
The formation of dental plaque is a  multi-
stage process beginning with the adsorption of 
salivary protein to the cleaned surface of the tooth. 
In this way the so-called acquired enamel pellicle 
is formed [1], which after 1–2 days is inhabited by 
oral cavity bacteria. The colonizing bacteria create 
1–20 layers, with Gram-positive cocci (Streptococ-
cus spp.) prevailing. Towards the apex, the plaque 
is also inhabited by filamentous and fusiform bac-
teria and a  very small number of Gram-negative 
cocci. The bacteria inhabiting this layer are classi-
fied as aerobes and facultative anaerobes (obligate 
anaerobes are very few) [2].

Further development of the plaque is charac-
terized by an increased number of Gram-negative 
bacteria of coccus shape, and Gram-positive and 
Gram-negative bacilli as well as fusiform and fil-
amentous bacteria  [1, 3]. The biofilm is charac-

terized by an increase of the number of layers, up 
to approximately 200–300, as well as a rise in the 
number of anaerobes. Stage 3 is plaque matura-
tion. The number of layers amounts to over 300, 
the thickness of the plaque is 0.5 mm and it is vis-
ible with the naked eye. The chemical composition 
of the plaque changes, spirochetes and flagellated 
bacteria occur. The population of Gram-negative 
bacteria also increases.

For over 100 years, research has been conduct-
ed aimed at an explanation of the influence of bac-
teria on the etiopathogenesis of periodontal dis-
eases. The gingival sulcus is inhabited by over 500 
bacteria species but, according to the research, on-
ly some of them play a significant role in the initia-
tion and course of a periodontal disease [4]. A nor-
mal gingival sulcus contains a prevalent number of 
Gram-positive bacteria whereas in gingival pockets 
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Gram-negative bacteria prevail [5, 6]. In the 1980s, 
the research focused on identification of a  single 
bacterial species which would induce periodon-
tal diseases [6]. Contrary to this hypothesis there 
was another one suggested – a non-specific plaque 
theory stating that all the bacteria in dental plaque 
are involved in causing periodontal diseases [7]. In 
the 1990s, the specific plaque hypothesis present-
ed by Socransky [8] discarded the previous two op-
posite hypotheses. According to Socransky’s theo-
ry, inflammation of periodontal tissues is induced 
by bacterial complexes comprising some specific 
species. These bacteria include Gram-negative an-
aerobes: Porphyromonas gingivalis (P.g.), Prevotel-
la intermedia (P.i.), Tannerella forsythia (T.f.), Ag-
gregatibacter actinomycetemcomitans (A.a), Cap-
nocytophaga ochracea, Eikenella corrodens (E.c.), 
Campylobacter rectus (C.r.), Fusobacterium nuclea-
tum (F.n.), and Treponema denticola (T.d.). The re-
search conducted in the last 25 years has demon-
strated that the presence of the above-mentioned 
bacteria indicates a positive correlation with clini-
cal symptoms such as gingival inflammation, and 
clinical loss of the connective tissue attachment as 
well as increased depth of the gingival pocket [6]. 
Socransky  [8] demonstrated that bacteria relat-
ed to periodontal diseases form several complex-
es: red, orange, species associated with the orange 
complex, green, and the Aggregatibacter actino-
mycetemcomitans (A.a.) complex, which show dif-
ferent pathogenicity. Bacteria of the red complex 
demonstrate a powerful correlation with the depth 
of gingival pockets. The composition of complexes 
is presented in table 1. The complexes are related to 
one another by numerous nutritional dependences 
as well as defense mechanisms.

