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Purpose: Orthodontic treatment may introduce a risk to the integrity of enamel due to plaque accumulation and col-
onisation by oral microbes. This prospective cohort study observed the effect of fixed, self-ligating orthodontic
appliances on saliva properties and oral microbial flora.

Materials and Methods: Thirty adolescent patients were recruited (13 female, 17 male, mean age 13.97 + 2.07 years).
Saliva samples were collected before placement of fixed orthodontic appliances (TO), and 4 (T1) and 12 (T2) weeks
later. Salivary pH, flow rate and buffering capacity were recorded. All saliva samples were cultured on agar plates
for 2 days. Salivary prevalence of Neisseria spp., streptococci, Staphylococcus aureus, coagulase-negative staphylo-
cocci and Candida albicans were assessed.

Results: High buffering capacity was reported in 21 patients at TO, 22 patients at T1 and in 28 patients at T2. Saliva
flow rate also increased over time (7.08 ml/5 min at TO, 7.93 ml/5 min at T1 and 8.35 ml/5min at T2). Mean pH
was 7.63 at TO, 7.67 at T1 and 7.78 at T2. There was no evidence that either pH or the number of colonies of any of
the microbial species changed over time.

Conclusion: The increased buffering capacity of saliva as well as the salivary flow rate after initial bonding might be
protective against the development of dental caries. Current microbial findings indicate that initiation of orthodontic

treatment may not be associated with significant changes in oral microbial flora.
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xed orthodontic appliances may be considered hazardous
for enamel integrity due to plaque accumulation and colo-
nisation by oral microbes.58 With the placement of such
appliances, new retentive areas in the oral cavity become
available.43 Enamel demineralisation has been reported
after bracket insertion,41 as soon as one month post-place-
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ment.25 Fixed orthodontic appliances may, moreover, im-
pede oral hygiene procedures and cause alterations in the
oral microflora by reducing pH, as well as by increasing
plaque accumulation and the affinity of bacteria to metallic
surfaces due to electrostatic reactions.3
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Table 1 Descriptive statistics for TO phase

Variable Positive Mean (SD) min, max Q1 Median Q3
counts

Flow rate (ml/5 min) - 7.08 (4.33) 1,18 3.8 5.75 10

pH - 7.63 (0.51) 6,8 7.5 8 8

Neisseria spp. (CFU/ml) 30 2283333 100000, 500000 1000000 3000000
(2785193) 10000000

S. mitis/oralis (CFU/ml) 19 3106667 0, 15000000 0] 800000 4000000
(4677896)

S. anginosus (CFU/ml) 6 1083333 0, 10000000 0] (6] (o]
(2532830)

S. mutans (CFU/ml) 1 333333.3 0, 10000000 0 0 0
(1825742)

S. salivarius (CFU/ml) 6 490000 0, 4000000 0 0] (0]
(1126285)

S. sanguinis (CFU/ml) 1 666666.7 0, 20000000 (0] (0] o]
(3651484)

S. parasanguinis (CFU/ml) 5 3876667 0, 10000000 (0] [¢] 0]
(18300000)

Staphylococcus aureus (CFU/ml) 2 170000 0, 5000000 0 0 0
(912423.8)

Coagulase-negative 30 2473333 100000, 200000 1000000 3000000

staphylococci (CFU/ml) (3410120) 10000000

Candida albicans (CFU/ml) 0 0 0 0 0 0

Increased levels of S. mutans and Lactobacillus species
have been reported to exist in the oral cavity after bonding
orthodontic appliances, with a positive correlation between
caries and the degree of bacterial infection.39 S. mutans,S.
sobrinus and Staphylococcus aureus have also been identi-
fied as main contributors to the pathogenesis of caries, and
their presence contributes to the risk of enamel demineral-
isation.”.29 Moreover, orthodontic treatment has been as-
sociated with an increase in periodontopathic microbes
such as S. mutans, S. viridans and Lactobacillus spp.6:20,23,
33,40,46,49,57 However, further research is still required, as
new microbes have been associated with caries, such as
Streptococcus salivarius, Streptococcus sobrinus, and Strep-
tococcus parasanguinis.26

