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Photomechanical investigations on post endodontically
rehabilitated teeth

A. Kishen Abstract. An investigation of the stress distribution patterns in post—
A. Asundi core restored teeth and the behavior of dentin material to fracture
Nanyang Technological University o propagation was conducted using experimental techniques such as
School of Mechanical and Production Engineering digital photoelasticity (on photoelastic models), mechanical testing
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Singapore 639798, Singapore and scanning electron microscopy (SEM) (on extracted teeth). Digital

photoelastic experiments showed that endodontic post-core restora-
tion resulted in regions of high tensile stress and of stress concentra-
tions in the remaining dentin structure. It was observed from mechani-
cal testing that the fracture resistance in post—core restored teeth is
significantly lower (p<<0.0001) than that in intact tooth. There was a
significant correspondence between the plane of stress concentrations
identified in the photoelastic models and in those of the plane of
fracture exhibited by the rehabilitated tooth specimens. While the
fracture of post—core rehabilitated teeth was consistent, that of control
teeth was not as distinct. The SEM highlighted varying dentin response
to fracture propagation at the inner core and the outer regions. The
fractographs showed brittle and ductile response to fracture propaga-
tion in the outer and inner core dentin, respectively. These photome-
chanical studies highlighted that the stress concentrations, high tensile
stress and loss of inner ductile dentin associated with post endodontic

rehabilitation diminished their resistance to fracture. © 2002 Society of
Photo-Optical Instrumentation Engineers. [DOI: 10.1117/1.1463046]
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1 Introduction shaping of the root canals to obtain three-dimensional obtura-
tion of the root canal systems and thereby achieve long-term
success with endodontic therapy. The foremost purpose of this
study is to examine the relationship between the nature of

regularly utilize a stiff post—core system to restore the muti- stress distribution and the patterns of fracture in a post—core

lated tooth after endodontic treatment. Although these resto-"estored lower anterior incisor tooth. A digital photoelastic
rations are supposed to compensate for changes inflicted in€valuation is used for the former, while mechanical testing
the tooth by pathology and treatment procedures, tooth frac- and subsequent fractographic analysis using scanning electron

tures, breakage of the restoration, secondary caries, and roof'icroscopy are employed for the latter. Mandibular central
perforations are common causes of failure in a post endodon-INCisOrs are considered for the present analysis since they pos-
tically restored tootH. sess minimal bulk and minimal mesial—distal width. These
It is established that many detrimental effects produced ang!y_ses _C°U|d h_elp in anticipating the demands placed on
during rehabilitative procedures are due to a lack of under- atificial biomaterials and devices when they are used to re-
standing of biomechanical principles underlying the habilitate a tooth with minimal bulk. , _ ,
treatment Biomechanical studies are crucial to highlight the ~ An advanced digital phase shift photoelastic experiment is
behavior of a post endodontically restored tooth to functional Utilized to study the biomechanical effects of the endodontic
forces. Previous studies of endodontic posts primarily focused POSt and core in the dentin structure. Although photoelasticity
on the retention and design aspects of the endodonticpost. IS an established experimental technique applied to dental bio-
They also investigated continuous and intermittent load resis- Méchanics, %QTg’e”t'O”.a|. photoelasticity —exhibits — certain
tance on clinically sound endodontically treated téethn shortcomlng§: The digital phase shift photoelastic tech-
these studies it was concluded that preservation of the tooth'sNique developed by the authors for dental applications not
structure would provide maximum resistance to tooth fracture. ONly allows experimentation of anatomical size models but
Contrary to the above conclusion recent concepts in root also permits quantitative interpretation of the images with

canal preparations have emphasized thorough cleaning andigh sensitivity and accuracy.Furthermore, the phase shift
method used for processing digitized fringes has the important

The structure of the tooth which remains after endodontic
treatment is usually undermined by previous episodes of car-
ies, fracture, and tooth preparation. However practitioners

Address all correspondence to Dr. Anil Kishen. Tel: (65) 790-6324; Fax: (65)
7912274; E-mail: ekishen@ntu.edu.sg 1083-3668/2002/$15.00 © 2002 SPIE

262 Journal of Biomedical Optics  April 2002 * Vol. 7 No. 2



Photomechanial Investigations

advantage of being capable of identifying the sign of fringe

orders. This advantage facilitates identification of compres-
sive and tensile stress regions. All the above features make
this technique appropriate for analyzing complex stress pat-
terns.

