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Abstract: The aim of this study was to assess the erosive tooth wear (ETW) at early and mature
adulthood in subjects with natural normal occlusion. The sample consisted of 23 untreated subjects
with normal occlusion. Dental models were taken longitudinally from the same subjects at 13 (T0),
17 (T1) and 60.9 years of age (T2) at a university. Evaluation of ETW was performed using a modified
Basic Erosive Wear Examination (BEWE) index. Interphase changes were evaluated using Friedman
and Dunn’s test. Ordinal logistic regression was used to assess the influence of sex, dental arch, tooth
and dental surfaces on the erosive tooth wear. Linear regression was used to evaluate whether the
ETW degree at T1 could discriminate the degree of ETW at T2. The significance level adopted was 5%.
ETW showed a significant increase with aging. The median ETW index at T0, T1 and T2 was 2, 4 and
7, respectively. ETW was greater in males in the incisors and canines and on the incisal/occlusal and
lingual tooth surfaces. No significant differences were found between the maxillary and mandibular
arches. Subjects with severe ETW at mature adulthood had greater tooth wear at age 17. In conclusion,
ETW significantly increased during aging in subjects with normal occlusion. The greater the degree
of tooth wear at early adulthood, the greater the tooth wear at mature adulthood. Preventive care
should be recommended during early adulthood in patients demonstrating erosive tooth wear in
order to avoid worsening with aging.

Keywords: tooth wear; dental erosion; permanent dentition; longitudinal studies; disease progression;
age factors

1. Introduction

Throughout life, teeth are exposed to a broad spectrum of physical and chemical
injuries, which contributes to a wide range of tooth wear [1]. Chemical factors can be
extrinsic or intrinsic as the consumption of acidic foods or presence of stomach acids from
reflux and regurgitation, respectively [2]. Parafunctional habits such as bruxism, regular
mastication (attrition) and toothbrushing (abrasion) are mechanical or physical factors [3].
Erosive tooth wear (ETW) corresponds to a chemical–mechanical process of loss of tooth
crown volume [1]. ETW starts when the enamel surface is softened by an acid, leaving a
more liable surface to mechanical impacts, which partially remove the softened enamel
layer [4].

Interactions of chemical/biological, behavioral, socioeconomic and educational factors
were previously reported for tooth wear development [4]. Other local factors, such as
multiple tooth loss, parafunctional habits and changes in mandibular movement patterns,
can also influence the process [5]. ETW is a global problem demonstrating an increasing
prevalence over time [6]. It is not yet clear whether there is a natural cumulative process
that progresses throughout life or the speed rate of the wear changes depending on the
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impact of risk factors [7]. In other words, the differentiation between a physiological wear
process due to aging from pathological ETW is very difficult [4]. This difficulty results from
the impossibility of quantifying dental wear clinically [8,9] and the lack of clinical studies
with long-term follow-up. Tooth wear has been detected and scored by several indexes. The
Basic Erosive Wear Examination (BEWE) index was proposed by Bartlett and represents a
simple and accurate tool for assessing tooth wear, guiding treatment decisions [8]. From
a clinical point of view, the index should be repeated once a year in patients presenting
risk factors.

The knowledge of erosive tooth wear (ETW) during aging is essential to identify
whether the presence of wear in adolescence can predict a higher level of wear in mature
adulthood. Assessing ETW longitudinally from adolescence to mature adulthood also
contributes to identifying parameters of pathological wear. Most previous studies on
ETW have been cross-sectional or short-term longitudinal in untreated malocclusions or a
longitudinal study of tooth wear in orthodontically treated patients [6,10–15]. There is a
literature gap in understanding the longitudinal changes in erosive wear during aging in
subjects with acceptable and untreated occlusions. This understanding is very important to
define the prognosis of ETW with aging and to plan preventive approaches.

Therefore, this study aimed to evaluate ETW over five decades, from adolescence to
60 years of age, in subjects with normal occlusion. Another objective was to assess if mature
adults with severe tooth wear have earlier indicators of tooth wear in early adulthood. The
null hypothesis was that the erosive tooth wear index is similar in adolescence, early and
mature adulthood.

