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ABSTRACT
Although all-ceramic restorations have become popular, they present some biomechanical problems. Some technical failures can be repaired intraorally to help maintain
the longevity of the restoration. This clinical report describes an intraoral method for
repairing a fractured 4-unit posterior zirconia-based ceramic fixed partial denture using
fibre-reinforced composite material.
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T

he popularity of all-ceramic dental restorations has increased in recent years
because of their esthetic appearance and
metal-free structure.1 Although these restorations provide adequate resistance to occlusal
forces when used for a single crown or shortspan fixed partial denture (FPD), their use for
long-span FPDs is limited.2
All-ceramic systems must meet the biomechanical and longevity requirements associated with metal–ceramic restorations, 3–5
while providing enhanced esthetics.6 Since the
late 1990s, several clinical studies have evaluated all-ceramic systems for anterior and posterior FPDs.7–11
Zirconia, a high-strength ceramic, was recently introduced for dental use as a core material in conventional and resin-bonded FPDs
and crowns.12–14 Zirconia is highly rated in
terms of esthetics and has several other advantages, including biocompatibility as it is
metal free15–17 and has a low degree of bacterial
adhesion,18,19 high flexural strength and ac-

ceptable optical properties, such as adaptation
to the basic shades.20
Traditional cementation can be used if
abutments for the FPD provide enough retention, and cementation is recommended to
ensure better retention and marginal adaptation. Resin cement is preferred for luting
such restorations, as zirconia is non-etchable.
Cementation with resin cements that contain
10-methacryloyloxydecyl dihydrogen phosphate monomers or a silica-coating technique,
such as CoJet (3M ESPE, Seefeld, Germany),
is recommended. 21 In tribochemical silica
coating, the ceramic surface is abraded with
airborne particles of aluminium oxide modified with silica; the blasting pressure embeds
silica particles in the ceramic surface. 22 Thus,
tribochemical silica coating combines micromechanical retention produced by airborneparticle abrasion and chemical bonding with
silanization of the silicated ceramic surface
particles.23
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Despite these advantages, the only data on the success
of zirconia FPDs are short term. Furthermore, careful
patient selection and operating technique appear to be
paramount for success. Longer-span FPDs are considered
experimental and have been evaluated only in vitro.24
Although zirconia has high fracture strength, fractures may still occur after cementation of the restoration.
If the fractured restoration is fulfilling its requirements
and replacement is not feasible, repair is indicated. 25
Intraoral repair, if possible, is the first choice.
This clinical report describes an intraoral method to
repair a fractured zirconia ceramic FPD.
Case Description and Results
A 46-year-old woman was referred to our clinic
with a fractured 4-unit posterior zirconia-based FPD.
The retainers were the canine and first maxillary molar.
Clinical and radiographic examination revealed the
fractured area between the 2 premolar pontics (Fig. 1).
The prosthesis had been fabricated only one month earlier. Marginal adaptation, occlusion, periodontal health,
colour matching and proximal contacts of the prosthesis
were all within normal limits. The patient’s only complaint was some roughness in the mouth and she wanted
an immediate solution. Because of lack of time, possible
trauma to the restored tooth and the difficulty of removing the restoration, an intraoral repair was indicated,
even though this type of repair is still experimental.
Replacing the FPD was an alternative treatment option
if the repair was unsuccessful.
The treatment plan included preparing the cavity,
etching, sandblasting, silanizing and applying dual-adhesive resin cement and glass-fibre-reinforced composite.
A rubber dam was used to protect the oral mucosa
from the adverse effects of etching compound and tribochemical coating. The dam was tied with silk suture
material under the pontics of the bridge. The cavity was
prepared with a 30-μm fine-diamond rotary cutting instrument under running water. A small cylindrical cavity
(about 1 mm deep) was made within a larger cylindrical
cavity (about 2 mm deep) to promote mechanical retention (Fig. 2). To promote satisfactory adhesion, the cavity
was acid-etched with 6% hydrofluoric acid gel (Porcelain
Bonding Kit, Sultan, Germany) for 5 minutes (Fig. 3),
then washed with water, air dried and sandblasted with
30-μm silicated aluminum oxide (Al 2O3) particles (CoJet
System, 3M ESPE) (Fig. 4). Silane coupling agent (ESPESil, 3M ESPE) was then applied to the surface of the
cavity and allowed to air dry for 5 minutes. Bonding
agent (Single Bond 2, 3M ESPE) was applied to promote
chemical retention.
After surface treatment of the cavity, dual-adhesive
resin cement (Rely X ARC, 3M ESPE) was applied to the
fractured area. The length of the cavity was determined
using a piece of dental floss, then a piece of unidirectional
134

