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This in vitro study investigated whether permanent anterior incisors that 
are endodontically treated with cemented fiber-reinforced composite 
(FRC) posts without additional canal preparation can potentially increase 
the resistance to fracture and thus reduce the rate of clinical failure in 
root canals. Extracted human permanent maxillary central incisors (n = 
120) were randomly assigned to 2 experimental groups (n = 60): thermo-
cycled (Group 1) and non-thermocycled (Group 2). These 2 groups were 
then further divided into 3 subgroups (n = 20). Subgroup 1.1 specimens 
had root canals prepared and obturated with FRC posts placed. Subgroup 
1.2 specimens were prepared and obturated, but did not receive posts. 
Subgroup 1.3 specimens did not receive root canal preparation, and 

served as a control. The same processes were repeated for Subgroups 2.1, 
2.2, and 2.3, respectively. Significant differences were found between the 
thermocycled and the non-thermocycled subgroups. Subgroup comparison 
within the thermocycled group (Group 1) showed significantly higher 
fracture resistance values for the teeth with post cementation (P < .0001). 
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Following endodontic instrumenta-
tion of a root canal, an inherent loss 
of internal hard tissue (radicular 

dentin) with an associated decrease in 
fracture resistance occurs, especially 
when subjected to masticatory loading.1,2 
Teeth with gutta percha-filled roots have 
been shown to have a higher potential for 
fracture due to caries, inadequate access 
preparation, instrumentation of pulpal 
contents, lack of coronal or access seal, 
and dehydration from canal cleansers.1-3 
When additional shaping of the canal is 
needed—such as when more radicular 
dentin needs to be removed prior to post 
cementation—there is an increased risk of 
microfractures and flexural fatigue.3 

Restorative root posts have tradition-
ally provided strength, stability, and 
retention for the accompanying coronal 
coverage in endodontically treated teeth 
with extensive loss of tooth structure but 
have not been accepted as mechanisms 
for augmentation of root strength.4-7 
In recent decades, endodontic post 
systems have been introduced that pro-
vide alternatives to customized cast or 
prefabricated metal posts.5 Prefabricated 
fiber posts have become a popular 
choice for dentists due to reduced cost, 
practicality, and the more conservative 
approach offered by these systems.8,9 
Fiber-reinforced composite (FRC) pre-
fabricated posts provide several benefits 
as root restoratives, including enhanced 

esthetic qualities (white or translucent 
apearance), radiopacity for optimum 
radiographic viewing, biocompatibility, 
adhesive capability to dentin with an 
appropriate luting system, and retriev-
ability (if needed).2,4,5,8-17 These posts 
can be categorized as quartz, carbon, 
ceramic, and glass (silica), and are 
composed from various types of reinforc-
ing fibers bound to a polymer or resin 
matrix.2,4,5,9,12,18,19 The strength of this 
complex is incumbent upon the length, 
orientation, geometry, and concentration 
of the fibers as well as their bond to the 
matrix.2,11,12,14,16,20 Several studies have 
shown that FRC posts display mechanical 
properties similar to dentin, such as their 
elastic moduli (stiffness), and increased 
flexural strengths, therein decreasing the 
incidence of tooth fracture.2,4,7,11,12,18,21,22 

Flexural strength or resistance test-
ing of post systems, using a universal 
testing machine or 3-point device, can 
reveal the strength of a material while 
under stress from application of either 
a single force or through cyclic load-
ing.2,3,7,8,10,12-16,18,19,21,23-28 Additional reports 
have used finite element analysis, testing 
the stress distribution of posts cemented 
into teeth.11,22,29-31 This study presents an 
original experimental protocol, wherein 
a singular stress was applied to the tooth 
root (with/without post cementation), 
taking into consideration an innovative 
post system using synchronized posts, 

matched (color-coded) to nickel-titanium 
instrumentation files, and an external 
root taper formula, using a noncen-
tric or asymmetric loading model of 
stress management.

