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Purpose: The influence of resilient support of abutment teeth on the fracture
resistance of all-ceramic three-unit fixed partial dentures (FPDs) was tested in this
study. Materials and Methods: Three groups (n = 8) of glass-infiltrated, alumina-
based, all-ceramic FPDs that were adhesively bonded to human molar teeth were
investigated. In control group A, teeth that were rigidly inserted in polymethyl
methacrylate (PMMA) resin were used for thermocycling and mechanical loading
(TCML), as well as for fracture testing. In group B, TCML was conducted on teeth
that had their roots covered with a polyether layer. After TCML, the polyether layer
was removed entirely, and the teeth were rigidly fixed in PMMA for fracture testing. In
group C, teeth roots remained covered with a polyether layer during TCML as well as
during fracture testing. Using a resilient attachment, tooth mobility was determined
in axial, buccal, and oral directions. Results: Mean tooth mobility was 76 + 4 um in
the axial direction, 278 + 41 pm in the buccal direction, and 128 + 17 um in the oral
direction. Group C showed the lowest mean fracture strength (polyether during both
TCML and fracture testing) of 523 N. For group B (polyether during TCML but not
during fracture testing), a fracture strength of 676 N was found, and for control group
A (rigidly embedded teeth), it was 919 N. Conclusion: These results confirmed the
influence of resilient attachments on the aging process and fracture strength testing
of FPDs. Fracture resistance was significantly reduced when this particular interface
was used in both TCML and fracture testing. Int J Prosthodont 2011,24:465—468.

n vitro studies support the evaluation of dental

materials and new types of fixed partial dentures
(FPDs). Thus, such studies enable scientists to con-
duct more efficient and less time-consuming clinical
trials.! The large amount of data on laboratory simula-
tions available underlines the demand for these ag-
ing tests. Different appliances for simulating the oral
environment have been described,?” and such devic-
es are available commercially (EGO, EnduraTEC, SD
Mechatronik, SDE). However, the validity of labora-
tory tests and simulations is restricted, and data cor-
relating in vitro results with in vivo experiences are
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rare.!89 Different simulation parameters have been
used to imitate clinical conditions, but the influence
of particular parameters (occlusal force, chewing
frequency, thermal loading, moisture, lateral jaw mo-
tion, type of abutments, or antagonistic dentures) has
been described only rarely.®

The periodontal ligament in particular represents a
complex system with highly individual characteristics
that strongly depend on the age, sex, general health,
and dental treatment of the individual patient.!
Therefore, determining and calculating general tooth
mobility is rather difficult."-™ Clinical loading situa-
tions physiologically varying between 12 and 70 N'%16
result in compression of the periodontium (0.03 to
0.15 mm'%). At the same time, torque and bending
moments are applied to existing FPDs depending
on the location of load application and the anatomi-
cal shape of the tooth root. Low occlusal forces may
be balanced by periodontal compression, but higher
loading may result in tooth deflection and thus in
stress on the FPD. Chewing generates tensile stress
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mainly on the bottom side and the bottom connector
areas of the FPD. Unilateral vestibular or oral loading
may cause additional torsion moments. All-ceramic
materials especially show limited resistance against
bending, tension, or torsion."”-2% Therefore, the mobil-
ity of abutment teeth may consequentially influence
the behavior and fracture resistance of all-ceramic
three-unit reconstructions, as seen in an earlier in-
vestigation of resin-bonded FPDs.?! In cases without
any catastrophic failures (fracture of the restoration)
during oral application, aging and deterioration ef-
fects (subcritical crack growth, wear, cracks) may
nevertheless occur, and stress-induced defect areas
may weaken the ceramic structure.??-24

The background for this investigation was the
question of whether in vitro studies should consider
the impact of resilient support of abutment teeth dur-
ing thermocycling and mechanical loading (TCML)
and fracture testing. Therefore, the hypothesis of this
study was that resiliently attached abutment teeth
would affect the fracture resistance of all-ceramic
three-unit FPDs during TCML but not during fracture
testing itself.

Materials and Methods

Forty-eight human molars were allocated into three
groups to simulate different abutment situations for
all-ceramic three-unit FPDs (n = 8 per group). Two
teeth were fixed pairwise at a distance of 10 mm to
represent a molar gap. Three groups were formed
to investigate the influence of resiliently supported
abutment teeth on FPD performance during TCML
and fracture testing:

¢ Group A (control): The abutment teeth were rigidly
inserted in polymethyl methacrylate (PMMA) resin
(Palapress Vario, Kulzer) and underwent TCML as
well as fracture testing without simulation of a re-
silient attachment.

