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Abstract

Belli S, Erdemir A, Ozcopur M, Eskitascioglu G. The effect
of fibre insertion on fracture resistance of root filled molar teeth
with MOD preparations restored with composite. International
Endodontic Journal, 38, 73-80, 2005.

Aim To evaluate the effect of using flowable composite
with or without leno woven ultra high modulus
polyethylene fibre reinforcement on fracture resistance
of root filled mandibular molars with mesio-occluso-
distal (MOD) preparations.

Methodology Sixty sound extracted human man-
dibular molars were randomly assigned to five groups
(n = 12). Group 1 did not receive any preparation.
From groups 2 to 5, the teeth were root filled and MOD
preparations were created. Group 2 remained unre-
stored. Group 3 was restored with a dentine bonding
system (DBS; SE Bond, Kuraray, Japan) and composite
resin (CR) (AP-X: Kuraray). In group 4. flowable
composite resin (Protect Liner F; Kuraray) was used
before restoring teeth with CR. In group 5, leno woven
ultra high modulus polyethylene ribbon fibre (Ribbond,
Seattle, WA, USA) was inserted into the cavities in a
buccal to lingual direction and the teeth were then
restored with DBS and CR. After finishing and polish-

ing, the specimens were stored in 100% humidity at
37 °C for 1 day. Compressive loading of the teeth was
performed using a universal testing machine at a
crosshead speed of 0.5 mm min~!. The mean load
necessary to fracture the samples were recorded in
newtons (N) and were subjected to analysis of variance
(aNova) and Tukey post-hoc test.

Results The mean load necessary to fracture the
samples in each group were (in N): group 1: 1676.75 +
154.63% group 2: 376.51 + 37.36° group 3:
733.23 + 133.33°, group 4: 786.48  145.34°, group
5: 943.63 £ 121.15% There were statistically signifi-
cant differences between the"groups annotated with
different letters.

Conclusions (i) Use of flowable composite resin
under composite restorations had no effect on fracture
resistance of root filled molar teeth with MOD prepa-
rations, (ii) use of polyethylene ribbon fibre under
composite restorations in root filled teeth with MOD
preparations significantly increased fracture strength,
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Introduction

Compared to teeth with healthy pulps, root filled teeth
are considered more susceptible to fracture as they
possess reduced dentinal elasticity (Johnson et al.
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1976), lower water content (Rosen 1961, Helfer et al.
1972), deeper cavities (Madison & Wilcox 1988) and
substantial loss of dentine (Johnson et al. 1976, Assif &
Gorfil 1994, Linn & Messer 1994, Assif et al. 2003).
Root canal treatment should not be considered complete
until the coronal restoration has been placed (Wagnild
& Mueller 2002). Previous studies indicated that
complete cast coverage (Goerig & Mueninghoff 1983,
Hudis & Goldstein 1986), an indirect cast restoration
covering the cusps (Reeh et al. 1989a), complex
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amalgam restorations (Starr 1990, Smales &
Hawthorne 1997) or composite materials (Hernandez
et al. 1994) can be used for final restorations. With
recent advancements in adhesive technology and new
and stronger composite materials, it is possible to create
conservative, highly aesthetic restorations that are
bonded directly to teeth. However, polymerization
shrinkage remains a problem for extensive direct
composite restorations (de Gee et al. 1993). As poly-
merization shrinkage is compensated by flow of com-
posite (Davidson et al. 1984), a rigid bond between resin
composite and tooth structures generates contraction
stresses at the bonding interfaces (Feilzer et al. 1987,
Kemp-Scholte & Davidson 1990). These stresses can be
reduced by several methods. Dentine bonding agents
are assumed to resist the contraction forces by forming a
continuous hybrid layer between the restoration and
tooth structure (Davidson 1996). Van Meerbeek et al.
(1993) reported the hardness and elasticity of the resin—
dentine bonding area using nanoindentation and con-
cluded that the layer of collagen fibrils densely packed
with resin may act as an inherent elastic buffering
mechanism to compensate for the polymerization con-
traction of the restorative resin. One of the methods
suggested for reducing debonding during polymeriza-
tion shrinkage is the application of a low viscosity, low
modulus intermediate resin between the bonding agent
and restorative resin to act as an ‘elastic buffer’ or ‘stress
breaker’ that can relieve contraction stresses and
improve marginal integrity (Kemp-Scholte & Davidson
1990, Van Meerbeek et al. 1992). However, flowable
composite did not produce gap-free resin margins in
Black II slot cavities (Belli et al. 2001).

