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Abstract Resin-bonded fixed partial dentures (RBFPD) are
used as a minimal invasive, tooth-preventing alternative for
replacing anterior teeth. Zirconia cantilever restorations
were supposed to show sufficient strength for a clinical
application. The aim of this investigation was to determine
the fracture characteristics of cantilever and two-retainer
RBFPD, which are fabricated by computer-manufactured
high-strength zirconia. Human incisors and canines were
used to form three groups of 14 RBFPDs with different
types of preparation: group 1, an invasive cantilever; group
2, a minimal-invasive cantilever and group 3, a two-retainer
RBFPD control. After thermal cycling and mechanical
loading, which was performed to simulate oral service, all
restorations were loaded to fracture in a universal testing
machine. One half of the specimens were investigated as a
control without simulated service. Mode of failure was
determined for the three designs. Both cantilever groups
showed comparable fracture resistance of 227 N (no. 1) and
210 N (no. 2) before thermal cycling and mechanical
loading. The resistance after aging was reduced to 210 N
for the invasive cantilever RBFPD and to 179 N for the
minimal invasive group. Three-unit RBFPDs showed a
significantly higher (p<0.02) fracture resistance than
cantilever bridges before (426 N) as well as after aging
(360 N). Predominant failure was FPD and retainer fracture

for the invasive cantilever design, debonding for the
minimal cantilever design and RBFPD fracture for the
two-retainer design. The present study revealed a signifi-
cantly higher fracture resistance for two-retainer RBFPDs
than for cantilever RBFPDs. The frequency of adhesive
debonding increased for non-retentive prepared cantilever
RBFPDs.
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Introduction

In contrast to a conventional preparation, with a reduction
of tooth substance between 63% and 72%, a resin-bonded
fixed partial denture (RBFPD) design may be prepared with
a maximum tooth hard tissue loss of 3–30% [1]. This
substance-conserving procedure is particularly advanta-
geous in young patients with caries-free adjacent teeth and
extensive pulpal cavities. Initially, high failure rates of
RBFPDs were caused by hydrolytic weakening of the
adhesive bond between cement and metal framework.
Debonding might be minimized by using a retentive
preparation design with slots and boxes [2]. The survival
rates of these restorations, which were investigated up to
20 years now, vary between 60% (11 years) [3], 66%
(20 years) [4], 83% (in 13 years) [5] and 95% (10 years)
[2]. A non-precious metal framework may show corrosion,
and different thermal expansion coefficients of tooth and
metal may lead to stress in the adhesive bond and ultimate
adhesive failure. This may be associated with the develop-
ment of recurrent caries if the patient does not notice the
defect in time. Aesthetic considerations preventing the
natural translucency of the teeth led to the application of
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all-ceramic frameworks. High failure rates with aluminium
oxide framework provide the impetus for a fundamental
redesigning and the search for alternative high-strength
ceramic materials. A cantilever design with just one retainer
was reported to improve the survival probability of
RBFPDs [6–10]. Thus, cantilever RBFPD would be
preferred since this treatment modality would preserve
sounder tooth substance if it has higher probability of
survival as stated. Koutayas et al. [11] reported high
fracture rates for two-retainer all-ceramic RBFPDs in
contrast to comparable cantilever versions when cyclically
loaded at 25 N. Clinical reports of a single-retainer
RBFPDs showed promising results [8, 9, 12–14], and Kern
[12] stated a 5-year survival rate of two-retainer alumina
ceramic RBFPDs of about 74% and for the single retainer
bridges of 92%.

The question arises whether cantilever or two-retainer
RBFPDs, which are fabricated by computer-aided and
manufactured (CAD/CAM) high-strength zirconia, may
show improved fracture resistance for clinical application.
Two-retainer RBFPDs were compared to cantilever
RBFPDs with invasive or minimal-invasive preparation.

