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ABBREVIATIONS USED 

BE- Bacterial endocarditis 

AHA- American Heart Association 

CHX- Chlorhexidine 

ADS anti-discoloration system 

NICE - National Institute of Health and Clinical Achievement 

BSAC - British Society for Antimicrobial Chemotherapy 

PVI - Povidone - iodine 

MODS - Multiple organ dysfunction syndrome 

CLABSI - Infected blood circulation 

SIRS - systemic syndrome of inflammatory reactions 

CCD detector (Charge Coupled Device) - A device connected to a charge 

CIE - Commission International d'Eclairage, International Commission on Illumination 

D65 - Daylight with color temperature 6500K 

LED- Light Emitting Diode 

PEB - Post-extraction bacteremia 

UK - Oral cavity 

CVD - Cardiovascular diseases 

PI-Weeping index 

GI-Gingival index 

SFR- change in saliva flow 
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I. INTRODUCTION 

Chlorhexidine is a broad-spectrum bisbiguanide antiseptic that was first 

proposed for clinical use in medicine in 1953 in the form of an antiseptic cream. In 

clinical medicine, chlorhexidine is most often used in the form of a water-soluble salt 

- chlorhexidine digluconate. After many years of use in dental practice, chlorhexidine 

is recognized as the gold standard against which the effectiveness of other agents 

against plaque formation and the development of periodontal inflammation is 

measured. Today, it has been established that the use of chlorhexidine is not 

associated with the development of resistant microorganisms. The effect of 

chlorhexidine on microorganisms is dose-dependent. The optimal dose of 

chlorhexidine delivered by mouthwash is considered to be 20 mg twice daily, which 

is equivalent to 10 ml of 0.2% chlorhexidine (20 mg). Chlorhexidine reduces the 

microbial count in the oral biofilm and thus affects inflammation, leading to plaque-

associated periodontal disease. Chlorhexidine has the ability to kill a wide range of 

microorganisms, including Gram-positive and Gram-negative bacteria (aerobes and 

anaerobes), as well as some fungi and yeasts. When topically applied chlorhexidine 

included in 0.2% chlorhexidine, positively charged (cationic) chlorhexidine 

molecules bind to negatively charged microbial cell walls and disturb the osmotic 

balance of microbial cells. Depending on the concentration administered, 

chlorhexidine may have a bacteriostatic or bactericidal effect. At low concentrations, 

chlorhexidine is bacteriostatic - the microbial cell is left by low molecular weight 

substances, which in turn suppresses its division. In high concentrations, 

chlorhexidine exhibits bactericidal properties and leads to cell death caused by 

precipitation of plasma cell contents. Properties are unique to it and distinguish it 

from all other antimicrobial agents. Chlorhexidine is poorly absorbed by tissues in 

the oral cavity and gastrointestinal tract, which is why it is considered to have low 

toxicity. 

The oral cavity is  heavily colonized by bacteria - it contains about 500 to 1000 

species of bacteria . The gingival sulcus in humans is a unique place for the 

development of microorganisms. In this habitat, biological organisms exist in 

harmony, attached to the enamel or cement surfaces of the tooth, as well as to the 

cell epithelium, under which a rich vascular plexus is found. Due to this unusual 

anatomical location, the bacteria has a ready portal to enter the systemic circulation 

https://translate.google.com/translate?hl=en&prev=_t&sl=bg&tl=en&u=https://en.wikipedia.org/wiki/Bacteria
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in both clinically healthy individuals and pathologically altered tissues. The highest 

bacterial concentration is in the dental plaque, where it is believed that there are 

between 10 11 - 10 12 microorganisms per gram of wet weight. Any violation of the 

barrier of the oral mucosa puts the inside of the macroorganism in contact with highly 

polluted ecosystems, which leads to the penetration of microorganisms into the 

bloodstream and the development of bacteremia. These microorganisms can be 

identified in the blood through blood cultures called hemocultures. The most 

common microorganisms associated with bacteremia are Streptococcus viridans and 

Staphylococcus aureus. 

A number of oral procedures can lead to the development of bacteremia. 

Undoubtedly, the best studied factor for the occurrence of bacteremia is dental 

extraction. Bacteremia is defined as the presence of bacteria in the blood that is alive 

and can reproduce. The incidence of bacteremia after tooth extraction varies between 

39-100%, and Streptococcus viridans is the most commonly identified 

microorganism, both immediately after extraction and after a certain period of time. 

Post-extraction bacteremia is rapidly transient. It has been shown that bacteremia can 

develop both after simple extraction and after atypical extraction of retained teeth. In 

these circumstances, the bacterial frequency depends in direct proportion to the 

presence of previous gingivitis, periodontitis and other odontogenic infections, 

which suggests a direct link between increased bacterial biofilm load and bacteremia. 

Bacterial endocarditis is a rare disease with a high mortality rate. It is accepted 

clinical practice to use antibiotic prophylaxis in patients at risk of developing 

infectious endocarditis who require dental procedures, with the belief that this may 

prevent its development. However, the effectiveness of such antibiotic prophylaxis 

in humans has not been proven, and recent international guidelines recommend a 

much more limited role for the prophylaxis of antibiotics against bacteremia. 

According to literature data, rinsing the oral cavity with 0.2% CHX significantly 

reduces the duration of post-extraction bacteremia.    

The use of chlorhexidine mouthwashes also has a number of negative local 

effects. The most common negative effect is the appearance of brown discoloration 

of hard dental tissues and soft tissues in the oral cavity. Various theories have been 

proposed to explain the reason for this characteristic coloration. There is the most 

evidence to support the claim that the coloration is due to precipitation between 

chlorhexidine cations and anionic chromogens, which enter the oral cavity from food 
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(tea, coffee, wine tannins, etc.). Another less common adverse effect of 0.2% 

chlorhexidine -containing chlorhexidine is the accumulation of supragingival tartar. 

Swelling has been reported in the parotid glands after administration of 

chlorhexidine-containing mouthwashes. Isolated reports of a type I hypersensitivity 

reaction to chlorhexidine used in the oral cavity or on the lips have been reported in 

the literature. Chlorhexidine may also increase oral discomfort in patients with 

chemotherapeutically induced mucositis, xerostomia, or ulcerative conditions of the 

oral mucosa.  

The frequency of side effects is directly proportional to the concentration of 

chlorhexidine. Most side effects of chlorhexidine-containing mouthwashes are 

transient and disappear with discontinuation. In cases where there is a change in the 

color of dental tissues after the usage of 0.2% chlorhexidine containing 

chlorhexidine, as well as the accumulation of tartar, active measures are required to 

remove them. It is the occurrence of side effects that limits the duration of use of 

0.2% chlorhexidine containing chlorhexidine, and patients are recommended short 

to moderately long courses in specific clinical situations. 
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II. UNRESOLVED PROBLEMS 

1. There is no convincing data for studies of the effect of the application of 0.2% 

chlorhexidine digluconate on postextraction bacteremia after simple and 

atypical tooth extraction in clinically healthy individuals in the Republic of 

Bulgaria. 

2. There is no data for studies comparing the effect of 0.2% chlorhexidine 

digluconate on post-extraction bacteremia after normal and after atypical tooth 

extraction in clinically healthy individuals in the Republic of Bulgaria. 

3. There is insufficient data in the scientific literature in Bulgaria on how the 

administration of 0.2% chlorhexidine digluconate affects local halitosis, in 

contrast to halitosis in systemic diseases. 

4. Regarding the side effects of 0.2% chlorhexidine digluconate related to the 

discoloration of hard dental tissues, there are no studies in Bulgaria based on 

objective measurement methods. 
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III. PURPOSE AND TASKS 

Objective: To investigate the effect of topical application of 0.2% chlorhexidine 

digluconate tip in transient postextraction bacteremia, halitosis and tooth color. 

Tasks: 

1. To investigate the effect of preoperative administration of 0.2% 

chlorhexidine digluconate on postextraction bacteremia in patients after 

normal and after atypical tooth extraction: 

1.1. To investigate bacteremia in patients who do not apply 0.2% chlorhexidine 

digluconate topically to the oral cavity before normal and atypical tooth extraction; 

1.2. To examine bacteremia in patients who apply 0.2% chlorhexidine 

digluconate topically to the oral cavity before a simple dental extraction; 

1.3. To investigate bacteremia in patients who apply 0.2% chlorhexidine 

digluconate topically to the oral cavity before atypical tooth extraction. 

1.4. To make a comparative analysis of bacteremia after simple and after 

atypical tooth extraction in patients without and with preoperative administration of 

0.2% chlorhexidine digluconate. 

2. To investigate the change in halitosis after topical administration of 0.2% 

chlorhexidine digluconate in the oral cavity 

3. To clarify the effect of topical application of 0.2% chlorhexidine 

digluconate on tooth color. 
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IV. MATERIAL 

Object of observation: Outpatients of the Department of Oral Surgery, Faculty of 

Dental Medicine, Medical University - Plovdiv. 

Task 1. One hundred and sixteen outpatients 

              By task 1.1. Fifty-eight outpatients 

              By task 1.2. Twenty-nine outpatients 

              By task 1.3. Twenty-nine outpatients 

              By task 1.4. One hundred and sixteen outpatients 

Including criteria: 

●  Clinically healthy patients         

●  Age - over 18 years         

●  Need for tooth extraction         

●  Informed consent from the patient         

Excluding criteria: 

●  Refusal of the patient from the procedure         

●  Need for extraction of more than one tooth performed in one operative time         

●  Chronic diseases requiring medication         

●  Taking an antibiotic in the last 6 months         

●  In an inflammatory process in the oral cavity         

●  Tumors         

●  Data on conditions accompanied by altered immunity         

●  Previous or upcoming head and neck radiation therapy         

●  Malignant diseases         

●  Diabetes mellitus         

●  Pregnancy         

 

Data on the presence of hypersensitivity to some of the components of the applied 

0.2% chlorhexidine 
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By tasks 2 and 3. Sixty people divided into two groups - non-smokers and smokers: 

First group (non-smokers) 

Including criteria: 

●  Clinically healthy patients 

●  Age - over 18 years 

●  Presence of intact and vital 14, 13, 11, 

21, 23, 24 teeth 

●  Informed consent from the patient 

●  People who do not smoke and have 

not smoked in the last 5 years 

●  Persons who have not used 0.2% 

chlorhexidine digluconate in the last 6 

months 

Excluding criteria: 

●  Refusal of the patient from the 

procedure       

●  Presence of fillings or other type of 

dental restorations on the examined 

teeth, as well as lack of vitality                     

●  Sporadic smoking       

●  Chronic diseases requiring 

medication       

●  In an inflammatory process in the oral 

cavity       

●  Tumors       

●  Previous or upcoming head and neck 

radiation therapy                                                                                                        

 

 

 

 

 

 

 

 

Second group (smokers) 

Including criteria: 

●  Clinically healthy patients   

●  Age - over 18 years   

●  Presence of intact and vital 14, 13, 11, 

21, 23, 24 teeth    

●  Informed consent from the patient 

●  People who have smoked at least 10 

cigarettes a day for the last 5 years 

●  Persons who have not used 0.2% 

chlorhexidine in the last 6 months 

 

Excluding criteria: 

●  Refusal of the patient from the 

procedure   

●  Presence of fillings or other type of 

dental restorations on the examined 

teeth or lack of vitality 

●  Smoking less than 10 cigarettes a day   

●  Smoking less than 5 years old   

●  Chronic diseases requiring 

medication       

●  In an inflammatory process in the oral 

cavity       

●  Tumors       

● People who have used 0.2% 

chlorhexidine digluconate in the last 

six months 

●  Presence of endogenous or exogenous 

staining of tooth surfaces   

● Previous or upcoming head and neck 

radiation therapy  

●  Malignant diseases 
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Units of observation: Dental patient, tooth surface, extraction wound, blood 

serum. 

