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A comparative evaluation of fracture resistance of 
endodontically treated premolar teeth reinforced 
with different prefabricated and custom‑made 
fiber‑reinforced post system with two different post 
lengths: An in vitro study
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A b s t r a c t

Aims: The aim of this study is to determine the mean failure load for each postsystem and the relationship between post lengths 
with the mean failure loads.

Materials and Methods: Ninety single‑rooted decoronated mandibular premolar teeth were endodontically treated and 
randomly assigned to three groups with respect to their post length (2/3rd and ½ of the root length). The first two groups were 
randomly divided into four subgroups, restored with the following postsystem: polyethylene‑woven fiber posts, glass fiber tape, 
prefabricated carbon, and glass fiber posts. A composite core with no post served as control. All posts were cemented using 
dual‑cure resin cement, and the same was used for core buildup. The standard cores were formed in each group. All the 
specimens were tested in a universal testing machine, and the load was calculated.

Results: One‑way analysis of variance (ANOVA) showed that prefabricated glass fiber post had significantly highest fracture 
resistance when compared to other prefabricated and custom fiber‑reinforced composite posts. Two‑way ANOVA demonstrated 
no significant difference among the post lengths.

Conclusion: The results of this study showed that glass fiber posts showed higher fracture load, but post length did not 
significantly increase the fracture resistance of endodontically treated teeth.
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INTRODUCTION

The restoration of endodontically treated has been a 
challenge as these teeth loses significant part of tooth 
structure due to caries, previous restorative procedures, 
from endodontic access cavity preparation or due to loss of 
moisture supplied by dentin, which makes them weak. The 

restoration of such teeth is accomplished by using post and 
core, to prevent further destruction and provide retention 
for the core, before a crown or a fixed partial denture can 
be placed.[1]

Custom cast and prefabricated metal post are rigid, lack 
bonding ability, and modulus of elasticity was different from 
the tooth structure which induced stresses and results in root 
fracture; therefore, fiber-reinforced composite (FRC) posts 
have been preferred choice.[2] The FRC-posts contain a high 
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percentage of continuous reinforcing fibers embedded in a 
polymer matrix of epoxy resins or others polymers with a high 
degree of conversion and highly cross-linked structure.[3,4]

The FRC posts are available as prefabricated and chair-side 
custom-made FRC posts. The prefabricated FRC posts 
are made of a high volume percentage of continuous 
unidirectional reinforcing fibers in finally polymerized 
matrix. The prefabricated FRC posts are made of carbon, 
glass, and quartz fiber. Chair-side custom-made FRC posts 
use non-preimpregnated polyethylene fibers or glass fibers 
to form posts.[5]

With respect to post fit within the root canal system, 
custom-made polyethylene fibers and intertwined glass 
fibers allows adjustment of postgeometry to the anatomy 
of the root canal rather than adjustment of the root canal 
to the geometry of prefabricated posts. Furthermore, post 
and the restorative coronal segment can be fabricated 
using similar materials.[6,7]

Various guidelines have been recommended regarding post 
length, which includes: (1) the post length should be equal 
to or longer than the clinical crown; (2) the post should 
end halfway between crestal bone and root apex; (3) the 
post should be half, two-third or four-fifth the root length; 
and (4) the post should be as long as possible without 
disturbing the apical seal. These statements were related 
to cast metal posts, which have high modulus of elasticity 
and only frictional retention in the root canal. The use of 
resin cements have improved the retention of fiber posts, 
but as we go apically the quality of bonding diminishes, 
and hence, increased post length may not provide any 
increase in predictable bonding area. Further, when the 
remaining root is curved or short it is not always possible 
to use longer posts.[8] As no consensus exists, so post length 
within the root canal still remains to be controversial.

Hence, the aim of this laboratory study was to compare the 
fracture resistance of endodontically treated teeth restored 
with prefabricated and custom-made FRC postsystems at 
two different postlengths.

