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Dental clinicians can choose from a large variety of
materials and techniques for crown restoration of

heavily decayed teeth. Metal-ceramic crowns have
proved their worth over decades of use for restoring
destroyed teeth or retaining fixed prostheses.1–3

However, problems related to metal-ceramic crowns
have become evident, such as impaired esthetics
caused by the metal framework, especially at the crown
margins. Thus, ceramic materials without metal rein-
forcement have been developed to fabricate crowns.

Clinically proven and highly esthetic all-ceramic crown
systems are now available. Clinical studies have proved
that survival of these high-strength all-ceramic crowns
is comparable with that of metal-ceramic crowns.4–6

One inexpensive option is metal-free crowns made
of ceramic-filled polymers, such as Artglass (Heraeus
Kulzer). For a long time, crowns based on polymethyl
methacrylate (plastic jacket crowns) have been used
as provisional restorations only, if at all, because of the
disadvantages of this material, such as the tendency to
become discolored, increased plaque formation, and
insufficient wear resistance. It was not until the devel-
opment of composite materials with an organic matrix
containing inorganic filler particles (eg, powdered
glasses or ceramics) that substantial improvements in
the material properties of polymeric materials were
achieved. Today, composites are successfully used as
filling materials for a wide range of applications and as
veneers for removable anchoring devices such as tele-
scopic crowns.7,8 Because Artglass showed favorable
physical properties and satisfactory fracture resistance
in 2 in vitro studies,9,10 researchers conducted clinical
tests on ceramic-filled polymer crowns.11–14 It was
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found that after 2 years in service, Artglass crowns were
often susceptible to decementation (because of an in-
appropriate luting method) and surface degradations
and wear in the occlusal contact area.11 Rammelsberg
et al14 reported a 3-year survival rate of 96% with good
functional and esthetic results for Artglass crowns on
anterior and posterior teeth. The clinical survival of
glass fiber–reinforced ceramic-filled polymer crowns
made from Targis/Vectris (Ivoclar Vivadent) was not as
good.12,13 Another clinical investigation proved the bio-
compatibility and good local tissue compatibility of
Artglass and Targis/Vectris.15

If the occlusal surface includes intact enamel areas,
the clinical wear of extensive, occlusion-bearing direct
composite restorations is now regarded as unprob-
lematic.8,16 However, the clinical wear behavior of 
ceramic-filled polymer crowns used for restoration 
of complete occlusal surfaces and the question of
whether these materials enable lasting reconstruction
of a stable occlusion have not been systematically ex-
amined. According to in vitro studies, the wear resis-
tance of modern composites is acceptable but not as
good as that of reference materials such as amalgam
or gold alloys.9,17–21 Two clinical investigations reported
occlusal wear of ceramic-filled polymer crowns, but did
not quantify this wear12 or comprehensibly describing
the test method.11 Thus, the objective of this prospec-
tive study was to evaluate the wear behavior of metal-
free ceramic-filled polymer crowns; to investigate the
influence of gender, jaw, and crown location on the oc-
clusal wear; and to compare the annual mean occlusal
wear with that of enamel (15 to 38 µm).22

Materials and Methods

The study procedure was checked and approved by the
local ethics committee. A total of 114 ceramic-filled
polymer crowns made of Artglass in 74 patients aged
20 to 81 years (median: 50.5 years, 66% women) were
included in the study. The inclusion criteria were 
patients who needed a single tooth restored with a
crown and who provided written consent. After 1 year,
93 crowns were available for wear measurement. After
2 years, 76 were available (dropout rate: 18.4% after 1
year and 33.3% after 2 years). The most common rea-
sons for dropout were faulty impressions or replicas that
were unsuitable for wear testing, and that some patients
did not wish to participate in a recall or moved away.

Six experienced clinicians performed the preparation
and placement. The clinicians were required to perform
standardized preparations (0.5-mm shoulder or 0.5-
mm chamfer) with an occlusal reduction of at least 1.0
mm. A polyether material (Impregum, 3M ESPE) was
used to make impressions. The Artglass crowns were
fabricated in a dental laboratory with the aid of unsec-

tioned casts made of type IV stone (Kerr) in accordance
with the manufacturer’s recommendations. The fabri-
cation process has been described in detail elsewhere.10

After try-in and necessary occlusal corrections, the 
instrumented surfaces were polished using the Artglass
toolkit (Heraeus Kulzer). This set of instruments, con-
sisting of a variety of cross-cut carbide burs, a silicone
polisher, and 3 polishing brushes used with polishing
paste, ensured the surface quality of the ceramic-filled
polymer crowns was the highest possible. The crowns
were placed using luting composite (2bond2, Heraeus
Kulzer), following the adhesive technique.

