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Purpose: Numerous studies report on the outcome performance of posterior composite restorations. However, there are
fewer studies providing data for anterior restorations. The aim of this study was to evaluate the clinical outcome perfor-
mance of anterior permanent restorations by analyzing a large dataset from a German national health insurance company.

Materials and Methods: Routine claims data from a major German national health insurance company were assessed.
Fee codes were used for tracing restoration careers on a day-count basis. The treatment was defined as a placed restor-
ation (Class Il and IV) on a mesial or distal tooth surface, irrespective of the extension. The restorations were placed be-
tween January 1, 2010 and December 31, 2013. Statistical analyses were conducted using Kaplan-Meier survival analysis
to determine cumulative 4-year survival rates. The primary outcome was re-intervention on the same surface. Secondary
outcomes were crowning and extraction which were analyzed separately.

Results: A total of 2,417,791 restorations involving mesial surfaces and a number of 2,409,031 restorations involving distal
surfaces were observed. At 4 years, the cumulative survival rates concerning the primary outcome “re-intervention” were
79.9% for mesial and 80.9% for distal restorations. The respective annual failure rates (AFR) were 5.5% and 5.2%. Four-
year survival rates for the secondary outcome “crown” were 93.8% for mesial and 94.1% for distal anterior restorations.
The respective AFRs were 1.6% and 1.5%. For the secondary outcome “extraction,” the respective rates were 94.6% for
mesial and 93.9% for distal restorations. The respective AFRs were 1.4% and 1.6%.

Conclusion: The performance of permanent anterior restorations which were placed in general dental practices in Germany

can be rated as acceptable.
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espite the decline in dental caries over the last decades,
there is still a high demand for restorative procedures in
clinical dental practice.10 Cost- and time-effective chair-side res-
torations play an essential role. Because esthetics are the pri-
mary goal in the anterior region, composite resin combined with
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bonding techniques is the material of choice.2° Numerous clin-
ical studies and data on the performance of posterior composite
restorations are available.18:24 In a recent systematic review
that evaluated the longevity of posterior restorations according
to material and adhesive class, it was found that the survival
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rate of posterior composite restorations decreased to approxi-
mately 85-90% after 10 years, with no significant difference be-
tween hybrid, microhybrid, and nanohybrid resin materials.1>

Anterior restorations however have a different failure pat-
tern compared to posterior restorations.15> Data on the long-
term longevity and clinical performance of anterior restor-
ations are still limited.11.19 However, there are five major
studies addressing the long-term survival of anterior restor-
ations.57,11,16,25 A systematic review by Demarco et al included
17 studies that investigated the clinical survival of Class Ill and
IV composite restorations in the permanent dentition. Both
prospective and retrospective studies were included.

The follow-up periods ranged from 3 to 17 years, and the
number of restorations differed between 25 and 341. Annual
failure rates (AFR) varied from 0% to 4%.11 In the same year,
Heintze et al published a review and meta-analysis of the clin-
ical effectiveness of direct anterior restorations.1¢ However, the
working group only included prospective clinical studies with
a minimum observation period of 2 years; retrospective studies
were excluded. In addition, both chemically cured composites
and resin-modified glass-ionomer cements were included. This
study found 10-year survival rates of 95% for Class Ill restor-
ations and 90% for Class IV restorations, with an AFR between
0.5% and 1%. These results are in agreement with those of De-
marco et al.11,16

A recent systematic review of long-term survival of anterior
restorations by Shah et al included the study by Demarco et al
and 11 other studies published between 2011 and 2018.25 The
AFR ranged from 0% to 27.11% and survival rates varied from zero
to 100%. However, the high AFR of 27.11% compared to previous
publications is mainly due to a study by Gulamali et al in which
patients with localized anterior wear were treated with Dahl com-
posite restorations to increase the vertical dimension.14.25

However, most long-term studies have been conducted in
university settings. In addition, different study criteria are used
to assess the failure or success of filling longevity, such as the
USPHS criteria or modified USPHS FDI criteria, and some stud-
ies did not specify the assessment method.11,16,17,25

An objective method to gain information on the outcome of
a dental treatment is the use of insurances’ databases or public
health services. Collares et al conducted an analysis of elec-
tronic health record data from 24 general dental practices in the
Netherlands and retrospectively examined the longevity of
72,196 anterior composite restorations.” The calculated AFR for
anterior composites was approximately 4.5%. Fillings in central
incisors are most likely to fail.” Another large survival study of
anterior restorations was conducted in the UK using patient
data.5 This included approximately 3.5 million composite restor-
ations in cavity Classes Il, IV, and V. Approximately 34% survived
15 years without re-intervention. Larger Class IV restorations
survived less well than smaller Class Il and Class V restorations.>

Randomized controlled trials are considered the gold stan-
dard in clinical research.l! These studies are carried out in
strictly selected study populations, based on strict study proto-
cols.2 But a number of aspects influence the longevity of both
anterior and posterior restorations, such as patient-related fac-
tors (caries risk, bruxism, age) or clinical experience of the
practitioner.12,13,26,27
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Therefore, the aim of this study was to add information and
to explore the outcome of direct anterior restorations based on
a large data subset of one of the German national health insur-
ance companies.

MATERIALS AND METHODS

As in previous studies reporting outcomes of dental treatment,
a major German national health insurance company (BARMER,
Berlin, Germany) provided routine claims data for analy-
ses.21-23 The BARMER clientele represents roughly 10% of the
German population. The study design was approved by the
Ethics Committee of the Technische Universitat Dresden (EK
2878072015).

A fee code represented the basic unit of information for the
dental treatment. These data were analyzed for a 4-year period
on a day-count basis from January 1, 2010 to December 31,
2013. Some specific German regions had to be excluded as sys-
tematical data were missing. Adult patients were selected. The
patients had to be members of the insurance company for the
entire 4-year observation period.

The study intervention was defined as a direct or indirect res-
toration (Class Il and 1V) involving a mesial or distal surface of
anterior teeth (including incisors and canines). All restorations
placed during the observation period entered the analysis. Each
single restoration was under risk according to its individual time
within the analysis. Deciduous teeth, as well as injured teeth
after dental trauma, were excluded for methodological reasons.

Statistical analysis was performed using the Kaplan-Meier
method. The primary outcome was re-intervention defined as a
restoration placed on or involving the same surface. Thereafter,
two secondary analyses were performed for the outcomes
“crowning/partial crowning” and “extraction.” Prior to placing
a crown, teeth often need a permanent restoration used as core
build-ups. Therefore, crowning did not count as secondary out-
come within 60 days after the restoration had been inserted.

RESULTS

A total of 4,826,822 restorations could be observed. Of these,
2,417,791 restorations involved mesial surfaces and 2,409,031
restorations involved distal surfaces.

For the primary outcome “re-intervention,” the cumulative
4-year survival rates were 79.9% for mesial (Fig 1) and 80.9%
for distal restorations (Fig 2). The respective AFR for the target
event “re-intervention” are between 5.0% (mesial) and 4.8%
(distal). At the time of the last event, 7,700 mesial restorations
and 7,658 distal restorations had been still under risk. This last
event occurred after 1,454 days (3.98 years) for both mesial and
distal restorations.

The cumulative 4-year survival rates for the secondary out-
come “crown” were 93.8% for mesial (Fig 1) and 94.1% for dis-
tal restorations (Fig 2). The respective AFR for the target event
“crown” are between 1.6% (mesial) and 1.5% (distal). 26,430
mesial restorations and 21,791 distal restorations had been still
under risk at the time of the last event. This last event occurred
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Fig 1 Survival curves for restorations
including the mesial surface.
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after 1,446 days (3.96 years) at mesial restorations and after DISCUSSION

1,444 days (3.96 years) at distal restorations.

For the secondary outcome “extraction,” the cumulative
4-year survival rates were 94.6% for mesial (Fig 1) and 93.9%
for distal restorations (Fig 2). The respective AFR for the target
event “extraction” was between 1.4% (mesial) and 1.5 % (dis-
tal). At the time of the last event, 22,168 mesial restorations
and 22,250 distal restorations were still at risk. This last event
occurred after 1,448 days (3.96 years) at mesial restorations
and after 1,445 days (3.96 years) at distal restorations.

doi: 10.3290/j.jad.b5733812

This study presents cumulative 4-year survival rates of anterior
restored tooth surfaces between approximately 80% and 95%.
That means, that every fifth restored interproximal mesial and
distal surface of anterior teeth was re-intervened within
4 years. Moreover, about 6% of the teeth with restored anterior
surfaces had been crowned and 5% to 6% had been extracted
during the observation period.
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These results are based on an exceptionally high number of
cases. A total of 4.826.822 restorations were included in the
analysis focusing on the primary outcome “re-intervention”
and the secondary outcomes “crown” and “extraction.” The
insurance database encloses the complete number of all con-
ducted treatments from 2010 to 2013 for over 8 million mem-
bers representing almost 10% of the German population at this
time. These large-scale data analyses therefore have great po-
tential for evaluating outcomes from daily practice. Similar
analyses were published and are scientifically well ac-
cepted.346:21,23 Some important limitations have to be taken
into account in order to avoid over- or misinterpretation.

