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I. ABBREVIATIONS USED 

 

 

 

 

MID Minimally-invasive dentistry 

HDT Hard dental tissues 

BDA Bulgarian Dental Association 

DEJ Dentino-enamel junction 

ICDAS International Caries Detection and Assessment System 

CCD Charged Coupled Device 

BW Bitewing radiography 

CBCT Cone Beam Computer Tomography 

FOTI Fibro-Optic Transillumination 

DIFOTI Digital Fibro-Optic Transillumination 

NIRT Near Infrared Transillumination 

LF Laser Fluorescence 

TCP Tricalcium phosphate 

TEGDMA Tetraethylene glycol dimethacrylate 

E0 No caries  

E1 Caries in the outer half of enamel 

E2 Caries in the inner half of enamel 

D1 Caries in the outer third of dentin 

TRITC Tetramethylrhodamine isotiocyanate 
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II. INTRODUCTION 

 

        Proximal caries is both diagnostic and therapeutic challenge. Difficult access to caries lesions 

prevents their early detection and treatment at the proper moment. Advances in technology have led 

to the creation of many devices for early caries detection. They require controlled studies, validating 

their diagnostic accuracy and recommending their careful use as an adjunct to conventional tools. 

Minimal intervention is the main goal of contemporary caries therapy. There is a paradigm 

shift in cariology from the classical approach of "drill and fill" to a new philosophy of "heal and 

seal". Caries is a relatively slowly progressing disease, which allows it to be treated and arrested at 

any time and requires a rethinking of the early invasive intervention. General strategies for manag-

ing initial proximal caries focus on either remineralization or invasive treatment. An alternative 

therapy for arresting initial caries is the infiltration with light-curing resins. The purpose is to seal 

the pores in the lesion and thus prevent the acids penetration. Caries infiltration fills the existing 

therapeutic gap between pure prophylaxis and operative treatment and entirely complies with the 

concept of minimal intervention in dentistry. 

 

III. UNSOLVED PROBLEMS 

 

On the basis of the thorough review of the available specialized literature, the following 

unsolved problems can be formulated: 

1. There is some confusion and uncertainty among dentists regarding the diagnostic threshold 

and the correct time to undertake operative treatment of initial proximal caries. 

2. No literature data was found on the state of the problem in Bulgaria and the attitude of the 

Bulgarian dentists to the diagnosis and treatment of initial proximal caries. 

3. Conventional means for diagnosing initial proximal caries have very low sensitivity and 

cannot be used for early detection. The impressive number of emerging diagnostic systems, some of 

which are still in the experimental phase, bring positivism that early detection of proximal caries is 

possible, but controlled laboratory and clinical studies are needed to validate their sensitivity, speci-

ficity and diagnostic accuracy. 

4. There exists a therapeutic gap between prophylactic measures (remineralization) and (min-

imally) invasive treatment of proximal caries. 

5. A possibility to fill this gap is the method of caries infiltration, which is a relatively new 

approach in the treatment of initial proximal lesions. The number of clinical trials on the method, 

especially in the long term, is limited. Controlled clinical studies, mainly with a comparative design, 

are necessary to investigate the effects of infiltration, remineralization, and oral hygiene only on the 

arresting of initial proximal lesions. 

6. The penetration depth of the infiltrant cannot be determined after treatment due to the lack 

of resin radiopacity. With laser confocal microscopy, the penetration depth of the infiltrant into the 

pores of the caries lesion can be visualized in vitro and compared with that of a dental adhesive. 

The only similar available study is that of the authors of the caries infiltration method. 

7. There is no established clinical protocol for early diagnosis and non-operative treatment of 

non-cavitated proximal caries lesions. 
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IV. AIM AND TASKS 

 

          Aim: To explore the possibilities for early diagnosis and non-operative treatment of non-

cavitated proximal caries. 

 

           Tasks: 

1. To study the attitude and awareness of Bulgarian dentists from Plovdiv region to the 

application of methods and devices for diagnosis and treatment of initial proximal caries. 

2. Comparative in vitro study of the diagnostic accuracy of several methods for detection of 

initial non-cavitated proximal caries – visual-tactile, bitewing radiography, laser-

fluorescence (DIAGNOdent pen, KaVo) against the histology as a gold standard. 

3. To compare the possibilities of  a dental adhesive and an infiltrant for treatment of initial 

caries lesions by examining the depth of the treated lesions, the depth and the percentage of 

penetration of the material. 

4. Comparative clinical study of the diagnostic accuracy of near-infrared transillumination 

(DIAGNOcam, KaVo) compared to digital bitewing radiography for the diagnosis of initial 

proximal caries. 

5. To compare clinically the effect of two methods for treatment of initial caries lesions  –

infiltration and remineralization with a control group with no treatment applied. 

 

V. MATERIALS AND METHODS 

 

Task 1 

1. Materials 

Object of observation 

Attitude and awareness of the Bulgarian dentists from Plovdiv region to the early diagnosis 

and non-operative treatment of non-cavitated proximal caries lesions. 

Observation units 

 200 dentists from Plovdiv region aged between 25 and 80 years. 

Signs of observation 

 Gender, age, experience, specialty, data on practices, choice of method for diagnosis and 

treatment of proximal caries, familiarity with the method of caries infiltration. 

Place of observation 

Dentists from the city of Plovdiv and the country, who participated in scientific seminars and 

conferences in the city of Plovdiv, were interviewed. 

Observation time 

November 2018 – April 2019. 

Observation authorities 

To conduct the survey, the doctoral student is committed to the performance of the task. 

2. Methods 

Sociological method 

• Creating a database 

A sectional survey was conducted with the help of a structured questionnaire, filled in by 200 

regular members of the Plovdiv Regional College of the Bulgarian Dental Association, who 

attended annual scientific forums organized by the BDA. The summary list of dentists targeted for 

the study and participated in it was checked for duplication of information. 

• Development and design of the questionnaire 
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   The questionnaire, written in Bulgarian, contains 12 questions, of which 8 semi-open (5 

have more than one answer) and 4 closed questions. 

• Administration of the study 

  The questionnaires were distributed on paper during the registration of events organized by 

the BDA to its members. They were collected in specially prepared boxes in which those who 

agreed to participate in the survey put their completed cards. 

  Statistical methods 

  The data analysis was performed with the statistical program IBM SPSS, version 26 (2018), 

the specialized program for medical analysis MedCalc version 19.0.7 (2019) and the statistical 

program Minitab version 18.1 (2017). The results were interpreted as statistically significant at an 

error level of type 1 alpha = 0,05 (p <0.5). 

For long-term quantities with normal distribution, the analyses were performed by parametric 

statistical methods. For values measured on nominal, binary or ordinal scales, as well as in the 

absence of normal distribution for continuous values, non-parametric statistical analyses were 

applied. The following methods were used in the data analysis: 

Parametric: 

• T-test for independent samples for comparison of two groups (Independent samples t-test) 

 Non-parametric: 

• Frequency analysis (number and %) of qualitative variables – absolute and relative 

frequencies, presented as ordinary numerical values (n) and as a relative share (%), respectively. 

• Fisher’s exact test to compare proportions 

 

Task 2 

     1. Materials 

      Object of observation 

      The diagnostic accuracy of several methods for detection of initial non-cavitated proximal caries 

– visual-tactile, bitewing radiography, laser-fluorescence (DIAGNOdent pen, KaVo) to the 

histological as a gold standard. 

      Observation units 

       58 non-cavitated proximal surfaces. 

      Signs of observation 

      ROC curve, area under the curve, sensitivity, specificity, overall diagnostic accuracy of each 

method in  comparison to histology. 

      Place of observation 

      Department of Operative Dentistry and Endodontics, Faculty of Dental Medicine, Medical 

University of Plovdiv. 

      Bulgarian Food Safety Agency (BFSA), National Diagnostic Research Veterinary Medical 

Institute, National Reference Laboratory "Anthrax and Rabies". 

      Observation time 

      April – June 2019. 

      Observation authorities 

      The doctoral student in collaboration with Dr. Reneta Petrova, veterinarian, National Reference 

Laboratory "Anthrax and Rabies", assisting in the cutting of the teeth with a microtome for HDT. 

 

          2. Methods 

      The study involved 31 extracted human permanent premolars and molars with visibly non-

cavitated and non-obturated proximal surfaces stored in 0.1% thymol solution. The teeth were 

cleaned from soft tissues and calculus with ultrasound, then polished with polishing rubbers and 

fluoride-free toothpaste (Proxyt, 3M). Visual evaluation of the proximal surfaces (mesial and distal) 

was performed to identify an initial white spot caries lesion on at least one proximal surface. A total 

of 62 surfaces (31 teeth, each with 2 surfaces) were examined, of which 4 surfaces with cavitated 



8 
 

lesions were excluded from the study, i.e. 58 proximal tooth surfaces participated in the study. 

Disposable impression trays (Position Tray, 3M) were used to simulate the dentition, and silicone 

impression material (Express XT Putty Soft, 3M) was used to insert the teeth into, creating 

interdental contact (Fig. 2). Three teeth were placed in each tray – one premolar and two molars. 