Signs of observation: Gender and age of patients; exhaled air from the oral 

cavity; tooth surface color; oral health status, including lips, tongue, gingiva and soft 

tissues, saliva, teeth, level of oral hygiene, pain of dental origin; type and duration 

of the operative intervention; extraction wound, blood serum, microorganisms in 

blood serum. 

Observation time: 

Task 1. The period from April 2018 to June 2019 

By task 2. The period from January 2019 to June 2019. 

By task 3. The period from January 2019 to June 2019.

Place of observation: Department of Oral Surgery, Faculty of Dental Medicine, 

Medical University, Plovdiv; Department of Microbiology and Immunology, Faculty 

of Pharmacy, Medical University - Plovdiv; Department of Prosthetic Dentistry, 

Faculty of Dental Medicine, Medical University - Plovdiv 
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V. METHODS AND APPARATUS 

By task 1. 

The design of the study includes the following volume of activities, arranged 

chronologically: 

1.   Selection of patients according to the presented inclusion and exclusion 

criteria in order to form four groups: first group - patients who underwent 

simple dental extraction without preoperative administration of 0.2% 

chlorhexidine digluconate; second group - patients who underwent atypical 

tooth extraction without preoperative administration of 0.2% chlorhexidine 

digluconate ; third group - patients who underwent simple tooth extraction 

after preoperative administration of 0.2% chlorhexidine digluconate; fourth 

group - patients who underwent atypical tooth extraction after preoperative 

administration of 0.2% chlorhexidine digluconate. 

2.   Certification of readiness of the patient to participate in the study by signing 

a specially designed form for informed consent. Patients are included in the 

order of their appearance in one of the four groups - experimental or targeted. 

3.   Clinical examination, including invasive examination of the bleeding gingiva.  

4.   Blood sampling for blood culture preoperatively. 

5.   For patients in the experimental groups - preoperative preparation of the oral 

cavity with 0.2% chlorhexidine digluconate. 

6.   Performing surgery. 

7.   Blood sampling for blood culture, double postoperative - 30th second and 15 

th minute after the completion of extraction. 

8.   Microbiological examination of the taken blood culture. 

9.   Reporting the condition of the operative wound at 72 hours and when suturing 

(between 7 and 10 days) for patients who have undergone atypical extraction. 

Method for determining oral health status using the Oral Health Assessment Tool 

(OHAT) for dental screening (modification of the Kayser-Jones scale et al. (1995) 

by Chalmers and Pearson (2005). (Table № 1) 
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Table № 1. Dental screening card 

Category Healthy ( 0 ) With changes ( 1 ) Sick ( 2 ) 

Lips Soft, pink, moist 
Dry, cracked or 

reddened in the corners 

Swelling or swelling, white or worm 

ulcerated plaques, bleeding or 

ulceration in the corners 

Language Normal, moist, pink 
With fissures, reddened, 

covered with plaque 

Presence of red or white ulcerated 

lesion, edema 

Gingiva and soft 

tissues 

Pink, moist, hunger - ka 

without bleeding 

Dry, shiny, rough, red, 

swollen about 1 to 6 

teeth, single ulcer or 

decubitus under the 

denture 

Swollen, bleeding around 7 or more 

teeth, tooth loss, the presence of 

ulcers and / or white lesions, 

generalized Zaczernie - leaves to - 

ing, sensitivity 

Saliva 
Wet tissues, sparse and 

free-flowing saliva 

Dry, sticky tissues, 

reduced amount of saliva 

and subjective evidence 

of dry mouth 

Dry and reddened tissues, the 

presence of a small amount of 

saliva or lack of saliva, the 

consistency of saliva is thick, leaks 

in the form of a cord, subjective 

evidence of dry mouth 

Natural teeth 
There are no broken or 

broken teeth 

From 1 to 3 damaged or 

broken teeth 

4 or more damaged or broken teeth, 

severely worn teeth or more than 4 

teeth that have not been restored 

with a prosthesis 

Prostheses 

Dentures in good 

condition, worn regu - 

explanation accounts 

A damaged area or a 

broken denture tooth is 

worn 1-2 hours a day by 

the patient 

More than one damaged area or 

more than 1 broken denture tooth 

are not worn due to poor statics or 

are only placed with dental 

adhesive 

Oral hygiene 

Clean surfaces own teeth 

and dentures without 

food - ful debris and 

tartar 

Food debris, plaque or 

tartar in 1 to 2 areas of 

the oral cavity, or on 

small areas of dentures, 

bad breath 

Food residues, scale and tartar, for 

the most part of the oral cavity or a 

large part of the tooth pro - those 

severe halitosis 

Toothache 

Without behavioral, ver - 

ballroom or indi - mud 

evidence of pain 

Verbal and physical data 

for pain, such as facial 

grimacing, biting - not 

lip, refusing food and 

aggression 

Physical data for pain - swelling of 

the cheeks and the gingiva, broken 

teeth, ulcers, parulis and verbal and 

confi - day - cally data for pain 

Total 0 1 - 8 9 -16 
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Operational techniques: 

T construction equipment of simple extraction: 

●       Anesthesia - local anesthesia 

●       Syndesmotomy 

●       Dislocation and / or rotation of the tooth 

●       Traction 

●       Wound revision 

●       Compression 

●       Hemostasis 

 

 

  

Fig. № 1 Applying anesthesia Fig. № 2 Dissection of lig. circular 

  

Fig. № 3. Tooth extraction 44 Fig. № 4. Curettage of the alveoli 
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T construction equipment of atypical extraction of impacted impacted and half- 

third molars: 

 

● Anesthesia - local conduction anesthesia. 

● Dissection of a triangular mucoperiosteal flap, observing the classical 

principles. 

● Tooth opening. 

● Bone removal with cutting tools (bone cutters and drills) under water 

cooling. 

● Cutting of the tooth to be extracted with rotary tools if necessary (diamond 

drills) under water cooling. 

● Tooth extraction. 

● Alveolar cleansing. 

● Adapting the lambda and imposing single interrupted seams. 

● Installing a rubber drain. 

 

  

Fig. № 5. Applying wired anesthesia Fig. № 6. Applying the incision 

  

Fig. № 7. Dissection of mucoperiosteal flap Fig. № 8. Detection of the retained third 

molar 
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Fig. № 9. Alveolar cleansing Fig. № 10. Imposition of single interrupted 

stitches 

 

Method for reporting the condition of the operative wound after atypical extraction 

of retained and semi-retinated third molar (Madrazo-Jiménez et al.): 

 

Table № 2. Reporting the condition of the operative wound. 

       Condition of the 

wound 

 

Criteria 

Good Acceptable Bad 

Wound edge 

Aesthetic, without 

inflammation, 

properly 

positioned 

Uneven scar, light 

bleeding or 

erythema 

Rough, uneven edges, medium 

or heavy bleeding, exudation, 

pus, bad smell, signs of 

infection. 

Color  

of the mucosa 

With the color of 

the surrounding 

mucosa 

Similar to the 

color of the 

surrounding 

mucosa 

Erythematous 

Healing 
Complete, without 

dehiscence 

1 - 2 mm 

dehiscence 

Dehiscence > 2 mm, open 

wound, keloid formation or 

unaesthetic healing. 

 

Technique of preoperative antibacterial preparation of the oral cavity: patients 

from the experimental groups administered their mouth immediately before the 

operation, twice and consecutively with 10 ml of 0.2% chlorhexidine digluconate for 

1 minute. The solution is placed in two chemically clean plastic cups for single use. 

After antibacterial preparation, the mouth is not rinsed. 
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Blood culture technique for blood culture: after cleansing the skin area, venous 

blood is taken (Fig. №11, №12, №13) - 5 ml for each nutrient medium - aerobic and 

anaerobic, (Fig. № 14 and № 15) which is aseptically transferred from the syringe 

to the medium and immediately provided to the microbiological laboratory for 

testing by an automated bacT / ALERT system (bioMerieux) (Figs. №16 and №17). 

   

Fig. № 11. Cleaning the skin 

area 

Fig. № 12 and Fig. № 13. Taking venous blood 

  

Fig. № 14. Blood culture media Fig. № 15. Blood culture media with blood 

  

Fig. № 16 and Fig. № 17. Automated bacT / ALERT system (bioMerieux) 
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Three patients were taken blood three times for aerobic and anaerobic testing 

as follows: 

1) Preoperatively and before performing any manipulations in the oral cavity.      

2) 30 seconds after the extraction is completed.      

3) At the 15th minute after completion of the extraction.      

In the laboratory, nutrient media for aerobic and anaerobic microorganisms 

to which venous blood has been added are cultured in a thermostat for 6 days. In the 

presence of bacterial growth, additional nutrient media is transferred. If no 

microorganisms are detected by the sixth day, the blood culture is considered 

negative - "sterile". In the presence of bacterial growth, the blood culture is 

considered positive, and the microorganisms are identified. (Figs. № 18, 19, 20, 21, 

22) 

  
Fig. № 18. Colombia agar, 

5% mutton blood 

Fig. № 19. Chromogenic medium for 

isolation and identification of fungi of the 

genus Candida 

 
 

Fig. № 20. Columbia agar, 5% sheep blood 

with Staph colonies. aureus 

Fig. № 21. Levin agar - selective and 

differential medium for intestinal 

microorganisms 
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Fig. № 22. Chromogenic medium with growth of fungi of the genus Candida 

 

 

By task 2.  

Study design: 

1.   Selection of patients according to the presented inclusion and exclusion 

criteria in order to form two groups. 

2.   Measurement of halitosis before administration of 0.2% chlorhexidine 

digluconate. 

3.   Provision of 0.2% chlorhexidine digluconate to study subjects. 

4.   Instruct individuals to topically administer the provided 0.2% chlorhexidine 

solution twice daily for a 14-day period while maintaining the usual oral 

hygiene activities in each of the volunteers. 

5.   Measurement of halitosis 14 days after the start of topical administration of 

0.2% chlorhexidine digluconate. 

 

Apparatus for measuring the degree of halitosis 

Apparatus measurement for the presence of halitosis was performed with 

FitScan Breath Checker HC-212SF (Tanita Corporation, USA) (Fig. № 23), tested 

in Bulgaria on patients with end-stage renal disease, undergoing chronic dialysis 

treatment and in the study of the relationship ' Changes in oral environment common 

diseases ". 
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Fig. № 23. FitScan Breath Checker HC-212SF (Tanita Corporation, USA) 

The portable device detects the amount of volatile sulfides and hydrocarbons 

responsible for the unpleasant smell of exhaled air in six degrees. (Fig. № 24) 

 

Technique of preoperative antibacterial preparation of the oral cavity: patients 

administered twice and consecutively 10 ml of 0.2% chlorhexidine digluconate for 

1 minute (Fig. № 25). The solution is placed in two chemically clean plastic cups 

for single use. Sl units antibacterial preparation, the mouth is not rinsed. 

