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Treated Mandibular Molars Restored Using Resin
Composite With or Without Translucent Glass Fiber Posts

Ziad Salameb,*" Roberto Sorrentino,”’ Federica Papacchini,’ Hani F. Ounsi’
Esam Tasbkandi,* Cecilia Goracci,” and Marco Ferrari’

Abstract

The elastic modulus of the restorative material is im-
portant in restoring endodontically treated teeth. This
study aimed to compare the fracture resistance and
failure patterns of 90 mandibular molars restored using
resin composites with or without fiber posts, with re-
spect to the number of residual cavity walls. Five res-
toration types were performed corresponding to differ-
ent wall defects (groups 1-5). Groups were divided in
two subgroups corresponding to the use or absence of
fiber posts. Teeth were loaded and resistance of spec-
imens was measured as the axial compressive load to
cause fracture and macroscopic fracture patterns were
observed. One way ANOVA revealed a significant dif-
ference in fracture resistance (p < 0.001). Tukey post
hoc test also revealed significant differences between
groups as samples restored with fiber posts exhibited
mostly restarable fractures. It was concluded that the
resistance of endodontically treated mandibular molars
restored with composite resins is mainly affected by the
number of residual walls. Using fiber-reinforced posts
optimized fracture patterns. (J Endod 2006;32:
752-755)
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ndodontically treated teeth (ETT) are considered to have a higher risk of fracture

because of their inherently poor structural integrity as a result of pre-existing caries
and/or tooth preparation (1, 2). Loss of the roof of the pulp chamber and/or the
marginal ridges is further factors that are likely to influence the fracture resistance of
such teeth (3). The fracture potential of ETT have been studied, yet to date, no definite
causal relationship between fracture and the type of restoration has been established,
and controversies remain regarding which material or technique would be ideal for
their rehabilitation.

Although posts are necessary to retain coronal build-up materials, they do not
reinforce roots and may even weaken them through loss of radicular dentin necessitated
by post-space preparation (4). Furthermore, and particularly regarding prefabricated
posts, the interfaces between materials of different moduli of elasticity represent areas
of weakness as local discrepancies influence stress-strain distribution (4). In (his
respect, posts with similar biomechanical properties to dentin, viz. carbon fiber-rein-
forced posts, were developed (5-7). These were followed by iranslucent glass or quartz
fiber-reinforced posts with better esthetic properties. A major advantage of such posts
is the possibility of using composite restorative materials 1o rebuild missing coronal
structure, which offers better interfacial integrity through the use of materials of similar
elastic moduli (8, 9). Furthermore, since chemical bonding is not possible with the
matrices used in post fabrication, chemical bonding can be achieved between post
fibers and core material by applying a silane agent (10). Etching of the post surface is
also possible using 10% hydrogen peroxide, thus increasing the surface area and
improving the micromechanical retention at the post-core interface (11).

The aim of the present study was to compare the fracture resistance and failure
patterns of endodontically treated mandibular molars restored using resin composites
with or without translucent glass fiber posts, and with respect to the number of residual
cavity walls, The null hypothesis tested was that there is no association between the
fracture resistance (and patterns) of endodontically treated mandibular molars re-
stored by means of resin composite with or without glass fiber-reinforced posts, and the
number of residual cavity walls remaining coronally.

Materials and Methods

Ninety human mandibular first and second molars, extracted for periodontal
reasons, were selected. Teeth with caries and/or previous restorations were excluded,
Dental plaque, calculus and periodontal tissues were removed. The teeth were stored in
(.9% saline solution at 37°C. Canal morphology was verified from standardized apical
radiographs (70 kV and 0.08 s) both in the mesio-distal and bucco-lingual directions.
The pulp chamber of each tooth was opened and working length was determined
visually by placing a size #10 K-file (Dentsply-Maillefer, Ballaigues, Switzerland) at the
apical foramen. Root canals were instrumented using stainless steel K-files # 10, 15, 20
(Dentsply-Maillefer) followed by rotary Ni-Ti instruments (ProTaper, Dentsply-
Maillefer) according to the manufacturer’s instructions. All canals were prepared to the
12 size and instruments discarded after use in four root canals or if instrument defor-
mation was visible. Root canals were irrigated between instrumentation with 2 ml 5.25%
sodium hypochlorite. All teeth were obturated using the warm vertical condensation
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GROUP 1