The interdental contact was checked with a dental floss. The proximal tooth surfaces were 

examined with the following diagnostic methods: 

 

     Visual-tactile Examination 

      Each proximal surface was assessed at a distance of 30 cm from the examiner´s eyes, with no 

magnification, but adequate illumination from the light reflector. Surfaces were first examined wet, 

then air dried for five seconds and inspected again. Visual examination was aided by dental probe 

with a rounded tip to evaluate the surface smoothness.  ICDAS (International Caries Detection and 

Assessment System) was used with the following codes: 

0 – Sound enamel, no visual changes in translucency even after prolonged drying – corresponds to 

E0 

1 – First visual changes in enamel (carious opacity), visible only after prolonged drying, not present 

on a wet surface – corresponds to E1                                                                                                            

2 – Distinct visual changes in enamel when wet – carious opacity or discoloration, not consistent 

with the clinical appearance of sound enamel, corresponds to E2 

3 – Initial breakdown in enamel due to caries with no visible dentin – cavitated lesion                                             

4 – Underlying dark shadow from dentin with or without enamel breakdown – corresponds to D1 

 

      Bitewing Radiography 

 

       Digital bitewing radiographs were taken using photosensitive phosphor plate system (Dűrr 

Dental) and an individual holder (Icon X-Ray Holder, DMG). The Planmeca dental X-ray machine 

operated at 60 kV, 2 mA, 0,315 s exposition time, focus-to-film distance – 20 cm. Radiographic 

interpretations were made on a computer screen, using Dűrr Dental computer program at 2x magni-

fication. Criteria for radiographic interpretations were set according to Pitts, 1984: 

R0 – No radiolucency – no caries – corresponds to E0 

R1 – Zone of increased radiolucency confined to the outer half of the enamel – corresponds to E1                                                                                                                                               

R2 – Zone of increased radiolucency involving both inner and outer halves of the enamel, including 

lesion, extending up to, but not beyond the dentino-enamel junction – corresponds to E2                                                                                                                                                            

R3 – Zone of increased radiolucency penetrating the enamel and dentino-enamel junction and pro-

gressing into the dentine – corresponds to D1 

 

 

 

Figure 1. Teeth in occlusion, 

fixed with silicone impression 

material and Icon X-Ray Holder 

Figure 2. Digital bitewing  

Radiographs 

Figure 3. Examining the 

teeth in contact with  

DIAGNOdent pen 
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       Laser fluorescence examination (DIAGNOdent pen) with teeth in proximal contact 

 

       DIAGNOdent pen (KaVo, Biberach, Germany) has existed as a means of caries detection since 

1998. The device generates laser light with a wavelength of 655 nm. The laser light is absorbed by 

organic and inorganic substances in the teeth and is reemitted as a fluorescent signal in the infrared 

spectrum. The signal is converted into digital values from 0 to 99 on a digital display with a mo-

ment and maximum value. The caries process changes the amount of fluorescence, which is visual-

ized as a higher reading on the display. The tip A for proximal surfaces is used respecting the 

manufacturer´s instructions. The measurements with the DIAGNOdent pen were carried out as fol-

lows: first, the device was calibrated for every tooth using a ceramic reference. The fluorescence of 

a sound spot on the coronal part of the facial surface (zero value) was recorded. For the measure-

ment, the tip of the device was introduced from the facial side of the proximal surface and moved 

towards the other side underneath the contact area. The peak value was registered. The procedure 

was then repeated from the oral side. The highest peak value was taken for further analysis. The 

extent of caries was determined according to the following scores (Lussi, 2006). 

Readings from 0–7 – no changes in enamel – corresponds to E0                                                         

Readings from 8–10 – initial demineralization – corresponds to E1                                                           

Readings from 11–15 – developed demineralization – corresponds to E2                                                       

Readings from 16 and more –advanced demineralization, affecting also dentine – corresponds to D1 

 
 

Figure 4. Tooth roots are removed, crowns 

are embedded in epoxy resin and prepared 

for cutting with a microtome 

Figure 5. Cutting the teeth in the middle of 

the lesions into two halves with a 

microtome Leica SP 1600 for HDT 

 

       Laser Fluorescent Examination (DIAGNOdent pen) directly in the Caries Lesion 

       The measurement is performed before placing the teeth in a dental row with proximal surfaces 

contacting each other. The tip was applied directly onto the lesion on the tooth´s proximal surface. 

The highest reading was recorded. The device was again calibrated and standardized before measur-

ing each proximal surface respecting the manufacturer´s instructions. 

The extent of caries was determined according to the following scores (Lussi, 2006): 

Readings from 0 – 9 – no changes in enamel – corresponds to E0                                                         

Readings from 10 – 13 – initial demineralization – corresponds to E1                                                           

Readings from 14 – 19 – developed demineralization- corresponds to E2                                                       

Readings from 22 and more – advanced demineralization, affecting also dentine –corresponds to D1 
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       Histological examination of lesion depth 

       After the examination of the proximal surfaces with the described methods for caries detection, 

the roots of the teeth were removed and the crowns were cut in a mesio-distal direction, across the 

caries lesions, perpendicular to the surface. A microtome for cutting hard dental tissues Leica SP 

1600 was used. Two halves of each lesion were produced. Subsequently, cut surfaces were exam-

ined by a stereomicroscope (x 16 magnification) and classified with respect to histological lesion 

extension, according to the criteria, described by Russel and Pitts, 1993: 

C0 – No caries lesion – corresponds to E0                                                                                  

C1 – Caries lesion in the outer half of the enamel – corresponds to E1 (Fig. 6)                                                                         

C2 – Caries lesion into the inner half of enamel, not involving dentine – corresponds to E2 (Fig. 7)                                                                                                

C3 – Caries lesion through enamel and dentine – corresponds to D1 (Fig. 8) 

 

   

Figure 6. Caries in the outer 

half of enamel E1 

Figure 7. Caries in the inner 

half of enamel E2 

Figure 8. Caries in the outer 

third of dentin D1 

 

      Data analysis was performed with statistical program IBM SPSS, version 25 (2017), specialized 

program for medical analysis MedCalc version 18.11.3 (2019) and statistical program Minitab 

version 18.1 (2017). Frequency analysis of the distribution of caries degrees according to the differ-

ent assessment methods was made. The diagnostic accuracy of the detection methods was compared 

to the histological evaluation, which served as a gold standard. To achieve this aim, analysis with 

ROC curve was performed and sensitivity, specificity and diagnostic accuracy of each detection 

method were calculated. Since the data are presented on an ordinal scale (E0 – lack of caries; E1 – 

caries in the outer half of enamel; E2 – caries in the inner half of enamel; D1 – caries in teh outer 

third of dentin), the analysis was conducted in 3 stages (3 diagnostic thresholds) for three caries 

levels. 

1. The aim of the first stage is to establish the accuracy of the detection methods regarding the 

correct differentiation of the presence of caries from the absence of caries. The ROC curve, 

sensitivity, specificity and accuracy of the detection methods were calculated by the following 

comparison: E0 (no caries) → all other degrees of caries (E1, E2 and D1). The first value is coded 

with 0, and the others with 1. This is diagnostic threshold Dg1 - initial demineralization. 

2. In the next stage, the accuracy of the detection methods regarding the correct differentiation of 

the presence of caries in the inner half of enamel and in the outer third of dentin from the absence of 

caries and caries in the outer half of enamel was established. The ROC curve, sensitivity, specificity 

and diagnostic accuracy of the detection methods were calculated by combining the first two 

categories against the other two or E0 + E1 → E2 + D1. E0 and E1 are coded with 0, and E2 and D1 

with 1. This is diagnostic threshold D2 – advanced demineralization. 
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3. In the third stage, the accuracy of the detection methods regarding the correct differentiation of 

caries in the outer third of dentin from lack of caries, caries in the outer half of enamel and caries in 

the inner half of enamel was established. The ROC curve, sensitivity, specificity and diagnostic 

accuracy of the detection methods were calculated and the first three categories E0 + E1 + E2 were 

compared with D1. E0, E1 and E2 are coded with 0, and D1 with 1. This is diagnostic threshold 

Dg3 – advanced demineralization. 

 

Statistical methods 

   • ROC curve – a fundamental tool for evaluating a diagnostic test. Each point on the ROC curve 

represents a sensitivity / specificity pair corresponding to a specific diagnostic threshold. (Table 1). 

 

Table 1. Correlation between ROC and diagnostic accuracy 

Area Diagnostic accuracy 

0.9 – 1 Excellent 

0.8 – 0.9 Very good 

0.7 – 0.8 Good 

0.6 – 0.7 Satisfying 

0.5 – 0.6 Bad 

< 0.5 The method is useless 

 Area under the curve (AUC) – a measure of the capability of a parameter to distinguish 

between two diagnostic groups (caries/lack of caries). 

 Sensitivity – True Positive findings, in this case the presence of caries. 

 Specificity – True Negative, which in the present study means no caries. 

 Overall diagnostic accuracy. 

 

Task 3 

1. Materials 

      Object of observation 

       The ability of an infiltrant and a dental adhesive to penetrate and fill non-cavitated proximal 

caries lesions. 

       Observation units 

       42 pairs of non-cavitated proximal lesions, each of which was either infiltrated or treated with 

dental adhesive. 

      Signs of observation 

      Depth of lesion, depth of penetration and percentage of infiltration and adhesive penetration 

      Place of observation 

      Department of Operative Dentistry and Endodontics, Faculty of Dental Medicine, Medical 

University of Plovdiv 

      Institute of Reproductive Biology and Immunology (IBIR), Bulgarian Academy of Sciences 

(BAS), Department of Molecular Biology 

     Observation time 

     April - June 2019 

     Observation authorities 

      The doctoral student in collaboration with Assoc. Prof. Milena Murdjeva, IBIR BAS, 

Department of Molecular Biology, assisting in the study of the caries lesions with laser confocal 

microscopy 
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2. Methods 

      Cavitated and damaged surfaces, surfaces without caries, as well as those with caries reaching 

the middle third of dentin from Task 2 were excluded from the study. Thus, 42 pairs of proximal 

lesions with the presence of non-cavitated white spot lesions are involved in the task, confirmed 

histologically and distributed as follows: 

                 E1 – 19 lesions                      E2 – 16 lesions                           D1 – 7 lesions 

      Each half of the described lesions was randomly assigned to treatment in one of two groups – 

one half is treated with an infiltrant, the other one with an adhesive. 

