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ABSTRACT
Objective: This work aims to use new spectroscopic 
and radiographic methods to study the dental hard 
tissue erosion and abfraction, as these lesions are 
actually quite difficult to be diagnosed in clinical 
practice. Material and Methods: This in vivo study 
was conducted on 60 patients with early erosion 
and 60 patients with abfraction at the cervical area 
by means of laser-induced fluorescence (LIF) and 
multilayer spiral computed tomography (MSCT). 
Results: In comparative dental hard tissues studies 
LIF spectra from intact and affected areas, it was 
noted multidirectional fluorescence intensity 
dependence between areas affected by abfraction 
and intact areas. MSCT technique allowed assessing 
the degree of damaged areas, especially at deeper 
stages. Conclusion: Although LIF and MSCT 
methods presented limitations, it was shown their 
effectiveness in the diagnosis of abfraction and 
erosion by detecting changes in the morphological 
structure as well as in the chemical and mineral 
composition of affected dental hard tissues. So LIF 
and MSCT methods can be successfully used in order 
to develop new medical devices which will provide 
most accurate clinical diagnose of different stages of 
dental erosion and abfraction.

RESUMO
Objetivo: Este trabalho tem como objetivo utilizar novos 
métodos espectroscópicos e radiográficos para estudar 
a erosão e a abração do tecido duro dentário, pois 
essas lesões são realmente bastante difíceis de serem 
diagnosticadas na prática clínica. Material e Métodos: 
Este estudo in vivo foi realizado em 120 pacientes com 
erosão e abração precoces na área cervical por meio 
de fluorescência induzida por laser (LIF) e tomografia 
computadorizada em espiral multicamada (MSCT). 
Resultados: Em estudos comparativos espectros de LIF, 
de tecidos duros dentais intactos e afetados, observou-
se dependência da intensidade da fluorescência 
multidirecional entre as áreas afetadas pela abração e 
as áreas intactas. A técnica MSCT permitiu avaliar o 
grau de áreas danificadas, principalmente em estágios 
mais profundos. Conclusão: Embora os métodos 
LIF e MSCT tenham apresentado limitações, foi 
demonstrada sua eficácia no diagnóstico de abração e 
erosão, detectando alterações na estrutura morfológica 
e na composição química e mineral dos tecidos duros 
afetados. Portanto, os métodos LIF e MSCT podem ser 
utilizados com sucesso, a fim de desenvolver novos 
dispositivos médicos que fornecerão um diagnóstico 
clínico mais preciso de diferentes estágios de erosão e 
abração dentária. 
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INTRODUCTION

O ne of the main problems of modern dentistry 
is the diagnosis and treatment of non-carious 

lesions of dental hard tissues. This kind of pathology 
is the most widely common, next to caries, which 
often leads to progressive loss of dental enamel 
and dentin. This hard tissue loss may lead to the 
decrease of chewing function and even cosmetic 
defects [1-3]. An early non-carious lesion, which 
can be clinically detected quite often, is the 
abfraction or wedge-shaped defect. Itpresents a 
certain similarity with cervical caries and erosion 
and is also taken into account in clinical dentistry 
in the diagnosis of enamel hypoplasia and dental 
fluorosis. Another extremely common non-carious 
lesion is tooth erosion. It should be noted that 
initial manifestations of the non-carious lesions 
are quite similar in terms of surface roughness and 
slight loss of hard tissues.  Similar symptoms of the 
clinical progression, especially during the initial 
period,make difficult the diagnosis and the choice 
of therapeutic and preventive measures [4-11]. 