To evaluate wear, impressions of each crown were
made directly after placement, after 1 year, and after 2
years, using addition-curing silicone material (Aquasil,
Dentsply DeTrey), and replicas were made using type
IV dental stone (GC Fujirock EP Pearl White, GC). The
occlusal contact points were intraorally marked with
12-µm Hanel occlusion foil (Coltène/Whaledent) and
photographed directly after placement and during the
2 subsequent evaluations. Wear was determined using
a 3-dimensional (3D) laser scanner following the
method described by Mehl et al.23 First, the occlusal
surfaces of the replicas were digitized using a 3D 
optical profilometer (Laserscan 3D). The settings for
this scanning process were adjusted by increasing the
number of read-in light lines from 400 to 700. The data
sets obtained in this way were then checked for sur-
face changes or wear with surface-analysis software
(Match 3D, version 1.6, Willytec). The extent of wear
was calculated by superimposing the original data on
those from the respective recall (occlusal matching).
This method was used without reference points, as
described by Mehl et al,23 which made it possible to de-
termine surface changes with an accuracy of 10 µm.
The objective of this automated superimposition
process was to match the surface points of the recall
replica with those of the baseline replica as precisely
as possible. The number of calculation steps executed
until termination of the calculation process was preset
to 20,000. The minimum number of image points used
for matching was 800. To prevent surface changes as
a result of wear or artifacts in the replicas (eg, voids in
the stone) from impairing the superimposition process,
a threshold value of –30 µm was defined. This means
that all areas of the recall replica that differed from the
baseline replica by more than 30 µm in the negative 
direction were not included in the matching process.
Matching was accepted when the standard deviations
between the image points of the 2 occlusal surfaces
were less than 20 µm. The results of this matching
process were difference images showing surface
changes (wear zones) in red in a false color represen-
tation. These difference images enabled the operators
to measure the wear of both the entire occlusal surface
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and individual, interactively selectable areas (eg, 
occlusal contact areas). For each crown examined, the
entire surface involved in occlusion was evaluated, ie,
the occlusal surfaces of the molars and premolars, the
palatal surfaces of the maxillary anterior and canine
teeth, and the incisal surfaces of the mandibular ante-
rior teeth. The occlusal contact areas of the posterior
crowns were evaluated separately using photographs
with marked contact points.

Statistical Analysis

For statistical evaluation, the wear of the entire occlusal
surface and the wear of the occlusal contact areas of
each crown examined were determined after 1 and 2
years in service. The data were statistically analyzed
with the aid of SAS 9.1 software (SAS Institute). To eval-
uate the effects of gender, arch (maxilla, mandible), and
crown location (anterior teeth, premolar, molar) on the
extent of wear, mixed regression models (SAS PROC
MIXED) were used, with the patient being a “random
effect” and gender, arch, and tooth being “fixed 
effects.” The target value “difference in wear after 1 and
2 years” was also tested with mixed regression models,
including one constant (intercept) as a “fixed effect.”
To determine whether the wear of the entire occlusal
surfaces differed statistically from that of the occlud-
ing areas, mixed regression models were also fitted. 
For all statistical calculations, a P value of .05 was cho-
sen as the level of significance. No adjustment was
made for multiple testing.