      Both the infiltrant and the adhesive were pre-labeled with 0.1% tetramethylrodamine 

isothiocyanate (TRITC, Sigma Aldricht), a red fluorescent dye used to visualize the penetration of 

the materials into the lesion. 

Method for infiltration of one half of the lesions 

      The validated protocol for infiltration of non-cavitated lesions with Icon infiltrant (DMG) was 

applied. Icon Etch (DMG) etching gel containing 15% hydrochloric acid was applied for 120 

seconds using a micro-applicator. It was then removed by rinsing thoroughly with water-air spray 

for 30 seconds. Then pure alcohol Dry Icon  (DMG) was applied for 30 seconds for complete 

drying (desiccation) of the lesion, additional drying with compressed oil-free air for 60 sec. Icon 

Infiltrant (DMG), pre-labeled with 0.1% TRITC was applied with a micro-applicator, and allowed 

to penetrate for 3 minutes, meanwhile it was reapplied several times. Excess material was carefully 

removed with dry micro-applicators before light-curing for 60 s, 400 mW / cm2. Re-application of 

the infiltrant for 1 minute, removal of excess material, lightcuring for 60 s. 

Method for application of a dental adhesive in the other half of the lesions 

     The technique was the same as infiltration, but instead of 15% hydrochloric acid, 37% 

phosphoric acid (Scotchbond Universal Etchant, 3M) was used, and instead of infiltrant – one-

component dental adhesive (Adper Single Bond 2, 3M) was applied, also pre-labeled with 0.1% 

TRITC. 

    To visualize the remaining porous structure of the lesions, each half was immersed into a 50% 

ethanol solution per 100 μm sodium fluorescein (NaFl, Sigma Aldricht) for 10 minutes. They were 

then washed with deionized water for 3 minutes and both halves of the same lesion were fixed on a 

glass slide for a comparative observation with a laser confocal microscope (Fig. 9). 

 

 
Figure 9. Fixed halves of the same lesion for a comparative 

observation with a laser confocal microscope. 

 

Figure 10. Leica TCS SPE laser 

confocal microscope 
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      The samples were observed with a Leica TCS SPE confocal laser scanning microscope (Fig. 10) 

with an x10 lens in a dual fluorescence mode for the simultaneous detection of red (TRITC) and 

green fluorescence (NaFl). Areas filled with TRITC-labeled infiltrant /adhesive were visualized in 

red and the remaining unfilled porous portion of the lesion in green. The excitation light (excites the 

fluorescence of the corresponding fluorescent) had a maximum wavelength of 532 nm for TRITC 

and 488 nm for NaFl, and the emission (emitting) fluorescence was captured by an emission filter 

with a wavelength of 580 – 610 nm and 500 – 540 nm for NaFl. 25 optical sections were made on 

each examined half in the z plane (z stack) and the most representative image for each lesion was 

selected for further analysis. In case the depth of the lesion was greater than the field of view of the 

microscope, the lesion was examined in several consecutive images. For each half of the lesions, 

images of the material penetration (red fluorescence), of the remaining unfilled porous structure of 

the lesion (green fluorescence), as well as a combined image of both the filled and unfilled part of 

the lesion were obtained. The images had a lateral resolution of 1024 x 1024 pixels and 1000 µm x 

1000 µm. They were analyzed with a computer program for analysis of laser-confocal images Im-

ageJ. The depth of the lesion and the depth of penetration of the material into the lesion were meas-

ured. In a dual-fluorescence mode, the depth of the lesion was defined as the distance from the 

surface of the lesion to the deepest point of green fluorescence, and the depth of infiltrant/adhesive 

penetration was defined as the distance from the surface of the lesion to the deepest point of red 

fluorescence. The percentage of penetration of the material into the lesion was also calculated ac-

cording to the formula: depth of penetration/depth of the lesion x 100. 

Statistical methods 

      The data analysis was performed with the statistical program IBM SPSS, version 26 (2018), the 

specialized program for medical analysis MedCalc version 19.0.7 (2019) and the statistical program 

Minitab version 18.1 (2017). The results were interpreted as statistically significant at Type I error 

level alpha = 0.05 (p <0.5). The following statistical methods were used: 

• Shapiro-Wilks test to check the distribution 

• Paired samples t-test to compare measurements with normal distribution 

• Wilcoxon test for comparison of values with asymmetric distribution 

      The measurements (maximum lesion depth, maximum penetration depth and percentage of pen-

etration) were checked for normal distribution in the two materials used by the Shapiro-Wilks test. 

Normal distribution was found in the data for maximum lesion depth (adhesive, p = 0.085; infiltrate 

p = 0.053) and in percentage of penetration (adhesive, p = 0.054; infiltrate p = 0.735). The data on 

the maximum depth of penetration in both materials showed a deviation from the normal distribu-

tion with a significant value of asymmetry (adhesive, p = 0.042; infiltrate p <0.001). Results were 

presented as means, standard deviation, median, minimum and maximum. The effect of the treat-

ment of the lesions with an adhesive and an infiltrant was compared by a t-test for dependent sam-

ples for the measurements with normal distribution (maximum lesion depth and percentage of 

penetration) and by Wilcoxon test for skewed distributions (maximum depth of penetration). 

 

Task 4 

       1. Materials 

       Object of observation 

       Level of agreement in the diagnosis of proximal caries by transillumination with near-infrared 

light and digital bitewing radiography. 

       Observation units 

       Mesial / distal (proximal) surfaces of premolars and molars in 50 patients aged 18 – 40 years. 

       Signs of observation 
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       Presence or absence of proximal caries 

       Place of observation 

       Department of Operative Dentistry and Endodontics, Faculty of Dental Medicine, Medical 

University of Plovdiv 

      Observation authorities 

      The doctoral student is committed to performing the clinical task 

      2. Methods 

      The study included 50 patients (24 men and 26 women, aged 18 – 38 years). 16 teeth per patient 

were evaluated, of which 8 premolars and 8 molars. Two surfaces were examined on each tooth, the 

mesial and the distal, or a total of 32 surfaces per patient. Visibly intact non-cavitated proximal 

surfaces were involved in the study. 

       Inclusion criteria: healthy patients with completely erupted permanent premolars and molars 

aged at least 18 years. 

       Excluding criteria: teeth with visibly proximal dentinal cavitation, proximal surfaces with 

fillings, secondary caries, orthodontic rings. 

       The examination procedure included an initial professional dental cleaning, followed by a 

visual examination of the entire dentition. Each patient was examined using a dental mirror and a 

probe with a blunt tip, compressed air, and light from the dental unit. All premolars and molars 

were examined with DIAGNOcam, KaVo (Fig. 11), each tooth air-dried and the camera centered 

over the test area. One image of each tooth was taken (Fig. 14). The optimal position of the intraoral 

tip with the tooth sensor was confirmed by the image of the tooth on the computer screen. The light 

source from the dental unit was turned off during image capturing to prevent light interaction. The 

image was captured when the camera was positioned at the correct focus-subject distance and when 

the CCD sensor was centered parallel to the occlusal surface (Figs. 12, 13). Each patient was then 

referred for digital bitewing radiography (Fig. 15). 

 

 

 

 
 

Figure 11. A device for 

caries detection   

DIAGNOcam, KaVo 

Figure 12. Examination of 

upper teeth with  

DIAGNOcam 

Figure 13. Examination of 

lower teeth with 

DIAGNOcam 
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Figure 14. Near-infrared transillumination 

(DIAGNOcam, KaVo) 

Figure 15. Digital bitewing radiography 

 

       In total, the surfaces amounted to 1600, of which 300 were excluded due to the presence of 

cavitation or obturation. The remaining 1300 surfaces, mesial and distal, were examined by near-

infrared transillumination (DIAGNOcam) and by digital bitewing radiography for the presence of 

proximal caries in the enamel and dentin. The degree of agreement between the two methods was 

checked by Cohen’s Kappa test. Figure 16 summarizes the described elements of the study. 

 

Figure 16. Study design 

 

       The results include the number and percentage of detected proximal caries in the enamel and 

dentin for all 1300 surfaces. The percentages were calculated on the basis of the total number of 

surfaces. The two methods for diagnosis of proximal caries were then compared according to the 

type of tooth (molars and premolars) and according to the type of surface (mesial and distal) 

separately for the findings in enamel and in dentin. The value of Kappa coefficient was interpreted 

against the following reference ranges (Cohen, 1960): 
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0.00 – 0.20 = no agreement 

0.21 – 0.39 = minimum level of agreement 

0.40 – 0.59 = low level of agreement 

0.60 – 0.79 = moderate level of agreement 

0.80 – 0.89 = high level of agreement 

0.90 – 1.00 = very high to full agreement 

 

Task 5 

      1. Materials 

      Object of observation 

      Efficacy of caries infiltration, remineralization and lack of treatment for arresting non-cavitated 

proximal caries lesions 

      Observation units 

       47 patients aged between 18 and 38 years with a total of 180 initial proximal caries lesions, 

with a radiographic depth E2 – D1, divided into 3 treatment groups (60 lesions each group). 

      Signs of observation 

      Radiographic depth of lesions before treatment, 1 year after treatment and 2 years after 

treatment 

      Place of observation 

      Department of Operative Dentistry and Endodontics, Faculty of Dental Medicine, Medical 

University of Plovdiv 

      Observation time 

      December 2017 – May 2018 – diagnosis and treatment of caries lesions 

      1-year follow up – until May 2019 

      2-year follow up – until May 2020 

      Observation authorities 

      The doctoral student is committed to performing the clinical task 

2. Methods 

Research design 

      • Split mouth – a clinical study in which the mouth of a patient has all the studied groups 

      • Randomized – the groups are divided randomly 

      • Controlled – controlled study with strict monitoring of test results after 1 and 2 years 

      The study design, which obligatorily includes three initial proximal lesions in one mouth, 

eliminates the consideration that differences in lesion progression between different treatment 

modalities would be due to individual factors and places the three groups of lesions under the same 

conditions. The fact that the lesions were randomly distributed in one of the three studied groups 

also contributes to the objectivity of the results. 