The development of fibre-reinforced composite (FRC)
technology has increased use of composite resin mate-
rials in extensive preparations. FRC has been used in the
laboratory for fabrication of single crowns, full and
partial coverage fixed partial dentures (Valittu & Sevelius
2000, Edelhoff et al. 2001), fabrication of periodontal
splints and chairside fixed partial dentures (Meiers et al.
1998, Belli & Ozer 2000, Meiers & Freilich 2001). FRC
has been shown to possess adequate flexure modulus and
flexural strength to function successfully in the mouth
(Vallittu 1998, Freilich et al. 1999). A finite elemental
stress analysis study also reported that FRC post and core
systems provided more adequate restoration by protect-
ing the remaining tooth tissue with its elastic modulus
close to dentine when compared with the conventional
rigid post-core systems (Eskitascioglu et al. 2002).

These new materials and techniques enable the
practitioner to approach old problems from a different
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perspective and thereby achieve unique and innovative
solutions. Although there are many studies with FRC in
the literature, the effect of fibre insertion as a stress
breaker within an extensive composite restoration has
not been studied. In this study, it was hypothesized that
creating an elastic layer under a composite restoration
using a leno woven ultra high molecular weight
(LWUHMW) polyethylene fibre ribbon and/or flowable
composite would increase the fracture strength of
endodontically treated teeth with mesio-occluso-distal
(MOD) cavity preparations.

Materials and methods

Sixty freshly extracted human mature mandibular
molar teeth with similar dimensions and without
caries, abrasion cavities and injury from forceps or
fractures were used. The teeth were cleaned of debris
and soft tissue remnants and were stored in physiolo-
gical saline at +4 °C until required. The 60 teeth were
randomly assigned into five groups of 12 teeth each
and were prepared as follows:

Group 1

This group did not receive cavity preparation or root
canal treatment and were used as a control.

From groups 2 to 5: Access cavities were prepared
using a high-speed bur and water spray and the canals
were instrumented with K files to an apical size 35 using
the stepback technique. Irrigation with 2 mL of 5.25%
NaOCI preceded each file introduced into the canal.
Following biomechanical preparation, canals were dried
with absorbent paper points (Diadent Group Interna-
tional Inc., ChongJu City, Korea) and obturated with
gutta-percha (Diadent Group International Inc) and AH
Plus sealer (Dentsply De Trey, Konstanz, Germany) using
cold lateral condensation. MOD cavities were prepared in
the teeth down to the canal orifices so that the thickness
of the buccal wall of the teeth measured 2 mm at the
buccal occlusal surface, 2.5 mm at the cemento-enamel
junction and 1.5 mm lingual occlusal surface, 1.5 mm
at the cemento-enamel junction (Fig. 1). The teeth were
then embedded in self-curing polymethylmethacrylate
resin (Vertex; Dentimex Dental, Zeist, the Netherlands) to
the level of the cemento-enamel junction.

Group 2

This group remained unrestored after MOD cavity
preparation (Fig. 1).
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Figure 1 The schematic representation of MOD cavity in
molar teeth.

Group 3

The cavities were cleaned and dried. After priming for
20 s (SE Primer; Kuraray, Tokyo, Japan) cavity surfa-
ces were gently dried. SE Bond (Kuraray) was applied to
the cavity surfaces and cured for 20 s. The cavities
were then restored with a resin composite (Clearfil
AP-X: Kuraray) using a bulk technique and cured for
40 s (Fig. 2).

Group 4

After priming and bonding procedures as in group 3,
the cavity surfaces were coated with a layer of low

2mm 1.5mm

2. 5mm 1.5mm

Figure 2 The restoration of teeth in group 3 with DBS and CR.
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viscosity resin composite (flowable composite resin,
FCR) (Protect Liner F; Kuraray) and cured for 20 s,
This low modulus liner was then covered with the same
resin composite using a bulk technique as described in
group 3 (Fig. 3).