2. Materials and Methods

This retrospective study was approved by the Ethics Committee on Human Research
of CAAE: 22082019.4.0000.5417 and written consent was obtained from all subjects. The
study protocol was not registered.

The sample of this study was selected among a sample of 82 white subjects (39 male,
43 female) with normal occlusion recruited from 1967 to 1974 at the Orthodontic Department
of Bauru Dental School, University of São Paulo. The inclusion criteria at T0 were as
follows: clinical normal occlusion, complete permanent dentition, molar and canine Class
I relationship, no crossbites, normal overjet and overbite, maximum 2 mm of incisor
crowding, well-balanced faces, and no previous history of orthodontic treatment. First, the
dental models were obtained at 13 years of age (T0). In the second recruitment stage, the
same patients had dental models taken at 17 years of age (T1). The same subjects were
recalled from 2015 to 2016 and dental models were obtained at 60 years of age (T2) [16].
From the initial sample of 82 subjects, thirty-eight patients were reached, eleven patients
did not want to participate (8) or have lost all their teeth (3). Thirty-six patients were
not found and eight had died. Twenty-nine subjects were enrolled during the recall at
T2. Subjects with a history of orthodontic treatment were excluded. The final sample
comprised 23 subjects (10 female, 13 male). The mean age at T0 was 13.06 (SD = 0.98), 17.56
at T1 (SD = 0.96) and 60.9 years at T2 (SD = 1.49). The mean follow-up period from T0 to T2
was 47.84 years.

Clinical evaluation was performed prior to dental impressions. The mean number of
patients with tooth loss at 60 years of age was 2.1 teeth per subject. In general, posterior
teeth were the most frequently absent compared to anterior teeth. Tooth loss was more
frequent in the mandible compared to the maxilla. In addition, for a total of 42 missing teeth,
only 11 were rehabilitated with implants/prosthesis. (Table 1) In the complete sample,
168 incisors, 87 canines, 136 premolars and 36 molars were assessed for erosive tooth wear.
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Table 1. Tooth losses in mature adulthood (T2).

Teeth Lost and Not
Replaced

Dental
Implant Prosthesis Evaluated Total

Maxillary

16/26 10 1 7 22

46

15/25 3 1 8 34

14/24 1 0 8 37

13/23 0 0 1 45

12/22 0 1 3 42

11/21 0 0 3 43

Mandibular

36/46 6 11 11 18

46

35/45 1 5 7 33

34/44 2 2 3 39

33/43 0 0 2 44

32/42 0 0 0 46

31/41 0 0 0 46

All dental models were digitized using a R700 3-dimensional scanner (3Shape, Copen-
hagen, Denmark). Using the Ortho Analyzer 3-dimensional software (3Shape, Copenhagen,
Denmark), digital dental models were analyzed for erosive tooth wear using the Basic
Erosive Wear Examination (BEWE) index [8] and a modified version of the BEWE index.

As demonstrated in Figure 1, BEWE scores vary from no surface loss (score 0), initial
loss of enamel surface texture (score 1), distinct defect with dentine loss in less than 50%
of the surface area (score 2) or dentine hard tissue loss with more than 50% of the surface
area (score 3) [8]. All teeth were examined, except the second and third molars, implants,
and restored surfaces. The incisal/occlusal, buccal, and lingual surfaces were analyzed.
The most severely affected surface in each sextant was recorded. The final score for each
subject was calculated by the sum of the scores of the six sextants. The range of the score
sum varied from 0 to 18.
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Figure 1. BEWE index. Score 1 (A), Score 2 (B), Score 3 (C) and Score 4 (D). The arrows present the
location of the score.