Inclusion criteria 

       • an informed consent 

       • the presence of at least three non-cavitated proximal caries lesions radiographically reaching 

the inner half of enamel or the outer third of dentin 

       • non-cavitated lesion 

Excluding criteria 

       • lack of informed consent 

       • absence of at least three radiographically visible initial lesions  

       • presence of cavitation 

       • pregnancy as a contraindication for radiography 

       • allergies to monomers     

      

     The study involved 47 patients aged between 18 and 38 years. Patients were examined clinically 

and administered two initial bitewing radiographies to purposefully search for at least three initial 

proximal caries lesions in the patient's mouth. The bitewing radiographies were digital with a phos-
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phor-sensitive plate and an individual X-ray holder Icon X-ray Holder (DMG), fixed with a silicone 

impression material O´Bite (DMG) (Fig. 17, 18, 19, 20). Bitewing radiographs were assessed under 

standard conditions. 

  
Figure 17. Patient´s position when taking 

bitewing radiography with Icon X-Ray Holder 

(DMG) 

Figure 18. Individual holder with a silicone 

material to fix occlusion O´Bite (DMG) 

 

 

  
Figure 19 and 20. Initial digital bitewing radiographies 

                   

       The patient's caries risk was determined during the clinical examination. Gingival status and 

bleeding from the papillae after gentle air-drying as an indirect indicator of lesion activity were rec-

orded. Wedges were placed between teeth for temporary separation and visual lesion assessment 

according to the ICDAS criteria and lesions activity assessment according to the criteria set by 

Ekstrand et al. 

       Each of the detected caries lesions was randomly assigned to treatment in one of the following 

groups: 

1. First group – caries infiltration with Icon Proximal infiltrant (DMG). 

2. Second group – remineralization and fluoridation with Clean Pro White Varnish (3M). 

3. Third group – control group with no treatment 

       Treatment protocol. All patients underwent professional oral hygiene with a polishing brush 

and a fluoride-free polishing paste and dental floss. 

      The validated protocol for infiltration (Fig. 22 – 24) of non-cavitated lesions with Icon infiltrant 

(DMG) (Fig. 21) was applied (described in Task 3). 
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Figure 21. Icon Proximal (DMG) – the three syringes - Icon Etch, Icon Dry and Icon Infil-

trant with wedges for teeth separation and application foil 

 

   
Figure 22, 23, 24. Infiltration of tooth 24 distally – etching (Icon Etch), drying (Icon 

Dry) and infiltration (Icon Infiltrant) 
 

      Remineralization protocol 

      Teeth were isolated with cotton rolls and air-dried. A wedge was inserted into the interproximal 

space (interproximal wedge from the infiltration system – Icon Proximal). The content of the 

individual dose of varnish was mixed right before use (Fig. 25). With the brush included in the 

package, a small amount was taken and applied onto the proximal surface (Fig. 26). Contact with 

saliva leads to rapid hardening of the material. Patients were instructed not to brush their teeth until 

the end of the day, as well as not to eat too hard and sticky foods immediately after application to 

ensure maximum contact of the varnish with the tooth surface. 

 
 

Figure 25. Remineralizing varnish 

Clinpro White Varnish, 3М 

Figure 26. Application of remineralizing 

varnish Clinpro White Varnish, 3M, of 

tooth 36 distally 
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      All patients were given instructions for improving oral hygiene, tips for improving the diet in 

terms of its cariogenicity, as well as training for proper and regular cleaning of the interdental 

spaces with dental floss. 

      To avoid misinterpretation of infiltrated lesions during a possible visit to another dentist and 

their premature invasive treatment, the patient was given the so-called treatment booklet, which 

described the radiographic depth of the lesion of the treated tooth and the date of treatment. 

      The control examinations were performed after 1 and 2 years. During the clinical examination, 

the caries risk of the patient was recorded again. Bitewing radiographs were administered. The 

holder for the radiographs was the same as the one for the initial radiographs – Icon X-ray Holder 

(Fig. 18). Each patient had their individual X-ray holder, kept by the doctoral student. This reduced 

the risk of overlapping of the proximal surfaces and guaranteed the same position in the 

radiography – before treatment and at 1 and 2-year follow-up. When the presence or absence of 

caries progression was taken into account, the radiographs in pairs (baseline and control) were read. 

Statistical analysis of the data includes: 

• t-test for independent samples (independent samples t-test) to compare normally distributed 

continuous values (age) 

• Chi-square test to establish an association between normal or ordinal quantities 

• Fisher’s exact test to compare two proportions. 

 

VI. RESULTS AND DISCUSSION 

 

Task 1 

      The survey was correctly completed by 200 participants, including 115 women (57.5%) and 85 

men (42.5%). The proportion of women was significantly higher than that of men according to  

Fisher's exact test, p = 0.004 (Fig. 27).  The mean age of the participants in the survey  was 43.68 ± 

12.23 years, with a range between 25 and 80 years, with no significant sex difference, p = 0.878 

(Fig. 28). 

  
Figure 27.  Sex distribution of the participants 

in the survey 

 

Figure 28. Mean age of the participants in the 

survey  

 

 

      Eighteen  (9%) of the respondents completed their education at the Faculty of Dental Medicine 

at the Medical University, Sofia and the remaining 182 (91%) at the Faculty of Dental Medicine at 

the Medical University, Plovdiv (Fig. 29). The average length of professional experience of the par-

ticipants in the survey was 18.46 ± 12.52 years, with a range between 0 and 53 years (Fig. 30). 
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Figure 29. Distribution of respondents by place of 

education in dental medicine 

Figure 30. Distribution of the respondents 

according to professional experience 

 

 

       When asked about their dental specialty, 120 (60%) of the respondents indicated that they had 

not acquired a specialty, and the remaining 80 (40%) had. The distribution by specialty is shown in 

Fig. 31and by the length of experience in dental specialty is given in Fig. 32. 

 

 

 

Figure 31. Distribution of the respondents by dental specialty 
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Figure 32. Distribution according to length of experience in dental specialty 

 

 

   According to their dental practice, the participants were distributed as  shown in  Fig. 33. 

 
Figure 33. Distribution of the participants by dental practice 

 

 

       The next question in the survey requires respondents to indicate the diagnostic methods they 

apply when hidden proximal caries is suspected. In the answers of 166 (83%) of the participants, the 

use of radiography was indicated. Visual inspection and probing were found in the responses of 149 

(74.50%) participants. Examination and probing after removal with an interdental wedge or ortho-

dontic band was used by 68 (34%) of the respondents. Fibre-optic transillumination (FOTI, 

DIFOTI) was indicated by 21 (10.5%) participants. Diaphanoscopy was included in the answers of 

15 (7.5%) of the respondents. Fluorescence – light or laser (SOPROlife, DIAGNOdent) was used 

by 6 (3%) participants and CBCT – 3D X-ray by 5 (2.5%). No answers were provided in the catego-

ry Other. 
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 Table 2: Diagnostic methods, which the respondends in the survey apply when suspecting hidden 

proximal caries 

            Methods  Number Percent 

Radiography  166 83% 

Visual-tactile examination 149 74.50% 

Visual-tactile examination after tooth separation with interdental 

wedges or orthodontic bands 

68 34% 

FibreOptic Transillumination  (FOTI, DIFOTI) 21 10.5% 

Diaphanoscopy 15 7.5% 

Near-infrared transillumination – DIAGNOcam 3 1.5% 

Fluorescence – light or laser (SOPROlife, DIAGNOdent) 6 3% 

CBCT – 3D radiography 5 2.5% 

Others 0 0% 

Most common combination of methods    

Radiography, Visual-tactile examination 

Radiography, Visual-tactile examination, Visual-tactile examination 

after tooth separation with interdental wedges or orthodontic bands 

77 

 

17 

38.50% 

 

8.50% 

 

       Another question from the survey aims to examine what radiographic methods are used by 

participants to diagnose initial proximal caries. The most commonly used method was bitewing 

radiography, indicated by 92 (46%) respondents. The second most popular method was segment 

parallel radiography, a response selected by 80 (40%) participants. Segment radiography after Dick 

appeared in the answers of 74 (37%) of the respondents. Panoramic radiography was the next most 

common method indicated by 51 (25.50%) of the participants. Cone-beam computed tomography 

(CBCT) was a method chosen by only 3 (1.5%) of the respondents. Direct subtraction radiography 

appeared only in the response of 1 (0.5%) participant. (Fig. 34). 

 
Figure 34. Radiographic methods used by the respondents for initial proximal caries diagnostics 
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       The next question in the survey asked participants to indicate at what stage of the development 

of proximal caries diagnosed radiographically, they would undertake operative/invasive (including 

minimally invasive) treatment. The largest number of participants N = 98 (49%) chose the answer 

"the outer half of the enamel (E1)". Next in frequency is the answer "the inner half of the enamel 

(E2)", which is indicated by 65 (32.50%) of the respondents. The answer "in the area of dentino-

enamel junction" was chosen by 26 (13%) participants. Followed by 9 (4.5%) responses “outer third 

of the dentin (D1); 1 (0.5%) answer "middle third of the dentin (D2)" and 1 answer (0.5%) "inner 

third of the dentin (D3)". The results are summarized in Figure 35. 

 

 
Figure 35. Respondents' answers to the question: "At what stage of the development of proximal 

caries, diagnosed radiographically, would you undertake operative/invasive (including minimally-

invasive) treatment?" 

