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SUMMARY

Introduction The placement of fixed orthodontic appliances may lead to increased plaque accumulation
and changes in subgingival microflora.

Objective The aim of this study was to examine the changes in frequency of subgingival microflora that
occur after placement and removal of fixed orthodontic appliance using polymerase chain reaction (PCR).
Methods This study included 33 orthodontic patients, who were divided into two groups. Subgingival
plaque samples were collected from the right upper incisor (U1) and right upper first molar (U6). In group
A, the samples were taken three times: before placement appliance (T1), after one month (T2), and after
3 months (T3). In group B the samples were also taken three times: before appliance removal (T1), after
one month (T2), and after three months (T3). PCR method was used to determine the presence of P.
gingivalis, A. actinomycetemcomitans, T. forsythia, and P. intermedia.

Results In group A the frequency of P. gingivalis showed statistically significant decrease at U1 (p=0.049)
and U6 (p=0.008), from T1 to T2, and at U1 (p=0.048) from T1 to T3. In group B only the frequency of T. for-
sythia showed a statistically significant decrease, at U6 (T1 vs. T2, p=0.004; T1 vs.T3, p=0.0003). Regarding
other analyzed bacteria, changes in the presence were noticed but no statistical significance was found.
Conclusion Placement of fixed appliances may have an impact on subgingival microflora, but in the
first months after the placement and removal of the appliance changes were not significant, probably

due to good oral hygiene.
Keywords: orthodontic appliance; bacteria; PCR

INTRODUCTION

Fixed orthodontic appliance is the most com-
mon method for treating malocclusions in
contemporary orthodontics. However, the
placement of orthodontic brackets and bands
may compromise oral hygiene, because new
retentive places are formed resulting in in-
creased accumulation of dental plaque lead-
ing to gingival inflammation [1, 2]. As known,
bacterial plaque is the main etiological factor
for the development of gingival inflammation
and periodontitis [3, 4].

Numerous studies have registered changes of
microbiologic status during orthodontic ther-
apy and after the removal of orthodontic fixed
appliance [2, 5-8]. However, some studies have
reported that the placement of fixed orthodon-
tic appliances affects subgingival microflora by
increasing the prevalence of periodontopatho-
gens [5, 6]. Also, some other studies have re-
ported that anaerobic bacteria are significantly
reduced after appliance removal [9, 10]. Con-
trary to those data, the results of ten-year ret-
rospective studies have shown that orthodontic
treatment during adolescence has no significant
effect on later periodontal health [7].

Moreover, one recent prospective study
found that placement of fixed appliances has
an impact on periodontal parameters, but these
changes are partially reversible two years after
the end of treatment [11].

OBJECTIVE

The aim of this study was to examine the
changes that occur in the subgingival micro-
flora after placement and removal of fixed or-
thodontic appliance using PCR.

METHODS
Subjects and clinical procedures

This study was carried out on 33 patients (14
males and 19 females), aged between 12 and
36 years. The mean age of all patients was 19.7
years (females 19.2 and males 20.5). They were
enrolled according to the following criteria:
fixed orthodontic appliance in the upper tooth
arch and healthy systemic condition. The sub-
jects were divided into 2 groups. Group A con-
sisted of patients at the beginning and group B
of the patients at the end of orthodontic therapy.

In group A the samples were taken at three
different times: before placement of fixed ap-
pliance (T1), one month after the placement
(T2), and three months after the placement
(T3). In group B the samples were also taken
at three times: before appliance removal (T1),
one month after appliance removal (T2), and
three months after appliance removal (T3).
After the placement of appliance, the patients
from group A were instructed to take care of
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oral hygiene by brushing their teeth more often and longer,
but without additional use of antibacterial mouthwashes.
Also, patients from group B, after removal of appliance
were advised to visit their dentist to have plaque and cal-
culus removed and their teeth polished.

Subgingival plaque samples were collected from subgin-
gival space at the buccal, mesial and distal side of the right
upper incisor (Ul) and the right upper first molar (U6).
The sampling sites were fixed with cotton rolls and dried
by gentle air stream. Sterile paper points were placed into
the subgingival space depth of about Imm and left in situ
for 15 seconds. Paper points were transferred into a sterile
tube and then kept in freezer at -20°C.

Bacteriological methods

The extraction of potentially present bacterial DNA was
performed by the boiling method of Gebara et al. [12]. The
presence of the most important periodontopathogens: Ag-
gregatibacter actinomycetemcomitans, Porphyromonas gingi-
valis, Tannerella forsythia and Prevotella intermedia, was de-
termined using the PCR method. The sequence of primers
for 16S rRNA gene of analyzed bacteria is shown in Table 1.