The purpose of this in vitro study was 
to test the fracture resistance of endodon-
tically treated permanent anterior teeth 
with subsequent FRC post cementation 
compared to specimens without inclu-
sion of posts. The null hypothesis was 
that there was no statistically significant 
difference between groups of permanent 
anterior teeth prepared with/without 
cemented posts.

Materials and methods
Previously extracted human permanent 
maxillary central incisors (n = 120) were 
stored in a 1% Chloramine-T solution 
(Thermo Fisher Scientific, Inc.) consisting 
of 12% active chlorine diluted in tap water 
at room temperature. This study protocol, 
involving human research specimens 
(teeth), was submitted to the University 
of Tennessee Health Sciences Center 
Institutional Review Board for an “Exempt” 
status review. All teeth, with similar dimen-
sions, were examined using 40X microscopy 
to rule out the presence of immature apices, 
carious lesions, abrasive/erosive cavities, 
fractures or fissures, and restorations. 

The teeth were subsequently divided 
into 2 major experimental groups 
(n = 60), thermocycled (Group 1) and 
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non-thermocycled (Group 2). These 
groups were further divided into 3 sub-
groups (n = 20) (Table 1). 

Specimen preparation
In Subgroups 1.1, 1.2, 2.1, and 2.2, 
access openings were prepared on the lin-
gual surface of the crowns, and the canal 
working length was obtained by measur-
ing the length of the initial instrument 
(size 10 file) at the root apical foramen 
(minus 1 mm). Canal instrumentation 
was accomplished using stainless steel 
hand files (Henry Schein Dental) and 
EndoSequence (Brasseler USA) 0.04 and 
0.06 mm tapered nickel-titanium files in 
a rotary driven 4:1 reduction handpiece 
powered by an EndoTouch torque-
limited electric motor (SybronEndo). 
The canals were enlarged until a size 
40 master apical file (MAF) with 0.06 
mm taper was achieved. Following each 
successive file, the root canals were irri-
gated with 2 ml of 6% sodium chloride 
using a plastic syringe with a 30 gauge 
closed-end needle. The canals were 
then irrigated with 2 ml of 17% ethyl-
enediaminetetraacetic acid solution for 
1 minute to remove the smear layer, fol-
lowed by a final rinse using sterile water 
and drying with sterile paper points. 
Root obturations were completed with 
AH Plus (DENTSPLY Maillefer) root 
canal sealer and gutta percha (Henry 
Schein Dental) using a lateral condensa-
tion technique. In subgroups 1.1 and 2.1, 
gutta percha was removed to within 5 
mm of the working length using a Touch 
and Heat device (Kerr Corporation). 
The canal post space was rinsed with 
tap water and dried with sterile paper 
points. A small (tip size 50 with a 0.06 
mm taper) EndoSequence fiber post 
(Brasseler USA) was placed into the 
canal and evaluated for passive fit. No 
additional canal post preparation for 
these teeth was required prior to cemen-
tation. The canals were then conditioned 
using OneStep total-etch phosphoric acid 
etchant (Bisco, Inc.), followed by rinsing 
with tap water and drying with an air/
water syringe. OneStep adhesive agent 
(Bisco, Inc.) was applied to each canal 
space and light cured for 20 seconds. 
The posts were cemented using Dual 
Link composite dual cure luting cement 
(Bisco, Inc.). Any excess post length was 

removed with a high-speed handpiece 
and diamond bur. Access openings were 
conditioned using the OneStep acid 
etchant, followed by application of the 
OneStep adhesive agent. In order to seal 
the canal space coronally, Filtek Z100 
composite resin restorative (3M ESPE) 
was inserted into all access openings and 
light polymerized with a quartz-tungsten 
halogen light (Henry Schein Dental) for 
40 seconds. The light was monitored 
with a radiometer and provided adequate 
intensity (>800 mW/cm2) (Fig. 1). All 
specimens were then stored in tap water 
at room temperature. All Group 1 sub-
group specimens were thermocycled for 
1,000 cycles in separate water baths of 
5°C and 55°C ± 2°C, with a dwell time 
of 60 seconds in each bath and transfer 
time of 3 seconds. Following the ther-
mocycling regimen, the specimens were 
stored in tap water at room temperature 
prior to 3-point testing. Specimens in 
the Group 2 subgroups were stored in 
tap water at room temperature until 
further testing (approximately 7 days). 
All materials were used following 
manufacturers’ instructions. 