resin-impregnated 1.2-mm diameter glass-fibre bundle
(EverStickC&B, StickTech, Turku, Finland) was cut to this
length (Fig. 5). The fibre bundle was prepared for bonding
by first wetting the bonding surface with a bonding agent
(Stick Resin, StickTech). The bundle was pressed into the
cavity with a hand instrument to ensure good contact
between the cavity and the fibres. The fibres were then
light polymerized for 20 seconds (Fig. 6) and covered
with packable posterior composite restorative material
(SureFil, Dentsply, De Trey, Konstanz, Germany). The
whole area was light polymerized for 40 seconds
(Fig. 7). Occlusal contact points were adjusted with a
fine diamond rotary cutting instrument (no. 8835KR;
Komet Medical, Gebr. Brasseler, Germany) under running water and polished with composite polishing disks
(Sof-Lex, 3M Dental Products, St. Paul, Minn.) (Fig. 8).
Clinical evaluations were performed every 3 months
to evaluate the repaired restoration in terms of function,
fractures and esthetics. After 12 months of follow up, no
clinical complications were observed.
Discussion
Although 3-unit zirconia FPDs have been reported
to have high fracture resistance, the use of this material
for longer-span FPDs is limited. Fractures may result
from trauma, inadequate occlusal adjustment, parafunctional habits such as bruxism, inadequate tooth reduction during dental preparation, inappropriate design or
failure of the cementation.26
The structure of a zirconia framework is also important in terms of strength of the restoration. A framework design allowing uniform thickness and support
of veneering porcelain has been shown to optimize the
strength of zirconia. 27 A minimum connector crosssection area of 9 mm² and a retainer thickness of 0.6 mm
have been recommended for 3-unit FPDs. 28 Longer-span
FPDs are experimental and have been evaluated only
in vitro.29 Long-term clinical data on the success of allceramic FPDs are rare. The primary mode of failure is
fracture, usually in the area between the retainer and
pontic, emanating from the gingival surface of the connectors under high tensile stress, resulting in catastrophic
loss.22
Fracture of the zirconia FPD reported here occurred
between the connector areas of the 2 pontics where high
tensile stress occurred during mastication. The failure,
therefore, likely occurred because the thickness of the
connector between the pontics was inadequate to bear the
necessary occlusal load.
When repairing an FPD, optimum adhesion between
the repair materials and the prosthesis surfaces must be
achieved. 30 In our case, mechanical retention was promoted by drilling a small cylindrical cavity within a
larger cylindrical cavity. A 30-μm medium diamond rotary cutting instrument was used for preparation under
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Figure 2: Clinical view of the fractured
bridge showing the prepared cavity.

Figure 1: Radiographic view of the fractured bridge.

Figure 3: Acid etching material
coating the cavity.

Figure 6: Light polymerized glassfibre-reinforced composite.

Figure 4: Application of the tribochemical
coating.

Figure 7: Composite application.

running water because 50-μm or coarser diamond rotary
cutting instruments with dry cooling have been shown
to generate radial surface cracks, which compromise the
strength of the zirconia core. 31
It has been reported that roughening the surface of
exposed metal or ceramics, using a combination of sandblasting and hydrofluoric acid gives the best results. 25
High-alumina or zirconia ceramics cannot be roughened
by etching as these materials do not contain a silicon
dioxide (silica) phase. 23 Ozcan and Vallittu 23 reported
that, while acid etching demonstrated better results for
glass ceramics, it did not improve the bond strength of
the luting cement to high-alumina ceramics or zirconium
oxide ceramic. In practice, etching might only be useful
for removing smears from the ceramic. 32
Although intraoral sandblasters have been designed
to be used with Al 2O3, we used aluminium oxide coated

Figure 5: Placement of the glass-fibre
bundle.

Figure 8: Final view of the restoration.

SiOx particles instead of Al 2O3, together with silane application. 33 A previous study evaluating surface conditioning
methods found that silica coating with silanization increases bond strength significantly for all high-strength
ceramics compared with airborne particle abrasion with
110-μm Al 2O3 and silanization. 34
Tribochemical silica coating followed by silanization
increases the silica content of the ceramic surface, evidently enhancing the bond between the ceramic surfaces
and the luting agent. Because the silica layer is well attached to the ceramic surface, silanes enhance the resin
bond.23 Shen and others35 also reported that the use of
silane in conjunction with resin-based bonding agents
on ceramic has resulted in a significant increase in bond
strength and promotes mechanical retention.
After the etching and abrasion process, a silane coupling agent was applied to the surface cavity to improve
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the bonding strength of the resin-based material which
was applied to the cavity. Because of its fluid nature,
the dual-adhesive resin cement flowed through the fracture area, filling the space between the fractured pieces.
Mechanical support for the repair was achieved by using
unidirectional glass-fibre material. The strength of the repair depends on the quantity of glass fibre, the direction
of the fibres and their attachment to the ceramic.
Repaired restorations should be resistant to fatigue.
In our case, adding fibre-reinforced composites under
the composite resin increased fatigue resistance of the
repair. 36 In addition, the upper part of the cavity was
filled with fibre-reinforced composite and a posterior
composite material to ensure wear resistance.
We have presented a technique for provisional repair
of fractured all-ceramic restorations. In some cases, it
may be desirable to repair a fractured fixed prosthesis
rather than removing it because of cost, lack of time,
possible trauma to the restored tooth and the difficulty
of removing the restoration. The effectiveness of available
adhesive systems and the durability of glass-fibre-reinforced composites can be useful for the provisional repair
of uncomplicated cases of fractured restorations. a