 

       The purpose of the next question was to examine how respondents treat radiographically diag-

nosed initial proximal caries in the enamel or in the outer third of the dentin. Minimally invasive 

obturation was indicated by the largest number of respondents – 126 (65%). Motivation and 

improving oral hygiene was the next most commonly used method, present in the responses of 97 

(48.50%) participants. Checkups and monitoring were listed in 65 (32.50%) responses. The next 

method fluorization / remineralization was indicated by 56 (28%) of the respondents. Classical 

obturation was used by 35 (17.50%) participants in the survey; Sealing with an adhesive by 17 

(8.5%); Infiltration with low viscous resin by 10 (5%). 



24 
 

 
Figure 36. Methods used by the respondents to treat initial proximal caries 

 

        To the last question from the survey "Are you familiar with caries infiltration?", 26 (13%) 

respondents answered in the affirmative ("Yes"), and the remaining 174 (87%) in the negative 

("No"). 20 (77%) of the 26 participants who were familiar with caries infiltration were from the 

group with a specialty and only 6 (23%) had no specialty. A comparison of the two proportions by 

Fisher's test showed a significantly higher percentage of participants with a specialty who were 

familiar with caries infiltration compared to those without a specialty, p <0.001 (Fig. 37). 

 

 
Figure 37. Familiarity of the respondents with the caries infiltration technique 
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Task 2 

 

Frequency and percentage of caries degrees according to the detection methods 

 

       The frequency and percentage of findings regarding the absence of caries, caries in the outer 

half of enamel, caries in the inner half of enamel and caries in the outer third of dentin for each of 

the studied methods are presented in Table 3. 

 

Table 3. Frequency and percentage of caries degrees according to the detection methods 

Degree of car-

ies 

Visual 

 

Rö BW DD 

(contact) 

DD 

(directly) 

Histological 

evaluation 

No caries  Е0 50 

(86.2%) 

24 

(41.4%) 

7 

(12.1%) 

6 

(10.3%) 

8 

(13.8%) 

Outer half of the 

enamel Е1 

1 

(1.7%) 

18 

(31%) 

21 

(36.2%) 

20 

(34.5%) 

27 

(46.6%) 

Inner half of the 

enamel Е2 

4 

(6.9%) 

12 

(20.7%) 

21 

(36.2%) 

21 

(36.2%) 

16 

(27.6%) 

Outer third of 

the dentin D1 

3 

(5.2%) 

4 

(6.9%) 

9 

(15.5%) 

11 

(19%) 

7 

(12.1%) 

          

       The data in Table 3 is graphically illustrated in Figure 38, which shows the percentage of the 

different degrees of caries detected by  each method. The gold standard (histological evaluation) 

showed no caries in 13.8% of the surfaces. Slightly lower but similar values were found for DD 

(contact) – 12.1% and DD (directly) – 10.3%. The highest percentage of absence of caries (E0) was 

observed in the visual examination (86.2%). 

      According to the gold standard (histological assessment), caries in the outer half of the enamel 

(E1) was found in 46.60% of the surfaces. For the other methods, the percentage was as follows: 

DD (directly) – 34.50%; DD (contact) – 36.20%; Rö BW – 31%; Visual – 6.90%. 

      The gold standard indicated the presence of caries in the inner half of the enamel (E2) at 27.60% 

of the surfaces. Both methods, DD contact and DD directly, detected E2 at 36.20% of surfaces. The 

lowest percentage was established by the visual method according to which only 6.90% of the 

surfaces had caries in the inner half of the enamel. 

      Caries in the outer third of the dentin (D1) was detected in 12.10% of the surfaces by 

histological evaluation (gold standard). The other methods showed different values as follows: DD 

(directly) – 19%; DD (contact) – 15.50%; Rö BW – 6.9%; Visually – 5.20%. 
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Figure 38. Degrees of caries diagnosed by the target  detection methods 

 

Accuracy of detection methods regarding the correct differentiation of caries from lack of 

caries 

1. Diagnostic threshold Dg1 – initial demineralization, in which E0 = healthy; E1, E2, D1 = 

carious 

      In this sector, the ROC curves, the sensitivity, the specificity and the accuracy of the assessment 

methods are presented in the following comparison: E0 (no caries) → all other degrees of caries 

(E1, E2 and D1). Table 4 contains the results of the ROC curve analysis for each of the detection 

methods. The largest area under the curve was that of the DD method (directly), AUC = 0.803, p = 

0.005. This method showed the highest accuracy to the gold standard for differentiating the absence 

of caries (E0) from the presence of caries (E1, E2 and D1). Next in accuracy was the DD (contact) 

method, AUC = 0.793, p = 0.006. The radiographic method followed with values: AUC = 0.768, p 

= 0.016. The visual method showed significant deviations from the gold standard, so the area under 

the curve was low and without statistical significance: AUC = 0.580, p = 0.098. 

 

Table 4. Area under the curve for the detection methods against the gold standard (histological 

assessment) on the differentiation of the presence of caries from the absence of caries 

Method of detection Area 

(AUC) 

SE Signifi-

cance 

95% Confident interval 

Lower bor-

der 

Upper border 

Visual 0.580 0.098   0.471 0.388 0.772 

Rö BW 0.768 0.082   0.016* 0.606 0.929 

DD (contact) 0.793 0.107   0.006** 0.582 1.000 

DD (directly) 0.803 0.107   0.005** 0.592 1.000 

Null hypothesis: True area = 0.5; * - Statistical significance at p <0.05; ** - Statistical significance 

at p ≤ 0.01; 

      The ROC curves for the diagnostic accuracy of the examined diagnostic methods for the 

presence and absence of caries are presented in Figure 39. The graphs are arranged by degree of 
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accuracy, from the closest to the gold standard method (DD directly) to the method with the biggest 

deviation from the gold standard (Visual). In this series, the AUC value decreases with each 

subsequent method. The lower the AUC value and the closer it is to 0.50, the greater the deviation 

between a diagnostic method and the gold standard. 

 

 
Figure 39. ROC curves for the diagnostic accuracy of the detection methods regarding the correct 

differentiation of the presence of caries from the absence of caries 

 

 

      The analysis with ROC curves was supplemented with the values of sensitivity, specificity and 

overall accuracy of each of the detection methods (Table 5). The sensitivity of the test shows its 

accuracy in identifying True Positive findings, in this case the presence of caries. The highest 

sensitivity of 89% had the DD (directly) method, followed by DD (contact) with a sensitivity of 

88%. The X-ray method showed a lower ability to identify the presence of caries, with a sensitivity 

of 54.08%. The visual method was characterized by the lowest sensitivity, amounting to 16%. In 

this method, most of the surfaces with caries were assessed as negative (no caries). 

      The specificity of the test corresponds to its ability to identify True Negatives, which in the 

present study means no caries. The highest specificity value of 100% was found in the visual 

method. This is due to the fact that with this method 50 out of 58 surfaces were evaluated with no 

caries. The specificity of Rö BW was 93.50%, DD (contact) 87% and DD (directly) 86%. 

      The highest accuracy of 85,48% had the DD (directly) method, followed by DD (contact) – 

82.76%. The X-ray method showed an accuracy of 80,46%, and the visual method had the lowest 

accuracy of 27.59%. 
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Table 5. Sensitivity, specificity and overall diagnostic accuracy of the detection methods for the 

differentiation of absence of caries from caries (E1, E2 and D1) 

Method of detection Sensitivity Specificity Overall diagnostic  

Accuracy 

Visual 16% 100% 27.59% 

Rö BW 54.08% 93.50% 80.46% 

DD (contact) 88% 87% 82.76% 

DD (directly) 89% 86% 85.48% 

 

Diagnostic accuracy of the detection methods regarding the correct differentiation of the 

presence of caries in the inner half of enamel and in the outer third of dentin from the absence 

of caries and caries in the outer half of enamel. 

2. Diagnostic threshold Dg2 – developed demineralization, in which E0, E1 = healthy; E2, D1 = 

carious 

      In this sector, the ROC curves, the sensitivity, the specificity and the accuracy of the detection 

methods are presented in the following comparison E0 and E1 → E2 and D1. The results are 

summarized in Table 6. The largest area under the curve was that of the DD method (directly), 

AUC = 0.864, p <0.001. This method showed the closest accuracy to the gold standard for 

differentiating the presence of caries of categories E2 and D1 from lack of caries (E0) and caries in 

the outer half of enamel (E1). Next in accuracy was the DD (contact) method, AUC = 0.850, p 

<0.001. The X-ray method Rö BW followed with the following values: AUC = 0.776, p <0.001. 

Again, the lowest accuracy belonged to the visual method with an area under the curve AUC = 

0.652, which almost did not reach statistical significance, p = 0.052. 

      In general, it should be noted that all the studied methods showed higher accuracy in 

differentiating E2 and D1 caries from E0 and E1 caries – diagnostic threshold Dg2, compared to the 

values in differentiating no caries (E0) from other categories. (E1, E2 and D1) – diagnostic threshold 

Dg1. 

 

Table 6. Area under the curve for the assessment methods against the gold standard (histological 

assessment) on the differentiation of caries from categories E2 and D1 from E0 and E1. 

Detection method Area 

(AUC) 

SE Significance 

p 

95% Confidence Interval 

Lower 

Border 

Upper  

Border 

Visual 0.652 0.078   0.052 0.499 0.805 

Rö BW 0.776 0.069   0.000** 0.641 0.910 

DD (contact) 0.850 0.052   0.000** 0.747 0.952 

DD (directly) 0.864 0.050   0.000** 0.765 0.963 

  

 

            The ROC curves illustrating the diagnostic accuracy of the studied detection methods for 

differentiating E2 and D1 caries from E0 and E1 caries are presented in Figure 40. The graphs are 

arranged in a descending order of AUC value  –  from the method with the most similar findings to 

those of the gold standard (DD directly) to the one with the most significant deviation with the gold 

standard (visual). 
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Figure 40. ROC curves for the diagnostic accuracy of the detection methods regarding the correct 

differentiation of E2 and D1 caries from E0 and E1 caries 

 

      The sensitivity, specificity and overall diagnostic accuracy of each of the detection methods are 

presented in Table 7. At this stage of the analysis, the sensitivity showed the accuracy of each test to 

identify the presence of caries of categories E2 and D1 and to differentiate it from no caries or caries 

of degree E1. The highest sensitivity of 91.65% was shown by the DD method (directly). A high 

sensitivity of 88.48% was also found in the DD (contact) method. The X-ray method Rö BW fol-

lowed with a sensitivity of 60.87%. The visual method showed a sensitivity of 26.92%, which 

means that this method had low reliability in identifying caries of categories E2 and D1. 

