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Abstract
This study aimed to estimate the cumulative incidence and the progression of erosive
tooth wear (ETW) according to tooth type over a follow-up period of 18 months in
adolescents living in Mexico City. We examined 10,776 teeth from 424 participants
and used the Basic Erosive Wear Examination index (BEWE) to assess ETW. Our
results showed that the overall cumulative incidence rate of ETW was 5.9% (587 from
9933 teeth), and the progression of ETW was 10% (85 from 843 teeth). Notably, the
cumulative incidence of initial texture loss (BEWE = 1) was 29.1% for maxillary central
incisors, and 30.4% of mandibular first molars progressed to loss of hard tissues (BEWE
≥2).
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1. Introduction

Tooth wear refers to the cumulative surface loss of mineralized
tooth substance due to physical or chemo-physical processes
such as dental erosion, attrition and abrasion. Dental caries,
resorption and trauma are not considered to be the causes of
tooth wear. Erosive tooth wear is a type of tooth wear with
dental erosion as the primary etiological factor [1].
ETW is characterized by loss of the natural surface mor-

phology and contour. The typical signs of ETW on occlusal
surfaces are cusp cupping and flattening of the occlusal struc-
tures, with advanced stages often resulting in the loss of the
entire occlusal morphology and the development of hollowed-
out surfaces. Restorations may protrude above the adjacent
tooth surface. Typical signs of ETW on smooth surfaces are
flattening of the surface, sometimes accompanied by an intact
rim along the gingival margin [2].
Several studies have suggested that different types of teeth

may have varying susceptibility to ETW [3, 4]. However, to
date, only one study has reported on the incidence of ETW
incidence across different tooth types over a follow-up period
of 3 years, revealing the highest incidence to be among the
maxillary central incisors (23.4%), while the greatest progres-
sion among the mandibular first molars (59.4%) [5].
The chronology of tooth eruption may explain why certain

teeth are more vulnerable to ETW. The earliest-erupting teeth
remain exposed to etiological factors for longer periods of time
[6]. Additionally, the thickness of the enamel may influence
the degree of damage; regions where the enamel is thinner
are more likely to be affected by ETW [7, 8]. Finally, it is
recognized that the mechanical processes of wear (attrition and
abrasion) caused by the ETW, can affect each type of tooth

differently, depending on its function or its position [3, 9].
ETW has emerged as a significant oral public health concern

in both industrialized and developing countries, underscoring
the importance of studying its impact across diverse popula-
tions [10, 11]. However, more evidence is needed to determine
which teeth are most affected. The objective of this study was
to estimate the cumulative incidence rate and the progression
of ETW according to tooth type over a period of 18 months.

2. Materials and methods

2.1 Subjects
The present study was performed as a follow-up to the pri-
mary etiological study [12]. The study was conducted on a
convenience sample of schoolchildren from 11 to 14 years old
enrolled in public schools located in north of Mexico City.
The selected area comprised 1,173,351 inhabitants (12.7% of
the total population of Mexico City). A total of 510 first-
year high-school students, aged between 11 and 14 years,
were considered eligible. A total of 480 adolescents and
their parents or guardians provided signed informed consent
agreeing to participate in the study. Fifteen adolescents were
excluded because they had orthodontic appliances. Conse-
quently, 465 adolescents were examined at baseline, and 424
were reexamined 18 months later; the dropout rate was 8.8%.

2.2 Clinical examination
The operational definition of dental erosion was based on the
BEWE criteria (Basic Erosive Wear Examination) [13]:
0 = No erosive tooth wear.
1 = Initial loss of surface texture.
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TABLE 1. Cumulative incidence of ETW according to tooth type after a follow-up of 18 months.
Tooth Type Remained free of ETW Cumulative incidence of ETW Total teeth

BEWE = 0→ BEWE = 0
n (%)

BEWE = 0→ BEWE = 1
n (%)

BEWE = 0→ BEWE = 2
n (%)

Maxillary
Anterior Teeth

Central incisors** 353 (70.9) 142 (28.5) 3 (0.6) 498 (100)
Lateral incisors* 640 (89.4) 74 (10.3) 2 (0.3) 716 (100)
Canines 642 (95.5) 30 (4.5) 0 (0.0) 672 (100)

