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Abstract

Aims and Objectives:

To compare the effect for fracture resistance of different coronally extended post length with two different
post materials.

Materials and Methods:

One hundred and sixty endodontically treated maxillary central incisors embedded in acrylic resin with
decoronated root portion were taken for the study. The postspaces were prepared according to standard
protocol. The samples were divided into two groups according to the post material: glass-fiber post and
Quartz fiber post. These groups were further subdivided on the basis of coronal extension of 4 and 6 mm for
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glass fiber and Quartz fiber posts, respectively. The posts were then luted with dual-polymerizing resin
cement followed by core buildup. Samples were subjected to increasing compressive oblique load until
fracture occurred in a universal testing machine. Data were analyzed with one-way ANOVA and
independent Student's t-test. Analysis was done using SPSS version 15 (SPSS Inc., Chicago, IL, USA)
Windows software program.

Results:

Glass fiber post with coronal extension of 4 mm (182.8 N) showed better results than with 6-mm length
(124.1 N). Similarly, in quartz fiber posts group, 4-mm postlength (314 N) was better when compared with
6 mm (160 N). The 4-mm coronal extension of quartz fiber post displayed superior fracture resistance.

Conclusions:

Glass fiber posts showed better fracture resistance than Quartz fiber posts. 4-mm coronal length showed
more fracture resistance than 6 mm.

KEYWORDS: Compressive loading, glass fiber post, postspace, quartz fiber post, universal testing machine

INTRODUCTION

The prognosis of endodontically treated teeth depends not only on the success of the endodontic treatment,
but also on the type of reconstruction.[1] Endodontically treated teeth have a significant difference in
physical and mechanical properties compared to that of vital teeth. The likelihood of a pulpless tooth
surviving is directly related to the quantity and quality of the remaining dental tissue. Lack of moisture
content due to the removal of pulp contributes to decrease in tooth resiliency and increase in susceptibility
to fracture.[2] The fracture resistance of endodontically treated teeth can be increased using intraradicular
dowels. These posts act by distributing torquing forces within the radicular dentin along the root length and
also promote retention to the final restoration.[3]

Postcore treatment for endodontically treated teeth provides shield from the passage of microorganisms and
organic liquids into the canals and also reinforces the coronal tooth structure.[1] The part of the dowel
extending beyond the root coronally is also known as coronal extension of post which enhances retention for
the core, simulating the lost coronal tooth structure.[4] Dowel retention is believed to be a major factor in
the survival of restoration. Dowel configuration, dimension, and surface roughness affect dowel retention.
The amount of tooth structure that remains after endodontic treatment and postpreparation also plays an
important role in the survival of restored endodontically treated teeth.[5,6]

Literature suggests that the fracture susceptibility and biomechanical behavior of root canal-treated teeth
with posts are related to factors such as the amount of remaining healthy tooth structure, providing
resistance to fracture of the tooth and the characteristics of post, such as material composition, modulus of
elasticity, diameter, and length.[7,8] Selection of a prefabricated post has largely been an issue of discussion
between various post systems available of different materials, with designs such as threaded/nonthreaded
and tapered/nontapered posts.[9] Parallel-sided posts which are luted are more retentive than tapered ones,
and serrated posts have more retention than smoother ones.[10,11]

Cast metal dowels and cores have been used for many years as an optional treatment for intraradicular
retention, but they have few disadvantages such as a high modulus of elasticity as compared to dentin, low
flexural strength, and transmission of forces on the root, thereby increasing the possibility of irrecoverable
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fractures of the remaining tooth structure.[1,3] The prefabricated fiber glass posts have led to a great
advancement for esthetic restorations and biomechanical properties such as high flexural strength and
modulus of elasticity similar to that of dentin, minimizing the transmission of stresses on the root walls and
decreasing the possibility of fractures.[12,13]

