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PRACTICE CASE REPORT

Thomas Attin, Patrick R. Schmidlin, Tobias T. Taubock

Direct restorative technique in
posterior teeth to treat erosion-
induced tooth wear

Introduction: The restorative reconstruction of lost tooth structure and the
restoration of the original vertical bite position in a dentition that has been
severely affected by tooth erosion or abrasion always presents the dentist with
problems in implementing the therapy. Traditionally, this therapy is carried
out with laboratory-produced restaurations, which usually require preparation
of the remaining tooth substance and result in high costs for the patient, so
that alternative procedures should be considered. It should be emphasized that
any restorative work, even minimally invasive, is only indicated in these pa-
tients if the preventive approach of inhibiting further loss of tooth structure is
successful at the same time.

Treatment method: The following article presents a case study on the use of
direct adhesive composite restorations as a possibility for reconstructing an
erosively severely altered dentition. Transfer splints, which are fabricated on
the basis of individual wax-up models, are used to reconstruct the occlusal sur-
faces.

Conclusion: The procedure described is a well-studied and proven method for
restoring teeth with erosion-induced tooth wear. As with all new procedures,
there will be a certain learning curve for the practicing dentist, after which
high-quality restorations can be implemented using this technique.
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Figure 1 Dental situation of a 33-year-old patient with trough-
shaped erosions at the cusp tips of the premolars and at the ca-
nine. Simultaneously, an abrasion facet is present at the cusp tip

of the canine tooth.

1. Introduction

Increasingly, scientific studies as well
as observations from daily practice
are found to address the occurrence
of non-caries-related tooth wear. New
prevalence data also indicate that this
type of tooth wear and the associated
therapies are becoming increasingly
important in dentistry [10]. In addi-
tion to mechanical wear of teeth by
foreign bodies (abrasion) or direct
tooth-to-tooth contact (attrition),
chemical attacks (erosions) are
mainly responsible for the observed
tooth wear. The differentiated view of
erosions has led to the term “erosive
tooth wear” being used in recent
scientific literature. This is under-
stood to be the sum of irreversible
(macroscopic) loss of tooth structure
and (microscopic) softening or de-
mineralization present at the tooth
surface, triggered by mostly acidic
agents without the involvement of
microorganisms [22]. In the follow-
ing article, the more commonly
known term erosion is used partly
synonymously.

The surfaces of enamel or dentin
that have been demineralized by acid
attack are particularly susceptible to
mechanical stress, which leads to an
acceleration of tooth structure loss.
Furthermore, continuous attack on
the dentin often leads to painful
tooth  hypersensitivity. However,
other problems, such as difficulties
with food grinding and speech, as
well as headaches and jaw pain, can
also severely affect the quality of life,

especially the oral-health-related
quality of life (OHRQoL) of those af-
fected. In addition, poor aesthetic ap-
pearance of the anterior teeth associ-
ated with tooth wear can signifi-
cantly increase the individual suffer-
ing of affected patients [1, 17].

1.1 Restorative therapy con-
siderations
Restorative treatment of erosive tooth
wear should always be accompanied
by preventive measures to avoid
further tooth structure loss. In prin-
ciple, it should first be noted that
physiological loss of tooth structure
occurs in the course of life in all indi-
viduals and does not necessarily
require restorative therapy. However,
restorative therapy of such affected
dentitions may become necessary for
various reasons and to varying degrees.
Reasons for restorative therapy may
be: a loss of hard substance that is not
commensurate with age or progressive
loss of hard substance with extensively
exposed dentin areas, the presence of
pain, limited masticatory function, a
threat to the integrity of the tooth or
pulp, or compromised esthetics [13].

In the case of smaller, often
trough-shaped dentin defects, it is
usually sufficient to selectively fill
and seal these surfaces with flowable
composite materials to prevent
further progression of the defect
(Figs. 1 and 2).