MATERIALS AND METHODS

A total of 90 extracted human mandibular first premolars 
with single root were selected and stored in 0.9% saline 
solution. The teeth with visible cracks, caries, and 
developmental anomalies were excluded from the study. 
Teeth were decoronated horizontally at the cementoenamel 
junction (CEJ) with diamond disc at slow speed handpiece 
under water-cooling water cooling in order to standardize 
the length at 15 ± 1 mm.

Cleaning and shaping was completed using the stepback 
technique to ISO k-file size number 35 and 3% sodium 

hypochlorite as irrigant. The canal was obturated with 
laterally condensed gutta-percha and a resin sealer (AH26, 
Dentsply Maillefer, Ballaigues). Canal orifices were 
sealed with cavit and stored for 48 h in normal saline. 
The gutta-percha was removed using #2 gates Glidden 
drill (Manni Tochigi-Ken/JAPAN) to remove ⅔rd and ½th of 
gutta-percha apical to CEJ from each filled canals. The 
post-space preparation was standardized through flaring 
with No. #5 pesso reamer (Manni Tochigi-Ken/JAPAN). 
All posts were placed to the total depth of the prepared 
post spaces, i.e., to ½th or ⅔rd the root length and handled 
according to the manufacturers’ instructions.

Ninety prepared roots were then randomly divided into 
two experimental groups with eight subgroups and one 
control group with ten samples each [Figure 1].

Post placement
Polyethylene‑woven fiber posts
Custom-made polyethylene-woven fiber (Ribbond, Ribbond 
Inc. Seattle, WA, USA) was cut in excess of twice the post 
space so that 3 mm of post was available above the root 
canal to retain the composite core. The fiber was cut with 
the special scissors made of hardened stainless steel blades 
provided by the manufacturer to predetermine length as 
these scissors can cut fibers without leaving stray uncut 
fibers. Polyethylene-woven fiber was saturated with 
Ribbond wetting resin (Ribbond Inc., Seattle, WA, USA), 
was than formed into “V” shaped and introduced into the 
canal, leaving excess “ear” out of the canal. It was further 
condensed tightly into the canal space using an endodontic 
plugger.

Custom‑made glass fiber post
Custom-made glass fiber (Angelus Rua Goias, Londrina, 
PR, Brazil) was cut excess of post space so that 3 mm of fiber 
is available above the root canal to retain the composite 
core. This predetermined fiber was then placed into the 
canal and further adapted to the cavity by gently pressing 
with the plugger.

Prefabricated posts
Prefabricated carbon and Glass (Reforpost, Angelus, 
Londrina, Brazil) fiber post was cut with a diamond disc to 
the desired length with excess of 3 mm to retain core.

Postcementation
Prior to cementation, the canals were rinsed with water for 
30 s and then dried with paper points. Etching was done 
with 37% phosphoric acid for at least 20 s followed by rinsing 
with water for 15 s. Single component total-etch (SDI, 
Australia) was applied to then prepared canal to saturate 
all the internal surfaces. It was then gently blow-dried to 
keep surface moist and light cured for 10 s. Cementation 
of posts were done with Luxa core Z-dual-cure resin 
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cement (DMG, Hamburg) according to the manufacturer’s 
instructions. The control group had no coronoradicular 
reinforcement and thus, root canals were not prepared for 
post space, 2 mm of gutta-percha was removed from the 
root canal space and core buildup was done.

Core buildup
For standardization of coronal portion, in each group, 
crown portion was made using the prefabricated core 
formers (Parapost Paraform No. #5, Coltene Whaledent) 
of lower premolar shape. Here, core buildup was 
intentionally carried out using prefabricated core formers, 
as they duplicate the crown morphology of the mandibular 
premolars, still it has a limitation of not being able to 
replicate the exact crown inclination.

Fracture resistance
The root portion of the specimen was wrapped twice 
with the polytetrafluoroethylene tape to simulate 0.2-mm 
thickness of periodontal ligament. All the specimens 
were embedded in ISO type 4 die stone at a distance of 
2 mm from buccal CEJ. The specimens were submitted 
to the fracture resistance testing using (Hounsfield 
universal testing machine, S-series). The compressive load 
was applied on the buccal surface at 90° and crosshead 
speed of 1 mm/min to the long axis on a universal 
testing machine. Fracture strength value was recorded in 
Newton’s (N). Failure threshold was defined as the point at 
which the loading force reached a maximum value either 
by fracturing the root, bending the post, or debonding the 
cement.

