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ABSTRACT 

Tooth wear is considered a multifactorial process involving exogenous or endogenous physical and chemical factors that 

act through three main mechanisms: biocorrosion, friction and stress. The way in which these factors are associated results 

in the clinical forms of tooth wear: erosion, attrition and abrasion. The study was performed using optical coherence 

tomography (OCT) on 5 temporary teeth (a hemiarcade of the temporary dentition) affected by wear. The OCT examination 

in the erosive lesions showed a loss of hard tissues, with demineralization and rapid evolution, produced by the mechanism 

of biocorrosion, determined by excessive consumption of carbonated beverages. The OCT examination in the attritional 

lesions revealed multiple cracks from the incisal edge to the depth of the hard tissues, parallel to the tooth axis, caused by 

the mechanism of stress (bruxism). 

The OCT examination provided relevant data for determining the clinical form of dental wear depending on the 

mechanism of occurance. 
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INTRODUCTION 

Tooth wear is the general term used to 

describe the loss of dental hard tissue on the tooth 

surface caused by factors other than tooth decay, 

trauma and tooth development disorders [1].  

Lately, dental wear is a topic of great interest for 

specialists in the field of dentistry due to its 

increasing prevalence, especially in children and 

young people [2-8]. Discussing about the 

mechanisms of occurance, dental wear is 

currently considered a multifactorial process [9] 

in which exogenous or endogenous physical and 

chemical factors are involved that act through 

three main mechanisms: biocorrosion, friction 

and stress. The way these factors are associated 

results in the clinical subforms of tooth wear: 

dental erosion produced by the attack of 

exogenous or endogenous acids, dental attrition 

produced by stress associated with excessive 

occlusal forces and dental abrasion produced by 

friction during oral hygiene or chewing [10].  
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Despite the theoretical knowledge of these 

mechanisms, from a clinical point of view it is 

difficult to identify the clinical form of wear and 

the etiological factors involved, thus, the 

treatment often proves ineffective. In an attempt 

to highlight the etiological factors involved in 

clinical forms of dental wear, different techniques 

for analyzing ―in vitro‖ dental structures have 

been developed: microhardness technique, 

surface profilometry, surface roughness, 

microradiography, microatomic force scheme ( 

AFM), AFM nanoindentation, scanning electron 

microscopy (SEM), white light interferometry 

(WLI), confocal laser scanning microscopy 

(CLSM) [11, 12].  

Optical coherence tomography (OCT) is a new 

non-invasive imaging technique that uses high-

resolution cross-sectional tomographic images of 

tissue microstructures. OCT helps to visualize the 

differences in the optical properties of tissues, 

which include both the effects of optical 

absorption and optical reflection [13].  In addition 

to the ―in vitro‖ OCT applications, this method 

can detect qualitative and quantitative 

morphological changes of ―in vivo‖ dental hard 

and soft tissues, respectively early diagnosis of 

dental diseases, including caries, periodontal 

disease and oral cancer, due to its excellent 

spatial resolution [14-17]. The aim of the study 

was to highlight the qualitative morphological 

changes of temporary teeth affected by wear 

using optical coherence tomography, in order to 

establish the mechanisms by which tooth wear 

occurred, the nature of etiological factors and the 

relevance of OCT examination in diagnosing 

clinical forms of dental wear in children. The 

study was approved by the Ethics Commission of 

UMF Craiova. 

 

MATERIAL AND METHODS 

The study was performed on 5 temporary teeth 

(upper central incisor, upper lateral incisor, upper 

canine, first upper molar and second upper molar) 

representing all the teeth of a dental wear 

hemiarcade, which were extracted from 5 

children aged 6 to 11 years in the Pedodontics 

Clinic of the Faculty of Dentistry Craiova 

between 2017-2019.  The treatment plan was 

influenced by the high mobility of the primary 

teeth or by the eruption of the corresponding 

permanent teeth, with the persistence on the arch 

of the primary teeth. Prior to the extractions, an 

informed consent was obtained from the tutors for 

extraction and inclusion in the study. Also, an 

anamnesis was performed to highlight the risk 

factors: consumption of acidic foods, excessive 

consumption of carbonated beverages, the 

presence of dental bruxism.  