The research demonstrated that the highest 
pathogenicity was shown by the Aggregatibacter 

actinomycetemcomitans complex and species in-
cluded in the red complex such as Treponema 
denticola, Porphyromonas gingivalis, and Tan-
nerella forsythia. Whereas the role of the orange 
complex is to prevent formation of the red com-
plex, bacteria included in the red complex are be-
lieved to be marker bacteria of chronic periodon-
titis. Ximénez-Fyvie et al. [9] analyzed the differ-
ence between the composition of supragingival 
and subgingival plaque in patients with periodon-
tal diseases. A  total of 1170 plaque samples were 
collected for the qualitative and quantitative anal-
ysis of 40 bacterial species. A DNA probe as well 
as a DNA-DNA hybridization technique were used 
in this study to identify bacterial genomes. All the 
analyzed bacteria were found –  40 species. The 
Aggregatibacter actinomycetemcomitans were the 
most commonly isolated bacteria from both the 
plaque types, the supragingival and subgingival, 
although in the subgingival plaque A. naeslundii 
was found more often. The prevalent complexes in 
the supragingival plaque compared to the subgin-
gival plaque were the green and yellow complex-
es as well as the complex with Aggregatibacter ac-
tinomycetemcomitans, whereas in the subgingival 
plaque the red and orange complex prevailed. Ac-
cording to the authors mentioned above, the su-
pragingival plaque may constitute a source of in-
fection as well as secondary infection of the peri-
odontal tissues (Table 1).

For many years research has been conduct-
ed to develop a test that would allow effective and 
fast detection of bacteria and their metabolites in 
the gingival pockets. The available tests are based 
on methods such as microscopic observation of 
the colonies, bacterial cultures grown in a medi-
um, immunological, enzymatic, and genetic meth-
ods [6]. Until now, no perfect method has been de-

Table 1. Periopathogenic complexes, their bacterial composition and pathogenicity [9–11]

Type of complex Composition Pathogenicity

Orange complex Prevotella intermedia
Parvimonas micra
Fusobacterium nucleatum
Campylobacter rectus
Eubacterium nodatum

moderate to high pathogenicity

Species associated  
with the orange complex

Streptococcus gordonii
Streptococcus intermedius
Streptococcus sanguis

moderate to high pathogenicity

Red complex Treponema denticola, Porphyromonas gingivalis
Tannerella forsythia

high pathogenicity

Green complex Capnocytophaga gingivalis
Capnocytophaga ochracea
Capnocytophaga sputigena

moderate pathogenicity

A.a. complex Aggregatibacter actinomycetemcomitans very high pathogenicity
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veloped; each of the methods mentioned above has 
its own advantages and disadvantages. At present, 
the most commonly used methods are polymerase 
chain reaction and nucleic acid hybridization with 
the use of molecular probes  [12]. The improve-
ment of diagnostic tests will provide benefits for 
diagnostics, prognosis, and treatment of the dis-
cussed diseases. Development of effective diagnos-
tics for gingivitis and periodontitis will facilitate 
the treatment of these conditions which, accord-
ing to Jańczyk and Ciągło [1], are found in 93.7% 
of patients aged 35–45.

The search for articles was conducted in 
PubMed, Science Direct and Wiley databases. On-
ly articles published in English between 1997 and 
December 2013 were used. The following key-
words were used in the preliminary search: „ap-
pliance” and „orthodontic treatment” and „bacte-
ria” or „Aggregatibacter actinomycetemcomitans” 
or „Porphyromonas gingivalis” or „subgingival 
plaque” or „Prevotella intermedia” or „Tannerel-
la forsythia” or „Treponema denticola” or „Par-
vimonas micra” or „Fusobacterium nucleatum” or 
„Campylobacter rectus”. The following inclusion 
criteria were applied to the selected articles: clini-
cal trial, studies in humans, removable orthodon-
tic appliances or fixed appliances placed onto the 
buccal tooth surface. The exclusion criteria were: 
lingual orthodontic appliances, presence of oth-
er diseases (periodontal disease), examination of 
other bacteria and fungi (Streptococcus spp., Can-
dida albicans).

