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Abstract 

Introduction: Tooth wear has increased its incidence globally, and erosion was the topic for 

several research studies. Acidic food and beverages can affect natural teeth, and chronic exposure leads to the 

development of dental wear. Dentists should use proper diagnostic tools to identify and monitor tooth wear, in order 

to select the best treatment option. Aim: The current study quantifies the feasibility of using an intraoral scanner to 

monitor early erosive tooth wear in patients. Materials and methods: 12 sound extracted human molars were scanned 

initially and after immersion in soft acidic beverage (Coca-Cola) for 1, 3 and 19 h, respectively. The 3D data were 

uploaded to a specific metrology and inspection software (Geomagic Control X) for comparison. Each scan was 

superimposed on the reference 3D model, and relevant numerical data were obtained. Results: The results detected 

statistically relevant differences between the compared 3D meshes, indicating dental tissue loss increasing with the 

time of exposure in acidic soda. Conclusion: The intraoral scanner used in this experiment was capable to detect 

minimal dental tissue loss and could be used to monitor early erosive tooth wear.  
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1. INTRODUCTION 

Tooth wear has become an actual challenge in 

nowadays dentistry,  which incorporates new 

concepts about tissue preserving and the 

proper use of adhesive materials. From 

diagnosis to treatment plan, all these steps are 

relevant for the long-term clinical success of 

dental wear rehabilitation. The latest 

developments in digital dentistry have opened 

new perspectives and changes to the 

prosthodontic treatment concepts (1). 

Physiologic tooth wear results in a slow, 

progressive loss of tooth substance. Initially, 

this process manifests as a flattening of the 

occlusal cusp tips and incisal edge mamelons. 

The approximal surfaces also flatten and 

increase in area. Continued wear leads to the 

exposure of softer dentin and potentially an 

acceleration of the wear rate. The frequency of 

acidic foods and drinks and how they are 

consumed is important in dietary erosion. The 

progression of tooth wear is known to be slow 

with periods of activity and inactivity. 

Although restorations can be indicated, 

prevention and monitoring remain important 

strategies in maintaining the life of teeth (2). 

Studies regarding nonalcoholic 

beverages and their influence on the teeth 

erosion showed that within the first minute of 
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exposure, cola drinks showed a higher erosive 

potential than orange juices, probably due to 

their much lower pH (2.37 vs. 3.73) (3). 

Dentists should use proper diagnostic 

tools and indices to identify and monitor tooth 

wear, while adequate treatment is still 

possible. Tooth wear could be diagnosed based 

on visual examination of lesion characteristics, 

which can also be accompanied by clinical 

photographyc documentation and diagnostic 

model. However, visual examination is 

subjective. Multiple methods are used to 

assess ultramicroscopic effects of beverages 

on teeth; these include surface hardness 

measurements, surface profilometry, iodide 

permeability tests, chemical analysis of 

dissolved minerals, microradiography, 

confocal scanning microscopy, quantitative 

light-induced fluorescence, atomic force 

microscopy, element analysis of solid samples, 

nanoindentation, ultrasonic measurements, and 

scanning electron microscopy (SEM) with 

environmental SEM (ESEM) (4). 

Digital dentistry is becoming an 

indispensable tool in the dental office, 

increasing the number of intraoral scanners 

available on the market. Optical scanning is a 

part of this new technology that can offer 

multiple advantages. Besides the main 

advantages of these systems provide over the 

conventional impressions:  comfort for the 

patient, time efficiency, the reduced costs, the 

possibility of immediate control of the 

impression and 3D models that can be stored 

indefinitely (5). The benefit of this last 

advantage needs to be fully explored regarding 

the evolution and control of erosion for the 

same patient on time. The most common way 

of measuring the accuracy or either 

conventional or digital impressions is by 

comparing a reference scan, usually obtained 

by scanning a physical model with a desktop 

or an industrial scanner, and the resulting STL 

file is then compared with the test scan groups. 

Most scanning systems use open STL 

(Standard Tessellation Language) format, a 

format that describes a succession of triangular 

surfaces, in which each triangle is defined by 

three points and a surface.Because there is no 

standardized method of scanning and the 

acquisition techniques for the IOS differs from 

one system to another, the analysis of the 

resulting meshes may prove difficult (5-10). 

The aim of this in vitro study is to 

explore the benefits of the new technology, 

intraoral scanning without specific software 

system to diagnose early erosion based on 

multiple scans at different periods.