Saliva possesses the ability to influence oral hygiene.
Alterations of buffering capacity, pH and flow rate of saliva
play a significant role in proper oral function and the occur-
rence of caries,17.32,35 while orthodontic treatment alters its
physical and chemical properties.1® As far as salivary prop-
erties are concerned, both long- and short-term studies have
demonstrated contradictory outcomes about alterations on
buffering capacity, pH and flow rate.5.9,12,14,15,34,36,38,48,53

The aim of this prospective cohort study was to investi-
gate whether or not fixed orthodontic appliances affect
salivary properties, as well as whether they affect certain
species of oral microbial flora, such as Neisseriae, Strepto-
coccus mitis/oralis, Streptococcus mutans, coagulase-nega-
tive staphylococci, Staphylococcus aureus and Candida albi-
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cans. Microbes whose correlation with fixed orthodontic
treatment has not yet been examined in detail, such as
Streptococcus sanguinis, S. paransanguinis, S. salivarius and
S. anginosus, were also examined.

MATERIALS AND METHODS

Sample Size Calculation

Sample size was calculated using the ‘guided study design’
mode of GLIMMPSE (http://glimmpse.samplesizeshop.org/)
for repeated-measures studies. Statistical power was set to
0.8, repeated measures were set to 0, 30 and 90 days.
The primary hypothesis was set to treatment-by-time inter-
action, the statistical test employed was Hotelling-Lawley
Trace test, and Type | error was set to 0.05. Finally, correla-
tions were set to LEAR (Linear exponent first-order auto-
regressive). With these assumptions, a sample size of 30
participants in total was acquired.

Study Sample

Thirty consecutive orthodontic patients were included in the
study (13 females, 17 males, mean age 13.97+2.07 years).
The sample for this study was recruited from patients present-
ing for treatment at the Orthodontic Department of the 251
Air Force General Hospital, Athens, Greece between
2/3/2017 and 30/10/2017. To qualify for enrollment in the
study, patients had to meet the following eligibility criteria:
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Table 2 Descriptive statistics for T1 phase

Variable Positive Mean (SD) min, max Q1 Median Q3
counts

Flow rate (ml/5 min) - 7.93 (5.15) 2,225 4 6.5 10

pH - 7.67 (0.46) 6,8.5 7.5 7.5 8

Neisseria spp. (CFU/ml) 30 1853333 100000, 300000 1000000 3000000
(2347667) 10000000

S. mitis/oralis (CFU/ml) 19 4400000 0, 50000000 0 2000000 6000000
(9172109)

S. anginosus (CFU/ml) 6 816666.7 0, 10000000 0] (6] [¢]
(2219208)

S. mutans (CFU/ml) 1 166666.7 0, 5000000 0 0 0
(912870.9)

S. salivarius (CFU/ml) 6 443333.3 0, 6000000 0 0 0
(1306663)

S. sanguinis (CFU/ml) 1 200000 0, 6000000 0 0 0
(1095445)

S. parasanguinis (CFU/ml) 5 733333.3 0, 10000000 0 0 0
(2164499)

Staphylococcus aureus (CFU/ml) 1 66666.67 0, 2000000 0 0 0
(365148.4)

Coagulase-negative 30 1540000 100000, 300000 1000000 2000000

staphylococci (CFU/ml) (1743480) 8000000

Candida albicans (CFU/ml) 0 0 0 0 0 0

adolescents (12-18 years old) of any sex, no reported oral
habits affecting periodontal health, including smoking, sys-
temic diseases, or any medication affecting the oral cavity
taken within the last 3 months, no teeth with active caries
and/or missing teeth due to caries, absence of previous or
active periodontal disease, orthodontic treatment plan without
tooth extractions and no bands on molars or other auxiliaries.

Approval was obtained from the Hospital Ethics Board
before study commencement (251 Hellenic Air Force Hospi-
tal/ Scientific Committee/Nr.076/6271/1404/30.3.2017,
Athens, Greece), and written informed consent was ob-
tained from all participants included in the study, or their
guardians. All research was performed in accordance with
relevant guidelines and regulations.

