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Effect of fiber posts on the fracture resistance of maxillary
central incisors with Class III restorations: An in vitro study
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ABSTRACT
Statement of problem. Endodontically treated teeth with Class III restorations show reduced
fracture resistance. The placement of glass fiber posts may affect fracture resistance and should be
further evaluated.

Purpose. The purpose of this in vitro study was to evaluate the effect of fiber posts on the fracture
resistance of endodontically treated maxillary central incisors with Class III restorations.

Material and methods. Forty extracted human maxillary central incisors were selected and divided
into 4 test groups (n=10 each) according to the restoration strategy: control group; endodontically
treated teeth without endodontic posts (GHT); endodontically treated teeth with 2 Class III resto-
rations simulating coronal destruction (GCT); endodontically treated teeth with 2 Class III restora-
tions and a carbon fiber post (GCF); and endodontically treated teeth with 2 Class III restorations
and a glass-fiber post (GGF). The fiber posts were adhesively cemented with composite resin
cement, and the cavities were restored with composite resin. After 3 months of water storage,
all specimens were loaded at 45 degrees in a universal testing machine until fracture and
evaluated for fracture mode. The data were analyzed using 1-way ANOVA, followed by the Tukey
honest significant difference multiple comparisons test (a=.05).

Results. Mean ±SD failure loads ranged from 687.5 ±84.0 N to 943.8 ±93.1 N. One-way ANOVA
revealed a statistically significant difference among the groups (P�.05). The control group (GHT)
had significantly higher resistance to fracture than the other groups (P�.05).

Conclusions. Within the limitations of this in vitro study, placement of a fiber post did not affect
the fracture resistance of endodontically treated maxillary central incisors with 2 Class III
restorations. (J Prosthet Dent 2017;118:55-60)
Endodontically treated teeth
(ETT) are at increased risk of
fracture. Removal of tooth
structure during endodontic
treatment and the presence of
fractured or carious dentin,
rather than low moisture
content and increased brittle-
ness, reduces tooth resistance
to fracture.1,2 Endodontically
treated and vital teeth present
the same biomechanical pro-
perties.1 The substance loss
of ETT will enhance their
susceptibility to fracture.3,4

Therefore, the longevity of
teeth depends on the amount
of substance loss and the
capability of the restorative
materials to replace it.5

The prognosis for ETT is
affected by the amount of
weakened root,6 coronal sub-

stance loss,3,7 post material,8 post design,9 post length,10

post diameter,11 core material,12 luting cement and
adhesive system, and ferrule height.7 Extensive loss of
coronal structure usually requires post-and-core and
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complete coronal restoration.13 The use of a post is
determined by the internal root structure and the amount
of remaining coronal structure.14-18 Posts are necessary to
provide retention when the remaining coronal structure
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Figure 1. Position of Cl III cavities preparation, which corresponded to
approximately 1/3 of the cervicoincisal dimension.

Clinical Implications
The placement of glass fiber posts does not improve
the fracture resistance of endodontically treated
maxillary central incisors with 2 Class III restorations.
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is not sufficient to retain the core material.13 Different
post systems, including cast post and cores,19 stainless
steel posts,20 titanium posts,21 ceramic posts,22 and fiber
posts, have been used.7,23 With the increasing need for
optimal anterior esthetics, esthetic posts and cores, such
as fiber posts, are needed.24 Glass fiber posts have a
modulus of elasticity that is similar to dentin (w20 GPa),
thereby allowing the post to absorb stress and prevent
root fractures.25 However, other prefabricated posts have
physical properties that are better than those of glass
fiber posts.26,27 Fiber posts are bonded to the tooth using
composite resin cement and can distribute forces along
the roots to improve the fracture resistance of ETT.28

Studies have investigated the effect of post mate-
rial,27,29-31 different wall numbers,3 ferrule design,32

ferrule location,33 post core materials,8 and ferrule
height7,34 on the fracture resistance of ETT. However, as
far as the authors are aware, the influence of Class III
restorations on the fracture resistance of ETT has not
been investigated. Therefore, this in vitro study was
designed to evaluate the influence of fiber posts on the
fracture resistance of endodontically treated maxillary
central incisors with Class III restorations. The first null
hypothesis was that the presence of Class III restorations
would not influence the fracture resistance of endodon-
tically treated maxillary central incisors. The second null
hypothesis was that the presence of fiber posts would not
affect the fracture resistance of endodontically treated
maxillary central incisors with Class III restorations.