PCR mixture in a total volume of 25 ul contained 1
ul of 5 uM up-stream and down-stream primers, 5 pl of
10xPCR bulffer, 1 ul of 0.2 mM dNTP mix, 1 unit of Taq
polymerase (Fermentas, Vilhnius, Lithuania), 3 pl of bacte-
rial DNA, and distilled water up to 25 pl. The number of
amplification cycles was 35 performed in a thermal cycler

Table 1. PCR primers

Primers Size (bp)
Universal 16S rDNA

5" AGA GTTTGATCCTGG CTCAG 3’

Porphyromonas gingivalis 400
5'CAATACTCG TAT CGC CCGTTATTC 3’

Aggregatibacter actinomycetemcomitans 600
5'CACTTA AAG GTC CGC CTA CGT GC 3’

Tannerella forsythia 840
5'GTA GAG CTT ACA CTATAT CGC AAACTCCTA 3’

Prevotella intermedia 660
5'GTT GCGTGC ACT CAAGTCCGCC 3’

(PCR Express, Hybaid, USA). The temperature conditions
of amplification consisted of initial denaturation of 3 min-
utes at 94°C. Each of the 35 amplification cycles consisted
of denaturation at 94°C for 1 min, hybridization for 1 min
at 55°C, and extension for 3 min at 72°C. The final exten-
sion lasted for 7 minutes at 72°C.

PCR products were run on an 8% polyacrylamide gel,
and after electrophoresis, the gel was stained with ethid-
ium bromide solution. Bacterial DNA was observed after
staining under transilluminator UV light (Power Station
300 plus, Labnet International, Inc.).

Statistical analysis
Comparison between the groups was performed using a

two-tails Chi-square (x?) test with Yates’ correction and
Students t-test. The significance was set at p value of <0.05.

Table 2. Frequency of periodontopathogens in subgingival plaque at three times: before placement of fixed appliance (T1), one month after

the placement (T2), and 3 months after the placement (T3)

Group A T1 T2 T3 p-value
Microorganism Tooth | N N % N % N % T1vs. T2 T2vs. T3 T1vs. T3
Aggregatjbacter U1 14 7 50.0 7 50.0 8 57.1 0.65 0.49 0.49
actinomycetemcomitans U6 14 | 12 | 857 | 11 786 | 12 | 857 0.49 0.50 0.70
Porphyromonas U1 14 4 28.6 0 0 0 0 0.049* / 0.048*
gingivalis ue 14 6 42.8 0 0 2 143 0.008* 0.24 0.10
) ) U1 14 6 42.8 9 64.3 7 50.0 0.23 0.35 0.49
Prevotella intermedia
ué 14 8 57.1 9 64.3 6 42.8 0.49 0.23 0.35
. U1 14 2 143 1 7.0 3 214 0.50 0.29 0.49
Tannerella forsythia
ue 14 5 357 7 50.0 7 50.0 0.35 0.65 0.35

* statistically significant at p<0.05
U1 - the right upper incisor; U6 — the right upper first molar

Table 3. Frequency of periodontopathogens in subgingival plaque at three times: before appliance removal (T1), one month after the appliance

removal (T2), and three months after the removal (T3)

Group B T1 T2 T3 p-value
Microorganism Tooth N N % N % N % T1vs. T2 T2vs. T3 T1vs. T3
Aggregatibacter U1 19 6 31.5 3 15.8 5 26.3 0.22 0.35 0.49
actinomycetemcomitans U6 19 7 36.8 4 21.1 7 36.8 0.24 0.24 0.63
Porphyromonas U1 19 1 52 1 52 0 0 0.76 0.50 0.50
gingivalis ue 19 0 0 1 5.2 0 0 0.49 0.50 /
. . U1 19 5 26.3 6 31.6 7 36.8 0.49 0.49 0.36
Prevotella intermedia
U6 19 6 31.6 8 421 5 26.3 0.37 0.25 0.49
) U1 19 3 15.7 4 21.1 4 21.1 0.49 0.65 0.49
Tannerella forsythia
ué 19 | 13 | 684 4 21.1 2 10.5 0.004* 0.33 0.0003*

* statistically significant at p<0.05
U1 - the right upper incisor; U6 - the right upper first molar

doi: 10.2298/SARH1406301Z
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RESULTS

The frequencies of 4 analyzed bacteria at Ul and U6 sam-
ple sites in T1, T2 and T3 times of groups A and B are
shown in Tables 2 and 3.