      The specificity in this part of the analysis means the ability to correctly identify the caries 

categories coded with 0, including caries-free surfaces and caries of category E1. The highest was 

the specificity of the Rö BW method with a value of 94.29%. Followed the visual method with a 

value of 83.3%; DD (direct) with a specificity of 81.29%; and the DD (contact) method with a 

specificity of 79.14%. 

      In general, the DD diagnostic method (directly) had the highest diagnostic accuracy of 94.15%. 

The following methods were: DD (contact) – 92.10%; Rö BW –  81.03%; visual method  –  63.43% 

 

Table 7. Sensitivity, specificity and overall accuracy of the detection methods for differentiation of 

caries of categories E2 and D1 from lack of caries or caries of degree E1 

Detection method Sensitivity Specificity  Overall diagnostic  

accuracy  

Visual 26.92% 83.3% 63.43% 

Rö BW 60.87% 94.29% 81.03% 

DD (contact)  88.48% 79.14% 92.10% 

DD (directly) 91.65% 81.29% 94.15% 
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Accuracy of the detection methods regarding the correct differentiation of caries in the outer 

third of dentin from all other categories (E0, E1 and E2). 

 

 

3. Diagnostic threshold Dg3 (advanced demineralization), at which E0, E1, E2 = healthy; D1 = 

caries 

      This sector presents the results on the accuracy of the detection methods for differentiation of 

caries in the outer third of dentin from lack of caries, caries in the outer half and caries in the inner 

half of enamel (D1 → E0, E1 and E2). The results are summarized in Table 8. Overall, the area 

under the AUC curve showed the highest values of all previous analyses. The DD method (directly) 

outlined with the closest results to the gold standard in differentiating the presence of caries of 

category D1 from all other categories, with area AUC = 0.980, p <0.001. Second in similarity to the 

gold standard is the DD (contact) method, AUC = 0.961, p <0.001. The X-ray method Rö BW is the 

third in similarity to the gold standard, with an area under the curve AUC = 0.786, p = 0.017. The 

visual method has an area AUC = 0.714, which is higher than in the previous two analyses, but due 

to the small number of positive findings at this stage, did not show statistical significance (p = 

0.068). 

 

Table 8. Area under the curve for the diagnostic methods against the gold standard (histological 

evaluation) in the differentiation of D1 caries from Е0, Е1 и E2 

Detection method Area 

(AUC) 

SE Signifi-

cance 

P 

95% Confidence Interval 

Lower bor-

der 

Upper border 

Visual  0.714 0.128    0.068 0.464 0.964 

Rö BW 0.786 0.120    0.017* 0.551 1.000 

DD (contact) 0.961 0.024    0.000** 0.913 1.000 

DD (directly) 0.980 0.017    0.000** 0.947 1.000 

Null hypothesis: True area = 0.5; * - Statistical significance at p <0.05; ** - Statistical significance 

at p ≤ 0.01; 

 

 

    The graphs of the ROC curves are presented in Figure 41, sorted by AUC value, from the method 

with the most similar findings to the gold standard (DD directly) to the visual method, which 

showed the largest deviation from the gold standard in the identification of caries in the category 

D1. 
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Figure 41. ROC curves for the diagnostic accuracy of the detection methods for differentiating D1 

caries from E0, E1 and E2 

 

      Table 9 presents data on the sensitivity, specificity and overall diagnostic accuracy of the 

detection methods. In this analysis, the sensitivity shows the accuracy of each test to identify the 

presence of caries of category D1 and to differentiate it from the absence of caries or caries of 

category E1 or E2. The DD method (directly) had the highest sensitivity value of 92.45% and was 

followed by DD (contact) with a sensitivity of 91.07%; Rö BW with a sensitivity of 67.20%, and 

the visual method with a sensitivity of 32.86%. 

      The specificity of the present analysis means the ability of the detection methods to correctly 

identify the caries categories coded with 0, including surfaces without caries and with caries of 

categories E1 and E2. The visual method showed specificity of 100%. Then followed the 

radiographic method Rö BW with a specificity of 94.03%, DD (directly) with a specificity of 

93.09%, DD (contact) with a specificity of 89.45%. 

      In general, the DD diagnostic method (directly) had the highest diagnostic accuracy of 95.35%. 

Followed by DD (contact) – 93.15%; Rö BW – 85.83%; and the visual method – 73.27%. 

 

Table 9. Sensitivity, specificity and general accuracy of the detection methods in differenting  D1 

caries from E0, E1 and E2 caries  

Detection method Sensitivity Specificity Overall diagnostic  

Accuracy 

Visual 32.86% 100% 73.27% 

Rö BW 67.20% 94.03% 85.83% 

DD (contact) 91.07% 89.45% 93.15% 

DD (directly) 92.45% 93.09% 95.35% 
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Task 3 

      The results are summarized in Table 10. 

Table 10. Depth of lesion, depth of penetration and percent of penetration in lesions treated with 

adhesive and infiltrant 

Parameter Material Mean  

(±SD) 

Median 

(Min. – Max.) 

 

 

P 

Lesion depth Adhesive 633.17 

(±204.30) 

630.50 

(314 – 1017) 

 

 

 

0.06
t
 

Infiltrant 644.74 

(±210.54) 

647.00 

(320 – 1040) 

Penetration depth Adhesive 57.69 

(±15.56) 

 

54.50 

(30 – 86) 

 

 

.000**
w
 

Infiltrant 318.14 

(±138.14) 

276 

(140 – 624) 

Percentage of  

penetration  

Adhesive 8.85 

(±3.51) 

 

8.95 

(4.52 – 17.83) 

 

 

.000**
t
 

Infiltrant 49.78 

(±13.55) 

51.25 

(22.56 – 80.59 

t-t-test; w- Wilcoxon test; **-Significant at p ≤ 0.01 

 

      The values of lesion depths for both the infiltrant and the adhesive showed normal distribution, 

thus the comparison between them was based on their mean values. For the surfaces, treated with an 

adhesive, the mean lesion depth was 633.17 µm±204.30 and for those, treated with an infiltrant 

644.74 µm±220.54. The difference in their values (11.57 µm) was not statistically significant, p= 

0.06. Figure 42 shows the similar values of the lesion depths allocated for treatment with an 

adhesive or an infiltrant.  

 
Figure 42. Mean lesion depth for both materials 
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      The distribution of values for the penetration depth for the two materials used showed lack of 

normality. Thus the comparison was performed between the medians, not the mean values. For the 

adhesive the median was 54.5 µm with minimum value 30 µm and maximum value 86 µm. For the 

infiltrant the median was 276 µm with minimum value 140 µm and maximum value 624 µm. The 

Wilcoxon test demonstrated statistically significant difference between the two materials p< 0.001. 

The values distribution is illustrated on figure 43. 

 
Figure 43. Medians of penetration depth for adhesive and infiltrant.  

Statistically significant higher penetration depth for the infiltrant 

 

      The percentage of penetration showed normal  distribution for the two materials which means 

the comparison of the results was performed according to the mean values. For the adhesive the 

mean percentage of penetration was 8.85 ±3.51 % and for the infiltrant 49.78 ±13. 55%. The 

difference between the values (40.93%) was statistically significant, p< 0.001. Figure 3 presents the 

difference between the two materials for the percentage of penetration into the lesion. 

 
Figure 44. Mean Percentage of Penetration for the adhesive and the infiltrant. Statistically signifi-

cant higher percentage of penetration for the infiltrant 
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      The following figures illustrate the infiltrant (Fig. 45 – 47) and the adhesive penetration (Fig. 48 

–50) into the caries lesions observed with a laser confocal microscope in a dual fluorescence mode. 

   
Figure 45  –  47. Penetration of an infiltrant into the lesions. Images from a laser confocal 

scanning microscope in a double-fluorescent mode of infiltrant penetration - the infiltrant is in 

red, the remaining unfilled pores in the body of the lesion are in green 

 

   
Figure 48 - 50. Penetration of an adhesive into the lesions. Pictures from a laser confocal scanning 

microscope in a double-fluorescent mode of the adhesive penetration - the penetrated adhesive is in 

red, the remaining unfilled pores in the body of the lesion are in green. 
 

Task 4 

     The results of Table 11 show that 126 enamel caries lesions were detected by the near-infrared 

light transillumination method, constituting 9.7% of all the 1300 surfaces, while by digital 

radiography 20 less or 106 caries were detected, amounting to 8.15% of all surfaces. All 20 positive 

enamel caries lesions detected by near-infrared transillumination were negatively diagnosed for 

caries by digital radiography. The findings of caries in dentin revealed complete (100%) agreement 

between the two methods with a total of 50 caries lesions. According to Cohen's reference ranges 

(1960), the value of the Kappa coefficient showed a very high degree of agreement between the two 

methods (κ = 0.933, p <0.001). 

 

Table 11. Degree of agreement between transillumination with near-infrared light and digital 

bitewing radiography regarding the diagnosis of proximal caries. 