The chemical composition is compatible with that of Bis-GMA monomer, present in the adhesive systems
and resinous cements.[12] The fiber glass posts are translucent, contributing to the esthetic qualities of
tooth-colored restorations.[13] Malquarti G and Ferrari M et al. observed that, when the postlength is equal
to half of the root length, the root behavior was similar to that of roots that were prepared up to two-thirds of
their length.[14,15] Clavijo VGR et al. compared the fracture resistance of cast metal cores and glass fiber
posts and observed that longer cast metal cores presented greater fracture resistance than shorter cast metal
cores, whereas glass fiber posts with different lengths showed a similar behavior.[16]

For the better preservation of dental structure, shorter postlength allows a larger amount of root canal filling
material to be preserved in the apical region. It is extremely important because the apex is an area of greater
anatomical complexity, with a large number of lateral and accessory canals.[3]

Some retrospective studies of fiber-reinforced posts have reported good clinical success for up to 6 years.[9]
It has been verified in in vitro studies that the reduced stiffness of certain fiber-reinforced posts can be
beneficial for preventing catastrophic root fracture. Flexure of a fiber-reinforced post may result in greater
stress on the composite resin core, causing premature failure of the core restoration.[17,18] The availability
of 2.0 mm of coronal tooth structure between the tooth preparation finish line and the tooth/core junction
enhances fracture resistance. The extension of coronal tooth structure provides the greatest influence in
terms of resistance and retention form for a crown. Of several dowel materials, there is paucity in literature
regarding the comparison of glass and Quartz fiber posts with different coronal extension sustaining
fractures. Hence, the purpose of this study was to compare and evaluate the fracture resistance of two
different coronally extended posts of two different dowel materials with different lengths.

MATERIALS AND METHODS

One hundred and sixty freshly extracted human maxillary central incisors teeth were collected and stored in
a solution of 10% formalin and thymol crystals, for <3 months at room temperature until the procedure for
fabrication of samples was begun. Now, these 160 acrylic resin blocks were divided into two groups,
namely Group A (80), glass fiber posts (Tenax Fiber Trans Post, TFT 11, Coltène/Whaledent, Cuyahoga
Falls, OH, USA) and Group B (80), Quartz Fiber posts (UniCore Post size 2, Ultradent, Salt Lake. City, UT,
USA) which were further subdivided into two subgroups, each having forty in number, A1 and B1, which
include 4 mm of coronal extension of post and A2 and B2 which include 6 mm of coronal extension of post.
To accommodate equal number of samples (40) in each group, 160 samples were taken. Before starting the
study, the necessary approval was obtained from the local Ethical Committee (Letter no: PDCH/32/2012).
The selected teeth were approximately of similar dimensions with completely formed, straight, and sound
roots having a single canal, free from caries, restorations, any previous endodontic treatment, and cracks.
Teeth with caries or restoration were excluded from the study. The teeth were evaluated with naked eye as
well as using ×2 magnification lens, as it might affect their fracture resistance to applied forces. Hard- and
soft-tissue deposits were removed using ultrasonic (NSK, Westborough, MA) scaler. The coronal portions
of each tooth were sectioned perpendicular to its long axis at the cementoenamel junction with the use of a
double-sized diamond disc (DC-31; Dia Burs, Mani Inc, Tochigi, Japan) in a slow-speed hand piece.
Continuous copious water irrigation was done to overcome the heat which is dissipated during sectioning of
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the tooth. Root canal treatment was performed by following standard protocol.

A hollow square brass metal mold of 20 mm × 20 mm × 20 mm dimensions with four orientation holes on
the top surface of brass mold, at four corners, was fabricated. To standardize the tooth position at the center
of the brass mold, a crosshead apparatus was made [Figure 1]. This crosshead apparatus had four vertical
projections of 1 mm × 1 mm × 1 mm at four corners. At the center of the crosshead apparatus, a hole of 6
mm in diameter was created to stabilize the position of decoronated tooth at the center of the brass mold.

After petroleum jelly (Vaseline, Hindustan lever Ltd., India) was applied, autopolymerizing acrylic resin
(DPI-RR, The Bombay Burmah Corporation, Mumbai, India) was manipulated according to the
manufacturer's instructions and packed into the mold. Then, crosshead apparatus was positioned onto the
brass mold to place the decoronated tooth at the center of acrylic block, thereby standardizing the placement
at the center of the block. Similarly, 160 acrylic resin blocks were made with embedded decoronated teeth
in it.

Prior to dowel space preparation, samples were immersed in distilled water and maintained at 37°C (±2°C)
for 36 h. The dowel space preparation was carried out by attaching a slow-speed contra-angle handpiece
(NSK, Nakanishi Dental Mfg. Co. Ltd., Japan) with the respective postdrill systems for glass fiber posts and
Quartz fiber posts (Tenax Fiber Trans drills, TED11, Coltène/Whaledent, Cuyahoga Falls, OH, USA, and
UniCore drill, Ultradent; Salt Lake City, UT, USA) as per the manufacturer's recommendation to the dental
surveyor (Jelenko, J. F. Jelenko and Co., Inc., NY, USA). After postspace preparation, the postspaces were
rinsed with 0.2% chlorhexidine digluconate solution and dried with absorbent paper points. The dentin of
decoronated teeth was then etched with 37% phosphoric acid (3M™ ESPE™ Dental Products, USA) for 15
s, followed by drying with a three-way syringe to make the surface frosty in appearance. Then, dual-
polymerizing bonding agent (Adper Single Bond Plus, 3M ESPE, St. Paul, MN, USA) was applied as a
single coat with applicator tip for 30 s; the excess bonding agent was removed using absorbent paper points.
It was later light cured using light-curing unit (Quartz Tungsten Halogen, SmartLite, Dentsply, Milford),
according to the manufacturer's recommendation.

The dual-polymerizing resin-luting material (ParaCore-Coltene/WhaledentAG, Feldwiesenstr, Switzerland)
with the tip attached at its one end, with uniform pressure, was injected into the postspace, and Lentulo
Spiral (Dentsply/Caulk, Milford, Del) was used to spread the material. Post held by tweezers (API,
AshooSons, New Delhi, India) was slowly seated into the postspace, followed by removal of the excess
material. It was held under finger pressure for 20 s. The same procedure was followed for Quartz fiber post.
The cement was light polymerized for 30 s on each surface (labial, palatal, mesial, and distal), resulting in a
2-min light polymerization cycle and allowed to set for 5 min.

Then, with the help of a measuring scale, measurements were made from the decoronated portion of tooth
structure using lead pencil at lengths of 4 and 6 mm on the post.

Using this procedure, 160 samples each of glass fiber posts and Quartz fiber posts with coronal extension of
4 and 6 mm in length were made, respectively. The lengths exceeding the desired values were trimmed with
a double-sided wheel-shaped diamond point (WR-13C; Dia Burs, Mani Inc. Tochigi, Japan) using slow-
speed handpiece with water spray.

After etching and bonding of the decoronated tooth as per the manufacturer's instruction, core buildup was
done using matrix with composite resin (Filtek Z250, 3M ESPE, St. Paul, MN, USA) by incremental
technique. The matrix was fabricated with a soft thermoplastic sheet of 0.9 mm (5” × 5” Soft Tray

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6489518/figure/F1/
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Sheets/DE Platten/FR Plaque/NL Sheets Ultradent Products Inc. South Jordan, Utah, USA) in the vacuum
for Med-Pressure molding device (BioStar  Scheu-Dental GmbH, Iserlohn, Germany) on a sound tooth
having coronal portion with dimensions, 8-mm long × 5-mm in width, so that the 6-mm coronally extended
post will be within the crown portion of the fabricated template. Utilizing this template, core buildup was
done on decoronated teeth with postlength, 4 mm and 6 mm, which were then prepared for a metal-ceramic
crown, such that 1 mm of the core structure is left incisally beyond the postlength of 4 mm and 6 mm. The
two samples with preparations done were then utilized for fabrication of the second matrix. Now, this
second matrix was used for the fabrication of core buildup on the decoronated teeth mounted on acrylic
resin block. The core buildup was done with incremental layer by seating the matrix onto the postcemented
into the decoronated teeth mounted in acrylic resin block.