Statistical analysis
One-way and two-way analysis of variance (ANOVA) was used 
to analyze the data for significant differences. Bonferroni 

adjustment test was used for intergroup comparison. 
Significance for all statistical tests was predetermined at 
P < 0.05.

RESULTS

The mean and standard deviation of failure load are listed 
in Table 1. The effect of post type and post length on the 
failure loads using two-way ANOVA is shown in Table 2.

The highest failure load was found with prefabricated glass 
fiber post at ⅔rd postlength (250.33 ± 15.40 N). This group 
had significantly higher load compared to other groups. 
The composite core control group (with no post) had the 
lowest fracture load (57.34 ± 14.03 N) and was statistically 
different from other groups (Group I and II). The type of post 
placed (P < 0.001) had an effect on fracture resistance, but 
the length within the root (P = 0.0061) did not significantly 
influence the failure loads of the groups.

DISCUSSION

A comparative analysis of fracture resistance values 
between the control group and experimental group 
showed a high statistical significance (P < 0.001); hence, 
the placement of FRC post had a direct influence on the 
fracture strength of the endodontically treated teeth. It 
could be assumed that posts were able to transmit part 
of the loading stresses to the prepared root canals, thus 
distributing the load over a bigger surface area of the tooth 
structure resulting in higher fracture loads. The results of 
this study are consistent with Kantor and Pines, Robbins, 
who recommended post-and-core to increase the fracture 
resistance.[9,10] The results, however, are in contrast with 
the other studies which stated that endodontically treated 

Figure 1: Schematic representation of experimental groups. *Polyethylene‑woven fiber
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teeth without coronoradicular reinforcement demonstrated 
higher fracture load.[11,12]

Higher mean load (N) is recorded in Group I-C followed by 
Group II-C, Group II-D, Group I-D, Group I-A, Group I-B, 
Group II-B, and Group II-A, respectively. The difference in 
mean load between the groups was found to be statistically 
significant (P < 0.001). A similar result was obtained by 
Newman et al. and Torabi and Fattahi in their study where 
they compared custom post with prefabricated FRC posts and 
found lower fracture resistance of custom-made FRC posts.[2,11]

In the present study, for standardization, parallel posts 
space was prepared which probably deprived additional 
mechanical retention provided by small undercuts present 
in the canal therefore, prefabricated serrated parallel 
side posts (both carbon and glass fiber post) were used, 
which provided additional retentive features, as they 
get embedded into the resin luting cement and resist 
dislodging forces on pulling.[8,13]

Another important factor concerning clinicians, with 
the increasing use of fiber and resin reinforced posts, is 
determining the proper length of the post. Early studies 
revealed that longer metal posts reduce stresses in the 
coronal third of restored roots compared to shorter posts. 
Accordingly, it has been suggested that post length should 
be at least equal to the crown height or two-thirds of the 
root length to facilitate even stress distribution and provide 
resistance to occlusal loads.[14,15] In contrast, few studies 
have disputed the necessity of increasing metal post length, 
since the differences in fracture resistance of teeth with 
posts of various lengths were not significant. In addition, 
increasing post length is usually accomplished with 
additional root wall enlargement, which could decrease the 

root strength.[16,17] Hence, there is still no definite consensus 
regarding the proper post length for metal posts and 
therefore these criteria’s regarding post length cannot be 
used for nonrigid posts. Hence, post length was one of the 
parameters that was studied in the present study, and as the 
length of post increased the fracture resistance value also 
increased and lower fracture resistance was observed with 
shorter post. But no statistical difference was observed 
between two post lengths and a similar result was observed 
in a study performed by Nissan et al. and Chuang et al. who 
reported no significant difference in retention of posts at 
different lengths.[18,19] Mode of fracture was not the focus 
of this study, but all samples showed favorable fracture, 
similarly to other studies on FRC posts.[2,20]