 

Fig. № 24. Degrees of halitosis, measured with FitScan Breath Checker HC-212SF (Tanita 

Corporation, USA), according to the manufacturer's instructions 

 

Fig. № 25. 0.2% chlorhexidine contained za 0.2% chlorhexidine digluconate 

(Parodontax, GlaxoSmithKline, GB) 
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By task 3.  

Study design: 

1.   Selection of patients according to the presented inclusion and exclusion 

criteria in order to form two groups.  

2.   Cleaning and polishing of the vestibular surfaces of teeth 14, 13 and 11. 

3.   Reading the color of the vestibular tooth surfaces of teeth 14, 13, 11, 21, 

23 and 24. 

4.   Provision of 0.2% chlorhexidine digluconate solution to study subjects . 

5.   Instruct individuals to topically administer the provided 0.2% 

chlorhexidine digluconate solution twice daily for a 14-day period while 

maintaining the usual oral hygiene activities of each volunteer. 

6.   Double measurement of the color of the examined teeth - on the 7th and 

14th day. 

  

 

Apparatus for reading the color of tooth surfaces:  

Spectro Shade Micro (MHT, Verona, Italy) (Fig. № 26) was used to determine 

the color of hard dental tissues and was used in other scientific studies. This device 

is the only device that combines the acquisition of digital images with 

spectrophotometric analysis. It uses a combination of a digital device and a LED 

spectrophotometer. There is a built-in computer that has analytical software. The 

device consists of a halogen light source D65 (6500K), which is directed to the tooth 

through fiber optic beams and lenses to obtain uniform illumination of the field. The 

emitted light falls at an angle of 45 ° , and the angle of the reflected light is 0 ° . The 

spectrum of the radiation emitted by the device varies from 410 to 680 Ƞm. Initially, 

calibration is performed on a green and white plate. The reflected light is transmitted 

simultaneously to two CCD detectors through a series of lenses. One color-filtered 

CCD detector is used to obtain a digital color image of the tooth, and the other is a 

black-and-white detector, which is used for spectral analysis. The image of the tooth 

is displayed in real time on the screen to achieve proper positioning and focusing. 

Shooting is fast - about 1 second, and there should be only one tooth in each image. 

When the measurement button is pressed, the light from the source is reflected by 

grilles controlled by a stepper motor. These grids make the light monochromatic 
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before it is transmitted via a fiber optic cable to the tooth surface. The reflected 

monochromatic light is directed to a black and white CCD detector, which 

periodically transmits data when the monochromatic light changes. The spectral 

scanning process is performed for 2-3 seconds on 10 Ƞm frequency bands. Each 

pixel of the CCD detector is associated with a spectral curve of the reflected light. 

This is a huge amount of data. The device can give a medium color to the whole 

tooth, divide it into thirds or present its zonal distribution on the tooth surface. The 

color card thus obtained is transferred from the device to a computer by means of a 

special software program. Spectro Shade is a high-tech, well-functioning, high-

precision spectrophotometer that detects the difference between the closest and true 

color. Due to the large working part of the tip, the device is not suitable for 

measuring distal teeth, as well as for determining the color of rotated and incorrectly 

located teeth in the dentition. As with other devices that analyze digital images of 

teeth, other teeth and soft tissues (lips, tongue, etc.) should be excluded from the 

scanned image (Fig. № 27). 

 

   

Fig. № 26. Spectro Shade Micro Spectrophotometer (MHT, Verona, Italy) 
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Fig. № 27. Application of a spectrophotometer to a patient 

 

Statistical methods for data analysis: 

The data were processed using Microsoft Excel 2010 and SPSS 19.0. The 

significance level is considered to be p≤0.05. 

Used: 

●  Variation analysis of quantitative variables.      

●  Alternative analysis of qualitative quantities.      

●  T test of Student for hypothesis testing for the presence of a statistically 

significant difference in quantifiable indicators normally distributed in two 

independent samples.      

●  Dispersion analysis (One-way ANOVA) when comparing quantifiable values in 

more than two independent samples.      

●  Correlation analysis to assess the presence and strength of the relationship in 

quantifiable variables and calculate the Pearson correlation coefficient.      

●  Nonparametric Kolmogorov - Smirnov test to study the normality of the 

distribution of quantitative variables.      

●  Accurate Fisher's test or Chi-Square test when analyzing the relationship 

between two qualitative variables      

●  Nonparametric test Friedman (Friedman) for matching three or more related 

samples. 

●  Charset rank test of Wilcoxon (Wilcoxon signed ranks test) for comparing the 

adjacent pairs when the answers respondents are measured at two different time 

points. 
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VI. OWN RESULTS 

Results of task 1. To study the effect of preoperative administration of 0.2% 

chlorhexidine digluconate in the oral cavity on postextraction bacteremia in patients 

after simple and atypical tooth extraction. 

Presentation of the contingent 

The study included a total of 116 individuals, divided in equal numbers (29 

individuals) into four clinical groups, as follows: 

First group - patients who underwent simple tooth extraction without preoperative 

antibacterial cleaning of the oral cavity; 

Second group - patients who underwent atypical tooth extraction without 

preoperative antibacterial cleaning of the oral cavity; 

Third group - patients who underwent simple tooth extraction after preoperative 

antibacterial cleaning of the oral cavity with 0.2% chlorhexidine digluconate; 

Fourth group - patients who underwent atypical tooth extraction after preoperative 

antibacterial cleaning of the oral cavity with 0.2% chlorhexidine digluconate. 

The majority of the participants in the survey were females - 69 (59.5%) and 

47 (40.5%) were males. A statistically significant difference was found between the 

number of people of both sexes (z = 2.90; p = 0.004). Their average age was 35.38 

± 1.73 years. The youngest participant in the study was 18 years old, the oldest - 87 

years old. The average age of the female patients was 34.32 ± 2.25 years (the 

youngest participant was 18 years old and the oldest was 82 years old), and the 

average mean age of the male patients was 36.94 ± 2.71 years (the youngest 

participant was 18 years old, and the oldest - 87 years old). There was no statistically 

significant difference in the age of patients of both sexes  t = 1.071; p = 0.285). 

Patients from the third decade had the largest share in both sexes - 52.2% (36 

people) were women and 40.4% (19 people) were men (Diagram № 1). The share of 

patients from the second decade in females was relatively large - 11.6% (8 persons) 

and from the third decade in males - 19.1% (9 persons). Data on the distribution of 

patients by age groups are presented in Table № 3. 
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Diagram № 1. Distribution of 116 patients by age groups. 

Table № 3. Distribution of patients by age groups. 

Gender Age group Number of patients Percentage 

woman 

from 11 to 20 years 8 11.6% 

from 21 to 30 years 36 52.2% 

from 31 to 40 7 10.1% 

from 41 to 50 2 2.9% 

from 51 to 60 7 10.1% 

from 61 to 70 4 5.8% 

from 71 to 80 4 5.8% 

from 81 to 90 1 1.4% 

Total 69 100% 

men 

from 11 to 20 years 5 10.6% 

from 21 to 30 years 19 40.4% 

from 31 to 40 9 19.1% 

from 41 to 50 2 4.3% 

from 51 to 60 5 10.6% 

from 61 to 70 4 8.5% 

from 71 to 80 1 2.1% 

from 81 to 90 2 4.3% 

Total 47 100% 
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The condition of the oral cavity was reported preoperatively. Data on the 

overall oral status of the patients enrolled in the study showed an average of 2.25 ± 

0.42. The distribution of the values of the total oral status in the four studied groups 

of patients found significant variations (p <0.05). 

One tooth was extracted in all 116 patients. Of all 116 teeth, 83 (71.55%) are 

third molars (Diagram № 2 and № 3). The distribution of the extracted tooth is 

represented in Table № 3 and № 4. Of those included in the study, patients with 

maxillary teeth extracted predominated - they accounted for 57.76% of all removed 

teeth (67 teeth), while maxillary teeth were 42.24% (49 teeth). Most of the extracted 

teeth are located in the left half of the jaws - 65 teeth (55.03%), while in the right 

half of the jaws there were 51 teeth (43.97%). 

Table № 4. Distribution of extracted teeth by type. 

Type of tooth 
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Third molars 18 15 12.9% 28 12 10.3% 38 34 29.3% 48 22 19% 83 71.55% 

Second molars 17 1 0.9% 27 1 0.9% 37 2 1.7% 47 1 0.9% 5 4.31% 

First molars 16 5 4.3% 26 3 2.6% 36 1 0.9% 46 0 0 9 7.76% 

Second 

premolars 
15 0 0 25 1 0.9% 35 2 1.7% 45 0 0 3 2.6% 

First premolars 14 1 0.9% 24 3 2.6% 34 0 0 44 1 0.9% 5 4.31% 

Kanini 13 1 0.9% 23 1 0.9% 33 2 1.7% 43 0 0 4 3.45% 

Lateral incisors 12 1 0.9% 22 1 0.9% 32 1 0.9% 42 1 0.9% 4 3.45% 

Central incisors 11 2 1.7% 21 1 0.9% 31 0 0 41 0 0 3 2.6% 

Total 

R
ig

h
t 

m
a
xi

ll
a

ry
 

te
et

h
 

26 22.41% 

L
ef

t 
m

a
xi

ll
a

ry
 

te
et

h
 

23 19.83% 

L
ef

t 
m

a
n

d
ib

u
la

r 

te
et

h
 

42 36.21% 

R
ig

h
t 

m
a
n
d

ib
u

la
r 

te
et

h
 

25 21.55% 116 100% 
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Diagram № 2. Distribution of the extracted maxillary and mandibular teeth 

in the right halves of the jaws. 

 

 

 

 

Diagram № 3. Distribution of the extracted maxillary and mandibular teeth 

in the left halves of the jaws. 
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Results by task 1.1. To investigate bacteremia in patients who do not rinse the oral 

cavity before ordinary and atypical tooth extraction. 

  

The average age of the 58 patients included in the study was 33.5 ± 2.2 years, 

the youngest participant was 18 years old and the oldest was 79 years old. Female 

patients predominated - 41 (70.7%), while 17 (29.3%) were male. There was a 

statistically significant difference in gender among the subjects (z = 5; p <0.000). 

The distribution of subjects by sex and age group shown in Table № 5. 

  

Table № 5. Distribution of patients by sex and age group 

Gender 

 

 

 

Age group 

Women Men Total 

Number % Number % Number % 

11-20 years 2 3.4 3 5.2 5 8.6 

21 - 30 years 22 37.9 8 13.8 30 51.7 

31 - 40 years 7 12.1 4 6.9 11 19.0 

41 - 50 years 1 1.7 - - 1 1.7 

51 - 60 years 4 6.9 1 1.7 5 8.6 

61 - 70 years 3 5.2 1 1.7 4 6.9 

71 - 80 years 2 3.4 - - 2 3.4 

Total 41 70.7 17 29.3 58 100 

 

The first group (simple tooth extraction) included 29 individuals. The average 

age of patients who underwent simple tooth extraction was 40.76 ± 3.63 years. Of 

these, 20 (68.97%) were female and 9 (31.03%) were male. The average duration of 

manipulation in this group was 16.24 ± 2.09 minutes. 

