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Abstract
Introduction. A special role in the occurrence of acute or chronic infections is the microbial biofilms, 

which contain several microbial species and which develop mainly on inert surfaces.
Purpose. The objective of this research is to obtain scientific information on microbial biofilms relevant to 

human health, in order to identify and improve the prophylactic and therapeutic methods of the infections 
caused by them.

Material and method. This research focuses on the study of the microbial plaque attached to the dental 
surfaces, from patients wearing fixed dental appliances. The study was performed on a number of 39 pa-
tients wearing fixed orthodontic appliances.

Results and discussion. Several types of microbial strains have been identified – Burkholderia cepacia, 
Pseudomonas aeruginosa, Serratia liquefaciens, Enterobacter cloacae, Eikenella corodens, Lactobacillus sp., 
Bacteroides sp., Candida albicans etc.

Conclusion. The identification of the microbial strains isolated from the dental plaque revealed a great 
diversity of the aerobic and aerobic facultative anaerobic microbial species, which supports the hypothesis of 
the nonspecific bacterial plaque, involved in the etiology of periodontal diseases.
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IntroductIon

Since ancient times, the human race has been 

the victim of infectious diseases with an out of the 

ordinary aggressivity, these diseases being pro-
duced in most cases by bacterial species that live 
either on or in the human body or in the environ-
ment. In fact, we can say that many of these bac-
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terial species can cause infections of extreme gravi-
ty, especially in patients who already have serious 
health problems (here we discuss, in particular, 
about the immune-compromised patients) (1-5).

However, a particular role in the occurrence of 
this type of acute or chronic infections, but with 
variable severity, are the microbial biofilms, which 
contain several microbial species and which main-
ly develop on inert surfaces (1-5).

PurPose

Basically, through inert surfaces, at this point 
we can discuss both about dead tissues, but also 
medical devices: contact lenses (over time various 
strains of Pseudomonas aeruginosa, gram-nega-
tive cocci etc.), venous catheters (Staphylococcus 
epidermidis etc.), mechanical valves (Staphylococ-
cus epidermidis, S. aureus etc.), endotracheal 
tubes (various bacteria and fungi) etc. (1-5). 

Regarding the devices and the medical instru-
ments used in the current dental practice, we 
should mention the intermediate prosthetic piec-
es such as occlusion rims and complete dentures 
wax try in, classic fixed and mobile prosthetic res-
torations, but also implant supported prosthetic 
restorations. It must also include a multitude of 
devices and tools specific to the specialists in or-
thodontics and dentofacial orthopedics: mobile 
orthodontic appliances, orthodontic rings, brack-
ets or other attachments for soldering, arches, lig-
atures, but also orthodontic instruments from pli-
ers category [loop forming pliers, ring and/or 
bracket removing pliers, ligature archwire cutter 
or distal end cutters, ligature tying pliers (Steiner 
pliers, Coon pliers, Mathieu orthodontic pliers, or-
thodontic Mosquito forceps) and so on (1-5).

But, when we talk about these microbial bio-
films that we find in fixed orthodontic appliances, 
we have to keep in mind that, they are mainly 
found in children and adolescents, but, nowadays, 
we find more and more fixed orthodontic appli-
ances among adults (1-5).

The purpose of this study, even if it is prelimi-
nary one, is to obtain scientific information on mi-
crobial biofilms in patients with fixed dental appli-
ances. In fact, we discuss about the establishment 
of a bacterial strain and fungal from the dental 
microbial plaque, the most important microbial bi-
ofilm in the oral cavity, from patients wearing fixed 
dental appliances (1-5).

MaterIal and Method

Before proceeding to the actual implementa-
tion of the study, some extremely brief clarifica-

tions are required, both on some basics notions, 
but also on the specialized terminology of ortho-
dontics and dentofacial orthopedics.

Thus, the fixed dental appliances is a special 
construction, which is applied to the vestibular or 
oral (lingual) surface of the teeth. This type of or-
thodontic appliance can be physiognomic (made 
of ceramic and sapphire) or non-physiognomic 
(made of metal alloys). The fixed dental appliance 
is an orthodontic device made of brackets, rings 
and archwire (6). It is an assembly of elements 
that are fastened, glued, or clamped on teeth. It 
may contain some additional components, de-
pending on the complexity of the treatment and 
the teeth problems. As a general principle of use, 
the fixed orthodontic appliance consists of a mul-
titude of small brackets that stick to the surface of 
the teeth, being joined by means of archwire. For 
molars, the classic treatment uses cemented met-
al rings, but the doctor can also use attached 
tubes, similar to the brackets, this technique re-
ducing the patient’s discomfort and facilitating ac-
cess to those areas, for the hygienic purposes 
(both for self-cleaning and professional hygiene 
performed by the orthodontic specialist (6).

Basically, the establishment of this base of bac-
terial and fungal strains consists in the collection 
of dental microbial plaque from above and below 
gingival margin, from a group of patients carrying 
fixed dental appliances, who have camed in sever-
al offices with orthodontic and dentofacial ortho-
pedic profiles with a private character from Bucha-
rest, for specialized controls, which in most cases 
included professional scaling and brushing.