In patients with the placement of fixed appliance (group
A), the frequency of P, gingivalis was decreased signifi-
cantly, from T1 to T2 time, on both sample sites, the upper
incisor (p=0.049) and the upper first molar (p=0.008), and
for U1 from T1 to T3 time (p=0.048). Contrarily, in the
same group significant changes in frequency of A. actino-
mycetemcomitans, P. intermedia, and T. forsythia were not
noticed at U1 and U6 sites, from T1 to T3 time.

In patients with appliance removal (group B), only the
frequency of T. forsythia was significantly reduced with
time at U6 site (T1 vs. T2, p=0.004; T1 vs. T3, p=0.0003).
No significant difference in frequency was registered for
all other analyzed bacteria, from T1 to T3.

In the group A the following presence of all analyzed
bacteria, comparing T1 and T3 recording time, the fre-
quency of unchanged pattern (--) for U1 and U6 was 46%
and 29%, respectively; the frequency of unchanged pat-
tern (++) for Ul and U6 was 14% and 32%, respectively.
A changed pattern (-+) was observed in 18% for Ul and
16% for U6 sites. A changed pattern (+-) was noticed in
21% for Ul and 23% for U6 (Graph 1).

In the group B the frequency of all analyzed bacteria,
comparing T1 and T3 at unchanged pattern (--), for Ul
and U6, was 67% and 60%, respectively; the frequency of
unchanged pattern (++), for Ul and U6 was 8% and 13%,
respectively. A changed pattern (-+) was seen in 13% for
Ul and 5% for U6. A changed pattern (+-) was found in
12% for U1 and 21% for U6 (Graph 2).

DISCUSSION

The inflammatory reaction of gingival tissues can be often
detected among patients with fixed orthodontic appliances
as a result of inadequate oral hygiene. The results of many
studies about the effects of orthodontic therapy on gingival
and periodontal health are rather inconsistent. Some of

them showed that subgingival microflora was changed in
patients with an orthodontic appliance [5, 6], while oth-
ers showed that those changes were reversible and had no
significant effect on later periodontal health [7].

For periodontal microbial identification the most
commonly used methods are cell culturing, PCR, and
immunologically analysis. The cell culturing method is
time consuming, expensive and may fail to grow some im-
portant organisms, while the PCR method shows greater
sensitivity and specificity compared with other techniques
[13]. Over the recent years, by using the PCR method most
investigations have been directed to estimation of peri-
odontopathogens during orthodontic therapy; however,
there is still a lack of literature data about alterations of
bacterial status after therapy [14, 15]. In our study PCRs
were used to detect 4 anaerobes: T. forsythia, A. actino-
mycetemcomitans, P. gingivalis, and P. intermedia that are
assumed as the main etiological factor for the development
of periodontal disease [16].

In the reports of Socransky et al. [16] two anaerobes,
T. forsythia and P. gingivalis, have been categorized as the
“red complex” species, which is related to the severity of
periodontitis, while A. actinomycetemcomitans and P. in-
termedia are categorized as secondary risk factors involved
in periodontal tissue destruction. According to data, A.
actinomycetemcomitans is anaerobe linked with juvenile
periodontitis, while P. gingivalis is found in normal mi-
croflora of the oral cavity, and has an important role in
the etiology of adult periodontitis [17, 18]. In the study of
Griffen et al. [19] applying a specific PCR assay, P. gingi-
valis was detected in only 25% of healthy subjects, and in
higher rate (79%) of patients with periodontitis. Anyway,
as known all four bacteria analyzed in our study may have
synergistic effect in destroying periodontal tissues, as re-
ported in investigation by Ashimoto et al. [13].

In the first of tested group (A) with patients at the be-
ginning of orthodontic therapy; where we compared the
frequency of sites positive for each bacteria in times, T1
(before placement), T2 (one month after), and T3 (three
months after), no statistically significant difference was
registered between recorded times for A. actinomycetem-
comitans, P. intermedia, and T. forsythia (Table 2).
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Graph 1. Group A: Comparison of subgingival microorganisms in each
site at T1 (before placement of fixed appliance) and T3 (3 months after
placement of the appliance)

(--) = microorganisms did not exist at T1 and T3; (-+) — microorganisms did not
exist at T1 but appeared at T3; (+-) - microorganisms existed at T1 but disap-
peared at T3; (++) — microorganisms existed at T1 and T3; U1 - the right upper
incisor; U6 — the right upper first molar

