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Abstract

Objectives The study continues our longitudinal observation of wear aiming to further monitoring of progression and lesion
morphology and to identify relationships with assumed aetiological factors.

Materials and methods Molars (FDI #36 or #46) of 74 participants (23.8 +2.2 years) were scanned (Trios 3, 3Shape) at the
third follow-up (T3; observation period 1,111+ 10 days). Data sets from T3, T2 (24-month follow-up) and T1 (12-month
follow-up) were superimposed with baseline in a 3D analysis software (GOM Inspect). Wear was quantified as maximum
vertical tissue loss (um; median, 95% CI) in various occlusal areas (4/5 cusps and 2 ridges). Morphologies were classified
into cupping (C), facet (F), and combined cupping-facet (CF). Aetiological factors were assessed with questionnaires.
Results Wear increased at T3 significantly at low rates in all areas of the occlusal surface (median between 7.0 (4.0;10.5)
and 9.5 (6.0;15.0) um). There was a clear trend for higher loss values in males, but no association with other factors such as
nutrition. C and CF showed significantly higher loss values than F. Areas without initial wear developed F first, which either
persisted or developed into C and CF.

Conclusions Wear continued at low rates with C/CF morphology and sex as significant factors. Cupped lesions seem to
develop from facets and thus may not be a valid diagnostic criterion for erosive tooth wear.

Clinical relevance Wear is a cumulative process that apparently follows complex mechanisms that cannot be conceptualized
in simplified terms; C and CF may be indicators for higher progression rates.

Keywords Tooth wear - Erosion - Attrition - Young adults - Intraoral scanner - Monitoring

Introduction of use of dentition and is a cumulative process that leads to

clinically visible loss of tooth structure over a lifetime.

Tooth wear is a phenomenon that affects all people to a
greater or lesser extent, and it is part of the aging process [1].
It is one of the physiological phenomena during the period
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As long as the amount of wear and the rate of loss are rea-
sonably related to age, there is usually no need for treatment.
However, tooth wear can also lead to significant tissue loss,
resulting in aesthetic and functional limitations and a need
for invasive rehabilitation [2]. Therefore, it would be of great
interest to find indicators to help identify such cases in a timely
manner and to detect tooth wear at an early stage, allowing for
minimally invasive treatment.

The causes of tooth wear are manifold and can be differ-
entiated into chemical and physical factors [3] that affect the
tooth surface to varying degrees. This results in different types
of wear that manifest themselves as facets or cuppings and are
commonly classified as attrition, abrasion, or erosion [4]. How-
ever, little is known about the incidence, progression rates and
dynamics of wear, and, at least for the wear pattern attributed to
erosion, there is little evidence from longitudinal observations
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of the relationships between aetiological factors and preva-
lence, incidence and progression [5—7].

Tooth wear can be observed clinically already in adolescents
and young adults [8], and progression can be diagnosed visu-
ally even in relatively short observation periods [9]. Respec-
tively, studies with intraoral scanners (I0Ss) have shown that
wear rates between 10 and 100 um per year may occur on the
occlusal surfaces of molars [10—13]. However, wear rates show
considerable inter-individual variation [13] and do not appear
to be linear [12].

Data from our research group have shown similar results
over follow-up periods of 12 and 24 months [14, 15]. These
studies included young adults who had one lower first molar
digitized with an intraoral scanner. This tooth type is one of
the most commonly affected by wear at a young age and has
the highest incidence and the greatest progression of wear
[13, 16-20]. Therefore, we selected this tooth to investi-
gate in detail the wear phenomena in the different areas of
the occlusal surface. In different cusp areas, median wear
between 26 and 44 um was detected in the first year [14] and
between 3 and 10 um in the second year [15], which might
indicate a longer-term decrease in the wear rate. As in other
studies, we found a considerable range of tissue loss values
between individuals, but no correlation between the wear
rate and the generally assumed aetiological factors. How-
ever, the observation period was still relatively short.