We are actually discussing about 39 patients, 
children, adolescents and adults with fixed dental 
appliances, between the ages of 10 and 39, who 
showed up in profile dental offices, where a large 
part of the authors work. The study was conduct-
ed between 15th May and 30th May 2019. The age 
distribution of the patients included in this study 
group was as follows (Fig. 1):

 − Age range 10-20 years: 19 subjects, rep-
resenting 48.72%;

 − Age range 20-30 years: 14 subjects, rep-
resenting 35.90%;

 − Age range 30-39 years: 6 subjects, repre-
senting 15.38%.

Regarding gender distribution of the study 
group, 23 of the subjects were female and the rest 
of 16 subjects were male.

In order to carry out the process of collecting 
dental microbial plaque, the informed consent of 
the patients was obtained if they were adults, or 
of their parents, if they were minors. The entire 



Romanian JouRnal of medical PRactice – Vol. XV, no. 1 (70), 2020

51

study was conducted anonymously. Although each 
patient had the opportunity to withdraw at any 
time during the study, no subject expressed this 
desire. 

Dental microbial plaque harvesting was per-
formed, with common consulting instruments 
used in the current dental practice (dental explor-
er probe, dental tweezers, dental mirror, to which 
Heidemann spatula was added), as well as the 
manual dental scaling instruments (claw type tar-
tar scaler, cisel scalers, sickle scalers, hoe scalers, 
as well as various types of curettes, where was the 
case). Most of these maneuvers for the collection 
of supra- and subgingival plaque were performed 
under local anesthesia by applying lidocaine spray.

This process of collecting microbial dental 
plaque was performed before performing the pro-
cedures of professional scaling and brushing. All 
the collected samples were placed in phosphate 
buffered saline suspensions and transported to 
the microbiology laboratory with which we collab-
orated. We recall that all patients were carriers of 
fixed dental appliances (7-10).

results and dIscussIons

In the first stage, the isolation of the microbial 
strains from the supra- and subgingival dental 
plaque samples took place. Basically, from the ini-

tial sample (suspended in phosphate buffered sa-
line), the primary isolation media were seeded, 
represented by blood agar and YPG medium (Yeast 
Extract–Peptone–Glycerol), were incubated at a 
temperature of 35-37⁰C, for a period of time of  
24-48 hours, to allow the development of
slow-growing germs. From the culture obtained
for 24-48 hours, Gram smears were created to
highlight the morphological types.

Samples collected from the dental microbial 
plaque were then seeded on non-selective en-
riched media (blood agar) and incubated at 37⁰C. 
Culture characteristics and cell morphology were 
determined by analyzing the size, synthesized pig-
ments, shape, colony development mode, as well 
as determining the Gram character, which allowed 
the classification of the isolated strains, according 
to the tinctorial affinity and the morphological 
type. At the same time, depending on the mor-
photinctorial characteristics and the results of rap-
id enzymatic tests for oxidase and catalase, the 
types of API galleries were selected, in order to 
identify with certainty the respective strains.

As already mentioned, the certainty identifica-
tion of the microbial strains is done by establishing 
the biochemical profile using the API (Analytical 
Profile Index) tests. The BioMérieux API tests are 
micro-test systems, used for the biochemical iden-
tification of microbial strains. The microtest galler-
ies were inoculated, incubated and interpreted, 
according to the manufacturer’s instructions. In 
this study, the galleries API Staph, API 20 Strep, API 
20 A, API 20E, API 20NE were used.

API Staph is a standardized system for identify-
ing species belonging to the genera Staphylococ-
cus, Micrococcus and Kocuria. API Staph galleries 
consist of 20 microtubes, containing dehydrated 
substrates. These microtubes are inoculated with 
a bacterial suspension prepared in API Staph me-
dium. During incubation, following the metabo-
lism of the biochemical substrates, color changes 
occur that are either spontaneous or highlighted 
by the subsequent addition of reagents. An incu-
bation box is prepared (tray and lid) and distribute 
approximately 5 ml of distilled, demineralized or 
any water without additives or chemical com-
pounds, which can produce gases (e.g. Cl2, CO2 
etc.) in the wells alveolar of the tray, to create a 
moist atmosphere. With the help of a pipettes or 
PSIpettes fill the microtubes with API Staph medi-
um inoculated only in the tube portion of the mi-
crotubes, not in the wells; anaerobic conditions 
are ensured in the wells of the ADH and URE tests, 
by filling the wells with mineral oil. The bacterial 
suspension used to inoculate the tube with API 

FIGURE 1. Age distribution of subjects involved in the 
study

FIGURE 2. Gender distribution of patients involved in the 
study
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Staph medium is a homogeneous bacterial sus-
pension, with turbidity equivalent to 0.5 McFar-
land standard from a pure culture of a species of 
family Micrococcaceae (membership verified by 
determining morphology, Gram staining, cata-
lase). After the incubation period (18-24 h, at 
360⁰C ± 20⁰C), the gallery is read, and various rea-
gents are added to visualize the reactions, as indi-
cated in the leaflet.