For more extensive defects, often
involving the entire dentition, re-
storative therapy ranges from direct

Figure 2 Situation after filling the trough-shaped defects with
flowable composite. The cusp tip of the canine was supple-
mented with a highly viscous composite.

adhesive composite restorations to
indirect restorations using compos-
ite or ceramic workpieces [2, 4, 7, 12,
15, 21, 23, 24, 33]. The larger the de-
fects, the more dentists tend to use
indirect restorative methods [11].
The longest follow-ups for total res-
toration of dentitions with pro-
nounced tooth structure loss are
based on studies of up to eleven
years each [8] for ceramic restora-
tions and for direct composite resto-
rations [30]. Both the long-term re-
sults obtained in these very long fol-
low-up studies and the overall long-
term results available are promising
in the majority of the studies, des-
pite the challenging nature of the
problem. A conclusive assessment of
which restorative material is most
suitable under these multiple in-
fluences is currently not available
[18]. A direct comparative study in-
cluding different material types is
not available.

1.2 Direct restorations

The advanced loss of tooth structure,
which is often associated with the
loss of vertical occlusal height, pres-
ents the practitioner with a particu-
larly difficult task. It is also important
to bear in mind that, in addition to
the chemical-erosive component of
tooth wear, mechanical influences
and parafunctions such as existing
bruxism can also have a major impact
on tooth wear and the future stress
on restorations. Therefore, it is pre-
dominantly recommended to protect
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Figure 3 Occlusal view of the initial situation of the patient described in the case re-

port.

Figure 4 Anterior situation of the patient.

Figure 5 Wax-up of the posterior teeth with omission of the last molar, which was later
built up freehand. The “drainage grooves” modeled buccally and lingually with wax at
the time are no longer provided by the authors today.

the often extensive restorations dur-
ing the night by occlusal protective
splints against the effects of night-
time, uncontrolled teeth grinding.
Continuous improvements in the
material science of dental composite
materials and the desire of patients
for forms of therapy that are gentle
on the tooth substance and finan-
cially affordable have led to a steady
expansion of the range of indications
for direct composite restorations.
One advantage of direct restorations
with composites is that composites
allow a purely defect-oriented ap-
proach without having to sacrifice
healthy tooth structure by additional
preparation measures. In principle,

this procedure is also possible with
indirect approaches using ceramics or
laboratory-processed composites in
so-called “non-prep restorations”, but
it requires extraordinary skill on the
part of the practitioner and dental
technician and has therefore not
been able to gain widespread accept-
ance to date.

The authors of this article have
extensive experience with the direct
restoration technique using compos-
ites to treat non-caries related tooth
structure loss. Therefore, the follow-
ing article will also deal with this ap-
proach and in particular with restora-
tions in the posterior region. How-
ever, it should be emphasized that, as
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mentioned above, other techniques
or materials can also be used to ad-
dress these complex situations.

Preferably, nanohybrid compos-
ites or pure nanofiller composites are
used. Relatively low occlusal wear
and good physicomechanical proper-
ties have been demonstrated for this
class of materials [9, 19].

The use of direct composite resto-
rations for bite elevation has not
been widespread to date, which can
be explained, among other things, by
the considerable time required and
the difficulty of designing an accurate
occlusal morphology when teeth are
built up freehand. In order to circum-
vent the problems of the freehand
technique and to simplify the read-
justment of the vertical dimension,
various methods have been presented
and further developed with which an
ideal occlusion, initially individually
waxed up in the dental laboratory,
can be transferred to the patient’s
mouth with the aid of transfer splints
[3, 25, 32] or silicone stamps (stamp
technique) [20]. This can also be used
to fabricate provisional occlusal abut-
ments in order to test a new occlusal
position planned at a later date with
ceramic workpieces in advance over a
desired observation period [16]. A
survey of dentists in private practice
who have already carried out direct
bite height reconstructions with com-
posite in their practices with the aid
of transfer splints showed that the
technical implementation also works
well and efficiently under practice
conditions [28].

2. Case presentation

In the following, the technique of di-
rect bite height reconstruction with
composite using transfer splints is ex-
plained on the basis of a patient case
with erosion-related tooth damage.

2.1 Initial situation

The patient, who was 31 years old at
the time of the initial examination,
stated that she had suffered from
bulimia in adolescence. At the time
of the initial examination, the disease
had been successfully treated for sev-
eral years without any relapses into
the old behavioral pattern of the eat-
ing disorder. The patient’s medical
history was inconspicuous. Clinical
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examination revealed no evidence of
myofunctional complaints, and peri-
odontal conditions were stable on all
teeth without the presence of rel-
evant probing depths or bleeding.
Oral hygiene was excellent.

