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INTRODUCTION



The standard of care following endodontic treatnveémeén a tooth lacks
structure and vitality is to place a post and dnrigd-up. The criteria used in restoring
endodontically treated teeth have long been inftedrby the feel, experience, and
empiricism of the practitioner. The consideratibe$ore initiating endodontic
treatment include an assessment of the abilitgdtore the tooth to form and
function. If restoration is the decision, then ghactitioner has a choice of post and
core designs to retain an overlying crown. Extacts the alternative.

The use of posts in nonvital teeth dates back rtzne three centuriésThe
concept of posts or dowels was originally desigagd means of retention of the
coronal restoration if inadequate tooth structeraained Posts were viewed as a
method to reinforce nonvital teettSeveral reports hypothesize that the rigidityhef t
post should be as close as possible to that abtiteto distribute occlusal forces
evenly along the length of the rdbt.Various post and core designs and materials
have been developed. These include cast post aes, coetal prefabricated posts
with a core build-up of composite resin, and fipests with a core build-up of
composite resin. High noble alloys, base metalallaircon and quartz fiber, carbon
fiber, and glass fiber composites have been uspdss.

Post stiffness is important from a mechanical pofntiew. As the stiffness of
a post increases, so does the risk of tooth fraftBven so, stiffer than vital or
nonvital natural teeth, cast metals are very usaidllong-lasting as the standard of

care in treatment.



Fiber posts with a more natural color than metgbsts have been developed
with an elastic modulus very similar to that of lenThe similarity in elastic
modulus to dentin may explain a reported lack ghisicant root fractures seen in
natural teeth with the use of fiber poS#ithough the use of fiber posts is promising,
their long-term success has not been evaluated.

Thus, the purpose of this study was to evaluatéréiodure resistance of three
post and core systems in endodontically treatetth t®eloading to failure. Another

purpose is to evaluate the marginal gap openintgeth after cyclic loading.



REVIEW OF LITERATURE



HISTORY

Root canal treatment dates back to th® d@ntury, when F. Hoffman used hot
wires for pulp cauterizatioh? In 1869, G.V. BlacK introduced the idea of anchoring
a crown to the root of a nonvital tooth via reteatprinciples. G.V. Black advocated
filling the root canal with gold foil and anchorimagthreaded gold bolt on top of the
filling, which retained a denture tooth. In 1870WL Richmond® introduced a cast
post-crown technique for endodontically treatedhteleat was to be used for years,
and other techniques were developed later, suttrea®avis crowrt? During that
period, root canal treatment was generally limtteteeth with single roots.

In 1920, Billing and RosenadWwintroduced the focal infection theory, which
led to the belief that nonvital teeth were etiotoggents of common oral diseases,
resulting in a rapid decline in endodontic proceguit took dentistry around 30 years
to overcome this bias, and since that time, mafigements have occurred in clinical

post systems.

DENTAL PULP ANATOMY

The idea of “killing the pulp” is to eliminate pagmoprioception in the pulp
chamber and root canals. Innervation is mainly ftbensensory afferents of the
trigeminal nerve (fifth cranial nerve) and sympaitheranches from the superior
cervical ganglion, which lies opposite the second third cervical vertebrae. Each
bundle contains both myelinated and unmyelinatexhaxThe majority of fibers are

A3 fibers, which are fast-conducting and range imngiger from 1 pm to 6 prif: *°



ENDODONTICALLY TREATED TEETH

Endodontically treated teeth have usually lostrastterable amount of tooth
structure due to caries, endodontic treatmentpsancement of previous restorations.
The root portion of a nonvital tooth is sometimies only remaining foundation for a
crown. The loss of a large portion of tooth struetmakes retention of restorations
problematic, and it increases the likelihood otfuae. The factors that affect the
choice of post and core type depend on the typeodh and amount of remaining
coronal structure; the latter is the most importadicator for prognosi&®
Conventional root canal filling with or without @§t and core adds little or no
strength to the restored todthiNonvital endodontically treated teeth showed more
resistance to fracture than 1-mm ferruled teettored with a cast post and core
system, a Composipost post and composite resinsgstem, or a stainless steel post
and composite resin core syst&.

Nonvital endodontically treated teeth lose thems&tity to a degree directly
related to the reduction in the amount of dentid are therefore more susceptible to
horizontal and vertical root fractures; the lattethe most common type of root
fracture in nonvital teetl’. Rosen and Frederick et &l: * demonstrated that nonvital
teeth lose their elasticity due to decreased cédnitvad supply and desiccation.
Nonvital teeth also lose their elasticity as a tesfuroot canal flaring, which is
necessary for gutta-percha condensation. Helfemibteand Schildeé? found that
there was no qualitative change in bound water whey compared vital to nonvital
teeth. It was demonstrated that there was 9-pelessimoisture in calcified tissues of
nonvital teeth compared with vital ones. This pesces irreversible even in a
saturated atmosphere at body temperature. Labypiasting has revealed similar

fracture resistance in untreated and endodonticaited teetf®



Although vital dentin is 3.5-percent harder thanwvital dentin, its hardness
did not prove to be significantly different. Thibservation led Sedgley and
associate® to the conclusion that endodontically treatedhetet not lose significant
hardness following endodontic treatment. Huand.&t@me to the conclusion that
dehydration in vital and nonvital teeth increasesdtiffness of dentin. Vital teeth are
stronger than teeth restored with pin-retained gamalcore build-up, dowel post with
glass ionomer-amalgam alloy combination, and cat build-up?® Unprepared
nonvital teeth with resin composite access cawtyehdemonstrated higher fracture
resistance to static loading than root-canal tcetdeth with cast post and core,
Zirconia post, or resin-ceramic interpenetratinggghcomposite post with Procera
crowns?’
ENDODONTIC TREATMENT OR
EXTRACTION AND IMPLANT PLACEMENT

Implants have been alternative solutions to misssegh since 2,500 years ago
when the Etruscans carved teeth from bones of %?x@sseointegrated endosseous
dental implants are compared with ankylosed teetiaibise of similarities in bone
fusion and rigidity under healthy conditioffsAlthough implants have been used for
a long time with success rates up to 100 percethtaranterior region of the

mandible®-32

not every patient is a candidate for implant ptaeet. There are
absolute contraindications to implant placementhsas a recent myocardial
infarction or cerebrovascular accident, prosthedivular replacement, active cancer

therapy, psychiatric disorders, and intravenougHsisphonate treatmett.