Modern dentistry has a small set of 
methods and tools for the abfraction clinical 
diagnosis. The standard procedure is still occupied 
by historically established traditional clinical 
methods of investigation: examination, history 
taking, thermal testing, vital staining of teeth, 
etc. Nevertheless, the use of these methods does 
not guarantee accurate abfraction diagnosis, 
especially at the initial stages. Methods of dental 
erosion evaluation have already been established 
[12-16], among them: contact and contactless 
profilometry, registration of enamel hardness 
profile, microradiography, optical coherent 
tomography, laser-induced fluorescence, reflection 
and scattering spectroscopy, scanning electron 
microscopy, energy-dispersive X-ray spectroscopy 
and various chemical methods of analysis of 
calcium ions and phosphates. Although, important 
for understanding the various aspects of erosion, 
special attention should be paid to the methods 
from which medical devices are developed, aiming 
early diagnosis of erosion in vivo. Among them, 
the present study contemplates the laser-induced 
fluorescence (LIF).

The method of luminescence spectroscopy 
has been successfully applied in medical fields, 
such as gynecology, ophthalmology, oncology 
and dentistry [4-11]. Over the past hundred 

years, many studies of teeth fluorescence have 
been carried out, and the obtained results suggest 
a diagnostic tool for the carious diseases [8-
11]. Recent achievements in X-ray computed 
tomography, associated primarily with high spatial 
and temporal resolution, allow considering this 
method a very promising one for the abfraction 
diagnosis.

This work aims to study the possibility of 
clinical diagnosis and differentiation of the various 
stages of the abfraction with the method of LIF and 
multilayer spiral computed tomography (MSCT).

MATERIAL AND METHODS
The study was conducted in vivo on 60 

patients having abfraction in the cervical area 
and 60 patients with early erosion, according 
to preliminary clinical studies. All procedures 
performed were approved by the institutional 
Ethics in Research Committee and in accordance 
with the 1964 Helsinki declaration and its later 
amendments. The study was independently 
reviewed and approved by the Ethical Board of 
Voronezh State Medical University named after 
N.N.Burdenko on October 30, 2018 (Protocol 
No2). Informed consent was obtained from each 
patient.

The stages of non-carious processes were 
defined in compliance with the topographic 
classification of abfraction: initial, superficial, 
middle and deep. Fluorescence spectra were 
recorded with the use of a patented device 
designed on the basis of fiber-optic spectrometer 
USB4000-VIS-NIR (Ocean Optics, Orlando, FL, 
USA), connected to the computer [17]. Probing 
area of the teeth was determined by the area of 
the waveguide and was equal to 0.28 mm2. A 
laser diode emitting at the wavelength of 445 nm 
was used as a source of fluorescence excitation. 
Radiation power density was not more than 20 
mW/cm2. Measurements were performed inside 
a shaded room with no sources of scattered 
light. Fluorescence spectra of tooth enamel were 
obtained from cervical areas of intact teeth and 
teeth affected by abfraction. No less than 10 
fluorescence spectra were registered from each 
area of each examined tooth, and all of the spectra 
were averaged. In cases when there was no intact 
area in the affected tooth, the reference spectrum 
was obtained from the intact cervical area of 
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an equivalent tooth. This is important because 
our investigations of intact teeth indicate the 
dependence of fluorescence spectrum both on the 
anatomic area of a tooth and on the tooth type in 
the upper and the lower jaw [18-23]. Fluorescence 
spectrum of the intact area of the tooth was used 
as an indicator of spectral changes caused by 
pathological processes. Before the luminescence 
examinations were performed, the patients had 
undergone the procedure of professional oral 
hygiene and had been recommended to use 
toothpaste that did not make any considerable 
contribution into the registered signal.

The MSCT method was also used for 
detecting abfraction in vivo. The studies were 
performed with the device Philips Brilliance ICT 
64 (Philips Medical Systems, Miramar, FL, USA) 
with a slice thickness of 0.55 mm in the axial 
plane. The plane of scanning was perpendicular 
to the occlusal plane. The level of visualization 
was formed in the area between the mental 
protuberance of the lower jaw and the hard palate 
with the capture of the alveolar openings of the 
maxillary sinuses. For measuring the thickness 
of enamel, a program OSIRIX, version 5-1.6, was 
applied, which allowed post-processing treatment 
(multiplanar reformations) of images, when the 
planes were aligned with the axis of the tooth and 
perpendicular to the occlusal plane.