A modification in the BEWE index was also applied to identify the most affected tooth
regions and surfaces. All teeth and surfaces were analyzed and recorded individually.
Teeth were grouped by regions: incisors (central and lateral incisors), canines, premolars
(first and second premolars) and molars (first molars). Incisal/occlusal, buccal, and lingual
surfaces were grouped. For the tooth region evaluation, the most severely affected surface
of each tooth was considered.
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The assessment was conducted by two trained examiners (H.C.E., F.M.) in two time
points. Examiner calibration was performed using 35 original photographs of teeth with
ETW with different degrees of severity. An experienced professional in the diagnosis and
management of ETW (D.R.H.) together with the examiners went over the BEWE assessment.
The percentage of diagnostic agreement between the examiners and the gold standard
exceeded 95%. The calibration was conducted by a repeated examination after a 30-day
interval and all photographs were reevaluated by the two examiners to assess intra and
interexaminer agreement (κ > 0.85).

Statistical Analyses

For the error study, 20% of the sample was randomly re-measured by both raters after
a 21-day interval. Intra and interexaminer reproducibility were evaluated using the kappa
coefficient.

Normal distribution was evaluated using the Shapiro–Wilk test. For the tooth wear
score, normal distribution was not found. Nonparametric statistics were selected. Tooth
wear scores were described using median and interquartile range (IQR) values considering
the tooth surface and tooth region. The difference between the three time points was
analyzed using Friedman test and Dunn’s Method for multiple comparisons.

An ordinal logistic regression analysis was performed at T2 considering tooth wear as
a dependent variable and sex, maxillary/mandibular dental arch, tooth region and surfaces
as independent variables. A linear regression analysis was performed considering tooth
wear at T2 as a dependent variable and tooth wear at T1 as independent variables.

All the analyses were performed using SigmaPlot 12.0 (Systat Software Inc., San Jose,
CA, USA), Statistica 10.0 (StatSoft Inc., Tulsa, OK, USA) and Jamovi 1.2 (Computer Software
Inc., Sydney, Australia). The level of significance was set at 5%.

3. Results

Intra and interexaminer agreements were 0.90 and 0.91, respectively, presenting almost
perfect agreements.

To evaluate erosive tooth wear throughout aging, the median over the three time
points was used. The median BEWE score of the complete dentition in T0, T1 and T2 was
2, 4 and 7, respectively (Table 2). There was a significant increase in erosive tooth wear
between phases with significant differences between all of them.

Table 2. Interphase changes for the BEWE score (Friedman test and Dunn’s method).

T0–13 Years T1–17 Years T2–61 Years p Value

BEWE
score

Median 25% 75% Median 25% 75% Median 25% 75%
<0.001 *

2.00 A 1.00 2.00 4.00 B 3.00 5.00 7.00 C 5.00 10.00

Different letters represent statistically significant differences. * Statistically significant at p < 0.05.

The ordinal logistic regression analyses are presented in Table 3. The analysis of
ordinal logistic regression predicted the odds ratio (OR) of each variable to predict the tooth
wear. Sex, dental arch, tooth region and surface were the predictors, whereas the tooth
wear was the dependent variable. According to the results, sex was a predictor of erosive
tooth wear (p = 0.003 *) (Table 3). Males had more ETW than females. Males were 1.54 times
more likely than females to develop ETW (odds ratio = 1.54). In a comparison between the
maxillary and the mandibular arch, a significant difference was found (Table 3).
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Table 3. Influence of sex, dental arch, tooth region and dental surface on the erosive tooth wear at T2
(ordinal logistic regression analysis).

Predictor Estimate SE Z p Value Odds Ratio
95% CI

Lower Upper

Sex
(male versus female) 0.43 0.14 3.02 0.003 * 1.54 1.16 2.03

Dental arch
(maxillary versus mandibular) 0.24 0.14 1.72 0.086 1.27 0.97 1.66

Tooth Region

Incisor-premolar 1.51 0.19 8.13 <0.001 * 4.72 3.26 6.90

Canine-premolar 0.82 0.21 3.80 <0.001 * 2.26 1.49 3.45

Molar-premolar 0.58 0.34 1.71 0.087 1.78 0.90 3.39

Surface
Incisal/occlusal-buccal 4.98 0.24 20.94 <0.001 * 144.83 91.91 233.45

Lingual-buccal 0.78 0.18 4.33 <0.001 * 2.19 1.54 3.13

* Statistically significant at p < 0.05.