Group 5

After priming and bonding procedures as in group 3,
the cavity surfaces were coated with flowable compos-
ite as in group 4. Before curing, a piece of LWUHMW
polyethylene fibre (8§ mm long, 3 mm width) (Ribbond;
Ribbond Inc., Seattle, WA, USA) was cut and coated

2mm 1.5mm

2.5mm 1.5mm

Figure 3 The restoration of teeth in group 4 with FCR, DBS
and CR.

with adhesive resin. Excess material was removed and
the fibre embedded inside the flowable composite in a
buccal to lingual direction (Fig. 4). After curing for
20 s, the cavities were restored with composite as
described above (Fig. 5).

After storing in an incubator at 37 °C in 100%
humidity for 24 h, the specimens were placed into a
Universal Testing Machine (Instron, Canton, MA, USA)
and loaded compressively at 0.5 mm min~'. Compres-
sive force was applied with a 5-mm diameter stainless
steel bar. In all cases the force was applied to the
occlusal surface of the restoration touching buccal and
lingual cusps of the teeth. The force necessary to
fracture each tooth was recorded in newtons (N) and
the data were subjected to a one-way analysis of
variance (ANOVA) and post hoc Tukey HSD test for the
five experimental conditions.
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Figure 5 The schematic representation of teeth restored in
group 5.

Results

The minimum, maximum and mean fracture resistance
(N) and the standard deviation for each of the five
experimental conditions are presented in Table 1.

Figure 4 The application of 3-mm width
polyethylene fibre with flowable com-
posite resin from buccal to lingual
direction.

One-way ANovA indicated that the fracture strength
of group 1 was significantly higher than the other
groups (P < 0.05). Restoring teeth with resin compo-
site with or without a flowable composite lining (groups
3 and 4) increased fracture strength when compared
with the nonrestored group (group 2) (P < 0.05). Use
of flowable composite resin under the composite resin
(group 4) did not increase fracture resistance in root
filled teeth (P > 0.05). Inserting a piece of LWUHMW
polyethylene fibre in a buccal to lingual direction under
resin composite restoration (group 5) significantly
increased fracture strength of molar teeth with MOD
preparations (P < 0.05).

Discussion

Restoration of root filled molars is a challenge. Sound
tooth structure removed during cavity preparation
influences its strength and ability to resist loading
(Mondelli et al. 1980, Larson et al. 1981, Reeh et al.
1989b). Preservation of tooth structure is important for
protection against fracture under occlusal loads and for

Table 1 Minimum, maximum and mean
fracture resistance (N} and the standard

deviation for each of the five experi-
mental conditions

Groups Cavity Restoration type n  Minimum Maximum Mean £ SD

Group 1 Intact intact teeth 12 1472.80 1932.50 1676.75 + 154.63 a
Group 2 MOD nonrestored 12 334.70 431.30 37651+ 37.36b

Group 3 MOD DBS + CR 12 513.80 886.00 733.23 + 133.33 ¢
Group 4 MOD FCR + DBS + CR 12 568.30 1064.60 786.48 + 14534 ¢

Group 5 MOD polyethylene fibre + 12 733.70 1097.20

FCR + DBS + CR

943.63 + 121.15d

DBS, dentine bonding system; CR, compaosite resin; FCR, flowable composite resin.

Similar letters indicate statistically similar values (P > 0.05).
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its survival. The main factor endangering the survival of
pulpless teeth is loss of dentine (Helfer et al. 1972,
Carter et al. 1983, Greenfeld & Marshall 1983). During
root canal treatment, there can be appreciable loss of
dentine including anatomic structures such as cusps,
ridges and the arched roof of the pulpal chamber.
Dentine provides the solid base required for tooth
restoration and so the fundamental problem is the
increased quantity of sound dentine remaining to retain
and support the restoration (Johnson et al. 1976, Assif
& Gorfil 1994, Linn & Messer 1994, Assif et al. 2003).

