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Abstract: 

This project is made of 150 pages. It contains 31 pictures, 12 tables and 2 supplements. 

195 literature works have been quoted, 7 of them in the Cyrillic alphabet. 

The experimental tests have been made in the Department of Conservative dentistry and 

endodontics at the Faculty of Dental Medicine – Plovdiv, and in the laboratory halls of the 

Chemistry and Microbiology Department at the University of food technologies – Plovdiv, 

also in the main laboratory of electronic microscopic investigations at the Physics and 

Chemistry Institute, The Bulgarian Academy of sciences – Sofia, the laboratories of LB 

Bulgaricum, Sofia and Macrogen Europe Laboratories- Netherlands.  

The thesis was being discussed on a meeting by the Conservative and Endodontics 

Department at the University of Plovdiv on 04.07.2019, where the doctorate works as an 

assistant professor.  

The public presentation of the thesis will be held on 21.11.2019 at ….. o’clock at the 

Auditorium complex of Medical University Plovdiv – 2nd Hall, located on the Vasil Aprilov 

boulevard – 15A. This is submitted in the requirements of getting a Master of science degree 

and other academic degrees at the Medical university of Plovdiv by the following jury: 

Head of the jury: Prof. Dr. Stoyan Vladimirov 

Thesis Committee: 

- Prof. Dr. Elena Dyulgerova – Taneva 

- Associate Prof. Dr. Angela Gusiiska 

- Prof. Dr. Snejanka Topalova – Pirinska 

- Prof. Dr. Snejana Tsanova 

 

Other members: 

- Associate Prof. Dr. Asya Krasteva – Panova 

- Prof. Dr. Neshka Manchorova – Veleva 

 

The works that have been used for this thesis are available at the Science department of 

Medical University – Plovdiv /Vasil Aprilov blvrd 15A/, also on the website of Medical 

University – Plovdiv.  
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ABBREVIATIONS USED: 

 

BisGMA   bisphenol A-glycidyl methacrylate 

TEGDMA  tetraethylene glycol dimethacrylate 

uBisGMA  urethane bisphenol A-glycidyl methacrylate 

MMP  matrix metalloproteinase 

BiaHPPP  bis hydroxypropoxy-phenyl-propane 

MA  methacrylic acid 

gtfB  glucosyltransferase B 

CEM  Scanning electron microscope 

HDT  hard dental tissues 

AM  artificial mouth 

CFU  colony forming units 

DGGE  denaturing gradient gel electrophoresis 

DNA  deoxyribonucleic acid 

RNA  ribonucleic acid 

rRNA  ribosomal ribonucleic acid 

HOIMM  Human Oral Microbial Identification Microarray 

S. muttans  Streptococcus mutans 

HFIPMA  hexa-fluoroso propyl methacrylate 

F-TEGDMA  fluoridated tetraethylene glycol dimethacrylate 

MDPB  methacryloxydodecylpyridinium bromide 

EGCG  epigallocatechin gallate 

BMM  Basal Medium Mucin 

Test_01  Tested group 1 

Control_01  control group 1 

AM  model  artificial mouth model 
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I. Introduction 

In modern restorative dentistry the composite materials are being used for a wide range of 

cases. Their aesthetic properties and high performance make them the most preferred 

restorative materials among dentists in the XXI century. 

Studies show that the average life expectancy of composite obturations in vivo is 6 years. 

In more than 50% of the clinical cases composite restorations need to be replaced with new 

ones due to secondary caries development. This happens because cariogenic bacteria as a 

part of the resident microflora of the mouth – especially Streptococcus mutans (S. mutans), 

destroy the adhesion of the material and infiltrate the margins of the composite fillings. 

Therefore, hard dental tissues are being exposed to the influence of acids which leads to 

enamel demineralization and secondary caries along the borders of the composite material.  

Composite degradation as well as polymerization shrinkage and vulnerability are 

considered a main cause for secondary caries development.  

Degradation of composite polymers is a process with multiple roots that happens in the 

oral cavity under physicochemical, biochemical and biological interaction.  

Many scientists have done research on this matter over the years. Newest studies target 

the wear of restorative materials due to functional stress. However, in the early 90s of the 

last century the main goal of studying has become exploration of the chemical degradation. 

It was proven that salivary esterase break the covalent bonds from the composite matrix. For 

that reason, biodegradation of composites is being discussed more frequently after proving 

the esterase activity of S. mutans. 

All of that has a negative impact on composite restorations. The way that composite 

biodegradation plays a role in secondary caries development is not fully explored because it 

becomes impossible to investigate obturations that have already been made. Thus, there 

should be worked out an experimental model which can bear a resemblance to laboratory 

determined oral living conditions. 
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II. Unsolved problems 

Considering the literature work, the following unsolved problems can be formulated: 

 

1. The effect of biological factors in the oral cavity (saliva and oral biofilm) on composite 

wear is still not fully examined due to the lack of an experimental model which can 

resemble the oral cavity living conditions 

2. Most of the investigations still use plain models of microbial biofilm, although there are 

various types of microorganisms in the oral ecosystem 

3. Using in vitro systems like the “artificial mouth” helps understanding the synergy that 

dental plaque and saliva have between one another and the way they cause 

biodegradation of composites. Potential restriction to this method is making the 

inoculated biofilms standardized and characterized, because of their high complexity. 

4. There is a lack of information in scientific works about the bacterial colonization on 

composite surface in in vivo and in vitro conditions. 

5. The influence of composite monomers and their degradation products on the prime 

streptococcus colonizators remains a subject of discussion 

6. Most of the research is focused on the superficial qualities of the composite materials and 

their effect on bacterial adherence and proliferation. Less investigated are the opposite 

effects of oral microorganisms on restorative materials in denstistry. 
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III. Aim and assignments 

 

Aim 

The aim of this thesis is to survey the influence of oral biofilm on composite surfaces 

morphologically by using experimental and clinical laboratory investigations. 

 

Assignments 

1. Doing a clinical laboratory investigation by quantity and quality on oral biofilm 

accumulation to the composite surface of the material Filtek Z250 – 3M ESPE. 

2. Making an experimental model for investigating the bacterial colonization on composite 

surfaces. 

3. Doing a laboratory DNA analysis of the biofilm which is accumulated on the composite 

sample after 72 hours of incubation at a CDC biofilm reactor.  

4. Doing a comparative (quality) CEM-analysis of composite samples which were 

incubated at in vitro and in vivo conditions. 

5. Examining the biodegradation of the composite samples after 15 days of incubation with 

in vitro made biofilm from oral inoculum. 
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IV. Methods and Materials 

The materials and the methods being used are as follows: 

 

Task 1: 

1. Materials 

Observation objectives: 15 patients selected by criteria for participation 

Criteria for participation: 

- Age of the patients – 18-28 yrs 

- Indications for making an indirect restoration on devitalized masticatory tooth that has 

more than two missing surfaces and a supragingival localization of the defect 

- Medical service agreement signed by the patient 

Criteria for elimination: 

- Systemic diseases with oral manifestation 

- Taking medications and probiotics during the test period 

- Symptomatic xerostomia 

- Periodontal disease 

- Special featured of the occlusion – group functioning 

- Prosthetic appliances in the mouth 

- Parafunctional habits – bruxism and bruxomania 

- Orthodontic treatment 

Samples of observation: 45 composite experimental samples – prototypes (3 for each 

patient) made from the material Filtek Z250 (3M ESPE). 