Results

The mean and median wear of the entire occlusal sur-
faces and occlusal contact areas are summarized in
Table 1. The striking feature is the large standard 
deviations, which resulted from substantial individual
variations in the wear of the different crowns. This is
why the medians, which have the advantage of being
more robust with regard to outliers than arithmetic
means, are also given. After 1 year, wear of the entire
occlusal surface was found to be 19 µm for anterior
teeth, 19 µm for premolars, and 21 µm for molars.
When evaluating the occlusal contact areas in isola-
tion, the wear was 29 µm for premolars and 46 µm for
molars. After 2 years, wear of the entire occlusal sur-
faces increased to 36 µm for anterior and canine teeth,
44 µm for premolars, and 84 µm for molars. Again,
greater wear was measured in the occlusal contact
areas: 56 µm for premolars and 103 µm for molars.
Wear of the entire occlusal surfaces differed signifi-
cantly from that of the occlusal contact areas, after
both 1 year (P < .001) and 2 years (P = .016). The dif-
ferences between the first and the second examina-
tions were statistically significant in terms of both wear
of the entire occlusal surfaces (P < .001) and wear of
the occlusal contact areas (P = .01). Statistically sig-
nificant effects of gender and arch on the extent of
wear could not be proved. Wear of the occlusal con-
tact areas of the molar crowns was statistically signif-
icantly higher than that of the premolar crowns after
1 years (P = .04) and 2 years (P = .03).
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Table 1 Wear (µm) of the Entire Occlusal Surfaces and Occlusal Contact Areas After 1
Year and 2 Years* 

1 year 2 years

Entire occlusal Occlusal Entire occlusal Occlusal 
surface contact area surface contact area

Anterior teeth
n 36 – 30 –
Mean wear (SD) 37 (54) – 43 (39) –
Median wear 19 – 36 –

Premolars
n 27 26 20 20
Mean wear (SD) 48 (79)a 54 (62)a,c 62 (47)d 74 (56)d,f

Median wear 19 29 44 56
Molars
n 30 30 26 26
Mean wear (SD) 72 (119)b 105 (140)b,c 97 (89)e 114 (102)e,f

Median wear 21 46 84 103

*Same superscript letter indicates statistically significant difference. 
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Discussion

Natural teeth and dental restorations are subject to
continuous physiologic wear. The wear of restorative
materials should be as similar as possible to that of 
natural teeth to preserve occlusal stability and avoid 
any consequential problems.16 Laboratory simulation of
the complex wear processes occurring in the oral cav-
ity is poor at best, and methods of simulating wear lead
to substantially different results.24 It has not been sci-
entifically proved that any wear simulator furnishes
values for wear that correlate with those obtained clin-
ically.24 For this reason, clinical data on wear behavior
are particularly valuable, even if clinical wear mea-
surements are methodologically difficult and require
great effort. Objective quantitative procedures, rather
than subjective evaluation scales, should be used in
clinical wear tests.25 Noncontact 3D wear measurement
with a laser scanner, as used in this investigation, is
currently regarded as the most accurate and effective
technique for clinical analysis of wear.26

In this investigation, as in most studies of clinical
wear, the difference between the distance (µm) along
the z-axis for the recall and baseline replicas was used
to indicate the extent of wear. The advantage of this
method over measurement of volumetric wear is that
wear can be evaluated irrespective of the size of the
surface examined. This is particularly important when
different types of teeth with larger or smaller occlusal
surface areas must be compared. Because approxi-
mately 250,000 surface points were compared to eval-
uate 1 occlusal surface, a single maximum value can-
not show the wear in a statistically representative way.
This is why this study does not report maximum wear
values but instead describes wear using mean and
median values only. The wear of the entire occlusal sur-
face of a crown comprises the wear of both the occlusal
contact areas and the contact-free areas. The benefit
is that loss of material caused by both attrition (in the
sense of 2-body wear processes) and indirect, 3-body
wear of the contact-free areas is taken into account.
The wear of the occlusal contact areas also enables
conclusions to be drawn about the loss of occlusal sup-
port or possible elongation of the antagonist teeth;
therefore, it is considered to be more clinically relevant.

Because this method of measurement is character-
ized by very good reproducibility,23 the large variations
in wear must be attributed to individual patient effects
(nutrition, parafunctions, antagonists, etc). Unfor-
tunately, these effects were not recorded systematically.
Methodologic inaccuracies in impression making or
replica fabrication may also be causes of the large vari-
ations in the wear measured. Despite these large stan-
dard deviations, the effects of crown location on the 
extent of wear were demonstrated.

Published results from other investigations can be
used to check the plausibility of the wear measured in
this study. In a clinical study, substantial occlusal wear
of ceramic-filled polymer crowns (Targis/Vectris) was
mentioned but not quantified.12 Another clinical study
of Artglass crowns reported mean wear of the entire
occlusal surface of 77 µm after 1 year and 125 µm after
2 years.11 This wear was measured using a technique
called “computerized occlusal mapping,” which is not
described in detail. Unfortunately, the investigators did
not distinguish between crown locations. However, the
mean wear of the entire occlusal surfaces of the molar
crowns in the present study is comparable with these
results.