Furthermore, as mentioned above, the occlusal surface also
shows different shapes of wear and until now, little is known
about how these different defects develop. To date, it has been
assumed that facets are the results of the effects of antagonistic
contact and movement, whereas cup-shaped cusp tip depres-
sions are thought to be more associated with acid effects [21].
This conceptualizes them as independent phenomena. How-
ever, we have first indications from our 24-month observations
that cuppings on cusps may not develop without a facet being
there first [15]. This would perhaps mean that the two phenom-
ena are not separate entities but rather part of the same process.
‘We have therefore not limited the focus to erosive wear, but our
interest was to consider wear as such regardless of its etiology.

We have now continued our study for another year. The aim
was to continue monitoring wear quantitatively and to investi-
gate whether the rate of wear would continue to decrease. We
also investigated whether aetiological factors could be related
to wear rates after a longer observation period. Finally, we con-
tinued to monitor the defect morphologies to clarify whether
facets and cuppings were indeed sequential phenomena, as
suggested by our 24-month data.
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Participants, materials & methods
Inclusion and exclusion criteria

At the beginning of the study in late 2018, all participants had
to be between 18 and 25 years old.

The study teeth were the lower first molars (FDI #36 or
#46) that could not have dental restorations covering more than
one-third of the occlusal surface. In addition, carious lesions
on the study teeth resulted in exclusion from the study. The
same conditions applied to the mandatory occlusal antagonist,
and the study teeth were checked for contact points in advance.
Participants with ongoing orthodontic treatment, visible plaque
on the study tooth, and serious general illnesses such as bulimia
nervosa were not included in this study.

Clinical examination

The present study was conducted at the Department of Prosth-
odontics and the Department of Conservative and Preventive
Dentistry of the Justus Liebig University Giessen (Germany)
in accordance with the ethical guidelines of the Declara-
tion of Helsinki. The clinical trial was approved by the local
ethics committee of the medical faculty of the JLU (ref. no.
148/18) and registered in the German Clinical Trials Register
(DRKS00021279). Participants were informed of the pro-
cedure and background of the study, and signed an informed
consent form. However, they did not receive any specific infor-
mation about etiological factors for wear or its prevention.

The present study continues the monitoring of tooth wear
and follows up on the data from Schlenz et al. [14, 15]. For
this purpose, the data from TO (baseline) and the data after 12
and 24 months of observation were taken over and are now
extended by the 36-month data. A flow scheme of the investi-
gation is displayed in Fig. 1.

Data from 36-month recalls was conducted from Novem-
ber 2018 to December 2022. While a total of 68 female and
41 male dental students with a mean age of 21.0 +2.2 years
were examined at baseline (T0), due to relocation, 15 sub-
jects dropped out of the study at T1, nine at T2 and seven at
T3. In addition, 4 subjects had to be excluded from the study
because of restorative treatments performed in the mean-
time (Fig. 1). For the T3 cohort (n =74), the mean observa-
tion period was 369+ 19 days between TO and T1, 747 +9
days between TO and T2, and 1,111 +10 days between
TO and T3 with 46 females and 28 males (mean age at T3
23.8 +2.2 years).

At each time point, intraoral scans (I0S) were taken with
the Trios 3 (3Shape, Copenhagen, Denmark), powder-free,
using the principle of confocal microscopy. Before this, the
IOS was calibrated according to the manufacturer’s instruc-
tions, and the specified warm-up time was waited [22].
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Fig. 1 Flow scheme of the clini-
cal study

TO (baseline): 1st intraoral scan and questionnaire (n=109)

I > Drop-out due to
‘ relocation (n=15)

T1 (follow-up): 2nd intraoral scan and questionnaire (n=94)

Analysis of tooth wear between TO and T1 (n=91)

I Drop-out due to
P | filling on study

‘ tooth (n=3)

I » | Drop-outdueto

‘ relocation (n=9)

T2 (follow-up): 3rd intraoral scan and questionnaire (n=82)

Analysis of tooth wear between TO and T2 (n=81)

I Drop-out due to
» ( filling on study

‘ tooth (n=1)