It was followed by light polymerization for 30 s on each surface (labial, palatal, mesial, and distal) resulting
in a 2-min light polymerization cycle, thus achieving the coronal portion of the tooth. Similarly, core
buildup was carried out for 160 samples. Then, the samples were stored in 100% relative humid
environment at a constant temperature of 37°C for 72 h. After 2 weeks, samples were subjected to
mechanical testing.

The right-angled triangular brass device was made such that the base of triangle forms an inclined surface of
135° to the right angle. On the base of a triangular device, a hollow cube shape of dimensions, 20 mm × 20
mm × 20 mm, was created in order to assimilate the similar dimensions of acrylic resin blocks with mounted
teeth. When the samples were placed in the brass mold, the mounted teeth in blocks will be in consonance
with the angle of the brass mold, i.e., 135°, thus standardizing the position of overall samples in the brass
mold. To retrieve the acrylic resin block from the brass mold, an Allen-Wrench key mechanism was
introduced, which was perpendicular to the inclined surface [Figure 2].

After placing an acrylic resin block with decoronated teeth mounted on acrylic resin block in the right-
angled triangular mold, which was introduced to the universal testing machine (Calibrated Force Machine,
National Physical Laboratory, New Delhi). Now, the load is applied perpendicularly on to the palatal
surface 4 mm down the incisal edge cervically, thus standardizing the entire protocol and achieving the
proposed research. A crosshead speed of 1.25 mm/min was applied until the moment of fracture occurred of
the core or post. Later, statistical analyses were performed.

Data collected were tabulated and analyzed using the Statistical Package for the Social Sciences software
Version 17 for Windows (SPSS Inc., Chicago, IL, USA). Results were expressed as percentage and mean
with standard deviation. The variables were assessed by using the one-way ANOVA and an independent
group Student's t-test [Figure 3].

RESULTS

A comparative study was carried out for an evaluation of fracture resistance of coronal extension for two
different dowel materials with two different lengths restored with core. A total of 160 samples were
fabricated. They were divided into two main groups, namely Group A (glass fiber post) and Group B
(Quartz fiber post). Each sample was tested for fracture resistance by using the universal testing machine at
a crosshead speed of 1.25 mm/min.

Table 1 shows the division of samples into four groups according to two types of postmaterial and coronal
extension of post with 4 mm and 6 mm in length. The Group A1 with glass fiber post with 4 mm of coronal
extension, A2 with glass fiber post with 6 mm of coronal extension, B1 with Quartz fiber post with 4 mm of

®
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coronal extension, and B2 with Quartz fiber post with 6 mm of coronal extension into forty samples each.

Table 2 shows the mean value and standard deviation of the Group B1 (Quartz fiber post of 4 mm) and
Group B2 (Quartz fiber post of 6 mm). The mean scores infer that Group B1 has statistically significant
higher value (P < 0.001) with a mean value of 314 N and standard deviation of 82.18 in comparison to
Group B2 with a mean value of 160 N and standard deviation of 18.12.

Table 3 shows the mean value and standard deviation of Group A1 (Glass fiber post of 4 mm) and Group
B1 (Quartz fiber post of 4 mm). The mean scores infer that Group B1 has statistically significant) higher
value (P < 0.001) with a mean value of 314 N and standard deviation of 82.18 in comparison to Group A1
with a mean value of 182.8 N and standard deviation of 25.13.

Table 4 shows mean value and standard deviation of the Group A2 (glass fiber post of 6 mm) and Group B2
(Quartz fiber post of 6 mm). The mean scores infer that Group B2 has statistically significant value (P <
0.01) with a mean value of 160 N and standard deviation of 18.12 in comparison to Group B2 with a mean
value of 124.1 N and standard deviation of 27.41.

Table 5 reflects the application of one-way ANOVA test for comparison of mean values for maximum
fracture resistance to oblique force mean between and within the groups (glass fiber post of 4 mm, glass
fiber post of 6 mm, Quartz fiber post of 4 mm, and Quartz fiber of 6 mm). P < 0.000 showed the comparison
to be highly significant.

When fracture resistance of Quartz fiber post with coronal extension of 4 mm and 6 mm in length to oblique
forces was compared, it showed that Group B1 (Quartz fiber post with 4 mm of coronal extension) showed
higher fracture resistance when compared with Group B2 (Quartz fiber post with 6 mm of coronal
extension).

When compared, fracture resistance of glass fiber post and Quartz fiber post with coronal extension of 4 mm
in length to oblique forces, results showed that the Group B1 (Quartz fiber post with 4 mm of coronal
extension) showed higher fracture resistance when compared with Group A1 (glass fiber post with 4 mm of
coronal extension).

During comparative assessment of fracture resistance of glass fiber post and Quartz fiber post with coronal
extension of 6 mm in length to oblique forces, results showed that the Group B2 (Quartz fiber post with 6
mm of coronal extension) showed higher fracture resistance when compared with Group A2 (glass fiber
post with 6 mm of coronal extension).

Graph 1 depicts the comparative assessment of fracture resistance of glass fiber post and Quartz fiber post
with coronal extension of 4 mm and 6 mm in length to oblique forces. Results showed that the Group B1
(Quartz fiber post with 4 mm of coronal extension) showed higher fracture resistance when compared with
other Groups A1 with glass fiber post with 4 mm of coronal extension, B2 with Quartz fiber post with 6 mm
of coronal extension, and A2 with glass fiber post with 6 mm of coronal extension.

DISCUSSION

Fracture resistance is of greater importance than retention because the post can be recemented if dislodged
from the tooth. However, if the root fractures, the tooth is invariably lost. Many factors have been attributed
for the decrease in the fracture resistance of endodontically treated teeth. They are tooth structure loss, loss
of free unbound water from the lumen and dentinal tubules, age-induced changes in the dentine, reduced
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level of proprioception, effect of endodontic irrigant and medicament on dentine, and effect of bacterial
interaction with dentine substrate. Coronal destruction from dental caries, previous restorations/fracture, and
endodontic access preparations are considered to be the main causes. Therefore, many authors emphasize
conserving the bulk of dentine to maintain the structural integrity of postendodontically restored teeth. An
ideal post system should exhibit fracture resistance higher than the average masticatory forces. There exists
a definite correlation between postmaterial and fracture of roots. Endodontically treated teeth mostly require
prosthetic treatment that had suffered previous trauma, restoration, or other endodontic interventions.[19]
Such treatment procedures may require a usage of post and core systems. Dowels have been advocated to
strengthen weakened endodontically treated teeth against intraoral forces by distributing torquing forces
within the radicular dentin to supporting tissue along their roots.[2] Several post systems are available such
as custom-cast posts utilizing materials such as gold and titanium, for prefabricated posts systems include
stainless steel, titanium, and titanium alloys, gold plated brass, and ceramic and fiber-reinforced polymer
materials.[20]