 

MATERIALS AND METHODS 

2.1. SPECIMEN PREPARATION 

Twelve extracted human molars, without visual surface defects, were selected and stored for 1–7 days 

in phosphate-buffered saline solution (NaCl 137 mmol/L, KCl 2.7 mmol/L, Na2HPO4 10 

mmol/LKH2PO4 1.8 mmol/L), pH 7, at 37 °C until the experiment started (Fig. 1). After selection, 

the teeth were mounted in four addition silicone impression material  molds, that mimmic artificial 

semi-arch, to simulate an in vivo model (Fig. 2).  
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Figure 1. The teeth stored in saline solution at 

37 °C  

 

Figure 2. The extracted molars were ready for 

scanning 

 

All teeth were initially scanned with an 

powder-free intraoral scanner (Planscan, 

Planmeca, Helsinki, Finland), with a blue light 

real-time laser video streaming technology. 

This open system technology allows 

the conversion of the acquired proprietary files 

into .STL files, readable by all CAD systems. 

Afterward, the teeth were immersed in 

Coca Cola (pH 2.37) for one hour. The teeth 

were then removed from the solution, rinsed 

with deionized water for 20 seconds, dried 

with oil-free compressed air for 5 seconds and 

scanned using the same intraoral scanner to 

evaluate erosion. Scanning was repeated after 

subsequent immersion for 3 h and 19 h, 

respectively. Consequently, twelve STL files 

were obtained containing the data to be 

compared with the 4 initial scans.  

 

2.2. 3D MODEL ASSESSMENT 

The STL files were sorted and received 

a sample name to easily organize the data and 

to facilitate the inspection, the 3D comparison 

and statistical data analysis (Table 1) 

Semi-Arch number Time of exposure in Coca-Cola Samples Name 

Sample 1 1 Hour 1S1H 

Sample 1 3 Hours 1S3H 

Sample 1 19 Hours 1S19H 

Sample 2 1 Hour 2S1H 

Sample 2  3 Hours 2S3H 

Sample 2 19 Hours 2S19H 

Sample 3 1 Hour 3S1H 

Sample 3 3 Hours 3S3H 

Sample 3 19 Hours 3S19H 

Sample 4 1 Hour 4S1H 

Sample 4 3 Hours 4S3H 

Sample 4  19 Hours 4S19H 

Table 1. Organizing the scanned data.  
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A metrology and inspection software 

(Geomagic Control X) was used to analyze the 

data. The STL files were uploaded into the 

software and each initial scan, containing the 

data of the arch before any exposure, was 

formatted as reference data. Only the surfaces 

above the equator of each tooth were 

compared: therefore separate layers for each 

tooth were isolated (Fig. 3). 

The STL files containing data of the 

arch after exposure (1 h, 3 h and 19 h) were 

compared one by one with the reference data 

by conducting the “3D Compare” function. 

Before the comparison, each mesh went 

through the “initial alignment” to roughly 

superimpose the meshes, followed by the “best 

fit alignment” to insure a perfect overlapping 

(Fig. 4). 

 

Figure 3. 3D mesh of the reference data.                   Figure 4. Overlapping the 

measured mesh over the reference mesh. 

The 3D comparisons generated the 

relevant numerical data and a color-coded map 

that displays the deviation of the compared 

surfaces. The color-coded map was set to 

display negative deviations up to -200µm and 

a tolerance level of ±1µm. Inward 

displacement, indicating the loss of dental 

tissue is displayed toward the blue spectrum 

while green areas suggest no deviation 

between the analyzed mesh and the reference 

one. 

Three points were carefully selected, 

with the help of a digital probe, on each 3D 

mesh of each semi-arch to measure the 

negative gap distance values between the 3 

scans of different exposure times. The 

obtained values were used for the statistical 

analysis that was conducted using a statistical 

software (MedCalc). The Kolmogorov-

Smirnov test was conducted on the data to 

evaluate if the values were normally 

distributed.  The Kruskal-Wallis test was used 

to further assess the data, the p value for 

the level of significance was set at p<0.05.  
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The assumed null hypothesis was that 

there would be no significant difference in 

negative gap distance values between the scans 

obtained under three different periods of acidic 

soda exposure

. 

 Figure 5. Color maps of 3D comparisons. 

 

 

3. RESULTS 

The numerical data analyzed are 

presented in Table 2 where the gap distance of 

each point selected on the 3D mesh is 

displayed in mm. 