Materials and methods

Forty-two caries-free central maxillary incisors and 12
caries-free maxillary canines were cleaned and stored in a
1% chloramine solution. The roots were covered with an
artificial periodontal membrane (anti-slip polish; Wenko-
Wenselar, Hilden, Germany) in order to imitate the
periodontal mobility of the abutment teeth. The teeth were
embedded in composite blocks (Technovit 4000; Heraeus
Kulzer, Wehrheim, Germany) to a level 2 mm below the
enamel–dentin junction at an inter-incisal angle of 135° to
the horizontal plane. The roots of the teeth were pierced and
equipped with a 1-mm-thick metal pin to prevent rotation.
All teeth were randomly divided in three groups of 14
RBFPDs each group: an invasive cantilever group (no. 1), a
minimal-invasive cantilever group (no. 2) and a two-
retainer RBFPD control (no. 3). All three groups provided
a palatal 0.2- to 0.3-mm-deep veneer preparation exclu-
sively in enamel. The invasive cantilever preparation
(no. 1) had an additional palatal pit in the cingulum area
(depth, 0.5 mm; diameter, 1 mm) and an approximal box
facing the pontic (2 mm bucco-orally and inciso-cervical;
0.5 mm mesiodistal). The two-retainer group was addition-
ally prepared with an oral guidance plane connecting the
two approximal surfaces via the oral circumference of the
tooth and a palatal pit in the area of the cingulum (depth,
0.5 mm; diameter, 1 mm). This preparation was finished
with four parallel 0.5-mm-deep retention grooves—one on
each approximal surface and two in the tuberculum on the

oral guidance plane. All preparations were conducted using
a parallelometer (Parallel-a-prep; Fig. 1).

All teeth were restored according to the manufacturer’s
instructions using zirconia RDFPDs (Cercon Base) with a
glass-ceramic veneering (Cercon Ceram S (both Degudent,
Hanau, Germany). The surfaces of the teeth were cleaned with
a rubber cup and pumice and etched for 60 s with 37%
orthophosphoric acid. The wings of the RBFPDs were
pretreated with the tribochemical treatment (Rocatec, 3M
ESPE, Seefeld, Germany). This procedure is a method for
silicatizing surfaces. In the first step, the surface is cleaned and
activated by air abrading (110 μm aluminium oxide, 10 s;
Rocatec Pre). In the second step, a tribochemical treatment
with silica-modified aluminium oxide (110 μm aluminium
oxide, 13 s; Rocatec Plus) is performed. All abrading is carried
out at a distance of 10 mm with a pressure of 2.8 bar. Finally,
the surface is silanised (3M Espe Sil) in order to achieve a
chemical bond between the inorganic silicatised surface and
the composite cement. All RBFPDs were adhesively bonded
with Panavia21 EX (Kuraray, Osaka, Japan). Seven RBFPDs
of each group were subjected to thermal cycling and
mechanical loading (TCML) and seven specimens without
TCML served as a control. TCML (6,000 thermal cycles with
distilled water at 5°C/55°C and 1.2×106 times 25-N force
applied at an angle of 135° with a human antagonist) was
performed for simulating a 5-year oral service [15]. After

Fig. 1 Preparation design (from above): invasive cantilever group
(no. 1), minimal-invasive cantilever group (no. 2) and two-retainer
RBFPD control (no. 3)
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TCML, all RBFPDs were loaded to fracture in a universal
testing machine (v=1 mm/min, Zwick 1445; Zwick, Ulm,
Germany) 3 mm apical to the incisal edge of the pontic
(angle, 135°). For achieving uniform force distribution, a 1-
mm-thick tin foil was placed between the loading die and the
tooth. The failure type of each fracture was assessed under a
light microscope (SV8; Olympus, Germany) and classified
according to the following criteria: (1) fracture of the
restoration, (2) fracture of the abutment and (3) failure of
the adhesive bond. Medians and 25%/75% were calculated
and statistically analyzed using the Mann–Whitney U test
and Kruskal–Wallis test (α=0.05).