FERRULE LENGTH
An adequate ferrule is necessary for a successfinetained restoration. A

ferrule is a band formed by the walls and margine crown that encircles the



circumference of the residual toothA ferrule effect is a collar of 360° surrounding
parallel walls of dentin and extending 1.5 mm 1 2m coronal to the finish line of
the preparatiof® A 2.0-mm ferrule preparation was found to be munire resistant
to fracture than a nonferruled preparation if detiog did not occur first’ The mode
of failure for a 2.0-mm ferrule preparation was ntafracture, whereas a nonferruled
preparation failed through debondiffgd 2.0-mm ferrule length made teeth more
resistant to fracture compared with 1.0-mm to 1rB-farrule length, regardless of the
dowel system usell.Several studié$** support the concept of having 2.0-mm
ferrule preparations in nonvital teeth and provittezlbenefits over lower ferrule
length values. A nonuniform 2.0-mm ferrule makdésah more prone to fracture
than a uniform 2.0-mm ferrule. A nonuniform 2.0-rfenrule is more resistant to
fracture than a tooth without a ferrdfeFerrule length has a greater influence on the
fracture resistance of a root restored with a st the post length itself after cyclic

loading?®

FERRULE WIDTH

According to Tjan and Wharif,a preparation with 1.0 mm of remaining
buccal dentin wall is apparently more prone totfrees on horizontal impact than
those with 2.0 mm or 3.0 mm of buccal dentin walsimilar study in 1990
concluded that a 2.0-mm buccal dentin wall incrdake resistance to root fractiffe.
A contra bevel is an external bevel arising from dkeclusal surface or edge of a tooth
preparation and placed at an angle that opposasntrasts the angle of the surface it
arises fronf? Contra bevels were also found to be effectiveugnaenting root

strength’’



ROOT LENGTH

Root length plays a significant role in the longatesuccess of nonvital
teeth?® The need of a long root may interfere with thecptaent of a 1.5-mm to 2.0-
mm ferrule*** Crown lengthening or orthodontic extrusion of atbomight be
necessary to gain access to more tooth structuteetter retention of the coronal
restoration. Crown lengthening necessitates rasibhgccal and lingual
mucoperiosteal flap, and removal of crestal borepevent unpredictable
inflammation and bone loss, crown margins shoulglaeed 2 mm to 3 mm
supracrestal to the alveolar bone in order to presthe biological widti° To
preserve the biological width and a 1.5 mm to 2 farrule, crestal bone must be
removed to allow 4.5 mm to 5 mm of supracrestatht@tructure. Heithersayfirst
proposed the use of orthodontic methods to extrades with horizontal fractures in
the gingival third. Later, Ingb& **introduced the technique of orthodontic extrusion
as a means of treating fractured or carious tdetlextrude a root, a modified post is
cemented into the root canal to enable attachnfahemrthodontic elastics. The
circumference of the extruded root face is narradver to the taper of the root;
therefore, the emergence profile of the crown mp@mised. Sufficient extrusion of
the root is required to provide an adequate fewtik least 1.5 mm to 2.0 mm, which

results in a shorter root within the alveolus arldveer crown-to-root ratio.

CEMENT AND LUTING AGENTS
Cement is a binding element or agent used as daswdesto make objects
adhere to each other (e.g.: Panavia 21 by Kuraeaydl), whereas a luting agent is a

material used to attach an indirect restoratioprépared teetf? e.g. zinc phosphate.
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Panavia 21 has a bond strength to dentin in rawlsaanging from 16 MPa
at the cervical area to 21 MPa apicaflythis variation has been attributed to the
dentinal tubule density, which decreases from cahib apical dentif> Bond
strength is related to the area of bonded solidinleather than tubule densit§.

Zinc phosphate is one of the oldest luting agemdsheas been used in dentistry
for over a century. In 1879, Dr. Peiréenixed for his colleagues a hard, nearly white
material composed of oxide of zinc and glacial piasic acid. Since this early
descriptive use of zinc phosphate cement, only nihanges have been made by
manufacturers in its basic composition. Crowns gastusing zinc phosphate with
margins placed in dentin did not demonstrate agwyifscant microleakage difference
than those cemented in enanfeZinc phosphate does not chemically bond to tooth
structure>® *°

It was demonstrated that Panavia resin cement gidesional resistance to
fracture compared with the brittle conventionakzihosphate luting agettResin
bonding of posts significantly lowers microleakagecompared with posts luted with
conventional zinc phosphatezinc phosphate demonstrated more retention for
tapered posts than zinc polycarboxylate or epoxyeres>® Panavia 21 and zinc
phosphate demonstrate no statistical differencessn retentiofi* According to
Schmage et & zinc phosphate cement used in post cementatidbigedtensile
bond strength as good as resin composite cem&at€bmpolute Aplicap, Flexi-
Flow cem, Panavia 21 EX, Teraetd Twinlook cement.

The minimal cement film thickness was obtained &g glass ionomer
cements according to Wang ef&and White and Kipnfé; however, in other studies,

lower marginal discrepancies were found with resiment$? ®°
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POSTS

The main purpose of a post is to retain a corerinravital tooth that has lost
extensive coronal tooth structufe’* Several authors have shown that an endodontic
post of low stiffness leads to more even stredsibligion® ** "Turner* reported
that failures in post- and core-restored teeth wealy caused by post loosening,
followed by apical abscesses and carious lesiotisfeiv root or post fractures.