Clinical Procedures

The patients were assigned to receive fixed orthodontic treat-
ment with self-ligating brackets and Nickel-Titanium (NiTi)
archwires in both arches (metallic labial brackets/tubes, In-
novation-R and Sentalloy Wire 0.014-inch, both from GAC In-
ternational; Central Islip, NY, USA) for three months. Each
patient received professional oral care and standardised hy-
giene instructions 3 weeks before the beginning of orthodon-
tic treatment, using a typodont model, with specific attention
to fixed appliance care. The bonding procedure was per-
formed with the direct technique using Transbond-XT (3M
Oral Care; St Paul, MN, USA). All patients were asked to re-
frain from eating, drinking, and brushing 2 h prior to all clin-

doi: 10.3290/j.0hpd.b898961

ical examinations and saliva collection. These procedures
were performed in a dental chair between 9:00 and 12:00
a.m. After the completion of orthodontic bonding, all patients
again received the same oral hygiene instructions. All ex-
periments were done immediately after saliva collection.

Flow Rate of Saliva

In order to estimate saliva flow rate, patients were asked to
chew a paraffin pellet for 5 min. The patient was instructed
not to swallow any of the saliva and collection was made by
using sterile urine boxes. After 5 min of stimulated salivation,
saliva foams were removed and the procedure was completed
by measuring the remaining saliva with single-use syringes.

Saliva Buffering Capacity

CRT buffer strips were used to measure buffering capacity
(Ivoclar Vivadent; Schaan, Liechtenstein). A small quantity
of saliva (1 ml) was taken from the urine box with a pipette
and placed on the strip. After exactly 5 min, the colour al-
teration of the strip was observed and recorded. The co-
lours yellow, green and blue indicated low, medium and high
buffering capacity, respectively.

pH Levels

The pH levels of all saliva samples were estimated by using
pH-indicator strips (Neutralist, Merck; Lebanon, NJ, USA).
According to this method, pH values were determined to an
accuracy of 0.5 and a range of 5.0 to 10.0 on the pH scale.

69



Kouvelis et al

Table 3 Descriptive statistics for T2 phase

Variable Positive Mean (SD) min, max Q1 Median Q3
counts

Flow rate (ml/5 min) 8.35 (4.83) 3,24 5 7 11.5

pH - 7.78 (0.28) 7,8 7.5 8 8

Neisseria spp. (CFU/ml) 30 1456667 100,000, 300,000 400,000 2,000,000
(1984541) 7,000,000

S. mitis/oralis (CFU/ml) 19 3523333 0, 15,000,000 0] 1,750,000 7,000,000
(4305144)

S. anginosus (CFU/ml) 6 836666.7 0, 8,000,000 0] (6] (o]
(2149656)

S. mutans (CFU/ml) 1 166666.7 0, 5,000,000 0 0 0
(912870.9)

S. salivarius (CFU/ml) 6 690000 0, 10,000,000 0 0] (0]
(2129165)

S. sanguinis (CFU/ml) 1 166666.7 0, 5,000,000 (0] (0] o]
(912870.9)

S. parasanguinis (CFU/ml) 5 1133333 0, 10,000,000 0 0 0
(2800657)

Staphylococcus aureus (CFU/ml) 2 46666.67 0, 900,000 0 0 0
(185199.5)