3. Denry IL, Holloway JA, Rosenstiel SF. Effect of ion exchange on the microstructure, strength, and thermal expansion behavior of a leucite-reinforced
porcelain. J Dent Res 1998; 77(4):583–8.
4. Walton TR. An up to 15-year longitudinal study of 515 metal-ceramic
FPDs: Part 1. Outcome. Int J Prosthodont 2002; 15(5):439–45.
5. Drummond JL. Ceramic behavior under different environmental and
loading conditions. In: Eliades G, Eliades T, Brantley WA, Watts DC, editors. Dental materials in vivo: aging and related phenomena. Chicago:
Quintessence; 2003. p. 35–45.
6. Raigrodski AJ, Chiche GJ. The safety and efficacy of anterior ceramic
fixed partial dentures: a review of the literature. J Prosthet Dent 2001;
86(5):520–5.
7. Sorensen JA, Kang SK, Torres TJ, Knode H. In-Ceram fixed partial dentures: three-year clinical trial results. J Calif Dent Assoc 1998; 26(3):207–14.
8. Vult von Steyern P, Jonsson O, Nilner K. Five-year evaluation of posterior all-ceramic three-unit (In-Ceram) FPDs. Int J Prosthodont 2001;
14(4):379–84.
9. 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(2):150–6.
10. Suarez MJ, Lozano JF, Paz Salido M, Martinez F. Three-year clinical
evaluation of In-Ceram Zirconia posterior FPDs. Int J Prosthodont 2004;
17(1):35–8.
11. Esquivel-Upshaw JF, Anusavice KJ, Young H, Jones J, Gibbs C. Clinical
performance of a lithia disilicate-based core ceramic for three-unit posterior
FPDs. Int J Prosthodont 2004; 17(4):469–75.
12. Blatz MB. Long-term clinical success of all-ceramic posterior restorations.
Quintessence Int 2002; 33(6):415–26.
13. Tinschert J, Natt G, Mautsch W, Augthun M, Spiekermann H. Fracture
resistance of lithium disilicate-, alumina-, and zirconia-based three-unit fixed
partial dentures: a laboratory study. Int J Prosthodont 2001; 14(3):231–8.
14. Kilicarslan MA, Kedici PS, Kucukesmen HC, Uludag BC. In vitro fracture
resistance of posterior metal-ceramic and all-ceramic inlay-retained resinbonded fixed partial dentures. J Prosthet Dent 2004; 92(4):365–70.

THE AUTHORS
Dr. Bagis is an assistant professor in the faculty of dentistry,
Karadeniz Technical University, Trabzon, Turkey.

Dr. Ustaomer is a research assistant in the faculty of dentistry, Karadeniz Technical University, Trabzon, Turkey.

Dr. Lassila is an associate professor in the department of
prosthetic dentistry and biomaterials science, Institute of
Dentistry, University of Turku, Finland.

Dr. Vallittu is a professor in the department of prosthetic
dentistry and biomaterials science, Institute of Dentistry,
University of Turku, Finland.
Correspondence to: Dr. Bora Bagis, Department of prosthodontics, Faculty
of dentistry, Karadeniz Technical University, 61080, Trabzon, Turkey.
The authors have no declared financial interests in any company manufacturing the types of products mentioned in this article.