GROUP 3 GROUP 4

GROUP 5

Fgure 1. (@) Schematic drawing representing the loss of dentinal walls in each
group. () Sample from group 3a exhibiling a nonrestorable vertical fracture
extending in the mesial root. (¢) Sample from group 5b exhibiting a restorable
fracture. The acrylic resin was removed with a carbide bur to show that radic-
ular fracture did not occur. It appears clearly that the failure occurred rather in
the restorative material before root fracturing stress levels could he obtained.

technique, using calibrated gutta-percha points (F2, Dentsply-
Maillefer) and an endodontic sealer (AH26, Dentsply-Maillefer).

To account for the influence of root canal morphological varia-
tions on the results, teeth were classified according to their mesio-distal
and bucco-lingual dimensions and proportionately distributed among
the experimental groups so as to have similar representation of mor-
phologies within them. Experimental group 1 comprised 10 teeth (con-
trol group) while groups 2 to 5 comprised 20 teeth each. The specimens
were prepared as follows (Fig. 1a):

Group 1 (control group): the pulp chamber was filled with a flow-
able resin composite material (X-Flow, Dentsply-Caulk, York,
PA) and a micromatrix resin composite material (Ceram X,
Dentsply-Caulk); all coronal walls were left intact;

Group 2: the distal wall of each tooth was removed, using the limits
of the marginal crest as an anatomic reference. The cavity was
extended towards the access preparation to create a divergent
disto-occlusal standardized adhesive preparation. The cervical
margin was placed | mm apical to the CFJ;

Group 3: hoth the distal and mesial walls of each tooth were removed
to create a mesio-occluso-distal (MOD) cavity; the same prepa-
ration criteria used in group 2 was adopted;
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Group 4: the distal, mesial and buccal walls of each tooth were
removed; the same preparation criteria used in previous groups
were adopted:

Group 5: the whole crown of each tooth was removed | mm coro-
nally to the most occlusal point of the CEJ.

Groups 2 through 5 were divided into two subgroups. designated
aandb (n = 10 each). Subgroups 2a through 5a were restored with an
approximately 2 mm thick layer of flowable resin composite material
(X-Flow, Dentsply-Caulk), followed by several layers of micromatrix
resin composite material (Ceram X, Dentsply-Caulk). In subgroups 2b
through 5b, the coronal build-up was preceded by placement of a trans-
lucent glass fiber post (DT Light Post, RTD, St. Egreve, France). Each
post was tried into the root canal and cut to adequate length with a
diamond bur so as to cover its occlusal end with at least 2 mm of
composite resin. The post surface was silanized with Calibra Silane
(Dentsply-Caulk) for 60 s. The canal walls were etched with 36% phos-
phoric acid for 15 s, and then rinsed and dried with paper points. Prime
& Bond NT Dual-Cure (Dentsply-Caulk) was used as an adhesive and
light-cured for 20 s using a halogen light-curing unit (Astralis 10, Ivo-
clar-Vivadent, Schaan, Liechtenstein) at 750 mW/cm”, before luting the
posts with a dual-cure resin cement (Galibra, Dentsply-Caulk), accord-
ing to the manufacturer’s instructions. Light curing was performed
through the post for 40 s.

Using transparent matrices (Hawe Striproll, Kerr-Hawe, Bioggio,
Switzerland), a standardized incremental composite build-up tech-
nique was used, consisting of light-curing for 40 seconds of each 2 mm
of resin composite increment. A simplified anatomic build-up technique
was used to restore the occlusal surface of the crowns.