Prefabricated posts are preferably used in a cteand prepared root canal
because of ease of manipulation, and rapid sditimey of the composite resin core,
which enables immediate tooth preparation and msitmtal cost " Severalin vivo
andin vitro studies reported that prefabricated posts cam affetter prognosis than
cast post and cores for endodontically treated{8&f

Alves et al”® concluded that immediate restoration of the tadith a
prefabricated post and composite resin core wdernaigle to placing a temporary
post-crown before a final cast post and core. & siown by Terafithat both
eugenol-containing and eugenol-free temporary césrdetreased the tensile bond
strength of resin-luting cements to bovine teetiti® other hand, Mannocci and
coworker&! demonstrated no effect of using temporary fillingterials with zinc
oxide and eugenol on carbon fiber posts with cont@ossin core restorations.

Cast post and core technique requires a procedatéstmore time-
consuming and less cost effective; however, thenrmdvantage of using a cast post
and core technique is the ability to conform to aagal space, to provide a good fit,
and to replace lost tooth structdfe®®

Komada et af* demonstrated that nonvital teeth restored with past and
cores in normal bone level (2 mm below the cemeraoee| junction) had

significantly higher fracture resistance than glssr posts with composite resin
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cores. When nonvital teeth were restored with past and cores in resorbed bone (5
mm below the cementoenamel junction), there wasignaficant difference in
fracture resistance between cast post and comaésns versus glass fiber posts
with composite resin core build-up. It was foundttincreasing the post width does
not increase post retention significarftfy?>Longer posts demonstrated more
retention than shorter on&slt was also found that short posts transmit grdateral
forces to the remaining root structure comparet Winger post&®

Fiber posts have an elastic modulus (E = 20 GRa)asito that of dentin (18
GPa) when compared with cast and prefabricatedlingiasts (E = 200 GPa). Thus,
stresses along the remaining tooth structure atsltited instead of concentrated,
8792\vhich would explain the lack of significant rooaétures. FiberFill (Pentron,
Wallingford, CT) (Glass fiber obturator- post wihtta percha tip) demonstrated
significantly higher fracture resistance values pared with conventional cast post
and core, FiberKor (glass fiber post), and metefgiicated postS. Prefabricated
metal posts and cast post and cores have beeriarsetbng time and are still being
used as the standard treatment. It is found thengarse the risks of root fractufes.
Although fiber posts are found to be affected bystuwe, modulus or elasticity and
flexural strength levels exceeded the strengthssg to avoid fracture of the post
during function®

In a survey made in the late 1980s, it was estiddtat around 25 percent of
all prosthetically restored teeth are nonvital andodontically treated before
prosthetic restoratiot. Questionnaire surveys of dentists in the US, Swede
Germany, and Switzerland have shown disagreembntg grosthetic treatment of

endodontically treated teeth. Surveys includeda®re not limited to current
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philosophies in treating nonvital teeth, ferruléeefs, post types and cements u¥ed.

97

PINS
Watsort® showed that using a pin or pins for crown retentias a splinting
effect. He concluded that the addition of one oramans nearest the occlusal forces
improves stress distribution and results in lesdrdetive shearing forces exerted on
the root. Several years later Newberg &f also supported Watson’s theory. Moll et
a|.100

showed that pin placement according to Nealorhrigue®® 1%with

composite resin core was at least four times septigan cast post and cast core.

RESILON

Resilon (Resilon Research, North Branford, CT)liea canal obturation
material made of synthetic polymer-based soft rasian alternative to gutta-percha.
Resilon requires a sealer such as methacrylate tesomplete obturation of a root
canal system.

Calcium hydroxide has been advocated as an intahoaedicament when
endodontic treatment cannot be accomplished irvisite It was found that using 17-
percent of EDTA (Ethylenediamine tetraacetic atid)emove the remnants of
calcium hydroxide did not affect the Resilon sealie obturated root canal
system'®®

Despite the findings of Williams et &P Resilon has been shown to be
significant in regard to sealing properties andiotidns in periapical inflammation.
According to Shipper et al°® Resilorwith a methacrylate resin sealer (Epiphany;
Pentron Clinical Technologies, Wallingford, CT) damstrated a reduction in

microleakage up to six times compared with guttecipe with AH-26 sealer. Another
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study by Shipper et af° showed that teeth obturated with Resdemonstrated
significantly less apical periodontitis than teetiturated with gutta-percha. Dye
penetration tests in obturated nonvital teeth sldotlve least apical microleakage
when obturated with Resilon compared with guttazpat’’ *° According to Teixeira
et al.} single-rooted teeth obturated with Resilon shogigdificantly more
resistance to fracture than teeth obturated wittagpercha, which has been attributed
to the monoblock concept.

Tay et al*** found no significant difference in microleakagévieen Resilon
and gutta-percha; the gaps in the Resilon/Epiplgaoyp were between Epiphany and
dentin walls, whereas in the other group, the gap letween gutta-percha and AH-
26 sealer. Biggs et at? also found no significant difference between teettored
with gutta-percha with either Roth or AH plus sesilend Resilon with Epiphany
sealer. Such an observation challenges the mociobmncept described by Teixeira
et alM?

Immediate post space preparation after obturatitim Resilon was shown to
have better apical seal than with gutta-percha/Ak$-FAlso in that study, it was
shown that a delayed post space preparation (7 gaysided better apical seal using

Resilon obturated root canals compared with usirttagpercha/AH-Plus'

APICAL MICROLEAKAGE

Microleakage is the passage of bacteria, fluiddemes or ions between a
cavity wall and the restorative material applied{d* Endodontically treated teeth
need to be assessed carefully for the followingrewent microleakage inside the root
canal treated tooth: good apical seal, no sersitivipressure, no exudates, no fistula,
no apical sensitivity and no active inflammatidm proper apical seal of 4 mm to 5

mm of gutta-percha is the minimum amount that sthoemain-*>**°Froget®
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evaluated various prefabricated post and core sygsteth a fluid filtration
microleakage test and found that none of the psséms tested were capable of

consistently achieving a fluid-tight seal.