As shown in Figure 3, the patient
had advanced erosive defects on all
teeth, mostly with dentin involve-
ment. In the posterior region, mainly
the occlusal surfaces were affected.
The maxillary anterior teeth showed
shortened dental crowns as well as
palatal and labial significant loss of
tooth structure (Fig. 4). The patient
was particularly disturbed by the ap-
pearance of her maxillary anterior
teeth. In addition, the posterior teeth
showed disturbing hypersensitivity.
The patient was informed in detail
about various treatment options and
opted for a restoration with direct ad-
hesive composite restorations, as she
wanted the procedure to be as gentle
on the teeth as possible.

For all restorations, including the
subsequently fabricated anterior res-
torations, the nano-filler composite
Filtek Supreme XTE (3M, Neuss, Ger-
many) was used in combination with
the three-step etch-and-rinse adhes-
ive Optibond FL (Kerr, Bioggio, Swit-
zerland).

2.2 Preparations
In the approach described below, car-
ies lesions or buccal or palatal/lingual
tooth structure defects are usually
treated in a first step using conven-
tional techniques. This is usually fol-
lowed by the fabrication of the aux-
iliary splints mentioned below and
the restoration of the occlusal sur-
faces or incisal edges. These first steps
in the simplification of the form con-
siderably facilitate later, sometimes
demanding work steps, e.g. the appli-
cation of the rubber dam and the
concentrated execution of the resto-
rations, which are then exclusively
occlusal and incisal. In the case de-
scribed, with the exception of the de-
fects on the palatal surfaces of the
maxillary anterior teeth, no such de-
fects were present that would have
necessitated such a two-stage pro-
cedure for the posterior region.

From the initial situation, algi-
nate impressions of the maxilla and
mandible were taken and a bite regis-

Figure 6 Wax-up model with transfer splint. In the vertical direction, the splint is ex-
tended as short as possible. This allows the composite filled in the splint to flow out
after the splint has been pressed onto the tooth row.

Figure 7 Isolation of the adjacent teeth with Teflon tape.

tration in habitual intercuspidation
was performed. In the dental labora-
tory, the ideal occlusion was waxed
up by approximately 2 mm with the
anterior teeth blocked. During the
fabrication of the wax-up models, the
anterior teeth and the posterior por-
tions of the terminal molars were not
built up (Fig. 5). On these models,
two translucent transfer splints each
were fabricated from transparent
acrylic for the maxilla and the man-
dible, which were relined with a
transparent silicone-based bite regis-
tration material (Fig. 6). The non-
waxed areas later allow stable support
of the splints in the patient’s mouth.

2.3 Isolation of the adjacent
teeth and adhesive pretreat-
ment

After placing rubber dams, the adjac-
ent teeth of the teeth to be initially re-
stored were isolated with Teflon tape

to prevent interdental entanglement
(Fig. 7). Existing composite surfaces of
the teeth were roughened with an in-
traoral sandblaster with 50 pm alumi-
num oxide powder (Hager & Werken,
Duisburg, Germany) in accordance
with the procedure for corrective fill-
ings. The eroded or sclerosed dentin
surfaces were refreshed with a fine-
grain diamond before application of
the etch-and-rinse adhesive system.
Studies have shown that such pre-
treatment significantly improves the
bond strength to erosively or scleroti-
cally altered dentin [5, 6]. Similarly,
sandblasting the dentin at a pressure
>S5 bar with aluminum particles >30
pm can have a positive effect on the
bond strength of adhesives [14].

2.4 Build-up of the occlusal sur-
faces

With the aid of the transfer splints,
bite elevation was performed in the
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Figure 8 Situation after completion of the occlusal composite restorations.

|

Figure 9 Situation eight years after insertion of the composite abutments with contin-

ued satisfactory results.