Restoration of teeth is an important final step of root
canal treatment. The purpose of a restoration is not only
to repair the tooth, but also to strengthen the tooth and
provide an effective seal between the canal system and
mouth, In the present study, the strength of teeth was
reduced significantly after cavity preparation, as shown
in most previous studies (Mondelli et al. 1980, Gelb et al.
1986, Joyntet al. 1987, El-Sherif et al. 1988, Jagadish &
Yogesh 1990). Reinforcement of the cavity with a
restorative material is necessary to support the remain-
ing tooth structure. Some studies have found that
bonded composite restorations will strengthen a tooth
when compared with amalgam (Trope et al, 1986, Reeh
et al. 1989a, Hurmuzlu et al. 2003a) whereas others
have been unable to show a difference (Joynt et al. 1987,
Steele & Johnson 1999). Adhesive restorations better
transmit and distribute functional stresses across the
bonding interface to the tooth with the potential to
reinforce weakened tooth structure (Hansen 1988).
Trope et al. (1986) showed that the resistance to fracture
of teeth increased significantly when MOD preparations
were acid-etched before restoration with a composite
resin. Hurmuzlu et al. (2003a) reported that teeth
restored with packable composite resin had the highest
resistance to fracture when compared with amalgam- or
ormocer-based composite.

Polymeric adhesives for bonding to dentine are used
in dentistry for a wide range of purposes. Applying
most adhesive systems involves removing or modifying
the smear layer and demineralizing the dentine surface.
Current methods of dentine bonding use acids to
demineralize the surface followed by the use of hydro-
philic low molecular weight primers to penetrate the
remaining collagen network. With the application of
adhesive a resin-impregnated dentine hybrid layer
results, and a micromechanical bond is formed with
the dentine surface (Nakabayashi 1982, Duke 1993,
Inokoshi et al. 1993).

When restoring with composite, many factors may
effect the resistance of a tooth to vertical and/or cuspal

© 2005 International Endodontic Journal

fracture, such as cavity dimension (Mondelli et al. 1980,
Purk et al. 1990) or restorative system utilized (Morin
et al. 1984, Eakle 1986). An extensive cavity can be
restored using a dentine bonding system (DBS) and a
resin composite, however, the polymerization reaction
of light cured composites leads to the development of
higher stresses when the composite resin is bonded to
the cavity walls. Joynt et al. (1987) suggested that the
fracture resistance of premolar teeth with MOD cavity
preparations restored with composite resin may increase
if an incremental resin placement and curing method is
used. Against the widely accepted belief that incremen-
tal composite placement results in reduced stress build-
up at the tooth-restoration interface (Krejci et al. 1987).
Versluis et al. (1996) reported that theoretically bulk
fillings generate less volumetric shrinkage within iden-
tical cavity shapes. Although layering concepts have
been described as mandatory when working with resin-
based composites, the effect of layering technique was
eliminated and bulk technique was used in this study to
evaluate the stress modifying effect of flowable compos-
ite lining with or without fibre insertion.

High viscosity bonding agents may also provide a
layer of substantial thickness that acts as a stress
absorber (Alhadainy & Abdalla 1996) and flow of the
composite may release contraction stresses (Takada
et al. 1994, Uno et al. 1994). An advantage of bonding,
coupled with composite core build-up, is the high bond
strength to tooth structure and increased resistance to
fracture (Hernandez et al 1994). Hurmuzlu et al
(2003b) compared the effect of six different DBS on
fracture resistance of teeth and showed that the type of
DBS had no influence in the fracture resistance of teeth.
In the present study, it was hypothesized that covering
the surface with flowable composite or the addition of
an LWUHMW polyethylene fibre before restoring teeth
with resin composite would provide an increase in
fracture strength. This was theorized on the concept
that the presence of the glass or polyethylene network
would create a change in the stress dynamics at the
restoration/adhesive resin interface. This hypothesis
was demonstrated in the LWUHMW polyethylene fibre
group as inserting a piece of fibre in a buccal to lingual
direction significantly increased fracture strength of
root filled molar teeth with MOD preparations. The
elastic modulus of polyethylene fibre with adhesive
systems was previously measured by Eskitascioglu et al.
(2002). The higher modulus of elasticity and lower
flexural modulus of the polyethylene fibre might have a
modifying effect on how the interfacial stresses are
developed along the restoration/tooth interface.

