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Qualitative and quantitative changes in
the oral bacterial flora occur shortly after
implementation of fixed orthodontic
appliances
Elisabeth Reichardt,a,b Jennifer Geraci,c Svea Sachse,c J€urgen R€odel,c Wolfgang Pfister,c Bettina L€offler,c

Yvonne Wagner,b Martin Eigenthaler,d and Michael Wolfb,e

Basel, Switzerland, and Jena, Germany
aDepa
Switz
bDepa
cDepa
dDepa
many
eDepa
All au
tentia
This r
lic, co
ical F
Micro
Addre
and P
Basel,
uzb.c
Subm
0889-
� 201
https:
Introduction: In this pilot study, we aimed to determine qualitative and quantitative microbiological changes af-
ter the implementation of orthodontic appliances.Methods: A total of 10 healthy patients aged 12-15 years were
recruited who needed to undergo orthodontic treatment with buccal fixed appliances. Gingival conditions were
assessed by the Gingival Index, Periodontal Screening Index, and Sulcus Bleeding Index. Microbiological sam-
ples were collected before and 1 week after the start of therapy at premolars and molars of the right upper quad-
rant. Bacterial species were identified by matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry. Results: The total number of bacteria increased. Six bacterial species were identified that are
involved in the development of caries and other infectious processes. The bacteria selectively adaptedmore effi-
ciently to the new oral milieu compared with the general oral microbial background. There was a significant in-
crease in Streptococcus spp at the premolars and molars. In all individuals, symptoms of inflammation and
gingivitis were detected as a response to the bacterial challenge. Conclusions: Orthodontic treatment induces
significant changes in the oral microbial flora associated with gingivitis and an enhanced risk for cariogenic re-
actions within the first days of orthodontic treatment. To prevent or reduce infectious side effects, oral hygiene
instructions and control of patients are necessary before and during the beginning of the therapy. (Am J Orthod
Dentofacial Orthop 2019;156:735-44)
During orthodontic therapy, 2 clinical problems
occur in most cases: (1) formation of bacterial
plaque, followed by demineralization and caries
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at the site where orthodontic appliances are fixed on
the tooth surface; and (2) increased accumulation of
bacterial plaque with the placement of orthodontic ap-
pliances, leading to inflammatory reactions of the
gingiva that affect approximately 90% of young pa-
tients.1 Poor oral hygiene enhances plaque formation,
thus modifying the oral environment with regard to
the amount, flow, and composition of saliva, including
its pH and buffer ability, and may induce gingiva hyper-
plasia and bleeding on probing. The work presented here
deals primarily with the problem of bacterial plaque for-
mation potentially resulting in caries, which affects an
even greater number of patients than gingivitis and peri-
odontitis. Furthermore, demineralization caused by bac-
teria may leave white spot lesions on the tooth surface
after the orthodontic appliances are removed at the
completion of therapy. Bacterial plaques are infectious
biofilms on the tooth surface resulting in the formation
of an adaptive microbial community. Species composi-
tion can change qualitatively and quantitatively depend-
ing on the size and roughness of the surfaces to which
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bacteria adhere.2 Because initial colonization, adhesion,
and persistence in biofilms represent a complex interac-
tion of species, we examined all bacterial isolates from
emerging plaques at the loci where the orthodontic ap-
pliances were fixed. The work focused on the dynamics
of the process during the initial phase after insertion
(ie, the first week). Although known cariogenic strains
were especially interesting, considering the potential
interplay of the microbes, complete molecular identifica-
tion of all species and their colony numbers was antici-
pated to occur in the probes collected from plaque.3

Several studies showed that orthodontic attachments
caused an increase in occurrence of cariogenic Strepto-
coccus mutans. The number of bacteria was found to be
4 times higher compared with the number at the begin-
ning of the treatment.4,5 Furthermore, some studies
showed that nonoral, opportunistic pathogens such as
Staphylococcus spp and Candida spp can be found on
retainers and on the superficial mucosa of the mouth.6

Periodontitis results from dynamic interactions between
the highly complex oral microbial community and the
immune system of the host; its etiology is still not fully
understood.7

Specific subgingival colonization with Aggregati-
bacter actinomycetemcomitans was confirmed and vali-
dated in a study in which young patients obtained
orthodontic attachments.8

The importance of monitoring periodontal-
pathogenic bacteria was demonstrated in a recent
study.9 The authors found the contribution to inflam-
mation of an “accessory pathogen” (ie, the naturally
harmless Prevotella nigrescens). In addition, in an in-
vitro study, the same group showed that interactions ex-
isted between the cariogenic bacterium S mutans and
the pathogenic yeast Candida albicans via the
quorum-sensing system in the biofilm. An earlier study
concluded that these complex interactions can exten-
sively influence the occurrence of S mutans, and hence
its cariogenic potential.10 The inflammatory reaction of
the gingiva at the beginning of treatment can develop
into chronic periodontitis.11 Chronic periodontitis af-
fects nearly 750 million people and is thus 1 of the
most prominent infections worldwide.7 It leads to decay
of bone matrix and collagen and subsequently a loss of
tooth attachment. It is assumed that in 80% of infec-
tious diseases, biofilms are involved.12