In the current study, the fracture resistances were evaluated for 160 samples (80 glass fiber posts, 80 Quartz
fiber posts) with lengths 4 mm and 6 mm of coronal extension using the universal testing machine. After the
fracture analysis for all the samples, mean values obtained were evaluated and comparison was done. The
availability of 2 mm of original coronal tooth structure cervical to the core enabling to prepare ferrule can
enhance the fracture resistance.[21] The derived results revealed that the fracture resistance of Quartz fiber
post of 4 mm has a mean of 314 N and glass fiber post of 4 mm has a mean of 182.8 N. The Quartz fiber
post of 6 mm has a mean of 160 N and glass fiber post of 6 mm has a mean of 124.1 N. The results were
found to be highly significant. The results revealed that Quartz fiber post with 4 mm coronal extension
(Group B1) had higher fracture resistance than other groups. It was interesting to find that the variations in
fracture resistance to different coronal extension of postlength were significantly evident. The results also
revealed that the variation was significantly evident for different dowel materials. The mean of Quartz fiber
post of 4 mm was found to be statistically highly significant compared to other groups. Similar study done
by Miguel AIP et al, where quartz fiber had higher resistance as compared to glass fiber post.[7] From this
study, it was observed that there is a significant difference in two different types of postmaterial with
different types of lengths for coronal extension. Galhano reported that Quartz fiber posts were stronger than
glass fiber posts; several dentists still use glass fiber posts due to its reasonable price.[22]

Cast posts and cores are commonly advocated for teeth with little remaining coronal structure or for
uniradicular teeth with small coronal volume. In such situations, the use of an alloy with high gold content,
and thus high biocompatibility, high corrosion resistance, and low rigidity, appears most appropriate.[8]
Thus, the cast gold post and core have been regarded as the “gold standard” in post-and-core restorations
due to its superior success rate. Alternatives to cast posts and cores have been developed.[23] Base metal
alloys had been used, but their disadvantage is hardness and may predispose the tooth to root fracture. Its
major disadvantage being of unesthetic, requires a two-step procedure. For this to overcome, prefabricated
post systems came into existence. In prefabricated fiber post systems, fiber content usually ranges from
about 35% to 65%, with a higher fiber content post typically having greater strength and stiffness. The
fibers are bound with resin such as epoxy or polyester resins and their advantages are metal free,, aesthetic
in nature, and can easily be retrieved in case of endodontic failure.[20] Carbon fiber post was the first
generation of fiber-based posts introduced by Duret et al. in 1990[24] which was made of stretched aligned
carbon fibers embedded in an epoxy-resin matrix. The extensive disadvantage of it was of its dark color, a
major obstacle for esthetic restoration. Thus, esthetic requirements were fulfilled with the developments of
tooth-colored Quartz- and glass-fiber posts. Glass-fiber posts, introduced in 1992,[25] have unidirectional
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glass fibers embedded in a resin matrix that strengthens the post without compromising the modulus of
elasticity.[26] Glass fiber posts can be made of different types of glasses. Electrical glass (E-glass) is the
most commonly used glass type, in which the amorphous phase is a mixture of SiO , CaO, B O , Al O ,
and some other oxides of alkali metals. S-glass (high-strength glass) is also amorphous but differs in
composition. In addition, glass fiber posts can also be made of Quartz fibers. Quartz is pure silica in
crystallized form. It is an inert material with a low coefficient of thermal expansion.[27]

Purton studied the fracture resistance of teeth restored with a composite post and carbon-fiber posts and
reported that tooth fractures were uncommon and that the most frequent site of failure was the post and core
interface.[18] It was demonstrated that roots restored with cast posts exhibited significantly higher internal
stresses than prefabricated posts. There has been an increase in the retention of post with the advances in the
bonding mechanism of composite resin to dentin.[21,28] Core fabrication using composite resin is a feasible
technique for restoring endodontically treated teeth.[1] Fracture of composite resin core beyond the limits of
normal masticatory forces protects the dowel along with the supporting root from further fracture. Most of
the previous researches have focused on the intraradicular extension of the dowel with different materials at
varied lengths.[1,3,9] As there is limited scientific evidence related to length required for coronal extension
of the post to resist the maximum oblique force. The present study was thus aimed to evaluate the fracture
resistance of two different coronal extensions with two different post materials to obliquely directed forces.
The extension of coronal tooth structure provides the greatest influence in terms of resistance and retention
form for a crown.[29]

Limitations associated are as usage of microfilled composite for core buildup in the study. Hence, other
composites could have been used, and further evaluation needs to be carried out. Similarly, other post
systems could have also been considered, as limited post systems have been used in the study. Limited
sample size affecting the predictability of the results, parameters like placement of ferrule and crown should
also have been considered. Tapering posts were not considered for the study. Aging of these post systems
was not considered, and long-term study needs to be carried out. Being an in vitro study, which did not
replicate oral conditions, a single oblique load-to-fracture was used to test the fracture resistance of
endodontically treated teeth.