15. Ichikawa Y, Akagawa Y, Nikai H, Tsuru H. Tissue compatibility and stability of a new zirconia ceramic in vivo. J Prosthet Dent 1992; 68(2):322–6.
16. Covacci V, Bruzzese N, Maccauro G, Andreassi C, Ricci GA, Piconi C, and
others. In vitro evaluation of the mutagenic and carcinogenic power of high
purity zirconia ceramic. Biomaterials 1999; 20(4):371–6.
17. Josset Y, Oum’Hamed Z, Zarrinpour A, Lorenzato M, Adnet JJ, LaurentMaquin D. In vitro reactions of human osteoblasts in culture with zirconia
and alumina ceramics. J Biomed Mater Res 1999; 47(4):481–93.
18. Scarano A, Piattelli M, Caputi S, Favero GA, Piattelli A. Bacterial adhesion
on commercially pure titanium and zirconium oxide disks: an in vivo human
study. J Periodontol 2004; 75(2):292–6.
19. Rimondini L, Cerroni L, Carrassi A, Torricelli P. Bacterial colonization of
zirconia ceramic surfaces: an in vitro and in vivo study. Int J Oral Maxillofac
Implants 2002; 17(6):793–8.
20. Piconi C, Maccauro G. Zirconia as a ceramic biomaterial. Biomaterials
1999; 20(1):1–25.
21. Amaral R, Ozcan M, Valandro LF, Balducci I, Bottino MA. Effect of conditioning methods on the microtensile bond strength of phosphate monomerbased cement on zirconia ceramic in dry and aged conditions. J Biomed
Mater Res B Appl Biomater 2008; 85(1):1–9.
22. Bottino MA, Valandro LF, Scotti R, Buso L. Effect of surface treatments
on the resin bond to zirconium-based ceramic. Int J Prosthodont 2005;
18(1):60–5.
23. Ozcan M, Vallittu PK. Effect of surface conditioning methods on the bond
strength of luting cement to ceramics. Dent Mater 2003; 19(8):725–31.
24. Sadowsky SJ. An overview of treatment considerations for esthetic restorations: a review of the literature. J Prosthet Dent 2006; 96(6):433-42.

This article has been peer reviewed.

25. Pameijer CH, Louw NP, Fischer D. Repairing fractured porcelain: how
surface preparation affects shear force resistance. J Am Dent Assoc 1996;
127(2):203–9.

References

26. dos Santos JG, Fonseca RG, Adabo GL, dos Santos Cruz CA. Shear
bond strength of metal-ceramic repair systems. J Prosthet Dent 2006;
96(3):165–73.

1. Probster L. Four year clinical study of glass-infiltrated, sintered alumina
crowns. J Oral Rehabil 1996; 23(3):147–51.
2. Fradeani M, Redemagni M. An 11-year clinical evaluation of leucite-reinforced glass-ceramic crowns: a retrospective study. Quintessence Int 2002;
33(7):503–10.
136

27. Raigrodski AJ, Chiche GJ, Potiket N, Hochstedler JL, Mohamed SE, Billiot
S, and other. The efficacy of posterior three-unit zirconium-oxide-based
ceramic fixed partial dental prostheses: a prospective clinical pilot study
J Prosthet Dent 2006; 96(4):237–44.

JCDA • www.cda-adc.ca/jcda • March 2009, Vol. 75, No. 2 •

––– Repair of an FPD –––

28. Suttor D, Bunke K, Hoescheler S, Hauptmann H, Hertlein G. LAVA—the
system for all-ceramic ZrO2 crown and bridge frameworks. Int J Comput Dent
2001; 4(3):195–206.
29. Lüthy H, Filser F, Loeffel O, Schumacher M, Gaucker LJ, Hammerle CH.
Strength and reliability of four-unit all-ceramic posterior bridges. Dent Mater
2005; 21(10):930–7.
30. Tulunoglu IF, Beydemir B. Resin shear bond strength to porcelain and a
base metal alloy using two polymerization schemes. J Prosthet Dent 2000;
83(2):181–6.
31. Kosmac T, Oblak C, Jevnikar P, Funduk N, Marion L. Strength and reliability of surface treated Y-TZP dental ceramics. J Biomed Mater Res 2000;
53(4):304–13.
32. Matsumura H, Kawahara M, Tanaka T, Atsuta M. A new porcelain repair
system with silane coupler, ferric chloride, and adhesive opaque resin. J Dent
Res 1989; 68(5):813–8.
33. Ozcan M. Fracture strength of ceramic-fused-to-metal crowns repaired
with two intraoral air-abrasion techniques and some aspects of silane treatment: a laboratory and clinical study [dissertation]. Cologne, Germany:
University of Cologne; 1999.
34. Valandro LF, Ozcan M, Bottino MC, Bottino MA, Scotti R, Bona AD. Bond
strength of a resin cement to high-alumina and zirconia-reinforced ceramics:
the effect of surface conditioning. J Adhes Dent 2006; 8(3):175–81.
35. Shen C, Oh WS, Williams JR. Effect of post-silanization drying on the
bond strength of composite to ceramic. J Prosthet Dent 2004; 91(5):453–8.
36. Vallittu PK. Use of woven glass fibres to reinforce composite veneer:
a fracture resistance and acoustic emission study. J Oral Rehabil 2002;
29(5):423–9.

. . . . . . . . . . . . . . . . . . . . . . . . .

JCDA • www.cda-adc.ca/jcda • March 2009, Vol. 75, No. 2 •

137