RESULTS
Figure 1a represents fluorescence spectra of 

intact enamel in different anatomic areas and of 
enamel affected by superficial abfraction, averaged 
over all of the patients. Figure 1b represents 
the ratio of integral fluorescence intensity of 
enamel affected by abfraction to the fluorescence 
intensity of intact enamel in the cervical area that 
depends on different developmental stages of this 
pathology.

Figures 1a and 1b show that under 
excitation with irradiation at the wavelength of 
445 nm fluorescence spectra of intact and affected 
enamel differ considerably in their intensity and 
are characterized by multidirectional dependence. 
For example, at the superficial stage of abfraction 
development, fluorescence intensity of affected 
enamel is more than 30% higher than that of 
intact one, and at the middle and deep stages, 
fluorescence intensity of affected enamel is, on the 

contrary, lower (in case of the deep stage, even 
by more than 40%).That is why, as can be seen 
in Figure 1b, the ratio of fluorescence intensity of 
affected enamel to that of intact enamel decreases 
from the initial developmental stage to the deep 
one as the difference between these intensities 
lessens. 

In Figure 1a it can also be seen that 
fluorescence spectrum of intact enamel in different 
anatomic areas as well as of enamel affected by 
superficial abfraction represents quite a broad 
multicomponent band with the maximum at 
526 nm. In addition, the shape of fluorescence 
spectrum of affected enamel coincides with the 
shapes of fluorescence spectra of intact enamel 
for all the anatomic areas: cervical, equator and 
cutting edge. A similar tendency was observed for 
other stages of abfraction development. 

Figure 2 shows photos of canines, one of 
which is intact (on the right) and the other (on 
the left) is affected by deep abfraction. The photos 
were taken with Philips Brilliance ICT 64 using 
MSCT method.

As seen in Figure 2, MSCT method allows 
visualizing the affection of teeth by abfraction. 
The depth of the lesion can be estimated with the 
use of the image processing program of Philips 
Brilliance ICT 64. For example, for the deep stage 
of abfraction development, it was equal to 0.47 
mm.

Figure 3 represents fluorescence spectra 
of intact enamel in the different anatomic areas 
and of enamel affected by early erosion in cervical 
area, averaged over all of the patients.

Figure 3 shows that under excitation 
with irradiation at the wavelength of 445 nm 
fluorescence spectra of intact and affected enamel 
differ considerably in their intensity. For example, 
at the initial stage of erosion development, 
fluorescence intensity of affected enamel is 
significantly higher than that of the intact one 
(not less than by 45%). In Figure  3 it can also be 
seen that fluorescence spectrum of intact enamel 
in different anatomic areas as well as of eroded 
enamel represents quite a broad multicomponent 
band with the maximum at 526 nm. Besides, the 
shape of fluorescence spectrum of affected enamel 
coincides with the shapes of fluorescence spectra 
of intact enamel for all anatomic areas: cervical, 
equator and cutting edge.
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Figure 1 - a) – Fluorescence spectra of enamel: 1 – in the cervical area affected by superficial abfraction; 2 – in the intact cervical 
area; 3 – in the equator area; 4 – in the area of the cutting edge. b) – behavior of the integral intensity of enamel fluorescence 
depending on the developmental stage of abfraction. The columns represent the ratio of fluorescence intensities of enamel of teeth 
affected by abfraction, averaged over all the patients, to the intensity of intact enamel fluorescence in the cervical area, depending 
on the developmental stage of the lesion: 1 – superficial abfraction; 2 – middle abfraction; 3 – deep abfraction.

Figure 2 - Images of teeth, obtained with MSCT method: on the left – a tooth affected by a deep abfraction in the cervical area; on 
the right – an intact tooth.
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Figure 3 - Fluorescence spectra of enamel: 1 – in the cervical 
area affected by erosion at the initial stage; 2 – in the intact 
cervical area; 3 – in the area of the cutting edge;  4 – in the 
equator area. 