International Endodontic Journal, 38, 73-80, 2005
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With the concept that the presence of the glass or
polyethylene network would create a change in the
stress dynamics at the enamel/composite/adhesive inter-
face, Meiers et al. (2003) tested shear bond strength of
composite to flat bovine enamel surfaces with four
different fibre reinforcement materials. Although three of
the four materials had no effect on shear bond strength,
one of the materials tested (Connect; Kerr, Orange, CA,
USA) improved shear bond strength. As a result they
concluded that the higher modulus of elasticity and
lower flexural modulus of the polyethylene fibre may
have amodifying effect on how the interfacial stresses are
developed along the etched enamel/resin boundary.
Haller et al. (1991) reported a reduction of the bond
strength to dentine of some adhesive systems when
applied to 3D cavities in comparison with flat surfaces. In
the present study, MOD preparations were used. The
results may be different if flat surfaces were used. On the
contrary, lining the cavity surfaces with flowable com-
posite did not change the fracture strength. The thick-
ness of the elastic layer created by flowable composite
might not be enough to compensate contraction stresses
inside an MOD preparation or the physical properties of
an LWUHMW polyethylene fibre might have a positive
effect on distributing stress along the restoration-tooth
interface.

This study was carried out in in vitro conditions and
the test was performed 24 h after restoration. The
thermal, chemical and physical stresses that the
restoration could be subjected to over a longer period
in vivo may adversely affect the results, therefore
further investigation is necessary to predict the in vivo
behaviour of this type of restoration,

Conclusions

Within the limits of this study, it can be concluded that:
1 MOD cavity preparation reduced fracture resistance
of root filled teeth.

2 Use of flowable composite under composite restoration
had no effect on fracture resistance of root filled molar
teeth that had been restored with composite resin.

3 Inserting an LWUHMW polyethylene ribbon fibre in
root filled molar teeth with MOD preparations signifi-
cantly increased fracture strength.

Acknowledgements

The authors thank Dr David Rudo from Ribbond Inc.
and Mrs. Ozlem Otur, Dr Ebru Yilmaz from Kuraray,
Turkey, for their material support.

International Endodontic Journal, 38, 73-80, 2005

References

Alhadainy HA, Abdalla AI (1996) Two year clinical evalua-
tion of dentin bonding systems. American Journal of Dentistry
9, 77-9.

Assif D, Gorfll C (1994) Biomechanical considerations in
restoring endodontically treated teeth. Journal of Prosthetic
Dentistry 71, 565-7.

Assif D, Nissan J, Gafni Y, Gordon M (2003) Assessment of the
resistance to fracture of endodontically treated molars
restored with amalgam. Journal of Prosthetic Dentistry 89,
462-5,

Belli S, Ozer F (2000) A simple method for single anterior
tooth replacement. Journal of Adhesive Dentistry 2, 67-70.
Belli S, Inokoshi S, Ozer F, Pereira PN, Ogata M, Tagami] (2001)
The effect of additional enamel etching and a flowable
composite to the interfacial integrity of Class II adhesive

composite restorations. Operative Dentistry 26, 70-5.

Carter JM, Sorenson SE, Johnson RR, Teitelbaum RL, Levine
MS (1983) Punch shear testing of extracted vital and
endodontically treated teeth. Journal of Biomechanics 16,
841-8.

Davidson CL (1996) Factors influencing the quality of
composite restorations, theory and practice: Lining and
elasticity. In: Dall'Orologia D, Prati C, eds. Bologna Interna-
tional Symposium, Ariesdue Srl-Carimate, Italy, 22-23
November, p. 87.

Davidson CL, de Gee A], Feilzer A (1984) The competition
between the composite-dentin bond strength and the
polymerization contraction stress. Journal of Dental Research
63, 1396-9.

Duke ES (1993) Adhesion and its application with restorative
materials. Dental Clinics of North America 37, 329-40,

Bakle WS (1986) Increased fracture resistance of teeth:
comparison of five bonded composite resin systems. Quint-
essence International 17, 17-20.,

Edelhoff D, Spiekermann H, Yildirim M (2001) Metal-free
inlay-retained fixed partial dentures. Quintessence Interna-
tional 32, 269-81.

El-Sherif MH, Halhoul MN, Kamar AA, Nour el-Din A (1988)
Fracture strength of premolars with class 2 silver amalgam
restorations. Operative Dentistry 13, 50-3.

Eskitascioglu G, Belli S, Kalkan M (2002) Evaluation of two
post—core systems using two different methods (fracture
strength test and a finite elemental stress analysis study).
Journal of Endodontics 28, 629-33,

Feilzer A}, de Gee AJ, Davidson CL (1987) Setting stress in
composite resin in relation to configuration of the restor-
ation. Journal of Dental Research 66, 163639,

Freilich MA, Meiers JC, Duncan JP, Goldberg AJ (1999) Fiber
Reinforced Composites in Clinical Dentistry. Chicago, IL:
Quintessence Publishers, pp. 49-70.

de Gee AJ, Feilzer AJ, Davidson CL (1993) True linear
polymerisation shrinkage of unfilled resins and composites
determined with a linometer. Dental Materials 9, 11-14.