Each tooth was embedded in a block of self-curing acrylic resin
(Orthoresin, Lang Dental MFG., Co., Wheeling, IL) using a silicone
mold, leaving 2 to 3 mm of the root exposed so as to morphologically
evaluate the eventual root fractures. A 0.5-mm layer of polyvinylsiloxane
impression material (Flexitime, Heraeus Kulzer, Hanau, Germany) was
applied in the root region to simulate the periodontal ligament hefore
embedding the tooth. Specimens were stored for less than 1 week in
distilled water at room temperature hefore testing. A universal loading
machine (Triaxal Tester T400 Digital, Controls stl, Cernusco s/N., Italy)
was used for evaluating static fracture resistance. Each specimen was
inserted vertically into the holding device and a stainless steel rod having
a3 mm ip diameter was used to apply the controlled load in a direction
parallel to the longitudinal axis of the tooth. The point of load applica-
tioin was 2 mm from the tip of the buccal cusp towards the central fossa,
to simulate occlusal load. Crosshead speed was | mm/minute, and all
samples were loaded until fracture while maximum breaking loads
were recorded in Newtons (N) by a computer (Digimax Plus, Controls
stl) connected to the loading machine. Fracture resistance of the test
specimens was specifically measured as the axial compressive load to
cause fracture and determined by noting an evident load drop with the
mechanical testing machine. Macroscopic fracture patterns were ob-
served after ink perfusion to highlight fracture lines, photographs were
taken using 2 digital camera, and the mode of failure was classified as
restorable or unrestorable (fractures were classified as unrestorable if
root fractures occurred). Data were statistically analyzed with SPSS 12.0
(SPSS, Inc., Chicago, IL). The Kolmogorov-Smirnov test was used to
verify the normality of the data distribution. The one-way ANOVA was
then used, followed by Tukey post hoc test for multiple comparisons; p
was set to 0.05 for all statistical tests.

Resuilts

According to the Kolmogorov-Smirnov test, the data had a normal
distribution that allowed for further statistical analyses. One way ANOVA
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TABLE 1. Means and Standard Deviations of Fracture Resistance (in Newlons)

No post Post
WALLS left (subgroups a) (subgroups b)
(group) e e e
Mean 5D Mean SD
0 walls (5) 833.4° 179.7 677.2° 21.3
1 wall (4) 653.1¢ 36.5 706.8¢ 130.8
2 walls (3) 119522 332.9 878.2°%¢ 135.6
3 walls (2) 1606.8° 410.5 1512.220 267.0
4 walls (1) 1187.9¢ 363.5 — —

Different leters indicate statistically significant differences. For the number of residual walls, the Tukey
post hoc test showed that between groups 4a, 4b, 54, and 5b, differences in the fracture resistance of
ihe teeth were not statistically significant (p = 0.001), but the differences were staistically significant
with group 1, 24, 2h, 3a, with group 3a significanily different from group 2a, 2b, and group 1

signiticantly different from 2a.

revealed that the difference in fracture resistance of the specimens was
statistically significant (p << 0.001). Mean fracture resistances, stan-
tard deviations, and Tukey posi-hoc test results are given in Table 1.
Results of modes of failure (restorable, Fig. 16; unrestorable, Fig. 1¢)
are given in Table 2.

Discussion

This study was designed to assess the fracture resistance and pat-
tern of failure of mandibular molars restored using microhybrid resin
composite with or without translucent fiber-reinforced posts. The siudy
also attempted to take into consideration the degree of destruction of
the crown before restoration. Given the finding that the number of
residual cavity walls and the resistance to fracture was related, as was
the fracture pattern and the presence or absence of fiber-reinforced
posts, the null hypothesis was rejected.

The use of resin-hased cement in this experimental design was
intended to circumvent the potentially detrimental influence that euge-
nol-containing root canal sealers have on the adhesion between root
dentin, luting agents and fiber posts. However, the potential negative
influence of sodium hypochlorite on bond strength was not taken into
account. It has elsewhere been shown that the presence of a periodontal
analogue is of importance in fracture testing, resulting in significant
modifications in modes of fracture (10). The present study took this
into consideration by adding a layer of silicone simulating the periodon-
lium.