The specimens from each group were 
tested using a universal testing machine 
(Instron 5567, Instron Corp.) using 
Bluehill PC software (version 4.0, Instron 
Corp.). This device digitally displays flex-
ure in newtons (N) vs flexure extension 
(mm) and stops automatically when the 
specimen fractures. 

Flexural test method
A single point bending method of load-
ing consisting of 2 bottom supports and 
an upper central support (anvil), with a 
loading angle of 90 degrees, load cell of 
5000 N, and crosshead speed of 2 mm/
min was used for all transverse f lexural 
strength measurements. This method 
was designed for rectangular bars or 
cylindrical specimens, and thus the stress 
readings under 3-point bending were 
designated by the equation: σ = PL/
πR3, where P = applied load; L = support 
span; π = 3.14; R = radius (Fig. 2). As 
the specimens in this study were not true 
cylinders, but tapered cylinders with the 
diameter of the apical portion smaller 
than the diameter of the coronal part. 
Consequently, the tensile stress in the 
apical end would be much higher than in 
the coronal portion. In such cases, root 
fractures would not be uncommon. To 
avoid this problem, noncentric, asym-
metric loading was applied to the speci-
mens, resulting in lower tensile stresses 
occuring in the apical end of the tooth 
(Fig. 3 and 4). With this configuration, 
all fractures occurred at the point of 
the applied load. The offset of the load 

Table 1. Division of each subgroup per 
treatment (n = 20).

Group 1 (Thermocycled; n = 60)

Subgroup 1.1. Endodontically treated, instrumented to 
size 40 with final 0.06 mm taper, obturated with gutta 
percha, post placement

Subgroup 1.2. Endodontically treated, instrumented to 
size 40 with final 0.06 mm taper, obturated with gutta 
percha, no post placement

Subgroup 1.3. Control group, no treatment

Group 2 (Non-thermocycled; n = 60)

Subgroup 2.1. Same as Subgroup 1.1

Subgroup 2.2. Same as Subgroup 1.2

Subgroup 2.3. Same as Subgroup 1.3

Fig. 1. A radiograph of a maxillary 
central incisor showing a cemented 
post in a canal space with accom-
panying insertion of composite resin 
restorative.
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toward the coronal portion of the tooth 
was determined by the ratio of the diam-
eters such that x/(L-x)=Dc /Da, where 
Dc = diameter of the coronal portion of 
tooth/Da = diameter of the apical end 
of the tooth, thus compensating for the 
geometry of the tapered cylinder. With 
this equation, the distance “x” was cal-
culated and the 3-point bending device 
was set accordingly. The equation for 
the stress in a tapered beam at a distance 
“x” from the left supporting member is 
σ= 4x(L-x)P/πLR3. In this formula, the 
stress in the specimen was calculated 
in megapascals (MPa) based upon the 
radius (R) of each specimen. For testing 
purposes, the span (L) was 12 mm (dis-
tance between the supporting members). 
These equations were derived using 
methods described in separate texts.32,33

Results
Statistical analysis of the data was 
performed using JMP9 (SAS Institute, 
Inc.). One-way analysis of variance 
(ANOVA) and post hoc Tukey tests 
were carried out (P < 0.05). Table 2 
presents the mean fracture resistance 
values (MPa) and standard deviations 
of all specimen subgroups. Significant 
differences were revealed comparing the 
thermocycled and non-thermocycled 
subgroups. Regarding subgroup com-
parisons within the thermocycled group, 
significant (P < .0001) differences were 
exhibited between Subgroups 1.1 and 
1.2 (teeth restored with FRC posts vs 
teeth obturated without FRC posts). 
Also, significant differences were shown 
between Subgroups 1.1 and 1.3 (teeth 
restored with FRC posts vs control 

teeth), and Subgroups 1.2 and 1.3 (teeth 
obturated without FRC posts vs control 
teeth) (Table 3).