Figure 10 Labial view of the anterior teeth restored with direct composite.

posterior region with direct occlusal
composite build-ups. The highly vis-
cous composite material used for the
restoration was filled into the splint
in a quantity corresponding to the
missing tooth structure and heated to
68 °C for 5 min under light protec-
tion on a heating plate (Calset, Ad-
Dent, Danbury, USA). Heating re-
duces the viscosity of the composite
material, thus facilitating the place-
ment of the splint on the dentition.
Laboratory tests have shown that
heating the composite does not affect
the material properties [31]. The
short vertical design of the splints
allows excess material to flow off well
when the splint is placed and most of

it can already be removed before
polymerization. Before applying the
filled splint, a thin layer of flowable
composite (Filtek Flow, 3M) was ap-
plied to the tooth surfaces without
curing it.

The splint was placed on the
dentition with pressure. After remov-
ing the accessible excess, the compos-
ite material was light-polymerized
through the transparent splint. The
light polymerization was initially per-
formed only briefly for approx. 3-5 s,
so that after removal of the splint
any remaining excess of the not yet
fully cured composite could be easily
removed with a scalpel. Sub-
sequently, a second (long) light poly-
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Fig. 1-10: T. Attin

merization was performed with sim-
ultaneous cooling of the teeth for 60
s per tooth. It has been proven that
such a two-phase polymerization
does not negatively influence the
curing of the materials [29].

The difficult-to-access proximal
surfaces of the composite abutments
were finished and smoothed with
single-sided diamond files in a recip-
rocating angle piece (Swingle, Inten-
siv, Grancia, Switzerland). Sub-
sequently, the now already restored
teeth were isolated with Teflon tape
and the remaining posterior teeth
were built up as described above and
finally polished. The areas not in-
cluded in the wax-up and the splint
were finally reconstructed freehand
with composite (Fig. 8). The bite
elevation in the posterior region cre-
ated sufficient space for a sub-
sequent reconstruction of the anter-
ior teeth, which was then fabricated.
To protect the restorations from
nighttime grinding, the patient was
given a grinding splint made of soft
acrylic after completion of all resto-
rations. The patient has regular re-
call appointments. Apart from
minor maintenance work, e.g. occa-
sional polishing of the margins of
the restorations, no further rework-
ing of the restorations was required
during the follow-up visits, which
have now lasted eight years. More-
over, the images taken after eight
years of wear show only minor signs
of wear on the restorations (Figs. 9
and 10).

3. Discussion and concluding
remarks

The procedure described is now a
well-studied and proven method for
restoring teeth with erosion-induced
loss of tooth structure. Points to be
discussed about the procedure are in-
cluded in the above text at the appro-
priate points and should not be re-
peated here.

In conclusion, however, it is im-
portant to point out that preventive
measures and checks must be carried
out to stop further acid-induced da-
mage, not only because clinical ob-
servations have shown that the ad-
hesive bond of restorations is sub-
jected to a great deal of additional
stress if strong acid attacks continue,
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which often seems to contribute to
the failure (loss) of the complete res-
toration. A conclusive explanation
for this phenomenon is currently not
available. However, it is conceivable
that the repeated acid attacks degrade
the hybrid layer of the adhesive bond
of the restoration, first at the restora-
tion margins and then gradually
undermining it.

With regard to the frequent dis-
cussion about the most suitable re-
storative material for the cases de-
scribed above, it should be noted that
a randomised clinical trial with a
split-mouth design is currently being
completed with the cooperation of
the authors. The long-term follow-up
studies will provide further in-
formation on how the procedure
presented here compares to the use of
indirectly fabricated ceramic restora-
tions.

Note
This original paper contains some

modified minor text passages from
previous publications of the authors
[3, 26, 27, 34].

Conflict of interest

Prof. Attin is a consultant to the com-
pany Hager & Werken mentioned in
the text. In addition, the authors de-
clare that there are no conflicts of in-
terest as defined by the guidelines of
the International Committee of
Medical Journal Editors.

