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Letter to the Editor

Qualitative analysis of microbiologic changes 
in subgingival biofilm in early stage of fixed 
orthodontic treatment

DOI: 10.1515/rrlm-2016-0009

To the Editor: 

Currently, fixed orthodontic therapy is the 
most frequently used method to treat maloc-
clusions. In addition to its benefits, which are 
teeth alignment, improvement of occlusion and 
functional jaw relationship, orthodontic therapy 
also presents risks and complications. The most 
common adverse effects of fixed orthodontic 
appliances are increased supra- and subgingival 
plaque retention, gingival bleeding and probing 
depth (1). Brackets or tubes are bonded on the la-
bial surface of permanent teeth, which make oral 
hygiene and plaque removal difficult. This is one 
of the reasons why gingivitis, the most frequent 
side effect of direct bonding, appears in the ini-
tial stage of fixed orthodontic treatment. 

As soon as orthodontic treatment is applied, 
the maintenance of a good oral hygiene is crucial 
and must be thoroughly monitored by the ortho-
dontist in order to minimize plaque accumula-
tion. If this is neglected gingivitis and enamel 
demineralization (white spot lesions, caries) 
may develop around and near orthodontic at-
tachments (2).

The periodontal response to bonded ortho-
dontic attachments induced by plaque accumu-
lation can be explained by the alteration of the 
subgingival microbial composition (3), even 
when the biofilm composition is altered with ag-
ing. A shift in the composition and type of bacte-
ria (4) and elevation of microbial counts in saliva 
and biofilm can be expected (5). This qualitative 

bacterial shift seems to be characterized by the 
growth of anaerobic bacteria accumulated in the 
subgingival biofilm (6). 

DNA-strip technology is a highly sensitive 
specific PCR technique which allows the iso-
lation, amplification and detection of DNA or 
RNA from the specimen based on hybridization 
and alkaline phosphatase reaction on a mem-
brane strip. As a reliable and cost-effective tech-
nique, has rapidly become one of the most com-
monly used techniques in periodontal molecular 
biology because it is simple, relatively inexpen-
sive and fast. Amplification of DNA fragments is 
possible from poor quality or minimal quantity 
of source DNA material (7). 

The micro-Ident®plus11 (Hain Lifescience 
Gmbh, Germany) test is a qualitative in vitro 
test for the combined identification of eleven 
periodontopathogenic bacterial species from 
subgingival plaque sample. It can detect the 
following species: Aggregatibacter actinomyce-
temcomitans (formerly Actinobacillus actinomy-
cetemcomitans), Campylobacter rectus, Capno-
cytophaga spp. (C. gingivalis, C. ochracea, and 
C. sputigena). Eikenella corrodens, Eubacteri-
um nodatum, Fusobacterium nucleatum/peri-
odonticum, Parvimonas micra (formerly Pep-
tostreptococcus micros, Micromonas micros), 
Porphyromonas gingivalis, Prevotella interme-
dia, Tanerella forsythia (formerly Bacteroides 
forshytus), Treponema denticola. DNA strips are 
coated with highly specific probes, which are 
complementary to selectively amplified nucleic 
acid sequences. 

The aim of our microbiological study was to 
determine the effect of fixed orthodontic attach-
ments on subgingival biofilm and to evaluate 
changes that occur in the subgingival microbiota 
after 4-7 weeks of attachment bonding with use 
of DNA strip technique. 
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We selected nineteen patients (10 females 
and 9 males) out of those referred for orthodon-
tic treatment to the Orthodontic Department of 
the University of Medicine and Pharmacy from 
Tîrgu Mureş, Romania. The mean age of our 
subjects was 14.6±1.7 years. A written informed 
consent was obtained from each patient or their 
parents/legal representative before the first sam-
pling. The protocol was reviewed and approved 
by the Ethical Committee of Scientific Research 
of the University of Medicine and Pharmacy 
from Tîrgu Mureş, decision nr. 117/21.11.2013.