In the second group (atypical tooth extraction) another 29 individuals were 

observed. The mean age of patients undergoing atypical extraction was 26.3 ± 1.65 

years. Of these, 21 (72.41%) were female and 8 (27.59%) were male. The mean 

duration of atypical extraction was 40.24 ± 3.53 minutes. 
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The study of the general preoperative oral status in both groups of patients 

showed that patients undergoing simple extraction had poorer oral health (mean - 

2.55 ± 0.51) compared with patients undergoing atypical extraction (mean - 0.97 ± 

0.36). 

Distribution in the form of extracted teeth on each of the two methods is shown 

in Chart No 4. Highest was the proportion of the extracted third molars - 45 units 

(77.6%), both in the first (18 teeth, 62.09%) and in second group (27 teeth, 93.1%). 

 

 

Diagram 4. Distribution of extracted teeth by type and operative methodology 

 

The preoperative study revealed the presence of bacteremia in 4 (13.79%) 

patients undergoing simple extraction, in 1 (3.45%) of whom Staph ylococcus 

epidermidis was demonstrated in 1 (3.45%) patient undergoing atypical extraction, 

whose sample also showed the presence of Staphylococcus e pidermidis.   Cases of 

Staphylococcus epidermidis are probably false positive and are due to sample 

contamination. Of the four positive blood cultures in the first group, three were in 

female patients and one in a male patient. There was no statistically significant 

difference in the incidence of preoperative bacteremia in both sexes (p = 0.639). The 

patient with positive preoperative blood culture in the second group was female. We 

further examined the presence of preoperative bacteremia depending on the clinical 

condition of the oral cavity, assessing the condition of the lips, tongue, gingiva, 
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amount and composition of saliva, dental status, level of oral hygiene, the presence 

of toothache, and the sum of quantitative indicators, with which we described the 

studied indicators, we accepted as the determinant of the general oral status of the 

patient. We found that all cases of preoperative bacteremia in both groups of patients 

were in persons with clinically healthy lips, tongue without changes and normal in 

quantity and clinical type of saliva. Cases of preoperative bacteremia in the first 

group were found in patients without clinical evidence of gingival disease. 

Preoperative bacteremia demonstrated in the second group patient was associated 

with moderate gingival changes. Regarding the dental status, the study found that 

more often preoperative bacteremia is found in patients with hard dental diseases - 

a total of four cases, in 3 people (10.34%) from the first group and in 1 patient 

(3.45%) from the second group found a low index of the condition of the teeth. The 

presence of prosthetic restorations was not associated with preoperative bacteremia 

- in the four cases in the first group and in the case in the second group, the patients 

did not have prosthetic structures. The level of oral hygiene is not a factor on which 

preoperative bacteremia depends. In the first group, two patients with positive blood 

cultures had a high index of oral hygiene, and in the other two - unsatisfactory. In 

the case of positive preoperative blood culture in the second group, the level of oral 

hygiene was reported as intermediate. The overall oral status did not statistically 

significantly affect the incidence of preoperative bacteremia (p> 0.05), but we found 

that three of the cases of bacteremia in the first group and the patient with a positive 

blood culture in the second group had intermediate values. 

The bacteremia study at 30 seconds after extraction found 6 (20.69%) cases 

of positive blood cultures in patients in the first group and 3 (10.34%) cases in the 

second group. Of the cases of bacteremia in the first group, 4 (13.79%) were in 

females and 2 (6.9%) were in males. Cases of bacteremia in the second group are 

more common in males - 2 (6.9%) than in females - 1 (3.45%). No statistically 

significant difference was found between the two surgical techniques and the 

incidence of bacteremia per 30 seconds (p = 0.285). All cases of bacteremia at 30 

seconds in the first group are after extraction of molars - 4 cases (13.79%) are 

associated with removal of wisdom teeth, of which 3 cases (10.35%) are after 

extraction of mandibular wisdom teeth and two cases are after extraction of second 

molars - one maxillary and mandibular. Two of the cases of bacteremia 30 seconds 

after extraction were associated with surgical removal of the mandibular third 
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molars and one was after removal of the retained canine. All cases of postoperative 

bacteremia 30 seconds after extraction in both groups were in patients with clinically 

healthy lips and normal saliva. Our data show that the condition of the tongue is not 

a factor on which bacteremia depends 30 seconds after extraction - five of the six 

cases in the first group and all of the second group are in patients with the highest 

index of clinical health of the tissues of the tongue. The clinical preoperative 

condition of the gingiva also had no statistically significant effect ( p > 0.05) on 

postoperative bacteremia 30 seconds after extraction, despite the observed tendency 

for bacteremia to occur frequently in patients with various forms of gingivitis. In the 

six cases of bacteremia in the first group, four were in patients with healthy gingiva 

and two in worsening condition. In the three cases of bacteremia 30 seconds after 

extraction in the second group, two were in patients with healthy gingiva and one 

was observed in a patient with intermediate parameters. The preoperative condition 

of the hard dental tissues does not affect the frequency of bacteremia 30 seconds 

after tooth extraction. In the first group, three of the patients with bacteremia were 

in poor condition of the dental structures, two were in excellent health and one had 

intermediate indicators. In the second group, the three patients who were diagnosed 

with bacteremia 30 seconds after extraction had excellent, intermediate and poor 

dental condition, respectively. Of the six patients in the first group diagnosed with 

bacteremia at 30 seconds, five did not have prosthetic structures, as did all patients 

in the second group. The level of oral hygiene did not affect bacteremia 30 seconds 

after simple extraction (3 patients had excellent performance, 2 had poor hygiene 

and 1 had intermediate values), but was a statistically significant factor (p = 0.024) 

for the occurrence of bacteremia 30 seconds after atypical extraction. In the study 

group, all cases (3 patients) of bacteremia 30 seconds after atypical extraction were 

in patients with moderately good oral hygiene. The general preoperative condition 

of the oral cavity is a factor on which the frequency of bacteremia depends 30 

seconds after atypical extraction (p = 0.004), but it does not affect bacteremia in 

normal extraction ( p = 0.087). In the subjects we included in the first group, four of 

the six cases of bacteremia were found in patients with moderately good oral 

condition, and two were in patients with excellent complex preoperative parameters. 

In patients of the second group, diagnosed with bacteremia 30 seconds after 

extraction, all cases were observed in individuals with intermediate indicators of the 

preoperative condition of the oral cavity. 
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At 15 minutes after extraction, bacteremia was found in 4 (13.79%) patients 

who underwent normal extraction, and in 1 (3.45%) of these cases it was 

Staphylococcus e pidermidis and 1 (3.45%) patient in the second group. In the first 

group 3 (10.34%) of the patients with bacteremia were female, one - male. The 

second-group patient diagnosed with bacteremia was also female. No statistically 

significant difference was found between the two surgical techniques and the 

incidence of bacteremia at 15 minutes after extraction (p = 0.166). Bacteremia 15 

minutes after extraction is not related to the type of extracted tooth - the cases of 

bacteremia in our contingent are in different groups of teeth. The preoperative 

condition of the lips, tongue, and saliva quality were not related to bacteremia 15 

minutes after tooth extraction in both groups (p > 0.05) - according to these 

indicators, all patients diagnosed with bacteremia were registered with excellent 

indicators. Regarding the preoperative condition of the gingiva and its effect on 

bacteremia 15 minutes after extraction, we found that in the first group all patients 

with positive blood cultures had healthy gingiva, while in the second group the 

diagnosed person had intermediate indicators. We found no statistically significant 

relationship between gingival health and bacteremia 15 minutes after simple or 

atypical extraction ( p > 0.05). The condition of the hard dental tissues of two of the 

four patients with positive blood cultures from the first group was unsatisfactory, 

and the condition of the other two was excellent. We did not find a statistically 

significant relationship between the condition of the tooth structures and the 

frequency of bacteremia 15 minutes after tooth extraction (p = 0.407). The only 

patient with a positive blood culture from the second group had worsened indicators 

of the condition of the hard dental tissues, but the insufficient number does not allow 

statistical processing of the data. The presence of prosthetic constructions is not a 

statistically significant factor that affects bacteremia 15 minutes after simple (p = 

0.706) or atypical extraction (p = 0.847). The level of oral hygiene had a statistically 

significant effect on bacteremia 15 minutes after simple extraction (p = 0.047), but 

not in cases of atypical extraction (p = 0.316). The general preoperative condition 

of the oral cavity is not a factor on which the frequency of bacteremia 15 minutes 

after simple (p = 0.941) or atypical tooth extraction (p = 0.374) depends. 

Data for isolated in this study, microorganisms are presented in Table № 6. 

The most commonly isolated microorganism was Coagulase negative 

Staphylococcus (in 22.2% of aerobic and 11.1% of anaerobic blood cultures). The 
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presence of the bacterium in both types of blood cultures is simultaneously explained 

by the fact that it is an optional anaerobic and can use respiratory and enzymatic 

metabolism. Second in frequency was Streptococcus viridans, which was present in 

11.1% of anaerobic isolates. 

Table № 6. Isolated microorganisms in blood culture study 

  
Number of cases 

of bacteremia 

Isola m and aerobic blood 

culture 

Anaerobic blood culture 

isolates 

Preoperative 

examination 

5 

(4 in the first 

group + 1 in the 

second group) 

Coagulase negative 

Staphylococcus 

Staphylococcus aureus 

Coagulase negative 

Staphylococcus 

Streptococcus mitis / 

oralis 

At the 30th second 

after extraction 

9 

(6 in the first 

group + 3 in the 

second group) 

Coagulase negative 

Staphylococcus 

Streptococcus constelatus 

Streptococcus milleri 

Streptococcus viridans 

Streptococcus mitis / 

oralis 

Streptococcus milleri 

Streptococcus viridans 

Actinomyces viscosus 

At the 15th minute 

after extraction 

5 

(4 in the first 

group + 1 in the 

second group) 

Coagulase negative 

Staphylococcus 

Actinomyces viscosus 

Coagulase negative 

Staphylococcus 

Bacillus species 

 

Results show that statistically significant bacteremia at 30 seconds after 

extraction was more significant in patients from both groups compared to the 

preoperative study (p = 0.03).  

A statistically significant difference in the duration of tooth extraction was 

found between the two groups (p <0.001). No correlation was found between the 

occurrence of bacteremia postoperatively and the duration of extraction both at the 

30th second postoperatively (p = 0.987) and at 15 minutes after the end of extraction 

(p = 0.534). 
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It turned out that in the patients we studied, age was not a factor in the 

occurrence of postoperative bacteremia both at the 30th second (p = 0.135) and at 

the 15th minute (p = 0.088), but it was a statistically significant factor for 

preoperative bacteremia (p = 0.002). Further study showed a weak positive 

correlation between age and preoperative bacteremia (Spearman correlation 

coefficient r = 0.261; p = 0.048). 

The studies found that the sex of the patients had no relation to the presence 

of bacteremia both preoperatively (p = 0.639) and in both postoperative studies (p> 

0.05). 
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Results by task 1.2. Examine bacteremia in patients who apply 0.2% 

chlorhexidine digluconate topically to the oral cavity before regular tooth extraction. 