¢ Group B: The roots of the abutment teeth were cov-
ered with a polyether layer (Impregum, 3M ESPE).
After TCML, the polyether layer was entirely re-
moved, and the teeth were rigidly fixed in PMMA
for fracture testing.

e Group C: Teeth roots remained covered with a
polyether layer during TCML as well as during frac-
ture testing.

Resilient Attachment
For simulating periodontal mobility, the roots of the

abutment teeth were dipped in a wax bath (2 X 1 sec-
onds at 180°C; Micro Dura Dip, Girrbach). The teeth
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roots were then fixed in PMMA resin up to 1.5 mm to
the dentinoenamel junction. The crown of each indi-
vidual tooth was enclosed with plaster (Moldano blue,
Heraeus Kulzer) up to the PMMA top surface. This
plaster cast was used to extract the tooth root from
the PMMA socket. All wax was removed, and the in-
ner sides of the socket and the teeth roots were sand-
blasted (aluminum oxide; 250 pm, 2 bar) and painted
with polyether adhesive (3M ESPE). The space be-
tween the root and PMMA (previously covered by
wax) was filled with polyether impression material.
A groove on the cast and the PMMA socket allowed
exact repositioning of the tooth into the PMMA sock-
et. The plaster cast was broken, plaster and excess
polyether were removed, and the tooth crowns were
cleaned. The resulting thickness of the polyether layer
was 0.75 = 0.1 mm. This procedure was developed
previously using an artificial tooth (maxillary right
second molar; Morita) with different polyether layer
thicknesses. The tooth deflection was determined up
to a load of 75 N (v = 1.5 mm/min; UTM Zwick 1446)
in axial, buccal, and oral directions (n = 10 per direc-
tion). Teeth were sliced, and the polyether thickness
was measured and compared with tooth deflection
parameters for human teeth as described in the
literature.!?

Manufacturing of the FPDs

The pairwise embedded teeth were circularly pre-
pared with diamond burs (Intensiv) for full crown-
retained FPDs with 1-mm chamfer finishing lines.
Polyether impressions (Permadyne, 3M ESPE) were
taken, and dye casts were made. The all-ceramic FPDs
were manufactured using a glass-infiltrated, alumina-
based, all-ceramic material (Inceram Alumina, Vita
Zahnfabrik). The dimensions of the connector areas
measured 4.0 mm both in height and width. The in-
sides of the abutment crowns were thinly covered
with silane (Monobond-S, Ivoclar Vivadent). All FPDs
were adhesively bonded onto the abutment teeth
with a dual-curing resin cement (Variolink Il, Ivoclar
Vivadent) of low viscosity combined with a dentin ad-
hesive system (Syntac classic, lvoclar Vivadent).
Twenty-four hours after cementation, the FPDs un-
derwent TCML. The thermal loadings were applied
by rinsing the dentures with distilled water (5°C and
55°C, 2 minutes each cycle, 6,000 times). At the same
time, the mechanical loadings were conducted with
a human molar antagonist and a load of 50 N (1.2 X
10° times, 1.66 Hz). The fracture force of the FPDs
was determined (UTM Zwick 1446; v = 1 mm/min) by
applying the load with a steel ball (d = 12.5 mm) that
was placed in the center of the pontic. To avoid local
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force peaks, tin foil measuring 0.4 mm in thickness
was inserted between the steel ball and the FPD.
Failure of the dentures was defined as a 10% loss of
the actual loading force.

Calculations and statistical analysis were carried
out using SPSS 17.0 for Windows (IBM). Means and
standard deviations were calculated and analyzed us-
ing one-way analysis of variance and the Bonferroni
multiple comparison test for post hoc analysis. The
level of significance was set at « = .05.

Results

The Morita teeth with the 0.75 £ 0.1 mm polyether layer
showed mobility values (mean and standard deviation)
of 76 = 4 pm in the axial direction and 128 + 17 pm in
the oral direction, and 278 % 41 ym in the buccal direc-
tion. The standardization procedure for the polyether
layer was easy to handle and showed reproducible
thicknesses for resilient attachments to human abut-
ment teeth.

All FPDs survived TCML without failure indepen-
dent of examination group (A, B, or C). The lowest
mean fracture strength was determined for group C
(polyether during both TCML and fracture testing)
with 523 N. In group B (polyether during TCML, fracture
testing without polyether), the mean fracture strength
was 676 N. A comparison of groups C and B showed no
statistically significant differences (P = .961). The high-
est fracture strength value of 919 N was found for
control group A (no polyether). No significant differ-
ence could be determined between groups A and B
(P = .364) but could be determined between groups
A and C (P = .047) (Fig 1). In each case, the fracture
occurred at the connector area between the pontic
and the crown abutment.