Evaluation of Pathogenic 
Bacteria Occurring in 
Subgingival Plaque in Patients 
Using Orthodontic Appliances
A review of the available studies presented in 

Table 2 shows that interest in periopathogens oc-
curring in gingival pockets during orthodontic 
treatment began at the end of the 1990s. Paolan-
tonio et al. [13] tried to establish whether the use 
of a fixed orthodontic appliance may affect the in-
crease of the number of A.actinomycetemcomitans 
in the subgingival plaque. The authors qualified 
24  patients with a  similar malocclusion for the 
study to collect their plaque samples. The orth-
odontic appliance was placed only on a single den-
tal arch, the other one was the control arch. The 
samples were collected before the orthodontic 
appliance was placed on the arch, after 4, 8, and 
12 weeks of treatment. Then the appliances were 
removed and after another 4  weeks further tests 
were carried out. The authors found increased in-
flammation indices as well as deteriorated oral hy-

giene during the orthodontic treatment. Where-
as A.a., which before treatment was isolated from 
the gingival pockets of the dental arch with a fixed 
orthodontic appliance only in one patient, was 
found in 19 patients after 4 weeks, in 20 patients 
after 8  weeks, and in 7  patients after 4  weeks of 
the appliance removal. In the control arch, A.a. 
was isolated from one place during the study. The 
authors concluded that the appliance on an arch 
promoted an increase of the number of the A.a. 
bacteria in the gingival pockets of orthodontical-
ly moved teeth. According to the authors, the in-
crease of the number of the A.a. bacteria did not 
affect its occurrence in other locations of the oral 
cavity.

The development of molecular biology meth-
ods have made it possible to replace bacteria isola-
tion with the use of culture on media with meth-
ods that are faster and more accurate, and show 
more sensitivity and species specificity. Ximé-
nez-Fyvie et  al.  [10] compared the microbiolog-
ical composition of supragingival and subgingi-
val plaque in adults. The study groups were com-
prised of patients with normal periodontal tissues 
as well as patients with periodontitis. Forty bacte-
rial species from the microbial plaque were ana-
lyzed with the use of specific genome DNA probes. 
The molars, with the third molars excluded, un-
derwent clinical evaluation for change in gingiva 
color, accumulation of dental plaque, bleeding on 
probing, and the grade of clinical loss of connec-
tive tissue attachment as well as the depth of the 
gingival pocket. The study demonstrated that in 
both study groups the supragingival plaque con-
tained P.g., Tannerella forsythia (T.f.) and Trepo-
nema denticola (T.d.). Whereas the subgingi-
val plaque in subjects with a periodontal disease 
showed increased numbers of P.g., and Tannerella 
forsythia (T.f.), as well as Prevotella, Fusobacteri-
um, Campylobacter genera, in the samples of sub-
gingival and supragingival plaque collected from 
subjects with a periodontal disease, an increase of 
the number of the following bacteria was found: 
P.g., T.f., and T.d.

Sallum et al. [14] evaluated the periodontium 
and microbiological composition of gingival pock-
ets in 10 patients (aged 18 ± 1.8 years of age) at the 
final stage of treatment with fixed appliances. The 
patients showed clinical symptoms of gingivitis. 
The authors analyzed 5 periopathogens (P.g., T.f., 
A.a., P.i., P.n.) both, in the supragingival plaque 
as well as the subgingival plaque. In regard of the 
periopathogens mentioned above, after 30  days 
of the fixed appliance removal, the most appar-
ent was the decrease of the number of A.a. and T.f. 
The authors demonstrated improvement of the 
clinical condition of the gingiva in a month after 
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the appliance was removed as well as a statistically 
significant difference in reducing the size of gingi-
val pockets from 2.5 mm ± 0.51 to 1.92 mm ± 0.42 
in patients treated with fixed orthodontic appli-
ances. After 30 days of the appliance removal, the 
GI dropped from 100% to 23.3%.