Variables of observation: quantity and quality changes in the structure of the biofilm that 

was formed on the proximal surfaces of the tested composite prototypes during the periods of 

time in the oral cavity. 

Instruments and technical appliances 

- The composite material  - Filtek Z250, 3M ESPE 

- Dental curing light Elipar Deep Cure L LED, 3M ESPE 

- Lightbox  - Visio Beta Vario Light Curing Init. 3M ESPE 

- Sterile periodontal sickle scalers 

- Diamond burs for tooth preparation 

- The impression material PVS – Zetaflow intro Kit Zhermack 

- Sectional impression trays for taking bite impression 

- Temporary non-eugenol cement RelyX Temp NE, 3M ESPE 

- Double polymerizing composite cement RelyX Unicem, 3M ESPE 
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- Additional materials – sterile dental mirror, explorer and tweezers, dental dam, retraction 

cord, impression disinfection spray – Zeta 7 Solution, Zhermack 

- Scanning electron microscope JEOL – JSM 6390, Jeol USA Inc 

- 2% water solution of glutaraldehyde 

- 0,1 M sodium-acetate buffer with pH 4,62 

- Ethanol solution – 60%, 70%, 96% 

Time and place of observation: the testing has been done during the period from October, 

2016 to June, 2017 at the Faculty of Dental Medicine, MU – Plovdiv and also at the Physics and 

Chemistry Institute, Bulgarian Academy of Sciences. 

Observation authorities: the investigation has been conducted in collaboration between Dr 

Georgiev and a teacher from the Microbiology Department of the University of food 

technologies – Plovdiv and other research associates from the Physics and Chemistry Institute at 

the Bulgarian Academy of Sciences. 

2. Methods  

(a) Experimental protocol 

In order to study the evolution of the dental plaque without destroying its integrity, a series of 

composite probe samples (prototypes) are being used. Those were made according to modified 

direct indirect method. Each patient gets 3 probe samples made out of the tested material and a 

definitive indirect restoration (Fig. 3). The composite samples are being fixed in the tooth 

cavities by using a non-eugenol temporary cement (RelyX Temp NE, 3M ESPE) (fig. 4). 

Before the clinical testing starts, the volunteers are being instructed to do the same oral-

hygiene habits: they get written instructions on how to brush their teeth twice a day without 

using interdental appliances for oral hygiene or plaque inhibition solutions.  

The prototypes are being placed and taken out of the cavities considering the following time 

intervals: 
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Table 1. Timeline for placing and removing the prototypes during the clinical testing 

 Placing 

 

(day) 

Removing 

 

(day) 

Time for staying in 

the oral cavity 

(days) 

Prototype 1 0 3 3 

Prototype 2 3 10 7 

Prototype 3 10 24 14 

Definitive restoration 24 - - 

  

 

The samples are removed from the cavities with the help of a sickle scaler. The tip of the 

scaler is used to put pressure on the vestibular and lingual surface of the restoration.  

Then, in order to fix the formed biofilm, the composite prototypes are dipped into 2.5% 

solution of glutaraldehyde. 24 hours later the samples are being rinsed with 0.1 M sodium-

acetate buffer (pH 4.62) and they should also be dehydrated by using series of ethanol solutions 

growing in concentration. Right before doing the CEM-test the prototypes are covered with gold 

by blasting (Fig. 5). 

The scanned surfaces are divided into 3 segments occluso-gingivally: coronary, middle and 

gingival.  

(b) Clinical protocol 

The clinical method that is used was approved by the Ethical Board of MU Plovdiv No 06/ 

10.11.2016 

First appointment 

1. The patients are being told about the essence of the investigation and sign a medical 

service agreement 

2. Professional dental cleaning is being done 

3. The alignment of forces and the morphology of the occlusal contact points of the segment 

where the treated tooth is placed are being checked (40 microne articulating paper Arti-check 

Bausch). 

4. Dental dam is being used for isolation 

5. A cavity for indirect composite restoration is being prepared considering the following 

parameters (Fig. 1.1, 1.2): 

- Reduction of the proximal walls at a minimum of 1.5mm 

- Rounded line and pointed angles of the cavity 

- Non-admission of undermined walls of the cavity 
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- Reduction of tubercles at a minimum of 2mm 

- Occlusal divergence of the proximal walls 6-8 degrees (Fig. 1.2) 

6. Taking one-step dual phase impressions from both jaws by using polyvinyl siloxane 

impression material Swisstec C-silicone, Coltene _Fig. 1.3). 

7. Placing temporary filling  and making an appointment in 7 days 

8. The patients are given a paper with written instructions on how to do the same oral 

hygiene regimen 

9. Laboratory manufacturing 

The impressions are being sent to the dental technician laboratory. Thereafter, the prototypes 

are made on dental gypsum models following a clinical protocol for direct composite 

construction (modified direct-indirect method). The material is placed by layering and then is 

polymerized in stages using dental curing light Elipar Deep Cure L LED (3M ESPE). The 

definitive restorations need to be additionally light cured in LightBox  - Visio Beta Vario Light 

Curing Unit (Fig. 2). 

  

 

 

 

Figure 1.1, 1.2.  Preparing MOD cavity considering the principles of cavity preparation for 

indirect esthetic restorations of the HDT. 

Figure 1.3.  Taking one-step dual phase impression from the teeth on both jaws by using 

polyvinyl siloxane material.  
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Figure 2.  Laboratory manufacturing of the composite prototypes  

 

 

Figure 3.  Three equalized composite prototypes and a definitive indirect restoration 

for the definitive obturation of the cavity are made for each patient 
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Figure 4. Randomly chosen prototype that is fixed to the cavity preparation by using 

non-eugenol temporary cement RelyX Temp NE. 

 

Second appointment 

1. The operative segment is being isolated  

2. The temporary filing is removed  

3. The cavity preparation is being inspected and evaluated 

4. One of the tested prototypes is chosen randomly and then after doing disinfection and 

drying, it is adjusted and fixed into the cavity by using non-eugenol cement (RelyX Temp 

NE) (Fig.4). 

5. The tested samples are being articulated, finished and polished occlusally 

6. Patients are reminded of the need of keeping the strict oral hygiene regimen that was 

given to them during the first appointment 

7. Planning  the next appointment (in 3 days) 

 

Next appointments  - the clinical protocol during the next appointments follows the same 

steps as in the second appointment: 

1. Third appointment ( day 3 from the beginning of the test): prototype 1 is being removed 

and replaced  temporary with prototype 2. 

2. Fourth appointment ( day 10 from the beginning of the test): prototype 2 is being 

removed and temporary replaced with prototype 3. 

3. Fifth appointment ( day 24 from the beginning of the test): prototype 3 is being removed 

and the definitive restoration is fixed by using  dual polymerizing composite cement 

RelyX Ultimate, 3M ESPE.  
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(c) Reporting the results 

For reporting the results of the investigation there is an original scale for making a valuation 

of oral biofilm accumulation onto composite restorations according to quantity criteria 

(biological units on a unit of area) and morphological criteria ( form and structure organization 

of the biological units). (table 2) By the aim of making the results fair, the electron micrograph 

images are evaluated by three independent experts using the mentioned scale. The examination 

marks for each of the observation objectives are summed up and made average.  