Coagulase-negative 30 3850000 200,000, 500,000 2,000,000 7,000,000

staphylococci (CFU/ml) (4636865) 20,000,000

Candida albicans (CFU/ml) 0 0 0 0 0 0

Microbial Analysis

Microbiological detection of specific saliva flora (Neisseriae,
Streptococcus mitis/oralis, Streptococcus anginosus, Strepto-
coccus mutans, Streptococcus salivarius, Streptococcus san-
guinis, Streptococcus parasanguinis, coagulase-negative
staphylococci [CoNS], Staphylococcus aureus, Candida albi-
cans) was performed with the conventional microbiological
method of quantitative culture. The salivary microbes men-
tioned above are usually estimated in quantities greater
than 100,000 (10%) colony forming units (cfu) per
ml.30,52,56 Thus, all saliva samples underwent a 1000-fold
dilution using sterile normal saline (0.9% NaCl). Then, sa-
liva culturing was performed by inoculating 10 pl (0.01 ml)
of diluted saliva onto Chapman and chocolate agar plates
for two days of incubation at 35°C. Following this method,
each colony appearing on agar plates stood for 1 x 105 cfu
per ml, because every colony originated from 0.01 ml saliva
already diluted 1000 times (1x1000 / 0.01ml = 1 x 105/ ml).
Microbes that grew on Chapman agar plates were recog-
nised as staphylococci. Chocolate agar plates were used to
culture streptococci and Neisseria species. All microbial
colonies were Gram stained. Species identification was per-
formed by current standard methods for staphylococci and
streptococci (MicroScan WalkAway, Siemens; Newark, NJ,
USA) as well as for Neisseriae (Neisseria 4H, BIORAD;
Marnes-la-Coquette, France). Staphylococcal species were
finally reported as either Staphylococcus aureus or CoNS.
Streptococci were reported with their species names,
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Table 4 Buffering capacity measurements

Time Low Medium High Total
TO 0 9 21 30
T1 1 7 22 30
T2 (0] 2 28 30

whereas all Neisseria species were reported as parts of the
Neisseriae family.

Statistical Analysis

Descriptive statistics were applied and normality assumption
was tested with the Shapiro-Wilk test for each timepoint sep-
arately. The repeated measurements were tested with the
non-parametric Friedman test. Only variables with at least 10
observations with positive findings at any given timepoint
were included in the analysis. Statistical significance was
corrected via Sidak’s correction asjgak=1 — (1 — a)1/m,
where a is the statistical significance and m the number of
hypotheses tested. Finally, post-hoc analyses were con-
ducted between TO-T1, TO-T2 and T1-T2 measurements
using the Wilcoxon signed-rank test. The statistical signifi-
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Table 5 Results of Friedman test

Table 6 Results of the Wilcoxon signed-rank test

Variables Statistic p-value Variables z-statistic p-value
Saliva buffering capacity 9.51 0.009 Saliva buffering capacity
Saliva flow rate (ml/5 min) 9.80 0.006 T0-T1 0.000 1.000
T1-T2 -2.646 0.0082
pH 2.36 0.313
TO -T2 2.646 0.0082
Neisseria spp. (CFU/ml) 1.87 0.389 Saliva flow rate (ml/5 min)
S. mitis/oralis (CFU/ml) 0.57 0.780 T0-T1 -1.789 0.0736
Coagulase-negative 2.92 0.213 - -1.861 0.0628
staphylococci (CFU/ml) TO-T2 -3.313 0.0009

cance was set at o = 0.05. All statistical analyses were
performed and graphical plots constructed using Stata
13.0/SE software (Stata; College Station, TX, USA).

RESULTS

Description of the Outcomes

Descriptive statistics for the measurements at TO, T1, and
T2 are reported Tables 1, 2, and 3, respectively. All the vari-
ables in Table 1 were tested for normality with the Shapiro-
Wilk test for any given timepoint. Normality assumption was
violated for all tested variables. Therefore, all the respective
repeated measurements were analysed with the non-para-
metric Friedman test. Table 4 displays the buffering capac-
ity measurements for each timepoint. The results of the
Friedman test are reported in Table 5. For m=6 (six hypoth-
eses tested) and a = 0.05, statistical significance was cor-
rected 10 asigak=0.009. The results of the Wilcoxon signed-
rank tests are given in Table 6.