Because results from other studies on the clinical
wear behavior of ceramic-filled polymer crowns are not
yet available, comparison with similar materials (eg,
denture teeth made of plastic materials) may be help-
ful. In a study by Lindquist et al27 of patients with com-
plete dentures, the mean wear of occlusal contact
areas  of denture teeth made of a variety of polymers
ranged from 77 µm (SD: 39) to 103 µm (SD: 57) after
12 months. These results are similar to the mean wear
of the occlusal contact areas in the present study. It
must be taken into account, however, that the masti-
catory forces of patients with complete dentures are
certainly different from those of the patients in the
present study. It would also be interesting to study the
clinical wear behavior of denture teeth made of inor-
ganically filled polymers of chemical composition
similar to that of Artglass. Jooste et al28 studied such
denture teeth and found the mean wear of the entire
occlusal surface to be 94 µm for SR-Orthosit-PE
(Ivoclar Vivadent) and 169 µm for Vitapan (Vita
Zahnfabrik) after 3 years in service. These wear values
were calculated from the quotient of volumetric wear
(mm3) and surface area (mm2). The present study’s
finding that wear is affected by location (canine, 
premolar, molar) confirms the observations of other
clinical studies.22,27 

Despite the wear recorded, stable static occlusal
contacts were observed for the Artglass crowns tested
in this investigation. This was shown by Rammelsberg
et al14 with the same study population and suggests 
either that wear-related height loss was compensated
by elongation or that neighboring natural teeth were
subject to similar wear. Data on the wear of natural
enamel vary substantially. One study showed the mean
wear of occlusal contact areas to be 29 to 38 µm per
year for natural molars and 15 to 18 µm for natural pre-
molars.22 Another publication found mean wear of the
occlusal surfaces of premolars and molars of approx-
imately 15 to 16 µm after 2 years.29
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Conclusions

Although natural control teeth in the study population
were not used in this study, the findings suggest that
the wear resistance of modern ceramic-filled polymers
does not match that of natural enamel. The materials
normally used for crowns—metal alloys and ceram-
ics—show wear behavior reported to be unproblem-
atic16,30 and definitely set the standard for ceramic-filled
polymer crowns. In vitro data for the wear behavior of
dental restoratives9,17–21 and the wear measured in this
clinical study should be taken into account when
restoring complete occlusal surfaces with ceramic-
filled polymers, and the wear behavior of ceramic-filled
polymer crowns should be observed for a longer 
period of time. Nevertheless, it is regarded as established
fact that all polymers and composites, in contrast with
ceramics, have antagonist-friendly wear behavior, ie,
the wear caused by the restorative on a natural 
antagonist is relatively low.16,30

Acknowledgments

This study was supported by the Heraeus Kulzer Company.

References

1. Coornaert J, Adriaens P, De Boever J. Long-term clinical study of
porcelain-fused-to-gold restorations. J Prosthet Dent
1984;51:338–342.

2. Leempoel P, Eschen S, De Haan AF, Van’t Hof MA. An evaluation
of crowns and bridges in a general dental practice. J Oral Rehabil
1985;12:515–528.

3. Kerschbaum T, Seth M, Teeuwen U. Survival of ceramo-metal- and
acrylic-veneers crowns and bridges [in German]. Dtsch Zahnärztl
Z 1997;52:404–406.

4. Haselton DR, Diaz-Arnold AM, Hillis SL. Clinical assessment of
high-strength all-ceramic crowns. J Prosthet Dent 2000;83:
396–401.

5. El-Mowafy O, Brochu JF. Longevity and clinical performance of
IPS-Empress ceramic restorations—A literature review. J Can Dent
Assoc 2002;68:233–237.

6. Kaiser M, Wassermann A, Strub JR. Long-term clinical results of
VITA In-Ceram Classic: A systematic review [in German]. Schweiz
Monatsschr Zahnmed 2006;116:120–128.

7. Dietschi D, Dietschi JM. Current developments in composite ma-
terials and techniques. Pract Periodontics Aesthet Dent
1996;8:603–613.

8. Manhart J, Chen H, Hamm G, Hickel R. Buonocore Memorial
Lecture. Review of the clinical survival of direct and indirect
restorations in posterior teeth of the permanent dentition. Oper
Dent 2004;29:481–508.