(d) Statistic data processing  

In order to show the results from task 1, a statistic descriptive analysis  of the data is being 

used. 

 

Table 2. A scale for making a valuation of oral biofilm accumulation onto composite 

surfaces according to quantity and morphological criteria (Georgiev, Filipov et al.) 

Index Criteria for reporting the accumulation of oral biofilm 

0 Clean surface/ single microorganisms 

1 Presence of single colonies from staphylo bacteria/ part of the surface is 

still not covered with bacteria 

2 Presence of conglomerates of colonies from staphylo bacteria covering 

completely the investigated surface. Other morphological units are not 

being present (rod shaped bacteria, filamentous bacteria, or treponema 

pallidum) 

3 Presence of conglomerates of colonies  from staphylo bacteria covering 

completely the investigated surface. Other morphological units are 

present (rod-shaped bacteria, filamentous bacteria or treponema pallidum) 

4 Presence of a morphologically various biofilm with well formed 

polyglucose matrix, covering completely the investigated surface 
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Figure 5. Prototypes covered with gold, adjusted to the table of the electron microscope 
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Task 2: 

1. Materials 

A. For the clinical stage  

Observation objectives: 5 donor patients selected by the criteria for participation 

Criteria for participating:  

- Age of the patients – 18-28 years 

- Medical service agreement signed by the patients 

- Absence of acute or chronic disease with oral manifestation 

- Unaltered quantity and quality composition of the saliva 

- Presence of at least 1 composite obturation in upper right distal segment 

- Intact teeth 

Criteria for elimination   

- Prosthetic appliances in the mouth 

- Periodontal diseases 

- Symptomatic xerostomia 

- taking medications and probiotics during the test period 

Units of observation: plaque deposits in the proximal spaces of the examined segment 

Instruments and technical appliances: 

- sterile periodontal curettes Gracey 13/14, Hu Friedy 

- anaerobic transport media Amies 

- sterile test tubes for centrifuge 50ml volume 

- 4% water solution of basic fuchsine 

- Dental polishing cups and polyester polishing brushes with rounded bristles 

- Additional materials – sterile dental mirrors, explorers and tweezers, cotton rolls, sterile 

cotton balls, dental polishing paste 

Time and place of observation: the testing has been done during the period from April to 

June,2017 at the Conservatives and Endodontics Department  at the Faculty of Dental Medicine, 

Mu – Plovdiv. 

 

B. For the laboratory stage  

Observation objectives: 15 standardized composite discs made from the material Filtek 

Z250 (3M ESPE) – Testing samples (3 for each patient) with a diameter of 12mm. 

Units of observation: Biofilm on the surface of the testing samples after 72 hours of 

incubation in biofilm-reactive system “Artificial mouth” 
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Variables of observation: in vitro forming of microbial biofilm onto the surface of the 

composite material Filtek Z250 in phases  

Instruments and technical aplliances:  

- CDC biofilm reactor – model CBR90-1DH-Int. 

- Basal medium  from prosphate buffer (pH=7.5), enriched with pig gastro mucin (Basal 

Medium Mucin- BMM) 

- Ulstrasonic cleaner  Emmi-H22, EMAG Ultrasonic 

- Appliances for growing microbiology culture 

- Optical microscope: Motic BA 210E Elite Compound Microscope 

Time and place of observation: the testing was done in June 2017 at the Microbiology 

department of the University of food technologies – Plovdiv.  

  

2. Methods 

Performing task 2 is being done in 2 stages: clinical and laboratory. They include collecting 

biological material from the participants and the laboratory work with it. The two stages of task 2 

form a consecutive experimental protocol for cultivating biofilms from an oral inoculum in vitro. 

(a) Clinical stage 

The clinical method that is used was approved by the Ethical Board of MU Plovdiv No 06/ 

10.11.2016 

A donor group of 5 patients is selected from the first group of participants included in task 1, 

according to the new criteria for participating (materials from task 2) (fig. 6). 
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Figure 6. Design of the experimental protocol pf task 2 

 

First appointment: 

1. Patients get information about the essence of the experiment 

2. Patients sign a medical service agreement 

3. Taking out oral status of the patients 

4. Collecting quantity of non-stimulated saliva 

5. Doing a professional oral hygiene 

6. Patients end the first appointment by getting written instructions for discontinuing their 

oral hygiene regimen until the next appointment 

      

 Second appointment (in 72 hours): collecting biological material – saliva and dental 

plaque from the donor patients. 

1. Saliva is collected by using a test for non-stimulated saliva with a duration of 5 minutes 

2. Dental plaque is collected from the proximal spaces of teeth next to composite 

restorations by scraping. Sterile periodontal curettes are being used for that reason 

considering that the quantity of the plaque is 2\3 of the area of use of the curette    (Fig. 7) 

3. The collected biological material is placed into sterile test tubes for centrifuge with an 

anaerobic transport media keeping temperature at 4 degrees Celsius.  

4. The patients leave getting instructions for starting their oral-hygiene regimen over               

 

Primary 15 
patients

Excluded from 
the 

experiment: 10

Donor 
patients: 5

Inoculum from 
Patient 1

Tested 
composite 

discs count: 3

Inoculum from 
Patient 2

Tested 
composite 

discs count: 3

Inoculum from 
Patient 3

Tested 
composite 

discs count: 3

Inoculum from 
Patient 4

Tested 
composite 

discs count: 3

Inoculum from 
Patient 5

Tested 
composite 

discs count: 3
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Figure 7.  The quantity of the plaque is 2\3 of the working area of the periodontal curette 

 

(a) Laboratory stages 

Calibrating biofilm reactor model 

Considering the specific nature of the oral inoculums, the parameters of the biofilm reactor 

model have been specially designed in order to resemble the living conditions in the oral cavity. 

Those parameters are mentioned in table 3. Before the experiment starts, the CDC biofilm 

reactor must be made sterile by using 0,3% solution of neomycin for 24 hours and then it is 

rinsed with distilled water for 1 hour.  

Preparing and covering the testing composite discs with the biological material taken 

from the donor patients. 

Following the original method, 15 standardized composite samples are made out of the tested 

material with a diameter of 12 mm. Right before the experiment starts, the samples should be 

disinfected in a ultrasonic cleaner (Fig. 9).  Three probes are then randomly chosen from each 

patient (Figure 10). The samples are put into the bioreactor system and are being covered with 

the saliva taken from the donor patients. Sterile cotton tampons are being used so that a delicate 

saliva pelicula can be formed. The collected probes of dental plaque are then being dispersed 

individually by sonification. The Amies transport medium serves as a disperse media. Thereafter, 

the individual microbe suspensions are cultured into the saliva covered samples. In that way each 

participant donors a set of 3 samples with own biological material (saliva and dental plaque). 

Each one of them is placed at a special nest in the reactor cage.  

. 
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Table 3.  Working parameters of the CDC biofilm reactor for cultivating oral biofilms out of 

plaque inoculums 

Parameter Value 

Time for reaching the set temp 36.6°C  60 min 

Steer speed 120 rpm 

Growing media flow (BMM) 11 ml/min 

Cultivation cycle 72 h 

Working volume 340 ml 

pH level of the reactor 7  

 

Incubating the samples covered with biological material in the CDC biofilm reactor for 

72 hours. 