Discussion
Among the important parameters for long-
term restorative success of endodontically 
treated teeth include preservation of tooth 
structure, incorporation of contemporary 
adhesion science (luting of post to internal 
canal tooth substrate), and inclusion of 
biomechanical properties (resistance to 
fracture, elasticity, uniform stress distribu-
tion) into post composition and shape.4-6,9 
Traditionally, the primary purpose of an 
endodontic post was to retain the coronal 
restoration.4-7 However, studies have dem-
onstrated that because root-filled (gutta 
percha) teeth are more prone to fracture, 
the bonding of filling materials into canal 

Fig. 2. Stress diagram illustrating the initial 3-point bending apparatus for a 
cylinder: L = support span; P = applied load; D = cylinder diameter.

Fig. 4. Photograph of a maxillary central incisor 
placed in the 3-point bending apparatus. Note the 
asymmetric loading.

Fig. 3. Diagram of a tapered cylinder (tooth) in noncentric loading position: L = 
support span; P = applied load; X = applied load point coordinate; Da = diameter 
at apical end of the beam at the supporting member; Dc = diameter at coronal 
end of the beam at the supporting member.

Table 3. Mean stress (MPa) compari-
sons for subgroup pairs (P < 0.05).

Subgroup Mean MPa

2.3a 424.485

1.1a,b 365.245

1.3b 310.435

2.2c 245.480

2.1c 240.015

1.2c 239.550

Subgroups not connected by the same letter are 
significantly different.

Table 2. Mean stress (MPa ± SD) of 
each subgroup (n = 20).

Subgroup Mean MPa (SD)

1.1 365.245 (97.0904)

1.2 239.550 (51.5961)

1.3 310.435 (84.2653)

2.1 240.015 (52.7740)

2.2 245.480 (44.5512)

2.3 424.485 (59.2710)

L

D

P

L

Dc

P

Da

x

www.agd.org      General Dentistry      March/April 2014      39



spaces can serve to reinforce roots, thus 
increasing the fracture resistance.5,34-37 
Fracture resistance, as it pertains to dental 
materials, has been defined as the “highest 
load a sample can withstand.”7 Specifically 
referring to a synthetic post, resistance is 
the capacity of the post to withstand lat-
eral and rotational forces, and is influenced 
by both the post size and rigidity and by 
the amount of tooth structure available.5,9,38 
Consequently, it seems that the overall 
contributing factors for the post-treatment 
success of a restored endodontically treated 
tooth should be attributed to the amount 
of remaining radicular dentin and coronal 
tooth structure, with the concurrent use 
of fiber-reinforced posts that include con-
servative design characteristics and biome-
chanical properties similar to dentin.4-6,9

The restoration of endodontically 
treated posterior teeth has focused primar-
ily on the restorability of coronal function 
through the placement of a canal post, a 
“core build-up” procedure, followed by an 
indirect final restoration. However, follow-
ing instrumentation of an intact anterior 
tooth (that is displaying significant pre-
treatment coronal tooth structure), post 
placement and complete coverage with 
an indirect restoration or crown may be 
unnecessary, since the forces of occlusion 
involved with the anterior dentition are 
usually singular, traumatic events.5 With 
advances in endodontic post technol-
ogy—such as new design concepts and 
materials that are biomimetically similar 
to tooth structure—perhaps post cementa-
tion following endodontic treatment of an 
anterior tooth can more closely substitute 
for the excavated pulp and instrumented 
dentin tissues, thus serving as a reinforce-
ment surrogate for the root, and not just as 
a pillar for restoration retention. 

The null hypothesis was rejected in the 
present study. Cementation of FRC posts 
in prepared teeth roots (vs obturated roots 
only) did impart a significant influence 
regarding the fracture resistance of those 
roots. Thermocycling seemed to exhibit 
a positive influence on the specimens 
with FRC posts cemented (Subgroup 1.1), 
compared to the Subgroup 2.1 specimens 
that had post inclusion, but were not 
thermocycled. This occurrence could 
not be explained within the parameters 
of this study. However, results displayed 
within the thermocycled Subgroups 

(1.1-1.3) revealed that FRC post cementa-
tion showed increased fracture resistance 
values compared to specimens tested 
without inclusion of posts. A 2004 ret-
rospective study by Schwartz & Robbins 
surmised that inclusion of posts into 
anterior teeth, with minimal loss of 
tooth structure, “is of little or no benefit” 
and can even increase the probability of 
restorable failure.5 However, the authors 
perhaps did not consider the conservative 
technique of post placement, whereby no 
additional radicular dentin is removed 
following endodontic instrumentation, as 
exhibited in the EndoSequence technique 
in this study. Additional summations by 
the same authors seem to support the fact 
that cementation of flexible posts (with 
similar modulus of elasticity as dentin) 
following endodontic instrumentation 
resulted in increased stress resistance 
and fewer occurrences of fracture.5 Also, 
a more conservative post-treatment 
restorative procedure on a tooth with a 
complete structure (crown + root) should 
allow for less movement of the post/
restoration complex and, in turn, less 
coronal microleakage.5 Given these views 
combined with results from the present 
study, it could be surmised that FRC post 
placement may be a beneficial feature for 
anterior tooth restoration following end-
odontic instrumentation and obturation. 

The EndoSequence endodontic system 
uses a rotary tapered nickel-titanium 
instrument file (0.04 or 0.06) with cor-
responding prefabricated, tapered posts. 
The post composition consists of 68% 
glass fibers (zirconia 18%) and 32% epoxy 
resin.17 This system matches (through 
color-coding) the size and shape of the 
instrumented root canal space, creating a 
fully tapered preparation from orifice to 
apex, resulting in removal of less radicular 
dentin, thus increasing the retentiveness 
of the cemented (bonded) post and ulti-
mately, the structural integrity of the entire 
tooth-post-restoration complex.17 A study 
conducted by Versluis et al concluded that 
the use of nickel-titanium files reduce the 
fracture susceptibility of the root as a result 
of the creation of smooth and round canal 
space tapers.30 In the present study, with 
knowledge of the MAF size (tip size and 
taper) and the length of the gutta percha 
remaining in the canal, the canal size at 
the coronal aspect of the remaining gutta 

percha was calculated. With this informa-
tion, the appropriate post size for each 
tooth root (canal) was chosen. A 0.06 mm 
tapered canal preparation has several 
benefits for the clinician as well as for the 
patient. Primarily, this taper effectively 
removes tooth structure in the coronal 
portion of the canal, resulting in increased 
proprioceptiveness for the operator and 
consequently a more precise fit for the fill-
ing material (gutta percha and post). The 
increased 0.6 mm taper provides increased 
cleansibility of the irrigation agents and 
thus decreased post-treatment sensitivity 
for the patient.39,40 The present study also 
used a total-etch or etch-and-rinse adhe-
sive system, in combination with a dual 
cure cement. Contemporary evidence has 
shown that this type of adhesive system 
still provides the best surface conditioning 
prior to FRC post cementation.4,6 

According to Huysmans & Van der 
Varst, tooth/post restorations are complex 
systems in which the stress distribution 
within the structure is multiaxial, non-
uniform, and depends on the magnitude 
and direction of the applied external 
loads.41 Laboratory or in vitro testing of 
posts has included: static fracture tests 
(3-point bending) measuring the single 
loading of a post (post-tooth complex), 
thereby simulating forces found during 
trauma; fatigue tests measuring repeated 
loading, including dynamic, functional, 
or parafunctional stresses of posts or 
teeth/post complexes; and finite element 
analysis studies involving 3-dimensional 
computer models simulating the physical 
limitations of post design and material 
qualities.2,7,11-14,16,18,19,21-23,26-31 Although 
the information from these studies was 
sometimes conflicting, most conclusions 
indicated that FRC posts demonstrated 
positive results due to uniform stress dis-
tribution (fracture loading/resistance) and 
similar elastic moduli (stiffness)—proper-
ties important for the prevention of root 
fractures.2,7,11-14,16,18,19,21-23,26-31 