Data was based on digitally submitted fee codes provided
by a national health insurance company. There was no clinical
documentation or any documentation of clinical findings avail-
able. Fee codes or claims data are not primarily used for scien-
tific purposes. Within these so-called secondary data or routine
data, errors or mistakes cannot be avoided completely. Be-
cause of the high number of cases, the authors assume that
data errors like false tooth numbers or surfaces are balancing
out to some extent. However, the data quality itself can be ex-
pected lower compared to a well-documented clinical trial.
Restorations in deciduous teeth were excluded because of their
different clinical performance compared to permanent teeth. If
direct restorations are the consequence of trauma, they are
sometimes not included in our data. This relies on the fact that
the coverage of these trauma consequences is not always the
responsibility of the National Health Insurance System. Some-
times, other insurances, accident parties, or other payers are
bearing the costs. Therefore, they cannot always be seen in the
data for methodological reasons. If a secondary restoration is
replacing the first restoration after trauma, it is more likely to
be seen in our data. Therefore, trauma cases cannot really be
differentiated from others in the present study. In some cases,
direct restorations are used as core build-ups for crowns. For
that reason, a “crown” did not count as a target event when it
was placed less than 60 days after the direct restoration.

The database of this study itself does not allow a differentia-
tion between the materials used. However, there is nearly no al-
ternative to resin composite materials in Class Ill and IV restor-
ations.”9.19 Therefore, it can be assumed that the vast majority of
observed restorations are made from composite resin material.

Our analysis uses a surface-related approach. Class lll and IV
restorations in the front region are mostly involving the mesial
or the distal tooth surface. Therefore, every restoration involv-
ing one of these surfaces was included. Adhesive restorations
in incisors or canines have multiple shapes and surfaces. With
our approach, we conclude survival rates for the wide majority
of these restorations.

The Kaplan-Meier survival analysis is a statistical tool devel-
oped originally for randomized controlled trials. Nowadays,
the use of the Kaplan-Meier analysis for retrospective evalua-
tions after well-documented interventions is an established
method.23

An interpretation of the presented results in the context of
recent publications seems not easy. Studies and reviews focus-
ing on Class Ill and IV restorations mostly do not use core out-
comes such as re-interventions.16 Therefore, results are hardly

182

comparable. Putting our results in relation to recent studies
and reviews, our survival rates are lower.

A recent review by Heintze et al revealed a 10-year rate of
2.5% for secondary caries related to Class Ill and IV restor-
ations.16 Of course, secondary caries is not the only cause but
one of the major causes for re-intervention. Esthetics play an
important role in the anterior region, so that a restoration can
be renewed even in case of discoloration and esthetic discom-
fort.11,12 The studies considered in the review by Demarco et al
with follow-up periods between 3 and 9 years revealed AFR
from 0 to 3.7%.11

We expected differences between our results and those of
these studies because of the well-known gap between clinical
study results and results from general practice. Furthermore, in-
surance data do not select for patients or for dentists. This might
also be seen as an advantage from a public health perspective.

Restorations observed in clinical studies are mainly first in-
terventions at the respective surfaces. Restorations observed
in digital databases may already have been re-interventions of
previous restorations. Collares et al analyzed a large data set of
anterior restorations placed by a network of general practition-
ers in the Netherlands and stated mean AFR after three (4.4%),
five (4.6%), and ten years (4.6%).7 This study shows better out-
comes although data was collected in a private practice setting.
However, the different result is not unexpected. A direct com-
parison with our results is limited as significantly lower case
numbers were evaluated. But the major reason for these super-
ior results can be seen in the selection of practitioners within a
private practice research network.

CONCLUSION

In the present study, survival rates between restorations involv-
ing mesial and distal surfaces are quite similar. As expected,
differences are small and clinically not relevant. This study was
conducted in Germany based on data form a German national
health insurance company. In a first view, results are therefore
valid for Germany. However, techniques, materials, and pro-
cedures for direct permanent anterior restorations can be as-
sumed to be quite comparable between Germany and other
developed countries. Therefore, the authors would expect re-
sults from other developed countries to be in the same range.
This statement can be underlined by the fact, that results from
massive data analyses for posterior restorations from Germany
and Great Britain are also in the same range.3:18,21,23
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Clinical relevance: At first sight, the performance of direct
anterior restorations under practice conditions is accept-
able. However, a significant number of re-interventions
occurred in a short-term perspective. Concerning the long-
term sustainability of anterior restorations, there is still
room for improvement.
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