The reactor cages carrying the samples are put into the reactor and the process of incubation 

starts at a temperature of 37 degrees Celsius, speed of stirring 120rmp, growing media flow 

(BMM): 11ml\min, pH of  the media 7. That was created with the use of phosphate buffer (Fig. 

11,12).  The period of active incubation and simulating the intraoral living conditions lasts 72 

hours. 

Once the process ends, all samples are taken out of the bioreactor. 

 

(b) Reporting the results 

In order to report the results, the tested samples are being divided into groups as it follows 

(Fig. 8,10): 

- 5 samples (each patient gives one) are cultivated in the purpose of microbiology analysis. 

Those are then brought back into the bioreactor for a 15-day passive incubation with the 

absence of new media (another experiment – task 5). In order to determine the number of 

microorganisms, each probe is being cultured on Agar plate LBG and Agar medium L. 

The cultures are used for making histology glass slides that are observed under optical 

microscope Motic BA210E Elite Compound Microscope with 100x zoom. Strains are 

finally selected for genetic identification.  
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- 5 samples (each patient gives one) are being used for CEM analysis (another experiment 

– task4) 

- 5 samples (each patient gives one) are being used for genetic analysis of the formed 

biofilm (another experiment – task 3) 

 

 

Figure 8.  Dividing the tested samples into groups after 72 hours of in vitro incubation of the 

composite samples (discs) containing donor inoculums. 

 

 

Figure 9.  Preparing the composite samples surfaces by using an ultrasonic cleaner. 

 

Patient inoculums 
count: 

(5)

Composite samples for 
MB analysis count:

(5)

Composite samples for 
genetis analysis count:

(5)

Composite samples for 
SEM analysis count:

(5)

After 72h of in vitro 
incubation
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Figure 10.  Fixing the composite samples into the biofilm bioreactor and cultivating for 72 h 

 

 

Figure 11.  Incubating the tested samples for 72 hours at a temperature of 37 degrees Celsius 

and speed of stirring the media: 130rmp 
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Figure 12.  Incubation at anaerobic conditions and growing flow (BMM): 11ml\min, pH of 

the media 7 

 

 

 

Task 3: 

1. Materials 

Observation objectives: 5 standardized composite discs after 72-hours in vitro incubation 

(task 2) 

Samples of observation: Probes taken from the in vitro cultivated biofim 

Variables of observation: The in vitro cultivated bacteria 

Instruments and technical appliances:  

- Test tubes containing agar from a media for biomass production 

- PCR set  - Ready To Go TM PCR beads (AmershamBiosciences) 

- 2% agarose gel 

- Universal primers for 16s rDNA genes 

- Set for DNA purification GFX MicrospinTM 

Time and place for observation:  The testing was done in the time period from August to 

September 2017 in the laboratories “L.B. Bulgaricum”, Sofia and Macrogen Europe, 

Netherlands. 
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Observation authorities: the investigation has been conducted in collaboration between Dr 

Georgiev and a teacher from the Microbiology Department of the University of food 

technologies – Plovdiv and microbiologists from the laboratory of L.B. Bulgaricum, Sofia. 

 

2. Methods 

The genetic analysis is carried out by sequencing the genes for 16S and 26S subunits of the 

rRNA using straight and reverse partial sequence. They were fixed by using the software CLC 

SequnceViewer. The whole sequences of the gene for the 16s rRNA and the 26s rRNA are 

compared to the sequences in the online data GenBank by using the online software BLASTn. 

Thereafter comes determining the types of the bacteria from the in vitro formed biofilms.  

 

(a) Total DNA extraction  

The DNA is extracted following the method of Delley and team, 1990. The selected strains 

are cultured in test tubes containing agar from the biomass production media. DNA is isolated 

from each strain by using chelating agent (Chelex 100, Bio Rad), lysis buffer and Proteinase K. 

The probes are put into thermo block at a temperature of 56 degrees Celsius for 12 hours. 

Thereafter, the formed shroud must be removed and the DNA from each probe is being checked 

for the presence of impurities.  

(b) PCR reactions and visualizing  

All PCR reactions are carried out using the PCR kit – Ready To Go PCR beads 

(AmershnamBiosciences), in a 25μl volume in Progenecycler (Techne, UK). The formed 

products are visualized with 2% agar gel, colored with solution of ethidium bromide (0,5 μg\ml), 

on UVP DocumentationSystem (U.K.). 

(c) 16s rDNA amplification and restriction analysis of the amplified segment of the gene 

for 16s rDNA (ARDRA) 

DNA from the tested probes of bacteria is amplified by using universal primers for the 16s 

rDNA gene. The PCR product formed due to the amplification of the 16s rDNA is being treated 

with endonucleases. Afterwards comes incubation for 12 hours at a temperature of 37 degrees 

Celsius. The so formed restricted products can be visualized using 2% agarose gel.  

(d) Purifying the PCR products  - 16s rDNA  - from TAE-agarose gel 

The 16s rDNA is purified by using kit for DNA purification (GFX MicrospinTM) following 

the manufacturer instructions. 

(e) Sequencing the genes for the 16s rRNA and 26s rRNA  

Sequencing the 16s rRNA gene is being done according to the method of Sanger. The straight 

and reverse partial sequences formed during the sequencing of the 16s rRNA and 26s rRNA 
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genes are joined via the software CLC SequenceViewer. The whole sequences of the gene for 

the 16s rRNA and the 26s rRNA are compared to the sequences in the online data GenBank by 

using the online software BLASTn. Thereafter comes determining the types of the bacteria from 

the in vitro and in vivo formed biofilms.  

 

Task 4 

 

1. Materials 

Observation objectives:  

- 5 standardized composite discs after 72-hours in vitro incubation (task 2) 

- 5 indirect composite prototypes (each donor patient gives one) stayed in the oral cavity 

for 72 hours (task1) 

Samples of observation:  bacteria colonies from the biofilm which was cultivated in vitro 

and in vivo 

Variables of observation: the morphological signs of the biofilms which were cultivated in 

vitro and in vivo 

Instuments and technical aplliances: electron scanning microscope JEOL – JSM 6390, Jeol 

USA Inc. 

Time and place of observation: The testing was done in the time period from August to 

October 2017 at the Physics and Chemistry Institute of the Bulgarian Academy of Sciences. 

Observation authorities: the investigation has been conducted in collaboration between Dr 

Georgiev and a teacher from the Microbiology Department of the University of Food 

Technologies – Plovdiv and and other research associates from the Physics and Chemistry 

Institute at the Bulgarian Academy of Sciences. 

 

2. Methods 

The observation objectives are divided into 2 groups: 

Tested group: 5 testing composite samples after 72 hours of incubation at the bioreactor (task 

2) 

Control group: 5 composite prototypes that stayed in the oral cavity for 72 hours (task 1) 

(Fig. 13). 



26 
 

 

Figure 13.  Design of the experimental protocol for doing a CEM-analysis of biofilms 

cultivated in vitro and in vivo 

 

(a) Comparative SEM analysis. By using a morphological and quantity criteria it comes 

possible to find resemblance and differences in the structure of the biofilm covering the 

surfaces of all of the samples after 72 hours of in vitro or in vivo incubation. 