DISCUSSION
To reliably diagnose abfraction and 

erosion with the LIF method, it is necessary to 
understand the fluorescence mechanism not 
only of the affected, but also of intact areas of 
dental hard tissues. Our previous investigations 
[18-23] have shown that fluorescence of dental 
hard tissues has different nature and involves 
the influence of organic (first of all, structural 
elements of collagen) and inorganic phases 
(impurity crystals of calcium hydroxylapatite 
(HAp). It has also been demonstrated that the 
fluorescence intensity of enamel depends on 
the anatomic area and on the type of the tooth. 
The obtained results have been connected with 
the influence of adjacent tissues, above all, 
dentin-enamel junction (DEJ) and dentin, on 
the fluorescence spectrum of enamel, as well as 
with the dependence of the optical properties 
of enamel on the anatomic area of the tooth. 
Besides, the most intense fluorescence is 
typical of the multi-level structure of DEJ, 
while enamel is characterized by the lowest 
fluorescence intensity. DEJ itself proved to 
demonstrate rather low fluorescence signal, 
while conchoidal layers of dentin and enamel, 
adjacent to DEJ, showed quite intensive 
fluorescence. Contribution of the fluorescent 
DEJ and dentin into the fluorescence 
spectrum of enamel is of the highest value in 

the cervical area, where thickness of enamel is 
the smallest. Therefore, fluorescence intensity 
of intact enamel in the cervical area is higher 
than in the equator area or in the area of the 
cutting edge due to the fluorescence of DEJ 
and dentin (see Figure 1a, Figure 3).

As is known, the superficial stage of 
abfraction development is characterized not 
only by enamel loss on the whole, but also by 
the appearance of slit-like damages of enamel 
up to 0.2 mm deep near the cement-enamel 
junction [24-27]. Enamel loss, as well as the 
presence of cracks, may be the cause of the 
observed increase in the fluorescence intensity 
of enamel in the area of superficial abfraction 
compared with intact enamel (see Figure 
1a and Figure 1b). Indeed, the presence of 
cracks, as well as a decrease in the thickness 
of enamel in the lesion area, increases the 
penetration depth of the fluorescence exciting 
radiation, and thus the specific contribution 
of the fluorescence of DEJ and dentin into the 
overall spectrum of enamel fluorescence rises.

As for middle abfraction, the depth of the 
lesion already amounts to from 0.2 to 0.3 mm. 
Deep abfraction is characterized by affection 
of deep dentin layers. As seen in Figure 
1b, middle and deep stages of abfraction 
development, in contrast to the superficial 
stage, show the reverse tendency for reducing 
the fluorescence intensity, and at the deep 
stage the decrease is higher. Such spectral 
behavior may be due to several reasons.

Firstly, middle and deep stages are 
characterized by disappearance of enamel, 
destruction of DEJ and change in the chemical 
and mineral properties of dentin adjacent 
to the surface of the lesion [1, 2, 24-27]. 
Moreover, the hypermineralized layer of 
dentin is characterized by a decrease in the 
content of carbonate-substituted crystals of 
calcium hydroxylapatite, as well as a decrease 
in the cross-links of collagen and their 
destruction. And since the structural elements 
of collagen and impurity crystals of calcium 
hydroxylapatite, first of all, carbonate-
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substituted crystals, serve as the endogenous 
fluorophores of hard tissues, the observed 
decrease in fluorescence intensity of the 
areas affected by middle and deep abfraction 
becomes explicable.

Secondly, the optical properties of the 
lesion wall change. Its density increases, 
therefore, the depth of penetration of exciting 
radiation into the tooth is significantly 
reduced, and, consequently, the fluorescence 
intensity decreases.

The initial stage of abfraction 
development is characterized by almost 
invisible tissue loss, and therefore in practice 
it is quite hard to be diagnosed. However, 
since a decrease in the thickness of enamel 
is also typical of the initial stage, it can be 
expected that the affected area will also have 
greater fluorescence intensity, compared with 
intact enamel.

