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Abstract 

Relevance: Rehabilitation of patients undergoing orthodontic treatment with subsequent 

detection of foci of enamel demineralization is one of the leading problems of modern 

orthodontics.  

Materials and methods: 90 patients were monitored, divided into 6 groups: 1 - patients with 

intact teeth, 2 - with enamel demineralization after removal of braces, 3 - with wedge-shaped 

defects, 4 - with dental fluorosis, 5 - with pathological erasure, 6 - patients with enamel 

hypoplasia. Mineralization indicators were determined both at the intact point (the object of 

comparison) and in the area of its violation (the object of observation).  

Results: In patients of group 1, mineralization indices were 60.5-62.1 relative units, group 2- 

60.5 intact area-53 demineralization area after removal of braces, group 3 - 84.5 intact -72 

relative units in the area of demineralization of the wedge-shaped defect, group 4 - 113.6 -113.7 

relative units, group 5 -199.1 intact site-72.6 relative units with pathological erasure, group 6-

84,1 intact-66.7 areas of hypoplasia. 60-90 patients with demineralization of hard tooth tissues 

with initial caries, enamel hypoplasia, wedge-shaped defects, foci of fluorosis and increased 

erasure using the digital method of raman-fluorescence diagnostics revealed a statistically 

significant decrease in mineralization by 10-300% relative to intact tooth areas, with indicators: 

for intact teeth 60.5-62.1 relative units, for initial caries 60.5-53 relative units, for a wedge-

shaped defect 84.5-72 relative units, for foci of fluorosis 111.6-113 relative units, for teeth with 

increased abrasion, 199.1-72.6 relative units in the foci.  The decrease was in all cases except for 

teeth with fluorosis, where it was almost 2 times higher than in intact teeth and 3 times higher 

for teeth with increased abrasion. Based on the results obtained, a clinical algorithm for 

assessing the mineralization of dental hard tissues using the method of Raman-fluorescence 

diagnostics has been developed. 

Conclusion: A statistically significant decrease in the mineralization of the hard tissues of the tooth in their non-carious lesions 

was revealed by 10-300% in relation to intact teeth. The decrease in indicators was in all cases except for teeth with fluorosis, 

where it was initially 2 times higher than the indicators of intact teeth and 3 times higher for teeth with increased abrasion. The 

developed digital medical technology is a promising medical technique for assessing the condition of hard dental tissues in 

normal and non-carious conditions, which will contribute to an effective and controlled rehabilitation process for patients with 

demineralization foci of various etiologies. 
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Introduction 

The widespread use of braces in modern dental practice makes it difficult to care for teeth and oral cavity, as a result of which 

not only their hygienic condition worsens, but also a parameter such as the mineralization level of dental hard tissues decreases 
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below the norm [1, 2]. At the same time, the use of these systems in patients with concomitant pathology remains an insufficiently 

studied issue. Non-carious lesions of the hard tissues of the teeth. However, in such patients, mineralization processes are 

pathogenetically disrupted, therefore, the need for monitoring and quantifying this indicator is obvious in order to exclude 

undesirable complications such as the development of caries, manifestations of hyperesthesia [3-6]. 

 

In this regard, we drew attention to the Raman-fluorescence diagnostic method, which allows us to quickly assess the 

mineralization of dental hard tissues and, based on them, develop a method for the prevention of mineralization disorders in 

patients with non-carious lesions of dental hard tissues, including when using braces [7]. 

 

Until now, the parameter in question is most often determined visually, subjectively and not quantitatively, which does not allow 

an objective assessment of the processes of de- and remineralization. The visual assessment methods used in dentistry have an 

error in the range of 200-800% [8-10]. 

 

In connection with the above, the concept of the presented scientific work is presented as follows: substantiation of the use of 

raman-fluorescent technologies for assessing the mineralization of hard dental tissues in non-carious lesions and identification 

of its sensitivity and clinical effectiveness. 

 

Purpose to develop a method for differential diagnosis of demineralization foci after removal of braces and non-carious lesions 

of hard tissues of the tooth based on the use of digital Raman fluorescence technologies. 

 

Ethics Approval 

This study was approved by the Ethics Committee of Navodaya Dental College and Hospital, Raichur (IEC/NDC/RCR/2023-

2024/SSO025). 

 

Materials and Methods 

The study was conducted in groups of patients (cohorts) who voluntarily agreed to take part in it, having manifestations of 

demineralization of the hard tissues of the teeth after the removal of the braces system. As objects of comparison, groups of 

patients with a wedge-shaped defect, as well as with hypoplasia, fluorosis and/or increased tooth abrasion were examined. The 

objects of comparison were used to test the sensitivity of the raman fluorescence diagnostic device. Measurements were carried 

out in the equatorial area along the axis of the tooth, at an intact point.  