The samples used in the SEM analysis are specifically treated in order to keep their 

integrity as much as possible: 

1. The probes are being fixed by using 2,5% solution of glutaraldehyde 

2. 24 hours later the prototypes are rinsed with 0,1M sodium-acetate buffer, pH=4,67 

3. The composite samples are covered with carbon foil 

4. The prototypes are dipped into 2%  hydrophilic ionic water solution – Hitachi IL  - 1000 

(HILEM 1000) for 10 min at a room temperature 

5. The prototypes are placed on filter paper so that it can absorb the excess  solution for 5 

min 

6. Microscopy 

 

(b) Reporting the results 

For reporting the results of the investigation there is an original scale for making a valuation 

of oral biofilm accumulation onto composite surfaces according to quantity criteria and 

morphological criteria.  

Primary patients count:

15

Donor patients for plaque inoculum count: 

(5)

Test group: 

5 identical resin composite samples after 72 h 
of in vitro incubation 

Control group:

5 indirect composite prototypes after 72 h in 
vivo incubation in the oral environment 

After phase I of the experiment 10 subjects 
are excluded 
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The surfaces of the oral prototypes and samples are observed so that it can be possible to 

make a comparison between their qualities and quantity. The results are recorded into a table 

using individual digit value.  

 

By the aim of making the results fair, the electron micrograph images are evaluated by three 

independent experts using the mentioned scale. The examination marks for each of the 

observation objectives are summed up and made average.  

 

 

Task 5: 

1.  Materials 

Observation objectives: 6 standardized composite discs made from the material (Filtek 

Z250) 

Samples of observation: the surfaces of the composite samples after removing the biofilm 

Variables of observation: microchanges on the surface of the composite material Filtek 

Z250 

Instruments and technical appliances:  

- Scanning electron microscope JEOL – JSM 6390, Jeol USA Inc. 

- CDC biofilm reactor – model CBR90-1DH-Int. 

- Basal medium from a phosphate buffer (pH=7,5), enriched with pig gastromucin (Basal 

Medium Mucin – BMM) 

- Ultrasonic cleaner Emm-H22, EMAG Ultrasonic 

- Appliances for microbiology cultivation 

Time and place of observation: the testing was done in the time period from ugust to 

October 2017 at the Physics and Chemistry Institute of the Bulgarian Academy of Sciences and 

the Microbiology Department of the University of food technologies – Plovdiv 

Observation authorities: the investigation has been conducted in collaboration between Dr 

Georgiev and a teacher from the Microbiology Department of the University of Food 

Technologies – Plovdiv and and other research associates from the Physics and Chemistry 

Institute at the Bulgarian Academy of Sciences. 
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2. Methods 

The observation objectives are divided into 2 groups: 

Test group: 5 testing composite samples after 15 days of incubation at the bioreactor (task 2) 

Control group: 1 sample without growing biological material that stays at sterile conditions 

for 15 days. 

All of the procedures including the calibration of the bioreactor, the preparation of the 

samples and their inoculation with the biological material collected from the donor patients, are 

fully described at task 2.  

The process of incubation is divided into two cycles: active and passive. The active cycle is 

held under aerobic conditions with the incorporation of new media and keeping the main 

cultivation parameters stable (pH, temperature, concentration). It lasts 72 hours. The passive 

cycle lasts 12 days under aerobic conditions, however with the absence of new media and 

eliminating the products of metabolism at a constant temperature of incubation.  

(a) Active cycle of incubation media conditions: 

1. Temperature of 37 degrees Celsius  

2. Speed of stirring the media: 120rpm 

3. Growing media flow (BMM): 11ml\min 

4. pH 7 (Fig. 13, 14) 

(b) Passive cycle of incubation media conditions: 

1. Temperature of 37 degrees Celsius  

2. Speed of stirring the media: 120rpm 

3. Absence of new media and eliminating the products of metabolism 

After 15 days of general incubation (active and passive) all of the tested samples are taken pot 

of the bioreactor and and the biofilm that is formed on the tested surfaces is removed using an 

ultrasonic cleaner at 40,000Hz for 15minutes. Detergents are not being used. Thereafter, the 

samples are prepared for CEM analysis by dehydrating them with ethanol solutions growing in 

concentration. Right before the CEM analysis all of the samples (tested and controlling) are 

covered with gold. The probes are then observed under scanning electron microscope at 20kV 

accelerating voltage and magnification of 250X and 500X.  

(c) Reporting the results: 

Comparable morphological analysis on scanning electron micrography.  
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V. Results and discussion. 

 

Task 1: 

1. Results 

By using the SEM testing it comes possible to determine the bacteria colonization on the 

proximal surfaces of the composite prototypes when they stay in the oral cavity for different 

periods of time. 

The SEM analysis targets the morphological characteristics of the accumulated biofilm. 

(a)Findings observed on day 3: 

The scanning electron micrographics show biofilms that are being dominated by cocci 

bacteria. Among 10 of the prototypes are found highly differentiated microbes with well formed 

micro colonies in the middle of intercellular matrix (Fig. 15.1, 15.2). On those same prototypes 

under high magnification (2000X and 5000X) rid shaped bacteria and filamentous bacteria are 

visualized at a modest heterogeneous biofilm (Fig. 15.3, 15.4) On the proximal surfaces of 3 of 

the prototypes are found single consortium microcolonies (Fig. 14.1, 14.2). For that period of 

time growing bacteria cannot be found on two of the tested samples (Fig. 14.3, 14.4). 

(b) Findings observed on day 7: 

With prototypes that show a minimal or absent bacteria growth for 3 days, the accumulatin of  

biofilm is elongated in time. On day 7 can be observed biofilm structures mainly containing 

cocci bacteria (Fig. 16.3). Magnification of 5000X shows compact microcolonies amongst 

intercellular matrix (Fig. 16.4). The other samples accumulate plaque much faster. After 7 days 

those probes contain complex biofilm made out of filamentous bacteria that penetrates into the 

cocci structures (Fig. 16.1). Compact colonies cannot be found. The observed biofilm is 

considered more mature (more complex) next to the gingival margin of the samples (Fig. 16.2). 

(c) Findings observed on day 14:  

During that period of observation the prototypes that show slow model of plaque 

accumulation keep forming a thin biofilm containing mainly cocci bacteria. The other prototypes 

show significantly different finding compared to that found on day 3. The complex of 

filamentous and cocci bacteria becomes predominated by filamentous bacteria (Fig. 17.1, 17.2, 

17.3). At magnification of 500X staphylo bacteria (corn-cob) can be seen on the biofilm surface 

(Fig. 17.4). That finding is a sign for biofilm maturation.  