The subjects were selected according to the 
following criteria: (1) good general health, (2)  
no antibiotic therapy for three months before the 
initiation of the study and (3) clinically healthy 
periodontium of first permanent molars with 
periodontal probing depth less than 3 mm, gin-
gival and plaque index less than 2 at both time 
points, (4) each patient was applied the same 
bracket system (Roth Omni, GAC), (5) banding 
and bonding was performed by using the same 
light-cured bonding material (Transbond TM XT, 
3M Unitek).

Microbiological subgingival samples were 
taken from the first permanent molars before 
(T1) and 4-7 weeks after (T2) the fixed ortho-
dontic attachments were bonded, during the first 
follow-up. Professional cleaning was not used 
either before T1 or before T2 sampling, in or-
der to maintain the subgingival biofilm intact. 
The only instructions received by the patients 
referred to the correct use of manual toothbrush 
and interdental brush; mouthwash was not pre-
scribed. The molecular-genetic testing of the 
collected samples was performed by the De-
partment of Microbiology of the University of 
Medicine and Pharmacy from Tîrgu Mureş. The 
previously mentioned DNA-strip procedure was 
divided into three steps: (1) DNA isolation from 
subgingival samples (QIAamp® DNA Mini Kit, 
Qiagen, Germany), (2) amplification with two 
separate amplification reactions using the opti-

mized polymerase and primers included in am-
plification mixes, and (3) manual hybridization.

Prior to sampling, all sites were isolated with 
cotton rolls and were air dried. The supragingi-
val biofilm was removed with a sterile probe and 
subgingival plaque was collected by using sterile 
paper points (Micro-Ident Sampling Set, Hain 
Lifescience GmbH, Germany) for 30 seconds in 
five points for each first permanent molar: dis-
to-oral, disto-labial, mesio-oral, mesio-labial and 
centro-labial points. The paper points were im-
mediately removed from the periodontal sulcus 
and placed into a screw cap transport tube and 
DNA isolation was performed. Two separate am-
plification reactions were used for each sampling 
optimized polymerase and primers included in 
the Amplification Mixes A1 (AM-A1 for DNA 
from Aggregatibacter actinomycetemcomitans, 
P. gingivalis, P. intermedia, T. forsythia and T. 
denticola), A2 (AM-A2 for DNA from C. rectus, 
Capnocytophaga spp, E. corrodens, E. nodatum, 
F. nucleatum/periodonticum and P. micra) and B 
(AM-B).  Manual hybridization was performed 
as the last step of the selected procedure. After 
the strips were completely dried, they were eval-
uated and interpreted by using the evaluation 
sheet provided with the kit. In case the test was 
performed correctly, the control amplifications 
AC1 and AC2 bound to the respective amplifi-
cation control. We considered valid negative re-
sults those in which only the CC, HC, AC1 and 
AC2 bands were developed.

The Fisher’s exact test was used to compare 
the frequency of the studied periodontopatho-
gens between the two examination times.  Sta-
tistical analysis was performed using dedicated 
statistical software (GraphPad InStat) at a signif-
icance level of p<0.05.

Results are presented as the percentage of 
sites positive for each species. The frequency 
of sites positive at T1 and T2 examination times 
and p values for each microorganism are sum-
marized in Table 1.
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The only putative periodontopathogen bac-
teria we did not find in any of the T1 samples 
were the Eubacterium nodatum. Fusobacterium 
nucleatum was present in the 94.73 % of the T1 
samples; Eikenella corrodens and the Capnocy-
tophaga spp. were present in around one-third of 
the T1 samples. Treponema denticola, Taneralla 
forsythia, Campylobacter rectus in one-fourth of 
T1 samples, other bacteria were found randomly. 

The frequency of Aggregatibacter actino-
mycetemcomitans, Parvimonas micra, Porphy-

romonas gingivalis and Prevotella intermedia 
species did not change at T2 compared with T1. 
Campylobacter rectus, Capnocytophaga spp., 
Eikenella corrodens, Eubacterium nodatum, Fu-
sobacterium nucleatum/periodonticum, Tanerel-
la forsythia and Treponema denticola species 
showed moderate elevation of frequency at T2 
compared with T1 examination time. No statis-
tically significant differences in frequency were 
observed for the above mentioned seven inves-
tigated species between the two sampling times. 