Crown
[Cobalt-chromium alloy]

Core
[Composite resin]

Dentine
2 Materials and Methods

The experiments consisted of two parts. In the first part, digi-
tal photoelastic stress analysis was conducted on post—core
restored teeth models. In the second part, experiments were
conducted on extracted teeth specimens using a mechanical
tester. These experiments were conducted to determine the
load to fracture in extracted teeth specimens and in teeth re-
habilitated using the post core. Further, the fractured teeth
specimens were subjected to detailed SEM examination. The
SEM due to its high resolution and depth of field could reveal
topographical features of the fractured dentin. The fracto-
graphs provided insight into the response of dentin material to Fig. 1 Model of a rehabilitated tooth and supporting bone.
the propagation of cracks.

Post
[Stainless steel]

2.1 Part I: Digital Photoelastic Analysis The models simulating a rehabilitated tooth were prepared
with two thirds of the incisal crown removed. A parallel-sided

Photoelasticity is based on the stress-optic effect, which for _ A ' C
stainless steel post, 0.9 mm in diameter was utilized as the

plane stress analysis is governed by the following stress-optic

law:12 post and core restoration was prepared using dental composite
material(BIS-CORE, BISCO Inc., U.$. The crown was fab-
0 f Nf ricated using a cobalt—chromium casting all@yitallium).
1m0 =5 F’T: T‘T (1) Glass ionomer luting cemerEuji I) was used for luting the

post and crown into position. Five models of intact normal
where (0,—07,) is the difference in the in-plane principal teeth(model ) and post and core rehabilitated te@tiodel I1)
stress,d/21 is the resultant optical phase generated due to were prepared for testing.

stress birefringence in the moddl, is the material fringe

value anch is the thickness of the specimen. Since the values 2.1.2  Experiments

of f, andh are constant, the most important aspect for analy- The experimental setup consisted of a circular polariscope and

sis of stress distribution is recording the optical ph(i@eor an image processing Systdﬁgure 3 A Specia| |oading de-
fringe orders(N=6/2m) at every point of interest on the  vice was fabricated that applied loads along the long &Xis
fringe pattern:! and 60° lingual to the long axis of the tooth. A load cell fixed
on the upper portion of the loading device measured the load
2.1.1  Model Preparation applied. During the experiments the loading device with the

Two types of sectional models were fabricated for the digital model was placed in the circular polariscope. Four phase-
photoelastic experiments:

* model(l) simulated an intactnorma) lower central in-
cisor tooth and the supporting bone;

» model (Il) simulated a lower central incisor tooth reha-
bilitated using post and core restoration and the support-
ing bone(Figure 1.

Model fabrication was done using a digitized outline of
human mandible obtained from a cadaver. The coordinates
obtained from the digitized image were fed into a computer
numerical control(CNC) machine to fabricate the models
from photoelastic sheetPSM-1, measurement groypsA
layer of chemically cured silicone rubber 0.35 mm thick was
used to simulate the periodontal ligament and a specially
manufactured polyester reinforced composite sheet 0.15 mm
thick was used to simulate root cementtiThis sheet was
chosen because it had an elastic modulus similar to that of the
model but with higher resilience. A dental composi@&ha-
risma from Kulzey was used to prepare the enamel portion of Fig. 2 Experimental arrangement consisting of a conventional circular
the model? polariscope and an image processing system.

,,,d“'
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stepped images were obtained at each load by rotating the
analyzer at 0°, 45°, 90°, and 135° angles with respect to the
polarizer. The fringe patterns obtained were acquired using a
high resolution charge coupled devic€CCD) camera
[753(H) < 244(V) pixels] and stored in a digital computer.
The four images were then evaluated using a traditional phase
stepping algorithm to obtain a wrapped phase fapPhase
unwrapping was done on select lines to make the fringe
modulation continuous and to obtain information on the na-
ture of the stress distribution. The system was calibréfed

and then confirmed for accuracy by testing a calibrated disk.
All models were tested three times at different loads ranging
from 25 to 150 N along the direction of the long axis of the
tooth (0°) and at 60° lingual to the long axis of the tooth. All
five models in each group were tested to confirm the repeat- = ~
ability of the experiments.

Fig. 3 Schematic diagram indicating the angles of loading in the In-
2.2 Part II: Fractographic Analysis stron material tester.

2.2.1 Specimen Preparation

Twenty freshly extracted human mandibular incisor teeth of
similar dimensiongapproximately 20 mm in lengt{8.5 mm
crown length and 11.5 mm root lengthwere selected and
maintained in phosphate buffered saline medi0m M phos-
phate bufferpH of 7.2) for the study. These specimens were
randomly divided into two equal groups.

wax spacer was later removed from the surface of the root and
a self-curing silicone rubber was injected into the acrylic
block to simulate periodontal ligament. The root was mounted
in the acrylic resin block with approximately two thirds of the
root within the block and one third extending outward.

2.2.2  Experiment (1): Mechanical Test

« Group(1): Teeth rehabilitated using post—core and full- The test specimen along with the acrylic resin mold was
crown restorations. placed in an Instron testing machifféigure 3 using a special
device that allowed the tooth to be loaded at an angle 120°
towards its long axis. This particular angle was chosen to
The tooth specimens in groul) were initially decoro- reprod_uce ft)_/pical transverse Ioadi]rng_ransverse forces have
nated 3 mm coronal to the cemento-enamel junctiog.). been |dent!f|ed as the most (;Ies'grucnvg forces a.\t. the croyvn's
This was done to simulate teeth that were to receive post— post—root interface and earlier investigators utilized similar

core restoration. Each tooth in grodp) was prepared from  angules for fracture resistance analysis.During testing,
size No. 20 to a size No. 45 file, 1 mm short of the root's failure load, which is defined as the maximum load that a

apex. During instrumentation, normal saline solution was specimen can withgtand before catastrophic failu.re, occurred
used to irrigate the root canals and medium size absorbent@nd the mode of failure was recorded for all specimens. Con-
points were used to dry the root canals. trolled Ioaqlslg/vere applied to the teeth at a crosshead speed of

The post space in the teeth specimégsoup (1)] was 2.5 mm/min.
prepared 4 mm short of the root's apex by a twist drill .
(Whaledent, U.S. A stainless steel smooth sided parallel post 2-2-3  Experiment (2): Fractography
(Para-post, Whaleden0.9 mm in diameter and 10 mm in In the fractography analysis the fractured teeth specimens
length was cemented using glass ionomer cenfEnfi I). were mounted to directly examine the fracture plane using
Core restoration for a height of 3 mm was prepared using scanning electron microscopy. Since it was found that the
composite resinBIS-CORE, BISCO, Ing. Once the core  fracture planes were relatively flat and microscopically fea-
restoration was complete, full-crown preparation was done tureless, the specimen mounted within the microscope’s
with a chamfer preparation 2 mm apical to the core. The full chamber was tilted from 12° to 50° for better visualization
crown was induction cast in a cobalt—chromium casting alloy and interpretation of the fracture topography.
(Vitallium), air dried, and cemented using the same glass
ionomer cement. Excess cement was removed after the crown3  Results
was completely set and the tooth specimens were placed in .. . .
physiological saline for 24 h before testing. 3.1 Part I: Digital Photoelastic Analysis

The surface of the root of the teeth was applied with 0.5 o
mm thick soft green wax, the thickness of which is approxi- 3-1-1 Nature of Stress Distribution in Normal
mately equal to the average thickness of the periodontal liga- (Intact) Teeth
ment. The teeth were stabilized within a silicone mold so that Figure 4 shows typical isochromatic fringe patterns in the
the long axis of the root would be 60° toward the direction of intact tooth[model (I)] at 25, 80, and 125 N occlusal loads
the load applied during the fracture test. A cold cure acrylic directed along the long axis of the tooth. It was found that the
resin was introduced into the mold and the teeth were gently stress patterns indicated significant bending in the cervical
removed when the first signs of polymerization occurred. The region[Figure §A)] and the midregion of the rodFigure

* Group(2): Intact teeth, used as the control.
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Fig. 6 Typical isochromatic fringe patterns in model Il (rehabilitated
tooth) for an occlusal load of 80 N directed (A) along the long axis and
(B) 60° lingual to the long axis of the tooth.

[Figure 5C)]. A zero order fringe was identified within the
tooth (Figure 4. The compressive and tensile stress orders

Fig. 4 Typical isochromatic fringe patterns in model | (intact tooth) for Idenltllfled during bending were reconfirmed using a fingernail
occlusal loads of (A) 25, (B) 80, and (C) 125 N directed along the long test. _
axis of the tooth. It was also found that when occlusal loads are increased

from 25 to 125 N the bending stress increased in the cervical

and middle regions, with the compressive stress conspicu-
5(B)], and substantially high compressive stress on the facial ously larger than the tensile stress. However, only compres-
side in comparison to the tensile stress on the lingual side. Sive stress was observed along the apical region of the tooth.
There was a reduction in bending stress towards the apicalAlthough there was an increase in the magnitude of compres-
region, with only compressive stress evident in this region sive stress there was no significant variation in the nature of
the stress distribution when the angle of occlusal loads
changed from 0° to 60°. Moreover, no significant concentra-
tion of stress was observed along the tooth specimen during
the entire experiment.

+ 25N ° 80N — 125N |

2 -
= Compressive stress Tensile stress . . . .
S 15 pressvest t 3.1.2  Nature of Stress Distribution in
2 @ Rehabilitated Teeth
(},:"J Figure 6 shows typical isochromatic fringe patterns in a reha-
0 ) . bilitated tooth[model(ll)] loaded at 80 and 125 N, along the
0 ) 4 direction of the long axis of the tooth and Figure 7 shows a
phase wrapped image of the rehabilitated tooth mdte)
Facio-lingual distance (mm)
+ 25N © 80N — 125N |

— 2 Compressive stress Tensile stress

]

5 ®)

=
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0 1 2 3 4 ii}’f“"'
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&
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Fig. 5 Stress distribution patterns in the intact tooth (model 1) at (A) the

cervical third, (B) middle third, and (C) apical third of the root for Fig. 7 Phase wrapped image obtained from the four-phase shifted im-
different occlusal loads applied along the long axis of the tooth ages in a rehabilitated tooth (model 11), loaded at 125 N, 60° lingual to
(1stress order=2.2 MPa stress). the long axis of the tooth.
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Fig. 8 Stress distribution patterns in a rehabilitated tooth (model II) at
the (A) cervical, (B) middle, and (C) apical regions for different oc-
clusal loads applied along the long axis of the tooth (1stress order
=2.2 MPa stress).

loaded at 125 N at an angle of 60° in the direction of the long
axis of the tooth. It was found that there was a significant
increase in the magnitude of stress within the tooth. Increased
bending stress was identified in the cervical region and in the
middle region of the root. This resulted in higher compressive

stress in the cervical regioffacial side and higher tensile
stresses in the midregidgtingual sidg. There was a reduction

in bending stress towards the apical regidfigure §. At
higher loads, concentrations of compressive stress on the fa-
cial side and of tensile stress on the lingual side of the tooth
are observed. In addition, the lingual side of the apical region
adjacent to the post also produced tensile stress.

3.2 Part Il: Fractographic Analysis

3.2.1  Experiment (1): Mechanical Test

It was found that the average load required to fracture teeth
specimens rehabilitated using the post and core sy&ieonp

1) was 23.303 kg(std. dev.: 5.85pand the average loads
required to fracture control teetgroup 2 was 49.40 kgstd.
dev.: 4.236 (Figure 9. The unpaired studenttest showed a
statistically significant differencép<0.000) in the load re-
quired to fracture teeth specimens rehabilitated using the post
and core(group 1 and control teetligroup 2. It was noticed
that rehabilitated teeth specimens exhibited oblique fracture
of the root, extending from the facial sideervical region to

the lingual side(midregion (Figure 10. However the modes

of fractures in the intact teeth specimef®ntro) were not
characteristic. Upon examination of the fractured specimens
using SEM, several observations were méske Sec. 3.2)2

3.2.2  Experiment (2): Fractography

The results of fractography are now discusdedhabilitated
teeth specimendhe following observations were made

 The fracture progressed from the core rediadjacent to
the root cangltowards the outer surface. Thumbnail im-
pressions indicating the initiation of cracks were ob-
served adjacent to the root carf@igures 11A) and
11(B)].

e The outer dentin on the facial and the lingual sides ex-
hibited predominantly smooth cleavage planes, which is
characteristic of the brittle mode of fracture propagation
[Figure 12A)].

60

Group ) )

No of specimens
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Std Dev. 5.86 4.24

H
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w
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N
(=}
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—
(=]
1

0 -y
Rehabilitated teeth

Control teeth

Fig. 9 Histogram that compares the resistance to failure in intact teeth and that of post-core rehabilitated teeth specimens.
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AB: Direction of reactant forces from the supporting alveolar bone
FP: Fracture plane in rehabilitated tooth

Fig. 10 Schematic diagram showing the plane of fracture in a reha-

bilitated tooth specimen.

* The inner dentin(near the root canplshowed a more
corrugated fracture pattern, suggesting quasibrittle be-

havior [Figure 12B)].

Control teeth specimen$Ve observed the following.

&)

18kuU =1 S8 rm

®)

Fig. 11 SEM image showing (A), (B) thumbnail impressions of the
origin of fracture adjacent to the root canal.

Photomechanial Investigations

B

Fig. 12 SEM image showing (A) a smooth dentinal cleavage plane
(brittle) in the outer part and (B) a corrugated dentinal surface (qua-
sibrittle) in the inner part of the dentin of a fractured rehabilitated
tooth specimen.

» The outer dentin displayed some cracks, while the inner
dentin showed evidence of corrugations on the surface of
the fractureFigure 13A)].

e The inner core dentin materighdjacent to the root ca-
nal) revealed fibrous elongations in the vicinity of ad-
vancing crackgFigure 13B)]. These features, found in
the inner dentin of the control teeth, are more indicative
of ductile material behavior.

4 Discussion

Stress is produced within a structure as a result of load acting
upon it. The direction of the load applied and the shape of the
structure influence the nature of the distribution of stress
within the structure. Also, any imperfections such as notches
or cracks within the structure cause a localized increase in the
magnitude of the stress, referred to as the stress concentration.
Concentrations of stress from a biomechanical perspective in-
dicate regions of potential failure due to the formation of
cracks or fatigue.

The digital photoelastic experiments showed that the tooth
structures exhibited characteristic patterns that suggested
bending along the cervical region and the midregion of the
root dentin. Bending stress consists of compressive stress on
one side(concavé and tensile stress on the other siden-
vex) of the neutral axis or zero stress zone. In these experi-
ments although bending displayed compressive and tensile
stress on the cervical and midregions of the root, the maxi-
mum compressive stress is larger than the maximum tensile
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i concentration in the region adjacent to the apex of the endo-
Inner region dontic post is in agreement with previous finite element
analysist”'8The stress concentration identified in the cervical
region of the tooth was in congruence with the three-
dimensional finite element analysis conducted by Ho &% al.

In this investigation fractographic analyses are conducted
to determine the resistance of post—core restored teeth to frac-
ture and to examine how the dentin material responds to frac-
ture propagation. Although dynamic or cyclical tests may
_ . closely model the manner in which dental restorations fail, the
§i & e region ‘ Fmaet e T ' present static test also validates the relative resistance to stress

s BB of various restorative devicé$The fractographic analysis is
carried out to obtairmn vitro data of extracted teeth specimens
that are comparable with the results obtained from the experi-
mental models in digital photoelasticity. Therefore a static
mode of a fracture test that closely approximates stress analy-
sis is preferred.

Engineering theory states that the strain in the material
adjacent to a hole in a structure will be two or more times
higher than the stress if the hole were not preééfihe in-
crease in strain in the materials or in tissues around such a
“defect” means that even a minimal stress concentration can
initiate failure in these regions. It is crucial to understand that
in a rehabilitated tooth much dentin material is removed from
the core(adjacent to the root canaluring cleaning and shap-
ing procedures of the root canal and post preparation. Conse-
quently a root canal space, which is thin ribbon or oval shaped
in cross section, is altered into a large round configuration.
This causes a drop in fracture resistance in post and core
restored teeth results.

Fig. 13 SEM image showing (A) serrations in the inner dentinal sur- The ratio of the failure load of the altered structure to the
face and (B) dentin material elongation at the advancing tip of the failure load of the intact structure is said to be one measure of
crack in a control tooth specimen. the reduction in structural strength. Hence it could be ratio-
nalized from our analysis that there is a reduction in dentin
strength of 47.17% due to dentin removal and restorative
stress. However, there is a significant reduction in bending treatment procedures. This finding is consistent with previous
towards the root’s apex with only compressive stress con- studies, which suggest that dentin removal diminished frac-
spicuous in the apical region. This unique nature of stress ture resistance, and that rehabilitative restorations did not im-
distribution associated with the intact tooth is mainly attrib- prove the strength of treated teé#f? Moreover, the load to
uted to the geometry of the tooth and its supporting fracture exhibited by the rehabilitated teeth and control teeth
structure'! In the intact tooth(model ) the root canal is not in this study displayed close agreement with the results ob-
simulated. This primarily facilitated identification of stress in tained in previous experiments by Gluskin etl.
relation to normal dental pulp, which is found to be zero. It is of interest to observe that the plane of fracture in

In the case of the rehabilitated tootmodel Il) the post rehabilitated teeth corresponded with the plane of stress con-
and core restoration and cementing of the post and crown arecentrations identified in the digital photoelastic experiments.
done using routine restorative materials. Although this photo- Besides, previous studies done to compare the resistance to
elastic modeling is time consuming, it helped in achieving a intermittent loading of teeth with cast post cores and with
more realistic experimental model for analysis. The pattern of prefabricated parallel sided posts—composite cores showed all
stress distribution in the rehabilitated tooth, contrary to in the teeth specimens to exhibit oblique root fractu#$he plane
normal tooth, displayed conspicuously high tensile stress andof the root fracture observed in the Isidor and Brondum study
regions of stress concentrated in the remaining tooth structureagreed with the plane of fracture observed in this study.

Serrations ) A)

®)

(Figures 5 and B It is important to note that earlier studies The fractographs revealed that the radicular fractures in the
have confirmed that the tensile strength of dentin is consider- post—core rehabilitated teeth specimens initiated from the
ably lower than its compressive strengfiTherefore the in- core dentin(adjacent to the root canahnd progressed to-