MATERIAL AND METHODS

Forty caries-free, restoration-free, and crack-free maxil-
lary central incisors with similar root forms and similar
labiopalatal and mesiodistal dimensions were selected.
Ethical approval was received from the local ethics
committee. The teeth were soaked in 5% formol-saline
solution at room temperature. Dental plaque, calculus,
and periodontal tissues were removed with a hand scaler.
The teeth were stored at room temperature during the
study. Access cavities were prepared to form a triangular
cavity with a round bur (FG801021; SS White), using a
continuous water-cooled, high-speed handpiece. The
working length was 0.5 mm short of the apex.

The root canals were cleaned and shaped, using
the traditional technique, to ISO 80 file size (K-file;
Dentsply Sirona).33 Sodium hypochlorite (3%) was used
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during the instrumentation. The root canals were aspi-
rated, dried with paper points (Spident; Meta Biomed
Co), obturated with resin sealer (AH Plus; Dentsply
Sirona) and lateral condensation of gutta percha points
(Spident Meta Biomed Co).7 All access cavities were
bulk-filled with interim restorative material (Coltosol;
Coltène/Whaledent Ltd). All teeth were stored in a
sealed container with distilled water at room temperature
for at least 72 hours. All roots were then embedded up to
2 mm below the cementoenamel junction in autopoly-
merizing acrylic resin (Idofast Unipol; Unidesa-Odi). All
roots were positioned with the long axis perpendicular to
the horizon with a custom-made surveyor. The roots
were covered with a silicone impression material (Elite
HD Light Body; Zhermack) to simulate the periodontal
ligament. The cervicoincisal and buccolingual dimensions
of each crown (Fig. 1) were measured with digital calipers
(Links Brand; Harbin Metering Instrument Works) and
divided into incisal, middle, and cervical parts. The
cavities were prepared in the middle third, which corre-
sponded to 1/3 of the cervicoincisal dimension and which
extended horizontally by 1 mm away from the buccal
surface.

The specimens were assigned to 4 groups (n=10 each)
as follows (Fig. 2): control group or endodontically
treated central incisors without posts (GHT); endodon-
tically treated central incisors with 2 Class III cavities
(mesial and distal) filled with composite resin and no
post (GCT); endodontically treated central incisors with 2
Class III cavities (mesial and distal) filled with composite
resin after placement of a carbon fiber post (GCF); and
endodontically treated central incisors with 2 Class III
cavities (mesial and distal) filled with composite resin
after placement of glass fiber posts (GGF). After the gutta
percha had been removed with drills 1, 2, 3, and 4 (Gates
Glidden Drills; Mani Inc), the post spaces were prepared
(for GCF and GGF) with a corresponding low-speed drill
Abduljawad et al



Figure 2. Study design. GCF, endodontically treated teeth with carbon
fiber post; GCT, endodontically treated teeth without post; GGF,
endodontically treated teeth with glass fiber post; GHT, endodontically
treated teeth control group.

Table 1.Materials used for restorative procedures

Material Manufacturer Batch No.

Diamond rotary
instruments

Round burs FG801021, SS White 201400038417

Gates Glidden Kendo 000720-23

Fiber posts Cytec blanco size 2; Hahnenkratt 025210

Resin cement Multilink N; Ivoclar Vivadent AG T00622

Resin composite Tetric N-Ceram; Ivoclar Vivadent AG R04429
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to achieve a post space of 12 mm (leaving at least 4 mm
of gutta percha in the apical third). Before cementation,
carbon fibers and glass fiber posts (Cytec carbon and
Cytec blanco size 2; Hahnenkratt GmbH) were airborne-
particle abraded with 50-mm alumina particles (Alu-
minum Oxide Abrasive; Heraeus Kulzer GmbH) for 5
seconds at 0.1 MPa. The airborne-particle abraded posts
were then cleaned ultrasonically in 96% isopropanol for 3
minutes.