Graph 2. Group B: Comparison of subgingival microorganisms in each
site at T1 (before removal of fixed appliance) and T3 (3 months after
removal of the appliance)

(--) = microorganisms did not exist at T1 and T3; (-+) — microorganisms did not
exist at T1 but appeared at T3; (+-) - microorganisms existed at T1 but disap-
peared at T3; (++) — microorganisms existed at T1 and T3; U1 - the right upper
incisor; U6 — the right upper first molar
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Only the frequency of P. gingivalis on Ul was signifi-
cantly decreased in T2 and T3 compared to T1 time, and
on U6 between T1 and T2, although we expected that it
would be increased. As in our study, Liu et al. [10] showed
the decrease of P. gingivalis during the first 3 months after
the placement of the appliance, although the sampling sites
were different. Similar to our data, in one of the first in-
vestigation of gingival changes of oral bacteria in patients
during orthodontic treatment, Diamanti-Kipioti et al. [20]
registered a decreasing rate of bacteria (B. intermedius and
A. odontolyticus) 4 months after the placement of brackets.
Opposite results were obtained by Ristic et al. [8] reports
involving clinical investigation which showed increased
values of P, gingivalis and E nucleatum, 3 months after
placement applicants, but also their decrease 6 months
after the beginning of orthodontic therapy.

As noted in our study, the absence of variation in fre-
quencies for three anaerobes and the decreasing rate of
P. gingivalis during 3 months from the beginning of or-
thodontics treatment might be explained in two ways.
Namely, after the placement of appliances, new reten-
tive places around the brackets could be formed, where
the amount of supragingival plaque and aerobic bacteria
might be increased, while anaerobes could be reduced and
plaque composition modified. Also, one of the reasons for
this microbiological status regarding anaerobes might be
that the patients followed our instructions about oral hy-
giene in the first months of the orthodontic therapy. First
3 months of our treatment was the period when patients
were highly motivated to take more care about dental hy-
giene, and as the consequence the presence of analyzed
bacteria did not change significantly during this time.
Interestingly, the study of Van Gastel et al. [4] showed a
decrease of bacteria after bonding in the recording time
(from week 18 to week 36).

As well known, the presence of some oral anaerobes
might be associated with the hormonal level, especially
during pregnancy and puberty [21]. Since the average
age of our female patients was 19.2 years, microbiologi-
cal changes can be probably related to individual dental
hygiene habits. However, as shown in study by Shourie et
al. [22], hormones may have a negligible effect on clinically
healthy periodontium.

Additional data analyses confirmed our results of no
significant changes of bacterial value during the period of
therapy. Moreover, in the group A, summarizing the pres-
ence of all bacteria, either on U1 or U6 site, the patients
with unchanged (--)/(++) patterns had higher values and
also a changed pattern (+-) was noticed in higher percent-
age than in those with (-+) (Graph 1).

doi: 10.2298/SARH1406301Z

Also, in the second tested group (B), after the removal
of the orthodontic appliance microbiological changes were
followed at three different times: the time of appliance re-
moval (T1), after one month (T2) and after three months
(T3). In our study, only a decreasing of frequency for T.
forsythia on U6 from T1 to T2, and T1 to T3 was noticed,
with statistical significance. The same decreasing trend of
T. forsythia on U1 through the time was not observed. Op-
posite to those results, other analyzed anaerobes showed no
significant changes during the three-month period (Table
3). Similar to our results, in a report of Choi et al. [9] no
statistical significant decrease of the same bacterial species
was evaluated after the removal of orthodontic appliance.
Opposite to our data, Sallum et al. [14] showed a significant
reduction of anaerobes after the removal of the orthodontic
appliance. Those contradictory results might be explained
by different sampling sites, applied techniques, individual
oral hygiene habits, and the use of prophylactic measures.
Moreover, similar to our obtained data related to T. forsyth-
ia, Liu et al. [10] observed a reduced frequency of patients
with P, gingivalis after 3 months from the removal of appli-
ances. Anyway, as in our study, the same trend toward the
reduction of bacteria was noticed in reports of other au-
thors, especially on U6 after appliances removal [9, 10, 14].

Also, in the group B U6 showed a higher reduction of
all bacteria, from T1 to T3 time than U1, so it might be
suggested that U6 could be more relevant for the following
microbiological changes. Analyzing the overall frequency in
the group B, unchanged pattern (--) had the highest value,
but the patients with changed pattern (+-) were presentin a
greater percentage than those with (-+) and (++) (Graph 2).