The aim of this study was to analyze qualitative and
quantitative changes in the bacterial species pattern
collected from plaque located in cavities at the tooth
surface where the orthodontic appliances are fixed. In
parallel, oral health parameters were monitored by the
clinical indexes Gingival Index (GI), Periodontal
Screening Index (PSI), and Sulcus Bleeding Index (SBI).
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This analysis considered the early phase of potential bio-
film formation during the first week. Several studies also
investigated the early treatment period by analyzing
supragingval and subgingival samples and gingival con-
ditions.13-15 It seemed especially interesting to see
whether during the initial phase, anaerobic conditions
in the emerging biofilms would be sufficient to
promote growth of anaerobic key bacteria that can
cause periodontitis: Tannerella forsythia, Treponema
denticola, and Porphyromonas gingivalis.1 Samples
were taken from plaque developing in the niches formed
by the metal surface of the fixed orthodontic appliances
and the adjacent tooth surface. Periodontal pockets were
not considered. Furthermore, we aimed to investigate
whether the findings would be different in the anterior
bracket or posterior orthodontic band region. Identifica-
tion of the microbial species was performed by matrix-
assisted laser desorption–ionization time-of-flight
mass spectrometry (MALDI-TOF) of each colony appear-
ing after cultivation of the collected samples, thus allow-
ing quantitative determination of the species. In contrast
to deoxyribonucleic acid (DNA)–based techniques, in
which dead or lysed bacteria and DNA fragments fixed
in the biofilm would also result in signals, only living
bacteria with the capacity to grow appeared in the re-
sults. It was hypothesized that after the first week of
treatment, important clinical and microbiological
changes in oral health parameters might already have
occurred.
MATERIAL AND METHODS

Patients and indexes

We recruited 10 patients, with an average age of
14.8 years, who needed to undergo orthodontic treat-
ment with buccal fixed appliances at the Department
of Orthodontics, University Hospital of Jena, Germany.
Before enrollment into the study, the gingival condition
of subjects was verified to be healthy (periodontal
pockets# 3.4 mm, PSI# 2). Individuals with significant
systemic disease, antimicrobial and anti-inflammatory
therapy within the past 6 months, periodontal
pockets . 3.4 mm, or PSI . 2, and smokers were
excluded. Gingival conditions were assessed by GI, PSI,
and SBI (modified after L€oe and Silness).16 Gingival in-
dexes were determined at every time point of microbial
sample collection.17

For the orthodontic treatment, metal brackets (Den-
taurum, Ispringen, Germany) were bonded directly with
composite resin (Transbond, 3M Unitek, 3M Dental
Products, Monrovia, Calif) on incisors and premolars.

Before fixation, the orthodontic appliances were
chemically sterilized by treatment with ethanol to
Journal of Orthodontics and Dentofacial Orthopedics



Fig 1. Sample collection with sterile cotton pads before
insertion of fixed orthodontic appliances.
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prevent resp. minimize the introduction of external bac-
terial species into the patient, which could potentially in-
fluence resident bacterial flora at the beginning of the
measurement at time point T1. After disinfecting with
ethanol and drying the molar bands (Ormco, Orange,
Calif), the bands were cemented (Ketac Cem, 3M
Company, St. Paul, MN) on the first and
second molars. The archwires were ligated using elastics
(3M Unitek).1 The study protocol was prepared in accor-
dance with the declaration of Helsinki. Ethical approval
was obtained from the ethics committee of the Univer-
sity of Jena (4769-04/16).

Sample collection

Sampling was performed during normal orthodon-
tic treatment. Microbial samples were collected from
the mesiobuccal side of the maxillary right first molar
and the buccal side of the maxillary right first premolar
immediately before (time point T1) and 1 week after
(time point T2) insertion of orthodontic appliances
(Fig 1).1 Plaque samples were collected from the tooth
surface at T1 and from niches (ie, the border formed
by the metal, the composite [Transbond] resp. cement
[Ketac Cem], and the tooth surface at T2. The size of
the sterile cotton tips and the pressure limited the
location of sample removal to a specific constant
area. Because we were interested in microbial coloni-
zation of the niches, further differentiation of sample
removal separately from the 3 surfaces (metal,
composite–cement, and tooth surface), which are
closely adjacent to each other, was not within the
scope of our study. Bacterial cell densities were deter-
mined on orthodontic molar bands and compared with
those at the premolar metal bracket of a quadrant.
Samples for analysis of aerobic bacteria were collected
from the indicated loci with sterile cotton pads,
quickly dried, and immediately transferred into sterile
Eppendorf tubes containing 150 mL buffered saline
(phosphate-buffered saline). Samples for analysis of
American Journal of Orthodontics and Dentofacial Orthoped
anaerobic bacteria were transferred instead into
150-ml thioglycolate medium (Oxoid, Thermo Fisher
Scientific Inc., Waltham, MA). To ensure equal sample
sizes, sterile standard cotton tips were used, and the
tooth surface area was swabbed once.

Isolation of bacterial strains and analysis by mass
spectroscopy

For analysis of aerobic bacteria 100ml of the bacteria-
containing phosphate-buffered saline samples were
plated in dublicate on sheep blood agar (Oxoid) after a
series of appropriate dilutions (10�1-10�5) at time point
T1 and T2. Samples taken at T1 served as control. After
24 hours in a 37�C/5% CO2 incubator, the agar plates
were evaluated, and the colony-forming units (CFU)
were counted (Fig 2).18 For analysis of anaerobic bacteria
100ml of the thioglycolate medium taken at time point
T1 and T2 were plated on Schaedler agar plates (Oxoid).
Incubation was performed under strict anaerobic condi-
tions (AnaeroGen2.5L, Thermo Fisher Scientific, Wal-
tham, MA) for 48 hours.19 To ensure that the
cultivation procedure was sufficient to enable the
growth of strict anaerobic bacteria, Veillonella parvula
was added as a representative for oral anaerobic bacteria
from stock cultures to control samples and was pro-
cessed as described. Individual bacterial species were
identified from this initial plate in a second round of
agar plating: each single colony from the initial agar
plates (Fig 2) was plated again on sheep blood agar
and incubated for 24 hours in a 37�C/5% CO2 incubator.