I » | Drop-out due to

‘ relocation (n=7)

T3 (follow-up): 4th intraoral scan and questionnaire (n=74)

Analysis of tooth wear between TO and T3 (n=74)

During the digital impression, which was taken as briefly
as possible and strictly according to the scan path recom-
mended by the manufacturer and Miiller et al. [23]. The
examination lamp of the dental unit was switched off [23,
24]. Relative drying before and during the intraoral scan
was performed with dry tips (Microbrush International,
Grafton, USA). In addition, the tooth surfaces were dried
with an air blower. All subjects were required to brush their
teeth before the intraoral scanning.

In the internal software of the intraoral scanner, each
subject was assigned a patient case with an anonymized
case number, which was used in all study documentation to
comply with data protection guidelines. The intraoral scans
were stored in Standard Tessellation Language (STL) for-
mat, which contains only the three-dimensional data of the
digital impressions.

Superimposition and measurement of tooth wear

For superimposition and measurement of tooth wear, the
intraoral scan datasets were imported in STL format into
the external 3D analysis software GOM Inspect (version V8
SR1, GOM, Braunschweig, Germany) and stored under the
corresponding case number. All procedures and analyses
described below were performed by one experienced inves-
tigator (A.S.G.) for all subjects.

The scans at time point TO were cropped to the occlusal
surfaces to be examined and defined as target data. The TO
scans were used as a guide when cropping the T1, T2 and T3
scans to ensure that the most comparable scans were avail-
able before superimposition. The actual data generated in
this way were then pre-aligned to the target using a best-fit
algorithm. Following the baseline pre-alignment, the aver-
age overlay error was determined. A new best-fit overlay
was performed, excluding any areas with an overlay error
greater than the average. This iterative process was repeated
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until the overlay error could no longer be reduced [25]. An
average overlay error of <10 um was targeted. This pro-
cedure was validated in vitro showing that tissue loss after
consecutive etching with 35% phosphoric acid, which
resulted in loss values of around 10 um after each exposure,
can be reliably measured [26].

Upon completion of the generated surface comparison,
all examined tooth surfaces were divided into seven areas:
mesiobuccal (mb), distobuccal (db), mesiolingual (ml),
distolingual (dl) and, if present, distal (d) cusps, as well as
mesial (mr) and distal marginal ridge (dr, Fig. 2). Wear was
quantified in microns and defined as the maximum vertical
distance of the superimposed surfaces in an area of inter-
est. In addition, different lesion morphologies were dis-
tinguished, such as cupping (C), facet (F), and combined
cupping-facet (CF).

Questionnaire

In addition to the intraoral scanning, all participants were asked
to complete a questionnaire which had been used also at TO, T1
and T2. It assessed several factors related to tooth wear, includ-
ing dietary habits, frequency of consumption of acidic foods
and beverages, taste preferences, chewing habits, presence of
heartburn, and use of night guards as described earlier [14].
The questionnaire is available in the supplement.

Fig. 2 Distribution of the occlusal surface of each study tooth into
seven areas: mesiobuccal (mb), distobuccal (db), mesiolingual (ml),
distolingual (dl), and if existing distal (d) cusp as well as mesial (mr)
and distal ridge (dr)
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Statistics

Statistical analyses were performed with IBM SPSS Statis-
tics version 27 (IBM Germany GmbH, Ehningen, Germany)
As there were significant deviations from the Gaussian
distribution (Kolmogorov-Smirnov test) non-parametric
test procedures (Wilcoxon rank sign, Kruskal-Wallis-Test,
Mann-Whitney-Test, Spearman's rho) were applied. Cor-
respondingly, values for tissue loss as well as acid impacts
are given as median and 95% confidence intervals obtained
by bootstrapping (method of sampling: simple, number of
samples: 1000). The morphology of wear at TO, T1, T2 and
T3 is described descriptively. As in the previous studies [14,
15], the mesiobuccal cusp was defined as specific region
of interest, and the loss values of this region were used
to determine relationships with aetiological factors. Most
parameters (sex, wearing a guard, chewing gum, preference
for acidic foods and drinks, morphology of the lesions) were
expressed as categorical variables; acid impacts were calcu-
lated from the individual items of the dietary questionnaires.
Details were described earlier [14]. The level of significance
was set to <0.05.