Discussion

Chewing simulation is a sufficient way to test new
materials or new indications before being introduced
to the clinical user. Many parameters should be test-
able and adapted so that the in vitro results can be
compared to clinical situations. The chosen parame-
ters in this study were considered to represent 5 years
of oral stress."">9

A different method for the simulation of acceler-
ated aging on dental restorations would be the cyclic
loading technique, as introduced by Wiskott et al.*
Mechanical loading during chewing simulation is
comparable to the repeated small load applications in
cyclic loading tests. A single load would not result in
complete destruction of a restoration. Nevertheless,
it can introduce subcritical crack growth or crack
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Fig 1 Fracture strength after TCML. *Extreme outliers. Num-
bers represent specimens corresponding to outlier values.

initiating points. Thus, the brittle ceramic structure is
weakened during TCML. This effect is even greater
if resilient support of the abutment teeth is used be-
cause of additionally occurring bending and torsion
effects on the dentures.

The resilient interface had a significant influence
on the fracture strength of the tested FPDs when
used during TCML as well as fracture testing. The
simulated tooth mobility seemed to be responsible for
an aging effect during TCML. However, fracture re-
sistance was significantly reduced if the polyether in-
terface was used during fracture testing as well. The
results indicate the influence of resiliently attached
abutment teeth with a fracture force reduction of the
dentures of approximately 40% to 50%. Omitting the
resilient attachment for the TCML or fracture force
testing would therefore lead to an overestimation of
the fracture resistance of brittle all-ceramic FPDs in
clinical applications.

The observed type of fracture is in accordance
with finite element analysis studies and clinical ob-
servations'”-"® showing failures in the connecting ar-
eas resulting from tensile and torsion stress, partly
in combination with insufficient FPD design. Some
studies on clinical behavior of all-ceramic FPDs found
additional failures in occlusal and marginal areas
caused by pressure and wear.'25:26

Constant clinical occlusal forces of 12 to 70 N and
occasional maximum forces up to 909 N in posterior
areas can be assumed depending on the type of mea-
surement, sex, restoration, food, and other parame-
ters. Therefore, failures of the tested posterior FPDs
may occur because loading capabilities of approxi-
mately 500 N are required in molar regions. Thus, the
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dentures tested in this study design would not with-
stand clinical applications without restrictions.

It is obvious that further studies on the examined
topic are required because there are a number of
limitations to the actual investigation. First, identical
FPDs on artificial teeth would avoid individual tooth
and FPD morphologies and dimensions. However,
the abutment material (modulus, bonding capacity)
strongly influences the fracture resistance results in
in vitro tests.?”?8 Second, the simple design of the
polyether interface does not stay abreast of the com-
plex human periodontal ligament, with desmodontal
movements providing a nonlinear compression."3 A
sufficient exact polyether layer thickness provided re-
producible tooth mobility, which was in the range de-
scribed in the literature'; however, an easier handling
and fabrication process for the resilient interface
would be desirable. Further investigations are neces-
sary to develop a reliable in vitro test model for dental
restorations. However, the concept of using natural
teeth with resilient attachment as shown in this study
seems to be a promising base for future work.

Conclusion

In vitro simulations should be carried out with defined
resiliently supported abutments to ensure significant
results. The periodontal mobility should be simulated
at least during TCML to avoid overestimation of the
fracture strength, especially of brittle materials.

References

1. Rosentritt M, Siavikis G, Behr M, Kolbeck C, Handel G.
Approach for valuating the significance of laboratory simula-
tion. J Dent 2008;36:1048-1053.

2. Delong R, Douglas WH. An artificial oral environment for test-
ing dental materials. IEEE Trans Biomed Eng 1991;38:339-345.

3. Delong R, Douglas WH. Development of an artificial oral en-
vironment for testing of dental restoratives: Bi-axial force and
movement control. J Dent Res 1983;62:32-36.

4. Teoh SH, Ong LFKL, Yap AUJ, Hastings GW. Bruxing-type den-
tal wear simulator for ranking of dental restorative materials.
J Biomed Mater Res B 1998;43:175-183.

5. Rosentritt M, Behr M, Gebhard R, Handel G. Influence of stress
simulation parameters on the fracture strength of all-ceramic
fixed-partial dentures. Dent Mater 2006;22:176-182.

6. Condon JR, Ferracane JL. Evaluation of composite wear with
a new multi-mode oral wear simulator. Dent Mater 1996;12:
218-226.

7. de Gee AJ, Pallav P. Occlusal wear simulation with the ACTA
wear machine. J Dent 1994;22(suppl):S21-S27.