The post spaces were irrigated with 3% sodium
hypochlorite, rinsed with 70% ethanol, and dried with
absorbent paper points. The post spaces were precondi-
tioned with a self-etching primer (Multilink N Primer
A+B; Ivoclar Vivadent AG), irrigated with water, and air
dried. To cement the fiber posts, resin cement (Multilink
N; Ivoclar Vivadent AG) was placed in the post spaces
using a periodontal probe and onto both types of posts
(carbon and glass fibers) using disposable microbrushes
(Disposable Micro Applicators; TPC Advanced Technol-
ogy Inc). Each post was placed into the post space by
using finger pressure for 10 seconds. Excess cement was
removed using cotton pellets. Subsequently, each post
was cemented using a custom-made device with a force
of 20 N for 3 minutes. After conditioning the dentin with
a self-etching primer (Multilink N Primer A+B), both of
the Class III cavities were filled with light-polymerizing
composite resin (Tetric N-Ceram; Ivoclar Vivadent AG).

The posts were reduced to the height of the access
cavity restoration. For teeth in the GCT group, the
composite resin post space was prepared by reducing the
gutta percha to 5 mm from the access opening using
Gates Glidden drills. The dentin was then preconditioned
with a self-etching primer (Multilink N Primer A+B). The
composite resin was dispensed into the post space to a
depth of 2 mm and a width of 3 mm inside the root canal.
All the specimens were placed in distilled water at room
temperature for 3 months before mechanical testing. The
materials used are listed in Table 1.
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To determine the failure load, a compressive load was
applied at an angle of 45 degrees to the long axis of the
tooth on the palatal surface, using a universal testing
machine (Instron) (Fig. 3) until the specimen fractured.
The crosshead speed was 1 mm/min, and the failure load
was recorded in newtons (N). The specimens were
visually inspected to determine the type, location, and
direction of fracture. Statistical analysis was performed
using 1-way ANOVA, which was followed by multiple
comparisons using the Tukey honest significant differ-
ence (HSD) test (a=.05). Statistical software (PASW
Statistics for Windows, v18.0; SPSS Inc.) was used to
perform the analysis.

RESULTS

Significant differences among groups (P�.05) were
observed. According to the Tukey HSD test (Table 2), the
control group presented a significantly higher resistance
to fracture than the other groups (P�.05). However, the
other groups showed no significant differences (P>.05).
The mean ±SD fracture loads of the 4 groups are pre-
sented in Table 2. Their values ranged from 687.5 ±84.0
N for GGF to 943.8 ±93.1 N for GHT. The control group
(GHT) showed the highest fracture resistance, and the
lowest fracture resistance was recorded for GGF with a
glass fiber post.

The failure mode was determined by visual inspec-
tion. Two types of root fractures were observed (Fig. 4),
including specimens that presented cervical third frac-
ture, classified as favorable, and specimens that
presented middle and apical third, classified as unfavor-
able. Almost all groups (except GHT) showed a
completely favorable fracture mode (Fig. 5). The mode of
failure in GHT was typically an oblique root fracture at
the middle of the root extending from the palatal surface
down to the buccal surface of the root, whereas most of
the fracture modes in the other groups were horizontal or
oblique fractures in the cervical third (Table 3).

DISCUSSION

This study investigated the effect of fiber posts on the
fracture resistance of the maxillary central incisors with 2
Class III restorations. Using natural teeth in in vitro
studies is a more reliable method than metal dies or
THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 3. Specimen positioned in holding device for testing in universal
testing machine.

Table 2.Mean ±SD fracture loads

Load Load (N)

GHT 943.8 ±93.1A

GCT 748.9 ±88.3B

GCF 766.6 ±97.4B

GGF 687.5 ±84.0B

GCF, endodontically treated teeth with carbon fiber post; GCT, endodontically treated
teeth without post; GGF, endodontically treated teeth with glass fiber post; GHT,
endodontically treated teeth control group. Statistically different means (P�.05) are
indicated by different uppercase superscript letters.
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acrylic resin teeth.7,32 Testing the fracture resistance of
the roots in ETT is one of the most important factors
when restoring teeth that have lost a considerable
amount of their crown tissue. Loads were applied to the
specimens at 45 degrees to the tooth long axis, in
accordance with publications about the fracture strength
of anterior teeth.29

Class III cavities were investigated to mimic the
different clinical conditions under which various pos-
sibilities for the loss of dental tissue occurred. The
advantages of using fiber posts and resin cementation
shown in this study were supported by data that report
the modulus of elasticity of the fiber posts and resin
cement similar to dentin.35 The control group GHT
without Class III restorations exhibited a significantly
higher fracture resistance than group GCT with Class
III restorations. Therefore, the first null hypothesis that
the presence of Class III restorations would not influ-
ence the fracture resistance of endodontically treated
maxillary central incisors should be rejected. Never-
theless, the second null hypothesis that fiber posts
would not affect the fracture resistance of the maxillary
central incisors with 2 Class III restorations should be
accepted.