The collected data is summarized at a table in the aim of the descriptive analysis by reporting 

the results: 
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Table 4.  Distribution of the number of morphological findings taken from the probes during 

different time intervals 

 

Timeline 

 

Morphological finding 

Complex, 

highly 

organized 

biofilm 

Non 

heterogenous 

biofilm, with 

simple structure 

Single consortia 

from coccal 

microorganisms 

No biofilm 

Day 3 0 

prototypes 

10  

prototypes 

3 

prototypes 

2 

prototypes 

Day 7 10 

prototypes 

3 

prototypes 

2 

prototypes 

0  

prototypes 

Day 14 13 

prototypes 

2 

prototypes 

0 

prototypes 

0 

prototypes 

 

In 86.6% of the tested prototypes (13 samples from 13 parients) can be established an 

exponent dynamic in the biofilm development that correlates with the time interval. Those 

probes become completely mature for 14 days. 13.3% of the tested samples (2 samples from 2 

patients) show a different type of development. The CEM analysis of these prototypes reveals a 

slow development and not reaching full maturation for 14 days.  
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For a better description and comparison are presented the following scanograms at a 

different magnification: 

 

Figure 14. Scanning electron micrographics showing the proximal surface of  composite 

samples after 3-day in vivo incubation 

14.1(X40), 14.2(X500) Single consortions of microcolonies found in the proximal surfaces of 3 

of the prototypes 

14.3(X17), 14.4(X190) For that period growing bacteria cannot be found on two of the tested 

samples. 

 

 

Figure 15. Scanning electron micrographics showing the proximal surface of  composite 

samples after 3-day in vivo incubation 

15.1(X30), 15.2(X1000) Among 10 of the prototypes are found highly differentiated microbes 

with well formed micro colonies in the middle of intercellular matrix 

         15.3(X2000), 15.4(X5000)   On those same prototypes under high magnification (2000X 

and 5000X) rid shaped bacteria and filamentous bacteria are visualized at a modest 

heterogeneous biofilm  
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Figure 16.1(X200) The canning micrographics show faster model of plaque accumulation with 

10 of the prototypes. There is a complex biofilm made from filamentous bacteria that penetrates 

into the cocci structures. Compact colonies cannot be found. 

16.2(1000) The observed biofilm is considered more mature (more complex) next to the gingival 

margin of the samples 

16.3(X1000) With prototypes that show a minimal or absent bacteria growth for 3 days, the 

accumulatin of  biofilm is elongated in time. On day 7 can be observed biofilm structures mainly 

containing cocci bacteria 

16.4(X5000) Magnification of 5000X shows compact microcolonies amongst intercellular matrix 

with 3 of the prototypes 

 

Figure 17.1(X500), 17.2(X500), 17.3(X1000) Scanning electron micrographics showing the 

proximal surface of  composite samples after 14 days of staying in the oral cavity 

17.4(X550) At magnification of 500X staphylo bacteria (corncob) can be seen on the biofilm 

surface. 

.  
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2.  Conclusion: 

2.1. The intraoral samples (prototypes) are able to create biofilm living conditions in vivo 

2.2 The biofilm accumulation on the proximal surfaces of the composite restorations follows 

the main principles of plaque formation in the oral cavity 

 

Task 2: 

1. Results 

(a) Determining the full number of microorganisms 

The results made from the bacteria cultures are shown in tables 5 and 6: 

  

Table 5. Culture on media L 

 

Culture 

media, 

cfu/cm3 

Patient 1, 

cfu/cm3 

Patient 2, 

cfu/cm3 

Patient 3, 

cfu/cm3 

Patient 4, 

cfu/cm3 

Patient 5, 

cfu/cm3 

Media only 0 - - - - - 

0 h 4,5.106 - - - - - 

24 h 3.109 1,5.108 1,4.109 4.108 3.107 5.108 

36 h 3,3.1011 - - - - - 

48 h 1,6.1011 6,8.1011 7,6.1011 3,6.1011 1,6.1011 8,5.109 

96 h 4.1012 6.1011 5.1012 1.1012 1,5.1012 4,4.1011 

 

Table 8. Culture on media LBG 

 

Culture 

media, 

cfu/cm3 

Patient 1, 

cfu/cm3 

Patient 2, 

cfu/cm3 

Patient 3, 

cfu/cm3 

Patient 4, 

cfu/cm3 

Patient 5, 

cfu/cm3 

Media only 0 - - - - - 

0 h 5,5.106 - - - - - 

24 h 2,7.109 8.107 2,6.108 4.108 6.108 1,3.108 

36 h 4.1011 - - - - - 

48 h 3,7.1011 7,6.1010 2,2.1011 6,4.1011 2,8.1011 2.108 

96 h 4.1012 2.1010 3.1011 3.1011 1,6.1011 3,3.1010 
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(b) Morphological assessment of the formed colonies 

Table 7 and table 8 sum up the phenotype markers of the selected strains: 

Table 7. Morphological findings from culture media 

hour Basal medium Morphological characteristics 

0 LBG 

 

 

 

L 

- Neisseria resembling 

- Differently looking yeast 

- Pichia 

- S. mutans resembling 

- S. mutans resembling 

- Staphylococcus resembling 

- Differently looking yeast 

24 LBG - Cocci resembling staphylococcus 

- Cocci grouped into chains - streptococcus spp 

- Rod shaped bacteria resembling lactobacillus 

24 L - Cocci resembling staphylococcus 

- Cocci grouped into chains - streptococcus spp 

- Rod shaped bacteria resembling lactobacillus 

36 LBG - Cocci resembling staphylococcus 

- Cocci grouped into chains - streptococcus spp 

36 L - Cocci resembling staphylococcus 

- Other rod-shaped bacteria resembling staphylococcus 

48 LBG - S. mutans 

- Short rod-shaped bacteria resembling lactobacillus 

- Cocci resembling staphylococcus 

- Delicate short rod-shaped bacteria resembling lactobacillus 
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48 L - Cocci resembling streptococcus  

- Cocci resembling staphylococcus 

- Different in length Rod-shaped bacteria resembling lactobacillus 

96 LBG - Cocci resembling streptococcus  

- Elypse formed yeast 

- Cocci resembling staphylococcus 

- Other rod shaped bacteria resembling lactobacillus 

 

96 L - Cocci resembling streptococcus 

- Other rod shaped bacteria resembling lactobacillus 

- Long rod shaped bacteria  resembling lactobacillus 

- Cooci 

- Elypse formed yeast 

- Cocci resembling staphylococcus 

 

 

Table 8. Morphological finding from the donor patients’ probes: 

Patient Basal medium Morphological characteristics 

Patient 1 LBG 

 

 

 

 

 

L 

- Long rod shaped bacteria 

- Elongated yeast 

- Rod shaped bacteria resembling staphylococcus and 

streptococcus 

 

- Rod shaped bacteria resembling staphylococcus and 

streptococcus 

- Long rod shaped bacteria resembling lactobacillus 

- Big cocci different from the previous ones 
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Patient 2 LBG 

 

 

 

L 

- Rod shaped bacteria resembling staphylococcus and 

streptococcus 

 

- Cocci resembling staphylococcus 

- Different in length rod shaped bacteria resembling 

lactobacillus 

Patient 3 LBG 

 

 

 

 

 

 

L 

- Well shaped short rod shaped bacteria 

- Neisseria resembling 

- Cocci resembling streptococcus 

- Cocci resembling staphylococcus 

- Delicate short rod shaped bacteria 

- Elypse formed yeast 

 

- Cocci resembling streptococcus 

- Cocci resembling staphylococcus 

- Elypse and cubed shaped yeast 

- Long rod shaped bacteria 

Patient 4 LBG  

 

 

 

 

 

 

L 

- Short rod shaped bacteria 

- Cocci resembling streptococcus 

- Cocci resembling staphylococcus 

- Neisseria resembling 

- Short rod shaped bacteria resembling lactobacillus brevis 

 

- Cocci resembling streptococcus 

- Different in length rod shaped bacteria 

Patient 5 LBG 

 

 

 

 

L 

- Cocci resembling streptococcus 

- Cocci resembling staphylococcus 

- Short rod shaped bacteria 

- Cocci resembling lactobacillus 

 

- Different in length rod shaped bacteria 

- Cocci resembling streptococcus 
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- Cocci resembling staphylococcus 

- Elypse shaped yeast 

 

c) Definitive strain selection for genetic identification 

In order to make the identification 11 strains from the culture media and 9 strains from the 

patients’ cultures are being chosen. This should be done after the morphological analysis. The 

strains are taken from the probes in different time intervals and are then given a working index.  

