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Posttype Material Lot no. Post diameter  Post length in
root

Group 1 SB post  Pre-sandblasted 63515LL 1.44 mm 10 mm

Stainless steel
Group 2 SB post  Pre-sandblasted 03795M 1.44 mm 5 mm

Stainless steel
Group3  GFPost  Glass fiber 03238 1.40 mm 10 mm
Group 4 GF Post  Glass fiber 03238 1.40 mm 5 mm
Group 5 CF post  Carbon fiber 02283 1.40 mm 10 mm
Group 6 CF post  Carbon fiber 02283 1.40 mm 5 mm
Ultra-Etch 35% V087

phosphoric

acid
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Fracture resistance of devitalized teeth restored with different
prefabricated posts -- Experimental approach and finite element
simulation

Introduction

Endodontically treated teeth are known to lack a lot of tooth substance loss, either
from preexisting decay or endodontic therapy, thus presenting a high risk of root
fracture. In consideration of treating these devitalized teeth, use of post—and-core
system is usually considered necessary for severely destructive teeth to rebuild their
structures and retain restorations. Many types and techniques of post-and-core systems,
including cast posts and prefabricated posts, are provided for clinical use. Their survival
rates were dependent to their materials, design, tooth and restoration conditions, and
also varied in different literatures.

Many prefabricated metal alloy posts were reported to present stress concentration
around apex of the posts and resulted in unfavorable root fracture. Recently, the
preference of dentists has changed from post of rigid materials to those of less rigid
materials such as carbon fiber posts, composi-post systems, ceramic posts, and fiber
composite laminate post cores. Some investigators had demonstrated that using posts
with similar biomechanical properties as dentine created a mechanically homogenous
unit and reduced risk of root fracture.

The aim of this study is to investigate that the stress distribution using different
posts in devitalized tooth by computational method, finite element analysis (FEA), and
to compare result of the simulation with that of in vitro mechanical test. The result from
this established simulation model can help to analyze the fracture mechanics in the
actual experiment even the behavior in vivo. By realizing the influence of material
properties of posts on the stress distribution in post, and surrounding root wall,

clinicians will be aided in proper post core material selection.
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Materials and Methods
Experimental test

Sixty intact extracted teeth are chosen for the experimental mechanical test. All the
chosen teeth are similar in their diameter and root length. Mean root length of these
teeth is 15.42mm (SD 0.85mm). After cleansing, these teeth are examined for any crack
and fracture under light microscope, and then stored in isotonic saline with 1 % sodium
azide. Coronal potions of the test teeth are removed but leave 2mm higher then CEJ
level. The root of each tooth is instrumented with a conventional step-back technique to
a file size of #40 at the apical constriction. Each canal is then obturated with
gutta-percha by the lateral condensation technique. After completion of root canal
obturation, these teeth are divided into 6 experimental groups by different kinds of posts
and post length (Table 1). In group 1, 3 and 5, 10 mm of gutta-percha is removed with a
heated plugger. In another 3 groups, 5 mm of gutta-percha is removed. The specimen
teeh are then stored at 100% humidity for 24 hours.

Since the post will be inserted into root canal at different length, a taper-shaped
post is inappropriate for the experimental design since its tips will be too thin to fit the
root canal. Three posts with parallel cylindrical shape but constricted tips are chosen for
the present study: one stainless steel post, SB post; one glass fiber post, GF post; and
one carbon fiber post, CF post. All of them come from the same manufacturer
(J Morita).

The root canal space in each tooth specimen is prepared with a special spiral
reamer (L3, Lot no. 7260) corresponding to the chosen size of post. The selected posts
are shortened to the designed length and leave 5 mm coronal extending length. The post
room space in each tooth is water-rinsed and thoroughly dried with absorbent points.

Then the post room space is primed with Bistite II DC primer 1/primer 2 (J. Morita)
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according to manufacturer’s instruction. One coat of a dual-cured resin cement Bistite II
DC (J. Morita) is applied in the root canal for the cementation. Then the tooth is
cemented with the post respective to experiment design and cleaned the excess cement.
After five minutes, the exposed coronal potion of post and coronal portion of the teeth
are primed with Bistite II DC primer 2 and followed by 10 seconds of light-curing. For
standardization of core volume, preformed translucent core formers are made from a
stone cast. Clearfil Photo Core resin is condensed into the former and slip on the root.
The excess is removed and then the composite is light-cure through the core former for
60 seconds. After removing the core former with a sharp scalpel, the core is prepared to
remove remained flush and create a 10° taper feature. The crown margin is not at the
same level as the core margin but located approximately 1 mm cervically in a chamfer
margin (ferrule design).

The teeth are impressed with poly-vinoxyloxane and poured into stone model. Wax
patterns is formed in each tooth with a palatal step design (0.3 mm deep and 1 mm
wide), then cast with a Ni-Cr alloy (Wiron 99; Bego). The cast metal framework are
fired with porcelain (Vita) with 1.5 mm thick labially and 1mm thick lingually but
exposed the palatal step to form the porcelain-fused-to-metal crown. The fabricated
crown is luted to the composite cores with Bistite [ DC cement.