Different results were presented by Naran-
jo et  al.  [15]. They examined similar parameters 
but they conducted the study before and after 
3 months of fixation of the orthodontic appliance 
elements on the teeth in a 30-subject study group 
and 30-subject control group. The authors did not 
find a  statistically significant difference in the 
depth of gingival pockets or the clinical loss of the 
connective tissue attachment during the study pe-
riods. An increase of gingival indices was found as 
well as the plaque index 3 months after the treat-
ment was started. Additionally, changes within the 
microflora of the subgingival plaque were found 
with an increased number of the following bac-
teria: Porphyromonas gingivalis, Prevotella inter-
media/Prevotella nigrescens, Tannerella forsythia,  
and Fusobacterium species.

Ristic et al.  [16], in a prospective study, com-
pared clinical parameters (PI, GI, GBI, PD) and 
microbiological analysis in 32 patients aged 12–18, 
treated with fixed appliances. A comparative anal-
ysis was performed before the treatment, 3 weeks, 
1 month, 3 and 6 months after the treatment with 
a fixed appliance was started. The authors demon-
strated an increase of clinical and bacteriological 
parameters after commencement of the treatment. 
Rather surprising was the observation they made, 
that beginning with treatment month 3, gingival 
indices and plaque indices started to decrease in 
value. The investigators observed an increase of 
the number of periopathogens but they did not 
find a clinical loss of connective tissue attachment.

Another study by Lee et al. [17] presented an 
increased number of periopathogens in the sub-
gingival plaque in patients during orthodontic 
treatment (17 subjects in the study group, 19 sub-
jects in the control group). The study demonstrat-
ed increased T.f., T.d., and P.n. in subjects dur-
ing orthodontic treatment. According to the au-
thors, treatment with a fixed appliance may affect 
the increase of periopathogens in the subgingival 
plaque.

There are few published studies which eval-
uate the clinical parameters and provide micro-
biological evaluation to compare the flora of the 
gingival pockets of teeth with fixed bands and 
teeth with brackets. In one of the studies, the au-
thors [18] assessed the periodontium in 33 patients 
aged 12–18. The subjects had been using orth-
odontic appliances for at least 6 months. The au-
thors investigated clinical condition and evaluated 

subgingival flora in premolars with brackets com-
pared to molars with cemented bands. The bands 
on the investigated teeth were cemented subgingi-
vally or supragingivally. The study did not provide 
a comparison with a control group nor the inclu-
sion criteria for the gingival pockets. The authors 
demonstrated that all the patients in the study 
showed 45.0% of gingival pockets smaller than 
2 mm, 50.8% with a depth of 3 mm, 4.2% of pock-
ets with a value exceeding 4 mm and one case ex-
ceeding 5 mm. The difference between the deep-
er pockets around the teeth with bands and more 
shallow pockets around those with brackets was 
statistically significant. The PI measurement did 
not indicate a  statistically significant difference 
between the groups, whereas the GI measurement 
showed higher values in the case of teeth with ce-
mented bands.

Demling et  al.  [19] tried to clarify the influ-
ence of supragingival flora on the subgingival 
flora. Apart from clinical parameters (API and 
SBI), they evaluated the surfaces of 28 orthodon-
tic bands in patients treated with fixed appliances. 
The investigators demonstrated that 16.1%  ±  9.2 
of the supragingival surface and 3.6% ± 4.4 of the 
subgingival surface was covered with biofilm. The 
difference was statistically significant. The biggest 
amount of biofilm in the subgingival zone was 
observed within the areas of notches in the orth-
odontic bands. The authors drew a conclusion that 
most probably the immunological response of the 
gingival fluid mediators inhibits bacterial adhe-
sion to the subgingival surface of the bands.