Posterior Teeth
First premolars 742 (95.2) 35 (4.5) 2 (0.3) 779 (100)
Second premolars 734 (99.7) 2 (0.3) 0 (0.0) 736 (100)
First molars 756 (94.6) 28 (3.5) 15 (1.9) 799 (100)
Second molars 550 (100.0) 0 (0.0) 0 (0.0) 550 (100)

Mandibular
Anterior Teeth

Central incisors** 604 (82.5) 128 (17.5) 0 (0.0) 732 (100)
Lateral incisors 767 (95.4) 37 (4.6) 0 (0.0) 804 (100)
Canines 800 (99.1) 7 (0.9) 0 (0.0) 807 (100)

Posterior Teeth
First premolars 818 (100.0) 0 (0.0) 0 (0.0) 818 (100)
Second premolars 754 (100.0) 0 (0.0) 0 (0.0) 754 (100)
First molars** 557 (87.2) 39 (6.1) 43 (6.7) 639 (100)
Second molars 629 (100.0) 0 (0.0) 0 (0.0) 629 (100)

Total 9346 (94.1) 522 (5.2) 65 (0.7) 9933 (100)
*p-Value< 0.05 of McNemar’s test, **p-Value< 0.001 of McNemar’s test. ETW: erosive tooth wear; BEWE: Basic Erosive Wear
Examination.

2 = Distinct defect; hard tissue loss <50% of the surface
area.
3 = Hard tissue loss ≥50% of the surface area.
The definitions are listed below:
• Cumulative incidence: Percentage of teeth at baseline free

from ETW on all examined surfaces, code “0” (BEWE = 0),
and that developed ETW over 18 months with at least one
surface having code “1”, “2” or “3” (BEWE = 0 → BEWE
≥1).
• Progression: Percentage of teeth with ETW (BEWE >0)

at baseline that increased their severity during the 18-month
period (BEWE = 1 → BEWE ≥2 or BEWE = 2 → BEWE =
3).
All permanent teeth (central incisors, lateral incisors, ca-

nines, premolars and molars, maxillary, and mandibular teeth)
present during the baseline examination were reexamined 18
months later. The criteria for selecting teeth in the study
included being fully erupted, and not having extensive restora-
tions that covered more than two-thirds of a surface. A previ-
ously trained examiner performed both evaluations of the ETW
(at baseline and 18 months) and was calibrated by an expert;
the intra-examiner kappa coefficient was 0.93. The dental
examination was conducted in a multipurpose room. The
participant sat in a school chair, and a portable artificial light

was used to illuminate the oral cavity. The dental surfaces were
dried with gauze before being evaluated. The evaluations at
both the start of the study and 18 months later were conducted
under the same conditions, using Hu-Friedy PCP11 probes, No
5 ARAIN dental mirrors, and gauze pads.

2.3 Statistical analysis
Statistical analysis was conducted using Stata v. 14 (Stata
Corp, College Station, TX, USA). Descriptive analysis was
performed, and the cumulative incidence rate and progression
rate were calculated for each tooth, as explained above. A
McNemar’s test was used to compare ETW per tooth between
baseline and 18-month examination for both incidence and
progression. A p-value < 0.05 was considered statistically
significant.

3. Results

Overall, 10,776 teeth were examined in this study. The average
number of permanent teeth examined for each adolescent was
25.45 ± 3.29 (median = 27).
As shown in Table 1, of the 9933 teeth that were free from

ETW at the beginning of the study (BEWE = 0), 587 (5.9%)
developed ETW after 18 months, 522 (5.2%) teeth presented
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TABLE 2. ETW progression at 18 months according to tooth type.

Tooth Type Teeth with ETW without progression of
severity

Teeth with ETW that progressed in
severity. Total teeth

BEWE = 1→
BEWE = 1
n (%)

BEWE = 2→
BEWE = 2
n (%)

BEWE = 1→
BEWE= 2
n (%)

BEWE = 2→
BEWE = 3
n (%)

Maxillary
Anterior Teeth

Central incisors* 269 (89.1) 9 (3.0) 23 (7.6) 1 (0.3) 302 (100)
Lateral incisors 118 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 118 (100)
Canines 22 (95.7) 0 (0.0) 1 (4.3) 0 (0.0) 23 (100)

Posterior Teeth
First premolars 22 (88.0) 2 (8.0) 1 (4.0) 0 (0.0) 25 (100)
Second premolars 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0)
First molars* 25 (86.2) 1 (3.5) 3 (10.3) 0 (0.0) 29 (100)
Second molars 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0)