The presence of a fiber post did not influence the
fracture resistance of the maxillary central incisors with 2
Class III restorations (P>.05). The fracture resistance of
the maxillary central incisors ranged from 687.5 ±84 N
for GGF to 943.8 ±93 N for GHT and was similar to those
in previous in vitro studies.9,27 The lowest fracture
THE JOURNAL OF PROSTHETIC DENTISTRY
resistance values were observed for GGF (with 2 Class III
restorations and a glass fiber post). These results may be
explained by the fact that less remaining tooth structure
(accompanied by dentin removal during post space
preparation) results in a weakened tooth. Clinical and
laboratory studies have demonstrated that the presence
of residual coronal dentin will result in an improved
survival rate.3,7,9,34,36

The control group GHT without Class III restorations
presented significantly high resistance to fracture
(P�.05). This observation supported the results of other
studies that conservation of tooth structure increases the
fracture resistance of ETT.4,7 Conversely, substance loss
decreases the fracture resistance of ETT.3 Therefore, the
amount of substance loss after endodontic treatment is a
crucial factor for the prognosis of ETT.37 The fracture
strength of groups GCF and GGF revealed that the
presence of prefabricated fiber posts (carbon or glass) did
not improve the fracture resistance of the ETT. These
findings are in agreement with previous studies.4,27

Although the rationale for using posts has changed in
recent decades from strengthening roots to retaining the
core material, a number of studies have shown that the
presence of resin cement and fiber post as a monoblock
system can significantly enhance the fracture strength of
the ETT.3,38 Although the lowest fracture resistance was
recorded for specimens with glass fiber posts, it does not
mean that this fiber post is unsuitable for clinical use. The
incisal load in anterior area is below 200 N, which is
lower than the failure loads of fiber posts 687.5 ±84 N
observed in this study.39 Thus, anterior teeth with 2 Class
III restorations restored with fiber posts would resist
normal occlusal forces.

Almost all failure modes were classified as favorable,
in the cervical third, excluding the GHT. In this situation,
the presence of fiber posts resulted in redistributed
stresses in the outer surface regions of the coronal third
of the root. In addition, the presence of dentinal walls
may influence the stress distribution, but the existence of
fiber post might be important to the failure mode under
these test conditions. This result can be explained by the
fact that when severe substance loss occurs, stresses will
be concentrated in the cervical area and lead to favorable
failure modes. However, when the remaining walls
Abduljawad et al



Figure 4. A, Unfavorable fracture mode initiated from palatal cervical crown margins and propagated obliquely below acrylic resin surface. B, Favorable
fracture mode, horizontal or oblique fractures in cervical third.

Figure 5. Fracture mode and group frequency. GCF, endodontically
treated teeth with carbon fiber post; GCT, endodontically treated teeth
without post; GGF, endodontically treated teeth with glass fiber post;
GHT, endodontically treated teeth control group.

Table 3. Fracture modes of groups*

Failure Mode

Group

GHT GCT GCF GGF

Favorable 2 (20) 9 (90) 10 (100) 10 (100)

Unfavorable 8 (80) 1 (10) 0 (0) 0 (0)

GCF, endodontically treated teeth with carbon fiber post; GCT, endodontically treated
teeth without post; GGF, endodontically treated teeth with glass fiber post; GHT,
endodontically treated teeth control group. *Data presented as number of speciments
(percent).
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increase, stresses will be transmitted to the apical area
and lead to unfavorable failure modes.

As in many in vitro studies, transferring the results of
this study directly to the clinical situation is difficult
because simulating all the conditions of the oral envi-
ronment is not possible. The limitations of the current
study should be considered: specimens were stored in
water at room temperature without thermal cycling, and
Abduljawad et al
only a single load was examined from a single direction.
Further studies including thermal cycling, fatigue loading,
and different malocclusions resulting in various loading
conditions should be performed to mimic intraoral
conditions.

CONCLUSIONS

Within the limitations of this in vitro study, the presence
of fiber posts did not affect the fracture strength of
endodontically treated maxillary central incisors with 2
Class III restorations.
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