
Abstract

Aim: To evaluate the fracture resistance of endodontically treated teeth with excessively flared canals, 
reinforced with composite resin, and restored using two different post systems.

Materials and Method: Thirty single-rooted mandibular premolars having single canals were selected. The 
anatomic crown of each tooth was sectioned approximately 2 mm above the cementoenamel junction and the 
teeth were randomly assigned into 2 groups of 15 samples each. After coronal access, working length was 
determined. Biomechanical preparation was completed and sectional obturation done. A standardized 10 
mm deep post space was prepared in each tooth. The coronal portion of the post space with a canal orifice 
diameter of approximately 3mm was flared to a depth of 4 mm, ensuring that the remaining dentinal thickness 
in all the teeth was approximately 1mm.The flared post space was reinforced with composite resin using a light 
transmitting plastic post. In group 1, a stainless steel post was luted, and in group 2 a glass fiber post was luted 
with a dual-cure adhesive resin paste. Core build up was done using composite resin in both the groups. The 
prepared specimens were mounted in metal blocks with acrylic resin. The fracture resistance of the teeth was 
evaluated using a Hounsefield testing machine.

Results: Mann-Whitney test was performed to evaluate the significance of the difference between Group 1 and 
Group 2.Group 1 had a mean fracture resistance of 70.50kgf with a standard deviation(S.D)OF 1.94.Group 
2 had a mean fracture resistance of 31.07kgf with a standard deviation(S.D) of 3.72.

Conclusion: This study concludes that fracture resistance of teeth restored with the stainless steel post is far 
superior as compared to the glass-fiber post. At present the stainless steel post is definitely and distinctly 
superior to the glass-fiber post for the restoration of endodontically treated teeth with excessively flared canals.

Keywords: Flared canal, Coronal-Radicular stabilization, Composite resin, Light transmitting plastic post, 
Modulus of elasticity.

Introduction

The role of endodontics has greatly broadened its 

scope in the past decade. Concurrent with this trend, 

dentists are becoming increasingly aware that 

natural teeth function more efficiently than any 

replacement, and they find it worth the additional 

effort to retain pulpally involved teeth. The clinical 

situation is significantly more challenging when the 

root structure is badly weakened, by excessive 

flaring of the canal. In this situation, the dentist must 

employ the principle of coronal-radicular 

stabilization with dentin substitution.

There are a number of dowel designs and 

techniques, from which to choose, in the restoration 

of endodontically treated teeth. The selection of any 

design and technique is dependent on numerous 

factors, which vary depending upon the individual 

case. The last thirty years have seen a profusion of 

manufactured systems utilizing prefabricated 

dowels, and the literature has been flooded with 

articles describing techniques for restoring 
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endodontically treated teeth.

Currently, the practical method for maintaining 

healthy, but fragile, thin-walled roots is to install a 

prefabricated or a cast post and core anchor. 

However, these types of restorations have the 

potential to create wedging actions that may lead to 

the splitting of roots, when the system undergoes 

functional dynamic loading. Furthermore, the 

placing of a large metal post to fill the canal space 

may create an unaesthetic gingival interface by 

creating a metallic shadow effect. This shadow 

effect can interfere with the ultimate aesthetic 
1results of the finished restoration.

The introduction of materials capable of bonding to 

dentin has created potential for the reconstitution 

and rehabilitation of lost dentinal tissues to salvage 

severely damaged teeth, which would otherwise be 

extracted. When the weakened root is internally 

rebuilt with suitable adhesive dental materials, the 

root is dimensionally and structurally reinforced to 

support and retain a post and core for the continued 
2

function of the tooth .

In 1994, Joo loon lui described the use of a clear, 

plastic, light-transmitting post to transmit light in 

order to polymerize composite resin placed deeply 

as a dentinal substitute to internally rehabilitate 
3

weakened roots .  The  new post  a l lows 

reconstitution of the root as well as preparation of 

the post  canal ,  rendering the defective 

endodontically treated root capable of supporting a 

post and thereby ensuring the continued function of 
2a badly damaged tooth.

Hence the present study was conducted to evaluate 

the fracture resistance of endodontically treated 

teeth with excessively flared canals, reinforced with 

composite resin, and restored using two different 

post systems; namely the stainless steel  post and 

the glass-fiber post.   

Materials and Method

Thirty freshly extracted single-rooted mandibular 

premolars having single canals were selected. The 

anatomic crown of each tooth was sectioned 

approximately two millimeter above the 

cementoenamel junction, perpendicular to the long 

axis of the tooth, with a diamond disc. The teeth 

were randomly assigned into the following two 

groups of 15 samples each.

Group 1- The stainless steel post.

Group 2- The Glass fiber post.

Group 1-In this group, after coronal access, a size 

#10 k- file was used to explore and verify the 

anatomical diameter of apical exits to discard the 

teeth with apical diameter larger than 0.1mm. A #10 

k- file was used to establish the working length 1mm 

short of the anatomic apex. The teeth were prepared 

using a conventional technique, upto a file size of 25, 

following which step-back preparation was done 

upto a final file size of 40,under constant irrigation 

with distilled water. Sectional obturation was done 

using gutta percha and AH26 root canal sealer 

(Dentsply).

A standardized 10 mm deep post space was 

prepared in each tooth using the appropriate 

reamer (Dentatus USA).The post space was rinsed 

with a copious amount of water and dried with 

paper points. The coronal portion of the post space, 

with a canal orifice diameter of approximately 3mm 

was then flared to a depth of 4mm ensuring that the 

remaining dentinal thickness in all the teeth 

specimens was approximately 1mm.This sequential 

enlargement was accomplished with round 

diamond points of approximately 3mm,2mm and 

1mm diameter in order to mimic the excessively 

flared canal(figure1). 

The post space was again rinsed with distilled water 

and dried with paper points.  The flared post space 

was conditioned with a 37% phosphoric acid gel 

etchant (3M Scotch Bond) for 15 seconds, rinsed 
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Excessively Flared Canal
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with distilled water for 15 seconds, then dried for 5 

seconds with paper points. Primer (3m Scotch 

Bond)was applied on the dentinal wall of the post 

space and dried gently for 5 seconds. This was 

followed by application of an adhesive (3M Scotch 

Bond) and irradiated for 10 seconds with a light-

curing unit. A light-activated composite resin(Z100, 

3M) was filled into the post space. A no.5 smooth 

light-transmitting plastic post (Dentatus, USA) was 

coated with Vaseline. The plastic post was 

rotationally inserted to a depth of 10mm into the 

post space, transilluminated for 60 seconds, 

directly and faciolingually. The smooth post was 

then carefully removed using a rotational traction, 

with the help of a hemostat. A grooved No.4 light-

transmitting plastic post was inserted into the canal 

and transilluminated for another 60 seconds 

(figure 2).

A corresponding size stainless steel threaded post 

(Dentatus,USA) was luted to a depth of 10mm with a 

dual-cure adhesive resin cement paste(Rely 
TM

X ARC,3M)(figure 3).

This was done with the help of a lentulospiral. The 

post was held in place for 3 to 5 minutes, light-cured 

for 20 seconds and core build up was done using 

light-activated composite resin. Core height of about 

4mm and 1mm on either side of the post was 

achieved.

Group 2: In this group, the teeth were prepared 

using the similar procedure as in group1.Following 

this, the glass-fiber post(Dentatus)was coated with 

an adhesive(3M Scotch Bond), luted to a depth of 10 

mm with a dual-cure adhesive resin cement 
TM

paste(Rely X ARC,3M)(figure 4).

This was done with the help of a lentulospiral. The 

post was held in place for 3 to 5 minutes, light-cured 

for 20 seconds and core build up was done using 

light-activated composite resin (3M,Z100). A core 

height of about 4 mm and  1mm on either side of the 

post was achieved.

The prepared specimens were mounted in metal 

blocks with acrylic resin, so that 3mm of natural 

tooth structure was exposed. The cemented 
0specimens were then stored for 7 days at 37 C in an 

incubator. The fracture resistance of the teeth was 

evaluated using a Hounsefield testing machine.  The 
0force was applied at 45  to the long axis of tooth and 

a controlled load applied to the specimens. The 

crosshead speed was held constant for all 

specimens at 1 millimeter/minute. The nature of 

failure was determined by visual inspection.

Results 

Mann-Whitney test was performed to evaluate the 

significance of the difference between Group 1 and 

Group 2.(Table I)
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FIG 2. Reinforcment of The Flared Canal

With Composite Resin.

FIG 3. Tooth Restored With

Stainless Steel Post.
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1. Group 1 had a mean fracture resistance of 

70.50kgf with a standard deviation(S.D)OF 

1.94.

2. Group 2 had a mean fracture resistance of 

31.07kgf with a standard deviation(S.D) of 

3.72.

Discussion

Single-rooted endodontically treated teeth with 

flared canals present a challenge to the endodontist. 

The flared canal may arise as a result of carious 

e x t e n s i o n ,  t r a u m a  t o  i m m a t u r e  t e e t h ,  

developmental anamolies, idiopathic pulpal 

pathoses (internal resorption), iatrogenic 

damage(excessive preparation of an access cavity,  

excessive taper of a post canal preparation, or other 
4,5,6restorative or endodontic misadventure) .The 

result is loss of tooth structure and a reduction in the 

capability of the tooth to resist a myriad of intraoral 

forces.

Dentin provides a solid base required for the 

restoration of a tooth and the structural strength of a 

tooth depends on the quantity and inherent 

strength of dentin and the integrity of its anatomic 

form. The fundamental problem is the quantity of 

healthy dentin remaining to retain the restoration. 

Many dentists assume that endodontically treated 

teeth are weakened and more prone to fracture, 

because of dessication or premature loss of fluids 
5 supplied by vital pulps. Helfer et al reported that 

there was approximately 10% less collagen bound 

water in the tooth.  There were no changes in the 

modulus of elasticity, hardness or fracture 
7toughness of pulpless teeth (Fusayama and Maeda ). 

After endodontic therapy, there is an appreciable 

loss of dentin including anatomic structures, cuspal 

ridges, and the arched roof of the pulpal chamber. 

The direct relationship between the amount of 

remaining coronal tooth structure and the ability of 

the tooth to resist occlusal forces was demonstrated 
8  3in 1956 by Vale , followed by Larson et al  and 

9
Mondelli et al . As more tooth structure was 

removed, the resistance to occlusal forces was 

diminished and the possibility of fracture increased.

The rotational axis of the tooth is located at the crest 

of alveolar bone and the forces are greatest on the 

circumference of  the root ,  whereas the 

concentration of the forces is lowered within the 

root canal. The center of the root canal is a neutral 

area with regard to force concentration. This 

distribution of force explains the susceptibility of 

teeth to fracture at the cementoenamel junction 

when lateral forces are exerted on the coronal 

portion of the root. The distribution of forces 

questions the value of intraradicular post 

placement and identifies the need to introduce  

techniques that strengthen the surface of the root. 

The thickness of the dentinal wall at the root 

circumference is critical and there is a direct 

correlation between the root diameter, and the 

ability of the tooth to resist lateral forces and avoid 

fracture. Therefore it is difficult to justify 

positioning of a wider post in excessively flared 

canals, since placement of a wider post will further 
8weaken the tooth structure.

10In 1987,Lui  introduced a reinforcement technique 

to reconstitute flared canals in conjunction with 

preparation of post canals to fit the respective 
11

matching posts .This technique involved acid 

etching of internal radicular dentin in combination 

with adhesive bonding and lining of the thin canal 

with autocuring resin composite. The use of 

autocuring resin composite can be difficult because 

the dentist has no control once the rapidly 

polymerizing resin is placed in the root canal, 
12

especially in deep radicular defects .

A further development was the introduction of the 

chemically adhesive glass-cermet cement. Despite 

their desirable properties, they still lack the 

physical and mechanical strength of light-cure 

composite resin.
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The light-cure composite resin had the advantage of 

better control and handling, longer working time 

and on-demand set. However, the depth of cure of 

light-cure composite resin was at best 4-5mm, due 

to the limited penetration of light through the bulk 

of the composite. The introduction of clear, plastic 

light-transmitting post made it possible to transmit 

light deeper into the depths of the root canal, to 
3

effect polymerization of light-cure composite resin .

Usage of the light transmitting plastic post system 

offers significant advantages over the more 
5conventional procedures

- Transmission of light deeper into the depths of 

the root canal to effect polymerization of light-

cure composite resin. Lui reported a depth of 

cure exceeding 11 mm using a light-transmitting 
3

post .

- Reinforces and strengthens the root and tooth.

- Allows rebuilding of the intraradicular 

structure of the root canal for an ideal smaller 
13.sized post

- Creating a seal with the canal wall including the 

gutta-percha seal.

- Allowing composite resin to function as a 

dentin substitute and to mask any shadow 
1effects of metal posts

- Improving the predictability and durability of 

post retention.

- Strengthening devitalized, immature teeth 

while allowing access for apexification 

treatment.

