, the PI would return
to the normal level. The significant increase in GBI at T2
might be due to the lag effects of the gingival reaction to the
accumulated plaque at T1. With strict plaque control, the
GBI would return to the normal level.

Analyses of microbial diversity, consisting of alpha and
beta diversity, were used to evaluate the stability and health
status of the microbial community. More diverse communi-
ties are dominated by more microorganisms and thus are
healthier and more stable [3]. In our study, the intergroup
variability in alpha diversity was relatively stable. However,
the beta diversity was significantly higher at T2 than at TO
and T1, which indicates that the structure and composition
of the microbial community significantly changed at T2.
In addition, these results were supported by changes in the
microbial distribution and heat map results. Taken together,
these results indicate that the microbial community was
affected by orthodontic appliance.

Microorganisms of three genera, Actinobacillus, Capno-
cytophaga and Granulicatella, and one species, Streptococ-
cus tigurinus, significantly changed between time points.
Capnocytophaga and Granulicatella have both been reported
as potential periodontal pathogens [10]. The changes in these
two pathogens were different: Capnocytophaga showed a
transient increase and Granulicatella showed a significant
decrease at T2. S. tigurinus was recently reported to be a

novel pathogen causing infective endocarditis and menin-
gitis, and its role in periodontal disease has been studied
[5, 28]. Dhotre et al. isolated Streptococcus tigurinus from
patients with periodontitis and speculated that it might play
a role in the disease process [5]. On the contrary, Zbinden
et al. recorded S. tigurinus at a high prevalence in microbial
flora, but reported that its occurrence did not increase in
patients with periodontitis [28]. In our study, the relative
abundance of S. tigurinus decreased during fixed appliance
treatment. Further research is required to identify its role in
periodontal disease.

Core microbiomes have been reported to play key roles
in periodontal disease [6]. In general, core microbiomes
are defined as the most common and shared inhabitants
of the gingival sulcus that could influence the micro-
bial community. In this study, 20 genera whose relative
abundances were more than 1% and were shared among
groups were selected as the core microbiomes. Among
these, the relative abundances of most genera were stable.
Besides that, the increased genus Actinomyces and stable
genus Veillonella during the fixed appliance treatment
were found in our study, which in accordance with Koop-
man et al. [15]. Both of these two core microbiomes were
associated with periodontal status. However, their roles
in periodontal inflammation should be determined on the
species level, not the genus level, which is a limitation of
our research. Koopman et al. and Huang et al. reported
that Candidate division TM7, another core microbiome
found in our study, might play a role in gingivitis [11,
15]. In our study, its relative abundance during the first
3 months of fixed appliance treatment tended to increase
without a significant difference. The relatively stable core
microbiomes might represent a relatively healthy peri-
odontal status.
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We further investigated the acknowledged periodontal
pathogens at the genus and species level. Eight genera
were analyzed and there were no significant changes in
any of them. Although it is more precise to evaluate the
role of periodontal pathogens in periodontal inflamma-
tion at the species level, only a limited number of spe-
cies could be discriminated in consideration of the lim-
ited information obtained from the V3—V4 hypervariable
regions of 16S rDNA. Hence, only four periodontal patho-
gens at the species level, including Pi, Cr, Fn, and Td,
were identified. Pi, which was associated with periodontal
disease, has been reported to increase during fixed appli-
ance treatment [25]. In our study, Pi and Cr transiently
increased at T1, and returned to the pretreatment level at
T2, whereas Fn and Td showed an increasing trend during
the first 3 months of fixed appliance treatment. Although
the changes in the relative abundance of these four peri-
odontal pathogens were not statistically significant, these
increasing trends might suggest a risk for mild periodon-
tal inflammation.

Although the alpha diversity and core microbiomes
were relatively stable, we still observed changes in the
relative abundance of a few microorganisms, including
increases in periodontal pathogens. In addition, the fixed
appliance induced significant changes to the structure and
composition of the microbial community. In general, the
microbial changes confirmed the results of the periodontal
changes which contribute to a tendency toward mild gin-
gival inflammation. We speculate that the fixed appliance
might have caused a transient mild gingival inflammation
in the early stages of treatment. However, the lack of long-
term observations and the small sample size are the limita-
tions of our study.

Conclusions

Our study provides a preliminary investigation of the
changes in the subgingival microbial community and
its association with periodontal change during the first
3-month fixed appliance treatment. The results of our
study suggest that fixed appliance treatment may lead to a
transient change of the subgingival microbial community,
which might cause transient mild gingival inflammation.
However, a long-term study with a large sample size is
required to verify our findings.
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