The tooth region had an influence on erosive tooth wear at mature adulthood (T2).
Incisors and canines had, respectively, 4.72- and 2.26-times higher chances to demonstrate
ETW compared to premolars (Table 3). The premolars were used as a reference in the
analysis for presenting the least ETW among the tooth regions. Evaluating the tooth
crown surfaces, the incisal/occlusal and the lingual aspects had greater ETW compared
to the labial/buccal surfaces at mature adulthood. The labial/buccal surface was used as
a reference in this analysis. The incisal/occlusal and lingual surfaces had, respectively,
144.83- and 2.19-times greater chances (odds ratio) of demonstrating ETW compared to the
buccal surface (Table 3).

Linear regression analysis reveals that the degree of ETW at T1 was a predictive
factor for the degree of ETW at T2 (p < 0.001 *). On the other hand, the degree of ETW at
adolescence (T0) could not predict the degree of ETW at T2. For this reason, at T2, subjects
were divided into two groups demonstrating erosive tooth wear below and above the
median of sample ETW (Table 4). As shown in Table 4, subjects with greater erosive tooth
wear at mature adulthood (T2) already demonstrated greater erosive tooth wear at early
adulthood (T1) (p < 0.018 *) (Table 4).

Table 4. Comparisons of erosive tooth wear at early adulthood (T1) between subgroups with a ETW
below and above the median at mature adulthood (T2) (t-tests).

Subgroups N T1-ETW
Mean SD p Value

95% CI

Lower Upper

BEWE score below
T2 median 13 3.308 1.182

0.018 *

2.59 4.02

BEWE score above
T2 median 10 4.700 1.418 3.69 5.71

* Statistically significant at p < 0.05; SD = Standard Deviation.

4. Discussion

Tooth wear indices remain the most convenient and reproducible method to grade
wear severity. In the present study, a reproducible qualitative index was used to assess
ETW [8,13]. The BEWE index is a partial scoring system recording the most severely
affected surface in each sextant. Compared to other classical indexes, the BEWE system
showed adequate reliability to score the severity of ETW [17,18]. Additionally, previous
studies have shown good accuracy of the BEWE index [19,20]. Assessment of the BEWE
index can be performed by direct oral examination, using dental photographs, conventional
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or digital dental models [13,21,22]. In our study using the digital dental model, the intra
and interexaminer reproducibility of the BEWE index was adequate. These results are in
accordance with previous studies [13,21]. One limitation of the BEWE index is that the
scores do not differentiate wear at the level of enamel or dentine because the surfaces
are scored independently of the exposed structure. In addition, the original BEWE index
does not identify the tooth or surface that is compromised by ETW. To overcome this last
limitation, a modification of the BEWE index was conducted in this study, in which all
surfaces of all teeth were classified according to BEWE scores to allow identification of the
most affected tooth region and surface.

Tooth wear is a common and universal outcome during the aging process [23]. No
previous longitudinal study followed subjects with untreated normal occlusion until the
seventh decade of life in order to evaluate erosive tooth wear. A significant increase in the
BEWE score was observed from 13 to 17 and from 17 to 60 years of age (Table 2). The total
BEWE index increased 5 points during 47 years of follow up. These results corroborate
previous studies showing an increase in the BEWE score with increasing age [6,11,14]. A
previous cross-sectional study assessed tooth wear from 20 to 70 years of age and found
an increase in ETW from 3% to 17% [10]. In mature ages, severe tooth wear involving
large dentin exposure was observed [24]. A previous study used a finite element analysis
to determine the stress on molars and identify the mechanism of enamel damage in the
grooves of the teeth during computer-simulated mastication [25]. During stimulated
mastication, significant tensile stress was found to be concentrated on the mandibular
molar enamel around the central groove and the foramen cecum [25].