The frequency of sites positive for all the 

eleven putative periodontopathogens at T1 was 
34.44% and at T2 was 44.97%, a statistically 
significant difference was noted between the two 
sampling times (p<0.05) 

Cell culturing, immunological, enzymatic, 
conventional PCR, real-time PCR and loop-me-
diated isothermal amplification (LAMP) are 
the most common microbiological examination 
methods used in dental practice. Both enzymat-
ic and PCR-based methods are qualitative ones. 
Even though they use chromosomal DNA and 

Tabel 1. Frequency of periodontopathogens in subgingival biofilm at two times of orthodontic treatment: 
before bonding (T1) and 4-7 weeks after bracket placement (T2)

Periodontopathogen subjects (n=19) p value
T1 T2

n % n % T2 vs T1 a

Aggregatibacter actinomycetemcomitans (A.a.) 2 10.52 2 10.52 1.00
Porphyromonas gingivalis (P.g.) 2 10.52 2 10.52 1.00
Prevotella intermedia (P.i.) 2 10.52 2 10.52 1.00
Tanerella forsythia (T.f.) 5 26.31 8 42.10 .33
Treponema denticola (T.d.) 6 31.57 9 47.36 .50
Parvimonas micra (P.m.) 3 47.36 9 47.36 1.00
Fusobacterium nucleatum (F.n.) 18 94.73 19 100 .31
Campylobacter rectus (C.r.) 5 26.31 8 42.10 .078
Eubacterium nodatum (E.n.) 0 0 2 10.52 .375
Eikenella corrodens (E.c.) 14 73.68 16 84.21 .313
Capnocytophaga spp. (C.sp.) 15 78.94 17 89.47 .301
Overall frequency of positive sites 34.44 44.97 .035*

a Fisher’s exact test; * P<.05.

Figure 1. Comparison of detection frequency 
of the 11 periodontopathogens between the two 

examination times.
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they cannot discriminate viable bacteria from 
dead ones, PCR-based methods are relatively 
sensitive and the use of species-specific prim-
ers allows the identification of the presence of 
specific bacteria without any information of 
their amount (8). Our aim was to evaluate the 
qualitative change of subgingival microbiota of 
a certain locus – the gingival sulcus of the first 
permanent molars – right after orthodontic at-
tachments were placed, using a DNA amplifica-
tion method.

Some clinical studies revealed more severe 
periodontal complications in the distal part of 
the dental arches, which can be explained by the 
presence of molar bands and poor oral hygiene 
in this region (9). Usually fixed orthodontic ther-
apy starts with the anchorage of teeth by bond-
ing or banding, this is the reason why we have 
chosen to evaluate the subgingival biofilm of the 
first permanent molars.

Bacterial species involved in the initiation 
and progression of periodontal disease have 
been classified, divided into groups labeled 
with colours (10). The different categories were 
classified according to the pathogenity of the 
bacteria and their role in the development of 
the periodontal responses of the subgingival 
biofilm. The red complex contained Porphy-
romonas gingivalis, Tannerella forsythia and 
Treponema denticola, bacteria that can be asso-
ciated with the severe forms of some periodon-
tal diseases.  The orange complex comprised 
Campylobacter gracilis, Campylobacter rectus, 
Campylobacter showae, Eubacterium nodatum, 
Fusobacterium nucleatum, Peptostreptococ-
cus micros, Prevotella intermedia, Prevotella 
nigrescens, Streptococcus constellatus. Some 
studies revealed that in the subgingival biofilm 
of deep pockets from adults with periodontitis, 
the presence of P. intermedia can always be 
associated with F. nucleatum (3, 6).  The yel-
low complex comprised Streptococcus gordonii, 

Streptococcus intermedius, Streptococcus mitis, 
Streptococcus oralis and Streptococcus sanguis. 

Periodontopathogen species investigated in 
this study like Porphyromonas gingivalis, Ta-
nerella forsythia and Treponema denticola are 
called “red complex” species and they are asso-
ciated with adult periodontitis (10), along with 
other virulent species such as Eubacterium noda-
tum, Fusobacterium nucleatum/periodonticum 
and gingivitis associated species, like Eikenella 
corrodens and Campylobacter rectus.