 

1. From culture media 

- 0 hrs, LBG medium, Neisseria - index 1 

- 48 hrs, LBG medium, Neisseria - index 2 

- 24hrs, LBG medium, staphylococcus - index 3 

- 24hrs, LBG medium, streptococcus - index 4 

- 24hrs, LBG medium, streptococcus - index 4 

- 0hrs, LBG Medium, yeast - index Y2 

- 0hrs, LBG Medium, yeast - index Y3 

- 0hrs, LBG Medium, yeast - index Y4 

- 24hrs,  L media, Streptococcus - index L1 

- 24hrs,  L media, Streptococcus - index L3 

- 48hrs, L media, short rod-shaped bacteria  - index 5B 

 

 

2. From patients: 

- Patient 1, 48hrs, L media, long rod-shaped bacteria - index 5L 

- Patient 1, 96hrs, L media, big cocci Streptococcus - index 6 

- Patient 2, 48hrs, L media, short rod shaped bacteria - index 7 

- Patient 3, 48hrs, LBG medium, short rod-shaped bacteria - index 8 

- Patient 4, 48hrs, LBG medium, short rod-shaped bacteria, resembling L. brevis - index 9 

- Patient 4, 48hrs, L media, short rod-shaped bacteria - index 10 

- Patient 5, 96hrs, LBG medium, short rod-shaped bacteria - index 11 

- Patient 5, 96hrs, L media, short rod-shaped bacteria - index 12 

- Patient 1, 48hrs, L media, long rod-shaped bacteria - index 5 
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2. Conclusion. 

2.1. The probes taken from the patients show gradually increasing microbial count that 

correlates with the time of incubation 

2.2. The bacterial biofilm formed by the oral inoculum,develops simultaneously with the 

plaque maturation cycle at the oral ecosystem 

2.3. The bioreactor used in task 2, creates conditions for growing colonies from biological 

material (saliva and dental plaque). 

2.4. The bioreactor recreates effectively the oral bacteria living conditions  

2.5 The bioreactor used in task 2, is a contemporary tool that controls cultivation. It has the 

potential of executing various methods for creating bacteria living conditions.  

 

 

Task 3: 

1. Results 

After preparing the probes using the mentioned method, the following 18 strains were 

selected (table 9): 

 

Table 9. Results after sequencing the biofilm DNA probes, incubated in vitro 

 

Description Working name of 

the selected strain 

Strain, % of coincidence 

0hrs, LBG medium, Neisseria 1 Micrococcus yunnanensis, 97 

48hrs, LBG medium, Neisseria 2 Streptococcus anginosus, 96 

24hrs, LBG medium, 

staphylococcus 

3 Staphylococcus aureus, 97 

24hrs, LBG medium, streptococcus 4 Staphylococcus aureus, 95 

Patient 1, 48hrs, L media, long rod-

shaped bacteria 

5 L Nordella oligomobilis, 96 

Patient 1, 96hrs, L media, big cocci 

Streptococcus 

6 L. salivarius, 91 

Patient 2, 48hrs, L media, short 

rod-shaped bacteria 

7 Lactobacillus reuteri, 84 

Patient 3, 48hrs, LBG medium, 

short rod-shaped bacteria 

8 Streptococcus anginosus, 99 
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Patient 4, 48hrs, LBG medium, 

short rod-shaped bacteria rsembling 

Lactobacillus brevis 

9 Lactobacillus fermentum, 96 

Patient 5, 96hrs, L media, short 

rod-shaped bacteria 

12 Sphingomonas sanguinis, 96 

Patient 1, 48hrs, L media, long rod-

shaped bacteria 

5 Staphylococcus aureus, 95 

Patient 4, 48hrs, L media, short 

rod-shaped bacteria 

10 Lactobacillus reuteri, 91 

24hrs, L media, Streptococcus L1 Nordella oligomobilis, 100 

24hrs, L media, Streptococcus L3 Ralstonia pickettii, 97 

 48hrs, L media, short rod-shaped 

bacteria 

5 B Str. coustellatus, 93 

 

The media from the selected strains shows the dynamic development of biofilm at the time 

interval 0-24-48 hours. The bacteria genes identification confirms the biofilm maturation in the 

next time intervals. The bacteria that is present until the 48th hour determines not only the stage 

of maturation, but also the collaboration between the colonies and their possible connection with 

the substrate.  

 

2. Conclusion  

The various types of bacteria found in the in vitro formed biofilm proves that it resembles the 

natural process of maturation out of the mouth living conditions.  

 

Task 4: 

1. Results  

 

The significant morphological findings from the tested prototypes are summed up using digit 

value according to the scale for making a valuation of oral biofilm accumulation onto composite 

surfaces. 

The ultrastructure microscope findings from the probes of each patient are being explained 

considering comparison reasons: 
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(a) Patient 1 

1. In vitro sample (Test_01) 

The scanning electron microscope shows morphologically rich biofilm with well-formed 

polysugar matrix, covering entirely the tested surface - digit value according to the scale - 4 (Fig. 

18.1) 

 

2. In vivo sample (Control_01) 

The scanning electron microscope shows morphologically rich biofilm with well-formed 

polysugar matrix, covering entirely the tested surface - digit value according to the scale - 4 (Fig. 

18.2) 

 

 

Figure 18.1.(X1000) Scanning electron micrography of Test_01. Digit value according to the 

scale - 4 

18.2.(X1000)  Scanning electron micrography of Control_01. Digit value according to the 

scale - 4 
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(b)   Patient 2 

1. In vitro sample(Test_02)      

The scanning electron microscope shows morphologically rich biofilm with well-formed 

polysugar matrix, covering entirely the tested surface - digit value according to the scale - 4 (Fig. 

19.1). 

 

2. In vivo sample (Control_02) 

Shows the presence of conglomerates of colonies formed from staphylo bacteria covering 

entirely the tested surface. Morphological units from other types are being visualized (rod-

shaped bacteria, filamentous bacteria or treponema pallidum). Digit value according to the scale 

- 3 (Fig. 19.2). 

 

 

Figure 19.1.(X1000)  Scanning electron micrography of Test_02. Digit value according to 

the scale - 4 

19.2.(X1000)  Scanning electron micrography of Contrfol_02. Digit value according to the 

scale - 3. 