Results

Table 1 shows the frequencies of wear morphologies in the
different areas at TO and their transformation after 12, 24
and 36 months.

The mb cusps generally exhibited the greatest variety of
lesion morphologies and at T3 no case was not affected by
macroscopically visible wear (Fig. 3). It was apparent that
the lesion shapes changed slowly over time. On mb cusps
that did not show any wear at T0, facets developed first. On
those that already had facets, facets continued to be preva-
lent in most cases, but some developed into combined cup-
ping-facets. A similar picture was seen at the db cusps and
to some extent in the d cusps. The three load-bearing cusps
mb, db and d wore out in descending order (Fig. 4; Table 2)
and this was also reflected in changes in defect morpholo-
gies described above, mb being the most pronounced and d
the least.

The non-load-bearing lingual cusps also showed increas-
ing wear from TO to T3, but facets dominated here. At least
in ml cusps, however, the path from no wear through facets
to cuppings or combined cupping-facets was also emerging.

The marginal ridges also showed macroscopic wear, which,
however, appeared exclusively as facets. At TO, 84% of the
mesial marginal ridges had no wear; of these, 5% had facets
at T1, 14% at T2 and 40% at T3. Of the distal marginal ridges,
74% had no wear at TO; of these 7% had developed facets at
T1, 14% at T2 and 27% at T3. Four cases showed extremely
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Table 1 Cross-tabulation of frequencies of wear morphologies (none, facet, cupping, combined cupping-facet) at baseline (T0) and after 12-month
(T1), 24-month (T2) and 36-month (T3) months of monitoring for the different cusp areas (mesiobuccal (mb), distobuccal (db), mesiolingual (ml),
distolingual (dl))

None Facet Cupping Combined cupping-facet Total (TO)

mb (n="74)

None T0 T1 5 (100%) 5
T2 1 (20%) 4 (80%)
T3 5 (100%)

Facet TO Tl 39 (100%) 39
T2 37 (95%) 2 (5%)
T3 36 (92%) 3 (8%)

Cupping TO T1 12 (92%) 1 (8%) 13
T2 1 (8%) 9 (69%) 3(23%)
T3 8 (92%) 5 (8%)

Combined cupping-facet TO T1 1 (6%) 16 (94%) 17
T2 17 (100%)
T3 17 (100%)

db (n=74)

None TO Tl 8 (80%) 2 (20%) 10
T2 3 (30%) 7 (70%)
T3 2 (20%) 8 (80%)

Facet TO T1 1 (2%) 56 (96%) 1 (2%) 58
T2 56 (96%) 2 (4%)
T3 55 (95%) 3 (5%)

Combined cupping-facet TO T1 6 (100%) 6
T2 6 (100%)
T3 6 (100%)

d(n=59)

None TO Tl 4 (66%) 1 (17%) 1 (17%) 6
T2 4 (66%) 1 (17%) 1 (17%)
T3 3 (50%) 2 (33%) 1 (17%)

Facet TO Tl 47 (100%) 47
T2 47 (100%)
T3 47 (100%)

Cupping TO T1 3 (100%) 3
T2 3 (100%)
T3 3 (100%)

Combined cupping-facet TO T1 3 (100%) 3
T2 3 (100%)
T3 1 (33%) 2 (67%)

ml (n=74)

None TO Tl 26 (87%) 4 (13%) 30
T2 19 (64%) 10 (33%) 1 (3%)
T3 9 (30%) 19 (63%) 2 (7%)

Facet TO T1 39 (100%) 39
T2 39 (100%)
T3 38 (97%) 1 (3%)

Cupping TO T1 1 (3%) 2 (67%) 3
T2 1 (3%) 2 (67%)
T3 1 (3%) 2 (67%)