Afterward, the samples were analyzed with MALDI-
TOF. This method allows the direct analysis of protein
profiles of individual bacterial species.20 Identification
of bacterial species was performed by a 3-step pro-
cess. Most measurements identified positively charged
ribosomal proteins, resulting in a species-specific
pattern of informative peaks. This “molecular finger-
print” was compared with an integrated reference
database and evaluated with the help of algorithms,
resulting in a score that presented the best match
with 99.9% accuracy (Fig 3). With growing experi-
mental experience, the bacterial species could be
identified on the initial sheep agar plate by colony
appearance; in any case, identification was verified
by MALDI-TOF.20

Identification of bacterial species by MALDI-TOF
required 2 cultivation steps to obtain a sufficient
amount of the isolated bacteria originating from a sin-
gle colony. Oral anaerobic bacteria (eg, Fusobacterium
nucleatum was expected) could not be detected, but
the anaerobic gram-negative control species
V parvula added to the samples was identified
ics December 2019 � Vol 156 � Issue 6



Fig 2. Total bacterial count at premolars and metal brackets (P) and molars and molar bands (M)
before (T1) and after (T2) insertion of fixed orthodontic appliances.

Fig 3. Identification of bacterial species by MALDI-TOF.
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by MALDI-TOF. Thus, this control indicated that
the procedure was suitable to find strict anaerobic
gram-negative species as well. Although the colony
appearance on sheep blood agar differed from that
on the Schaedler Agar plates in the MALDI-TOF anal-
ysis of colonies from both media, only the facultative
December 2019 � Vol 156 � Issue 6 American
anaerobic species could be identified. Cultivation
on Schaedler medium for 48 hours is generally recom-
mended as a standard procedure for that purpose; in-
cubations longer than 48 hours were not tested.
Within the sensitivity limits of methods applied in
this work, in all experiments only bacterial species
Journal of Orthodontics and Dentofacial Orthopedics



Fig 4. Increase in GI, SBI, and PSI before and after insertion of fixed orthodontic appliances (T1 and
T2). GI: P\0.05, SBI: P\0.01. SD, standard deviation.

Fig 5. Bacterial count (CFU/mL mean). There was a sig-
nificant increase in bacterial colonization at the premolars
(P \0.05) after the insertion of fixed orthodontic appli-
ances. SD, standard deviation.
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indicated in the Results section could be identified.
Gram-negative anaerobic species did not occur at
the loci from which the samples were collected.19

Statistical analysis

The t test (Wilcoxon) was used to analyze paired sam-
ples. Differences were considered significant at P\0.05.
All statistical analyses were performed using GraphPad
Prism (GraphPad Software, Inc, San Diego, CA).

Statistical justification

For CFUs, a Poisson distribution with a range of 20%
measured in the experiments justified statistical analysis.
Sample size was proven by Wilcoxon rank sum test
comparing 2 groups (n 5 20, 10 samples per tooth sur-
face and time point), which resulted in P\0.05 and a
power of .0.8.21

RESULTS

Determination of gingival indexes

After the insertion of fixed orthodontic appliances,
we determined the typical inflammatory symptoms
American Journal of Orthodontics and Dentofacial Orthoped
according to the clinical parameters established for
gingival observation. Within 1 week, we observed an in-
crease in plaque accumulation (GI), bleeding on probing,
and pocket depth (PSI). Five patients showed an
enhanced PSI until code 2, and 3 until code 3. The SBI
was enhanced with a statistical significance 30% to
60% (P \0.01) (Fig 4). In comparison, a 2-fold–
enhanced SBI was detected in patients without bleeding
at the beginning of the study at T1 and in patients with
generally poorer oral hygiene. In addition, the GI
increased statistically significantly (P \0.05), and PSI
increased from the first to the second time point (Fig 4).

Effects on total bacteria count

In parallel, the occurrence of biofilm-forming bacte-
ria was determined. A higher number of bacterial species
was detected after the insertion of the fixed orthodontic
appliances. This increase was higher in the anterior re-
gion than in the posterior area (Fig 5).

There was a significantly lower bacterial count at the
premolars than at the molars at T1. After 1 week of fixed
orthodontic appliance insertion (T2), we also noticed an
increase in bacteria at the molars compared with the pre-
molars.

Microbiological investigation showed a significant
increase in bacterial colonization from 1 3 102 CFUs/
mL to 13 104 CFUs/mL at the premolars (P\0.05) after
insertion of fixed orthodontic appliances. The better
initial conditions at the metal bracket worsened greatly,
as demonstrated by a pronounced increase in CFUs,
which reached the same level seen on the molar bands
after 1 week. Between T1 and T2, an increase at the
metal bands fixed on the molars was also observed.

Analysis of bacterial species

Dental plaque–forming bacteria showed a character-
istic distinction in the bacterial spectrum (Fig 6).
ics December 2019 � Vol 156 � Issue 6



Fig 6. Occurrence of bacterial species before (T1) and after (T2) the insertion of fixed orthodontic ap-
pliances at premolars and molars detected by MALDI-TOF. There was a significant increase of Strep-
tococcus spp at premolars and molars and of Neisseria mucosa at premolars after insertion of fixed
orthodontic appliances (*P\0.05). SD, standard deviation.
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Colonization resulting from individual CFU of cariogenic
Streptococcus spp doubled at the molar band (from
2 3 104 CFU/mL to 3.7 3 104 CFU/mL) and increased
exponentially from 0.06 3 104 CFU/mL to
33 104 CFU/mL at the premolars after insertion of fixed
orthodontic appliances (statistically significant at
P\0.05: premolar T1 vs premolar T2, molar T1 vs molar
T2, premolar T1 vs molar T1, and premolar T1 vs molar
T2). An approximately equal number of Streptococcus
spp was found at the premolars and molars after
1 week of therapy with fixed orthodontic appliances
(Fig 6).