Saliva Properties
Saliva buffering capacity measurements by timepoint are
displayed in Table 4 and the corresponding bar-plots are
presented in Fig 1. Only one measurement yielded ‘low’
buffering capacity, which was measured at T1. Saliva buffer-
ing capacity seemed to increase at T2. Most measure-
ments of the level ‘medium’ were identified at TO, whereas
at T2, 28 of 30 outcomes were ‘high’. The Friedman test
rejected the hypothesis that the distribution of buffering ca-
pacity across timepoints is the same (p=0.009). In detail,
the Wilcoxon signed-rank test could not reject the hypothe-
sis that the distribution of buffering capacity is the same
between TO and T1 (p=1). However, there is evidence of an
increase in buffering capacity between T1 and T2 as well as
between TO and T2 (p=0.008 for both comparisons).
Descriptive statistics for flow rate at each timepoint are
reported in Tables 1, 2 and 3. Mean flow rate appeared to
increase with time. The Friedman test showed that the sa-
liva flow rate changed with time (p=0.006). The Wilcoxon
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signed-rank test rejected the hypothesis that the flow rate
between TO and T2 was identical (p<0.001). On the other
hand, it could not reject the hypothesis that the saliva flow
rate is the same between TO-T1 and T1-T2. (p=0.07 and
0.06, respectively). Box-plots of the flow rate at each time-
point are shown in Fig 2.

Salivary pH remained essentially unaltered throughout
the study. A very small rise was detectable at T1 (7.67) and
at T2 (7.78), but it was not statistically significant according
to the Friedman test (p=0.313). The box-plots of the sali-
vary pH are presented in Fig 3.

Microbial Findings

Descriptive statistics for the various microbes identified at

TO, T4, and T2 are reported Tables 1, 2, and 3 respectively.

* Neisseria spp. were identified in every measurement. The
mean cfu decreased with time, but the Friedman test
showed that this decrease was not statistically significant
(p = 0.39). Box-plots of Neisseria spp. are given in Fig 4.

e Streptococcus mitis/oralis was identified in 19 patients
at three times as shown in Tables 1, 2, and 3. At T4, an
increase of the mean cfu was recorded, which then de-
creased at T2, almost reaching the levels of TO. This
fluctuation was not statistically significant according to
the Friedman test (p=0.78). Box-plots of Streptococcus
mitis/oralis are shown in Fig 5.

e Streptococcus anginosus was identified in the same 6
patients at all three time-points. A slight decrease of the
mean cfu at T1 was recorded and remained at these
levels at T2.

e Streptococcus mutans was detected in only one patient
at any time point. The initial level was up to 107 cfu/ml
followed by a reduction at T1 to 5x108 cfu/ml. However,
at T2, it remained steady.

e Streptococcus salivarius had 6 positive counts in the
same patients at all timepoints. The mean cfu remained
steady at T4, but a small increase was recorded at T2.

e Streptococcus sanguinis was detected in only one pa-
tient. A decrease was observed at T1, which continued
at T2.
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Fig 1 Saliva buffering capacity.
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Streptococcus parasanguinis was identified in the same
5 patients at all timepoints. There was a decrease of the
mean cfu at T1, which, however, did not continue; on the
contrary, there was an increase in T2, which did not how-
ever reach the initial levels.

Coagulase-negative staphylococci were identified in all
patients at all time points. A small decrease of mean cfu
was recorded at T1, but this was followed by an increase
at T2. Nevertheless, there was no statistically significant

change according to the Friedman'’s test (p = 0.213). Fig-
ure 6 shows the box-plots of CoNS.

Staphylococcus aureus was found in only one patient at
all three timepoints. A reduction was observed at T1,
which continued at T2. It was also detected at TO in one
patient with a value of 10° cfu/ml and at T2 in another
patient with a value of 5x105 cfu/ml.

e Candida albicans was not identified in any sample.
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Fig 3 Box plots of salivary pH.
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DISCUSSION

Buffering capacity is defined as the resistance to pH
changes;6 this constitutes a physical salivary property
which is responsible for the neutralisation of the acidic oral
environment. Thus, it is able to control pH and slow the
growth of microbes. Moreover, it reverses the low pH in
plague and it can act protectively against the demineralisa-
tion of the enamel.16 A high buffering capacity has been as-
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sociated not only with low caries levels1! but also with caries
resistance.4> Moreover, low buffering capacity has been cor-
related with a high caries prevalence45 and is considered to
be a risk factor for the development of caries.0 In orthodon-
tic patients with fixed appliances, most studies found no sta-
tistically significant difference in buffering capacity,12.38.53
while other studies reported either a statistically significant
decreasel448 or increasel®.34 in the first period of orthodon-
tic treatment.12,38,53 |n the present study, the null hypothe-
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Fig 5 Box plots of Streptococcus mitis/

oralis.
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ses that saliva buffering capacity would not change from TO
to T2 was rejected (p=0.01). Buffering capacity appeared to
increase after placement of fixed orthodontic appliances,
especially between T1-T2 as well as TO-T2.