Combined cupping-facet TO T1 2 (100%) 2
T2 2 (100%)
T3 2 (100%)

dl (n=74)

None T0O T1 20 (95%) 1 (5%) 21
T2 13 (62%) 8 (38%)
T3 6 (29%) 15 (71%)
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Table 1 (continued)

None Facet Cupping Combined cupping-facet Total (T0)
Facet TO Tl 47 (100%) 47
T2 47 (100%)
T3 47 (100%)
Cupping TO Tl 2 (100%) 2
T2 2 (100%)
T3 2 (100%)
Combined cupping-facet TO T1 4 (100%) 4
T2 4 (100%)
T3 4 (100%)
Fig. 3 Loss values for the mesio-
buccal cusp from the 12-month BT10-T1
(blue), 24-month (yellow) to 250 NT0-T2
36-month (red) observational NT0-T3
period depending on the wear
morphology; circles: outliners;
squares: extreme values = 200 >
5 S
2 o
S 150 ¥
B o
g 100
E ’ +
s
.o
0 o
Cupping Facet Combined cupping-facet

high loss values (>900 pum), which were visible as macrofrac-
tures on the scans.

In the cusp areas, the cumulative loss values continued
to increase significantly from year to year (p <0.01 each;
Fig. 4) but the annual wear rate changed (Table 2). Com-
pared to the first year, the rate of progression decreased sig-
nificantly in the second year and continued in the third year
at a similarly low level. Overall, a considerable interindivid-
ual range of wear was observed, but the individual annual
wear rates were not significantly correlated. At the marginal
ridges, wear occurred only in areas where facets were pres-
ent or incident whereas no wear was quantified for marginal
ridges that did not show macroscopic wear (Table 2).

When looking at the factors that may be associated with
loss (Table 3), only sex and wear morphology were iden-
tified as significant. The most consistent relationship was
found between wear morphology and loss. Cuppings or
combined cupping-facets always exhibited higher loss val-
ues than facets, both prospectively from TO (except loss in
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Mesiobuccal cusp (mb)

the third year, where a respective difference did not reach
significance) and retrospectively from T3.

The relationship between loss and sex was inconsistent;
females had generally numerically lower loss values than
males except for the last year of observation, but these dif-
ferences did not always reach significance. All other factors
(wearing a night guard, frequency of chewing gum, prefer-
ences for acidic foods and drinks, and acid impacts during
observation periods) showed no relationship to the loss val-
ues. Also, at no time during the entire observation time did
subjects with cuppings or combined cupping-facets on the
mb cusps have more acid impulses than those with facets
(Table 3). There was no significant association between tis-
sue loss values and acid impacts (loss TO to T3 and mean
acid impacts TO to T3: r=0.084; p=0.474; loss T2 to T3
and acid impacts T2 to T3: r=0.196; p=0.097).

Figures 5 and 6 show an example of study tooth #46 and
#36 with different colored areas marking the evolution of
tooth wear from TO to T3.
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Fig. 4 Boxplot diagram of the maximum vertical loss values [um]
for n=74 study teeth after the 12-month (blue), 24-month (yellow)
to 36-month (red) observational period distributed to the seven areas
(mesiobuccal (mb), distobuccal (db), mesiolingual (ml), distolingual

(dl) and if existing distal (d) cusp as well as mesial (mr) and distal
ridge (dr)); circles: outliners; squares: extreme values; data cut at
250 um; p-values for the increase in loss values from one observation
time to the next for all areas <0.01

Table 2 Annual wear rates (median loss values in pm with 95% CI) for the 12-month (T0-T1), 24-month (T1-T2) and 36-month (T2-T3) observa-
tion year (mesiobuccal (mb), distobuccal (db), mesiolingual (ml), distolingual (dl) and if existing distal (d) cusp as well as mesial (mr) and distal
ridge (dr); mr-F and dr-F = only marginal ridges with existing facets or facets that were incident within the observation period). Asterisks (** =
p<0.001; * = p<0.05) within a row denote significant differences in the loss values compared to the wear rate in the period before (not calculated

for marginal ridges)