Actinomyces naeslundii are gram-positive, rod-like
bacteria and are facultatively anaerobic. They represent
1 of the early colonizers of dental plaque and are impor-
tant in the succession stages of biofilm formation.22 A
naeslundii are also part of the resident and transient
normal flora and have been implicated in periodontal
diseases as well as in various tooth cavities.23 They
were found in large numbers in every subject. During
December 2019 � Vol 156 � Issue 6 American
treatment, this species increased approximately 3-fold
at both the premolar bracket (from 0.26 3 103 CFU/
mL to 1.07 3 103 CFU/mL) and the molar band (from
2.6 3 103 CFU/mL to 7.7 3 103 CFU/mL), although at
the latter location, a larger number of bacteria were
found at T1 (Fig 6).

Gram-negative Neisseria were detected in each sam-
ple. These diplococci normally occur in the upper respi-
ratory tract (Neisseria flava or subflava and Neisseria
mucosa or sicca). Nevertheless, they had a different dis-
tribution after the insertion of fixed orthodontic appli-
ances (Fig 6): there was a significant increase at the
premolars (from 0.014 3 103 CFU/mL to
2.9 3 103 CFU/mL; P\0.05) and an increase that was
especially visible at the molar band (from
1.4 3 103 CFU/mL to 5.8 3 103 CFU/mL) compared
with the starting point at this location.

N mucosa or N sicca are aerobic bacteria that colo-
nize mucosal surfaces of humans and animals.24 In
this study, we observed a sharp increase on the premolar
Journal of Orthodontics and Dentofacial Orthopedics
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bracket (from 0.042 3 103 CFU/mL to 15.13 103 CFU/
mL) and an even distribution on the molar bands (from
16 3 103 CFU/mL to 15.3 3 103 CFU/mL). Possibly,
there was an adhesion of N mucosa or N sicca before
the insertion of fixed orthodontic appliances (Fig 6).

The species Rothia, in this case Rothia dentocariosa
and Rothia mucilaginosa, were found in every subject. R
dentocariosa was increased on the metal bracket (from
0.07 3 103 CFU/mL to 0.81 3 103 CFU/mL) compared
with the molar band (from 0 to 3.2 3 103 CFU/mL)
where R dentocariosa was newly found 1 week after
insertion (Fig 6). R mucilaginosa occurred from the
beginning in every subject at both locations. At the pre-
molar brackets, this bacterial species showed a 3-fold in-
crease (from 0.153 103 CFU/mL to 3.13 103 CFU/mL)
during orthodontic treatment, whereas there was only a
2-fold increase at the molar band (from 0.573 103 CFU/
mL to 1.34 3 103 CFU/mL).
DISCUSSION

This study examined the effects of orthodontic ther-
apy on the oral bacterial milieu during the early treat-
ment period. Our results indicated that as early as
1 week after the insertion of fixed orthodontic appli-
ances, significant changes occurred in the microbial pla-
que milieu at the metal surfaces and the adjacent tooth
surface. At this location, the fixation of bands and
brackets led to a prominent change in the microbial
environment: a massive but different surface extension,
depending on the design of orthodontic brackets and
bands as well as a change in roughness caused by the
composite resp. cement. The impact of the metal and
the composite/cement material on the adjacent tooth
surface, potentially facilitating plaque formation, was
of major interest in our study.

Bands were fixed by cement in the posterior region,
and brackets were fixed by composite in the anterior re-
gion. Both substantially enlarged the surface size,
potentially supporting bacterial colonization. Although
cement causes enhanced roughness compared with
composite, brackets provide numerous niches so that
microbial biofilm and plaque development benefits
even more in the anterior location. This was reflected
by our results in a comparison of the CFU (Fig 5). Our
finding is supported by Hu and Featherstone,25 who re-
ported that plaque accumulation is especially higher
at brackets and approximal regions and around the
gingival region. Because of hyperplasia of the gingiva
that covered the tooth surface, it was not possible to
collect supragingival samples only from the tooth sur-
face at premolars and molars. In the study by Sukonta-
patipark et al,26 extracted premolars that were bonded
American Journal of Orthodontics and Dentofacial Orthoped
with metal brackets or not were analyzed by scanning
electron microscopy at 1, 2, and 3 weeks after bracket
bonding. Similar to our results, the 1-week group
showed areas of plaque accumulation especially under-
neath the bracket wings and ligatures and on the com-
posite surface. Thus, plaque accumulation occurred
not only on the metal surface of the brackets but also
on the ligatures and neighboring tooth surface. This
can lead to demineralization and white spot lesions fol-
lowed by caries. Gorton and Featherstone27 as well as
O'Reilly and Featherstone28 found demineralization by
4 weeks after the insertion of fixed orthodontic appli-
ances. Øgaard et al29 reported that 50%-70% of ortho-
dontic patients developed an initial carious lesion during
orthodontic therapy. In addition to changes in the mi-
crobial milieu, the determined clinical indexes defining
gingival inflammation were significantly increased in
our study. One week after the fixed orthodontic appli-
ances were inserted, clear symptoms of gingivitis were
observed in all patients. This clinical observation is in
accordance with the findings of Deinzer et al,30 who
demonstrated that in contrast to experimental gingivitis,
established chronic gingivitis in a natural setting appears
as a steady-state inflammation reaction 4 weeks after
implementation of fixed orthodontic appliances. Ac-
cording to our observation, there may be 4 reasons for
the enhanced adhesion of bacteria: (1) enlarged metal
surfaces have more niches on the fixed orthodontic ap-
pliances, where biofilms may adhere more easily; (2) oral
hygiene is more difficult and laborious; (3) bacterial spe-
cies adhere to other bacterial cells, thus forming special
population structures in biofilm communities (ie, cells of
S mutans adhere to other immobilized oral bacteria);
and (4) biofilms with mixed microbial communities are
often thicker and more stable than monospecies bio-
films.2 From the data presented in this study and those
mentioned earlier, it can be assumed that after a rapid
quantitative and qualitative change in the microbial
composition at the beginning of therapy, a newmicrobi-
al equilibrium is built. This remains active as long as the
orthodontic appliances are fixed (lasting $2 years),
causing clinical findings (enhanced occurrence of S mu-
tans) as reported by Rosenbloom and Tinanoff.5