Depth Transillumination Radiography Cohen’s 

Kappa 

(95% CI) 

P 

1300 surfaces 

In enamel 126 (9.7%) 106 (8.15%) 0.933 

(0.903 – 0963) 

0.000** 

In dentin  50 (3.8%) 50 (3.8%) 

* - Statistical significance at p <0.05; ** - Statistical significance at p ≤ 0.01 
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        Table 12 presents the results from the comparison of the two diagnostic methods according to 

the type of tooth (molars and premolars) and according to the type of surface (mesial and distal) 

separately for the findings in the enamel and those in the dentin. According to the type of tooth, 38 

out of a total of 126 caries were detected by the near-infrared light transillumination method (30%) 

and 31 out of 106 caries by the radiography method (29%). The Kappa coefficient shows a high 

degree of agreement on the diagnosis of proximal enamel caries in molars (κ = 0.893, p <0.001). A 

very high level of coincidences between the two methods was observed in the premolars (κ = 0.903, 

p <0.001). 88 findings (70%) of proximal caries were detected by transillumination and 75 (71%) 

by digital radiography. 

       According to the surface (mesially and distally), a very high degree of agreement was found in 

the mesial surfaces (κ = 0.930, p <0.001). The transillumination method revealed 68 surfaces with 

proximal caries in the enamel (54%) and 8 less (60) by the method of digital radiography (57%). In 

the distal surfaces, 58 proximal caries (46%) were detected by transillumination and 46 (43%) by 

digital radiography. The Kappa coefficient showed a high level of agreement between the two 

methods in the diagnosis of proximal caries in the enamel of the distal surfaces (κ=0.874, p <0.001). 

      Regarding the diagnosis of caries in dentin, all indicators showed a complete coincidence 

between the findings recorded by the two methods of near-infrared transillumination and digital 

radiography. The Kappa coefficient had a value of 1.00 in all 4 comparisons (molars, premolars, 

mesial and distal), which corresponds to a 100% degree of coincidence, without any discrepancy in 

the diagnosis of proximal caries in the dentin. 

 

Table 12. Degree of agreement between transillumination with near-infrared light and digital 

bitewing radiography regarding the diagnosis of proximal caries according to the type of tooth and 

the surface 

 Transillumination 

 

Radiography 

 

Cohen’s 

Kappa 

(95% CI) 

P 

In the enamel 

Molars 38  (30%) 31 (29%) 0,893 

(0.823 – 0.971) 

0.000** 

Premolars 88 (70%) 75 (71%) 0.908 

(0.903 – 0.963) 

0.000** 

Mesial 68 (54%) 60 (57%) 0.930 

(0.880 – 0.977) 

0.000** 

Distal 58 (46%) 46 (43%) 0.874 

(0.824 – 0.944) 

0.000** 

In the dentin 

Molars 21 (21%) 21 (21%) 1.00 0.000** 

Premolars 29 (58%) 29 (58%) 1.00 0.000** 

Mesial 26 (52%) 26 (52%) 1.00 0.000** 

Distal 24 (48%) 24 (48%) 1.00 0.000** 

* - Statistical significance at p <0.05; ** - Statistical significance at p ≤ 0.01 

 

       Figure 82 summarizes the positive findings established by the two diagnostic methods: near-

infrared transillumination and digital bittewing radiography as a whole, according to the type of 

tooth and the surface and depth of the lesions (enamel and dentin). 
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Figure 51. Positive findings of proximal caries detected by near-infrared transillumination and 

digital bitewing radiography 

      The following figures show the caries lesions visualized with DIAGNOcam (Figs. 52, 53 and 

56, 57), as well as the degree of agreement in the detection of caries with both methods (Figs. 54, 

55 and 58, 59). 

  
Figure 52 and 53. Examples of enamel caries, visualized on a  DIAGNOcam examination 

 
 

 
 

Figure 54 and 55. Agreement between DIAGNOcam and bitewing radiography in the detection 

of enamel caries 
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Figure 56 и 57. Examples of dentin caries, visualized on a  DIAGNOcam examination 

 
 

Figure 58 and 59. Agreement between DIAGNOcam and bitewing radiography in the 

detection of dentin caries 

 

 
Task 5 

 

General characteristics of the studied group of patients 

 

       The study included data from 47 patients, each of whom had at least three initial non-

cavitated proximal caries lesions with lesion depths from E1 to D1 on the proximal surfaces 

(mesial and distal) of the permanent premolars and molars. The mean age of the study group was 

26.12 ± 5.72 years, ranging between 18 and 38 years. The relative share of men and women is 

very similar, 48.9% women (N = 23) and 51.1% men (N = 24), with no significant difference (p 

= 0.998). The mean age of female (25.47 ± 5.21 years) and male (26.75 ± 6.21 years) patients 

was close, with no significant difference, p = 0.452. Figure 60 illustrates the similarity in gender 

distribution and mean age of patients. 
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Figure 60. Demographic data about the  patients 

 

       Patients were categorized into three groups according to the degree of caries risk: low, 

medium and high. 20 patients, constituting 42.5% of the study group, were diagnosed with low 

risk. 18 patients (38%) were categorized with medium risk, and  high risk was determined for the 

remaining 9 (19.5%) patients (Fig. 61). 
 

 
Figure 61. Distribution of the patients according to the degree of caries risk 

 

 

Data on the teeth included in the study 

 

        A total of 180 initial proximal caries lesions were divided into 3 groups of 60 lesions. Each 

group underwent different treatment: 1) infiltration 2) remineralization and 3) a control group 

with no treatment. 

       Figure 62 illustrates the number and % of tooth types included in the experimental study. A 
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total of 115 teeth were treated in the upper jaw, which accounted for 64% of all 180 teeth 

included in the study. Of these, 33 (18.30% of all teeth) were first premolars (14/24); 57 (31.7% 

of all teeth) are second premolars (15/25); 25 (13.90% of all teeth) were first molars. Second 

molars (17/27) were not present due to the absence of lesions. 

       The remaining 65 teeth were located in the lower jaw, making up 46% of the total number. 

Of these, 15 (8.30% of all teeth) were first premolars (14/24); 30 (16.7% of all teeth) were 

second premolars (15/25); 19 (10.60% of all teeth) were first molars, and 1 (0.60%) was a 

second molar (17/27). 

      In general, the teeth in the upper jaw were predominant, and in both jaws the number of the 

second premolars was the highest. 
 

 
Figure 62. Percentage and number of the tooth types included in the experimental study 

 

       The distribution of tooth types across the three experimental groups is shown in Figure 63. 

Of the 33 first premolars in the upper  jaw, 11 were treated by infiltration, 12 by 

remineralization, and 10 were controls with no treatment. Of the 57 second premolars in the 

upper jaw, 21 were in the infiltration group, 17 in the remineralization group, and 19 were 

untreated. Of a total of 25 first molars, 9 were treated by infiltration, 6 by remineralization, and 

10 were controls with no treatment. As mentioned above, there were no second molars with 

lesions in the upper jaw for treatment. 

       In the lower jaw, of the 15 first premolars, 7 were treated by infiltration, 5 by 

remineralization, and 3 were controls with no treatment. Of the 30 second premolars, 5 were 

treated by infiltration; 12 by remineralization and 15 were controls with no treatment. Of the 19 

first molars, 7 were treated by infiltration; 7 by remineralization and 5 were in the control group 

with no treatment. There is only 1 second molar in the lower jaw and it was treated by 

remineralization. 
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Figure 63. Distribution of teeth across the method of treatment 

 

       The study included 180 proximal surfaces, of which 88 (49%) were mesial and 92 (51%) 

distal. The distribution of the surfaces across the three experimental groups was very similar, 

without significant difference according to the Chi-square test (p = 0.915). The mesial surfaces 

made up 50% (N = 30) of the lesions treated with infiltration; 47% (N = 28) of those with 

remineralization and 50% (N = 30) of the control group. Accordingly, distal surfaces comprised 

50% (N = 30) of the lesions treated with infiltration; 53% (N = 32) of those with 

remineralization and 50% (N = 30) of the control group. The results described above are 

illustrated in Figure 64.  

 
Figure 64. Distribution of proximal surfaces by type 
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Data on lesions included in the study 

 

Distribution of caries lesions according to depth 

       The study involved 180 caries lesions, of which 106 (59%) were in stage E2 (reaching the 

inner half of enamel) and 74 (41%) in stage D1 (reaching the outer third of dentin). According to 

the experimental groups, the distribution of the 106 lesions with depth E2 was as follows: 35 

(33%) in the infiltration group; 36 (34%) in the reminalization group and 35 (33%) in the control 

group. In the 74 lesions with depth D1, the distribution by groups was as follows: 25 (34%) in 

the infiltration group; 24 (32%) in the reminalization group and 25 (34%) in the control group. 

The distribution of caries lesions by depth is shown in Figure 65. 

 

 
Figure 65. Distribution of caries lesions by depth 

 

 

Distribution by lesion activity 

 

         It was not possible to assess activity in 62 (34.4%) of the 180 lesions included in the study. 

The remaining 118 (65.6%) lesions were categorized as active or inactive. 112 (95%) active 

lesions and 6 (5%) inactive lesions were identified. According to the method of treatment, the 

distribution of active lesions was very similar: 38 active in the infiltration group; 37 active in the 

remineralization group;37 active in the control group. The distribution of inactive lesions was as 

follows: 2 in the infiltration group; 3 in the remineralization group and 1 in the control group. 

Figure 66 shows the distribution of caries lesions according to their activity. 
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Figure 66. Distribution of caries lesions according to activity 

 

Comparison of the three experimental groups on lesion progression and caries risk one 

year after the treatment 

 

        One year after the treatment, the progression of caries lesions was assessed on bitewing 

radiography performed with the same X-ray holders, individual for each patient. Caries 

progression was found in 30 (16.60%) of all 180 lesions, with the following distribution in the 

three types of treatment: 2/60 (3%) in the infiltration group; 11/60 (18%) in the remineralization 

group; 17/60 (28.30%) in the control (no treatment) group. The proportions of progressive caries 

lesions by experimental groups were examined through the Chi-square test, which showed a 

significant difference between the treatments, p = 0.001. To specify the differences, we 

conducted post-hoc comparisons in pairs using Fisher's exact test. The following trends have 

been identified: 

1. Infiltration treatment showed a significantly lower percentage of progressive lesions 

compared to the other two groups: p = 0.016 when compared to the remineralization 

group; p <0.001 compared to the control group. 