Results

Both cantilever groups (no. 1 and no. 2) showed compa-
rable median fracture resistance of 227 N (no. 1) and 210 N
(no. 2) before TCML. During TCML, two samples of each
group failed due to debonding (no. 2) or tooth fracture
(no. 1). The fracture resistance after aging was reduced to
210 N for the invasive cantilever RBFPD and to 179 N for
the minimal invasive group. No significant differences were
found between both cantilever groups before (p=0.41) or
after aging (p=0.35). The three-unit RBFPDs showed a
significantly higher (p<0.02) fracture resistance than the
cantilever bridges. The results of 426 N before aging
reduced non-significantly to 360 N after aging. One
RBFPD failed during aging due to tooth fracture. The
results of the fracture test are depicted in Fig 2.

Figure 3 shows the distribution of the failure types
during fracture testing. In the invasive prepared group
(no. 1) without TCML, 14.3% of the RBFPDs debonded,
28.6% failed due to fracture of the retainer and 57.1% due
to fracture of the RBFPD. After TCML, fracture of the
retainer and fracture of the RBFPDs was found each in 40%
of the cases. Twenty percent of the cases surviving bridges
showed debonding. In the non-retentive cantilever group
(no. 2) without TCML, 14.3% of the RBFPDs debonded,
28.6% failed due to fracture of the RBFPD, and in 57.1%
of the cases, the retainer fractured. After TCML, the
number of debonding increased to 60% and the number
of RBFPD fractures reduced to 40% of the surviving
specimens. No RBFPD of group 2 debonded after TCML.
The two-retainer group (no. 3) showed no debonding,
42.9% retainer fractures and 57.1% RBFPD fractures
before TCML. After TCML, debonding was found in
14.3% of the specimens. The number of retainer fractures
reduced to 14.3% and the number of FPD fractures
increased to 71.4%. All specimens of this group survived
TCML.

Discussion

The RBFPD is a minimal invasive therapy particularly in
young patients with extensive pulpal cavities and relatively
wide dentinal tubules. It has been shown that a retentive
preparation of the teeth is regarded essential for improving
its success [2, 16]. The introduction of high-strength
zirconia expands the treatment modalities of metal-free
restorations. However, clinical observations for porcelain-
fused-to-metal and alumina RBFPDs may not apply to this
high-strength zirconia. Our in vitro results of the investi-
gated zirconia cantilever RBFPDs in tendency are compa-

Fig. 2 Fracture resistance (N) of RBFPDs with two-retainer or
cantilever design (with/without TCML)

Fig. 3 Fracture pattern of RBFPDs with two-retainer or cantilever
design (with/without TCML)
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rable to the in vivo reports of RBFPDs: The minimally
invasive prepared cantilever group showed a 10% lower
fracture resistance before TCML which decreased further to
15% after TCML in comparison to the retentive prepared
group. The results varied between about 210 and 227 N for
the cantilever restorations and 426 N for the two-retainer
RBFPDs and are in the same range as results found for
comparable aluminium oxide ceramics [11, 17] (two-
retainer, 313 N; single-retainer, 233–291 N). Thus, zirconia
showed small, if any, advantages, which may be attributed
to the design of the bridges and their bonding. Assuming
maximum anterior loadings of 108–382 N [18, 19], the
fracture results after TCML were in a range where the
clinical application of RBFPDs may show promising
results, but failures may occur especially for the cantilever
design. Different findings between in vitro and in vivo
[9, 11] might be explained by nanoreceptors [20, 21],
protecting the restoration by monitoring the bite force in
relation to the resistance of a restoration and type of food. An
assorted patient selection and patients’ carefulness might
have contributed to improved in vivo results. In contrast, in
vitro conditions demonstrate constantly applied chewing
force without regulation (TCML) or static loading to fracture.