Saliva flow rate is also an important physical parameter
that is essential for oral health, since it is considered to be
a protective factor against caries.1?7 Moreover, a stimulated
saliva flow rate <0.2 ml/min is considered to be abnormally
low,32 and could be a potential risk factor for caries; low
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flow rate has been associated with caries development.21
Regarding orthodontic patients with fixed appliances, the
results followed the same pattern as with buffering capac-
ity; some studies found no statistically significant differ-
ence;512,38 whereas other showed an increase during treat-
ment.9.14.34,36,48 According to our findings, the null
hypothesis that saliva flow rate does not change from TO to
T2 was rejected (p=0.006). Saliva flow rate increased after
the placement of fixed orthodontic appliances.
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Low salivary pH has been associated not only with the
presence of caries45 but also with periodontal disease.8
Our results indicated that there is no change in pH at the
initial stages of fixed orthodontic treatment.

More than 500 species of microbes have been detected
in the oral cavity.47 Many studies have shown the role of
certain potentially pathogenic microbes on the occurence
and evolution of caries1:22,37,55 which might also pose a
threat to orthodontic patients.6.20.23,33,40,46,49,57 The cur-
rent study found no statistically significant difference for
any of the examined microbial flora.

Increased levels of different kinds of streptococci, such
as S. salivarius, S. sobrinus, S. parasanguinis and S. anginosus
are correlated with caries,24:26,42 while S. mitis/oralis, and S.
sanguinis have a reverse relationship with the presence of
caries. In the present research, S. mutans was predominantly
absent since it appeared in only one patient. Streptococcus
salivarius seemed to slightly increase at T2, while S. parasan-
guinis and S. anginosus levels appeared to decrease.

Concerning Streptococcusi mitis/oralis, S. mutans, S. sali-
varius and S. sanguinis, previous studies found an increase
at 3 months of treatment with orthodontic appliances®4 and
a decrease after 6 months of orthodontic treatment after
examining the subgingival plaque.57 In our study, S. oralis
increased at T1, but decreased to the initial levels at T2,
while S. salivarius increased at T2 and S. sanguinis de-
creased in both phases.

The findings on Neisseria and caries presence are con-
tradictory: increased,2” decreased26 or unchanged levels51
have been found in different studies.

Staphylococcus is a genus of Gram-positive bacterium
that colonises the oral cavity,44 appearing as various
groups, such as coagulase-negative staphylococci (CONS),
with S. epidermidis and S. haemolyticus being the most rep-
resentative species.10 The role of CoNS in oral diseases
has not been fully explored; in the present study, CONS was
lower in all patients at T1 followed by an increase at T2,
overcoming the initial levels. S. epidermidis is found to be
prevalent in patients with caries.18.28

However, Staphylococcus aureus is excluded from this
category and is also considered to be a potential patho-
genic microbe associated not only with caries and gingivi-
tis,2:29 put also with jaw osteomyelitis and parotitis.13:31 In
the present research, S. aureus was found in only one pa-
tient at all timepoints, decreasing from baseline to T2.

CONCLUSION

Buffering capacity appears to increase after the placement
of fixed orthodontic appliances, especially between T1-T2
as well as TO-T2. Saliva flow rate also increased after the
placement of fixed orthodontic appliances between TO-T2.
This could have a protective action for orthodontic patients,
in whom the appliance may influence oral hygiene. More-
over, our results indicate that there is neither a change in
pH nor in the examined oral microbial flora in the initial
stages of fixed orthodontic treatment. This prospective
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study, which controlled for confounding factors, may be re-
garded as preliminary research. A larger population and
more advanced microbial detecting methods are needed for
further detailed analysis. Thus, future studies to assess
saliva properties and oral microbial flora in the longer term
would be beneficial.
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