2. The remineralization group revealed a lower proportion of progressive lesions compared 

to the control group, but the difference did not reach statistical significance (p = 0.280). 

The results are summarized in Figure 67. 
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Figure 67. Progressive caries lesions one year after treatment by treatment methods 

 

        Regarding the depth of the lesions, 12 (11%) progressive lesions out of a total of 106 with 

depth E2 and 18 progressive lesions out of a total of 74 (24%) with depth D1 were found. The 

proportion of progressive lesions with depth D1 was by 13% higher than that of the lesions with 

depth E2, with a significant difference, p = 0.037 (Fig. 68). 

 

 
Figure 68. Distribution of progressive caries lesions relative to depth 

 

        The change in caries risk between baseline and one year after treatment was monitored. 

Although the percentage differences did not show statistical significance (p> 0.05), two clear 

trends should be noted: 
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1) Increase in the relative proportion of low and medium caries risk patients: Low-risk patients 

accounted for 42.50% of the baseline study group and 47% one year after treatment, an increase 

of 4.50%. Medium baseline caries risk was found in 38% of patients and in 41% one year after 

treatment, with an increase of 3%. 

2) Reduction of the relative share of high-risk patients, who at the baseline level accounted for 

19.50% of all patients, and one year after treatment   –  12%, with a decrease of 6.50%(Fig. 69). 

 
Figure 69. Change in the proportions of patients with low, medium and high caries risk 

between baseline and one year after treatment 

 

  
Figures 70 and 71. Bitewing radiographs before treatment 

  
Figures 72 and 73. Bitewing radiographs 1 year after treatment. Tooth 16 mesially 

(caries D1) - infiltrated and arrested after 1 year. Tooth 25 distally (caries toDEJ) - 

remineralization, progressed after 1 year to caries D1. Tooth 24 distal (caries D1) - 

control, no treatment, progressed after 1 year to caries D2 
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      The bitewing radiography was repeated 2 years after treatment and the results were 

compared with those reported in the first year after treatment. Five new progressive lesions were 

identified, which increased the percentage of progressive lesions by 2.84% from 16.60% to 

19.44%, with no statistical significance of the change (p = 0.584). According to the applied 

treatment, the distribution of the new progressive lesions is as follows: 0 in the infiltration group, 

2 (13 in total) in the reminalization group and 3 (20 in total) in the control group. Expressed in 

percentages, the dynamics of the lesions between the first and the second year after treatment is 

as follows: 0% in the infiltration group; 3.6% increase in patients treated with remineralization, 

from 18% to 21.6%, with no statistical significance of the change (p = 0.820); increase by 5% in 

the control group, from 28,3% to 33.3%, without statistical significance (p = 0.693). 

      In terms of depth, the new 5 lesions include one with depth E2 and four with depth D1. The 

increase in lesions with depth E2 was 1%, from 11% to 12%, p = 1.00. The new 4 lesions with 

depth D1 represented an increase of 5%, from 24% to 29%, but again with no statistical 

significance (p = 0.579). 

      The caries risk comparison of the second year after treatment with the first year data showed 

a minimal increase in low-risk patients from 46% to 47%, with a medium risk of 41% to 42% 

and maintaining the percentage of high-risk patients at 12%. Figure 70 summarizes the dynamics 

in the number of lesions and the caries risk between the 1st and 2nd year after treatment. 

 

 
Figure 74. Change in the caries lesions and caries risk between the 1st and 2nd year after 

treatment 

 

       In summary, between the 1st and 2nd year, there was  a minimal increase in the number of 

lesions, maintaining the trends reported in the first year after treatment (Fig. 110). Significantly 

the lowest percentage of lesions remained in the infiltration group (3%), followed by the 

remineralization group (21.6%) and the control group (33.3%), p <0.001. The trend regarding the 

depth of lesions was also maintained, with a higher relative share of lesions with depth D1 (29%) 

compared to those with depth E2 (12%), p = 0.003. The caries risk assessment showed a minimal 

increase of 1% in low and medium-risk patients and retention of the percentage of high-risk 

patients reported in the first year after treatment. 
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VII. GENERAL CONCLUSIONS 

 

1. The most commonly used devices for early diagnosis of initial proximal carious lesions used 

by the Bulgarian dentists are radiography and visual-tactile examination. 

2. Over 80% of clinicians would surgically treat enamel proximal caries, and the method of 

caries infiltration is little known among them, familiar mainly to colleagues with a specialty. 

3. The visual method shows the lowest sensitivity and accuracy in the diagnosis of proximal 

caries, followed by bitewing radiography with higher sensitivity and similar specificity, but 

higher satisfactory diagnostic accuracy and laser-fluorescent diagnostics with high sensitivity 

in the detection of initial proximal caries and the highest diagnostic accuracy. 

4.  The diagnostic accuracy of the studied methods increases with the increase of diagnostic 

threshold and level of demineralization. 

5. The use of additional contemporary devices significantly increases the possibility of early 

detection of non-cavitated lesions and their non-surgical treatment. At this stage, they should 

be used as aids to increase the diagnostic accuracy of conventional diagnostic methods. 

6. A high degree of agreement in the diagnosis of enamel proximal caries and complete 

agreement in the diagnosis of dentin proximal caries, established by the method of near-

infrared transillumination and digital bitewing radiography, as transillumination is a more 

sensitive tool for initial proximal caries detection. 

7. In caries lesions with the same depth, the infiltrant showed significantly higher values of 

depth and percentage of penetration, compared to a dental adhesive. 

8. Treatment of proximal carious lesions by infiltration showed best results after 1 and 2 years, 

with the lowest (minimum) percentage of progressive lesions, followed by remineralization 

treatment, and the untreated control group showed the highest percentage of progressive caries 

lesions. 

9. The depth of the lesions has a significant effect on the effect of treatment. In lesions with 

depth D1, a higher percentage of progressive caries was found than in those with depth E2. 

 

VIII. RECOMMENDATIONS TO DENTISTS 

 

       Every treatment starts with basic prevention, motivation to improve oral hygiene, incl. 

interdental (use of dental floss) and diet optimization. An important part of the treatment is the 

monitoring of caries lesions according to the individual caries risk of the patient. 

 

Table 13. Recommendations for early diagnosis of proximal caries 

Recommendations for early diagnosis of proximal caries 

1. In the clinical examination to use a modern optical device (laser fluorescence - 

DIAGNOdent pen or transillumination DIAGNOcam) for early diagnosis of initial 

proximal caries as an auxiliary, increasing the diagnostic accuracy of the clinical 

examination device. 

2. If there is an indication of a change in the optical properties of HDT,  bitewing 

radiography is administered to confirm the presence of a proximal lesion. 

3. After confirmation of the presence of an initial carious lesion, it is to be treated 

non-operatively. Control  bitewing radiographs are administered according to the 

individual caries risk. 
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Table 14. Recommendations for the treatment of initial proximal caries 

 

Recommendations for the treatment of initial proximal caries 
Inactive proximal caries  

radiographic depth Е1, Е2 
Basic prophilaxis 

Active proximal caries  

radiographic depth Е1 
Low caries risk remineralization/fluoridation/ 

ozone/infiltration 
High caries risk infiltration  

Active proximal caries  

radiographic depth Е2 
Low caries risk remineralization/fluoridation/ 

ozone/infiltration 

High caries risk infiltration  

Active proximal caries  

radiographic depth D1 
Low caries risk infiltration  

High caries risk infiltration 

 

Individually for a non-cooperating patient, minimally 

invasive treatment may be preferred. 

Active proximal caries  

radiographic depth > D2, 

D3 

Minimally-invasive trreatment, includingly stepwise excava-

tion if necessary 

 

 

 

Monitoring initial  caries lesions 

 

Table 15. Recommended intervals by the European Commission for radiographic follow-up of 

caries 

Age High caries risk Medium caries risk Low caries risk 

Children                    6 months                 1 year Primary teeth – 18-24 

months 

Permanent teeth – 

2 years 

Adults 6 months 1 year  2 years (2-4 years 

when there is no caries 

for a long time) 
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IX. CONTRIBUTIONS 

 

 

Original contributions 

 

1. The methods for early diagnosis and treatment of initial proximal caries were systematized in 

classifications. 

2. The opinion of the Bulgarian dentists regarding the diagnosis and treatment of initial proximal 

caries was studied for the first time. 

3. For the first time, the visual-tactile examination, bitewing radiography and laser fluorescence for 

early diagnosis of proximal caries lesions have been comparatively studied using histology as a gold 

standard. Their diagnostic accuracy at different levels of demineralization – initial, developed and 

advanced – has been studied. 

4. For the first time in Bulgaria, a laser confocal microscope was used to visualize the infil-

trant/adhesive that has penetrated the caries lesions. 

5. A controlled comparative study was conducted on the effects of caries infiltration, remineraliza-

tion and no treatment on the arrest of non-cavitated proximal caries lesions after 1 and 2 years. 

 

      Confirmatory contributions 

 

1. The deeper penetration of an infiltrant than an adhesive in non-cavitated caries lesions has been 

confirmed. 

2. The high degree of agreement in the diagnosis of initial proximal caries lesions with near-infrared 

transillumination and digital bitewing radiography has been confirmed. 

3. Based on all studies, clinical recommendations for dentists regarding early diagnosis, treatment 

and monitoring of initial proximal caries lesions have been derived. 
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