Only small differences of the failure pattern were found
between the two cantilever groups before TCML. After
TCML, a strong increase (20–60%) in the number of
debonding could be determined for the minimally prepared
RBFPDs, indicating a strong influence of the preparation
on the survival of the restoration. This assumption is
supported regarding the failure pattern during TCML. The
group with retentive preparation showed two fractures of
the abutment, whereas for the minimally prepared RBFPDs,
two debondings during TCML were found. The results
pointed out that the failure of RBFPDs is dependent on the
success of the preparation and that RBFPDs’ survival may
be supported by an improved bonding between cement and
tooth and cement and inert zirconia. In spite of the bonding
to tooth substance being well understood, bonding to
zirconia is discussed controversially. Laboratory tests
showed a higher bonding strength of zinc phosphate or
glass ionomer compared to adhesive bonding [22], but pull-
off tests of zirconia crowns demonstrated no different
retentive strength using different types of cements [23]. In
this study, the resin-based cement was used with a
tribochemical treatment (Rocatec) because this combination
was reported to show good bonding results [24, 25].
Another study demonstrated that artificial aging did not
significantly influence the bond of Panavia21 Ex to zirconia
[26]. It has been described that not all resins polymerise
adequately after storage [27] or under different polymeri-
sation conditions [28], especially that light or dual-curing
cements may provide inhibited reaction due to the light
blocking through the opaque zirconia framework. The

degradation of the filler/resin interface is supposed for
contributing to cohesive failures of RBFPDs in vivo [29].
An insufficient fitting [30] of the RBFPDs as a result of the
framework configuration in addition with polymerisation
stress, which is caused by thickness variations of the
cement layer [31], may cause resilience. Hydrophilic
conventional cements may show a better wetting capability
of the zirconia surface, and furthermore, phosphoric acids/
monomer derivates were discussed for improving the
wettability and bonding quality of the zirconia surface
further [24, 32–35].

Significantly higher fracture resistance before and after
TCML was found for the two-retainer RBFPDs in
comparison to both cantilever groups. No debonding of
these bridges was found before or during TCML. The
influence of TCML resulted in reduction of the median
fracture resistance of about 15% and a shift of the fracture
pattern towards debonding and fracture of the RBFPDs.
This is in contrast to the assumption that cantilever resin-
bonded bridges are superior to the two-retainer design,
especially when the mobility of the abutment is relatively
high [36]. This assumption led to good clinical prognosis
for porcelain-fused-to-metal resin-bonded bridges with
cantilever design [37, 38]. An initial clinical report had
shown that cantilever bridges may not perform worse than
two-retainer restorations [39]. Koutayas et al. [11] found no
significant difference between one- and two-retainer resin-
bonded bridges constructed of glass-infiltrated alumina
ceramic, but these tests were performed without chewing
simulation. A similar result was found by Kern [12] who
demonstrated that all-ceramic cantilever alumina RBFPDs
performed equivalently to conventionally designed two-
retainer bridges of the same material. With comparable
preparation and bridge design, no significant difference in
survival rates was found under in vitro conditions [11].

The survival rate during the 25-N TCML was about
100% for the two-retainer group and 70% for the cantilever
groups, with the chance of rebonding relieving RBFPDs.
Assuming mean mastication forces in the anterior region
between 10 and 35 N [40], our results indicate that zirconia
two-retainer RBFPDs may withstand clinical loading.
Failure rates and fracture resistance of RBFPDs made of
zirconia were not advantageous compared to alumina or
lithium disilicate ceramics.

Conclusions

Under the experimental conditions described, the present
study showed that significantly higher force was necessary
to fracture two-retainer RBFPDs than cantilever resin-
bonded bridges. An influence of TCML was observed on
the overall failure rate and fracture resistance. The
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frequency of failure through adhesive debonding increased
in non-retentive prepared cantilever RBFPDs.