To test the fracture resistance, the root of each tooth is covered with a thin coat of
rubberlized film (Plasti-Dip, PDI Inc, Circle Pines, MN) to simulate the periodontal
ligament. The tooth is mounted in a stone model with a 135° labially tilted and fixed in
a special jig. A universal testing machine is used to apply a load at a crosshead speed of
0.5 mm/min until failure occurred. Failure is defined as the point at which the loading
force causes either fracture of root/ post/crown, bending the post, or debonding of the
post. After loading, mode of failure from all specimens is observed and analyzed with a

microscope. All data are analyzed statistically.
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Finite element analysis

One intact extracted tooth, with 22.5 mm in total length and 14.8 mm of root
length, is chosen for the construction of finite element simulation model. Coronal potion
of the tooth is removed and the root is instrumented and obturated with gutta-percha as
above mentioned. After obturation, 10 mm length of gutta-percha is removed to leave
the post space. Root canal of this tooth is prepared with GF post spiral reamer (J. Morita)
to the dimension of 1.40 mm post room. The root canal is water rinsed, dried with paper
absorbent points, and primed with Bistite II DC primers according to manufacturer’s
instruction. Then the post room space is applied with one coat of Bistite II DC resin
cement. A CF post (J. Morita) with 1.40 mm post diameter is cemented into the canal.
After 5 minutes, the post is shorten but leaves the same coronal extending length as the
experimental teeth. Then the tooth is restored with core and crown as the experimental
teeth.

After completion of the restoration, the tooth is embedded with a red resin
(Duralay, Reliance Dental Mfg. Co, Worth, Ill). The embedded resin block is measured
the original height and serially ground off its thickness with a Grinder (ECOMET 3,
Buhler) (Fig 1). The ground surface images are recorded every 0.3-0.5 mm at the crown
portion and every 0.7 to 1 mm at the root portion with a flatbed scanner and saved in a
PC-compatible computer.

An in-house program developed for image processing (Chuang & Lin, 2003) is
applied to detect the boundaries of the crown, core, post, and root from each sectioned
image. An automatic three-dimensional mesh program (Lin et al., 1999) which provides
the function with verifying nodes of the uniform shape, is employed to generate the
element meshes for the model. The ANSYS preprocessor is used to build up the 3-D

finite element model. The model is meshed with quadratic tetrahedral element (solid92).
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The completed model is used to simulate the experiment group 1, group 3, and group 5.
A pseudo-contour of periodontal ligament and alveolar bone is created to surrounding
the tooth model. The ANSYS solver is employed to perform stress analyses. At first,
one group is meshed with different sized element to compare the convergence effect.
After the numerical convergence is tested, the element size is chosen for all of the
model construction. For the remaining three groups, a pseudo-contour is created by
drawing back the simulated volume of the post to be 5 mm long in the canal. The space
occupied originally by the post was replaced with gutta-percha. The material properties
of the dental tissues and restorative materials were adopted from literatures (Table 2).

A loading force of 300N is applied 70° to the lingual surface. By using the finite
element method in this study, it is anticipated that the influence of individual structural
geometry and the variation in mechanical property in different specimen could be
overcome. Considering the local tensile stress is the most potential failure stress. The
stress to be observation will include tensile stress (located in post and root wall),
principle stress, and von Mises stresses. Result about tensile stress will show the nature
of the stress, while von Mises stresses show the location of the most highly stressed

areas.
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Table 1. Groups, their post types, materials, and experimental designs

Post type Material Lot no. Post diameter  Post lengt
root
Group 1 SB post Pre-sandblasted 63515LL 1.44 mm 10 mm
Stainless steel
Group 2 SB post Pre-sandblasted 03795M 1.44 mm 5 mm
Stainless steel
Group 3 GF Post Glass fiber 03238 1.40 mm 10 mm
Group 4 GF Post Glass fiber 03238 1.40 mm 5 mm
Group 5 CF post Carbon fiber 02283 1.40 mm 10 mm
Group 6 CF post Carbon fiber 02283 1.40 mm 5 mm
Ultra-Etch 35% V087
phosphoric
acid
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TABLE 2. The elastic properties of the modeled materials (quoted from
Eskitascyog¢luG, et al., 2002)

Material Young’s Modulus Poisson’s Ratio Reference
(GPa)
Dentine 18.6 0.31 a
Periodontal ligament 0.0689 0.45 a
Gutta-percha 0.00069 0.45 a
Spongiose bone 1.37 0.30 b
Compact bone 13.7 0.30 b
NiCr 200 0.33 c
Resin Composite 16.6 0.24 d
Carbon fiber 21 0.31 e
Glass fiber 41 0.31 f

a. Reinhardt RA, Krejci RF, Pao YC, Stannard JG., 1983
b. Weinstein AM, Klawitter JJ, Cook SD, 1980

c. Williams KR, Edmundson JT, Rees JS, 1987

e. Technique information from Composipost

f. Technique information from Snow-white post
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Fig 1. (Left) The embedded resin block is measured the height to calculate the ground

off height. (Right) The grinder ECOMET 3 (Buhler)
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