Mandibular
Anterior Teeth

Central incisors 114 (99.1) 0 (0.0) 1 (0.9) 0 (0.0) 115 (100)
Lateral incisors 40 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 40 (100)
Canines 7 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 7 (100)

Posterior Teeth
First premolars 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100)
Second premolars 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100)
First molars* 38 (21.0) 88 (48.6) 54 (29.8) 1 (0.6) 181 (100)
Second molars 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100)

Total 658 (78.1) 100 (11.9) 83 (9.8) 2 (0.2) 843 (100)
*p-Value < 0.001 of McNemar’s test. ETW: erosive tooth wear; BEWE: Basic Erosive Wear Examination.

initial loss of enamel surface texture (BEWE = 0→ BEWE =
1), and 65 (0.7%) developed hard tissue loss in less than 50%
of some of their surfaces (BEWE = 0 → BEWE = 2). Teeth
with higher cumulative incidence were the maxillary central
incisors (29.1%, 145/498), the mandibular central incisors
(17.5%, 128/732), and the mandibular first molars (12.8%,
82/639) (p < 0.001). The mandibular first molars developed
ETW more severely than other teeth (BEWE = 0→ BEWE =
2) (6.7%, 43/639) (p < 0.001).
Table 2 shows that among the 843 teeth with ETW (BEWE

>0) at baseline, 10% (n = 85) displayed increased severity
of ETW during the follow-up period (9.8%; n = 83) from the
initial loss of enamel surface texture to hard tissue loss in less
than 50% of some of their surfaces (BEWE = 1→ BEWE = 2)
and 0.2% (n = 2) progressed from minor to greater tissue loss
on 50% of any of their surfaces (BEWE = 2 → BEWE = 3).
The tooth most affected by the progression of ETW was the
mandibular first molar: 30.4% (55/181).

4. Discussion

Our results revealed an overall cumulative incidence rate of
ETWof 5.9% (587/9933), with 10% (85/843) of cases that pro-

gressed during the study period. Notably, the maxillary central
incisors exhibited the largest cumulative incidence (29.1%) of
initial loss of enamel surface texture (BEWE = 1), while the
mandibular first molars were the most affected based on hard
tissue loss (BEWE = 2; 6.7%). In contrast, the mandibular
first molars also showed the greatest increase in ETW severity
(30.4%) during the study period.

In contrast to previous studies that focused on specific tooth
groups, i.e., some included incisors and the molars [14] while
some excluded premolars [5], we examined all the permanent
teeth to avoid underestimating the extent of ETW in our inves-
tigated group. However, our relatively short follow-up of 18
months limits the generalizability of our findings, indicating
the need for longer longitudinal studies.

The results of this study confirm that the incisors and molars
are the most affected teeth [15]. This correlates with the
data from other studies that noted highest levels of severity
in molars (especially the lower ones) and ETW limited to the
enamel in upper anterior teeth [5]. These teeth might be more
exposed to risk factors, due to the chronology of the eruption
or due to their location within the dental arches. Additionally,
the properties of enamel can vary according to the origin of the
tooth, the type of tooth and the surfaces of the tooth [4].
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Given the high risk of developing ETW in our cohort, identi-
fying risk factors associated with its cumulative incidence and
progression, such as dietary, dental hygiene, general health and
salivary factors, is crucial for developing effective prevention
programs that would help reduce its incidence and progression
[16, 17].
The clinical significance of our findings is underscored by

the fact that the mandibular first molar, a tooth critical to
masticatory function due to its numerous occlusal contacts and
exposure to substantial forces, was most affected by ETW
[17]. Early detection and prompt management of ETW are
thus imperative to preserve the tooth’s function and overall
oral health. Moreover, our study underscores the need for
longer-term longitudinal investigations, particularly in Latin
America, to obtain comprehensive insights into the natural
history and risk factors associated with ETW progression in
high-risk populations.

5. Conclusions

In conclusion, our study has identified the mandibular first mo-
lars as the tooth type with a heightened risk of developing more
severe forms of ETW relative to other types of teeth, as well
as a higher risk of progression following ETW onset. Notably,
superficial enamel wear was observed as the predominant form
of ETW, with the maxillary central incisors demonstrating a
greater incidence of this form of wear. These findings under-
score the need for targeted preventive interventions focused on
high-risk tooth types and early detection of ETW to minimize
its progression and preserve oral health.
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