9. Freiberg RS, Ferranace JL. Evaluation of cure properties and wear
resistance of Artglass dental composite. Am J Dent 1998;11:
214–218.

10. Rammelsberg P, Eickemeyer G, Erdelt K, Pospiech P. Fracture re-
sistance of posterior metal-free polymer crowns. J Prosthet Dent
2000;84:303–308.

11. Filled polymer crowns. Clin Res Assoc Newslett 1998;22:1–3.
12. Behr M, Rosentritt M, Handel G. Fiber-reinforced composite

crowns and FPDs: A clinical report. Int J Prosthodont 2003;16:
239–243.

13. Bohlsen F, Kern M. Clinical outcome of glass-fiber-reinforced
crowns and fixed partial dentures: A 3-year retrospective study.
Quintessence Int 2003,34:493–496.

14. Rammelsberg P, Spiegl K, Eickemeyer G, Schmitter M. Clinical per-
formance of metal-free polymer crowns after 3 years in service. J
Dent 2005;33:517–523.

15. Zajc D, Weisze Y, Müller N, Wichmann M, Reich S. Local bio-
compatibility of composite layering materials Artglass and Targis—
A pilot study [in German]. Dtsch Zahnärztl Z 2005;60:37–43.

16. Yip KH, Smales RJ, Kaidonis JA. Differential wear of teeth and
restorative materials: Clinical implications. Int J Prosthodont
2004;17:350–356.

17. Suzuki S, Nagai E, Taira Y, Mineaki Y. In vitro wear of indirect com-
posite restoratives. J Prosthet Dent 2002;88:431–436.

18. Mandikos MN, McGivney GP, Davis E, Bush PJ, Carter JM. A
comparison of the wear resistance and hardness of indirect com-
posite resins. J Prosthet Dent 2001;85:386–395.

19. Suese K, Kawazoe T. Wear resistance of hybrid composite resin
for crown material by the two-body sliding test. Dent Mater J 2002;
21:225–237.

20. Reich SM, Petschelt A, Wichmann M, Frankenberger R.
Mechanical properties and three-body wear of veneering com-
posites and their matrices. J Biomed Mater Res A 2004;69:65–69.

21. Zantner C, Kielbassa AM, Martus P, Kunzelmann KH. Sliding wear
of 19 commercially available composites and compomers. Dent
Mater 2004;20:277–285.

22. Lambrechts P, Braem M, Vuylsteke-Wauters M, Vanherle G.
Quantitative in vivo wear of human enamel. J Dent Res 1989;68:
1752–1754.

23. Mehl A, Gloger W, Kunzelmann KH, Hickel R. A new optical 3-D
device for the detection of wear. J Dent Res 1997;76:1799–1807.

24. Heintze SD, Zappini G, Rousson V. Wear of ten dental restorative
materials in five wear simulators—Results of a round robin test.
Dent Mater 2005;21:304–317.

25. Kunzelmann KH, Perry R, Mehl A, Hickel R. Are indirect cast com-
parison methods still up-to-date to quantify wear [in German]?
Dtsch Zahnärztl Z 1999;54:575–580.

26. Perry R, Kugel G, Kunzelmann KH, Flessa HP, Estafan D. Composite
restoration wear analysis: Conventional methods vs. three-di-
mensional laser digitizer. J Am Dent Assoc 2000;131:1472–1477.

27. Lindquist TJ, Ogle RE, Davis EL. Twelve-month results of a clini-
cal wear study of three artificial tooth materials. J Prosthet Dent
1995;74:156–161.

28. Jooste C, Geerts G, Adams L. Comparison of the clinical abrasion
resistance of six commercially available denture teeth. J Prosthet
Dent 1997;77:23–27.

29. Pintado MR, Anderson GC, DeLong R, Douglas WH. Variation in
tooth wear in young adults over a two-year period. J Prosthet Dent
1997;77:313–320.

30. Wassel RW, Walls AW, Steele JG. Crowns and extra-coronal
restorations: Materials selection. Br Dent J 2002;192:199–201,
205–211.

Stober et al

Volume 21, Number 2, 2008 165

Stober  2/21/08  11:38 AM  Page 165




	Text1: COPYRIGHT © 2008 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER


