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Abstract

Objective: The aim of this in-vitro study was to evaluate the effect of
remaining tooth height of root-canal-treated incisors restored with fiber posts
and direct composite resin build-ups on fracture strength and mode of failure.
Materials and methods: Forty-eight extracted human maxillary central incisors
were randomly assigned to 1 of 4 groups: group 1 (0mm + post), group 2
(2mm + post), group 3 (2mm + no post), and group 4 (control). All specimens
were subjected to fatigue loading. When 250,000 loading cycles were reached,
the surviving specimens were subjected to static loading.
Results: All specimens reached 250,000 cycles. ANOVA showed a significant
difference in fracture strength (p-value < .0001). The highest mean fracture
strength was recorded for group 4 at 1326.13 ± 145.25 N, followed by group 2
at 696.29 ± 191.75 N, group 1 at 592.80 ± 128.10 N, and group 3 at 234.65 ±
80.10 N. Root fractures were observed in group 4; in group 3, there were tooth
fractures above the cemento-enamel junction (CEJ); in group 1, there were
fractures at the composite resin interface; and in group 2, there were fractures
below the CEJ.
Conclusions: The remaining coronal tooth structure did not increase the
fracture strength of direct composite resin build-ups on root-canal-treated
incisors.
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Introduction

Nowadays, when incisor tooth fracture
occurs, the patient can replace the fractured
tooth with a dental implant. However, many
factors—such as time-line, expense, and growth
—have to be considered before a fractured
incisor is extracted. After tooth extraction, the
alveolar ridge will change in morphology and
dimensions over time, especially at the buccal
bone plate.1, 2 The preservation of crestal bone
level immediately after tooth extraction is
necessary for successful placement of a dental
implant. Therefore, root canal treatment with a
proper restoration is an alternative choice for
preserving the tooth socket. 3 However, a
full-coverage coronal restoration on a limited
tooth structure significantly increases the risk of
fracture failures because of extensive tooth
preparation.4 A bonded restoration can prevent
recontamination and is considered necessary
for long-term success of a root-canal-treated
tooth. A direct composite build-up can be a
suitable restoration in this situation.5
In teeth with extensive structural loss,
placement of a post in root-canal-treated tooth
is necessary to improve the retention of the
core.6 Some studies have supported the ability
of fiber posts to distribute stress favorably to
prevent the tooth from future fractures.7, 8 In
addition, fiber posts have demonstrated
superior fracture resistance against static
oblique loads because of their tooth-like
modulus of elasticity.9-11 In an in-vivo structural
analysis study, it was reported that the fiber
post system had significantly more favorable
failures than the custom metal post.12
From other previous studies, the presence
of a ferrule of at least 1-1.5 mm and the
location of tooth structure were also
considered as important factors in the fracture
resistance of root-canal-treated teeth. 13, 14
Conversely, some studies reported that there
was no significant difference in static load
104

between a 2-mm-ferrule group and a no-ferrule
group on human central incisors.15, 16
Satisfactory outcomes have been
reported with the use of fiber posts combined
with composite resin.17 A direct composite resin
build-up on root-canal-treated anterior teeth,
restored with or without posts, showed an
overall survival rate of 98.5% in 5.3 years. 18
Another multi-practice clinical trial showed a
survival rate of 96% after 5 years for a
prefabricated post with a composite core
without a cast crown covering the teeth.19
However, there is no evidence supporting
that the height of remaining coronal tooth
structure of root-canal-treated incisors restored
with fiber posts and direct composite resin
build-ups could affect the fracture strength. The
purpose of this in-vitro study was to evaluate
the effect of remaining coronal tooth structure
on the fracture strength of root-canal-treated
incisors restored with fiber posts and direct
composite resin build-ups. The null hypothesis
was that there was no significant difference on
fracture strength in root-canal-treated incisors
restored with direct composite resin build-ups
with fiber posts on the remaining incisors with
various coronal heights.

Materials and methods

The research methodology employed in
this study was approved by the human research
ethic committee of the Faculty of Dentistry,
Chulalongkorn University, Bangkok, Thailand.
For this study, forty-eight freshly extracted
human maxillary central incisors with no caries
or cracks were selected. Exclusion criteria were
tooth with dental caries, a cervical lesion, or a
visible fracture line. Root length and tooth size
were measured and analyzed according to
descriptive statistics. The mean of the root
length was used to divide teeth into two strata:
above the mean and under the mean. Teeth in
each stratum were divided into 4 test groups by
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Table 1 List of materials used in this study
Trade name
Premise (A1)
(Kerr Corporation,
Orange, Calif)
LOT 3719155
EXP: 2014–05

Gel Etchant
(Kerr Corporation,
Orange, Calif)
LOT 4539247
EXP: 2015–04
Optibond FL
(Kerr Corporation,
Orange, Calif)
LOT 4248955
EXP: 2013–04

Composition
Resin: Ethoxylated bis-phenol-Adimethacrylate, Triethylene glycol
dimethacrylate (TEGDMA) and
Light-cure initiators, stabilizers
Filler: 30 to 50 µm
Prepolymerized filler (PPF),
0.4 µm barium glass, and
0.02 µm silica filler
37.5% phosphoric acid

HEMA, Glycerol phosphate
dimethacrylate (GPDM), mono
(2-methacrylate monomers),
water, acetone, ethanol, and
camphoroquinone

NX3 Nexus Third
Generation
(Kerr Corporation,
Orange, Calif)
LOT 4349752
EXP: 2013–09
Macro-Lock Post
Illusion X-RO
(R.T.D., Espace
Gavaniere, Saint
Egreve, France)
LOT 173541109

Catalyst: Bis-GMA, triethylene
glycol dimethacrylate, barium
aluminoborosilicate glass
Base: Bis-GMA,
camphoroquinone, barium
aluminoborosilicate glass
Serrated taper post, length 17.5 mm,
Light yellow translucent fiber post
embedded in a colored resin matrix

Sealapex
(Kerr Corporation,
Orange, Calif)
LOT 1-1301
EXP: 2013–10

Catalyst: Isobutyl salicylate resin,
fumed silica (silicon dioxide),
bismuth trioxide, and titanium
dioxide pigment
Base: N-ethyl toluene sulfanamide
resin, fumed silica (silicon dioxide),
zinc oxide, and calcium oxide
trans-Polyisoprene (dry natural
rubber), zinc oxide, barium sulfate,
and colorants

Elements Gutta
Percha Cartridge
(Kerr Corporation,
Orange, Calif)
LOT 051267103
EXP: 2016–01
K3 Rotary Files
(Kerr Corporation,
Orange, Calif)
LOT 031215310
Impregum Penta
Soft Medium Body
(3M ESPE, St. Paul,
Minn)
LOT 490252
EXP: 2015-02

Size 4: diameter at apical tip 1.00,
at post head 1.83

Nickel titanium rotary instruments

Base: Polyether macromonomer,
Fillers, Plasticizer, Pigments, Flavors,
Triglycerides
Catalyst: Initiator (Cation starter),
Fillers, Plasticizers, Pigments

Application method
(1) The thickness of the individual increments should
not exceed 2.5 mm at a time.
(2) Light-cure each increment and each surface for 40
seconds.

(1) Place gel on enamel and dentin for 15 seconds.
(2) Rinse with water until etchant has been completely
removed (approximately 15 seconds).
(3) Gently air dry (without desiccate dentin).
(1) Apply Optibond FL Prime over enamel and dentin
surfaces for 15 seconds.
(2) Gently air dry for approximately 5 seconds.
(3) Apply Optibond FL Adhesive over enamel and dentin.
(4) Thin using a light application of air.
(5) Light-cure for 20 seconds.
(1) Apply the dual-cure cement to the post preparation,
seat the post, and vibrate the post slightly.
(2) Remove all excess cement.
(3) Light-cure all surfaces for a minimum of 20 seconds
per surface.
(1) Shape the canal with finishing drill (rotation speed
1,000-2,000 rpm).
(2) Clean post with alcohol.
(3) Apply a single coat of adhesive to the post.
(4) Gently air-dry for 5 seconds.
(5) Light-cure for 20 seconds.
(6) Seat the post.
(1) Mix the sealer on the mixing pad.
(2) Place the sealer along the entire length of the canal
with a paper-point,or Lentulo spiral.
(3) Fill the root canal space with gutta-percha.
(1) Heat an element cartridge in the handpiece.
(2) Fill the cleaned, shaped, and irrigated root canal
space.
(3) Remove the tip from the root cana.l
(4) Condense the gutta-percha with a condenser.
(1) Locate orifice and obtain patency.
(2) Begin crown-down by taking a 0.10 taper and 0.08
taper to resistance.
(3) Re-enter crown-down using a size #40 instrument.
(4) Complete crown-down preparation with a #35, #25
instrument at 300-350 r.p.m.
(1) Dosing and mixing are done automatically in the
Pentamix 2.
(2) Load the material.
(3) Leave the material to set for 4 minutes.
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a simple random-sampling technique. Next,
analysis of variance was used for testing each
group for root length, buccolingual diameter,
and mesiodistal diameter. All groups showed
no significant difference in root length (p-value
= .986), buccolingual diameter (p-value = .559),
and mesiodistal diameter (p-value = .562)
(Table 2). Each specimen was decoronated into
different heights for different groups by means
of a low-speed cutting machine (Isomet 1000;
Buehler Ltd., Lake Bluff, Ill) as follows: (Figure 1)
Group 1 : 0.0 mm remaining coronal
height from proximal CEJ with post placement
Group 2 : 2.0 mm remaining coronal
height from proximal CEJ with post placement
Group 3 : 2.0 mm remaining coronal
height from proximal CEJ with no post
placement
Group 4 : Full coronal tooth structure
intact (control)
Endodontic treatment was completed on
specimen by means of nickel-titanium rotary
instruments (K3 Nickel-Titanium Files; Kerr
Corporation, Orange, Calif) to an apical size 35.
Teeth were rinsed with 17% EDTA for removal
of the smear layer, 20, 21 and obturated with
vertical condensation technique (Element Gutta
Percha Cartridge; Kerr Corporation) with a
non-eugenol root canal sealer (Sealapex; Kerr
Corporation).
Root canals were enlarged for the
placement of fiber posts by means of
peso-drills size #1, #2, #3, and #4, with a
finishing drill for fiber post size 4 (Finishing Drill
for Macro-Lock Post Illusion X-RO; R.T.D., Espace

Gavaniére, Saint Egrève, France). The depth of
the post space was 10 mm below the CEJ,
leaving 3-5 mm of gutta-percha apically. The
root canals were etched with 37.5% phosphoric
acid, rinsed, and then gently dried.
Subsequently, a three-step etch-and-rinse
adhesive system (Optibond FL; Kerr Corporation)
was used. Then, a size 4 fiber post (Macro-Lock
Post Illusion X-RO; R.T.D.) coated with clear
dual-cured resin cement (Nexus 3; Kerr
Corporation) was inserted into the root canal.
Resin cement was cured with a visible-lightpolymerization unit (Demi Plus; Kerr Corporation)
with 1,100 mW/cm2 intensity for 40 seconds.
The light output from the light-polymerizing
unit was monitored by means of a light
intensity meter (100 Optilux; Kerr Corporation)
throughout the study. After fiber posts were
fixed in root canals, they were left intact 7.5
mm superior to remaining tooth level in group
1 and 5.5 mm superior to remaining tooth level
in group 2. Next, specimens in group 2 and
group 3 were prepared for direct composite
restoration by creating a 1 mm bevel at enamel
margin around the tooth with a diamond bur
(852.FG.010; Jota AG, Ruthi, Switzerland).
However, no bevel preparation was performed
in group 1.
The specimens’ roots were wrapped with
a 0.2 mm thickness aluminum foil comparable
with PDL thickness equal to 0.12 - 0.33 mm, to
create a space between the root and acrylic
resin simulating the periodontal membrane.22
Then, the specimens were immersed in a PVC
mold (diameter, 1 inch; height, 1 inch), filled

Figure 1 Test groups
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with an auto-polymerized acrylic resin at 2 mm
depth below the labial-palatal CEJ. A surveyor
was used during the immersion procedure. After
the acrylic set and the thin aluminum foil was
removed, the specimens’ roots were coated
with polyether impression material (Impregum™
Penta™ Soft Medium Body; 3M ESPE, St. Paul,
Minn), and replanted into an acrylic resin
mount to simulate the periodontal ligaments.
Remaining tooth surface of all specimens
in groups 1, 2, and 3 were etched, rinsed, and
bonded with three-step etch-and-rinse adhesive
system (Optibond FL; Kerr Corporation). Then,
in group 1, nanofilled composite resin (Premise;
Kerr Corporation) was packed into a 10mm-height crown-shaped clear silicone mold
and placed on the remaining tooth, and then
cured with a visible-light-polymerization unit. In
groups 2 and 3, nanofilled composite resin
(Premise; Kerr Corporation) was packed into an
8-mm-height crown-shaped clear silicone mold
with the same diameter as in group 1 and
placed on the remaining tooth, and then cured.
The silicone molds had a 1.5-mm-diameter
concavity in the center of the lingual fossa area,
to serve as a marker for the load cell. After the
silicone mold was removed, the direct
composite build-ups were cured with a
visible-light-polymerization unit for 40 seconds
on each side.
All specimens were subjected to
thermocycling for 10,000 cycles at 15°C and 45°C
with a dwell time of 20 seconds. 23 Next, a

Figure 2 Specimen in Loading Device

fatigue-loading device (Universal testing
machine 8872; Instron, High Wycombe, Bucks,
UK) was used to apply a load of 4.0 kg (40 N)
using round-ended stainless steel heads
(diameter, 1.5 mm) at 8 mm from the PVC mold
at a 135° angle to the long axis of the tooth to
simulate normal chewing force. (Figure 2)24, 25
The cyclic loading rate was set at 2 Hz. 26 If
specimens failed before 250,000 cycles, the
cycle count was recorded. Conversely, if a
specimen reached 250,000 cycles, the loading
was stopped and 250,000 cycles were recorded.
The surviving specimen was subjected to a
static load at a crosshead speed of 1 mm per
minute until the specimen fractured. When
fracture occurred in the specimen, the fracture
load and mode of failure were recorded. The
mode of failure was defined as ‘favorable
fracture’ or ‘repairable’ (composite-tooth
interface, above the CEJ) or as ‘unfavorable
fracture’ or ‘catastrophic’ (below the CEJ).
PASW statistical analysis software, version
17 (Chicago, Ill), was used in this study. The
level of significance in this study was
determined at 5%.

Results

All specimens reached the 250,000 cycle
count. The highest mean fracture strength was
recorded for group 4 (control) at 1326.13 ±
145.25 N, followed by group 2 (2mm + post) at
696.29 ± 191.75 N, group 1 (0mm + post) at
592.80 ± 128.10 N, and group 3 (2mm + no post)
at 234.65 ± 80.10 N. (Table 2)
As the normality of data indicated, the
test was analyzed by analysis of variance, which
showed significant difference in fracture
strength of one or more groups (p-value < .0001).
The Turkey HSD test confirmed that the mean
fracture strength for group 3 (2mm + no post)
was significantly lower than that of group 1
(0mm + post) and group 2 (2mm + post)
(p-value < .05). The results also revealed that
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there was no statistically significant difference
between group 1 (0mm + post) and group 2
(2mm + post) (p-value < .05). For group 4
(control), the Turkey HSD test showed a
significantly higher fracture resistance compared
with that of the other groups (p-value < .05).
(Figure 3)

In this study, an oblique fracture line or
horizontal fracture line involving the root
structure of incisors were defined as ‘unrestorable’.
When the mode of failure was evaluated,
statistically significant differences were noted
between and among the groups (p-value < .05).
Most failures in group 4 (control) occurred due

Table 2 The specimens’ dimension analysis, The Analysis of Variance analysis of fracture strength, and The
Peason Chi-Square analysis of Mode of failure
N

Mean Dimension (SD)
BL width

Group 1
12 6.2 (0.54)
(0mm+Post)
Group 2
6.4 (0.37)
12
(2mm+Post)
Group 3
6.3 (0.53)
(2mm+NoPost) 12
Control
12 6.1 (0.64)

MD width

Mean fatigue
loading
cycles
Root length

5.7 (0.48)

14.8 (1.1)

5.8 (0.55)

15.0 (1.38)

5.7 (0.51)

15.1 (1.54)

250,000

5.5 (0.31)

14.8 (1.24)

250,000

250,000
250,000

Mean fracture
strength (SD)
592.80a (128.10)
CI [511.41, 674.19]
696.29a (191.75)
CI [574.46, 818.13]
234.65b (80.10)
CI [183.76, 285.54]
1,326.13c (145.25)
CI [1233.84, 1418.42]

Mode of failure
Favorable
Unfavorable
Composite
Above
Below
interface
CEJ
CEJ
9 (75%)

-

3 (25%)

-

3 (25%)

9 (75%)

-

8 (66.7%)

4 (33.3%)

-

2 (16.7%)

10 (83.3%)

F(3,44)=.698 F(3,44)=.693 F(3,44)=.047
F(3, 44) = 122.83,
Pearson Chi-Square = 12.420,
p-value
p-value
p-value
p-value
<
0.0001
df = 3, p-value = 0.006
= .559
= 0.562
= 0.986
BL = Buccolingual, CI = Conﬁdent interval, CEJ = Cementoenamel junction, df = Degree of Freedom, MD = Mesiodistal,
SD = Standard deviation

Figure 3 Bar Chart of Fracture strength
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to root fracture, whereas in group 3 (2mm + no
post), most fracture lines occurred at tooth
structure above the CEJ. The coronal failures of
composite resin build-ups occurred only in
group 1 (0mm + post). The fractures in group 2
(2mm + post) mainly involved tooth structure
below the CEJ. (Figure 4, 5)

Discussion

The maxillary human central incisors in
this study were randomly stratified into 4
groups. There was no significant difference
between mesiodistal and buccolingual
diameters and root length of the incisors in
each group (Table 2). All root canals were

prepared according to the most commonly
reported criteria: root canal preparation to ¾ of
root length with at least 3-5 mm of
gutta-percha left at the apex to provide an
apical seal.
This study evaluated the influence of
remaining coronal structure, in combination
with or without fiber posts, on fracture strength
and mode of failure of root-canal-treated
incisors restored with direct composite resin
build-ups. According to the results of the study,
the null hypothesis was accepted. It was also
observed that the fracture strength of
composite build-up with a fiber post was
greater than that of composite build-up without

Figure 4 Locations and frequencies of fractures in 4 test groups. Fractures below CEJ were deemed unfavorable.

Figure 5 Histogram for Mode of failure
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a fiber post. Maximum force of incisors, in
normal function, is 215 N; and during
parafunction, it is 343-362.6 N.27 Thus, the mean
fracture strength of specimens restored with
posts (Groups 1 and 2) in this study was higher
than the reported maximum force. Also, the
mean fracture strength of group 3 exceeded the
reported normal functional force.
Results from other studies have shown
the highest remaining coronal tooth structure to
have greater fracture strength.28, 29 However, in
those studies, the coronal tooth structure
surrounded by the restoration included the
ferrule, which is commonly reported to
influence the fracture strength and fracture
pattern of teeth. In this study, the composite
resin was directly built up on the remaining
coronal structure, without a ferrule.
The majority of fractures in group 1 were
restorable at the root-composite interface.
Then, most fractures of group 2 occurred
obliquely, below the cemento-enamel junction.
In contrast, in group 3, the fractures occurred
mainly above the CEJ. In this study, only nine
samples in group 1 showed adhesive failure at
the composite-tooth interface. A possible
reason could be drawn from a finite element
analysis study that showed highly intensive
stress of a composite resin restoration with fiber
posts on a destroyed coronal root-canal-treated
incisor accumulated at the cemento-enamel
junction and was distributed widely along the
buccal tooth surface. Moreover, stress was also
distributed along the post surface in the finite
element analysis. 30 According to group 1
specimens, the fracture location occurred
possibly because the bonding interface
between the composite resin and the tooth
was located at the CEJ. In group 2, the fractures
occurred along the area where the post was
located. The stress that distributed widely along
the buccal tooth surface might have affected
the area of fracture in group 3. Even though the
110

fracture strength of group 3 was less than in
groups 1 and 2, the mode of failure in group 3
predominated favorably, as had been reported
in a previous study.31
The human PDL plays an important role
in the fracture pattern and fracture resistance of
teeth.32 Simulation of the periodontal ligament
(PDL) is one of the important factors in a
fracture resistance test. The root embedding
material to simulate PDL could also affect the
mode of failure. It has been reported that when
the PDL was simulated by means of polyether
impression material, the fractures occurred
mostly in root areas. Even though the PDL and
the polyether impression material are different,
they behave similarly when subjected to
external stress.33
From the study that simulated the
coronal destruction of root-canal-treated
incisors, the composite resin restored with or
without posts on root-canal-treated incisors had
a higher fracture resistance than a coronal
coverage restoration that required tooth
reduction. 34 Thus, conservative restoration
should be considered in teeth with extensive
structure loss. From the non-coronal group in
this study, the composite restoration with a
post was indicated as having acceptable
fracture strength that could survive a normal
occlusal load.
Most dental implants placed into esthetic
zones require alveolar ridge augmentation due
to compromised shape and contour of alveolar
bone which occurs due to the resorption or
fracture of buccal alveolar bone. Even after
bone augmentation, long-term follow-up
studies have shown that implant survival may
depend on residual bone at the placement site.35
Post-ponding extraction of the fractured tooth
from the socket by performing root canal
treatment and restoring the tooth with
composite resin could be an option for
maintaining and preparing the alveolar bone
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structure for implant placement.
Thermocycling and fatigue testing have
been performed to produce a situation
comparable with physiologic conditions. 36, 37
However, they do not fully represent the
clinical scenario where these restored teeth are
rigorously tested under a different environment.
Thus, the in-vitro approach was a limitation of
this study. Future clinical trials should be
performed for further evaluation of the
outcomes of this study.
In conclusion, within the limitations of this
study, the following conclusions can be drawn:
Increasing the coronal tooth structure did not
increase the fracture strength of a direct
composite resin build-up with a fiber post on
endodontically treated incisor. The fracture
strength of a direct composite resin build-up
restored with a fiber post on endodontically
treated incisor was significantly higher than that
of a direct composite resin build-up restored
without a post. When failure occurred, the use
of fiber posts on non-coronal incisors promoted
favorable outcomes. However, the use of fiber
posts on 2-mm coronal incisors caused
catastrophic fractures. In contrast, in 2-mm
coronal incisors, the use of direct composite
resin build-ups without fiber posts led to
restorable fractures.
Clinically, a direct composite resin
build-up with a fiber post might be considered
as the cost-effective and successful restoration
of choice for a retained dental root over the
short term, especially to preserve alveolar bone
for future implant placement.
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