Ferrario et al. assessed the bite force of teeth from 52 healthy 
young adults and reported that single-tooth bite forces 
ranged from 178 to 291 N in premolar teeth.[21] In the present 
study, fractures occurred under very high loads, which do 
not occur in clinical situation. Therefore, it is possible 
to infer that under normal conditions, the four systems 
tested in this analysis would present a favorable prognosis. 
In this study, resin sealer was selected to circumvent the 
potentially detrimental influence the eugenol-containing 
root canal sealers have on adhesion between root dentin, 
luting agent, and fiber posts.[22] Dual-cure resin material 
was used for both post cementation and core buildup to 
reduce the variability at the tooth core interface resin and 
creates a monoblock effect, which further reinforces the 
intraarticular tooth structure.[23]

Placement of a crown ferrule is an important factor in 
increasing the fracture resistance of teeth. However, in 
this study, ferrules and crowns were eliminated from 
methodology as these features could introduce many more 
variables that could complicate interpretation of the results 
of load testing, as restoration with crowns, can cancel out 
the difference among various postsystems. Hence, these two 
variables were not considered in this experimental study.[24]

The polytetrafluoroethylene tape was used to simulate 
periodontal ligament as rigid reinforcement of the root is 
not found in nature and may alter the strength of the roots 
along with the pattern of failure.

Table 1: The Mean and Standard deviation of failure loads for all groups
Group Mean (n) Std Dev (n) SE of Mean 95% Confidence Interval for Mean Min (n) Max (n)

Lower Bound Upper Bound

Group I‑A 179.75 33.52 10.60 155.77 203.73 138.00 227.20
Group I‑B 166.84 33.11 10.47 143.16 190.52 111.20 214.30
Group I‑C 250.33 15.40 4.87 239.31 261.35 225.70 275.80
Group I‑D 201.39 41.44 13.10 171.75 231.03 145.70 279.80
Group II‑A 146.44 13.53 4.28 136.76 156.12 117.20 162.30
Group II‑B 159.97 34.06 10.77 135.60 184.34 100.20 227.70
Group II‑C 224.2 32.9 10.40 200.64 247.70 161.20 254.30
Group II‑D 204.07 29.63 9.37 182.87 225.27 171.00 253.00
Control group 57.34 14.03 4.44 47.30 67.38 36.30 80.50

Table 2: Two‑Way ANOVA based on post length and 
post type
Source df Sum of Squares (SS) Mean SS F P
Group 1 3426 3426 3.620 0.061
Post 3 83238 27746 29.350 <0.001*
Group*Post 3 2688 896 0.950 0.422
Error 72 68071 945 ‑ ‑
Total 79 157422 ‑ ‑ ‑
*Denotes a significant factor



Thakur and Ramarao: Custom‑made and prefabricated fiber‑reinforced composite post‑and‑core system

Journal of Conservative Dentistry  |  Volume 22  |  Issue 4  |  July-August 2019380

The perpendicular angle of loading was used in this study 
because it has been shown to be the most traumatic to a 
post-and-core system and a likely manner in which many 
systems fail. The crosshead speed used in this study was 
within the range reported in the literature for static loading 
tests.[25]

Methodologically, the limitation of this study was that 
static loading testing was used to evaluate fracture 
resistance. Therefore, further research is suggested, using 
dynamic loading combined with thermocycling as well as 
further long-term follow-up in vivo survival studies of teeth 
restored with fiber-reinforced posts.

Based on this study, glass fiber posts showed higher 
fracture load, but post lengths did not significantly affect 
the fracture resistance of endodontically treated teeth. 
Hence, it can be concluded that FRC post and core shows 
a viable alternative to both custom cast and prefabricated 
metal posts.

CONCLUSION

Hence, in clinical scenario, selecting a restorative 
option that allows higher fracture load and better stress 
distribution would implicate better clinical performance. 
Therefore, the higher fracture strength values observed 
for the FRC post restorations, the favorable restorable 
fractures associated with these restorations is a better 
option compared to rigid root canal reinforcement.
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