The extracted teeth used in the study were 

rinsed with water to remove traces of saliva and 

blood and then disinfected with 10% H2O2 for 10 

minutes. Afterwards, each tooth was scaled in 

order to remove the remaining gingival tissue or 

dental plaque. In order to avoid desiccation, the 

teeth were kept in sterile deionized water to 

achieve optical measurements. Although some of 

the teeth also presented dental caries, the OCT 

examination in the present study aimed only the 

tooth wear lesions. The examined teeth were 

fixed in dental silicone (Zeta Plus) and positioned 

so that the light beam could fall perpendicularly 

on the examined wear surfaces. For macroscopic 

identification of the tooth wear lesions, we took 

pictures of the teeth that were to be analyzed with 

a Canon DSLR 600EOS.  

In order to perform the OCT examination, 

firstly, the teeth were removed from the solution 

and dried with paper towels. For the experiment, 

we used an OCT system manufactured by 

Thorlabs (OCS 1300 SS) powered by a sweep 

laser source with a central wavelength of 1310 

nm, a spectral bandwidth of 100 nm and an 

average power of 12 mW. We obtained 2D and 

3D scannings of tooth surfaces. The air 
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resolutions of this system were 12 μm for the 

axial resolutions and 15 μm for the lateral ones. 

The system allowed us to investigate a sample of 

10 × 10 × 3 mm (length, width, depth) or 1024 × 

1024 × 512 pixels in about 30 seconds using a 

load-coupled device detector (CCD) [16, 17]. For 

this study, we examined the incisal/occlusal, 

labial and oral surfaces using a design that 

enables viewing tooth surfaces in different angles. 

Due to the fact that dental abrasion and 

abfraction are specific to elders, the OCT 

examination aimed to highlight the 

demineralization of hard tissues specific to dental 

erosion and the presence of cracks specific to 

dental attrition. 

 

RESULTS 

Following the OCT examination, 

approximately 500 images were obtained for each 

tooth depending on the size of the tooth surface of 

the examined temporary teeth. From these, for the 

present study, there were selected the most 

relevant images from 5 teeth with dental wear. 

There were considered relevant those images that 

corresponded to the macroscopically highlighted 

lesion of tooth wear and those in which the OCT 

image was well outlined, given that the OCT 

beam did not always fall perpendicular due to the 

convexities of the dental surfaces. The diagnosis 

of tooth wear was established based on the 

clinical examination, anamnesis and photographs 

taken at each examined tooth. 

 

First upper primary molar 

In Figure 1, the occlusal surface of a first 

upper primary molar with tooth wear is analyzed. 

The patient was eight years old at the time of 

extraction and was consuming carbonated 

beverages. The macroscopic aspect of the 

examined molar reveals the presence of yellow 

dentine, visible through the thin layer of enamel 

at the level of the occlusal surface (Figure 1a). 

The contour of its occlusal surface resulting from 

dental wear is irregular and reproduces the 

primary morphology, which makes us assert that 

there was an uniform loss of dental tissues. From 

a clinical point of view, this form of tooth wear 

has been considered an erosion. During the OCT 

examination, a weak signal was observed due to 

the loss of the superficial enamel layer and the 

demineralization of the remaining tissues (Figure 

1b, Figure  1c). In the intercuspidian disto-palatal 

groove, we distinguished an interruption of the 

OCT signal due to the intense hard tissue 

demineralization (Figure 1d). The OCT 

examination reveals the specific aspect of a dental 

erosion.  

It is a specific aspect of erosive dental wear, 

produced by the mechanism of biocorrosion, 

determined by the excessive consumption of 

carbonated drinks. 

 

 
b. a. 
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Figure 1 - Macroscopic aspect of the first upper molar with tooth wear (a). The OCT image of the 

incipient erosive lesion from the medial half (b, c) and from the disto-palatal groove (d). 

 

Second upper primary molar  

 In Figure 2, the occlusal surface of a second 

upper primary molar with tooth wear is analyzed. 

The patient was 11 years old at the time of the 

extraction, had experienced sleeping bruxism and 

consumed carbonated beverages. The 

macroscopic aspect reveals an excessive 

reduction of the enamel layer all over the occlusal 

surface with the exposure of the entire dentin 

layer, describing the characteristic aspect of a 

chemical erosion (Figure 2a).  