Thornberg et  al.  [20] conducted an analysis 
of 190 subgingival plaque samples in orthodonti-
cally treated patients in 5 study periods (the mean 
age of the subjects was 13  years and 6  months). 
The subgingival plaque samples were collected 
before the treatment was started, after 3  months 
of treatment, after 6 months and after 12 months 
of treatment and after approximately 3  months 
of the fixed appliance removal. The authors ana-
lyzed the composition of the subgingival flora for 
periopathogenic bacteria: Aggregatibacter actino-
mycetemcomitans, Porphyromonas gingivalis, Pre-
votella intermedia, Tannerella forsythia, Eikenel-
la corrodens, Fusobacterium nucleatum, Trepone-
ma denticola, and Campylobacter rectus. Six of the 
eight periopathogens (P.i., T.f., E.c., F.n., T.d., C.r.) 
increased considerably in treatment month 6 but 
the authors stated that their levels returned to the 
baseline values after 12 months.

Research by Kloehn and Pfeifer  [21], Boyd 
et al. [22], and Sallum et al. [14] demonstrated that 
after the orthodontic appliance is placed, many 
patients developed generalized gingivitis regard-
less of the type of their malocclusion, the type of 
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appliance, its components or the type of the ad-
hesive. The occurrence of new retentive sites pro-
motes increased bacterial plaque accumulation. 
There are available studies referring to monitor-
ing the indices of periodontium condition (Plaque 
Index, Gingival Index, PD), whereas the studies in-
vestigating the microflora of gingival pockets are 
fewer and the research comparing the condition of 

the periodontium and the microflora of the gingi-
val pockets in patients who are using fixed and re-
movable orthodontic appliances is almost non-ex-
istent [14, 23, 24].

A systematic analysis of the literature showed 
that the clinical parameters of periodontium con-
dition in patients using orthodontic appliances 
most commonly investigated in the research of 

Table 2. Analysis of publications with identification of the investigated clinical parameters referring to the condition of peri-
odontal tissues, bacterial species, and diagnostic methods in orthodontically treated patients

Year Authors Clinical  
parameters

Bacterial  
species

Diagnostic  
method

Results

 1. 1997 Paolantonio 
et al. [13]

GBI, PD, 
CAL

A.a. Microbial 
culture

increase of bacteria A.a. in gingival 
pockets

 2. 1999 Paolantonio 
et al. [25]

GBI, PD, 
CAL

A.a. Microbial 
culture

placement of orthodontic appliances 
promotes the subgingival growth 
of A.a.

 3. 2000 Ximénez-Fy-
vie et al. [10]

– 40 bacterial spe-
cies

DNA probes differences between supra and 
subgingival plaque were in the pro-
portions and levels of Actinomyces, 
„orange” and „red” complex species

 4. 2002 Asai et al. [26] – T.d., T.v., T.m. Real-time 
PCR

T.d. cells were detected in plaque 
samples from deep pockets

 5. 2004 Sallum 
et al. [14]

PI, GI, PD P.g., T.f., A.a., P.i., 
P.n.

PCR reduction of sites positive for A.a. and 
T.f. after appliance removal

 6. 2005 Lee et al. [17] PI, GI, PD, 
CAL, BOP

A.a., T.d., P.g., 
T.f., P.n., P.i.

16S rDNA 
PCR

T. forsythia, T. denticola, and P. ni-
grescens were significantly more com-
mon in the samples obtained from 
the orthodontic patients

 7. 2006 Naranjo 
et al. [15]

PI, GI, PD, 
CAL, BOP,

P.g., P.i., P.n., T.f., 
Fusobacterium sp.

Microbial 
culture

bracket placement influences the 
colonization of important periodon-
topathic bacteria

 8. 2008 Ristic 
et al. [16]

PD, CAL P.i., A.a., P.g., F.n. PCR total number of periodontopathic 
anaerobes increased during 3 moths 
treatment with fixed appliances

 9. 2009 Thornberg 
et al. [20]

– A.a., P.g., P.i., T.f., 
E.c., F.n., T.d., 
C.r.