References

1. Edelhoff D, Sorensen JA (2002) Tooth removal associatedwith various
preparation designs for anterior teeth. J Prosthet Dent 87:503–509

2. Behr M, Leibrock A, Stich W, Rammelsberg P, Rosentritt M,
Handel G (1998) Adhesive-fixed partial dentures in anterior and
posterior areas. Results of an on-going prospective study begun in
1985. Clin Oral Invest 2:31–35

3. Probster B, Henrich GM (1997) 11-year follow-up study of resin-
bonded fixed partial dentures. Int J Prosthodont 10:259–268

4. De Backer H, Van Herle G, De Moor N, Van den Berghe L, De
Boever J (2006) A 20-year retrospective survival study of fixed
partial dentures. Int J Prosthodont 19:143–153

5. Ketabi AR, Kaus T, Herdach F, Groten M, Axmann-Krcmar D,
Pröbster L et al (2004) Thirteen-year follow-up study of resin-
bonded fixed partial dentures. Quint Inter 35:407–410

6. Wolfart S, Kern M (2006) A new design for all-ceramic inlay-retained
fixed partial dentures: a report of 2 cases. Quintessence Inter 37:27–33

7. Kern M, Glaser R (1997) Cantilevered all-ceramic, resin-bonded
fixed partial dentures: a new treatment modality. J Esthet Dent
9:255–264

8. Komine F, Tomic M (2005) A single-retainer zirconium dioxide
ceramic resin-bonded fixed partial denture for single tooth
replacement: a clinical report. J Oral Sci 47:139–142

9. Ries S, Wolz J, Richter EJ (2006) Effect of design of all-ceramic
resin-bonded fixed partial dentures on clinical survival rate. Int J
Periodontics Restor Dent 26:143–149

10. Rosentritt M, Kolbeck C, Ries S, Gross M, Behr M, Handel G
(2008) Zirconia resin-bonded fixed partial dentures in the anterior
maxilla. Quintessence Int 39:313–319

11. Koutayas SO, Kern M, Ferraresso F, Stub JR (2000) Influence of
design and mode of loading on the fracture strength of allceramic
resin-bonded fixed partial dentures: An in vitro study in a dual-
axis chewing simulator. J Prosthet Dent 83:540–547

12. Kern M (2005) Clinical long-term survival of two-retainer and
single-retainer all-ceramic resin-bonded fixed partial dentures.
Quintessence Int 36:141–147

13. Botelho MG, Chan AW, Yiu EY, Tse ET (2002) Longevity of two-
unit cantilevered resin-bonded fixed partial dentures. Am J Dent
15:295–299

14. Botelho MG, Leung KC, Ng H, Chan K (2006) A retrospective
clinical evaluation of two-unit cantilevered resin-bonded fixed
partial dentures. J Am Dent Assoc 137:783–788

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

16. Creugers NH, Snoek PA, Van , t Hof MA, Kayser AF (1990)
Clinical performance of resin-bonded bridges: a 5-year prospec-
tive study. Part III: failure characteristics and survival after
rebonding. J Oral Rehabil 17:179–186

17. Koutayas SO, Kern M, Ferraresso F, Strub JR (2002) Influence of
framework design on fracture strength of mandibular anterior all-
ceramic resin-bonded fixed partial dentures. Int J Prosthodont
15:223–229

18. Helkimo E, Carlsson GE, Helkimo M (1997) Bite force and state
of dentition. Acta Odontol Scand 35:297–303

19. Waltimo A, Kononen M (1995) Maximal bite force and its
association with signs and symptoms of craniomandibular

disorders in young Finnish non-patients. Acta Odontol Scand
53:254–258

20. Waltimo A, Kononen M (1993) A novel bite force recorder and
maximal isometric bite force values for healthy young adults.
Scand J Dent Res 101:171–175

21. Paphangkorakit J, Osborn JW (2000) The effect of normal
occlusal forces on fluid movement through human dentine in
vitro. Arch Oral Biol 45:1033–1041