The present data showed that men demonstrated greater levels of ETW compared to
women (Table 3). This result is in accordance with previous cross-sectional and longitudinal
studies [6,26–28]. The possible explanation is related to greater muscular strength and
biting forces in men [27]. In addition, the sexual difference in tooth wear can also be related
to differences in food preferences and type of behavior/lifestyle [29]. Compared to women,
men are more likely to prefer sour foods and beverages with lower pH levels [29]. Very
intense physical activities might cause changes in saliva composition and decreases in
salivary flow rate [30]. Conversely, in other studies, the prevalence of ETW did not vary
according to sex [11,31], or there was a higher prevalence of ETW in women, probably
because the sample was younger than the sample of the present study [32].

Both dental arches were equally affected by tooth wear, possibly due to the mastica-
tory reciprocity (Table 3). These results are corroborated by a previous study [33]. The
most affected teeth in our study were the incisors and canines (shown in Figure 2a,b).
Molar and premolars showed a similar level of tooth wear (Table 3). Previous studies
also reported a predominance of tooth wear in the anterior teeth [11] [26,31,32,34]. In
contrast, some authors have also found more ETW in the posterior teeth [12,35]. There
are two possible explanations for the increased erosive tooth wear in the incisors and
canines. The first assumption is that function and parafunction require more of the ante-
rior than the posterior teeth [34,36]. During functional occlusion, the anterior and lateral
excursions of the mandible are usually guided by the incisors and canines, respectively.
Secondly, incisors and canines also have a restricted incisal surface for occlusal force and
attrition distribution.

When tooth surfaces were analyzed, the incisal/occlusal areas were the most affected
by ETW (Table 3). There is no consensus in the literature regarding the most affected surface.
Previous studies corroborate our findings [27,28,32,33]. The incisal surfaces were probably
the most affected due to the small area and functional and parafunctional mandible excur-
sions [8,32]. The greater wear on the occlusal surface of molars was explained by both the
contact with the antagonist teeth during mastication and the thinner enamel thickness on
the occlusal surface [8,33]. On the other hand, a previous study demonstrated greater wear
on the palate of the incisors due to episodes of vomiting and gastrointestinal reflux [37,38].
Other studies have reported relevant wear on the buccal related to erosive drinks and
food [39].
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Nystrom et al. reported that tooth wear of the primary anterior teeth at 5 years of
age demonstrated low predictive values for tooth wear at 18 years of age, whereas wear
at 14 years of age had a predictive value [40]. Subjects with greater tooth wear at early
adulthood demonstrated more tooth wear at mature adulthood (Table 4). In view of
these outcomes, when a young adult is identified with ETW, an investigation should be
performed to identify risk factors that might be unbalancing the natural occurrence of wear.
A detailed anamnesis evaluating the history of diseases, use of medications, drink and diet
habits and presence of parafunctions should be accomplished.

The limitations of this study were the difficulties related to collecting longitudinal
data [41,42], due to the extensive follow-up period of 50 years. In addition, at mature adult-
hood (T2), some patients exhibited many tooth losses and prosthesis had to be excluded.
Another limitation is the small sample size that could have limited the logistic regression
model analysis. Therefore, the results should be considered with caution. Erosive tooth
wear is a current problem in modern society. There is an increased concern regarding
the assessment of oral health impact on different dimensions of quality of life during the
aging process [43]. Identification of the predictive risks for ETW in early adulthood is an
important tool for the clinicians to prevent severe consequences in the dentition of patients
that present with aging. Future longitudinal studies should assess the erosive tooth wear
associated with functional occlusion, diet and lifestyle.
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5. Conclusions

An increase in erosive tooth wear occurred with aging. From the second to the seventh
decade of life, males, incisors/canines, and the incisal/occlusal and lingual surfaces were
more affected by erosive tooth wear. No differences were observed between the maxillary
and mandibular dental arches. Preventive care for ETW should be recommended at early
adulthood in patients demonstrating erosive tooth wear in order to avoid worsening
with aging.
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