© 2005 International Endodontic Journal



Gelb MN, Barouch E, Simonsen R] (1986) Resistance to cusp
fracture in class If prepared and restored premolars. Journal
of Prosthetic Dentistry 55, 184--5.

Goerig AC, Mueninghoff LA (1983) Management of the
endodontically treated tooth. Part II: Technique. Journal of
Prosthetic Dentistry 49, 491-7.

Greenfeld RS, Marshall FJ (1983) Factors affecting dowel (post)
selection and use in endodontically treated teeth. Journal of
Canadian Dental Association 49, 777-83.

Haller B, Klaiber B, Betz T, Dobersch S (1991) Shear bond
strength to dentin by simulation of three-dimensional class
V cavity configuration. Dental Materials 7, 206-10.

Hansen EK (1988) In vivo cusp fracture of endodontically
treated premolars restored with MOD amalgam or MOD
resin fillings. Dental Materials 4, 169-73.

Helfer AR, Melnick S, Schilder H (1972) Determination of the
moisture content of vital and pulpless teeth. Oral Surgery,
Oral Medicine, Oral Pathology 34, 661-70.

Hernandez R, Bader S, Boston D, Trope M (1994) Resistance to
fracture of endodontically treated premolars restored with
new generation dentine bonding systems. International
Endodontic Journal 27, 281-4.

Hudis SI, Goldstein GR (1986) Restoration of endodontically
treated teeth: a review of the literature. Journal of Prosthetic
Dentistry 55, 33-8.

Hurmugzlu F, Kiremitci A, Serper A, Altundasar E, Siso SH
(2003a) Fracture resistance of endodontically treated pre-
molars restored with ormocer and packable composite.
Journal of Endodontics 29, 838-40.

Hurmuzlu F, Serper A, Siso SH, Er K (2003b) In vitro fracture
resistance of root-filled teeth using new-generation dentine
bonding adhesives. International Endodontic Journal 36,770-3.

Inokoshi S, Hosoda H, Harnirattisai C, Shimada Y (1993)
Interfacial structure between dentin and seven dentin
bonding systems revealed using argon ion beam etching.
Operative Dentistry 18, 8-16.

Jagadish S, Yogesh BG (1990) Fracture resistance of teeth with
class 2 silver amalgam, posterior composite, and glass
cermet restorations. Operative Dentistry 15, 42-7.

Johnson JK, Schwartz NL, Blackwell RT (1976) Evaluation and
restoration of endodontically treated posterior teeth. Journal
of American Dental Association 93, 597-605.

Joynt RB, Wieczkowski G Jr, Klockowski R, Davis EL (1987)
Effects of composite restorations on resistance to cuspal
fracture in posterior teeth. Journal of Prosthetic Dentistry 57,
431-5.

Kemp-Scholte CM, Davidson CL (1990) Marginal integrity
related to bond strength and strain capacity of composite
resin restorative systems. Journal of Prosthetic Dentistry 64,
658-64.

Krejci I, Sperr D, Lutz F (1987) A three-sided light curing
technique for conventional class II composite resin restora-
tions. Quintessence International 18, 125-31.

Larson TD, Douglas WH, Geisfeld RE (1981) Effect of prepared
cavities on the strength of teeth. Operative Dentistry 6, 2-5.

© 2005 International Endodontic Journal

Belli et al. Fracture resistance of endodontically treated molars

Linn J, Messer HH (1994) Effect of restorative procedures on
the strength of endodontically treated molars. Journal of
Endodontics 20, 479-85.

Madison S, Wilcox LR (1988) An evaluation of coronal
microleakage in endodontically treated teeth. Part III. In
vivo study. Journal of Endodontics 14, 455-8.

Meiers JC, Freilich MA (2001) Chairside prefabricated fiber-
reinforced resin composite fixed partial dentures. Quintes-
sence International 32, 99-104,

Meiers JC, Duncan JP, FPreilich MA, Goldberg A] (1998)
Preimpregnated fiber reinforced prostheses: Part II. Direct
applications: splints and fixed partial dentures. Quintessence
International 29, 761-8.