API 20 Strep is a standardized system, which 
combines 20 biochemical tests with high differen-
tiation power, which allow group or species identi-
fication of most Streptococcus and Enterococcus, 
or species of other microorganisms related to 
them. API 20 Strep gallery contains 20 microtubes 
with dehydrated substrates, for highlighting en-
zyme activity or sugar fermentation. Enzyme as-
says are inoculated with a dense bacterial suspen-
sion, with turbidity greater than 4 McFarland. The 
microtubes in the first half of the gallery are filled 
(VP to ADH tests), for the VP to LAP tests, about 
100 µl is distributed in each well, and for the ADH 
test only the tube is filled. In the second half of the 
gallery (RIB tests up to GLYG), transfer the remain-
ing suspension from the API Suspension Medium 
vial is transfered to a vial of API GP Medium and 
distribute this new suspension only in the test 
tubes. For the tests from ADH to GLYG, the tubes 
and wells test are filled with mineral oil, until a 
convex meniscus forms, and the incubation box is 
placed at a temperature of 360⁰C ± 20⁰C under 
aerobic conditions, for a period of time of approx-
imately 4-4½ hours for a first reading and about 24 
hours (± 2 hours) for the second reading, if neces-
sary.

API 20A offers the possibility of easy and rapid 
identification of anaerobic bacteria, with the help 
of 21 biochemical tests. The gallery is seeded with 
a suspension with a turbidity greater than or equal 
to at least 3 McFarland made in API 20A medium; 
for the GEL test both the tube and the well are 
filled, and for the IND test only the tube with API 
20A medium and the well with mineral oil are 
filled to facilitate the accumulation of the volatile 
indole. The incubation box is left for a period of 
approximately 24 hours (± 2 hours) at a tempera-
ture of 360⁰C ± 20⁰C, under anaerobic conditions. 
The reading is done according to the Reading Ta-
ble.

Thus, the identification of the microbial strains 
isolated from the dental plaque revealed a great 
diversity of aerobic and facultative anaerobic mi-
crobial species, represented by: Burkholderia ce-
pacia, Pseudomonas aeruginosa, Serratia liquefa-
ciens, Enterobacter cloacae, Eikenella corodens, 

Lactobacillus sp., Bactobacillida sp. albicans etc. 
Basically, the presence of these microbial strains 
supports the hypothesis of the nonspecific bacte-
rial plaque, involved in the etiology of periodontal 
diseases.

FIGURE 3. Examples of the biochemical tests, obtained 
with the help of microtest galleries type API (Lactobacillus 
sp.)

But, practically it is known that the oral cavity 
offers a unique habitat for many bacterial species, 
being colonized with one of the most diverse mi-
crobiome existing in the unsterile cavities of the 
human body, consisting of approximately 600-800 
bacterial species. So far, the cultivation of 200-300 
species from the human oral cavity has been suc-
cessful and about 400 other phylotypes have been 
detected, using a variety of analytical methods in-
dependent of their cultivation. Of the approxi-
mately 700 possible colonizers, it is estimated that 
between 100 and 200 species are constantly pres-
ent in a healthy individual.

Thus, the isolated and then identified microbial 
strains in our study support the nonspecific bacte-
rial plaque hypothesis, implicated in the etiology 
of periodontal diseases. However, these microbial 
strains are even among the species that initially 
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colonize the dental surfaces, due to the ability to 
adhere directly to the salivary film and represent 
60-90% of the bacteria that colonize the teeth,
even in the first 4 hours after their professional
cleaning.

conclusIons

All the patients involved in the study showed a 
great deal of understanding and patience regard-
ing the collection of dental microbial plaque sam-
ples, even if these maneuvers were sometimes 
painful, although the harvesting was done under 
the action of the anesthetic spray Lidocain.

The creation of this base of microbial strains 
isolated from the supra- and subgingival dental 
microbial plaque from patients wearing fixed den-
tal appliances was achieved due to well-estab-
lished schedules, strictly respected by both pa-
tients and by medical staff. No significant 
difficulties were encountered during the harvest, 
but also during the transport of the samples col-
lected to the microbiology laboratory with which 
we collaborated.

Although a large number of supra- and subgin-
gival dental microbial plaque samples were col-
lected, this aspect allowed us a very rigorous se-
lection of isolated and identified microorganisms. 
Basically, this isolation and identification of micro-
organisms in the dental microbial plaque was in 
full agreement with the information available in 
the specialized literature.

Microbiology studies were conducted with 
very high accuracy and conscientiousness, the re-
sults obtained being in accordance with the stud-
ied profile materials.

Isolated microbial strains support the nonspe-
cific bacterial plaque hypothesis, implicated in the 
etiology of periodontal disease. 

Isolated microbial strains are among the spe-
cies that colonize the dental surfaces, probably 
also the components of fixed dental appliances, 
including brackets.
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