CORONAL MICROLEAKAGE — CROWN MARGIN

A margin is defined as the outer edge of a cromlayi onlay, or other
restoratiorf® Coronal marginal leakage at the interface of endtdally treated teeth
with their artificial crowns may result in recurtazaries and failure of both the
restoration and the root canal treatmé&hfccording to a survey made by Bronson et
al.*?? prosthodontists found crown margin openings up2@m to be acceptable
clinically before final cementation.

There are several methods for evaluating crown msug@iter cementation:

1) Tactile examination using an explorer.

2) Bitewing and periapical radiographs.

3) Examination of marginal fit using impression maiési*

Assif et al*** demonstrated that an explorer has an average 5@ppAn
impression material film thickness could be as &s/6 um to 30 um allowing it to
capture more details of open margins. Radiograiptéges are helpful in detecting
subgingival overhangs of crowns that cannot bectletiein impression-making unless
gingival retraction is performed. Impression-makwgs more accurate in detecting
open margins than tactile examination using anagplor radiographs, although each
proved to be useful. There are several studiesatir@e on having a proper fit of
crown margins to prevent periodontal disease ahdesyuent failure of the
restoration:>> >33 Crown margins are affected by the compositioratitity of the

cast gold used whether as-received or recast. Adfinohe difference in accuracy of
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the margin of a crown was statistically significaetween the two types of gold
previously mentioned, the findings were not cliflicaignificant**

The incomplete fit of full cast crown restoratidmss been a problem for
dentists, which has led many researchers to shislyptoblemt:>>*3*Many
researchers have agreed that the use of a diershaagy fabrication of a full cast
crown improves the fit at cementatittt. *®Die spacers allow increased space
between the tooth surface and the internal sudatige casting. This reduces stress
areas created during cementation, and therebytiresui a better fit and retention of
the final restoratio®> 137 138 140. 14} \» 55 believed in the past that frictional fit
between the coping and the tooth surface increasedtion*” which makes a good
fit difficult when a die spacer is being usédi*°Die spacers should be applied in
layers according to the manufacturers’ instructionghe entire preparation on the die
down to 0.5 mm short of the preparation margin.

Grajower and Lewinstelff indicated that an optimum fit of the casting can b
obtained only if relief space allows for cementifilhickness, roughness of the tooth,
and casting surfaces. They recommended a 50-prersfpacompensate for the
cement film and surface roughness of the castihg;twis around 30 um, and for the
wax pattern distortion, which is about 20 um.

Bronson et al??found in his study that the clinically acceptaivlargins of a
cemented crown do not exceed 130 um. Marginal atlaptwas found to be

adversely affected by cyclic loading, which wasrelated to the method of

application of the core materidf **°

ESTHETICS
Esthetics has always been a challenge in dentiStrg.way to overcome this

challenge in endodontically treated anterior téetio make prefabricated esthetic
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posts>*™*3such as ceramic posts (Celay), polyester postéoreed with zirconium
fibers (Snowlight), zirconia post (Cosmopost) aiberf posts, which could be either
glass or carbon fiber (FRC Postec Plus, PeerlegsRestheti-Post, Light-Post). The
dental society’s concern escalated to claim thefisrof “metal-free dentistry®4*°
This claim is not true since dental ceramics contaétals® such as zinc, zirconium
or aluminum. There is no evidence to support thiebthat metal-free dentistry is

beneficial**®

CYCLIC LOADING AND LOADING TO FAILURE

Cyclic loading is the repeated loading of a speaiteea specific number of
cycles. Loading to failure is the single continutreding of a specimen with a
gradually increasing unidirectional force until ty@ecimen fails. In a study by
Stegaroiu et a>? cyclic loading did not affect the retention of tpest and core
restorations; however, when prefabricated postge wsed in conjunction with a
composite core, retention was significantly reduafer cyclic loading. Another
study by Hu et ai®® showed the significance of a ferrule in a pospgration. This
study concluded that cast post and cores were resigtant to static loading than the
other groups in the study (composite resin postcamd, and carbon-fiber-reinforced
post with composite resin core). However, fibenfeiced posts showed a longer
fatigue life than the rest of the groups. They wadrke to conclude from that study
that nonrestorable root fractures were seen in thetltast post and core and the fiber-
reinforced post groups. The composite resin pastcane group demonstrated
restorable root fractures in both types of loadumlgich would make it the most

desirable restoration for structurally compromiseats.
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PURPOSE OF THIS INVESTIGATION

This investigation was undertaken to gain morerimtion on composite
resin core behavior combined with glass fiber pasts Panavia 21 for crown
cementation (under cyclic loading). It is hypotlzesi that a glass fiber post combined
with a composite resin core and Panavia 21 for orommentation would resist
marginal gap opening as good as or better thaanttter groups. This hypothesis is
based on the similarity of the elastic moduluslagg fiber posts to natural tooth

" 8-%2combined with the adhesive effect of Panavia 2bath structure,

denti
silanated composite resin, and tin plated silvélagaum alloy. Although it is known
that composite resin has a much lower elastic mudifian cast alloy¥ that would
tend to deform at lower cyclic stresses, the bandistem used in this glass fiber
group tested with Panavia 21 should eliminate nmatggap opening at the lingual
surface of bucally loaded, prepared teeth.

Another hypothesis being tested is that cast pudicares would demonstrate
higher load-to-failure values than the other grotgssed. It is believed that the
strength of the casted silver palladium alloy vétbood adaption of the post to the
canal space would render higher values of fragesistance than the other groups.