The early stage erosion is also 
characterized by an increase in fluorescence 
intensity of enamel, as shown in the Figure 3. 
At the initial stages of demineralization, light 
scattering increases; however, along with this, 
thickness of enamel decreases much more. 
These are two competing processes: the first 
one reduces and the second enhances the 
intensity of the exciting radiation transferred 
to DEJ and dentin. If the pathology is localized 
at the cervical area, the second process 
dominates, thus resulting in the enhancement 
of fluorescence intensity at the early stages of 
erosion.

As for the decrease of fluorescence 
intensity of the eroded enamel, observed in 
the work by Borisova et al. [28], it may be 
conditioned by the lesion localization area. 
Indeed, if erosion affects, for example, the 
area of the cutting edge enamel, fluorescence 
intensity can be lower than that of the intact 
area. This is because enamel thickness in 
the area of the cutting edge is considerably 
higher than in the cervical area. With the 
development of erosion, enamel is gradually 
destroyed, the coefficient of diffuse reflection 

increases in the area of fluorescence excitation 
and consequently, the contribution of the 
most intensively fluorescent tissues – DEJ and 
dentin – to the overall fluorescence signal 
decreases. Besides, it should be taken into 
account that under erosion, the contribution 
of fluorescence of endogenous fluorophores 
having organic (first of all, structural elements 
of collagen) and inorganic nature (impurity 
crystals of calcium HAp) in the overall 
fluorescence spectrum lessens. Eroded enamel 
is characterized by a decrease in the content 
of carbonate-substituted crystals of calcium 
hydroxylapatite as well as a considerable 
reconfiguration of organic phase (amide 
groups). Since impurity crystals of calcium 
hydroxylapatite and, above all, carbonate-
substituted crystals and structural elements 
of collagen, act as endogenous fluorophores 
of dental hard tissues, it seems reasonable to 
consider them responsible for the observed 
decrease of fluorescence intensity of eroded 
enamel in the area of the cutting edge.

At the later stages of erosion 
development, a decrease of fluorescence 
intensity should be expected, because in this 
case DEJ and dentin are becoming involved 
in this process along with their significant 
structural and compositional changes.

Finally, we consider the results of the 
abfraction diagnosis with the method of 
multilayer spiral computed tomography (see 
Figure 2). As is known, one of the fields of 
practical use of X-ray computed tomography 
in dentistry is the diagnosis of various diseases 
of the oral cavity, such as periodontal disease, 
parodontitis, non-carious and carious lesions 
of teeth [29, 30]. In this work we have also 
demonstrated the prospects of this technique 
for detecting abfraction. However, as our 
results have shown, this method has a number 
of significant limitations. Firstly, using this 
method, it is almost impossible to diagnose 
abfraction at the initial and superficial 
stages. Secondly, of course, the frequency 
of application of this method is limited 
because of a person’s exposure to radiation. 
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Nevertheless, this method can be very effective 
for the diagnosis of abfraction at the middle 
and deep stages of its development during the 
preventive examination of patients.

CONCLUSION
Results demonstrate the prospects of the 

LIF technique application for the diagnosis and 
discrimination of different stages of abfraction 
development as well as for the diagnosis of 
early erosion. Nevertheless, to develop a 
reliable diagnostic device capable of detecting 
abfraction and erosion with LIF technique, 
especially at the early stages, it is necessary to 
take into account several aspects. Firstly, it is 
the mechanism of fluorescence both in affected 
and intact areas of dental hard tissues. Specific 
features of morphological structure, chemical 
and mineral composition of hard tissues in 
the area of non-carious lesion development, 
depending on the developmental stage of the 
given pathology, should also be considered. 
Multi-spectral processing of the information 
requires applying contemporary mathematical 
methods such as neural network recognition 
algorithms, algorithms realizing support 
vector machine method and others [31-33]. 
The prospects of diagnosing middle and 
deep abfraction with MSCT method are also 
doubtless.
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