The choice of load direction (parallel to the long axis of the tooth)
was also designed to simulate physiological function and to obtain a
degree of nonaxial loading through existing occlusal contact variations.
For this reason, it was not deemed necessary to have the loading tip
contact simultaneously the two inner cuspal sides as this would have
generated a wedge effect that might have skewed the results (11). The
forces placed on the dentition during normal masticatory function are
generally small compared to the maximal biting force. Andersen (12,
13) was the first to measure loads on mandibular molars using strain

TABLE 2. Modes of failures

gauges and found thai the maximum whole tooth load varied between
7.2 and 14.9 kg (70.6 and 146 N) when eating meat, biscuit or carrots.
De Boever ¢t 4. (14) reported forces of between 2.4 and 7.2 kg (23.5
and 70.6 N) using transmitters in removable pontics, and concluded
that functional chewing forces are variable from session to session and
change with the consistency and viscosity of the food. More recently,
maximum biting force on the first molar was reported 4s approximately
859 N (15), and elsewhere as (878 N) (16). The mean fracture load
recorded in (his study for the control group was 1198 N that is higher
than both the maximum chewing and biting loads reported. Groups 2
and 3 also displayed fracture resistances that were greater than the
maximum loads. Groups 4 and 5, however, showed [racture resistance
values in the range of maximal biting loads bui greater than physiolog-
ical masticatory forces. Thus, it may be suggested from these data that
crown coverage is not necessary in molars restored with composite
resins. However, this study did not take into account the effect of aging
of dental bonds (17), long-term behavior of such restorations (18), or
the influence of parafunctional habits (19).

No significant differences between sub-groups, representing the
influence of a post for a given coronal restoration, were noted. Signifi-
cant differences did emerge, however, among the groups, whereby the
more the residual walls, the higher the resistance, with the exception of
group 1 that eshibited a significantly lower fracture resistance than
group 2a. Dala regarding compressive and flexural properties of the
posts and core materials used were not available, and thus the observed
behaviors of specimens under loading conditions could not be inter-
preted with regard to the relative differences in mechanical properties
of post material, composite resins and tooth structure (20). However, il
could be suggested that the influence of cavity design, as reflected by the
behavior of multi-walled restorations (groups 1 and 2) is imporfant.
However, corroborating evidence for this is needed through further
investigations.

The ink perfusion produced an interesting finding, Contrary to the
findings with metallic posts, it would appear that the use of fiber-rein-
forced posts has a positive effect on the fracture pattern, resulting in
most fractures being restorable. Recently, it has been found that post
geometry can significantly affect post retention (21, 22), and there is
every reason to suppose that a variation of the geometry of posts used in
this study could have produced a different outcome.

Within the limitations of this study, it can be concluded that the
resistance to fracture of endodontically treated mandibular molars re-
stored with composite resins is mainly affected by the number of resid-
ual coronal walls. More walls are clearly beneficial, although it also
seems that one wall could be sacrificed to compensate for the C-factor,
Fracture resistance is not affected by the presence or absence of fiber-
reinforced posts. While coronal coverage may remain the recognized
standard of care for posterior ETT that are also subjected to parafunc-
tional forces, the findings suggest that many such teeth that are not
subjected to heavy occlusal forces, may be adequately restored with

WALLS left (group)

Unrestorable
0 walls (5) 40%
1 wall (4) 40%
2 walls (3) 60%
3 walls (2) 70%
4 walls (1) 60%

Mo post {subgrogps 9}

 Post {suhgmuPs h)

Restorable Unrestorable Restorable
60% 0% 100%
60% 0% 100%
40% 30% 70%
30% 50% 50%
40% = —

samples restored with fiber posis mosily exhibited restorable fractures while ieeth resiored without fiber posts mostly exhibited unrestorable fraciures (Fig. 16). Yhis was particularly true for groups with ane or

i walls left (groups 4 and 5) were subgroups b showed 100% resiorable fraciures (Fig. 1¢)
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bonded resin composites. In such cases, the use of posts seems to
optimize fracture patterns and so facilitate re-treatment. Further re-
search is still necessary to investigate the longevity of such restorations
especially in clinical conditions, and the possible influence of parafunc-
tion.
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