Although this type of testing has been done befSnearious parameters such as

ferrule length, root length, and cement used dferdnt from other studies.
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MATERIALS AND METHODS
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SPECIMEN GROUPS

Three groups were tested:

1) Group CP: Conventional cast post and core (Eleffraype IV Silver
Palladium White C&B Alloy; Williams Ivoclar VivadenAmherst,
NY) in conventionally prepared root canals of teeth

2) Group FR: PeerlessPost (Glass fiber; SybronEndangar, CA).

3) Group MR: Prefabricated metal posts (Titanium gll®grapost XH;
Coltene Whaledent, Cuyahoga Falls, OH).

The fatigue method utilized and the statistical\ges here were derived from

those described by Thongthammachat &t al.

SPECIMEN FABRICATION

Sixty extracted human canines collected under &UNClarian IRB
approved protocol were evaluated with a fiber oligist (DEMI LED light curing
system; Kerr Corporation, Orange, CA) to demonsttia¢ absence of cracks or
fractures, and by x-ray (x-ray machine cone fagraximal surface) to evaluate the
approximate size of the pulp chamber and canalleoaut calcified and immaturely
wide canals (more than 3 mm) at 15 mm from the aged to verify that all root
canals were straight beyond 5 mm from the apexy Weze distributed into three
groups of 20 teeth each; 10 teeth of each group fe¢igue loaded, and the other 10
were continuously loaded to failure.

The coronal portions of all 60 teeth were removeidgia diamond saw
mounted on a thin sectioning machine (Gillings-Haptdamco Machines, Inc.,

Rochester, NY) under water spray to produce astidtace, perpendicular to the long
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axis of each tooth at a speed of 2.59 mm/min. &dth were reevaluated again for any
cracks using the same method described previouttyarfiber optic light. The

remaining root length was 14.8 = 0.5 mm.

ROOT CANAL TREATMENT AND OBTURATION

The canal system of each tooth was prepared andaddt using a single-
cone technique as follows. An access preparatiecnmade and the content of the
canal was removed with a barbed broach. The rogthewas determined by inserting
a #10 file into the canal until the file could leea emerging from the apical foramen.
The working length was established by subtractingnd from the root length. Canal
preparations for the full working length began witle #10 file, and proceeded
sequentially through a #40 file. Profile series02®4 taper files (Dentsply, York, PA)
were used to the full working length in an Endo FFtelligent Torque Reduction
(AEU-20; Dentsply Tulsa Dental, Co., Tulsa, OK) dpiece at ratio 1:8, torq 2 and
350 rpm to achieve the required 0.04 mm taper afieking the sides of the canal
with RC Prep microdose (Premier Dental Productsirigimwn, PA) to help lubricate
the canal and remove calcifications to permit nedfieient instrumentation.
Alternating rinses of 2.5-percent NaOCI (sodiumduhdorite) and liquid 17 percent
EDTA (ethylene diamine tetraacetic acid) were usedrigation between file sizes
followed by drying with absorbent paper points (HeBchein, Melville, NY). The
final irrigation used was EDTA followed by a ringksterile water so as not to affect
the bonding process of the resin root canal fillimaterial RealSeal (SybronEndo,
Orange, CA).

A single-cone technique was employed to obtufaedot canal of all teeth
using RealSeal. A #40 0.04 mm taper main cone maldit and verified to be 1 mm

from the anatomical apex. The root canal was cammditl using RealSeal primer
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dispensed in a mixing well using the manufactursugplied applicator brush and
paper points (Henry Schein, Melville, NY) to lengBaper points were used to wick
the primer to the apex and the excess primer wasved using dry paper points.
RealSeal sealer was dispensed onto a mixing pathandapplied along the entire
length of the canal. When obturation was compléie RealSeal obturation material
was light cured in the chamber for 80 seconds, wbreated an immediate coronal
seal. The RealSeal sealer had set in the remadhdee canal for approximately 45

minutes to create a monoblock.

POST SPACE PREPARATION

Post space preparation for all teeth was initiaféel 7 days from
obturatiort*® by the use of a universal starter drill includedhie PeerlessPost Intro-
kit (SybronEndo, Orange, CA) at a speed of 5000 tigpan depth creating a 9-mm post
space. The canals were rinsed with Peridex (chkilivee gluconate 0.12-percent oral
rinse; Omni Preventive Care, 3M ESPE, West PalntBell) and dried with paper

points (Henry Schein, Melville, NY).

GROUP CP POST PREPARATION

For group CP, post space preparation was estafllissiag Profile O.S.
Orifice Opener (Dentsply, York, PA) size 20 throwgibe 60 to the full 9-mm post
space length. The size of the post space was 0.@mdm.4 mm at the apical end and
the orifice opening, respectively. An anti-rotatibbox was created on the lingual
surface. Duralay (Reliance Dental Manufacturing,rivalL) patterns for casting
were prepared according to the manufacturer’sungtns, supported by
prefabricated plastic posts of 23 mm in lengthrafienning the apical end for a

complete fit in the canal post space. The tootgtlefrom root apex to incisal edge
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will be 21.5 mm. Posts and cores were investecdeiauB/-Cast (Whip Mix Corp.,
Louisville, KY) without a ring liner. The distilledater added to the investment
powder was 17 ml (2 ml more than the recommendegce\vay the manufacturer to
allow a more precise passive fit in the prepared canal). After casting, each post
was trial fit to verify that it would seat passiyeAll cast post and cores were

cemented using zinc phosphate cement (Mizzy Inwen@ Hill, NJ).

GROUP FR POST PREPARATION

For group FR, PeerlessPost™ (SybronEndo; Oranggs2A # 3 post with a
0.04 taper was used. The post space was prepanggdtiis drill supplied in the starter
kit for post preparation. The glass fiber post sfasrtened 1 mm from the coronal
end and 1 mm from the apical end and then rechachterthe original shape. The
apical size of the post space was 0.9 mm and theeoopening was 1.4 mm in
diameter. An anti-rotational box was created onlitigual surface. The posts were
cemented using ParaCem Universal DC (Coltene Whaate@€uyahoga Falls, OH)

according to the manufacturer’s instructions.

GROUP MR POST PREPARATION

For group MR, ParaPost XH (Coltene/Whaledent, Cagalalls, OH) size #
3 was used with the drill supplied with it in thtarser kit for post preparation. The
post space preparation was 9 mm in length withllghsades according to the
manufacturer’s instructions. The apical end anficeriopening of the post space were
0.9 mm in diameter. An anti-rotational box was tedaon the lingual surface. All
titanium posts were shortened by 2 mm from theadgind and then rechamfered to
the original shape. All titanium posts were ceménising zinc phosphate cement

(Mizzy Inc., Cherry Hill, NJ).
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POST CEMENTATION

For groups CP and MR, the canals were coated withghosphate cement
(Mizzy Inc., Cherry Hill, NJ) by using a size # 2rtulo spiral (Dentsply Canada,
Woodbridge, ON). The posts were coated with theese@ment and inserted in the
prepared canal, allowed to rebound to release bjidnaressure and then gently
reseated. This procedure was repeated until thespated passively without rebound.
A static load was applied using a 1 Kg force uiid cement set completely for a
minimum of 10 mint®® For group FR, the posts were cemented using ParaCe
Universal DC (Coltene Whaledent; Cuyahoga Falls) G¥Hcoating the post with
cement after using ParaBond Non-Rinse ConditiondrRaraBond Adhesive A and

B according to the manufacturer’s instructions.

GROUP MR AND FR CORE PREPARATION

Groups MR and FR cores were fabricated using CateRe?2 (Kerr Corp.,
Orange, CA). The dentin was etched with a 37-penskasphoric acid gel for 15
seconds, rinsed for 15 seconds and blot driedb@pd Solo Plus (Kerr Corp.,
Orange, CA) was applied with a micro brush for @éasds with a light brushing
motion and air-thinned for 3 seconds to achievisibly uniform layer:®* The
adhesive was light-cured for 20 seconds. The caebwilt up by adding no more
than 2 mr bulk increments of composite resin and curingdfdiseconds each using
a DEMI LED light curing system (Kerr Corp., Oran@#) and prepared to the form
needed, so that the tooth length from root apemdisal edge was 21.5 + 0.5 mm and
the form would be ready to receive a metal copifter 14 days stored under
distilled water replaced at least once a weekCaieRestore 2 (Kerr Corp., Orange,

CA) core build-ups were prepared to compensatéhBbcomposite resin core
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expansiont®® ®The lingual thickness of the core material ondbghe post had a
minimum of 1.5 mm with a lingual surface 45° to theg axis of the tooth.

All teeth were prepared for full coverage crowrtoestions by creating a 2-
mm ferrule. A 1-mm should& was made on the facial surface extending to the

proximal line angles with the lingual surface havan0.5-mm chamfer finish line.

IMPRESSION AND DIE FABRICATION

After all groups were fitted with their posts arates, dies were made of each
tooth using PVS impression material. Examix ND®atipn-light body (GC America
Inc., Alsip, IL) was injected directly on the toaihd Examix monophase injected in
an impression tray coated with a universal VPS sideg GC America, Inc., Alsip,
IL). The impression material was allowed to setf®minutes and then poured in
Type IV stone (Silky-Rock violet; Whip Mix Corp.duisville, KY). All dies were
trimmed and prepared after applying one coat ohdielener (Harvest Dental
Products, Brea, CA) on the entire preparation amddoats of die spacer (Harvest
Dental Products, Brea, CA) on the entire prepanddi® mm to 1 mm from the

margins.

WAX PATTERN FABRICATION

Each crown was waxed to a height of 22.5 mm usietj Fental Thowax
Sculpting Wax (YETI Dentalprodukte GmbH, Engen, @any). The crowns were
prepared with an occlusal convergence of 6 ° tdWith a flat area from 5 mm to 6
mm incisal to the lingual margin at 45 ° to theg@xis of the tooth. For fatigue
loading, a gauge 14 wax loop (made by twisting adothe shank of a long shank
bur) was incorporated on the facial aspect of t@ng wax pattern 3 mm to 4 mm

away from the crown facial margin.
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INVESTING AND CASTING
Wax patterns were sprued and then invested in Naso@Vhip Mix Corp.,
Louisville, KY) according to the manufacturer'singtions. All coping castings

were made using the same alloy used for group GPgmal cores.

COPING CEMENTATION

The copings for group FR were cemented with PanaliigKuraray America,
Inc., New York, NY) after tin plating the intaglaf all copings using MicroTin
(Danville Materials, San Ramon, CA) for 2 sec t&eé (according to the
manufacturer’s instructions) and silanating the posite resin cores using Clearfil
Ceramic Primer (Kuraray America, Inc. New York, N&gcording to the
manufacturer’s instructions after activating theace with K-Etchant gel (Kuraray
America, Inc. New York, NY) for 5 seconds. The athweo groups (CP and MR)
were cemented using zinc phosphate (Mizzy Inc.n@Hill, NJ) without tin plating
the copings. All cementation procedures were kaegeua constant 1 kg load after

complete seating until complete cement setting wedu

SPECIMEN PREPARATION FOR TESTING
Each root was coated with a thin-layer of ExamB&Ninjection-light body
(GC America Inc., Alsip, IL) to simulate the PDf8 The teeth were attached to a
surveyor (Dentsply Ceramco, York, PA) to align kieg axis, and then invested in
autopolymerizing resin (Orthodontic Resin, Dentspgulk, Milford, DE) at a level
of 2 mm to 3 mm below the margin of the preparatmeimulate the biologic width.
All teeth were stored in 100-percent relative hutyi(RH) at 37°C for 24

hours before being tested.
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LOAD TO FAILURE

For each group, 10 specimens were loaded 6 mm abi@the crown margins
with a continuous compressive force at a 45-° a{ﬁﬁf&o the long axis of the tooth
and a crosshead speed of 2 mm/fthimtil failure using a MTS Sintech Renew
Universal Testing machine (Eden Prairie, MN) wittstWorks software. After

testing, all specimens were examined to recordittegion and nature of failure.

FATIGUE LOADING

For each group, the other 10 specimens were plated jig and screwed to
the stationary member of a testing machine. Theispns were then loaded at 135 ©
1891715 the long axis of the tooth by means of pulliram the reverse side through a
ring intermittently with a 120 N force at a frequgrof 2 cycles per secoffd® for
100,000"**"cycles, using an MTS Bionix 858 Test System maeliden Prairie,
MN). One hundred thousand cycles is equivalenétdays with a correlation
coefficient between thim vitro and then vivo depths of 0.94” *"®Although

reported incisive force values vary, this forc8@spercent of maximum average

biting force as reported by Garner and Kotwal.

MARGINAL GAP MEASUREMENT

Marginal gaps between the cast crown and the toaityin were measured
mid-facial and mid-lingual on all cyclic loaded teeAfter all crowns were cemented,
marginal gap measurements were recorded just befmt@fter cyclic loading for
those teeth that did not fail by cutting groovestomteeth mid-facially and lingually
for measurement repeatability (Figure 10). The mnatggap was measured in
microns using a Quadrachek Il (Mentronics, BedfdtH) connected to a Nikon

Measurescope UM-2 (Nikon, Melville, NY) with optiaaagnification of X10 (ocular
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lens) by X40 (objective lens) for the cyclic loadgdup before and after loading
from the same marking groove. Cyclic loaded teé&dmdt undergo loading to failure

after marginal gap measurements.

STATISTICAL METHOD

The fracture resistance (maximum load-to-failumedment of inertia at
cervical area, moment of inertia at fracture sitarginal gap pre-loading, and change
in marginal gap after loading were compared ambpghree post types using a one-
way analysis of variance (ANOVA). Pair-wise comparis among the three groups
were performed using Fisher's Protected Least fgigni Differences method to
control the overall significance level at 5 percéiite averages of the facial and

lingual marginal gaps were used in the analyses.

SAMPLE SIZE JUSTIFICATION

Based on the study by Tan et“dlthe within-group standard deviation of the
load-to-failure measurements was estimated to BeNLIVith a sample size of 10
specimens per group tested for loading to failtive study had 80-percent power to
detect a difference of 180 N between any two grpagsuming two-sided tests
performed at a 5-percent significance level folhetest. The study was able to detect
a 1.3 standard deviation difference between grémpthe change in marginal gap

size.

HYPOTHESES

There were two hypotheses for this study. The s that the FR group
would have less marginal gap opening on the lintha the other groups. The
second was that the CP group would have a higlaerdo failure than the other

groups.
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RESULTS
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LOADING TO FAILURE (Table I11)

Group MR had the highest (1432 N) mean followedjimup CP (1409 N)
and group FR (1214 N). Group FR had the highe€l (§2standard deviation
followed by group MR (415 N) and group CP (377 W)e standard error was highest
in group FR (164 um) followed by group MR (131 pangd group CP (119 um).

Group CP had the highest (2162 N) maximum loadatlosfe at the maximum
value followed by group MR (1976 N) and group FR7& N). Group CP had the
highest (899 N) minimum load-to-failure value falled by group MR (702 N) and
group FR (455 N).

The three post types did not have significantlyedént maximum load-to-

failure (p = 0.49).

MOMENT OF INERTIA AT CERVICAL AREA (Table IV)

Group MR demonstrated the highest (2015%mmean followed by group FR
(1903 mnf) and group CP (1803 nfin Group FR had the highest (699 fim
standard deviation followed by group MR (661 fand group CP (450 nifn
Group FR had the highest (221 Mratandard error followed by group MR (209
mm*) and group CP (142 nfn

Group MR had the highest (3407 frmaximum moment of inertia at the
cervical area followed by group FR (2868 frand group CP (2481 nfin Group
CP had the highest (1022 fjrminimum moment of inertia at the cervical area
followed by group MR (970 mfjnand group FR (840 mitn

The three post types did not have significantlyedédnt moments of inertia at

cervical area (p = 0.75).
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MOMENT OF INERTIA AT FRACTURE SITE (Table IV)

Group MR demonstrated the highest (431%nmean followed by group FR
(271 mnf) and group CP (209 niin Group MR had the highest (298 f)rstandard
deviation followed by group FR (209 rfijrand group CP (192 nfin Group MR had
the highest (94 mfy standard error followed by group FR (66 fiiand group CP
(61 mnf).

Group MR had the highest (953 fjrmaximum moment of inertia at the
fracture site followed by group FR (630 fjrand group CP (549 niftn Group MR
had the highest (73 nfinminimum moment of inertia at the cervical arefofwed by
group CP (23 mf) and group FR (15 mtn

The three post types did not have significantlyedént moments of inertia at

fracture site (p = 0.12).

FAITGUE LOADING FAILURES

Several fractures occurred in the groups testeel [$ame occurred before
testing (two split roots in Group CP) and 6 catgstic root fractures occurred (three
in group CP and MR each).

FATIGUE LOADING — FACIAL MARGINAL
GAP BEFORE TESTING (Table V)

Group MR had the largest (30.4 um) facial margged mean followed by
group FR (26.5 um) and group CP (13.7 pm). Grouphd®& the highest (25.5 pm)
facial marginal gap standard deviation followedgbyup FR (21.3 pm) and group CP
(12 pm). The standard error was highest in group(MR pum) followed by group FR

(6.7 um) and group CP (4.9 pm).
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The largest maximum marginal gap seen was in GF&82 pm) followed
by group MR (77 um) and group CP (37 um). The lsirggnimum marginal gap
seen was in group FR (9 um) followed by group CR1(§ and group MR (4 pm).