References

1. Al-Omiri MK, Lamey PJ, Clifford T:
Impact of tooth wear on daily living. Int |
Prosthodont 2006; 19: 601-605

2. Attin T, Filli T, Imfeld C, Schmidlin PR:
Composite vertical bite reconstructions in
eroded dentitions after 5.5 years: a case
series. | Oral Rehabil 2012; 39: 73-79

3. Attin T, Taubock TT: Direkte adhésive
Kompositrestaurationen zur Rekonstruk-
tion erosiver Zahnhartsubstanzdefekte.
Swiss Dent | 2017; 127: 131-143

4. Bartlett D, Sundaram G: An up to
3-year randomized clinical study compar-
ing indirect and direct resin composites
used to restore worn posterior teeth. Int |
of Prosthodont 2006; 19: 613-617

5. Camargo MA, Roda MI, Marques
MM, de Cara AA: Micro-tensile bond
strength to bovine sclerotic dentine: in-
fluence of surface treatment. | Dent
2008; 36: 922-927

6. Deari S, Wegehaupt FJ, Taubock TT,
Attin T: Influence of different pretreat-
ments on the microtensile bond strength
to eroded dentin. ] Adhes Dent 2017; 19:
147-155

7. Edelhoff D, Beuer F, Schweiger J, Brix
O, Stimmelmayr M, Giith JF: CAD/CAM-
generated high-density polymer restora-
tions for the pretreatment of complex
cases: a case report. Quintessence Int
2012; 43: 457-467

8. Edelhoff D, Guth JF, Erdelt K, Brix O,
Liebermann A: Clinical performance of
occlusal onlays made of lithium disilicate
ceramic in patients with severe tooth
wear up to 11 years. Dent Mater 2019;
35:1319-1330

9. llie N, Rencz A, Hickel R: Investi-
gations towards nano-hybrid resin-based
composites. Clin Oral Investig 2013; 17:
185-193

10. Jaeggi T, Lussi A: Prevalence, inci-
dence and distribution of erosion.
Monogr Oral Sci 2014; 25: 55-73

11. Kanzow P, Biermann |, Wiegand A:
Questionnaire survey on the manage-
ment of erosive tooth wear. Oral Health
Prev Dent 2019; 17: 227-234

12. Kassardjian V, Andiappan M,
Creugers NHJ, Bartlett D: A systematic re-
view of interventions after restoring the
occluding surfaces of anterior and poster-
ior teeth that are affected by tooth wear
with filled resin composites. ] Dent 2020;
99: 103388

13. Lambrechts P, Van M,B., Perdigao |,
Gladys S, Braem M, Vanherle G: Restora-
tive therapy for erosive lesions. Eur | Oral
Sci 1996; 104: 229-240

14. Lima VP, Soares K, Caldeira VS,
Faria-E-Silva AL, Loomans B, Moraes RR:
Airborne-particle abrasion and dentin
bonding: systematic review and meta-
analysis. Oper Dent 2021; 46: E21-E33

15. Loomans B, Opdam N, Attin T et al.:
Severe tooth wear: European consensus
statement on management guidelines. |
Adhes Dent 2017; 19: 111-119

16. Manhart J: Temporédre Anhebung der
Vertikaldimension mit Komposit in einem
vereinfachten direkten Spritzgussver-

fahren. Swiss Dent | 2017; 127: 413-444

17. Mehta SB, Loomans BAC, Baner;ji S,
Bronkhorst EM, Bartlett D: An investi-
gation into the impact of tooth wear on

the oral health related quality of life
amongst adult dental patients in the
United Kingdom, Malta and Australia. |
Dent 2020; 99: 103409

18. Mesko ME, Sarkis-Onofre R, Cenci
MS, Opdam NJ, Loomans B, Pereira-
Cenci T: Rehabilitation of severely worn
teeth: A systematic review. | Dent 2016;
48:9-15

19. Palaniappan S, Elsen L, Lijnen |,
Peumans M, Van Meerbeek B, Lam-
brechts P: Nanohybrid and microfilled
hybrid versus conventional hybrid com-
posite restorations: 5-year clinical wear
performance. Clin Oral Investig 2012;
16: 181-190

20. Perrin P, Zimmerli B, Jacky D, Lussi A,
Helbling C, Ramseyer S: Die Stempeltech-
nik fir direkte Kompositversorgungen.
Schweiz Monatsschr Zahnmed 2013;
123:111-129