The thermocycling procedure can be 
an important testing parameter which 
attempts to reproduce, in vitro, the manner 
in which the oral cavity is subjected to 
thermal irritation from hot/cold foods and 
beverages. Endodontically restored teeth 
can potentially contain several different 
types of materials (adhesive agent, cement, 
post, build-up material, and crown) which 
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can be susceptible to variations in tempera-
ture. However, somewhat contradictory 
information has been presented in various 
in vitro studies demonstrating the effects 
of a thermocycling regimen on FRC 
post cementation.13,26,42-45 Therefore, taking 
all the information into consideration, 
long-term exposure of cemented posts (in 
this case, posts cemented into extracted 
human teeth) to water or thermal barriers 
is still not fully understood. In the present 
study, significant differences were exhib-
ited between the thermocycled Subgroups 
(1.1 & 1.2 and 1.1 & 1.3), perhaps reflect-
ing a more realistic situation that occurs 
in the oral cavity. 

This study protocol was different from 
most in vitro studies that measured either 
stress fracture of FRC posts only, or 
single or repeated load testing (3-point 
device) of FRC posts cemented in a tooth, 
or compressive loading of FRC posts 
cemented in teeth at angles other than 
90 degrees.2,3,7,8,10,12-16,18,19,21,23-28 In the 
present study, the post system included 
passive fit posts (0.06 mm taper) that 
had the same taper as the original (size 
40) MAF files. Consequently, additional 
canal preparation was unnecessary, allow-
ing for a custom fit between the canal 
space and post, which in turn, increased 
the amount of usable root dentin, thereby 
strengthening the root. A previous study 
conducted by D’Arcangelo et al seemed to 
somewhat corroborate these results, sug-
gesting that fiber-reinforced posts restored 
the mechanical properties in maxillary 
incisors following endodontic treatment 
(with the inclusion of veneer prepara-
tions).46 Also, an individualized offset 
stress fracture model of noncentric or 
asymmetric loading was applied to each 
specimen, resulting in a lower likelihood 
of continuous, predictable apical-end 
fractures and thus less problematic, more 
accurate stress fracture values. 

Although the results from the present 
study showed promising data regarding 
the EndoSequence canal preparation and 
post cementation system for permanent 
anterior teeth treatment, limitations 
included a small sample size. In addi-
tion, the complexities and relationships 
involved with the human dentition 
(occlusal and stomatognathic relation-
ships), although somewhat accounted for 
in the offset fracture model, could not be 

fully addressed in a laboratory study of 
this magnitude. Clinical, long-term stud-
ies would be necessary to corroborate the 
data attained in this in vitro study.

Conclusion
In this in vitro study, using an objective 
means of testing (single 3-point test) of a 
FRC post/tooth complex, insight to the 
interactions of these materials in a clinical 
environment was explored. Subgroup com-
parison (within the thermocycled group), 
showed significantly (P < 0.0001) higher 
fracture resistance values for the teeth with 
post cementation vs obturated teeth only. 
These results suggest that structural support 
of an endodontically treated tooth (root) 
can be supplemented with the addition of 
an FRC post. Use of the EndoSequence file 
and post system allowed for a significant 
reduction in the amount of radicular dentin 
removed (with no additional canal prepara-
tion following instrumentation), resulting 
in a more passive fit and patent seal for 
post cementation. Therefore, it seems that 
the relatively minimal cost incurred in the 
cementation of an FRC post in an intact 
anterior tooth (root) following endodontic 
treatment is warranted.
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