  

The study included 29 individuals (third group). The average age of the 

patients was 48.17 ± 4.13 years. The gender distribution showed a ratio of 1: 2.22 

in favor of males - 9 of the patients were female (31%) and 20 were male (69%). The 

distribution of patients by age- group has shown in Table № 7. 

  

Table № 7. Distribution of patients by age groups 

Age group Number Percentage 

11-20 years 2 6.9% 

21 - 30 years 8 27.6% 

31 - 40 years 2 6.9% 

41 - 50 years 2 6.9% 

51 - 60 years 5 17.2% 

61 - 70 years 4 13.8% 

71 - 80 years 3 10.3% 

81 - 90 years 3 10.3% 

Total 29 100.0% 

  

  

The mean duration of surgery in the subjects was 15.24 ± 2.27 minutes. 

The largest share was occupied by the extracted molars - 16 teeth (55.18%), 

followed by the premolars - 7 teeth (24.14%), the incisors - 5 teeth (17.24%) and the 

canines - 1 tooth (3.44%). The distribution of teeth in kind is to become of Chart and 

№ 5 and Table № 8. 
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Diagram a № 5. Distribution of extracted teeth by type 

 

 

Table № 8. Distribution of extracted teeth by type 

Type of tooth Number Percentage 

Cutters 5 17.24% 

Kanini 1 3.44% 

Premolars 7 24.14% 

Molars 16 55.18% 

Total 29 100.00% 

  

The preoperative clinical study showed a mean value of the quantitative 

indicator for general oral status of 5.14 ± 0.64. 

The preoperative clinical study of patients found that there was a statistically 

significant difference in oral health data between patients of different age groups (p 

= 0.016). Data for total oral status, divided by age groups are presented in Diagram 

№ 6 and Table № 9. 
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Diagram № 6. Distribution of patients by age groups 

and condition of the oral cavity 
 

Table № 9. Distribution of patients by age groups and condition of the oral cavity 

Age group 

Excellent oral 

health 

Moderately 

affected oral 

health 

Poor oral 

health 
Total 

n % n % n % n % 

11-20 years 2 6.9% - - - - 2 6.9% 

21 - 30 years 4 13.8% 4 13.8% - - 8 27.6% 

31 - 40 years - - 1 3.45% 1 3.45% 2 6.9% 

41 - 50 years - - 2 6.9% - - 2 6.9% 

51 - 60 years - - 2 6.9% 3 10.3% 5 17.2% 

61 - 70 years - - 4 13.8% - - 4 13.8% 

71 - 80 years - - 3 10.3% - - 3 10.3% 

81 - 90 years - - 2 6.9% 1 3.45% 3 10.3% 

Total 6 20.7% 18 62.1% 5 17.2% 29 100% 
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Preoperative bacteremia was found in 3 patients (10.3%).  All positive blood 

cultures were in male patients. And in the three patients was isolated coagulase 

negative staphylococcus (Coagulase negative Staphylococcus) - two of them (6.9%) 

were observed aerobic and anaerobic coagulase negative staph. The presence of the 

bacterium in both types of blood cultures is simultaneously explained by the fact that 

it is an optional anaerobic and can use respiratory and enzymatic metabolism. In 

one of the patients (3.45% of the subjects) only aerobic coagulase negative 

staphylococcus was isolated. In one patient (3.45%) Staphylococcus aureus was 

detected in an aerobic blood culture isolate. Streptococcus mitis / oralis was detected 

in one patient (3.45%) in an anaerobic blood culture isolate. In all three patients 

with proven positive preoperative blood culture, the amount of microorganisms was 

10 5. We further examined the presence of preoperative bacteremia depending on the 

clinical condition of the oral cavity, assessing the condition of the lips, tongue, 

gingiva, amount and composition of saliva, dental status, level of oral hygiene, the 

presence of toothache, and the sum of quantitative indicators, with which we 

described the studied indicators, we accepted as the determinant of the general oral 

status of the patient. We found that 2 cases (6.9%) of preoperative bacteremia were 

in patiens with moderate changes in the lips, and 1 case (3.45%) was in a patient 

with clinically healthy lips. The same is true for the preoperative condition of the 

tongue and gingiva. Of the three individuals with positive blood cultures, one 

(3.45%) was diagnosed with moderately altered saliva quantity and quality, and two 

(6.9%) had no changes in salivation. None of the patients with positive preoperative 

blood cultures had healthy dentition - one (3.45%) had moderate changes in natural 

teeth, and two (6.9%) were diagnosed with poor dental condition. All three patients 

with established preoperative bacteremia had poor oral hygiene, but none of them 

complained of toothache. Regarding the general condition of the oral cavity, two 

(6.9%) of the patients were classified as sick, and one (3.45%) had moderate 

changes. 

At 30 seconds after the end of the operation, the blood cultures of 8 patients 

(27.6%) were positive. Six of the eight patients were male and 2 were female. The 

ratio between men and women diagnosed with bacteremia at 30 postoperative 

seconds is 3: 1 in favor of males. No statistically significant difference in the 

incidence of bacteremia was found by sex (p = 0.665). The eight patients with 

positive blood cultures were 26, 39, 61, 66, 72, 82, 84 and 87 years old, respectively. 
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Data processing showed no relationship between age and bacteremia 30 seconds 

after the end of extraction (p = 0.243), but further study between bacteremia and age 

group showed data close to the cut-off value (p = 0.055). Of the eight patients with 

bacteremia, 7 had a maxillary tooth extracted, and one had a mandibular tooth 

extracted. Statistical processing of the data revealed a relationship between the 

localization of the tooth in the jaw bones and the occurrence of early bacteremia (p 

<0.05). Cases of bacteremia 30 seconds after the end of extraction are when 3 

maxillary incisors, 2 maxillary premolars, 2 maxillary molars and one mandibular 

molar are removed. Streptococcus milleri was isolated from aerobic microorganisms 

(3 cases, 10.3%); Streptococcus viridans (2 cases, 6.9%); Coagulase negative 

Staphylococcus (1 case, 3.45%). Streptococcus viridans was most often isolated from 

anaerobic microorganisms (4 cases, 13.8%). They were reported in two cases (6.9%) 

of a positive blood culture with isolated coagulase negative staphylococcus 

(Coagulase negative Staphylococcus). In all positive blood cultures, the amount of 

microorganisms isolated was 10 5. Bacteremia 30 seconds after extraction did not 

depend statistically significantly on the preoperative condition of the lips (p = 0.110) 

- six of the patients had clinically healthy lips, two had changes. Early bacteremia 

was not associated with the preoperative condition of the tongue (p = 0.238) - five 

of the eight patients had moderate tongue changes, three were clinically healthy, nor 

with the clinical appearance of the gingiva (p = 0.207) - five patients had moderate 

changes, three have healthy gingiva. Bacteremia 30 seconds after extraction did not 

depend statistically significantly on the quantity and quality of saliva (p = 0.280) - 

of the eight patients with positive blood cultures, six were with normal quantity and 

quality of saliva, two were with moderate changes. The preoperative condition of the 

dental apparatus is not a factor influencing the occurrence of early postextraction 

bacteremia (p = 0.211), as well as the presence of prosthetic structures (p = 0.187). 

Of the eight positive blood cultures 30 seconds after extraction, five were in subjects 

with poor oral hygiene and three in patients with average oral hygiene values. 

However, there is no statistically significant relationship (p = 0.117) between the 

incidence of early bacteremia and oral hygiene in the group of patients we studied. 

None of the people with positive blood cultures at 30 postoperative seconds 

complained of pain of dental origin. Regarding the general oral status, 6 of the 

patients with bacteremia were classified in the intermediate group, and two persons 

with poor indicators. However, data processing did not show a significant 
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relationship between the general preoperative condition of the oral cavity and early 

bacteremia (p = 0.227). 

Three of the blood cultures tested were positive 15 minutes after the end of the 

extraction. Two of the patients were male and one was female. The ages of the three 

persons were 22, 24 and 72 years, respectively. Statistical processing of the data did 

not establish a relationship between age and bacteremia 15 minutes after the end of 

extraction (p = 0.573). Three cases of bacteremia were identified after extraction of 

maxillary teeth - two cases after extraction of the third molar and one case - after 

extraction of the first premolar. And in the three patients was isolated coagulase 

negative staphylococcus (Coagulase negative Staphylococcus) - two of them (6.9%) 

were observed only aerobic forms of the microorganism, and in one (3.45%) was 

found aerobic and anaerobic coagulase negative staph. The microbial count in all 

three patients was 10 5. Statistical processing of the data showed that bacteremia 15 

minutes after tooth extraction did not depend on the preoperative condition of the 

lips (p = 0.534), tongue (p = 0.672), gingiva (p = 0.848), saliva (p = 0.464), 

condition of the dentition (p = 0.110), the presence of dentures (p = 0.195), the level 

of oral hygiene (p = 0.100). The preoperative condition of the oral cavity was not a 

factor influencing bacteremia 15 minutes after extraction (p = 0.109). 

Data for the positive isolates of aerobic and anaerobic blood cultures 

examined preoperatively, 30 seconds, and 15 minutes after the end of the extra 

ktsiyata are summarized in Table № 10. 

Statistical processing of the data did not reveal a significant difference in the 

frequency of bacteremia both between the preoperative level and 30 seconds after 

the end of extraction (p = 0.125) and between preoperative bacteremia and 

bacteremia at 15 minutes after the end of the surgical intervention (p> 0.05). We did 

not find a statistically significant relationship between the frequency of bacteremia 

30 seconds after the end of extraction and bacteremia 15 minutes after surgery (p = 

0.180) in patients undergoing a single simple tooth extraction. 
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Table № 10. Distribution of positive blood culture isolates obtained from 29 patients undergoing 

simple single tooth extraction who had preoperatively rinsed the oral cavity with 0.2% 

chlorhexidine digluconate 

Study time 

Patients with 

bacteremia 

Isola m and aerobic blood 

culture 

Anaerobic blood culture 

isolates 

n % Type of microorganism n 
Type of 

microorganism 
n 

Preoperatively 3 10.3% 

Coagulase negative 

Staphylococcus 
3 

Coagulase negative 

Staphylococcus 
2 

Staphylococcus 

aureus 
1 

Streptococcus mitis 

/ oralis 
1 

For 30 seconds 8 27.6% 

Streptococcus milleri 3 

Streptococcus 

viridans 
4 

Streptococcus 

viridans 
2 

Coagulase negative 

Staphylococcus 
1 

Coagulase negative 

Staphylococcus 
2 

At 15 minutes 3 10.3% 
Coagulase negative 

Staphylococcus 
3 

Coagulase negative 

Staphylococcus 
1 
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Results by task 1.3. To investigate bacteremia in patients who apply 0.2% 

chlorhexidine digluconate topically to the oral cavity before atypical tooth 

extraction. 

The study involved 29 individuals (fourth group). The mean age of the patients 

was 26.34 ± 1.82 years. The distribution by sex showed a ratio of 1: 1.9 in favor of 

females - 19 of the patients were female (65.5%) and 10 were male (34.5%). The 

distribution of patients by age groups shown in Table № 11 and Diagram № 7. 