22. Uo M, Sjogren G, Sundh A, Watari F, Bergman M, Lerner U
(2003) Cytotoxicity and bonding property of dental ceramics.
Dent Mater 19:487–492

23. Ernst CP, Cohnen U, Stender E, Willershausen B (2005) In vitro
retentive strength of zirconium oxide ceramic crowns using
different luting agents. J Prosthet Dent 93:551–558

24. Atsu SS, Kilicarslan MA, Kucukesmen HC, Aka PS (2006) Effect
of zirconium-oxide ceramic surface treatments on the bond
strength to adhesive resin. J Prosthet Dent 95:430–436

25. Wegner SM, gerdes W, Kern M (2002) Effect of different aging
conditions on ceramic-composite bond strength. Int J Prosthodont
15:267–272

26. Wegner SM, Kern M (2000) Long-term resin bond strength to
zirconia ceramic. J Adhes Dent 2:139–147

27. Loher H, Behr M, Hintereder U, Rosentritt M, Handel G (2009)
The impact of cement mixing and storage errors on the risk of
failure of glass-ceramic crowns. Clin Oral Investig. doi:10.1007/
s00784-008-0215-7

28. Caughman WF, Chan DC, Rueggeberg FA (2001) Curing
potential of dual-polymerizable resin cements in simulated clinical
situations. J Prosthet Dent 85:479–484

29. Walker MP, Spencer P, Eick JD (2003) Effect of simulated resin-
bonded fixed partial denture clinical conditions on resin cement
mechanical properties. J Oral Rehabil 30:837–846

30. Beuer F, Naumann M, Gernet W Sorensen JA (2009) Precision of
fit: zirconia three-unit fixed dental prostheses. Clin Oral Investig.
doi:10.1007/s00784-008-0224-6. PNID: 18769946

31. De Jager N, Pallav P, Feilzer AJ (2004) The apparent increase of
the Young’s modulus in thin cement layers. Dent Mater 20:457–
462

32. Wolfart M, Lehmann F, Wolfart S, Kern M (2007) Durability of
resin bond strength to zirconia ceramic after using different
surface conditioning methods. Dent Mater 23:45–50

33. Yoshida K, Tsuo Y, Atsuta M (2006) Bonding of dual-cured resin
cement to zirconia ceramic using phosphate acid ester monomer
and zirconate coupler. J Biomed Mater Res. Part B. Appl
Biomater 77:28–33

34. Nothdurft FP, Motter PJ, Pospiech PR (2009) Effect of surface
treatment on the initial bond strength of different luting cements to
zirconium oxide ceramic. Clin Oral Investig. doi:10.1007/s00784-
008-0222-8. PMID: 18758827

35. Ozcan M, Kerkdijk S, Valandro LF (2008) Comparison of resin
cement adhesion to Y-TZP ceramic following manufacturers’
instructions of the cements only. Clin Oral Investig 12:279–282

36. Johnston CD, Hussey DL (1993) The immediate replacement of
incisor teeth by cantilevered resin-bonded bridgework. Dent Up
22:190–196

37. Briggs P (1996) The single unit, single retainer, cantilever resin-
bonded bridge. Br Dent J 181:373–377

38. Hussey DL (1996) The clinical performance of cantilevered resin-
bonded bridgework. J Dent 24:251–256

39. Chan AW, Barnes IE (2000) A prospective study of cantilever
resin-bonded bridges: an initial report. Aust Dent J 45:31–36

40. De Boever JA, McCall WD Jr, Holden S, Ash MM Jr (1978)
Functional occlusal forces: an investigation by telemetry. J
Prosthet Dent 40:326–333

Clin Oral Invest (2009) 13:453–457 457

http://dx.doi.org/10.1007/s00784-008-0215-7
http://dx.doi.org/10.1007/s00784-008-0215-7
http://dx.doi.org/10.1007/s00784-008-0224-6
http://dx.doi.org/10.1007/s00784-008-0222-8
http://dx.doi.org/10.1007/s00784-008-0222-8



