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were applied. They gl et bupiased U R ) s Rution of tensile and

g degrees of root

; iy
compressive giEsseglF 1,

curvature in this sty (3F°) ¥ :’i ifte e the stress distribution

pattern except wheryf’ s the root curvature. The
degrees of root cungEtLrese GOl ANER IR Cis W™ pattern and magnitude
in the latter situation. E mEdiius o ofbst and core materials was

closed to the root dentin, 1hE =

Z *-:;rry]

Ea Concentration was found only on

the external root surfzg elasticity of post and core

MOl tensile stress
i ﬁ
concentratio® B post apex. This

; . l-
effect of metal&t restoralle ~reaser mrection of ﬁe was the same as

malterials

root curvature, "..I'e al or horizontal root fracture rrughi occur in this condition. This

AU gININSNINT -

of lh ot canal. However, when the post and core were indicated, the glass-fiber
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CHAPTER |

The main go3For Mt miem ooth with normal function
as long as possib ._ e dodontics, which allow
the tooth to be k ative dentistry, with its
modern restoring 1gefnioés JOubifouahl & Wgbs; the complicated root
canal anatomy su‘c_-v : 'ofo r Mhcomplication of root canal

treatment proceg

The curvé WA roblerms in endodontic

therapy, especially ‘ can produce unwanted

alterations in the cdnal S 2 thin felnaiMng root dentin, fracture is

likely to happen. Stainl#ss st _“_ | repMation techniques often lead to
transportation, ledge fo : 7 al-Omari et al.,, 1992). However,
improved in eg , NiTi-flés, | aave gecreased aberrations
in canal ang® -”uw canal shape is
rounder and STGRYN 3
Therefore, the ﬂiictabiltw of the patlern of fracture was redgcs

of a highly Imailze@aﬂe stress area {Sathum ., 2005a).

ﬂ%&%ﬂ&lﬂﬁ%ﬂ?ﬂﬁm

cture has been removed to gain the good access and properly clean the root

Bryant et al., 1998).

d because of the lack

nal system It is weli known that t?‘ use of post to rea&ndodonhcally treate th

mtentaun to the restoration ;!Lputﬂ and !t3j| 1£jL ristensen, .ln d iti

post and core restorations are intended to transfer coronal forces to the root and

supporting bone (Hirschfeld and Stern, 1972).



Many restorative alternatives are available because of the amount of the
remaining tooth structure of an endodontically treated tooth, Cast post and core has

been widely used to reestablish the tooth structure that is removed during endodontic

treatment and destroyed by cagigsg\l Y I pularity, the cast post and core

restoration has some dis #opddize long-term success. These
disadvantages includgg __—;”emmal of root dentin to
accommodate the neee : alcel Slention, corrosion risks, poor

G pl0 appointments to complete

o

stress distribution leadin
—~

the procedure, 06; Rosenstiel ef al.,

2001).

Recently, g tal_v ;.- ors Rave s 1O Wilate fiber reinforcement
technology into der} ak atghybrodedurg _ \ | ers (0 dental resins. Direct
post and core f§ n_" lyith prefabrcale -felhfore@ld resin posts become
popular because a il o ;' T/ow ; péred with metal post
Therefore, they car d P ase 13| actu I"g Boutirias et al., 2001). These

L

prefabricated posts, availab/Gaa fateg®rized as active and passive.

Type of post s or oblique root fracture. The

recent study i:' X3wythree areas of root

dentin: ling Riap. These may cause

> '
root fracture in:i e future INaKe e SOUET. (N add"P , stress was found to

increase ﬁramatlca and to concentrate in the small area of remaining dentin near the

VL) AW

root fracture Both fractures have d@rent etiologies anﬂn lead to different trewm

FRIRNATUANTINYTRE

A vertical root fracture (VRF) has a poor long-term prognosis. The fracture line

of ®

usually extends from the root canal to the periodontium in buccolingual direction but in



some cases may be incomplete fracture line (Cohen et af., 2003; Lertchirakam et al.,
2003a; Walton and Torabinejad, 2002). Diagnosis of vertical root fracture is not easy.
The definitive diagnosis can perform when a fracture line is seen on the root surface

during exploratory surgery. Dnc_ effi
involved single-rooted }
posterior teeth is indic '
-——‘
There are  verl

that excessive force@®™augpd JAie

ture is diagnosed, extraction of the

misection of multiple roots in

g have been suggested
ation leading to stress
eccurrence in 7;.!@ ajvall ¢ v g obiurgtion, (Me| al., 1980; Walton et al.,
1984), weakened tooth ‘ giurg’ fpc S ZeC : :; k. EXCESSive pressure
during post cemegition #Abgh-§ L AR Muosts or pins might be
causes of vertical rog i ll ‘ u that VRF was also
occurred in nonergidon ally' 20 teeth inds n. These teeth showed
severe attrition and‘,“ eeth with minimal or no
restoration (Chan et I! D8: Yan@

A AT

P

The nature of existing foTCESIIT M rrounding tissues has been a subject

of investigation for a tures is _difficult because of
the iregulangs ¥e~pher difficult factors

because of t such as ultimate

i
-

— =
tensile and cnrﬁssive S asﬁciw.ﬁy greatly among the

distinct material reg' The presence of prosthatlc matenals also introduces additional

AREIIINDNT

The Finite Element Method (§EM) has been mdﬂ;s&d in engineering. Ure

PAb
KL .

average results of the problems. The problem is divided in many subsections which are

elements and nodes. Element is combined by nodes which positions are caicuialed he



dependent variables. Finite element technique uses the computer to solve large
numbers of equations which simulate the physical properties of the structure being

analyzed. This approach can be applied to a wide variety of different structures having a

large range of sizes and shapea/% elfmgnt analysis model allows to study the
details of stress magnitugcSag B igeftructure. This system may aid in

predicting fracture potGEl

is compared with lab e ory.-lesling, | o niages. The variables can be
changes easily. Sim' FENPE perfoqne Sle-peed for human materials and

it offers maximume®andaeizaiOp! fnf defial\ase Ste Nairec! 8asurement of stress in
reat canal wall ig I posgitigfY ghe SRR Bk ShalyHgBen solve this problem

(Toksavul et al., 2006

Cheng and ¢y ibution on curved canals

of mandibular ing n-r.‘, dgfiree a@ e L6l e ol B degrees. The loading

patterns were selectall toffimllstesoceh fote I'ﬂ 8%nodel was loaded in four
directions (buccal, fingug ;ialhEind’ dis 0, 3006 and 60 degrees to the long
axs of the tooth. The iIsed When the angle of the load

increased, and loads in thesdiStRk '; e pns induced more stresses in the

.r'j ’/‘
target regiu@n g

. degrees of curved
. '
roots of endod ally tre: : systemaﬂﬂ stress distribution on

root dentin.

ﬂﬁ%ﬂ&lﬂiﬂﬂ'\ﬂ‘i

al does stress distribution pattern in various degrees of curved rmts of

i itﬁsﬂnag Ia ﬂ
To investigate and compare stress distribution pattern in various degrees of

curved roots of endodontically treated teeth with different post systems.




14  Hypothesis

Null hypothesis H, : Stress distribution on various degrees of curved roots with

different post systems of endodonti

Alternative hypothe

roots with different :
——

15 Keywords g™

1.6

1.7  Limitation of

Finite elementghalyds is a gurely-nuMegcal mafledklidation of results is not
always easy experimentall daition; toot 8 is Igllaular, so drawing it may not
A5

accurate as experiment.

A

importance in npti.ml rest

1.8

is of substantial

19 EH'Iinnl

AU NUNINEIAT--

pat1en fﬂﬂﬂﬂd consent at the pnvate clinic.

QW?MT]?MNW’]’JV]&H&B



CHAPTER Il

LITERATURE REVIEWS

The goals of endodagi BEtp Al ggntistry are to retain natural tooth with

maximum function anogSe o skl - ontically treated tooth replaces

and infection {W ves| 200G ST —aatglcture has serious clinical

implication in en i s B P, e TeREvGic this complication, the
method of restoraligs afiigtighfical L Rw.De the important factor to
prevent root : ally treated teeth are

severe curved rog

i

jonship between degree

of curved roof and i e_' I \oution. This literature review

includes a consigfati 0 q’ \in endodontically treated

.y !\

tooth, restoration " =gt o \’ Ecture and stress analysis,
!| ~d

| -
especially finite elément@inalys|gil

=
l'-:-(.. agl »

P T o
Pt

——
A

plane. A line

asure degree of root

curvature f and a mesiodistal

ng axis of the canal. A

T | —
second line \:ﬁdrawn from the apical foramen to interseciyth the first at the point

where the canal tﬁﬂ leave the long amsule tooth. From this study, the curved

Uy3 zm HANT

curved root (Schneider, 1971).

QW?Nﬂ?MﬁJW’]’JV]&I’IﬂH

m




Fig. 14Fhemf ic 1 nffethoetome: Sl Adic bot curvature.

II. Differences N o
3 T ,
A. Destructionibf toatiish *ffmr'i

The dimished ags@

dental pm@ -

he combined effects of caries,

‘. ' ddog jronvital teeth. Root

canal pmc&l i | i;nt. whereas tooth
structure remu".

@in a st aratimreduces tooth stiffness

about 60 perd t (Gutmann, 1992; Reeh et al., 1989). In"cases with significantly

d ture no furtes rces.may fragture_undermined
oot f%eg\e n | |@Eﬁa ragturelthe root.
Q) '

®¥B. Physical cha in tooth

ercent r ‘UEticn in stre and toughness In endodontiCally trea molars. Maxillary

P n ry

AT
FiL=1 _fh.:,.j.uv ]

redyged femaini

c frag:tufe

teeth are stronger than mandibular teeth. Mandibular incisors are the weakest tooth. The

in vitro study by Reeh and co-workers (1989) showed that endodontic procedure



reduced tooth stiffness by only 5 percent. However, there was a study by Sedgley and
Messer (1992) to compare biomechanical properties between endodontically treated

teeth and contralateral vital pairs. The result indicated no difference in both groups. The

authors concluded that teet e more brittle following endodontic
treatment. /
C. Esthetic. ghapgedn.o —
Biochemically.. 2 iaction through the tooth and
."'f g B, ' -"-.,___ .
correspondin odi LV ol bl arMeeand shaping can leave

vital tissue in co 0. Endodontic treatment

and subsequent o equire careful control of
procedures agd@®maigffalsflo fitain B & b, Ar raM@ppearance (Cohen and

Hargreaves, 2006)
7

m. rRestoration 'h" "

eed to be assessed carefully
for the following: good apical T8 AR 1o pressure, no exudates, no fistula, no
apical sensitivity angaeil nflarmatio ‘el a 19?6?:

4

ited Teeth
e
The Anﬂcan AssO

‘ '
) sup@\s the following guiding
principles for restc?tion of endodontically treated teeth.

AU NENINEINS

wrestora ions provide only short-te strengthening of the lfeefh, a '«:;ording to

recent studies.

QRIALNIAUNNIINGIAT

with bonded restorations.

® Preservation of coronal and radicular tooth structure is desirable.



® The purpose of a post is to retain core buildup.

® A ferrule is highly desirable when a post is used. An adequate ferrule is

considered a minimum o al height and 1mm of dentin thickness.

The treatment plan dRtheaaltive. fgélofasief ofencodontically treated teeth is

strongly depended oreResamaiint of ti q& 4085t cture, the morphology of
—t a

the toeth, its position.in-thesdemalarch, " leaging-an.the tooth and the esthetic

and increases risk fgfthe fBligiink Soveresefirical ahobldms WWazzan, 2002: Tamse et

al., 1999);

F [ P B ! ¥ 3 .

® Devastating'recugient caigs-Comn al legk@ge, and endodontic failure as
AT '

ihe réStoralive sea

LetRtive Sedi

a result of loss

IS
® Dislodgment oLles ,x al reste gult of d?\dgment of the core,
Yy L)

j:repa ration.

j-
b@a&n anterior teeth and

posterior teeth, u'sevre restored differently aﬁar endodontic therapy. This is mainly due

AU gINBNTWEINT

' protect the remaining tooth s‘cture from fracturi

q RIBAIUUEIINYNAY

® replace the missing tooth structure (Cohen and Hargreaves, 2006)
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The selection of individual components for the restoration depends on the
lecation of the tooth, its functional requirements, and the amount of missing coronal or

radicular tooth structure.

B. Principles in the u “’ ///
eﬁ! of a structurally damaged

The post is a
tooth in which additi —
purpose of the
also helps to p#

leakage (Goodacy

nd coronal restoration. The
the coronal restoration. It

¥llen caused by coronal
‘ W engthen teeth, and the
preparation of a pog gap be weaken the root and
may lead to rg v ol et al., 2001). These
studies also suggeg#ftha & Dget & } f ed only is insufficient remaining

tooth structure td suppgr

Many endudoﬁticaily Mot require a post because they have

_ffJu

more tooth EUD'ST.EHG c ain a core material (Kane and

lé)retam the coronal

to be heavy or the
tooth is pﬂannaﬁ' be a
should be carned ut (Christensen, 1998). In addition, when a post is required as a

mm AP [T b

uﬂ in curved canals. Pr&molar‘a have less tooth substance and smaller pulp

crach : | post-and-core buildup

chambers to retain core matenals, pnsts are requiredlire often in premolars

q RIANASMITIAT gAY

treated anterior tooth with minimal loss of tooth structure (Guzy and Nicholls, 1979;
Trope el al, 1985). These ieeih mighi be resioied conservalively with a bonded
restoration in the access cavity (Sorensen and Martinoff, 1984; Trope et al., 1985). In



"

addition, 2 study by Baratieri and co-workers (2000) demonstrated that the use of posts
did not improve the fracture resistance of endodontically treated maxillary central

incisors that was received direct composite veneers. The only conservative veneer

Custem-fabricated gold gaet p€l 409 dorerhasib ed for decades as a foundation
of restoration reated teeth. The study
by Bergman ang pf 90.6 percent using a

cast gold post andgfore s ROl oretion & Six vears recall. Other base metal

alloys have beg usegl’ bulfthglr haTdRESs may Be'a e dsdlivantage in adjustment

and may be a caus# of o

Prefabncat S Sys Jfevc|ass) pccording to their geometry

!

| \
(shape and configurati entio 'The methods of retention are

designated as activé engdge the dentinal walls of the
preparation on insertion, wi : not engage the dentin but rely on
cement fur-‘fin on (¢ o Skl B!, £001). The basic post
sriace—configurations-—a grlappred, smooth-sided;
rallel, threaded. The

ofd -7_1 pﬂ
111
[ ts

active or threaged posts are more retentive than the pass

shapes and SaH

/"
tapered, threadgg

. The active posts
create high stres@ placement and incrggge susceptibility to root fracture when

mm&mwﬂm: o

least fetentive of all designs {Smnth'ld Schuman, 1998& photoelastic stress WS

ARIRNTTITANT

1992).
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3. Materials

The ideal post and core material should have physical properties such as

medulus of elasticity, compressive stra 'n coefficient of thermal expansion that are

similar to those of dentin (C

Stainless stee _ lated brass, ceramic and
fiber-reinforced poly T TavE b , i 5 fabricatad posts. Stainless
steel has been u : : N ver, it contains nickel,
and nickel sensiti ts. Stainless steel and
brass also have pLg

Pure titani

flexural strength, tha

ich as compressive and
‘88ie ant most biocompatible

material. Furthel

e, nibst itz @loySilised iN'RoSI, N a radiographic density
similar to that of gu Sercli t .'Ml e detected by radiographs

(Cheung, 2005). *

Ceramic has good gh flexural strength and fracture

: el ] . .
toughness (lchikawa g H92) 445 78S ally under all ceramic crowns.

1 QET had poor bond

i 'Jra!ativaly new, and

m:,nﬂm:mmnm:;

tions, including braided, Wen and longitud ﬂ According to two rUm

QREIATUNRY

However,

highly rigid metal post will transfer lateral forces without distortion to the less rigid dentin

and lead o a higher chance ol rool iraclure. On ihe oiher hand, the lower fiexural
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modulus of fiber-reinforced post (1-4 x 10° psi), that is close to that of dentin (2 x10° psi)

can decrease the incidence of root fracture (Sirimai ef al., 1999). In the mode of failure,

teeth are more likely to be favourable when they are restored with fiber-reinforced posts.

(Akkayan and Gulmez, 2002; . Fiber-reinforced posts are

fabricated to bond with m b ed composite core materials,

The successful bondi ze the of the post within the root

canal, so that it requITES] un removal to ac Jate a shorter and thinner post
and led to lower susn_:dgp; gl ! I N diion, the shape (parallel versus
tapered) of th ol \ e less significant in
relation to its retegih tt R003). Since the fiber-
reinforced post is mel-fraf, igos ol Cause e " : gr corrode. It offers good
esthetics in easjvisiolff arfasibf e 5D , dhe all-ceramic crowns

and bridges. Final h_e"' f pos :lnu_l seleMdhed easily in case of an
i ! ; { . %

endodontic failuré re_' A& posts, the fiber-reinforced

posts are relatively g cal performance are not

available yet.

"= ign features into

SJ

¥
|
® t{apered, Mmted or smooth-sided, cemented into a poﬂpace prepared with a
matched- mz‘ rill,

AU INENINYINS....

anne!s prepared by a post ?II

AR WAINEa Y
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5. Post space preparation

The root canal should be enlarged only enough to enable the post to fit

accurately and passively to ens

and retention (Rosenstiel et al., 2001).

Knowledge of root anatomy j béigfeditatpling to prepare any canal space.

It was g pf gutta-percha must be

preserved to maiglaie” the”apfloal fSeh! (Zilen “and Batgecan, 1984). Acceptable

® The post lenghh spbuig/og Squatiant8 eligideSowRlenath (Goldrich, 1970).

irds of the length of the

‘.ﬁ e of the remaining root length,
but leaving at |g8st Jgiags 7 f" llindtfrom apex (Shillingburg et al.,
1970).

ZZ "W

I bat is supported by

retention
Il in k of root

fracu.qStandlee et al., 19?3} In general, the post width shnuld not exceed nne—thnrd of

the root width at its narrowest dlmarg ion, and clinician : that

Bl TN

should be maintained circumferentially, especially in the apical area where the root

surface usually becomes narrower and functional stresses are concentrated (Caputo
and Standlee, 1976).
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8 Post cemantation

Among the most commonly used dental cements, such as zinc phosphate,

eginbased composite and the hybrid of resin

Resin-ba popular cement because

of its potential ed concern regarding
microleakage withy#hie ol i v : » et al., 1991). Others,
however, ha show N ye! al., 1993; Standlee and
Caputo, 1902)lfbcregle fliciearane Ne B, Y and higher fracture

resistance of teeth |

C. The finaln

Endodontically i€ 20 Bte 1l loss of tooth structure may be
restored conservatively with S the access cavity (Heydecke et al.,
2001; Sorensen and Maatingl _ Castings such as gold onlay,

gold crowng etal-ceramic c s, and @m cuspal coverage

are used rck ;

-

- _
endodontically ﬁted te

In a thr inical study, Mannocw colleagues (2002) concluded that

U ansn e 0 S

full coverage with metal-ceramic -::'wns Restoration wath resin-based compcns

Il AN IV INYTNE

endodontically treated teeth might not be necessary if the marginal ridges were intact

agtoration of posterior

and mosi of the natural looth subslance was preseived.
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Panitvisai and Messer (1995) studied the extent of cuspal flexure after
endoedontic and restorative procedures and found that cuspal deflection increased with
extending cavity size in mandibular molars. The cuspal deflection was maximum value

after endodontic access. The a

as te minimize the dangeny - ﬁus al fracture in endodontically
treated teeth. § ‘ ;
9

—

In a 10-year (Elii=sr jodenliCameligated teeth by Aquilino and

that cuspal coverage is important so

Caplan (2002), the GnePogs ‘ Tt Bdlnal receive crowns after
v Ve al received crowns after
obturation. The.sl b gt 8 stong 4 “ ' yeenbic n placement and
the survival of endg#ontig Bllygtre feetl ‘- = al % !'.T_' Bled that it was safer to

provide some Kind ofy palNistoration since most teeth

that required endagt ed as a result of caries,

fractures or both.

IV. Root fracture

in the form of transverse root

gt @ogie&. If the tooth
: _,J

BCCurs in m@aw anterior teeth of

Roet fracture in maneni.1ee

fracture andvﬂic {

cannot be resfoied
gL

e
A. The t verse oo

juveniles or after an ?urf from automobile or other accidents such as a fight or spaorting

FAULINENI NI

is higher in posterior teeth. Transverse root fractures are fractures that involve

tin, | ulp, go: iqdoptali Nigd NEY
ent fof @ adma 'Wnt

solidly supported in bone and periodontal membrane. In the younger patient the tooth is

more likely to be avulsed (Feiglin, 1995).
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B Vertical root fracture (VRF) is a maior clinical problem leading to extraction of
single-rooted teeth or root amputation in molar (Pitts and Natkin, 1983). Many studies

have shown that vertical root fracture occurs most commonly in the buccolingual plane

(Cohen and Hargreaves, 2006y , 2003; Lertichirakarn et al., 2003a;

Meister et al., 1980; Mo hejad, 2002). It may be initiated

anywhere at or betw Torabinejad, 2002) , and is

responsible for 4.3 . The long-term prognosis
of VRF treatment is unf sociated with material
biocompatibili v M“ 3 to achieve radicular

resistance to refrag

Predisposigll’ fa Orsy il g suggested in many
factors such as wealer [  _‘ -a fJreparation, excessive
pressure during Jpbst gEME it 1 X in the root canal during
obturation (Meister & f.lg.: .‘ Aoh bog) And 8 rosion of posts or pins. The
two most cc-mm affes 2 BS O h\\' nstplacement and root canal
obturation (Meister e aL, .. never, riaD¥es are outside the control of the
clinicians such as naturalfo al shape and size, dentin thickness
(Lertchiraka™ et & . athom e er f can be addressed
during T I |na1 prepared canal

A ot BS that serve as sites of

shape, extent gk
stress concar&un (Lertchirakarn ef al., 2003a; Sathorn et #.[p005b).

ANSITRIN

5 such as strain-gauge mgasurements (Dang and Waltn'n 1989), photoelastic

A IRINETR D

The stresses that may cause VRF are considered to be generated within the

canal space, so the pattern of siress disiribution on Wie rool canal surface is likely to be
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critical in directing crack initiation and fracture propagation. The measurement of
stresses on the surface of the root canal, however, is not technically feasible. As shown

previously by Lertchirakarn and co-workers (2003) finite-element analysis (FEA) is a

//e analysis of stress distributions, with

ed to cause 84 percent

useful technique that can be :

appropriate validation.

The excessiygian
of vertical root fr. er el al., 1980). However,
vertical root frac _ ep'sh preageRloads as small as 1.5 kg
(14.7 N). In Tlr* : sftigatipn 'S Jap load required to cause
vertical root fra , " ® 19 gt tinesihigh& 1 an R :-. Med to fill a canal (Saw
and Messer, 19 a i Bve sufficient elasticity to

permit some sepaggtiongfof Jrdok, segnienisGwWithouty aling a complete fracture

2, i e of filings which may

manifesting in s
eventually become @ e veriical-roe Fuire il Witon et al., 1984). It is also
possible that distortionslitre stele=in -de and feMain quiescent over time. With
. p---n’: Jl?&

additional stress applifed tHSUGHS storafion, the latent fractures could

occur as complete fractures® pd Walton (1989) suggested that it
had not a her fra . timé&™of filing or manifest

themselves | remains a point of

contention beje
comprehensiv iy
‘e

Tk lﬂﬂ NINEIDT ...
QW’]MMN&MQQ IR

placed under an increasing load or force until either the tooth or restoration failed

Snat is difficult to study

\'/

(fractured). Tensile forces were applied in several investigations (Newburg and

Pameijer, 1976; Standlee et al., 1978). However, loads applied in this manner may not



-
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duplicate the forces of masticatory function. Post systems have also been evaluated by
leading at points and angles simulating tooth contact (Guzy and Nicholls, 1979; Perez

Moll ef al., 1978). Fractures may occur at a variety of locations in these tests and did not

: ‘ / and magnitude prior to fracture.

B. Strain gaugeSwlhi ‘ m models which simulate post

give detailed information about

of the model.

C. provides a graphic

demonstration of Material through which light
refraction is o (1949) who used

photoelastic mod restorations. The other

studies have us t&\ re. a ariety of restorative and
other treatment progec E in dey st _f Tr \;\ s M§o been used to test dentin
stress from post instalighfon (Standiee et a taridipe et al., 1980) and as a result

of functional loads (Henry, 19 I—The majt Blem of photoelastic testing is that it is

difficult to prepare CQRg s% models and o aterials which exactly match the
L)

D. Finite-e rifgutechnique which allows

modulus of gfasti

roached in a different

some of the p ems inherent in the model systems to be ;

manner. Cumplex ‘rﬁr&s can be drawn a wnded into many smaller segments,

FIRERNEAR L

been shown to compare favorably 'llh the photoelaslrﬂodel it has advanta

IR ANTIN HIHY

The fundamental difficulty in attempting stress analysis of dental structures is the

irregular shape of teeth. The compounding the tissue is the non-homogeneous nature of



the materials in and around the tooth. Properties such as ultimate tensile strenath,
compressive strength and modulus of elasticity vary greatly among the distinct material

regions. The presence of prosthetic materials also introduces additional variations.

od for solving problems of

engineering an Phing tomplicated geometries,

loadings, and (g | e to obtain analytical
mathematical solutigs. HENGE (e Siagyapeé’ s » b_ goerical methods, such as
the finite elems € ! : '. pencea metr .A { aMMoximate values of the
unknowns at discigle nghoge X s he comn4ln. W process of modeling a

body by dividing it inigfen Mhiies or units (finite elements)

- : d "u
interconnected at ,mﬁ Fommon, 18 fo MY (nodes) and/or boundary
lines and/or surfaces § is e element method, instead of
solving the problem for the enfres X Bhration, we formulate the equations for

each finite element g tion of the whole body. The

solution for W e placements at each

node and thL ‘ i that is subjected to
- |

applied loads. |||} |

A.History‘

Al UHINUNINGIAT. -

stru:: 3 engineering with the work by Hrennikoff in 1941 and McHenry in 1943, who

RGNV AR

of stresses in a vancus forrn He introduced piecewise interpolation (or shape) functions

over triangular subregions making up the whole region as a method to obtain

approximate numerical solutions. In 1954, Argyris and Kelsey developed matrix
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structural analysis methods using energy principles. The first treatment of two-
dimensional elements was introduced by Turner and co-workers in 1956. The extension

of the finite element method to three-dimensional problem with development of a

tetrahedral stiffness matrix was 1961, by Gallagher and colleague in

| m@hsional elements were studied by
B-hko con _-_-_-”erns associated with large

displacement nonlingar_ [ a-@mericm techniques for
i i S i .. ‘ A .

From the . oo/ Sf, the Ntk e lysis originated as the

1962, and by Melosh in_1

displacement i F i i 5% i ‘ : 3k, Sl | ged over the course
of several dec mg |y r;r Britig 11!:- gSpa ' & 2 variant suitable for
computers by late 13 L'Is 1 b | rx and element assembly
existed essentially t.la -‘: ' : : ,. T rest for proposals for the

development of the figte €
y

Ir'.

B. Introduction §

Matrix methods arg n the finite element method for

purpose si Pt equétion, for purposes of
leng-hand g;‘ - YEnous pProplems, ana most wmporian gse in programming
methods for highipp ® .m notation represents
a simple and EM to-use notation for writing and solving setﬁ‘mkimultaneuus algebraic

equations. A matn‘ uectangular array of |l|e5 arranged in rows and columns

AU ANENINEINT

qﬁ“ﬁ”&?“ummmaﬂ

It is the basic equation formulated in the stiffness or displacement method of analysis.

The finite element method invoives modeling the structure using smail inierconnecied



elements called finite elements. A displacement function is associated with each finite
element. Every interconnected element is linked, directly or indirectly, to every other

element through common lntarfaces. lncludnng nodes and/or boundary lines and/or

structure, one can determh '_ Deh '-f e in terms of the properties of

every other element indhgesiftst 7-' i I's 3 s describing the behavior of

Finite elegyeft me be used (o\ahal tural and nonstructural
problems. Typical sig
1. Stress anglysigfar sresd congeplifion Poblels typically associated with

holes,

2. Buckling

.,-

-7.,-"'
3. Vibration a ““-

= _J;‘I-‘ :;
Advantages g 1 f"{::-- W

2. hangﬂgemrall ifficulty -jﬂ‘

3. model M can compose of sual different materials because the

ﬂﬂ“&?%ﬂ%ﬁ%ﬂ'\ﬂ‘i

handle unlimited numbenaand Kinds of bﬂundary conditions

q W’] RIATUNITRHARS

6. alter the finite element model relatively easily and cheaply
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7. include dynamic effects

8. handle nonlinear behavior existing with large deformations and nonlinear

materials

D. Finite element ar?

to be applied t
2.
3. Posi#roc
The first stge irf Eing FRelARfettdhssing Wl clstructing a finite element

model of the structur f bg'fa T hof Mopological description of the

structure's geometric features S feaired _EFA packages. This can be in either

g},_,..

1D, 2D, or 30 form epreseptation, respectively,

although NoWsUeVE=3E-FRaaeic—aro Mgy objective of the

model is to Yeafis aLfeatures of the real
— '

model. The sim;jét MEChaNISTT T e e | similaﬁty'ﬂistmctural analysis is to

utilize pre-existing cpltal blueprints, design fi fle's CAD models, and/or data by importing

UHINYNINGN

prucedure is used to define and brﬁ up the model mtﬂwall elements. In gen

RSN IANIIN IR

displacements are calculated. FEA packages use node numbers to serve as an

thatg

" meshing

identification tool in viewing solutions in structures such as deflections. Elements are
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bounded by sets of nodes, and define localized mass and stiffness properties of the
model. Elements are also defined by mesh numbers, which allow references to be made

to corresponding deflections or stresses at specific model locations.

2. Analysis

The next sta FEA conducts a series of
computational proceBUres oy ‘_ ienn properties of the elements
which produce a m _Sot P 5 ot 4 sl [ ; a. allows the determination of
effects such as=#8lormatong’ e ‘ 1 \Steds £% 1-_' ¢ caused by applied

structural loads sU@

i L

These res r' Yooy “F i ,[ NS Non tools within the FEA
environment to dlew ; . . / ' e analysis. Numerical and
graphical tools alloy " sses and deflections to be

identified.

AUEINENINEINg
qmmmmum'mmaﬂ

. LS-DYNA
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F. Current F Z/_i-?'
Finite ele A BuUlar numerical method in

stress analysis. It h Wpearly three decades. The

usefulness of the Tk s in dentistry has long been

established by & Dennison and Powers

(Farah et al., 1974 cafne (1973) used a three-

dimensional fisffe ele 1 mandiblgfla & valuatedstresSes and displacements
within the modelgfandy these 15803 B jsplacements on actual

mandibular specimegg | B Agreement was obtained

within one order of Magniliide in #eeiipab thes& o Bchniques.

Arola and co-workerd BRI EM should be a fundamental in the

studies that investigated sigbe

the CENICE@

d teeth. The stress distribution in

@Ent. therefore it is

important thg _ rajrnatic to the dental
root during masﬁmrf i l,‘
i
Many effor' been made to an the stresses in the human tooth,

“ﬁﬁﬂ*’lﬂlﬂﬂiﬂﬁ"!"ﬂﬁiﬂl‘l‘:

theseﬂe listed below ;

q RIRIRURINIS Y

pins, partial dentures, and bridges (Holmes et al., 1996; Standlee et al., 1978)



® The interactions of bone, periodontal ligament and tooth (Naumann et al., 2006;

Takahashi et al., 1980)

® The study of thermal
restorations and ¢

® The phvsica$ '
—

effects tW ‘

(Neumann,

nal wall and cause VRF

. of mandibular incisor at

i;\ a9 investigated. The loading
patterns were ‘ S .=’-a._ e Tfces. They found that stresses
increased when the afigie=aH =" pse. and loads in the distal and mesial

irections in d”more ‘stresses iunﬁgn did loads in the

g6t -

Wi, =5 ..-J

The p* m 8 > cat because of the non-

r
homogeneous Jlfracter of tooth material and the irregularity o th contours. The tooth

structyre is cump&ﬂf several different nididfials such as_enamel, dentin, pulp,

‘ n1a|| ”rﬂ Ew hﬂ varying
further compl arge variations in magmtude

and direction) of chewing forces. ‘nnvﬁ-ntmnal meth of stress analy::‘.ls i

RN NN

the tooth and the forces acting on it, preclude the derivation of a description of the

pro
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structure using differential equations. However, computer techniques, such as finite

element analysis, can help to solve theses problems of this nature (Rubin et al., 1983).

The three-dimensional analy org efficient and accurate than existing two-
Jl 4 a

dimensional analyses bec

1. The huma

plane stress nor is it
jo produce considerable

';; ooth.

e tooth is composed

(enamejgfentl, i, etolFCGES dimensional modeling.
' L '
l :‘ !:Lﬁi'

Direct meagyfengt 5i slrgse wall of the root canal is

impossible. The distrinygiPn of g <l be cigliblex and the internal canal wal

P S

is inaccessible for the placemEntolrieast fces such as strain gauges. The use

: G = T YNy
of strain gauges has DecIaiee :;‘?';, ¢

which may @e ai ﬁ%f.. 2003b). Previous

: -
studies hav‘ akarn et al,, 2003a;

elected sites on the root surface,

Ricks-Williams ~

AUEINININYINT
RIAINTUNRIINYIAE



CHAPTER IlI

MATERIALS AND METHODS
~AWil
. R @ were investigated under the

left second premolar usipe™ @ Aimefsional Qlo=algen analysis software program

(MSC Patran 00" r1a g Beorporation, Santa Ana,

CA, USA). The‘ al tg ) i g the external surface of an

extracted hurﬁan g g agl'ss "‘ & ' Wght root using a structured

i N
b

light optical scgier (GFONSA heicNggrmany) in combination

with computer soff are fRaifir Ce knagic, Inc., Triangle Park,

NC, USA). ' { P 1o \

Aue INRENINT
QRIAINTURRIINYAY

Fig. 2 Morphology of original tooth model created by digitizing extracted human

mandibular second premolar tooth.



The original tooth model was adapted to reconstruct the other tooth models that
had various degrees of curved roots as described by Schneider (1971) using the

computer software (Raindrop geomagic studio 10). The direction of the curved root

UGS Corp., Plano, Texa

pulp junction) basec-Sl

Cementum wase snaf W ofahif : | E Be corporated in the root
dentin. Subsequfg _ ‘ hg'siande o5 \ NG, _ ) the crown and the root
canal preparatioh_, v LR D reﬁaration of 0.35 mm at
the point of cgj anal preparations were

circular as com N4

joups and four experimental
groups with dlﬂ‘erant ees olRIOTCUVE . 0% d 45°) and different methods

rd .j: - ﬁﬁt"

of restoration. All the Mode e Meight and normal PDL space.

AUEINENngng
AN TUAMINYAE



Tooth modeling

Group I: This group consisted of the first to the fourth models which had curved

roots at less than 5 (straight root), 15, 3Q, gnd 45 degrees, respectively. The root canals

1 1
in these models were not trea ody, Th siofo v, E served as a control.

——

q BRI 'smu #IINBIAY

first model in group 1}

B. the same model as (A) but showed in mesh model.



N

Group |I: This group consisted of the fifth to the seventh models which had
curved roots at 15, 30, and 45 degrees, respectively. The root canals in this group were

prepared and restored with resin composite without crowns.

ﬂ'} '1 wr J"!rm'!-’ i

- ‘r“ﬁ ‘:4" .A:;';,

ﬂ W ANENINET
q | ﬁé»@ﬁ‘iﬂm ANEAa

the mesh view of the sixth model.



Group IIIl: This group consisted of the eighth to the tenth models which had
curved roots at 15, 30, and 45 degrees, respectively. The root canals were prepared

and restored with resin composite core and porcelain fused to metal crowns.

Fig. 5 A, Mesio-distal view of the te‘h model (45%) ing lll which restored Wrtu

IR HRTREMIINETA Y

el.



Group IV: This group consisted of the eleventh to the thirteenth models which

had curved roots at 15, 30, and 45 degrees, respectively. The root canals were

, 77/01 a tooth, then porcelain fused to metal
%

cast post and core and porcelain fused to metal crown (PFM).

B, the mesh view of the eleventh model.



Group V: This group consisted of the fourteenth to the sixteenth models which
had curved roots at 15, 30, and 45 degrees, respectively. The root canals were
prepared and restored with prefabricated cylindrical post (glass fiber) with composite

core and porcelain fused to metal ga

‘-
..\

P e—
'1"" -

cancelFous ‘TJ ;;'f:*_’

cortex-bone -
i FDL

I~

P =
t

MR IN B

Q Wq aﬁﬂﬁo
q yiindriCal'glass-fiber posTwith resin composite core and porcelain fused to
metal crown (PFM).

B, the mesh view of the sixteenth model.



The resin composites were simulated in the root canal in 4-mm depth under the

CEJ in the models that restored with resin composite. All the post lengths were assumed

ﬂumwﬂmwmm
RIAINTUUMIINYIAY



Group Model Angle of curvature Elements  Nodes
group |: 76,994
Control; Without 66,136

and restoratio 63,891
mﬂ:rest-; ST ) : ' 57,683
resin compositg j | . . ‘ \ 63,470
crown 4 ’ 59,147

\_",, ‘ 13 66,274

Soup ll; restored / )

resin composite core and :._ St ' . 67,696

PFM cro 66,321

group 1V: re§jop 72,609
-

cast post and M a 76,281

‘ﬂd
fa

Table | Summarized of all groups and models details with the numbers of nodes and

elements.



ar

Each model was structurally meshed by solid elements defined by nodes

having six degrees of freedom in tetrahedral bodies (MSC Patran 2007 r1a). The amount

ﬂummmwmm
RIINTUUMIINYIAY



;é T (Farah et al., 1989)

. £ 1 4 \W‘lﬂh et al., 1952)

in el al,, 1983)

tein et al., 1980)
r and Hayes, 1977)

Cancellous bon T ;l‘.., 77 e % (Carter and Hayes, 1977)

(Friedman et al., 1975)

B e — %d Tesk., 1984)
i

=

A

(3
-l

i
1IN |
Porcelain {Gramco)

i
0.19 {F@’\ and Craig, 1975)

ﬂ‘ﬂ"mﬂﬁﬂﬁﬂ g3

Glass fiber 40{3 ) 0.26 (Pegoretti et al., EDGEJ

Table Il The mechanical properties of materials used in the study




The following assumption had been made in terms of the properties of matenals

concerned in this study as following:

1. The tooth under consj

percha, and rest

2. Each mod
bone with& PESsigy ‘ s nts.

3. The matefials v Jylo bg Hoo oSOt and linearly elastic.

4. As boundaryy £, i . S0 O n lateral surface and
base of igffcyligher ffa fepraseatiie bt e 80! B edl.

5. All bonds/gl als were assumed to be

pEl'fECt bo -"4

J-.—
| o
,,m A

o e )
ff—"’l"f!_f

AuEInEningng
ARIAINTUUMINGINY
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Fr U INUNTWHADT~

the location and dtrec;tlun of applied load case |

QW’]MT]?NNW’]’JV]?J’]&U
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Load case |l

Since the results from Cheng and co-workers' study (2007) demonstrated

that the direction of applied force in &4 ion of root curvature had the

effects of stress distribution, ipplied in this study.

Force, ' in @ Eﬁﬂ the triangular ridge
of buccal cusp at an with 1 gal 3 Mihe same direction of

the root curvature. Thigle aving buccolingual

curved root or tooth rotafigf of f gce went through the

same direction of ctfWed

cortex-bone”

q W’} ASATRINNAINIA Y

demonstrate the location and direction of applied load case I, the same

direction of the curved root.
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Analysis

The development of stresses with the applied loads was analysed using finite

element analysis software MSC{lN o > Marc 2007 r1). A linear static

structural analysis was pe model. The results were

presented in the mesidsg the stress concentration

areas in the dentin and._feslostive Materialsaglhe. slress contour bands were
I | o e

represented stress varigligs ensile stresses. This study

demonstrated ane®mpagst sifegs/gbnclnitgla 3 Yo, SN O From the results we
!“_i L]

could predict pattggof gt fagh fe a0 e\ Als o RooSgliptimal restorations in

various degrees of cug

’ A% i W ww -'I
f:_{..;f .

ﬂumwﬂmwmm
RIAINTUUMIINYIAY



CHAPTER IV

RES ULTS

Because of the basic conocg o[ FEA, Jesg of the method is only an

approximate solution. Results, i thiSighIdy o ‘ g qualitative rather than

quantitative terms. The mag# S5anc _ al compared. Stress

distribution was shown W ify plagssg M direction of the

models. The areas with the g (ere/sdbje % ™aee of stresses. The

results were presented in.g) ands \ 3 fghied stress variation

graphic of compressi

The tensile siresses

ative materials.

ke siresses were

The Von Mises £iress € ndf presénted-in M lbdelse this stress s the

best criteria for failure of ditile wh ‘: ) h‘-\ aSipeen suggested for

evaluation of fracture in brittlg
y P
Mises stress is the total (vector) stress

Thus, Von Mises stress is not

) D3a). In addition, Von

Bompressive and tensile stress,

P
i F
f

gr dentin because dentin

normally fails in ten§ileRg

10, 11, 12 and 14, re

The results fro

A h

ﬁa ’ﬂ shown in Fig.
Y

ctively. The results from these groups de trated that the

highest tensile stresses ‘n ted only on the diglal side (concave side) of the

- AN

opposite side or the mesial side {camerfide} of the e:-:ter root surface. Stress

gmmnmu NN Y

ree of root curvature increased in each group.



In the case of group IV of load case | models as shown in Fig. 13, the stress
distribution pattern and magnitude were different from the others. The results in this

group showed the tensile stresses in | root surface and internal root canal

wall. At the external root surfac re the same as other groups

ltude of the tensile stress

in the other gmups,W‘ ‘ ces [VE%agi ere increased, more

stresses concentrated: e petidef Malibe high tensile stress

both in locations and mAgh

concentration was also s g/ gbicallend \ SWa@apost. The compressive

stresses concen ogfihe/Mmesigh side oy Side™9% the external root
surfaces in the samegfanngr aff offher grou % ths s tghition in load case | of
each group was shown {ffFigfl 0/ 4 f"-
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Fig. 10. Distri tresses (MPa) in
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Fig. 12. Distributicm
load case d |

with resin cu core and port:elam to metal crowns) which was

ARG

stresses, as shown in the figureg’
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The results from load case || models of group |, 11, 1l and V were shown in Fig.

15, 16, 17 and 19 respectively. The results showed that the highest tensile stresses

concentrated on the mesial side ) of the external root surface at coronal

the tensile stressg and higher magnitude

than those in the g5t compressive stresses

gl root surface. In addition,
resses at the external

: gl the angle of curvature,
especially in '5—::!—,‘ i ern of group 1, I, 11l and V
was not differenty

In the loady sf Fig. 18, the tensile stress

distribution pattern we Iff nen e LDl he results showed the tensile

stresses in both external rooft™ Mal root canal wall. The tensile stress

concentration and lgg vere the same as the other

groups in lgad t the external root

surface, but d specifically on the

‘ '
n was rﬂh higher than those at

the external root su ace. In addition, as degrees of curved roots were increased, more

oL} szlmvr

ﬂnc% side) of the external root surface in the same manners of the other gmup& The

ot

post-dentin int

ore the

' e (or the
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and 4 respec wely reas mlh same

range of stresses, as shnw‘ in the figure.
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CHAPTER V

DISCUSSION AND CONCLUSIONS

Loss of enamel and geries, fracture, cavity preparation, or

}Yity of the tooth. In addition, the
complicated root ; a@d root may cause the
complication of W : 7 _ "aleed specific restoration. It is

usually known thatgee® ggrfior 3{iehalndnicet ™o ™ignaihey need for retention of

endodontic therapy ma

core material whiche 1 BHamaned ST il pAssif ef al., 1989, Sedgley
; V' ’ ksome situations posts

might be detnm i - ' o h A »ralgm, unit (Guzy and Nicholls,

i i 1 \ -
This stuly righ toffst iogh MAkiINGAin Me proper restoration of
endodontically tredjfd gl iy, arieys Bhgrees a'\_% uRd roots. Stress distribution

was investigated and THellresults from this study might

suggest the suitable restora oA-iendoder W ireated tooth with curved root to avoid

P = 3 Ht 7 ¥
the stress concentratigg f‘ d-Produce

The {fes KLOTemolars with various

1y
degrees of cu o cted for improving the
\

approximatiﬂn eahty based on external anatomy. These Is simulated the round

canal prEparahonﬁr ucing the effects uf ' canal shapes (Lertchirakarn et al.,

ﬁsummmwmm

‘ The 50 N load (load case |) was applied at 60° with long axis in buccolingual

QR

represented in the tooth that having buccolrngual curved root or rotated tooth that the

curved root was in the same as force direction. These could make the direction of force

go through the curved roots. Considerably these high loads may occur in some clinical
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or functional situations. However, the corresponding calculated stresses would change

proporticnally with the applied load.