 

According to the diagnosis, the patients were divided into 6 groups, 15 participants each. Group 1 (1.1) included patients with 

intact teeth (IZ). Group 2 (BS) included patients with demineralization, in whom the mineralization of the hard tissues of the 

tooth was assessed before (group 2.1) and after the installation of braces (group 2.2) (Fig. 1).  

 

Group 3 (CD) consisted of patients with wedge-shaped defects of the hard tissues of the tooth, in whom the mineralization was 

assessed in the area of the incisal edge (group 3.1) as the object of comparison and in the area of the pathological site (group 3.2) 

(Fig. 2). 

 

Group 4 (F) - patients with fluorosis, in whom the mineralization of the hard tissues of the tooth was assessed in the area of the 

incisal edge (group 4.1) as an object of comparison and in the area of the pathological area (4.2) (Fig. 3).  

 

Group 5 (PS) - patients with increased abrasion of hard tissues of the tooth, in whom their mineralization was assessed in the 

area of the incisal edge (group 5.1) as an object of comparison and in the area of the pathological site (group 5.2) (Fig. 4). 

 

Group 6 (D) - patients with hypoplasia of the hard tissues of the tooth, in whom the mineralization of the hard tissues of the 

tooth was assessed in the area of the incisal edge (group 6.1) as an object of comparison and in the area of the pathological site 

(group 6.2) (Fig. 5). 

 

Thus, the mineralization indicators in all groups of patients reflected the state of mineralization both at the intact point (assessed 
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as an object of comparison) and in the area of its violation (assessed as the main object of observation). The intact and affected 

areas were determined by comparison indicators and the indicators in the affected area were considered objects of the main 

group. Demineralization indicators as indicators of the main group were used to test the sensitivity of the Raman-fluorescence 

diagnostic method. 

 

The experimental and theoretical study was performed using Raman-fluorescence technologies on the INSPECTM laser 

hardware and software complex (Fig. 6), which fully meets the metrological parameters with diagnostic sensitivity for the 

integrated concentration of aerobic-anaerobic microbial suspension up to 102 CFU/ml [11]. 

 

Measurement of the mineralization of the hard tissues of the tooth was carried out in the study area in a contact-stable manner 

at least three times, the results obtained were averaged (Fig. 7). 

 

To assess the results in the study groups, methods of simple descriptive statistics were used. The normality of the distribution 

was assessed by the Shapiro-Wilk test. The statistical significance of the intensity of the Raman glow of reflected light on the 

enamel of the teeth in the studied groups was determined using the criterion of nonparametric statistics. To characterize the 

samples, the median mean values and the interquartile spread Me (Q1; Q3). To compare the intensity of luminescence between 

the intact and pathological areas of the tooth enamel, the Wilcoxon W-test was used. The correlation was determined using the 

Pearson correlation coefficient. The level of statistical significance in the study was assumed to be equal to 95% (p < 0.05). The 

final results of the study are presented in the form of tables and graphs. 

 

 
Figure 1: Demineralization of enamel on the vestibular surface of teeth after removal of braces. 

 

 
Figure 2: Wedge-shaped defects in the cervical region of the canine and premolars. 
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Figure 3: Fluorosis. 

 

 
Figure 4: Pathological eras ability. 

 

 
Figure 5: Enamel hypoplasia. 
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Figure 6: InSpectr M. 

 

 
Figure 7: Stage of measuring mineralization of hard dental tissues. 

 

Results  

The data presented in Table 1 indicate that the mineralization rates of the hard tissues of the tooth in the intact area are almost 

always higher than in the pathological one. It is noteworthy that the mineralization indicators of teeth with pathological abrasion 

in intact areas are much higher than in intact teeth. In patients with fluorosis, it was revealed that in pathological areas with a 

lower manifestation of fluorosis, mineralization indicators are higher than in areas with a significant manifestation of fluorosis 

(in this case, in equal proportions) (Table 2).   
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Groups (in each group n = 15) 

Mineralization Indices, M average (relative units) 

Intact Area 

 
Pathological Area 

1.1. Intact teeth (IT) 60,5 62,1 

2.1-2.2. Intact area - Demineralization (BS) 60,5 53 

3.1-3.3. Intact area - Wedge-shaped defect (WD) 84,5 72 

4.1-4.2 Intact area - Fluorosis (F) 111,6 113,7 

5.1-5.2. Intact area - Increased wearability (IA) 199,1 72,6 

6.1-6.2. Intact area - hypoplasia (D) 84,1 66,7 

Note: * - differences between values in the intact and pathological sites having statistical significance calculated according to the 

Wilcoxon W-test (p < 0.05). The letters on the graph indicate statistically significant differences from the corresponding groups 

in the intact or pathological area 

Table 1: Indicators of mineralization of hard tissues of the tooth in normal and pathological conditions. 