CONCLUSION

Placement of fixed appliances may have an impact on sub-
gingival microflora, but in the first months after the place-
ment of the appliance those changes were not significant,
probably due to good oral hygiene. After the removal of
tixed appliance the trend of decreased anaerobic bacteria
was noticed. However, how long it takes to return to the
preorthodontic composition of subgingival microflora
remains to be seen.
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MpomeHe cybruHrusanHe MMKpodaope HaKOH NOCTAaBKE U YKNakakba

GUKCHUX OPTOAOHTCKMX anapata

Mapuja Xuskosuh Canguh', bpaHka Monoswuh?, JeneHa Yapkuh?, Haha Hukonuh?, bpaHucnas Mmuwnh'

'KnuHuka 3a optoneaujy Bunuua, Cromatonoluku dakyntet, YHuBep3utet y beorpapy, beorpag, Cpbuja;
2/IHCTUTYT 3a XyMaHy reHeTVKy, Cromatonoluku GakynteT, YHuBep3auTet y beorpapy, beorpag, Cpbuja

KPATAK CAAPXKAJ

YBop MocTaBka PUKCHNX OPTOJOHTCKMX anapaTa Moxe [oBe-
¢ty fo nosehaHor HaromyaBarba nsaka u NpoMeHa y cyoriH-
rMBasiHoj MKpodnopu.

Lum paga Livmb oBor paga 6o je ga ce ucnmtajy npomeHe
cybruHrrBanHe MruKkpodnope HakoH NocTaBKe 1 yKknamatba
GVKCHUX OPTOAOHTCKUX anapaTta NPUMEHOM peakLuje naH-
yaHor ymMmHoxaBara monekyna [1HK (eHrn. polymerase chain
reaction - PCR).

Mertoge papa Cryauja je obyxBatina 33 nauujeHTa Koja Cy CBp-
cTaHa y ABe rpyne (A v B). Y3opuu nnaka cy y3etu U3 cyoruHri-
BaJIHOT NPOCTOPa AECHOT FOPH-Er LieHTpanHor cekytuha (Y1) n
[EeCHOT roprber NpBor KyThaka (Y6). Y rpynu A ysopum cy y3u-
MaHW npe nocTaBke GUKCHor anaparta (T1), mecel AaHa nocne
nocrtaske (T2) n Tpu meceua og noctaske (T3). Y rpynu b ysopuu
Cy y3MMaHWu npe yKnamara anaparta (T1), mecew gaHa nocne
yKnarbara (T2) 1 Tpu MeceLia HakoH yKnarbarsa (T3). MpumeHom
meTtope PCR aHann3mpaHo je nocTojarbe MUKpOOpraH3ama:

MpumrbeH « Received: 16/12/2013

Porphyromonas gingivalis, Aggregatibacter actinomycetemco-
mitans, Tannerella forsythia v Prevotella intermedia.
Pesynrtatu Y rpynu A yyectanoct P. gingivalis noka3sana je cta-
TUCTMYKM 3HauajHO CMatberbe Ha oba 3yba (Y1: p=0,049; Y6:
p=0,008) y BpemeHCKOM nHTepBany oa T1 go T2. YoueHo je n
CTAaTUCTNYKIM 3HaYajHO CMatberbe 3aCTyN/beHOCTN OBe baKTe-
puje Ha 3y6y Y1y uutepsany og T1 go T3 (p=0,048). Y rpynu b
camo ce yyectanocr T. forsythia CTaTUCTUYKIM 3HaUajHO CMatby-
na Ha 3y6y Y6 y nHtepsany oa T1 go T2 (p=0,004) nog T1 fo
T3 (p=0,0003). YuecTanocTn octanux 6aktepuja y obe rpyne
UCMTaHUKA HCY MOKasane CTaTUCTUYKI 3HauajHe MpoMeHe.
3aksbyyak [NoctaBka GUKCHYIX anapaTta MoXe fAa yTuye Ha ca-
CTaB cybruHrnanHe MUKpodiope, anu y NpBrumM MeceLma
HaKOH MoCTaBKe 1 yKNararba anapata yriaBHOM H/CY yoUueHe
CTaTVCTVYKM 3HaUajHe MPOMEHe, BEpOBaTHO 360r fobpe opari-
He XurunjeHe.

KrmbyuHe peun: opTogoHTCKY anapar; 6aktepuje; PCR
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