Table № 11. Distribution of patients by age groups 

Age group Number Percentage 

11-20 years 6 31.58% 

21 - 30 years 17 58.62% 

31 - 40 years 3 10.34% 

41 - 50 years 1 3.45% 

51 - 60 years 2 6.9% 

61 - 70 years - - 

71 - 80 years - - 

81 - 90 years - - 

Total 29 100.0% 
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Diagram № 7. Distribution of patients by age groups. 

 

 

 

The average  duration of surgery in the subjects was 42.07 ± 4.11 minutes. 

In all patients in the study group, a third molar was surgically extracted. Five 

teeth (17.24%) were located in the upper jaw, and 24 teeth (82.76%) were 

mandibular third molars. Of all extracted 29 third molars, 20 teeth (68.97%) were 

left-sided and 9 (31.03%) - right-sided. 

The preoperative clinical study showed a mean value of the quantitative 

indicator for general oral status of 0.34 ± 0.17. We found that all 29 patients had 

excellent clinical health of the tissues that make up the lips, tongue, gingiva, and 

their saliva was without pathological changes in terms of quantity and composition. 

In the majority of patients - 25 people (86.21%) no pathological changes were found 

on the natural teeth, and in 4 people (13.79%) the dental status was defined as 

moderately impaired. Regarding oral hygiene, 26 persons (89.66%) have excellent 

indicators and three patients (10.34%) have moderately impaired oral hygiene. 

Overall oral status was assessed as "excellent" in 25 subjects (86.21%) and as 

"moderately worsened" in 4 patients (13.79%). A statistically significant relationship 

between oral health and age was found in the studied contingent (p = 0.024). Data 

for total oral status, divided by age groups are represented in Table № 12 and 

Diagram № 8. 
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Table № 12. Distribution of patients by age groups and condition of the oral cavity 

Age group 

Excellent oral 

health 

Moderately affected 

oral health 
Poor oral health Total 

n % n % n % n % 

11-20 years 6 20.7% - - - - 6 20.7% 

21 - 30 years 16 55.2% 1 3.45% - - 17 58.6% 

31 - 40 years 1 3.45% 2 6.9% - - 3 10.3% 

41 - 50 years 1 3.45% - - - - 1 3.45% 

51 - 60 years 1 3.45% 1 6.9% - - 2 6.9% 

61 - 70 years - - - - - - - - 

71 - 80 years - - - - - - - - 

81 - 90 years - - - - - - - - 

Total 25 86.2% 4 13.8% - - 29 100% 

 

 

 

Diagram № 8. Distribution of patients by age groups 

and condition of the oral cavity 
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Preoperative bacteremia was found in 1 patient (3.45%).  The patient with a 

positive blood culture was male in the third decade of his life. The isolated 

microorganism was aerobic coagulase negative staphylococcus (Coagulase negative 

Staphylococcus), while the bacteria count was 10 5. We further examined the 

presence of preoperative bacteremia depending on the clinical condition of the oral 

cavity, assessing the condition of the lips, tongue, gingiva, amount and composition 

of saliva, dental status, level of oral hygiene, the presence of toothache, and the sum 

of quantitative indicators, with which we described the studied indicators, we 

accepted as the determinant of the general oral status of the patient. We found that 

preoperative bacteremia was found in a person with healthy lips, tongue, gingiva 

and no changes in the quantity and quality of saliva. Regarding dental status, the 

patient with a positive preoperative blood culture was classified with moderate 

dentition disorders and the level of oral hygiene. The general condition of the oral 

cavity was moderately pronounced. 

At 30 seconds after the end of the operation, the blood cultures of 2 persons 

were positive (6.9%). Both patients were female. Both faces were in the third decade 

of their lives. The age of one patient was 21 years, and the other - 23 years. Early 

bacteremia did not depend statistically significantly on the age of the patients (p = 

0.965). One patient was isolated aerobic coagulase negative staphylococcus 

(Coagulase negative Staphylococcus) with microbial count was 10 5. Two samples 

were positive from the anaerobic blood cultures, which proved the presence of 

Coagulase negative Staphylococcus and Streptococcus viridans. The microbial 

count of the anaerobes was 10 5. In both patients, the maxillary left third molar was 

extracted. There was a strong relationship between the presence of bacteremia 30 

seconds after extraction and the localization of the tooth in the upper jaw (p <0.001). 

Bacteremia 30 seconds after extraction does not depend statistically significantly on 

the preoperative condition of the lips, tongue, gingiva, the condition of the dental 

apparatus, as well as the quantity and quality of saliva and the level of oral hygiene. 

Both patients had excellent indicators of the studied parameters. 

None of the blood cultures tested 15 minutes after the end of the extraction 

were positive.  
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Data for the positive isolates of aerobic and anaerobic blood cultures 

examined preoperatively, 30 seconds, and 15 minutes after the end of the extra 

ktsiyata are summarized in Table № 13. 

  

Table № 13. Distribution of positive blood culture isolates obtained from 29 patients undergoing 

atypical single tooth extraction who preoperatively rinsed the oral cavity with 0.2% chlorhexidine 

digluconate 

Study time 

Patients with 

bacteremia 

Isola m and aerobic blood 

culture 

Anaerobic blood culture 

isolates 

n % 
Type of 

microorganism 
n 

Type of 

microorganism 
n 

Preoperatively 1 3.45% 
Coagulase negative 

Staphylococcus 
1 - - 

For 30 seconds 2 6.9% 
Coagulase negative 

Staphylococcus 
1 

Coagulase negative 

Staphylococcus 
1 

Streptococcus 

viridans 
1 

At 15 minutes - - - - - - 

  

  

Despite the small number of positive cases, statistical data processing did not 

reveal a significant difference in the incidence of bacteremia both between the 

preoperative level and 30 seconds after the end of extraction and between 

preoperative bacteremia and bacteremia at 15 minutes after surgery (p> 0.05). . No 

statistically significant relationship was found between the frequency of bacteremia 

30 seconds after the end of extraction and bacteremia 15 minutes after surgery (p = 

0.5) in patients undergoing a single atypical tooth extraction. 
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Results by task 1.4. To perform a comparative analysis of bacteremia after simple 

and atypical tooth extraction in patients without and with preoperative topical 

administration of 0.2% chlorhexidine digluconate. 

Comparative analysis of bacteremia after simple extraction in patients 

without and with preoperative topical administration of 0.2% chlorhexidine 

digluconate: 

The comparative analysis included data from the study of patients in the first 

and third groups. Of all 58 patients, 29 were male and 29 were female. The mean 

age of patients without rinsing the oral cavity (first group) was 40.76 ± 3.63 years, 

and of patients rinsing the oral cavity with 0.2% chlorhexidine digluconate (third 

group) - 48.17 ± 4.13 years. No statistically significant age difference was found 

between the two groups (p = 0.183). The distribution of extracted teeth in patients 

from both groups is presented in Table № 14. 

 

Table № 14. Distribution of teeth removed by simple extraction by type 

                 Type of tooth 

 

Clinical  

group 

Molars Premolars Kanini Cutters Total 

Num

ber 
% Number % Number % Number % Number % 

First  

(without rinsing) 
24 41.38 1 1.72 2 3.45 2 3.45 29 50 

Third  

(with rinsing) 
16 27.59 7 12.07 1 1.72 5 8.62 29 50 

Total 40 68.97 8 13.79 3 5.17 7 12.07 58 100 

 

Preoperative bacteremia was found in 7 (12.07%) patients - 4 from the first 

and 3 from the third group. At the 30th postoperative second, bacteremia was 

reported in 6 (20.69%) patients of the first group and in 8 (27.59%) of the third 

group. The study 15 minutes after extraction revealed bacteremia in 3 (10.34%) 

patients from both groups. No statistically significant difference was found in the 

presence of bacteremia in the patients of the two groups both at the 30th second (p 

= 0.548) and at the 15th minute after the end of the extraction (p> 0.05). 
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Preoperative most often it was isolated coagulase negative staphylococcus 

(Coagulase negative Staphylococcus) - in 71.43% of the positive aerobic and 28.57% 

of the positive anaerobic blood cultures. The presence of the bacterium in both types 

of blood cultures is simultaneously explained by the fact that it is an optional 

anaerobic and can use respiratory and enzymatic metabolism. 

At 30 seconds after the end of extraction in the first group, the most common 

aerobic blood cultures were positive for Streptococcus milleri (33.33%) and 

anaerobic - for Streptococcus viridans (25%). In the third group, Streptococcus 

viridans was most often isolated - 50% of the positive aerobic and 37.5% of the 

positive anaerobic blood cultures. 

Fifteen minutes after the end of extraction in both groups, coagulase negative 

staphylococcus was most often isolated - 33.33% of all positive aerobic and 

anaerobic blood cultures in the first group; 66.67% of the positive aerobic blood 

cultures 33.33% of the positive anaerobic blood cultures in the third group. 

The data for the isolated micro- organisms are presented in Table № 15. 

Table № 15. Isolated microorganisms in blood culture examination after simple dental extraction. 

 First group Third group  

n 
Isola m and aerobic 

blood culture 

Anaerobic blood 

culture isolates n 
Isola m and aerobic 

blood culture 

Anaerobic blood 

culture isolates 

 

Preoperativ

ely 
5 

Coagulase negative 

Staphylococcus 

Coagulase 

negative 

Staphylococcus; 

Streptococcus 

mitis/oralis 

3 

Coagulase negative 

Staphylococcus; 

Staphylococcus 

aureus 

Coagulase negative 

Staphylococcus; 

Streptococcus 

mitis/oralis 

8 

For 30 

seconds 
6 

Streptococcus 

viridans; 

Coagulase negative 

Staphylococcus; 

Streptococcus 

milleri; 

Streptococcus 

constelatus 

Streptococcus 

viridans; 

Streptococcus 

mitis; 

Streptococcus 

milleri 

8 

Streptococcus 

viridans ; 

Coagulase negative 

Staphylococcus; 

Streptococcus milleri 

Coagulase negative 

Staphylococcus; 

Streptococcus 

viridans; 

Streptococcus milleri 

14 

At 15 

minutes 
3 

Coagulase negative 

Staphylococcus; 

Streptococcus 

viridans 

Coagulase 

negative 

Staphylococcus; 

Bacillus species 

3 
Coagulase negative 

Staphylococcus 

Coagulase negative 

Staphylococcus 
6 

Total 14  14  28 
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The mean duration of tooth extraction in patients in the first group was 16.24 

± 2.09 minutes, and in patients in the third group - 15.24 ± 2.27 minutes. There was 

no statistically significant difference in the duration of dental manipulation in 

patients from the two groups - p = 0.747. We found that postoperative bacteremia 

did not depend on the duration of normal extraction both at the 30th second (p = 

0.289) and 15 minutes after the end of the manipulation (p = 0.394), as well as on 

the type of extracted tooth (p = 0.241 of). 30th second, p = 0.869 at 15 minutes). 

Comparative analysis of bacteremia after atypical tooth extraction in 

patients without and with preoperative topical administration of 0.2% 

chlorhexidine digluconate: 

Of all patients in the study, 40 were female and 18 were male. The ratio 

between women and men in the group without rinsing the oral cavity (second group) 

was 2.63: 1, and in patients rinsing the oral cavity with 0.2% chlorhexidine 

digluconate (fourth group) - 1.9: 1. The mean age of patients in the second group 

was 26.3 ± 1.65 years, and in the fourth group - 26.34 ± 1.82 years. No statistically 

significant age difference was found between the two groups (p = 0.967). Of the 58 

teeth extracted, 56 (96.55%) were mandibular third molars. 