Despite comprehensive instructions given to patients
before starting treatment, as was reported in other
studies, most patients did not carefully conduct oral hy-
giene.30 The young adults showed an additional deficit
concerning tooth brushing in the molar region, which
was also seen in a study of Boyd and Baumrind,31 who
compared plaque accumulation and gingival inflamma-
tion between adolescents and adults at molar bands.
One aim of this study was to investigate differences be-
tween the anterior bracket and the posterior orthodontic
ics December 2019 � Vol 156 � Issue 6
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band region because we observed a reduced manual skill
to brush sufficiently especially in the premolar regions.
Overall, the total bacterial count significantly increased
in the anterior regions compared with to the posterior
ones (Fig 5). Accordingly, more microbial cells accumu-
lated at the premolar brackets at T2 than at the molar
bands (Fig 5). This result is in agreement with the find-
ings of Hu and Featherstone,25 who demonstrated that
the highest risk for demineralization during orthodontic
therapy occurs at incisors in the maxillary arch and
canines and premolars in the mandibular arch. The
demineralization is correlated with more plaque accu-
mulation.32 Øgaard et al29 therefore recommended clin-
ical observation for patients because the authors found
an increase in plaque accumulation accompanied by
an increased occurrence of S mutans and low patient
compliance during the first 3 months of orthodontic
therapy. Thus, during the early period, and as shown
in our study, by the first week it is important to assess
“the orthodontic higher-risk patients.”

Interestingly, we found that the number of individual
bacterial species did not increase proportionally. Instead,
the growth of some species was more accelerated than
for others. Notably, among them were potentially cario-
genic species (such as S mutans) among the Strepto-
coccus ssp, which developed predominantly on the
metal brackets (Fig 6). Most importantly, species analysis
by MALDI-TOF of the bacterial colonies showed specific
changes in the bacterial spectrum in the selected surface
sites. The Streptococcus spp showed the highest coloni-
zation on the investigated teeth bonded resp. cemented
with brackets and bands. Thus, at T2, the level of colony
counts of Streptococcus spp was similarly high at the
premolars and molars (Fig 6). This result confirms the
observation of other authors who found that orthodon-
tic attachments caused an increase in the occurrence of
cariogenic S mutans.5,33

Accordingly, our results showed that the formation of
biofilms promoted by fixed orthodontic appliances ap-
peared to support the growth of Streptococcus species
selectively by 1 week of treatment. This may lead to a
higher risk for the formation of caries (and later, white
spot lesions) in patients with orthodontic appliances.

Neisseria ssp is commonly isolated from infections
such as endocarditis, bacteremia, and meningitis and
from biofilms on catheters.24 Usually, the occurrence
of this species is harmless, although it can cause prob-
lems in immunosuppressed patients or in episodes repre-
senting multiple infection. In our study, N mucosa was
found predominantly at molars with fixed metal bands
(Fig 6). Starting from a preexisting high colonization,
the posterior regions did not show a significant increase
in CFU compared with samples from premolar regions.
December 2019 � Vol 156 � Issue 6 American
Presumably, there was an adhesion of N mucosa at the
molars before the insertion of fixed orthodontic appli-
ances. After 1 week of therapy with fixed orthodontic
appliances, similarly high numbers of N mucosa were
detected on the premolars and molars. Interestingly,
the bacterial species N flava showed a distinct increase
at the molar band (Fig 6). These results measured after
1 week are in principal accordance with a study by Koop-
man et al,34 in which a significant increase in Neisseria
colonization was still present after 12 weeks of ortho-
dontic therapy.

The cariogenic Rothia spp are commonly isolated
from caries lesions and occasionally from abscesses,
septicemia, or endocarditis of patients with immunode-
ficiency.35,36 In our study, R dentocariosa and R
mucilaginosa were strongly increased in the anterior
as well as the posterior regions (Fig 6). These results
show that the colonization dynamics of the different
bacterial species of the oral flora generally needs to be
analyzed specifically.