 

(c) Patient 3 

1. In vitro sample (Test_03) 

The scanning electron microscope shows morphologically rich biofilm with well-formed 

polysugar matrix, covering entirely the tested surface - digit value according to the scale - 4 (Fig. 

20.1) 

2. In vivo sample (control_03) 

Shows the presence of conglomerates of colonies formed from staphylo bacteria covering 

entirely the tested surface. Morphological units from other types are being visualized (rod-

shaped bacteria, filamentous bacteria or treponema pallidum). Digit value according to the scale 

- 3 (Fig. 20.2). 
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Figure 20.1.(X1000) Scanning electron micrography of Test_03. Digit value according to the 

scale - 4. 

20.2. (X1000) Scanning electron micrography of Contrfol_03. Digit value according to the 

scale - 3. 

 (d) Patient 4 

1. In vitro sample (Test_04) 

 The scanning electron microscope shows  the presence of conglomerates of colonies formed 

from staphylo bacteria covering entirely the tested surface. Morphological units from other types 

are not being visualized (rod-shaped bacteria, filamentous bacteria or treponema pallidum). Digit 

value according to the scale - 2 (Fig. 21.1) 

2. In vivo sample (Control_04) 

Shows the presence of conglomerates of colonies formed from staphylo bacteria covering 

entirely the tested surface. Morphological units from other types are being visualized (rod-

shaped bacteria, filamentous bacteria or treponema pallidum). Digit value according to the scale 

- 3 (Fig. 21.2).    

 

Figure 21.1.(X1000) Scanning electron micrography of Test_04. Digit value according to the 

scale - 2. 

21.2.(X1000) Scanning electron micrography of Contrfol_04. Digit value according to the 

scale - 3. 
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 (e) Patient 5 

1. In vitro sample (Test_05) 

Shows the presence of conglomerates of colonies formed from staphylo bacteria covering 

entirely the tested surface. Morphological units from other types are being visualized (rod-

shaped bacteria, filamentous bacteria or treponema pallidum). Digit value according to the scale 

- 3 (Fig. 22.1). 

2. In vivo sample (Control_05) 

Shows the presence of single colonies formed from staphylo bacteria. The surface of the 

material is partially uncovered.  Digit value according to the scale - 1 (Fig. 22.2). 

 

 

Figure 22.1.(X1000) Scanning electron micrography of Test_05. Digit value according to the 

scale - 3. 

22.2.(X1000) Scanning electron micrography of Control_05. Digit value according to the 

scale - 1. 

 

The data from the morphological analysis of all probes is summarised in Table 10: 

 
Test 

01 

Test 

02 

Test 

03 

Test 

04 

Test 

05 

Общо 

Test group – 

scale values 

4 4 4 2 3 17 

Control group -  

scale values 

4 3 3 3 1 14 

 
Control 

01 

Control 

02 

Control 

03 

Control 

04 

Control 

05 
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The scale shown is a scientific piece of work making the data from the morphological 

analysis objectively evaluated. Comparing the summarised data allows doing a statistic analysis.  

Investigating a possible  important difference in the value numbers from both groups (tested 

and controlling) compares the results fairly. By the means of this experiment non-grouped T-

testing was done. It was also filled out by the Mann-Whitney test. The combination of these tests 

shows similarities in the changes of two independent extracts. The data from the tests are 

illustrated by figures 23 and 24.  

 

 

Figure 23. Results from the statistic analysis of the data taken from the morphological 

comparison of the biofilms incubated in vitro and in vivo. Non-grouped T-test. 

 

Figure 24. Results from the statistic analysis of the data taken from the morphological 

comparison of the biofilms incubated in vitro and in vivo. Additional Mann-Whitney test for 

Investigating a possible important difference in the value numbers. 

 

The statistic analysis does not prove important difference in the value numbers from both 

groups (tested and controlling).  

It can be concluded that the in vitro formed biofilms are not being significantly different from 

those formed naturally in the oral cavity.  
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2. Conclusion 

2.1 The evaluation scale compares the biofilms maturation fairly 

2.2 The oral inoculums are base fro growing oral biofilm in vitro 

2.3 The in vitro and in vivo formed biofilms are similar in their ultrastructure which is shown 

with help of CEM 

 

Task 5: 

1. Results 

The ultrastructure microscope findings from the tested composite samples are being talked 

over in terms of comparison. For all the scannograms magnification of (X500) was used.  

 

(a) Sample 1 

After removing the biofilm from the sample surface , there is an area that shows higher 

porosity than the controlling sample. 

 

Figure 25. Scanning electron micrography of sample 1(1) and the control sample (2) 

 

(b) Sample 2 

After removing the biofilm from the sample surface , there are several areas that show higher 

porosity than the controlling sample. 

 

Figure 26. Scanning electron micrography of sample 2(1) and the control sample (2) 
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(c) Sample 3 

After removing the biofilm from the sample surface , there cannot be found areas that show 

higher porosity than the controlling sample. 

 

Figure 27. Scanning electron micrography of sample 3(1) and the control sample (2). 

 

(d) Sample 4  

After removing the biofilm from the sample surface , there are areas that show higher porosity 

than the controlling sample. 

 

Figure 28. Scanning electron micrography of sample 4(1) and the controlling sample (2). 
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(e) Sample 5 

After removing the biofilm from the sample surface , there are areas that show higher porosity 

than the controlling sample. 

 

Figure 29. Scanning electron micrography of sample 5(1) and the control sample (2). 

 

2. Conclusion 

The biofilm metabolic activity is a cause of micro-superficial changes to  the contact 

composite surface after 15-day incubation of the tested material. 
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VI. General conclusions 

 

1. The intraoral samples (prototypes) can create in vivo living conditions for growing 

biofilm that are very similar to the natural ones 

2. The biofilm accumulation on the proximal surfaces of the composite restorations follows 

the main process of plaque adhering in the oral cavity 

3. All of the patients’ probes show gradually rising microbial number, correlating with the 

incubation time 

4. The development of the biofilm that is formed from oral inoculum matches the plaque 

maturation cycle in the oral ecosystem 

5. The bioreactor used in task 2 creates stable conditions for growing colonies out of 

biological material (saliva and dental plaque) 

6. By using the bioreactor, it comes possible to successfully simulate the oral bacteria living 

condition 

7. The scale allows comparison of the biofilm maturation 

8. The oral inoculums are base for growing biofilm in vitro 

9. The in vitro and in vivo created biofilms are similar in their ultrastructures, seen on SEM 

10. The metabolic activity of the oral biofilms causes micro superficial changes to the contact 

composite surface after 15-day in vitro incubation of the tested material 
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VII. Contribution  

 

Original contribution. 

1. Original method for determining  plaque adhering to the proximal composite 

restorations in real conditions was created  

2. Original scale for electron-microscope evaluation of the biofilm maturation was created 

3. For the first time bioreactor was used to investigate the interaction between 

microorganisms and composite materials 

4. There is a protocol for cultivating biofilm from donor inoculum similar to the natural 

one 

 

 

Confirming contribution 

1. The hypothesis that the biofilm accumulation is higher in quantity and quality next to 

the gingival base of the composite restorations was confirmed  

2. A method for in vitro incubation of composite samples using donor inoculums and 

biofilm bioreactor was approved 

3. The genetic identification of the bacteria biofilm confirms the recreation of the model 

type “Artificial mouth” 
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