Preoperative bacteremia was found in 2 (3.4%) patients - one of the two 

groups. At the 30th postoperative second, bacteremia was reported in 3 (5.2%) 

patients in the second group and in 2 (3.4%) of the fourth group. The study found 

bacteremia in 1 (1.7%) patient in the second group 15 minutes after extraction. No 

statistically significant difference was found in the presence of bacteremia in the 

patients of the two groups both at the 30th second (p = 0.647) and at the 15th minute 

after the end of the extraction (p = 0.322). 

In the second group of patients, Streptococcus viridans and Actinomyces 

viscosus (33.33% of the positive aerobic and 50% of the positive anaerobic isolates) 

were isolated with the highest frequency. In a study of patients in the fourth group 

we found that coagulase negative staphylococcus (Coagulase negative 

Staphylococcus) was present in all three positive blood cultures. The data for the 

isolated micro- isms are presented in Table № 16. 
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Table № 16. Isolated microorganisms in blood culture examination after atypical tooth extraction. 

  

Second group Fourth group 

  

n 
Isola m and aerobic blood 

culture 

Anaerobic 

blood culture 

isolates 

n 

Isola m and 

aerobic blood 

culture 

Anaerobic blood 

culture isolates 

Preoperatively 1 Staphylococcus epidermidis - 1 

Coagulase 

negative 

Staphylococcus 

- 2 

For 30 

seconds 
3 Streptococcus viridans; 

Streptococcus 

viridans; 

Actinomyces 

viscosus 

2 

Staphylococcus 

negative 

coagulase; 

Staphylococcus 

negative 

coagulase; 

Streptococcus 

viridans; 

5 

At 15 minutes 1 Actinomyces viscosus - - - - 1 

Total 5   3   8 

  

  

We studied the relationship between the preoperative condition of the oral 

cavity and bacteremia. We found that the worse the indicators reported in 

preoperative oral status, the more likely it was to detect bacteremia both 

preoperatively (p = 0.001) and 15 minutes after the end of extraction (p <0.0001) in 

both study groups. patients. The preoperative condition of the oral cavity was not a 

factor influencing postextraction bacteremia 30 seconds after atypical extraction (p 

= 0.219) in patients in the study groups. 

In particular, the preoperative condition of the gingiva affected both 

preoperative bacteremia (p = 0.001) and post-extraction bacteremia examined 15 

minutes after the end of the intervention (p <0.0001), but was not a factor 

determining bacteremia 30 seconds after extraction (p = 0.105).   

Further study found that the level of oral hygiene did not affect bacteremia 

both preoperatively (p = 0.017) and postoperatively - 30 seconds after extraction p 

= 0.075, at the 15th minute p = 0.147 among our study contingent. 
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Conclusions on the first task 

  

1. Bacteremia after tooth extraction does not depend on the duration of surgery. 

2. Post-extraction bacteremia does not depend on the sex and age of the patients. 

3. Postekstraktsionna bacteremia, 30 seconds after an ordinary tooth extraction was 

found at 20.69% of the patients, they, and the 15th minute cases of bacteraemia 

are 13.79%. 

4. Post-extraction bacteremia, 30 seconds after atypical tooth extraction, was 

detected in 10.34% of patients, and at the 15th minute the cases of bacteremia 

were 3.45%. 

5. Post-extraction bacteremia, 30 seconds after simple dental extraction in subjects 

administered topically in the oral cavity, 0.2% chlorhexidine was found in 27.6%, 

and at the 15th minute - in 10.3%. 

6. Post-extraction bacteremia 30 seconds after atypical tooth extraction in subjects 

administered topically in the oral cavity 0.2% chlorhexidine was detected in 

6.9%, and at 15 minutes - was not detected. 

7. Preoperative topical administration of 0.2% chlorhexidine digluconate resulted 

in a statistically significant reduction in postextraction bacteria, regardless of the 

type of extraction performed (p = 0.046). 

8. Preoperative topical administration of 0.2% chlorhexidine digluconate, 

regardless of the type of extraction performed, resulted in a statistically 

significant reduction of postextraction bacteremia at 15 minutes compared to 

postextraction bacteremia at 30 seconds (p = 0.035). 
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Results by task 2. To investigate the change in halitosis after topical administration 

of 0.2% chlorhexidine digluconate. 

The study included 60 people - 38 women (63.3%) and 22 men (36.7%). The 

mean age of the subjects was 28.85 ± 10.63 years (the youngest participant was 20 

years old, the oldest was 69 years old). The mean age of women was 27.95 ± 1.79 

years, and of men - 30.41 ± 2.13 years. No statistically significant age difference was 

found between the two sexes (p = 0.392). Of the respondents, 30 (50%) were smokers 

and 30 (50%) were non-smokers. The distribution by sex found that 15 (39.5%) of 

the surveyed females and 15 (68.2%) of the males used tobacco products. The study 

found a statistically significant difference between the two sexes on the basis of 

"smoking" - p = 0.032. Smokers use an average of 7.53 ± 1.15 cigarettes per day. 

Female smokers used an average of 4.82 ± 1.09 cigarettes per day, while male 

smokers reported an average of 12.23 ± 2.2 cigarettes per day. There was a 

statistically significant difference in the number of cigarettes smoked per day in 

persons of both sexes (p <0.0001). 

The data values of halitosis in the enrolled persons are presented in Table № 

17. 

Table № 17. Halitosis values before and after administration of 0.2% chlorhexidine 

       Contingent 
 

 

Halitosis 

women (n=38) men (n=22) total (n=60) 

Общо 
Непушачи 

n=23 

Пушачи 

n=15 
Общо 

Непушачи 

n=7 

Пушачи 

n=15 

Непушачи 

n=30 
Пушачи 

n=30 

Before 

administration of 

0.2% chlorhexidine 

3.92±0.12 3.83±0.18 4.07±0.12 3.91±0.19 3.43±0.43 4.13±0.17 3.73±0.17 4.1±0.1 

After 14 days of 

administration of 

0.2% chlorhexidine 

2.1±1.15 2.09±0.22 2.2±0.24 2.05±0.3 1.43±0.53 2.33±0.36 1.93±0.21 2.27±0.21 

The halitosis study averaged 3.92 ± 0.79 for the subjects. For females the mean 

value was 3.92 ± 0.12, and for males - 3.91 ± 0.19. No statistically significant 

difference was found in the values of halitosis in both sexes. The study showed that 

in non-smokers the average values of halitosis were 3.73 ± 0.17, while in smokers 
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these values were elevated - 4.1 ± 0.1. There was no statistically significant 

difference in halitosis values in smokers compared to non-smokers (p = 0.07). 

The study showed that age is not a factor that affects halitosis. No correlations 

were found between halitosis values and the age of the subjects included both before 

the start of treatment with 0.2% chlorhexidine (r = -0.62, p = 0.637) and after its 14-

day administration ( r = -0.121, p). = 0.357). 

The study found that 14-day administration of 0.2% chlorhexidine resulted in 

a statistically significant decrease in halitosis values in the subjects - 2.1 ± 1.15, p 

<0.0001. This trend is maintained both for smokers (mean halitosis after 14 days of 

0.2% chlorhexidine was 2.27 ± 0.21, p = 0.006) and for non-smokers - mean halitosis 

after 14 days of 0.2% chlorhexidine was 1.93 ± 0.21, p <0.0001. 

The study of halitosis values, reported twice, showed that they were evenly 

distributed. A statistically significant Pearson correlation coefficient was found 

between halitosis before the start of rinsing with   0.2% chlorhexidine and 14 days 

later - r = 0.473, p <0.0001. No statistically significant Pearson correlation 

coefficient was found between halitosis values before and after the end of treatment 

with 0.2% chlorhexidine depending on smoking - the coefficients were r = 0.235, p 

= 0.007 and r = 0.145, p = 0.27, respectively. 

  

Conclusions on the second task 

1. No statistically significant difference in halitosis values between the 

two sexes was found (p = 0.392). 

2. There was no statistically significant difference in halitosis values 

between smokers and non-smokers (p = 0.07). 

3. Age is not a factor influencing halitosis (p = 0.357). 

4. Fourteen-day administration of 0.2% chlorhexidine resulted in a 

statistically significant reduction in halitosis values compared to 

baseline in both smokers and non-smokers (p = 0.006; p <0.0001). 
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Results by task 3. To clarify the effect of topical application of 0.2% 

chlorhexidine digluconate on tooth color. 

The study included the individuals (n = 60) described in Task 1. 

The change in the color of the maxillary first premolars, canines and central 

incisors was examined bilaterally, by three measurements - before the start of 

administration of 0.2% chlorhexidine with 0.2% chlorhexidine digluconate, on the 

7th day after the start of administration and on the 14th day. The teeth located in the 

right maxillary half were previously cleaned of plaque and dental plaque, and those 

located in the left half of the maxilla were not manipulated. 

1.   Measurements performed prior to administration of 0.2% chlorhexidine 

digluconate. 

1.1. Measurements on pre-cleaned of plaque and stains teeth (teeth 14, 13, 11):      

1.1.1. First maxillary right premolar                 

Table № 19 presents the data on the color of tooth 14, established before the start of 

the administration of 0.2% chlorhexidine with   0.2% chlorhexidine digluconate, in 

the studied 60 patients. Among non-smokers, tooth 14 was most often diagnosed with 

color C 3 (in 11 individuals, 18.3%), and among smokers, the most commonly found 

color of the examined first premolar was D 3 - in 12 individuals (20%). Although 

lighter tooth color was found in non-smokers than in smokers, no statistically 

significant difference in tooth color was found between the two groups of patients (p 

= 0.236). 

1.1.2. Upper maxillary right canine                 

The data on the color of tooth 13 before the start of administration of 0.2% 

chlorhexidine with 0.2% chlorhexidine digluconate are presented in Table № 20. 

The largest share are the right canines with color A 3.5 - 38.3% (n = 23). The 

statistical processing of the obtained results did not establish a significant difference 

in the color of the right canines in smokers and non-smokers - p = 0.478. 

1.1.3. Central maxillary right incisor                 

The results of the study of the color of tooth 11 are presented in Table № 21. 

The highest percentage of right central incisors with color A 2 - a total of 38.3% (n 

= 23) in both smokers and non-smokers. There was no statistically significant 
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difference in the color of the right central incisor in the two groups of patients - p = 

0.397. 

1.2. Measurements on untreated pre-treated tooth surfaces (teeth 24, 23, 

21): 

1.2.1. First maxillary left premolar 

Table № 22 presents the data on the color of tooth 24, established before the 

start of the administration of 0.2% chlorhexidine with   0.2% chlorhexidine 

digluconate, in the studied 60 patients. The most commonly found tooth color 24 in 

both smokers and non-smokers was C 4 (in 20 individuals, 33%). In tobacco users, 

there is a high frequency of color D 3 - in 9 people (15%). In non-smokers, a lighter 

color of dental tissues was found compared to smokers, and this difference was 

statistically significant (p = 0.033). 

1.2.2. Maxillary left canine                 

The data from the measurements on tooth 23 are summarized in Table № 23. 