The Kolmogorov-Smirnov test resulted 

that the data were not normally distributed 

therefore a nonparametric statistical test was 

used to further asses the data. The Kruskal-

Wallis test returned a value of p=0.044, 

rejecting the null hypothesis. Consequently, 

the test indicated that the differences between 

the compared scans are statistically 

significant. The decrease in the negative gap 

values correlated with the increase in the time 

of exposure to acidic soda is observed in all 

four tested semi-arches (Fig. 6). This indicates 

that the loss of dental tissue increased the 

longer the arches were exposed in Coca-Cola. 

The average tissue loss after 1h of exposure 

was 32 µm followed by 28 µm after 3h and 

finally a 57 µm loss after 19h. The average 

total loss over the course of 19h was equal to 

65 µm of dental tissue.  

 

Sample Name Gap Distance Point 1  Gap Distance Point 2 Gap Distance Point 3 

1S1H -0.0384 -0.0441 -0.0219 

1S3H -0.0628 -0.0598 -0.023 

1S19H -0.062 -0.1564 -0.0502 

2S1H -0.0511 -0.0027 -0.0204 

2S3H -0.1496 -0.0219 -0.029 

2S19H -0.2159 -0.2035 -0.1404 
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3S1H -0.0548 -0.0586 -0.0273 

3S3H -0.149 -0.0755 -0.0298 

3S19H -0.1731 -0.0986 -0.0325 

4S1H -0.0264 -0.019 -0.0289 

4S3H -0.0306 -0.0585 -0.0415 

4S19H -0.1425 -0.0652 -0.0747 

 

Table 2. Numerical data obtained from the 3D comparison. 

 

 

      
Figure 6. Graph displaying the values of each sample. 

4. DISCUSSIONS 

 Tooth wear is caused by both physical 

and chemical processes. Acids weaken the 

tooth or restoration surfaces, allowing other 

wear processes to occur more easily. The 

hydroxyapatite crystals of tooth substance are 

particularly susceptible to acid degradation. 

Acidic food and beverages can affect natural 

teeth, and chronic exposure often leads to the 

development of dental wear (attrition, erosion, 

abrasion, and decay) (12). 

During the last years, erosion was the 

topic for many research studies. A number of 

studies have analyzed the relation of erosion 

depth with time, acid type and pH or other 

chemical parameters: most work has been in 

vitro but more recent studies have been 

conducted in situ (13). Furthermore, drinking 

habits, or quite the swallowing speed, may 

have some influence (14). 

The progression of erosion depends on 

various parameters. In particular, the supply of 

fresh acid and removal of reaction products 

from the erosive lesions are probably relevant. 
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It is probable therefore that acid flow rate and 

the liquid temperature are important factors 

modulating enamel erosion and softening 

depth (15). It is known that enamel 

composition and thus the tooth wear rate 

varies from person to person or even from one 

tooth surface to another (16). 

The pathological loss of hard dental 

tissues has become an important issue because 

of its continuing globa increase. The result of 

this problem is the complications that appear 

with it: tooth sensitivity, pulpal complications, 

discoloration, but most important is the loss of 

function and esthetics. Among these, the loss 

of tooth substance will affect not only teeth 

and masticatory system but the quality of life, 

too (17). 

The prevalence of tooth erosion is high 

and continuously growing within populations 

(18) A recent study from Israel (19) showed a 

prevalence of between 36.6% in 15-18-year-

olds and 61.9% in 55-60-year-olds. 

 Studies regarding the detection of early 

erosive tooth wear using an intraoral scanner 

aided by specific software showed good 

performance for early detection and 

monitoring of tooth wear in vitro and has 

potential for in vivo application (20). 

There are some limitations of the 

current study when considering clinical 

applicability. Using an intraoral scanner 

without dedicated software, that easily 

analyzes the scanned surfaces, takes additional 

time, requires further acquisition of third-party 

metrology software and requires trained 

clinicians. In vitro conditions did not 

consider the intraoral factors such as saliva, 

patient movement and other factors that could 

generate error or decrease the accuracy 

capabilities of the scanner. Further studies are 

recommended to evaluate the issue. 

5. CONCLUSION 

Whithin the limitation of this study, it 

can be concluded that the null hypothesis was 

rejected, indicating that there are statisticaly 

significant differences by superimposing the 

data obtained from  scanning the teeth, after 

three periods of soda exposure. The intraoral 

scanner used in this experiment can 

detect minimal dental tissue loss, and could be 

used to monitor early erosive tooth wear on 

patients.  
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