 

Fig. 8 shows that the increase in mean values in the intact and pathological areas increases in the series CD - B - G - F - PS. In the 

intact area of tooth enamel, the PS group is statically significantly higher than the other studied groups. Groups G and F do not 

have a statistically significant difference in the intact area, but there is a difference for the pathological site. The NK group does 

not differ from the G group in the intact and pathological areas. The CD group does not differ from the G group in the intact and 

pathological areas.  

 

In each group, the intensity values for the pathological site are statistically significantly lower than for the intact site, with the 

exception of group F. There is a significant difference between the intensity values of the raman for the intact and pathological 

sites in the PS group. The readings in the intact area are 3 times higher than in the pathological one. To assess the dependence of 

the intensity of luminescence in the intact and pathological areas, a correlation analysis was carried out.  

 

Group 

 

Correlation Coefficient 

 
Statistical Significance, p < 0.05 

Wedge-shaped defect - 0,51 0,268 

Demineralized areas (bracket system) 0,49 0,751 

Hypoplasia 0,99 * 3,6.10-12 

Fluorosis 
- 0,87 * 

 
0,001211244 

Pathological abrasion - 0,59 0,0745312942 

Note: * - correlation coefficients of the intensity of the Raman glow for the intact and pathological area of tooth enamel, having 

statistical significance calculated according to the Fisher criterion (P < 0.05) 
Table 2: Correlation coefficients of Raman luminescence intensity for intact and pathological areas of tooth enamel in the 

studied groups. 

 

https://doi.org/10.46889/JDHOR.2025.6108
https://athenaeumpub.com/journal-of-dental-health-and-oral-research/


7 

https://doi.org/10.46889/JDHOR.2025.6108                                                                 https://athenaeumpub.com/journal-of-dental-health-and-oral-research/ 

   

 
Figure 8: Intensity of Raman luminescence in the intact and pathological areas of the tooth in the study groups: KD - wedge-

shaped defect; NK - initial caries; G - hypoplasia; F - fluorosis; PS - pathological abrasion. 

 

Table 2 shows that in group F there is an inverse correlation between the intensity of luminescence in intact and pathological 

areas of tooth enamel. That is, the decrease in the amount of enamel in the pathological area is inversely proportional to its 

increase in the intact area. In group G, the indicators in the pathological and intact areas decrease in direct proportion. In the CD, 

NC and PS groups, the correlation has a pronounced tendency, but has no statistical significance. 

 

The results obtained indicate the high sensitivity of the method of Raman diagnostics of the degree of mineralization of dental 

hard tissues in normal and pathological conditions, which determines the possibility of its application in clinical practice based 

on the use of the hardware and software complex INSPECTM. The results of the study allowed us to formulate the following 

algorithm for using the hardware and software complex in clinical practice:  

• Preparation for the work of the hardware and software complex INSPECTM 

• Familiarizing the patient with the proposed procedure, explaining safety precautions and signing the RFD's informed 

consent 

• Selection of the research object and the area of measurement of the mineralization of the hard tissues of the tooth 

• Removal of indicators from intact and pathological areas of the tooth in order to correct them later. At the same time, 

correction using remineralizing drugs involves an increase in the mineralization of the hard tissues of the tooth in the area 

of pathological changes 

• Registration of indicators for data processing with their subsequent interpretation and recommendations for the patient 

 

Discussion  

The data obtained during the study made it possible, based on objective numerical indicators, to determine the degree of 

mineralization of hard tooth tissues both in normal and non-carious lesions, such as increased tooth wear, wedge-shaped defect, 

fluorosis and dental hypoplasia. Raman diagnostics of the intact tooth surface and the surface with a pathological focus at its 

location made it possible to visually and, most importantly, quantify the difference in these indicators online, depending on the 

type of non-carious lesion by comparison [13-17].  

 

The conducted research proves the effectiveness of the innovative Raman medical technology, confirms its high sensitivity, 

including for differential diagnosis. Its use in clinical practice is recommended, since today this method is the only medical 

technology for an objective assessment of the level of both de- and remineralization of dental hard tissues, the indicators of which 

are one of the main objective assessments in the differential diagnosis of non-carious lesions and initial forms of caries directly 

in clinical settings.  
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Conclusion 

The use of digital Raman-fluorescence technologies is effective as a diagnostic method in all cases of non-carious lesions of the 

hard tissues of the tooth and initial carious forms, as it allows to obtain clinically objective quantitative indicators of the degree 

of de- and remineralization online. Based on the presented studies, an algorithm has been developed for applying the clinical 

method of Raman-fluorescence diagnostics to assess the mineralization of hard tooth tissues in various non-carious lesions with 

a view to its subsequent correction. The use of the mathematical method of processing the research material made it possible to 

objectively assess the features of mineralization of dental hard tissues in various carious and non-carious lesions of dental hard 

tissues using braces, which will allow for effective and controlled remineralizing therapy. 
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