TO-T1 TI1-T2 T2-T3
mb 42.0 (37.0; 46.5) 15.5 (11.0; 19.00)** 9.5 (6.0; 15.0)
ml 35.5 (23.0; 42.0) 5.5 (0.0; 10.0)** 9.0 (5.0; 15.0)
db 36.5 (34.0; 41.0) 13.0 (8.0; 18.0)** 9.0 (3.0; 13.0)*
dl 35.0 (27.5; 39.0) 9.0 (4.5; 15.5)** 7.0 (4.0; 10.5)
d 31.0 (28.0; 34.0) 3.5 (0,0; 10.0)** 7.0 (4.0;10.5)*
mr 0(0.0; 0.0) 0(0.0; 0.0) 0.0 (0.0; 8.0)
mr-F 42.0 (38.5; 51.5) 17.5 (5.0; 50.0) 40.0 (28.0; 55.0)
n=12 n=18 n=35
dr 0(0.0; 0.0) 0(0.0; 0.0) 0(0.0; 0.0)
dr-F 38.0 (35.0; 42.0) 17.0 (3.0; 39.0) 17.0 (6.0; 23.0)
n=19 n=22 n=29
Discussion previous observation periods, significant inter-individual dif-

We were able to continue our observational study on the
monitoring of tooth wear into the third year. Of the original
109 participants, we were able to monitor 74 who were still
enrolled. Since the dropouts were due to reasons that cannot
be linked to the content of the study (most of them moved,
the remaining had fillings in their study teeth), we can state
that the data are missing completely at random so that we do
not expect any bias.

Overall, the loss values of the third year confirm the rela-
tively low wear rates of the second year. However, as in the

ferences were found. Such considerable variations in the
amount of wear were also reported in other contexts [10] and
were also evident in a group of patients who already had mod-
erate to severe tooth wear [13]. However, wear rates also seem
to vary not only inter-individually, but also within an individ-
ual, as we could not find a correlation between the individual
progression rates in the three observation periods in our study.
This means that a high wear rate in one observation period is
not an indicator for high wear rates in the future.

The question remains as to how such findings can be
explained. One obvious and often investigated factor is
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Table 3 Relationship of loss values (um), wear morphologies and assumed aetiological factors (numerical values: median with 95% CI); cupping
(C), facet (F), combined cupping-facet (CF).

Item/con-dition Category p-value
Sex Male Female
n=28 n=46
Loss T0O-T1 48.5 (38.5; 56.59 38.5(35.0;45.0) 0.052
Loss T0-T2 68.0 (60.5; 82.5) 46.5 (42.0; 60.5) 0.023
Loss T0-T3 82.0 (75.5; 107.5) 63.5(53.0; 45.0) 0.125
Loss T1-T2 25.0 (16.0; 30.0) 12.5 (6.5; 16.5) 0.026
Loss T2-T3 7.5 (3.0; 27.0) 10.0 (6.0; 16.0) 0.053
Night guard No Yes
n=40 n=34
Loss TO-T3 64.5 (53.0; 84.0) 66.5 (53.0; 76.0) 0.849
Chewing gum No Yes
n=47 n=27
Loss TO-T3 75.0 (66.0; 94.0) 62.0 (50.0; 70.0) 0.132
I like acidic food No Neither Yes
n=28 n=12 n=36
Loss TO-T3 60.0 (48.0; 93.5) 72.5 (50.5; 92.0) 66.0 (53.0; 73.0) 0.988
I like acidic drinks No Neither Yes
n=45 n=10 n=19
62.0 (51.0; 76.0) 68.5 (49.0; 94.0) 70.0 (53.0; 98.0) 0.812
Morphology at TO F C/CF
n=39 n=30
Loss TO-T3 53.0 (48.0;66.0) 83.5 (68.5; 111.5) <0.001
Loss T1 35.0 (33.0; 43.0) 50.0 (45.5; 58.5) <0.001
Loss T2 11.0 (5.0; 15.0) 19.5 (14.0; 28.0) 0.035
Loss T3 8.0 (5.0; 15.0) 13.5 (5.5, 27.0) 0.145
Morphology at T3 F C/CF
n=41 n=33
Loss TO-T3 51.0 (46.0;62.0) 86.0 (74.0; 118.0) <0.001
Loss T1 35.0(32.0; 43.0) 49.0 (45.0; 57.0) <0.001
Loss T2 12.0 (5.0;16.0) 20.0 (17.0; 28.0) 0.049
Loss T3 7.0 (2.0; 10.0) 20.0 (10.0; 28.0) 0.019
Acid impacts TO 2.2(1.7;2.5) 2.1(1.5;4.0) 0.515
Acid impacts T1 2.9(2.2;3.0) 2.7(1.9;3.7) 0.909
Acid impacts T2 2.5(1.9;2.9) 2.7(1.9;3.6) 0.617
Acid impacts T3 2.2(1.7;2.9) 2.5(1.6;3.5) 0.293
Mean acid impacts TO-T3 2.3(1.8;2.9) 2.8(2.3;3.5) 0.399
Fig. 5 Example of study tooth W01
#46 with different colored areas OT0.T2
marking the evolution of tooth WT0-T3