This was also the case for A naeslundii, which
showed an increase during 1 week of orthodontic ther-
apy, especially in the molar region (Fig 6). Actinomyces
are gram-positive bacteria that can be involved in dental
caries and periodontitis and cause actinomycosis.23

In all subjects included in this study, poor oral hy-
giene was observed. This was only partly because of
increasing difficulties in cleaning the tooth surfaces
properly with the fixed orthodontic appliances in place.
In addition, a lack of compliance regarding oral hygiene
was stated in most patients. Hence, the rapid change in
the bacterial milieu can be attributed to some extent to
this avoidable shortcoming although it cannot suffi-
ciently explain the disproportional colonization by
different bacterial species.

Because oral biofilms on the tooth present a complex
interaction of different bacterial species, we analyzed the
dynamics of all species occurring in the samples by culti-
vating the microorganisms, followed by identifying spe-
cies of all isolated colonies with MALDI-TOF. Thus,
solely living microorganisms appear in the results. We
chose this experimental approach to exclude signals
originating from the DNA of dead or lysed cells resp.
DNA fragments that might be fixed in the rapidly
emerging biofilms and thus be present in the collected
samples. It seemed especially interesting to analyze
solely living microbes qualitatively and quantitatively
because supragingival plaque is capable of releasing
bacteria.37 The released species may include anaerobic
periodontal pathogens that occur deep in the plaque.
If present, they may be released via water channels in
the biofilm structure. Kim et al1 demonstrated that by
1 week of orthodontic therapy, the clinically important
Journal of Orthodontics and Dentofacial Orthopedics
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periodontal species T forsythia, Campylobacter rectus,
and P nigrescens were enhanced in the periodontal
pockets. Thus, it seemed important to determine
whether these gram-negative species could be released
from the developing plaques we analyzed. Despite
many attempts including controls with V parvula to
find anaerobic gram-negative pathogens in the samples
with established anaerobic cultivation methods, only the
facultative anaerobic gram-positive species appeared.
We assume that in the emerging biofilm, the composi-
tion and thickness of the matrix was insufficient to pro-
vide anaerobic conditions at that depth, at least in the
first 7 days. According to our results, it seems unlikely
that during the early phase of orthodontic treatment,
periodontal clinical pathogens would invade the pockets
originating from supragingival plaque. Because they
could be therapeutically influenced, it remains an inter-
esting problem whether the release of metabolites or
toxins from plaques induced by fixed orthodontic appli-
ances can cause the accumulation of periodontal bacte-
ria and gingival crevicular fluid observed in the
pockets.1,15

We were able to demonstrate that quantitative and
qualitative changes in bacterial composition affected
clinical biofilm formation and subsequently inflamma-
tion after insertion of orthodontic appliances, especially
in the anterior region of patients. Based on these find-
ings, it could be shown that orthodontic treatment
induced significant changes in the oral microflora and
elicited periodontal reactions and caries risk by the first
days of treatment. Thus, the fast-adapting bacterial
milieu together with inadequate oral hygiene forms a
mutual interacting system that can have adverse clinical
consequences after a short time.38

Limitations of the study

In this study, wemeasured a small sample size because
only a limited number of patients were available who cor-
responded to criteria for inclusion given under Material
and Methods. A larger sample size needs to be addressed
in future studies. Nonetheless, the results are justified by
the following observations. First, the data are consistent.
Interestingly, all patients had an inflammation reaction
1 week after the fixed orthodontic appliances were in-
serted, which was determined according to the defined
GIs. Second, the sample size was apparently sufficient
for statistical analysis because the difference at the 2
time points resp. premolars and molars in the Wilcoxon
test (P 5 0.05; power . 0.8 for CFU) was lower than
we had expected and reached a value of about 20%
(detailed statistical justifications are given in Material
and Methods). Third, measurement was performed
American Journal of Orthodontics and Dentofacial Orthoped
1 week after bracket resp. orthodontic band placement
because numerous reports studied the effects on the mi-
crobiome solely after long-term treatment.

CONCLUSIONS

Orthodontic therapy induces significant changes in
the oral bacterial milieu associated with gingivitis and
an enhanced risk of cariogenic reactions within the first
days of orthodontic treatment. Our results show that
1 week after the insertion of fixed orthodontic appli-
ances, the total number of microbes significantly
increased. All species isolated from the plaque were
analyzed by MALDI-TOF. Quantitative analysis of the 6
individual species that could be identified revealed that
growth of some bacteria more quickly accelerated under
the ecologic conditions of orthodontic therapy. In
particular, the cariogenic Streptococcus spp appeared
to be significantly enhanced in microbial plaque isolated
from niches between the metal surfaces and the neigh-
boring tooth surface. This rapid process clearly enhances
the risk for developing caries. In addition, an increase in
bacterial-forming units isolated from premolars with
fixed brackets was significantly more pronounced than
that isolated from molars with fixed bands. Together
with the observed poorer oral hygiene in the posterior re-
gion conducted by patients, the risk for developing
caries was further enhanced. One week after fixed ortho-
dontic appliances were inserted, clear symptoms of
gingivitis were observed in all patients. In addition to
changes in the microbial milieu, the determined clinical
indexes GI, SBI, and PSI defining gingival inflammation
were significantly increased in our study. To reduce the
side effects of orthodontic therapy, it is highly important
to provide patients with oral hygiene instructions and
control patients' oral hygiene before and during therapy,
especially in the early phase.

ACKNOWLEDGMENTS

The authors thank the Medical Faculty of the Univer-
sity Jena, Department of Orthodontics, for financial sup-
port, Professor W. Reichardt (Jena, Germany), Dr J.
Hirschfeld (University of Birmingham, United Kingdom),
and Dr R. Benndorf (Ann Arbor, Mich) for critical reading
of the manuscript.