An important advantage of u lement analysis is that all conditions

can be kept exactly identical mechanical properties, load,

hod ensures that the root

o) aihe si @el,which could have
been more difficult W‘ serifnent-aiidy.i Memagiieeth. It is speculated

alion in biomechanics.
Wehio which experimental

techniques are i Wby ha®

shown that the FEA

is reasonably relia bakarn et al., 2003a).

However, it is only nu o dalcla oMb Mo veka o aterial properties.

The results from| ' 1o Hé 102 '. 6 i\ he highest tensile stress

¥y g, 3 - c ‘ \ %
concentration in gro and VWi ound "\ theq external root surface.
Furthermore, the tensile sigfss gomoeERtrations: gro¥@s were not found in the root

canal wall. The tensile stress dIS [el8isly VE (the same pattern and magnitude as

gt canal treatment and any
: s of elasticity of
nRo#nposite and glass
| —

fiber post are clciﬂﬂ to the = =y makes ;&s distribution more

uniform and d!stnbut? through root canal wall to the outer dentin. It is likely that these

B NI WA

mter‘facu:ew-reen restorative materials and root dentin. ln cuntrast tensile stress

s

q concentration was found on the external root surface, it was alsn found on the post-

those in group_| whic
restoration). TREG

the restorative

dentin interface with higher magnitude than other groups. This study was in agreement

with the previous studies (Nakamura ef al., 2006; Pegoretti et al., 2002). In addition, the
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high tensile stress concentration was found at the post apex in this group. Thus, the cast
posts, with a high modulus of elasticity, can cause a large stress concentration at the

post-dentin interface along the root canal wall and at the post apex. It has been

cause the high stress conc
root dentin and becc:

2002).

The results f
curvature affected
magnitude in g ,

pattern and magnity

The pattern o and V on the external

root surface implied thal 5FToo : g/ om the external root

P wy \ il o W P
surface in these grou ," 5. ||T f l;‘ g % ‘.\ e Sagoncentration in group v
was shown on the pﬂS ACE, @ W ._ d'E'grEE of root curvature
; B ;

increased. The cast post and coreTestorati (Severe root curvature made that root
- ﬂfJ 1' ! /

was more prone to fractuses geot fracture was possible to

@ce in this case.
N
In the load=et nonendodontically treated

D-ﬂ'ginate from i =gl roal Canal Wall all

teeth) showed th degrees of curved roots were increas ore tensile stresses

were found at the e Oﬂt surface and dls downward to the apical third,

also supported from the previous stuv that higher stres tended to occur wlt

9 ﬂﬂﬁ&ﬂﬁmﬁﬁﬂﬂﬂﬂiﬁﬂ

PFM crowns and prefabricated cylindrical glass fiber post with resin composite core and
PFM crowns (group li, Il ana V) showed the highest tensile stress concentration at the
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external root surface. The stress distribution pattern in these groups were similar to the
group | because modulus of elasticity of resin composite and glass fiber reinforced post

were close to the dentin. In cast post and core system (group IV), the high tensile stress

previous studies that aefflis_olellesticity could cause a large
stress concentration al {he pogl=aentin inte et al., 2006; Pegoretti et al.,

2002). In addition, te_high#E0ef/Sirect cariedygdRguas found at the post apex in
this group. In comt A Ot Sec were lower with the
glass fiber postsil e difference between
elastic modulus of dgfin ghdfogk ¥iuale Tk o R gess concentration in the
root structures. JilE r! i reSETON o5 gk B Mltress (0 the interface
between post anr:!ii,' ) | O structure (Mannocci et
al., 1999). Recerfly, ip s bffen 4 kit shbuld have a modulus of
elasticity close to t 7 M<ayan and Guimez, 2002;

Assif et al., 1989; Pego

The pattern of root fraGh g V in both load case | and Il was
predicted tc@i : -
e e. Therefore, vertical and oblique or ho

e pattern of root
al root canal wall

both along inte apex together with the

external root s tal root fracture has

tended to occur |‘ st post and core (ggloration rather than other types of

ﬂ’ﬁﬂﬁ”ﬁﬂ’ﬁﬁ"ﬂ g3

cimu:al situation, the prepared root canal may be still irregular because the
q ﬁﬁ‘ inam

l"ﬂi::trpi'w::-l:t:»g_j.nr Thus, stréss distribution is n{:- longer uniform. Previous study by

Lertchirakarn and co-workers (2003) reported that the root canal shape and root

morphology could affect the stress distribution resulted in an increased tensile stress on



the internal root canal wall. In addition, there are many factors that affect fracture

susceptibility and pattern of fracture such as dentin thickness, curvature of the external

proximal root surface, canal size andyshage (Sathom et al., 2005b). All these factors

pf force and degree of
root curvature migh g @hpagnitude, especially in
the case that restoreg : ngtefals v ‘ i hal \ J { ‘ et modulus of elasticity to
A 4 jurvature and direction

those of dentin § 0
of force had a 1.i'ttle e w” ! stress distribution, when
the materials used in rgh Slas _clO@e to those of dentin. In
addition, this study} . of endodontically treated
lower premolar with i iR ntac .\'- rgiheﬂ ridge and ideal access
opening was resin ccmposi o ﬂ v BOronal third of root canal (4 mm from

CEJ). However, in case thg

resin CDth bl UL R ELC UL
Withi#

treated tooth

peeded, the glass-fiber post and

in endodontically
In more thani degrees should be

glass-fiber post an?camsnte core with cr resin composite. The cast post and

FULINININGINT

eleme¥ analysis by ex-vivo study. ‘

qmmnswmmmw
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Conclusions

Within the limitations of this theoretical study, the following conclusions were

drawn

1. Degrees of roowguivaiite\n ' ', 30° and 45°) had a little effect on
' o : direction of force was the

curvature would affect both

2. When thegh gfasticlty Se,Ous] Mgheore materials used in this
B stress concentration

was [0 'l !‘f 0

3. When th e materials used in this

study” was i g ; an s e i = "".‘. post "and CCII'EJ. the hiQhBSt
tensile 53“ pncen i i fg-:“ ¢ . p post-dentin interface and

"n

at post apexgVerte OrZOon gCtig might occur in this condition.

i e ;
P et o L
Pl —

4, In acccrdanc NithC grature (Pegoretti et al., 2002), our

. the glass fiber post

:‘T in endodontically
L]
-

This s y suggested that the suntable restoration should be for

A a0 ﬁwgmwmw
qmmnsmnmmmw
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