21. Ramseyer ST, Helbling C, Lussi A: Pos-
terior vertical bite reconstructions of ero-
sively worn dentitions and the “stamp
technique” — A case series with a mean
observation time of 40 months. | Adhes
Dent 2015; 17: 283-289

22. Schlueter N, Amaechi BT, Bartlett D
et al.: Terminology of erosive tooth wear:
Consensus report of a workshop organ-
ized by the ORCA and the Cariology Re-
search Group of the IADR. Caries Res
2020; 54: 2-6

23. Schmidlin PR, Filli T, Imfeld C, Tepper
S, Attin T: Three-year evaluation of pos-
terior vertical bite reconstruction using
direct resin composite. A case series.
Oper Dent 2009; 34: 102-108

24, Schmidlin PR, Filli T: Direkte Bissho-
henrekonstruktion mit Komposit und
Schiene als Formhilfe. Zahnarztl Mitt
2006; 96: 30-34

25. Schmidlin PR, Schicht OO, Attin T:
Die direkte schienenunterstiitzte Bissho-
henrekonstruktion — Eine minimalinvasive
Restaurationstechnik mit Komposit. Quin-
tessenz 2009; 60: 909-919

26. Taubock TT, Attin T: Restauration fort-
geschrittener Zahnhartsubstanzverluste
mit Komposit. Zahnarztl Mitt 2016; 106:
1126-1133

27. Taubock TT, Attin T: Wie lasst sich ein
abradiertes Gebiss mit Komposit wieder
rekonstruieren? In: Behr |, Fanghénel |
(Hrsg.): Kraniomandibuladre Dysfunk-
tionen — Antworten auf Fragen aus der
Praxis. Georg Thieme Verlag, Stuttgart —
New York 2019, 210-217

28. Taubock TT, Attin T, Schmidlin PR:
Implementation and experience of a new
method for posterior vertical bite recon-
struction using direct resin composite
restorations in the private practice —a
survey. Acta Odontol Scand 2012; 70:
309-317

© Deutscher Arzteverlag | DZZ International | Deutsche Zahnarztliche Zeitschrift International | 2022; 4 (4)



124

ATTIN, SCHMIDLIN, TAUBOCK:

Direct restorative technique in posterior teeth to treat erosion-induced tooth wear

29. Taubo6ck TT, Feilzer AJ, Buchalla W,
Kleverlaan CJ, Krejci |, Attin T: Effect of
modulated photo-activation on polymer-
ization shrinkage behavior of dental re-
storative resin composites. Eur | Oral Sci
2014; 122: 293-302

30. Taubock TT, Schmidlin PR, Attin T:
Vertical bite rehabilitation of severely
worn dentitions with direct composite
restorations: Clinical performance up to
11 years. ] Clin Med 2021; 10: 1732

31. Taubock TT, Tarle Z, Marovic D, Attin
T: Pre-heating of high-viscosity bulk-fill
resin composites: effects on shrinkage
force and monomer conversion. ] Dent
2015; 43: 1358-1364

32. Tepper SA, Schmidlin PR: Technique
of direct vertical bite reconstruction with
composite and a splint as template.
Schweiz Monatsschr Zahnmed 2005;
115: 35-47

33. Torosyan A, Vailati F, Mojon P, Sierra
D, Sailer I: Retrospective clinical study of
minimally invasive full-mouth rehabili-
tations of patients with erosions and/or
abrasions following the “3-step tech-
nique”. Part 1: 6-year survival rates and
technical outcomes of the restorations.
Int ) Prosthodont 2021;

34. Wegehaupt FJ, Attin T: Zahnero-
sionen im Zusammenhang mit gastroo-
sophagealem Reflux: Ursache, Pravention
und restaurative Therapie. Praxis (Bern
1994) 2019; 108: 307-313

© Deutscher Arzteverlag | DZZ International | Deutsche Zahnarztliche Zeitschrift International | 2022; 4 (4)

Photo: Salvatore Vinci

Corresponding author:
PROF. DR. THOMAS ATTIN
Clinic for Conservative
and Preventive Dentistry,
Centre for Dentistry,
University of Zurich,

Plattenstrasse 11, CH-8032 Ziirich

Thomas.Attin@zzm.uzh.ch