wear from Baseline (grey),
12-month (blue), 24-month
(yellow) to 36-month (red)

as occlusal view (left) and in
cross-section (right). This tooth
already presented a consider-
able tissue loss with cuppings at
the beginning, these deepened
in the further course. However,
new lesions also developed,
such as the cupping lesion of the
distobuccal cusps at 24-month
(yellow)
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Fig.6 Example of study tooth
#36 with different coloured
areas marking the evolution of
tooth wear from Baseline (grey),
12-month (blue), 24-month
(yellow) to 36-month (red) as
occlusal view (left) and in cross-
section (right). Note that there
was no tissue loss in the facet
area (dashed circle) in the first
year. In the second year, a small
cupping (yellow) appeared in the
facet area, which had deepened
further in the third year (red)

exposure to acid from food and drink, but also from stom-
ach contents. The latter seems to have played a minor role
here, as symptoms of reflux or frequent vomiting were not
reported in our group of subjects. However, we enquired in
great detail about exposure to acids from food and drink and
attempted to associate this in a subtle way with the observed
wear rates. Similar to the two previous observation periods,
however, we found no association between these exogenous
acid exposures and tissue loss.

It remains to be assumed that there must be as yet
unknown factors that influence the wear process more than
what has been suggested so far, or that many factors interact
in such a complex way that the role of individual factors
remains concealed. For example, dietary factors with many
acid impacts or a high proportion of coarse food may only
lead to increased wear in combination with genetic factors
that influence the acid solubility and hardness of dental hard
tissues; in addition, there could also be simultaneous con-
tributing factors such as saliva [27], chewing force or the
action of antagonistic teeth.

Thus, many factors could enhance or alleviate each
other, resulting in a complex and perhaps inexplicable inter-
play. Furthermore, all diagnostic procedures are subject to
limitations. Behavioral factors in particular could only be
recorded using questionnaires, which may be far too crude
an instrument.

However, a consistent observation across all three years
was that the morphology of wear lesions plays a role. There-
fore, this time we focused in particular on how wear devel-
ops morphologically. It is generally assumed that the different
forms of wear such as facets or cuppings are based on different
actiologies; at least that different factors are at the foreground
in the complex mechanisms of wear. For example, facets are
assumed to be the result of two-body wear, in which antago-
nistic tooth surfaces act against each other, while abrasions are
described as three-body wear. Here, for example, during the
chewing process, the hardness of a bolus determines the wear
rates while the microhardness of the antagonistic tooth surfaces
relative to each other (i.e. enamel and dentin) determines the

WTo-T1
Oro-12
WTo-13

defect resulting from the action of the bolus. Thus, the softer
dentin is expected to develop cuppings, while the harder
enamel wears only slightly. The same was assumed for erosive
tooth wear, but here the acid impact reduces the microhardness
of the tooth’s hard tissue, which should then lead to increased
three-body wear [28, 29]. Accordingly, wear on occlusal sur-
faces caused by the abrasion of coarse food or by the abra-
sion of less coarse food after the reduction of microhardness
by acids should result in similar defect shapes [30]. Based on
such wear mechanisms, the higher wear rate in cuppings and
combined cupping-facets, which we have now observed again,
would be due to the exposure of the softer dentine, which wears
faster than the harder enamel. However, this theory was at least
partially refuted, as cuppings could also be produced in enamel
without dentine exposure, at least experimentally [31].