DNA probes for 6 (P.i., T.f., E.c., F.n., T.d., C.r.) of 
the 8 pathogens, the percentages of 
subjects with high pathogen counts 
increased after 6 months of fixed ap-
pliance treatment

10. 2009 Choi et al. [27] – A.a., T.f., C.r., E.c., 
P.g., P.i., P.n., T.d.

16 rRNA PCR reduction of sites positive for C.r. and 
E.c. after appliance removal

11. 2009 Demling 
et al. [19]

BOP, PD, PI A.a., P.g. PCR prevalence of A.a. and P.g. remained 
unchanged after 3 months of fixed 
appliance treatment

12. 2009 Demling 
et al. [28]

API, SBI Biofilm occurren-
ce on the ortho-
dontic bands

Electron mi-
croscopy 

no mature subgingival biofilm was 
found on the orthodontic bands

13. 2010 Atassi and 
Awartani [29]

PI, OPI, 
GBI

– Clinical exa-
mination

PI and OPI were high with mean 
scores

14. 2010 Kim et al. [18] PI, BOP 37 species DNA-DNA 
hybridization

deeper pockets were found around 
orthodontic bands

15. 2011 van Gastel 
et al. [30]

PD, BOP Aerobe/anaerobe 
ratio

Bacterial cul-
tures

relatively more anaerobes at T2 
(bracket removal) compared to T1 
(baseline)
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1970s were as follows: PI, GI, BOP, and PD. Oth-
er parameters assessed in the studies included 
CAL, GBI (Gingival Bleeding Index), OPI (Ortho-
Plaque Index), etc (Table 2).

Conclusion
As the above literature review implies, ma-

ny questions still remain unanswered but the in-
crease of periopathogens during treatment with 
orthodontic appliances is probable. The litera-
ture review demonstrated that they were often 
the red complex bacteria, which were perceived 

as the ones showing high pathogenicity. Many au-
thors stated that changes in periodontal tissues 
might occur during orthodontic treatment. There 
are few publications referring to young children  
(9–14 years of age); the number of comparisons of 
patients treated with fixed and removable orth-
odontic appliances are also scarce. The compari-
son of periodontal tissue condition and oral hy-
giene in children treated with fixed and removable 
appliances would allow implementation of preven-
tive and follow-up measures during the therapy as 
well as provide an answer to a  question whether 
subgingival microbial flora diagnostic testing is 
justified to prevent periodontal complications.

Year Authors Clinical  
parameters

Bacterial  
species

Diagnostic  
method

Results

16. 2013 Montaldo 
et al. [31]

P.g., P.i., A.a., T.f., 
T.d.

PCR positivity for T.f. was correlated to 
sampling time and oral hygiene mo-
tivation

17. 2013 Nalçacı et al.
[32]

PI, GI, BOP Supragingival 
plaque

Clinical exa-
mination

bracket has an effect on periodontal 
status

18. 2013 Ghijselings 
et al. [33]

GCF, BOP,
PD

Aerobe/anaerobe 
ratio

Clinical exa-
mination

placement of fixed appliances has an 
impact on periodontal parameters

19. 2013 Torlakovic 
et al. [34]

PI, GI Occurrence of pe-
riopathogens and 
cariopathogens

Clinical exa-
mination

not all parameters were normali-
zed 2 years post-treatment 

20. 2013 Baka et al. [35] PI, PD, BOP S.m., S.s., L.c.,
L.a.

PCR-real time clinical parameters and the microor-
ganisms showed increases from base-
line to 3 months after bonding 

21. 2013 Ireland 
et al. [36]

– P.g, T.f., E.n., C.r., 
P.m.

PCR orthodontic treatment may cause su-
stained changes in plaque microbiotas

Table 2 (cont.). Analysis of publications with identification of the investigated clinical parameters referring to the condition 
of periodontal tissues, bacterial species, and diagnostic methods in orthodontically treated patients – cont.
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