REFERENCES

1. Kim SH, Choi DS, Jang I, Cha BK, Jost-Brinkmann PG, Song JS.
Microbiologic changes in subgingival plaque before and during
the early period of orthodontic treatment. Angle Orthod 2012;
82:254-60.

2. James GA, Beaudette L, Costerton JW. Interspecies bacterial inter-
actions in biofilms. J Ind Microbiol 1995;15:257-62.
ics December 2019 � Vol 156 � Issue 6

http://refhub.elsevier.com/S0889-5406(19)30666-3/sref1
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref1
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref1
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref1
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref2
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref2


744 Reichardt et al
3. Costerton JW. Introduction to biofilm. Int J Antimicrob Agents
1999;11:217-21: discussion 237-239.

4. Ahn SJ, Lim BS, Lee SJ. Prevalence of cariogenic streptococci on
incisor brackets detected by polymerase chain reaction. Am J Or-
thod Dentofacial Orthop 2007;131:736-41.

5. Rosenbloom RG, Tinanoff N. Salivary Streptococcus mutans levels
in patients before, during, and after orthodontic treatment. Am J
Orthod Dentofacial Orthop 1991;100:35-7.

6. Al Groosh D, Roudsari GB, Moles DR, Ready D, Noar JH, Pratten J.
The prevalence of opportunistic pathogens associated with intrao-
ral implants. Lett Appl Microbiol 2011;52:501-5.

7. Szafra�nski SP, Wos-Oxley ML, Vilchez-Vargas R, J�auregui R,
Plumeier I, Klawonn F, et al. High-resolution taxonomic profiling
of the subgingival microbiome for biomarker discovery and peri-
odontitis diagnosis. Appl Environ Microbiol 2015;81:1047-58.

8. Paolantonio M, Festa F, di Placido G, D’Attilio M, Catamo G,
Piccolomini R. Site-specific subgingival colonization by Actinoba-
cillus actinomycetemcomitans in orthodontic patients. Am J Or-
thod Dentofacial Orthop 1999;115:423-8.

9. Szafra�nski SP, Deng ZL, Tomasch J, Jarek M, Bhuju S, Meisinger C,
et al. Functional biomarkers for chronic periodontitis and insights
into the roles of Prevotella nigrescens and Fusobacterium nuclea-
tum; a metatranscriptome analysis. NPJ Biofilms Microbiomes
2015;1:15017.

10. Sztajer H, Szafra�nski SP, Tomasch J, Reck M, Nimtz M, Rohde M,
et al. Cross-feeding and interkingdom communication in dual-
species biofilms of Streptococcus mutans and Candida albicans.
ISME J 2014;8:2256-71.

11. Romero M, Albi M, Bravo LA. Surgical solutions to periodontal
complications of orthodontic therapy. J Clin Pediatr Dent 2000;
24:159-63.

12. Harriott MM, Noverr MC. Importance of Candida-bacterial polymi-
crobial biofilms in disease. Trends Microbiol 2011;19:557-63.

13. Naranjo AA, Trivi~no ML, Jaramillo A, Betancourth M, Botero JE.
Changes in the subgingival microbiota and periodontal parameters
before and 3 months after bracket placement. Am J Orthod Den-
tofacial Orthop 2006;130:275.e17-22.

14. Ristic M, Vlahovic Svabic M, Sasic M, Zelic O. Clinical and micro-
biological effects of fixed orthodontic appliances on periodontal
tissues in adolescents. Orthod Craniofac Res 2007;10:187-95.

15. van Gastel J, Teughels W, Quirynen M, Struyf S, Van Damme J,
Coucke W, et al. Longitudinal changes in gingival crevicular fluid
after placement of fixed orthodontic appliances. Am J Orthod Den-
tofacial Orthop 2011;139:735-44.

16. L€oe H. The gingival index, the plaque index and the retention index
systems. J Periodontol 1967;38(Suppl):610-6.

17. Schlagenhauf U, Jakob L, Eigenthaler M, Segerer S, Jockel-
Schneider Y, Rehn M. Regular consumption of Lactobacillus
reuteri-containing lozenges reduces pregnancy gingivitis: an
RCT. J Clin Periodontol 2016;43:948-54.

18. Guentsch A, Puklo M, Preshaw PM, Glockmann E, Pfister W,
Potempa J, et al. Neutrophils in chronic and aggressive periodon-
titis in interaction with Porphyromonas gingivalis and Aggregati-
bacter actinomycetemcomitans. J Periodont Res 2009;44:368-77.

19. Henry JB. Henry’s clinical diagnosis and management by labora-
tory methods. 20th ed. New York: WB Saunders Company; 2011.

20. Wieser A, Schneider L, Jung J, Schubert S. MALDI-TOF MS in
microbiological diagnostics-identification of microorganisms and
beyond (mini review). Appl Microbiol Biotechnol 2012;93:965-74.

21. Hogg RV, Tanis EA. Probability and statistical inference. 7th ed.
Englewood Cliffs: Prentice Hall; 2006.
December 2019 � Vol 156 � Issue 6 American
22. Li J, Helmerhorst EJ, Leone CW, Troxler RF, Yaskell T, Haffajee AD,
et al. Identification of early microbial colonizers in human dental
biofilm. J Appl Microbiol 2004;97:1311-8.

23. Valour F, S�en�echal A, Dupieux C, Karsenty J, Lustig S, Breton P,
et al. Actinomycosis: etiology, clinical features, diagnosis,
treatment, and management. Infect Drug Resist 2014;7:
183-97.

24. Bille E, Meyer J, Jamet A, Euphrasie D, Barnier JP, Brissac T, et al. A
virulence-associated filamentous bacteriophage of Neisseria men-
ingitidis increases host-cell colonization. PLoS Pathog 2017;13:
e1006495.