So far, however, almost nothing is known about how wear
morphologies change over time. We have used two cases to
illustrate the evolution of the wear process by superimpos-
ing the occlusal surfaces at the four observation points. In
one case with more advanced wear and an occlusal surface
that had already initially lost its physiological morphology,
the wear appears to simply continue. At the different times
of examination, some new areas were affected while the
wear stagnated in other areas. In the other case, one facet
was initially present, but in the first 12 months no progres-
sion was detected. Whereas, after 24 months the facet devel-
oped to a cupping with progression after 36 months.

It was a very interesting observation that in areas without
wear, facets always occurred first, which then continued to
grow into a combined cupping-facet. Enamel behaves in a com-
plicated manner under the various two- and three-body wear
conditions [32, 33]. For example, in a three-media wear pro-
cess, not only the hardness of a particle but also its size seems
to be important. Such factors can lead to macrofractures, as we
have observed in marginal ridges, for example, where dental
hard tissues can be lost in the order of millimeters; microfrac-
tures can be caused by cracks starting on the surface and may
manifest themselves in cupping-like shapes, while microfrac-
tures caused by tiny hard particles can lead to small, even wear
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areas on the surface [33]. Further, several fatigue mechanisms
in enamel were described [32].

Suppose we assume that the wear we observed in our
group of individuals is mainly physically induced and that
microwear first creates a facet that forms cuppings over
time via cracking and contact fatigue mechanisms [32]. In
that case, it explains the finding that we could not find any
relation to dietary factors. We can then perhaps also explain
the strong tendency for females to have less tissue loss than
males. Females have a lower bite force [34, 35], so lower
loads act on the tooth surfaces. If we assume that enamel
cracks play a relevant role in the wear process, the healing
tendency for such cracks could be important. In this context,
it has been shown that enamel from female donors seems
to be more effective at healing than that from male donors
[36]; if both factors interact, this could at least partly explain
the lower tendency to wear in women.

However, all these considerations remain speculative but
encourage further investigation.

Our study has several limitations. Firstly, we focused on
the occlusal surface of a single tooth and no conclusions can
be drawn about wear in other areas of the dentition. This
could also be shown in another study with patients with
moderate to severe erosive tooth wear. However, for future
studies, especially in older age groups, it would be very
important to examine also other areas and the full arch. Fur-
thermore, we only measured one loss value per tooth area,
and this only provides limited information about the extent
of wear in terms of volume: Thus, the superimposition of
scans over time indicates, that the area of the loss also plays
a role in addition to the maximum value. Other measure-
ment methods may be able to provide further information on
wear mechanisms and associated risk factors.

However, a strength of our study is that we observed the
morphology of wear lesions longitudinally. As wear was so
far a relatively slow process in our group of younger indi-
viduals, it was only the longer observation period of three
years that allowed us to identify changes in the wear shapes.
This opens a new look at the theories on the causes and
diagnosis of tooth wear.

Conclusion

Also after 36 months, we observed a significant increase
in wear in all areas of the occlusal surface. The relatively
high wear rate after the first year decreased in the second
year and continued similarly in the third year. Wear seems to
present itself as a facet at first, while cuppings only appear
to develop in the later wear process. The frequently assumed
aetiological factors showed no relationship to the loss val-
ues even after 36 months. From these observations, it can be

@ Springer

deduced that cuppings on the cusp tips may not be a valid
diagnostic criterion for erosive tooth wear.
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