Meiers JC, Kazemi RB, Donadio M (2003) The influence of fiber
reinforcement of composites on shear bond strengths to
enamel. Journal of Prosthetic Dentistry 89, 388-93.

Mondelli ], Steagall L, Ishikiriama A, de Lima Navarro MF,
Soares FB (1980) Fracture strength of human teeth with
cavity preparations. Journal of Prosthetic Dentistry 43, 419—
22,

Morin D, DeLong R, Douglas WH (1984) Cusp reinforcement
by the acid etch technique. Journal of Dental Research 63,
1075-8.

Nakabayashi N (1982) Resin reinforced dentine due to the
infiltration of monomers into the dentine at the adhesive
interface. Japanese Journal of Materials and Devices 1, 78-81.

Purk JH, Eick JD, Roberts M, Chappell RP, Moore DL (1990)
Fracture strength of class I versus class II restored premolars
tested at the marginal ridge. II. Cavosurface bonding and
cavosurface plus internal enamel bonding. Quintessence
International 21, 655-62.

Reeh ES, Douglass WH, Messer HH (1989a) Stiffness of
endodontically-treated teeth related to restoration tech-
nique. Journal of Dental Research 68, 1540-4.

Reeh ES, Messer HH, Douglass WH (1989b) Reduction in
tooth stiffness as a result of endodontic and restorative
procedures. Journal of Endodontics 15, 512-6,

Rosen H (1961) Operative procedures on mutilated endodonti-
cally treated teeth. Journal of Prosthetic Dentistry 11, 972-86.

Smales R], Hawthorne WS (1997) Long-term survival of
extensive amalgams and posterior crowns. Journal of Den-
tistry 25, 225-7.

Starr CB (1990) Amalgam crown restorations for posterior
pulpless teeth. Journal of Prosthetic Dentistry 63, 614-9,
Steele A, Johnson BR (1999) In vitro fracture strength of
endodontically treated premolars. Journal of Endodontics 25,

6-8.

Takada A, Uno S, Sasaki T, Tanaka T, Kobayashi Y,
Shimokobe H (1994) The mechanical properties and mar-
ginal adaptation of light-cured composite restorations poly-
merized under a low light source intensity. Japanese Journal
of Conservative Dentistry 37, 1090-5.

Trope M, Langer I, Maltz D, Tronstad L (1986) Resistance to
fracture of restored endodontically treated premolars. End-
odontics Dental Traumatology 2, 35-8.

International Endodontic Journal, 38, 73-80, 2005



Fracture resistance of endodontically treated molars Belii et al.

Uno 8, Takada A, Sasaki T, Tanaka T, Shimokobe H (1994)
Inner hardness and cavity adaptation of composite resin
fillings polymerized at a low power light source. Japanese
Journal of Conservative Dentistry 37, 888-92,

Valittu PK, Sevelius C (2000) Resin-bonded glass fiber-
reinforced composite fixed partial dentures: a clinical study.
Journal of Prosthetic Dentistry 84, 413-8.

Vallitta PK (1998) The effect of glass fiber reinforcement on
the fracture resistance of a provisional fixed partial denture.
Journal of Prosthetic Dentistry 79, 125~30.

Van Meerbeek B, Lambrechts P, Inokoshi S, Braem M,
Vanbherle G (1992) Factors affecting adhesion to mineralized
tissues, Operative Dentistry 17(Suppl. 5), 111-24.

International Endodontic Journal, 38, 73-80, 2005

Van Meerbeek B, Willems G, Celis JP, Roos JR, Braem M,
Lambrechts P et al. (1993) Assessment by nano-indentation
of the hardness and elasticity of the resin-dentin bonding
area. Journal of Dental Research 72, 1434-42,

Versluis A, Douglas W, Cross M, Sakaguchi RL (1996) Does
an incremental filling technique reduce polymerization
shrinkage stresses? Journal of Dental Research 75,871-8.

Wagnild GW, Mueller KI {2002) Restoration of the endodon-
tically treated tooth. In: Cohen S, Burns RC, eds. Pathways of
the Pulp, 8th edn. St Louis, MO, USA: Mosby Inc., pp.
765-95.

© 2005 International Endodontic Journal