The frequency of positive sites significant-
ly increased (p=0.035) from T1 to T2 sampling 
time. This result confirms studies that concluded 
that a fixed orthodontic appliances may affect 
the composition of subgingival microbiota, in-
creasing the prevalence of periodontopathogens 
(11, 12).

A slight increase in frequency for Campylo-
bacter rectus, Capnocytophaga spp, Eikenella 
corrodens, Eubacterium nodatum, Fusobacte-
rium nucleatum/periodonticum, Tanerella for-
sythia and Treponema denticola was observed 
between the two examination times, but no sig-
nificant differences were observed. Other similar 
studies reported a high frequency for the above 
mentioned species before appliance removal and 
a significant decrease of their frequency after 
debonding on subjects with signs of gingival in-
flammation (13, 14). 

Eubacterium nodatum was the only one 
missing bacteria from T1 samples. The most 
common bacteria in both groups were Fusobac-
terium nucleatum, followed by Capnocytophaga 
spp. and Eikenella corrodens. Fusobacterium 
nucleatum is known as a second colonizer and 
the first Gram-negative species established in 
plaque biofilms (15). 

Studying the mechanism of subgingival bio-
film formation, it has become obvious that there 
is a certain succession of bacterial colonization 
in the gingival crevicular fluid when periodon-
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tal inflammation appears. Within a few days 
after the appearance in subgingival biofilm of 
early colonizers (Streptococci and Actinomyces 
species), the development of a complex micro-
bial community can be observed and second-
ary colonizers tend to be the more pathogenic 
species such as Aggregatibacter actinomyce-
temcomitans, Fusobacterium nucleatum, Por-
phyromonas gingivalis, Tannerella forsythia, 
Treponema denticola (16). Our results showed 
that the presence of Aggregatibacter actinomy-
cetemcomitans showed no difference between 
T1 and T2 groups, and the two cases in which it 
was found showed the most diverse composition 
of subgingival plaque. Second colonizer Fuso-
bacterium nucleatum was found in the highest 
percentage in both samples, Tannerella forsyth-
ia, Treponema denticola increased in three cases, 
and the percentage of Porphyromonas gingivalis 
did not change. These findings were also report-
ed by several studies (17, 18) which concluded, 
that the placement of an orthodontic appliance 
affects the subgingival microbial composition 
in early phases of the orthodontic treatment, the 
prevalence of putative periodontopathogens in-
crease, especially in the molar region (19).

The frequency of Campylobacter rectus 
and Eikenella corrodens of 26.31% and 73.68% 
for T1 increased to 42.10% and 84.21% at T2 
with no statistical significant differences. Sev-
eral studies found these two species at higher 
prevalence in gingivitis (20) and suggested that 
they might be considered as contributors in the 
development of periodontitis. Other studies 
found these two species in a relatively high fre-
quency, indicating that they may be part of nor-
mal subgingival flora in subjects with healthy 
gingiva (21).

The major aim of this study was to evaluate 
whether the initial subgingival biofilm composi-
tion changes in early phase of fixed orthodontic 
treatment. The relatively short time between the 

two examination times showed that significant 
differences in overall species frequency can be 
expected and therefore, it is recommended that 
all orthodontic patients should receive oral hy-
giene instruction and professional prophylaxis at 
the very beginning of the orthodontic treatment. 

The number of selected subjects can be con-
sidered as a limitation of our study and it is due 
to the fact that we focused on orthodontic pa-
tients with good oral hygiene and no alteration 
of gingival parameters gingival from T1 to T2 
examination time. Further subject recruitment 
and evaluation is needed. 

Based on our findings we conclude that over-
all frequency of the studied eleven periodonto-
pathogens significantly increased in subgingival 
microbiota in the first 4-7 weeks of orthodontic 
treatment. Tanerella forsythia, Treponema den-
ticola, Fusobacterium nodatum, Campylobacter 
rectus, Eubacterium nodatum, Eikenella corro-
dens and Capnocytophaga spp. frequency slight-
ly increased 4-7 weeks after the fixed orthodon-
tic attachments were bonded. Plaque control in 
order to maintain gingival health is important 
before and as soon as orthodontic treatment is 
applied and additional periodontal prophylactic 
measures are indicated.
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