Regarding the OCT aspect, the mineralization 

process is emphasized (Figure 2b) in dental 

tissues, by means of a weak, diffuse, non-

homogeneous OCT signal (Figure 2c, Figure 2d). 

The presence of several cracks that leave the 

occlusal surface perpendicular towards the 

profoundness of the dentin was also noted (Figure 

2c). It is a specific wear aspect due to the 

chemical attack and the bruxism with the 

predominance of the chemical attack (erosion). 

Thus, the mechanisms of tooth wear that occurred 

in this case are biocorrosion and stress. 

 

 
Figure 2 - Macroscopic aspect of the occlusal surface of a second upper primary molar with tooth wear 

(a). The OCT image of the occlusal surface – the dentin exposure (b) and the diffuse, non-homogeneous 

signal (c, d) and the presence of the cracks heading to the profoundness (c). 

 

Upper primary canine  

Figure 3 shows an upper primary canine with 

cuspid wear. The patient was 11 years old at the 

time of the extraction, was consuming carbonated 

beverages and presented sleeping bruxism. From 

a clinical point of view, this tooth wear lesion can 

d. c. 

a. b. 

c. d. 
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be classified as an erosive lesion, but also as an 

attritional one. The mascoscopic aspect is 

presented in Figure 3a.  

At the canine’s OCT examination, the mesial 

half of the palatal surface described a well-

defined signal at the exterior of the teeth as an 

expression of the integrity of this surface (Figure 

3b). The next couple of sequences show the 

presence of a cusp fossa with an irregular bottom 

– the characteristic aspect of erosive lesions. 

Additionally, the presence of several cracks 

parallel to the walls of the erosive fossa is 

described, which propagate towards the 

profoundness of the cusp (Figure 3c). The distal 

half of the palatine surface of the canine presents 

a better contoured OCT signal that we interpreted 

as a consequence of a reduced hard tissue loss 

(enamel loss) associated with an adaptive activity 

(Figure 3d). Consequently, we can appreciate that 

there was a reduced loss of enamel, produced 

with low speed, which gave the dental structures 

the possibility to repair themselves.  

Thus, following the interpretation of these 

described images, this tooth presents a clinical 

form of tooth wear with the appearance of erosion 

and attrition, produced by biocorrosion and stress 

with the predominance of biocorrosion. 

 

 
Figure 3 - The macroscopic aspect (a). The OCT image of the mesial half of the palatal surface 

without tooth wear (b). The presence of cracks and the formation of an erosive cavity (c). The OCT 

image of the distal half of the palatal surface (d) 

 

Upper primary central incisor 

Figure 4 shows a primary upper central incisor 

with a tooth wear lesion localized at the incisal 

edge and at the palatal surface. The patient was 6 

years old at the moment of the extraction and had 

also experienced frequent episodes of sleeping 

bruxism. The macroscopic aspect of the incisor 

reveals the major loss of the enamel from the 

incisal edge, causing the visibility of the dentine 

along a well highlighted line (Figure 4a). The first 

OCT scanning image (Figure 4b) confirms the 

completely loss of enamel, with a diffuse OCT 

signal, with an inappropriate contour on the 

outside that extends towards the profoundness of 

the hard tissues. This aspect is related to the 

organic rich composition of the dentin. One can 

also observe the presence of several deep cracks 

starting from the incisal edge and continuing 

vertically on the long axis of the tooth, parallel to 

the palatal surface (Figure 4c). These cracks 

b. a. 

c. d. 
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confluence in the profoundness (Figure 4e). We 

can state that, in the future, the hard tissue 

fragments will be drawn entirely after the 

confluence of the fracture lines. The following 

OCT sequences show even deeper fissure lines 

from the incisal edge to the cervical surface, 

parallel to the palatal surface (Figure 4d).  

The clinical form of dental wear presented in 

this tooth is attrition produced by stress, which in 

this case was caused by bruxism. 

 

 
Figure 4 –The macroscopic aspect of the palatal surface (a). The OCT aspect with a diffuse, non-

homogeneous signal (b). The deep fissure that starts from the incisal edge and that is transmitted 

vertically towards the long axis of the tooth, parallel to the palatal surface (c). Deep crack starting from 

the incisal edge (d). Crack Confluence Area (e) 

 

Upper primary lateral incisor  

Figure 5 shows a primary upper lateral incisor 

with a wear lesion at the incisal edge and the 

palatal surface. The patient was 7 years old  at the 

moment of extraction and had experienced 

frequent episodes of sleeping bruxism. 