- Salvaging teeth that previously might have been 
 4,14

deemed unrestorable .

4
- Decreased coronal leakage.

- Decreased thickness of cementing media as 

compared to the conventional post systems.

With this in mind, it was conceived to conduct an 

investigation to reinforce the flared canals of 

endodontically treated teeth with light-activated 

composite resin and to evaluate the fracture 

resistance of these teeth, restored with two different 

post systems.

Thirty mandibular premolars were divided into the 

following 2 groups

Group 1:The stainless steel post.

Group 2:The Glass-fiber post.

In group 1 and group 2, the weakened root was 

internally rebuilt with light-cure composite resin, 

using a light-transmitting plastic post. Although the 

composite resin will not reach the full depth of the 

canal, placement of the smooth light-transmitting 

post will adapt and condense the composite resin, so 

that it is in intimate contact with the adhesive on all 

dentin walls to the full depth. The clear, smooth post 

extended coronally approximately 4mm from the 

tooth; excess post  was cut off , so the light-curing 

source could be positioned in intimate contact with 

the light-transmitting post. The post was coated 

with Vaseline ,which acted as a separating medium 

and enabled the easy removal of the post, following 

polymerization of the composite. The grooved post 

enhances composite resin polymerization through 

multidirectional light-curing. The shape of the 

grooved post focuses the light-curing scattering 
15

beam in lateral directions .

Stainless steel post has been a time tested material, 

apart from its clinical success. Investigators have 

focused on the development of a biocompatible 

endodontic post that is capable of satisfying 

relevant functional and aesthetic concerns. Their 

efforts have resulted in the development of glass-

fiber posts. Hence this study was conducted to 

compare the fracture resistance of endodontically 

treated teeth restored with the stainless steel post 

and the glass- fiber post.

The fracture resistance of group 1 was significantly 

higher than that of group 2. This is in accordance 
16with the study conducted by Daniel Mendoza .The 

probable reason for the better fracture resistance in 

group 1 could be due to the shape of the stainless 

steel post which was parallel-sided. Parallel posts 

generate their greatest stress at the apex of the canal 

preparation. They resist tensile, shear and torquing 

forces better than tapered posts and distribute 

stress more uniformly along their length during 
17

function .Several studies have reported that a well-
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adapted, passively luted ,parallel-sided post 

provided the most retentive post with the least 
18,19,20 21

stress .According to Anusavice ,the modulus of 

elasticity of stainless steel post was 179 Gpa. The 

constant loading and unloading from mastication 

means that dowel should possess good fatigue 
22

properties(Ingle ) .Another contributory factor for 

the increased fracture resistance  could be the 

configuration of the stainless steel post, which was 

threaded. The threaded surface enabled better 

bonding with the adhesive resin cement paste.

The probable reason for the lower fracture 

resistance in group 2 could be the tapered shape of 

the glass-fiber post. Tapered posts produce the 
17greatest stress at the coronal shoulder .The 

modulus of elasticity of glass-fiber post was 40 
23Gpa . Insufficient dowel stiffness will lead to 

excessive deformation of the post and localization of 
22

stress during function(Ingle ).Also the glass-fiber 

post has a smooth configuration as against the 

stainless steel post.

CONCLUSION

As patient demand increasingly focuses on attaining 

the perfect smile, dentists will continually be 

challenged to restore the endodontically treated 

tooth with enhanced aesthetics and predictability. 

The advances that have occurred with the new 

generation dental adhesives have contributed 

significantly to this objective. Rehabilitation using 

post and core system necessitates ensuring that the 

residual dentinal structure has sufficient strength to 

support the post/core /crown complex restoring 

the tooth to form and function. Resources have been 

invested to develop a biocompatible endodontic 

post capable of satisfying functional and aesthetic 

criteria. The composite resin reinforcement 

technique can reconstitute the lost intraradicular 

dentin and establish a new post canal suitable for 

post/crown support.

 This study concludes that fracture resistance of 

teeth restored with the stainless steel post is far 

superior as compared to the glass-fiber post. At 

present the stainless steel post is definitely and 

distinctly superior to the glass-fiber post for the 

restoration of endodontically treated teeth with 

excessively flared canals.

The seamless integration of endodontics and 

adhesive dentistry must continue to factor in the 

reality of a multi disciplinary approach involving 

occlusion, periodontal health, tooth position and 

orientation and hygiene maintenance.
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