The largest percentage of the studied left maxillary canines are with color A 3.5 - 24 

teeth (40%). There was no statistically significant difference in the color of tooth 23 

in smokers and non-smokers - p = 1.0. 

1.2.3. Central maxillary left incisor                 

The summarized measurements for tooth 21 are presented in Table № 24. The 

largest share of the studied left central maxillary incisors are with color A 2 - 43.3% 

(n = 26). No difference in tooth color was found in smokers and non-smokers - p = 

0.578. 

2.   Measurements performed 7 days after the start of administration of 0.2% 

chlorhexidine digluconate. 

2.1. Measurements on teeth previously cleaned of plaque and stains - 14, 13, 

11                  

2.1.1. First maxillary right premolar           

The results of the tests for the color of a tooth 14 obtained by measurements 

carried out 7 days after the beginning of the use of 0.2% chlorhexidine 0.2% 

chlorhexidine diglyuk o isocyanate are presented in Table № 25. It was found that 

the largest share of the right first maxillary premolars are C 3 and C 4 - 33% (n = 
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20) and 31.7% (n = 19), respectively. There was no difference in the established 

color in patients who use tobacco products and in non-smokers - p = 1.0, but there 

is a statistically significant change in the color of the examined tooth compared to 

baseline (p <0.0001). 

2.1.2. Upper maxillary right canine           

The study of the change in the color of the tooth 13 seven days after the start of 

application of 0.2% chlorhexidine with chlorhexidine (Table № 26) found that the 

highest percentage of the test teeth in smokers have a color C 3 - 23.3% (n = 14), 

while non-smokers have the most right-sided maxillary canines with color A 3.5 - 

16.7% (n = 10). No statistically significant difference in tooth 13 color was found in 

smokers and non-smokers a week after the start of 0.2% chlorhexidine with 

chlorhexidine - p = 0.219, but a statistically significant difference in tooth 13 color 

was found compared to baseline - p < 0.0001. 

2.1.3. Central maxillary right incisor           

Data on the detected tooth color 11 weeks after the start of use of 0.2% 

chlorhexidine are presented in Table № 27. The highest percentage of right central 

incisors with color A 2 - a total of 36.7% (n = 22) in both smokers and non-smokers. 

There was no statistically significant difference in the color of the right central 

incisor in the two groups of patients - p = 0.757, but there was a statistically 

significant change in the color of the examined tooth seven days after the start of use 

of 0.2% chlorhexidine with 0.2% chlorhexidine digluconate (p < 0.0001). 

2.2. Measurements on untreated pre-treated tooth surfaces (teeth 24, 23, 21):                  

2.2.1. First maxillary left premolar           

Table № 28 presents the summary data for the established tooth color 24 seven 

days after the start of administration of 0.2% chlorhexidine with 0.2% chlorhexidine 

digluconate. The largest share of the smokers studied had color C 3 (18.3%, n = 11), 

followed by patients with color D 3 (13.3%, n = 8) and C 4 (11.7%, n = 7). The largest 

share of non-smokers are with the color of the studied 24 tooth C 4 (21.7%, n = 13). 

There was no statistically significant difference in tooth color in the two groups of 

patients (p = 0.114), but a significant change in the color of 24 teeth a week after the 

start of oral water administration compared to baseline (p <0.0001). 
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2.2.2. Maxillary left canine           

Data obtained in removing the color of the left side maxillary canine, a week 

after the application of 0.2% chlorhexidine 0.2% chloramphenicol rheksidin 

digluconate (Table № 29) show that the largest share of the test teeth when smoking 

a color A 4 - 18.3% ( n = 11), and in smokers - A 3.5 - 15% ( n = 9). No statistically 

significant difference in color was found in smokers and non-smokers - p = 0.528. 

Statistical processing of the data revealed a significant change in the color of tooth 

23 compared to baseline (p <0.0001). 

2.2.3. Central maxillary left incisor           

The summary data on the established tooth color 21 weeks after the start of 

administration of 0.2% chlorhexidine with 0.2% chlorhexidine digluconate, 

presented in Table № 30, show that 41.7% (n = 25) of the cases are color A 2 in both 

groups of patients. There was no significant difference in the color of tooth 13 in 

smokers and non-smokers (p = 0.751), but the change in color compared to baseline 

was statistically significant (p <0.0001). 

3.   Measurements performed 14 days after the start of administration of 0.2% 

chlorhexidine digluconate. 

3.1. Measurements on pre-cleaned of plaque and stains teeth - 14, 13, 11:                  

3.1.1. First maxillary right premolar           

Data on the color of 14 teeth established 14 days after the start of administration 

of 0.2% chlorhexidine with 0.2% chlorhexidine digluconate are summarized in Table 

№ 31. The largest is the share of the examined teeth with color C 4 - 50% (n = 30), 

distributed equally between smokers and non-smokers. The share of teeth with color 

C 3 is relatively large - 23.3% (n = 14). Data processing revealed a statistically 

significant difference in the color of the examined teeth in smokers and non-smokers 

(p = 0.009) after 14 days of use of 0.2% chlorhexidine with 0.2% chlorhexidine 

digluconate. There was no statistically significant difference in the color change of 

the examined tooth on the 14th day from the beginning of the application of the tested 

0.2% chlorhexidine in comparison with the initial level (p = 0.106), nor in 

comparison with the level on the 7th day (p = 0.066). 
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3.1.2. Upper maxillary right canine           

Fourteen days after the start of the use of 0.2% chlorhexidine with 0.2% 

chlorhexidine digluconate, the largest share of right-sided canines with color A 3.5 

(25%, n = 15), followed by teeth with color A 4 (21.7%, n = 13) - Table № 32 . There 

was a statistically significant difference in tooth color 13 fourteen days after daily 

use of the tested 0.2% chlorhexidine compared to baseline (p <0.0001) and 

compared to the established color on the 7th day from the beginning of its use (p 

<0.0001). No statistically significant difference in tooth color was found 13 fourteen 

days after the start of the experiment in patients from both groups - p = 0.265. 

3.1.3. Central maxillary right incisor           

Tooth color data 11 fourteen days after the start of the use of 0.2% chlorhexidine 

with 0.2% chlorhexidine digluconate are summarized in Table № 33. The largest 

share of teeth with color A 2 and D 2 - 18.3% (n = 11). The share of teeth with color 

C 3 - 15% (n = 9) is also significant. No statistically significant difference in the color 

of the studied canines was found between the patients from the two groups - p = 

0.483. The change in the color of tooth 13 was statistically significant compared to 

baseline (p <0.0001) and compared to the color on day 7 of the experiment (p 

<0.0001). 

3.2. Measurements on untreated pre-treated tooth surfaces (teeth 24, 23, 21):                  

3.2.1. First maxillary left premolar      

On the 14th day of the experiment, the largest share was of the first left 

maxillary premolars, which have color C 4 (50%, n = 30) - Table № 34. In this 

measurement, no statistically significant difference in the color of the examined tooth 

24 was found between the two groups of patients (p = 0.674). However, the difference 

in the color of the tested tooth was statistically significant compared to the baseline 

level (p = 0.036) and compared to the values recorded on day 7 (p <0.0001).      

 

3.2.2. Maxillofacial left canine           

Tooth color data 23 fourteen days after the start of administration of 0.2% 

chlorhexidine with 0.2% chlorhexidine digluconate are presented in Table № 35 . 

Most teeth are color A 4 - 30% (n = 18) and color C 3 - 25% ( n = 15). No statistically 
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significant difference in color was found in smokers and non-smokers when reading 

the color on the 14th day from the beginning of the experiment - p = 0.929. The 

change in the color of the left canines was statistically significant compared to 

baseline (p = 0.002) and compared to the color reported on day 7 (p <0.0001). 

3.2.3. Central maxillary left incisor           

On the 14th day from the beginning of the administration of 0.2% chlorhexidine 

with 0.2% chlorhexidine digluconate, the largest share have teeth 21 with color A 2 

(20%, n = 12), D 2 (16.7%, n = 10) and A 3 (15%, n = 9) - Table № 36. There was 

no statistically significant difference in tooth color 21 in smokers and non-smokers 

14 days after the start of the experiment (p = 0.09). The change in the color of the 

examined tooth was statically significant in comparison with both the initial level (p 

= 0.001) and the registered color on the 7th day (p <0.0001). 

  

Conclusions on the third task 

1. Seven days of topical administration of 0.2% chlorhexidine resulted in 

a statistically significant change in the color of the examined teeth 

compared to baseline. 

2. The fourteen-day administration of 0.2% chlorhexidine resulted in a 

statistically significant change in the color of the examined teeth 

compared to baseline and compared to the established values on the 

7th day from the beginning of the use of 0.2% chlorhexidine 

digluconate. 

3. The observed difference in the color of the tooth surfaces, both after 

seven days and after fourteen days of topical administration of 0.2% 

chlorhexidine digluconate, did not depend statistically significantly on 

whether the patients were smokers or non-smokers. 
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VII. GENERAL CONCLUSIONS 

  

1. Preoperative topical administration of 0.2% chlorhexidine digluconate 

resulted in a statistically significant reduction in postextraction bacteremia, 

regardless of the type of extraction performed (p = 0.046). 

2. Preoperative use of 0.2% chlorhexidine digluconate, regardless of the type 

of extraction performed, resulted in a statistically significant reduction of 

postextraction bacteremia at 15 minutes compared to postextraction 

bacteremia at 30 seconds (p = 0.035). 

3. Topical administration of 0.2% chlorhexidine digluconate resulted in a 

statistically significant reduction in halitosis levels after 14 days of 

administration. 

4. Topical administration of 0.2% chlorhexidine digluconate resulted in 

statistically significant darkening of hard dental tissues after 7 and 14 days 

of administration. 
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VIII. YIELD 

  

Theoretical contributions: 

1. For the first time in Bulgaria, a study was performed on the effect of 

antiseptic solutions containing 0.2% chlorhexidine on postextraction 

bacteremia in typical tooth extraction in clinically healthy patients. 

2. For the first time in Bulgaria, a study was performed on the effect of 

antiseptic solutions containing 0.2% chlorhexidine on postextraction 

bacteremia in typical tooth extraction in clinically healthy patients. 

3. For the first time in Bulgaria the change in the color of the teeth during the 

application of antiseptic solutions containing 0.2% chlorhexidine was 

studied. 

4. The effect of antiseptic solutions containing 0.2% chlorhexidine on the 

degree of halitosis in clinically healthy subjects was investigated. 

  

Scientific and applied contributions: 

1. It has been shown that postextraction bacteremia does not depend on the 

duration, sex and age of the patient. 

2. It was shown that preoperative application of antiseptic solutions in the oral 

cavity, sadarzhashi 0.2% chlorhexidine, reduces bacteremia 15 minutes 

after extraction minutes of teeth in clinically healthy subjects. 

3. It has been shown that the degree of halitosis after administration of 

antiseptic solutions in the oral cavity containing 0.2% chlorhexidine does 

not depend on gender and age in clinically healthy individuals. 

4. 14-day administration of antiseptic oral solutions containing 0.2% 

chlorhexidine has been shown to reduce halitosis in both smokers and non-

smokers. 

5. It has been shown that 14-day application of antiseptic solutions containing 

0.2% chlorhexidine leads to a change in tooth color. 
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