25. HuW, Featherstone JD. Prevention of enamel demineralization: an
in-vitro study using light-cured filled sealant. Am J Orthod Dento-
facial Orthop 2005;128:592-600: quiz 670.

26. Sukontapatipark W, el-Agroudi MA, Selliseth NJ, Thunold K,
Selvig KA. Bacterial colonization associated with fixed orthodontic
appliances. A scanning electron microscopy study. Eur J Orthod
2001;23:475-84.

27. Gorton J, Featherstone JD. In vivo inhibition of demineralization
around orthodontic brackets. Am J Orthod Dentofacial Orthop
2003;123:10-4.

28. O’Reilly MM, Featherstone JD. Demineralization and remineraliza-
tion around orthodontic appliances: an in vivo study. Am J Orthod
Dentofacial Orthop 1987;92:33-40.

29. Øgaard B, Larsson E, Henriksson T, Birkhed D, Bishara SE. Effects
of combined application of antimicrobial and fluoride varnishes in
orthodontic patients. Am J Orthod Dentofacial Orthop 2001;120:
28-35.

30. Deinzer R, Weik U, Kolb-Bachofen V, Herforth A. Comparison of
experimental gingivitis with persistent gingivitis: differences in
clinical parameters and cytokine concentrations. J Periodont Res
2007;42:318-24.

31. Boyd RL, Baumrind S. Periodontal considerations in the use of
bonds or bands on molars in adolescents and adults. Angle Orthod
1992;62:117-26.

32. Chadwick BL, Roy J, Knox J, Treasure ET. The effect of topical
fluorides on decalcification in patients with fixed orthodontic ap-
pliances: a systematic review. Am J Orthod Dentofacial Orthop
2005;128:601-6: quiz 670.

33. Lundstr€om F, Krasse B. Streptococcus mutans and lactobacilli fre-
quency in orthodontic patients; the effect of chlorhexidine treat-
ments. Eur J Orthod 1987;9:109-16.

34. Koopman JE, van der Kaaij NC, Buijs MJ, Elyassi Y, van der
Veen MH, Crielaard W, et al. The effect of fixed orthodontic appli-
ances and fluoride mouthwash on the oral microbiome of adoles-
cents - a randomized controlled clinical trial. PLoS One 2015;10:
e0137318.

35. Ferraz V, McCarthy K, Smith D, Koornhof HJ. Rothia
dentocariosa endocarditis and aortic root abscess. J Infect 1998;
37:292-5.

36. Chavan RS, Pannaraj PS, Luna RA, Szabo S, Adesina A, Versalovic J,
et al. Significant morbidity and mortality attributable to Rothia
mucilaginosa infections in children with hematological malig-
nancies or following hematopoietic stem cell transplantation. Pe-
diatr Hematol Oncol 2013;30:445-54.

37. Kielbassa AM. Current challenges in caries diagnosis. Quintessence
Int 2006;37:421.

38. Benson PE, Parkin N, Dyer F, Millett DT, Furness S, Germain P.
Fluorides for the prevention of early tooth decay (demineralised
white lesions) during fixed brace treatment. Cochrane Database
Syst Rev 2013;12:CD003809.
Journal of Orthodontics and Dentofacial Orthopedics

http://refhub.elsevier.com/S0889-5406(19)30666-3/sref3
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref3
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref4
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref4
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref4
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref5
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref5
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref5
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref6
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref6
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref6
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref7
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref7
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref7
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref7
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref7
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref7
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref8
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref8
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref8
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref8
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref9
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref9
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref9
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref9
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref9
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref9
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref10
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref10
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref10
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref10
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref10
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref11
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref11
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref11
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref12
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref12
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref13
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref13
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref13
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref13
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref13
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref14
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref14
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref14
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref15
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref15
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref15
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref15
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref16
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref16
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref16
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref17
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref17
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref17
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref17
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref18
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref18
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref18
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref18
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref19
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref19
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref20
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref20
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref20
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref21
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref21
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref22
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref22
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref22
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref23
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref23
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref23
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref23
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref23
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref23
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref24
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref24
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref24
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref24
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref25
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref25
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref25
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref26
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref26
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref26
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref26
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref27
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref27
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref27
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref28
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref28
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref28
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref29
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref29
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref29
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref29
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref30
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref30
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref30
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref30
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref31
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref31
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref31
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref32
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref32
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref32
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref32
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref33
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref33
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref33
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref33
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref34
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref34
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref34
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref34
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref34
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref35
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref35
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref35
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref36
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref36
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref36
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref36
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref36
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref37
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref37
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref38
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref38
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref38
http://refhub.elsevier.com/S0889-5406(19)30666-3/sref38

	Qualitative and quantitative changes in the oral bacterial flora occur shortly after implementation of fixed orthodontic ap ...
	Material and methods
	Patients and indexes
	Sample collection
	Isolation of bacterial strains and analysis by mass spectroscopy
	Statistical analysis
	Statistical justification

	Results
	Determination of gingival indexes
	Effects on total bacteria count
	Analysis of bacterial species

	Discussion
	Limitations of the study

	Conclusions
	Acknowledgments
	References