creased tensile stress associated with post—core restoration invards the outer surface. Similar findings were reported in
a rehabilitated tooth could be deleterious to the remaining previousin vitro studies of experiments on cast post and par-
dentin structure. tial core desigrf® Further, the fractographs obtained from
The stress concentrations identified in the rehabilitated scanning electron microscopy displayed a different response
teeth are attributed to the location of the endodontic post, of the dentin surface to fracture propagation. Dentin in the
higher stiffness of the post and core restorative material and outer part of the tooth exhibited a smooth cleavage plane,
the directions of the occlusal load. The development of stresswhich is characteristic of brittle fractures, while dentin in the
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C-Crown CO-Core -P-Post
CL-Compressive stress concentration for loads along the long axis of the tooth (cervical region)
CA- Compressive stress concentration for loads at 60° lingual to the long axis (cervical region)
AC- Supporting bone contact for loads at 60° lingual to the long axis of the tooth (cervical region)
LC- Supporting bone contact for loads along the long axis of the tooth (cervical region)
TL- Tensile stress concentration for loads along the long axis of the tooth (apical region)
TA- Tensile stress concentration for loads at 60° lingual to the long axis of the tooth (apical region)
AA- Supporting bone contact for loads at 60° lingual to the long axis of the tooth (apical region)
AL- Supporting bone contact for loads along the long axis of the tooth (apical region)

Fig. 14 Schematic diagram illustrating the stress concentration regions in a tooth rehabilitated using endodontic post core crown for occlusal loads
that act along the long axis of the tooth and 60° lingual to the long axis.

inner part of the tootkin proximity to the root canalexhib- post—core restoration, it is observed that gust-core tooth
ited a corrugated and tearing pattern; this could be termedsystem bends like an integral unit along with the remaining
quasibrittle or ductile behavior. dentin structure during function and thereby alters the nature

It is significant to note that the nature of the mineralization of the stress distribution within the existing tooth structure.
in dentin identified in our earlier analysis corresponded with Consequently, high tensile stress and stress concentrations are
the present behavior of dentin material to fracture produced in the remaining dentin structyfégure 14. Fur-
propagatiorf® The outer dentin(peritubular dentin that is ther, the fractographic analysis has shown that the highly min-
highly mineralized exhibited a brittle mode of fracture propa- eralized outer dentin exhibits a conspicuously brittle mode of
gation, whereas the inner dentmantle dentin, which is less fracture propagation that should offer less resistance to frac-
mineralized exhibited the ductile mode of fracture propaga- tures. This will cause the post—core restored tooth to become
tion. Subsequently, the brittle dentin in the outer part would weak. It is suggested that, in order to obtain post—core resto-
offer less resistance to fracture propagation compared to theration that substitutes tooth strength to its “near” original
inner dentin. It is essential to note that earlier studies of bonesstate, it is important to engineer endodontic post—core resto-
have demonstrated an association between a high degree ofation that does not induce stress concentrations and high ten-
mineralization and low values of work of fractufehich is a sile stress for the remaining dentin structure. Further, replace-
measure of fracture toughngsmnd vice versa. The low frac- ment of the lost inner, fracture resistant, ductile dentin with a
ture toughness associated with the high degree of mineraliza-suitable restorative material should also be considered.
tion was caused by the inhibition of various crack-stopping
mechanisms with a high volume fraction of miner&ls. .

It is important to realize that a tooth loses core dentin 2 Conclusions
material due to both the disease process and the treatmenPhotomechanical experiments were carried out to evaluate the
procedure. Subsequently, when the tooth is restored usingstress distribution pattern in post endodontically rehabilitated
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teeth and to examine the behavior of dentin material to frac-
ture. These investigations highlighted the behavior of a post—
core rehabilitated tooth to functional forces. The following
conclusions were drawn from these experiments.

1. The endodontic post resulted in substantially high ten-

sile stress and regions of stress concentrations in thel2.

remaining dentin structure.
2. The fracture resistance of the rehabilitated teeth was
conspicuously lower than that of intact normal teeth.

3. The plane of stress concentration identified in e
vitro models of rehabilitated teefldigital photoelastic-
ity) coincided with the plane of fracture exhibited by

the rehabilitated extracted teeth subjected to mechanical16.

testing.

4. The fractographs of the outer dentin exhibited a brittle
response to fracture propagation, while those of the in-

ner core dentin displayed ductile response to fracture 18-

propagation.
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