8. Behr M, Hindelang U, Rosentritt M, Lang R, Handel G.
Comparison of failure rates of adhesive-fixed partial dentures
for in vivo and in vitro studies. Clin Oral Investig 2000;4:25-30.

9. RosentrittM,BehrM,vanderZelJM, Feilzer AJ. Approachforval-
uating the influence of laboratory simulation. Dent Mater 2009;
25:348-352.

468 The International Journal of Prosthodontics

20.

21.

22.

23.

24,

25.

26.

27.

28.

Parfitt GJ. Measurement of the physiological mobility of indi-
vidual teeth in an axial direction. J Dent Res 1960;39:608-618.

. Yamane M, Yamaoka M, Hayashi M, Furutoyo |, Komori N,

Ogiso B. Measuring tooth mobility with a no-contact vibration
device. J Periodontal Res 2008;43:84-89.

loi H, Morishita T, Nakata S, Nakasima A, Nanda RS. Evaluation
of physiological tooth movements within clinically normal peri-
odontal tissues by means of periodontal pulsation measure-
ments. J Periodontal Res 2002;37:110-117.

Poiate IA, de Vasconcellos AB, de Santana RB, Poiate E. Three-
dimensional stress distribution in the human periodontal liga-
ment in masticatory, parafunctional, and trauma loads: Finite
element analysis. J Periodontol 2009;80:1859-1867.

Poppe M, Bourauel C, Jager A. Determination of the elasticity
parameters of the human periodontal ligament and the loca-
tion of the center of resistance of single-rooted teeth. A study
of autopsy specimens and their conversion into finite element
models. J Orofac Orthop 2002;63:358-370.

Hidaka O, Iwasaki M, Saito M, Morimoto T. Influence of clench-
ing intensity on bite force balance, occlusal contact area, and
average bite pressure. J Dent Res 1999;78:1336-1344.

Korioth TWP, Waldron TW, Schulte JK. Forces and moments
generated at the dental incisors during forceful biting in hu-
mans. J Biomech 1997;30:631-633.

Kelly JR, Tesk JA, Sorenson JA. Failure of all-ceramic fixed
partial dentures in vitro and in vivo: Analysis and modeling.
J Dent Res 1995;74:1253-1258.

Oh WS, Anusavice KJ. Effect of connector design on the frac-
ture resistance of all-ceramic fixed partial dentures. J Prosthet
Dent 2002;87:536-542.

Kou W, Kou S, Liu H, Sjogren G. Numerical modeling of the
fracture process in a three-unit all-ceramic fixed partial den-
ture. Dent Mater 2007;23:1042-1049.

Fischer H, Weber M, Marx R. Lifetime prediction of all-ceramic
bridges by computational methods. J Dent Res 2003;82:238-242.
Rosentritt M, Kolbeck C, Ries S, Gross M, Behr M, Handel G.
Zirconia resin-bonded fixed partial dentures in the anterior
maxilla. Quintessence Int 2008;39:313-319.

Marx R, Jungwirth F, Walter PO. Threshold intensity factors as
lower bounderies for crack propagation in ceramics. Biomed
Eng Online 2004;3:41.

Jung YG, Peterson IM, Kim DK, Lawn BR. Lifetime-limiting
strength degradation from contact fatique in dental ceramics.
J Dent Res 2000;79:722-731.

Wiskott HWA, Nicholls JI, Belser UC. Stress fatigue: Basic
principles and prosthodontic implications. Int J Prosthodont
1995;8:105-116.

Olsson KG, Furst B, Andersson B, Carlsson GE. A long-term
retrospective and clinical follow-up study of In-Ceram Alumina
FPDs. Int J Prosthodont 2003;16:150-156.

Vult von Steyern P, Jénsson O, Nilner K. Five-year evaluation
of posterior all-ceramic three-unit (In-Ceram) FPDs. Int J
Prosthodont 2001;14:379-384.

Scherrer SS, de Rijk WG. The fracture resistance of all-ceramic
crowns on supporting structures with different elastic moduli.
Int J Prosthodont 1993;6:462-467.

Rosentritt M, Plein T, Kolbeck C, Behr M, Handel G. In vitro frac-
ture force and marginal adaptation of ceramic crowns fixed on
natural and artificial teeth. Int J Prosthodont 2000;13:387-391.

©2011 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY..
NO PART OF MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Copyright of International Journal of Prosthodonticsis the property of Quintessence Publishing Company Inc.
and its content may not be copied or emailed to multiple sites or posted to a listserv without the copyright
holder's express written permission. However, users may print, download, or email articles for individual use.