Macroscopically, we observe the total loss of the 

enamel from the incisal edge and the incisal third 

of the palatal surface; the dentin layer is being 

visible along a well highlighted line (Figure 5a). 

By analyzing the OCT images, a weak, 

diffuse, non-homogeneous signal (Figure 5c, 

Figure 5d) is revealed, expressed by the loss of 

the enamel with the dentin exposure, without 

signs of demineralization, but with the presence 

of several cracks that propagate into the 

profoundness of the dentin (Figure 5b).  It is an 

attritional tooth wear lesion. It is a tooth with 

attritional wear lesion produced by stress, 

subsequently caused by bruxism. 

 

a. 
b. 

e. d. c. 

a. 
b. 
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Figure 5 –The macroscopic aspect (a). The OCT image of the palatal surface – the presence of cracks (b) 

and diffuse, in homogeneous signal (c, d ) 

 

 

DISCUSSIONS 

It is essential to establish an early diagnosis of 

tooth wear in children. Harding MA et al. stated 

that the presence of tooth wear in the primary 

dentition, especially in the complicated cases, 

presents an increased risk for those children to 

develop further lesions of tooth wear in the 

permanent dentition [18]. In this context, but also 

taking into account the increasing prevalence of 

dental wear in children, as a result of lifestyle 

change, the European Federation of Conservative 

Dentistry 2015, European Organization for Caries 

Research (ORCA), A Cariology Research Group 

of the The International Association for Dental 

Research (IADR 2020) and a number of 

specialists in the field recommend that the 

preventive attitude should prevail in all cases of 

dental wear, focusing on the etiological factors 

and mechanisms by which they act [10, 19-22]. In 

children and youngsters, the most common form 

of tooth wear is considered to be dental erosion, 

especially on primary teeth, followed by attrition 

[23]. The primary tooth enamel is less 

mineralized, with a higher carbonate content and 

organic matrix than the permanent tooth enamel 

[24]. These differences may justify a greater 

predisposition to tooth wear for the primary teeth, 

compared to permanent teeth. 

A previous study conducted in Craiova and its 

surroundings showed a high prevalence of tooth 

wear in children (32.46%) and the etiological 

factors involved. It has been established that from 

early ages, children have access to energy drinks 

and carbonated drinks [4]. This statement is 

consistent with other studies recently published in 

the literature [25, 26]. Using the factorial analysis 

and the database created from the previous study, 

it was established that the greatest impact on the 

dental structures in the appearance of tooth wear 

is represented by energy drinks and carbonated 

drinks [4, 27]. Regarding the etiopathogenetical 

mechanisms of dental erosion, the appearance of 

the erosive lesions is described by firstly 

involving chemical demineralization 

(biocorrosion) with the participation of the 

physical factors through friction and stress [27, 

28]. The main clinical signs of the studied teeth 

are the loss of hard dental tissues with the 

disintegration of the primary dental morphology 

and the appearance of wear surfaces associated 

with concavities and, in some cases, with cracks 

that cross the dental tissues. The mechanism 

underlying the development of concavities and 

grooves on the occlusal/incisal surfaces of the 

teeth is still unclear. A study has shown that an 

erosive concavity can occur only in the enamel 

and that both acidic and mechanical simultaneous 

actions are required for deep progression [29]. 

In order to complete the information about the 

etiopathogenical mechanisms of tooth wear, we 

c. d. 
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chose to use an OCT-based investigation method 

in the present study, because the resolution of 

OCT (20 μm) is much better than that of 

radiological investigations (50 μm) or ultrasounds 

(110 μm) [30, 31]. The OCT can provide an 

"optical biopsy" without the necesity of an 

excision and a sample processing as in 

conventional biopsy and histopathology. It is 

actually an interferometric technique that uses 

infrared light waves that reflect the internal 

microstructure in a way that is, basically, similar 

to an ultrasonic echo pulse. With the 

improvement of the optical specifications and the 

properties of the system, OCT demonstrates 

major potential in research and clinical 

applications nowadays. The application of OCT 

in dentistry has become very popular [14]. Thus, 

the present study describes the OCT aspects of 

the main forms of tooth wear encountered in the 

primary dentition: erosion and attrition. 

The OCT signal described in teeth with 

erosive lesions is almost non-existent in the areas 

where the enamel is not supported by dentine and 

in the areas of maximum depth of the erosive 

cavity. A possible explanation for this could be 

the strong demineralization of the enamel, which 

prevents the reflection of the projected light beam 

[32]. The OCT signal is more intense in the lower 

part of the erosive cavity due to the increased 

heterogeneity of the dentine in the erosive area, 

which could be related to the regenerative 

capacity of the dentine. Chan et al. induced acidic 

demineralization of hard dental tissues “in vitro”, 

resulting a weak OCT signal similar to the aspect 

we obtained in the present study [33]. The same 

aspect of massive enamel demineralization was 

also obtained by Wilder-Smith et al., using the 

optical coherence tomography for the “in vivo” 

investigations [34]. 

Regarding attritional lesions, according to the 

etiopathogenical mechanisms described by 

Grippo et al., they represent a form of tooth wear 

produced by friction and cyclic stress, as it is also 

described in bruxism [35]. However, in the 

present study, the attritional lesions of tooth wear 

can also be associated with different mandibular 

movements, because the studied teeth were 

extracted from patients with mixed dentition [36]. 

The OCT images revealed numerous, large, wide, 

vertical and oblique cracks. Compared with the 

erosive lesions, in attrition, the occlusal surface of 

the tooth (enamel or dentin) releases an intense 

OCT signal. This phenomenon may be due to the 

fact that, in attrition, the tooth surfaces are 

represented by a thin layer of enamel supported 

by strong heterogeneous dentin as a result of the 

restorative processes. The cracks that appear at 

the level of the enamel-dentin junction can 

dislodge the enamel layer from the tooth surface. 

We also note the presence of several cracks due 

to the excessive forces that appear especially in 

bruxism cases. All these vertical cracks that 

converge in depth determine the detachment of 

the enamel layer and the possible appearance of 

slight fractures. The same aspect is found in the 

case of the stratification of ceramics fused on 

metal support under the name of delamination 

[16, 37, 38]. The same aspect of tooth wear 

lesions has also been described in other studies 

[16, 39]. Also, the presence of vertical cracks in 

the attritional lesions is justified by the 

etiopathogenetic mechanism of dental attrition in 

bruxism [16]. 

In 2005, Abrahamsem described the clinical 

patterns of tooth wear according to the etiological 

mechanisms involved and he reached the same 

results regarding the localization of the tooth 

wear lesions [40]. According to the present study, 

the attritional lesions were especially highlighted 

in the anterior teeth, and those of erosion in the 

posterior teeth. 

The present study highlighted the qualitative 

morphological changes of the dental structures 

observed in temporary tooth wear, thus 
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elucidating the occurance mechanisms. No 

quantitative changes were highlighted, as they are 

not relevant for temporary teeth where restorative 

treatment cannot be performed due to the reduced 

coronary volume and presence on the arch for a 

short period of time. In the case of permanent 

teeth, a quantitative assessment of morphological 

changes could be useful in establishing restorative 

treatment. 

 

CONCLUSIONS 

1. The ―in vitro‖ study performed by using 

the OCT technique on primary teeth with 

tooth wear lesions of erosion and attrition 

provided additional data for establishing 

the diagnosis of these clinical forms of 

tooth wear. 

2. The aspects of chemical erosion revealed 

a rapid and intense evolution of the 

lesions, most commonly encountered 

mainly at the posterior teeth. The erosive 

wear lesions were produced by the 

mechanism of biocorrosion, determined 

by the excessive consumption of 

carbonated drinks. 

3. Attrition aspects revealed multiple cracks 

from the incisal edge to the depth of the 

hard dental tissues, parallel to the tooth 

axis, predominantly at the level of the 

anterior teeth. The cracks merge in 

profoundness, determining the 

delamination aspect described at the 

ceramic masses. The cracks were caused 

by the stress mechanism subsequently 

caused by bruxism. 

4. In the future, the OCT examination may 

be used "in vivo" to complete tooth wear 

diagnosis and to highlighten the 

mechanisms of production of its clinical 

forms. 
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