CONCLUSIONS

From the conducted study, the following conclusions can be drawn:

1. The samples in Group B1 (Quartz fiber post with 4 mm of coronal extension) have highly
significant (P ≤ 0.000) maximum mean fracture resistance to oblique forces, compared to other
Groups A1, A2, and B2

2. Maximum mean value for fracture resistance to oblique force was remarkably higher for Quartz
fiber post as compared to glass fiber post, as the result showed statistically highly significant (P ≤
0.000). This result may be attributed due to the higher resistance of Quartz fiber post to oblique
forces

3. On comparison of maximum mean fracture resistance to oblique force, it was remarkably higher for
Group B1 than Groups A1, A2, and B2. This result may be attributed due to the coronal extension
of 4 mm.
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Figures and Tables

Figure 1

Brass metal mold with cross head apparatus

Figure 2

Specimen placed in an inclined mold

Figure 3
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Open in a separate window

Specimen in inclined mold loaded with force in the universal testing machine

Table 1

The division of samples into four groups according to two types of postmaterial and coronal
extension of post with 4 mm and 6 mm in length

Groups Postmaterials Lengths of post Root length of posts

Group A1 Glass fiber post 4 mm 2/3rd of root

Group A2 Glass fiber post 4 mm 2/3rd of root

Group B1 Quartz fiber post 6 mm 2/3rd of root

Group B2 Quartz fiber post 6 mm 2/3rd of root

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6489518/figure/F3/?report=objectonly
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Table 2

Comparative assessment of quartz-fiber post of 4 mm with quartz-fiber post of 6 mm

Groups Mean (n) SD SEM Mean difference t P

Group B1 314.00 82.184 25.989 154.000 5.786 0.000

Group B2 160.00 18.129 5.733

*P<0.01 highly significant, P<0.01–0.05 significant, P>0.05 not significant. SD=Standard deviation,
SEM=Standard error of mean

Table 3

Comparative assessment of glass fiber post of 4 mm with Quartz fiber post of 4 mm

Groups Mean (n) SD SEM Mean difference t P

Group A1 182.80 25.139 7.950 31.200 4.828 0.000

Group B1 314.00 82.184 25.989

*P<0.01 highly significant, P<0.01–0.05 significant, P>0.05 not significant. SD=Standard deviation,
SEM=Standard error of mean

Table 4

Comparative assessment of glass fiber post of 6 mm with Quartz fiber postof 6 mm

Groups Mean (n) SD SEM Mean difference t P

Group A2 124.10 27.416 8.670 35.900 3.454 0.003

Group B2 160.00 18.129 5.733
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*P<0.01 highly significant, P<0.01–0.05 significant, P>0.05 not significant. SD=Standard deviation,
SEM=Standard error of mean

Table 5

Comparison of mean value for maximum fracture resistance to oblique forces between and within the
groups with one-way ANOVA

Groups Sum of squares df Mean square F P

Between groups 205614.475 3 68538.158 32.381 0.000

Within groups 76198.500 36 2116.625

Total 281812.975 39

Open in a separate window

Df=Degree of freedom, F=Fisher ratio, Between groups=Designates variance within A1A2, A1B1, A1B2, A2B1,
A2B2, and B1B2, Within groups=Means the variance calculated among the samples within any one group such as
A1 or A2 or B1 or B2

Graph 1

Open in a separate window

Comparative assessment of fracture resistance of mean value of four groups
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