Groups CP had a significantly smaller pre-loadiraygimal gap than groups
FR (p = 0.0265) and MR (p = 0.0273), while bothug® FR and MR did not have a
significantly different pre-loading marginal gap<.86).

FATIGUE LOADING — FACIAL MARGINAL
GAP AFTER TESTING (Table V)

Group MR had the largest (40.1 um) facial margged mean followed by
group CP (30 um) and group FR (23 um). Group MRthadighest (38.7 um) facial
marginal gap standard deviation followed by gro&p(E2.2 um) and group CP (10.1
pm). The standard error was highest in group MRG(ji4n) followed by group FR
(7.0 pm) and group CP (4.1 pm).

The largest maximum marginal gap seen was in GkR121 pum) followed
by group FR (83 um) and group CP (36 um). The Ergenimum marginal gap seen

was in group CP (10 um) followed by group FR (6 amd group MR (5 pum).

FATIGUE LOADING — FACIAL MARGINAL GAP CHANGE (TableV)

Group CP had the highest (16.3 um) facial margiag@l mean followed by
group MR (9.7 um) and group FR (-3.5 um). Group M the highest (16.2 um)
standard deviation followed by group CP (16.1 ung group FR (6.8 um). The
standard error was highest in group CP (6.6 pnigwad by group MR (6.1 pm) and
group FR (2.2 pm).

Group MR had the highest (44 um) maximum facialgmai gap change

followed by group CP (31 pum) and group FR (8 pnmpup MR had the highest (-18
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pm) minimum facial marginal gap change followedgogup CP (-5 pm) and group
FR (-1 pm).

The changes in facial marginal gap was insigniti¢angroup MR (p =
0.1636), group FR (p = 0.1399) and group CP (p05%b).

FATIGUE LOADING - LINGUAL
MARGINAL GAP BEFORE TESTING (Table VI)

Group FR had the largest lingual marginal gap n{éarv um) followed by
group MR (49.1 pm) and group CP (15 um). Group MR the highest (35.4 um)
facial marginal gap standard deviation followedgbgup FR (22.9 um) and group CP
(8.8 um). The standard error was highest in grolp (/8.4 um) followed by group
FR (7.2 pm) and group CP (3.6 pm).

The largest maximum marginal gap seen was in gktg119 pm) followed
by group FR (93 um) and group CP (28 um). The Ergenimum marginal gap seen
was in group FR (24 um) followed by group MR (15)uand group CP (6 pm).
FATIGUE LOADING - LINGUAL
MARGINAL GAP AFTER TESTING (Table VI)

Group MR had the largest (150.4 um) lingual margij@g@ mean followed by
group FR (64.2 um) and group CP (56.3 pm). Grouphd®&the highest (91.8 um)
lingual marginal gap standard deviation followedgogup CP (42.6 um) and group
FR (33.2 um). The standard error was highest ingMR (34.7 um) followed by
group CP (17.4 pm) and group FR (10.5 um).

The largest maximum marginal gap seen was in gktg352 pm) followed
by group FR (127 pm) and group CP (122 pm). Thgektrminimum marginal gap
seen was in group MR (91 um) followed by group BR|im) and group CP (15

pm).
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FATIGUE LOADING - LINGUAL
MARGINAL GAP CHANGE (Table VI)

Group MR had the highest (101.3 pm) lingual margyag mean followed by
group CP (41.3 um) and group FR (14.5 pm). Grouphd®&the highest (89.9 um)
standard deviation followed by group CP (35.6 png group FR (13.7 um). The
standard error was highest in group MR (34 umpfedid by group CP (14.5 um) and
group FR (4.3 um).

Group MR had the highest (290 um) maximum linguatgmal gap change
followed by group CP (101 um) and group FR (45 p@rpup MR had the highest
(33 um) minimum lingual marginal gap change follovsy group CP (9 um) and
group FR (1 pum).

The changes in lingual marginal gap were signifi¢anall groups MR (p =
0.0246), group CP (p = 0.0362) and group FR (p088&s).

FATIGUE LOADING - FACIAL
AND LINGUAL AVERAGE MARGINAL
GAP BEFORE TESTING (Table ViII)

Group MR had the largest (39.8 um) average margaplmean followed by
group FR (38.1 um) and group CP (14.3 um). Grouphd®&the highest (28.3 um)
average marginal gap standard deviation followedroyp FR (16.4 um) and group
CP (5.9 um). The standard error was highest inggMR (10.7 um) followed by
group FR (5.2 um) and group CP (2.4 um).

The largest maximum marginal gap seen was in gktie(98 pm) followed
by group FR (62.5 pm) and group CP (21.5 pm). @ngelst minimum marginal gap
seen was in group FR (21 pum) followed by group MR.% um) and group CP (6.5

pm).
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FATIGUE LOADING - FACIAL
AND LINGUAL AVERAGE MARGINAL
GAP AFTER TESTING (Table VII)

Group MR had the largest (95.3 pm) average margiaglmean followed by
group FR (43.6 um) and group CP (43.2 um). Grouphd®&the highest (45 pum)
average marginal gap standard deviation followedroyp CP (24.6 pm) and group
FR (19.6 um). The standard error was highest ingMR (17 um) followed by
group CP (10.1 pm) and group FR (6.2 pum).

The largest maximum marginal gap seen was in gkdR178.5 pum)
followed by group FR (80 um) and group CP (79 pifime largest minimum marginal
gap seen was in group MR (55 um) followed by grBRp(20.5 um) and group CP
(15.5 pm).

FATIGUE LOADING - FACIAL
AND LINGUAL AVERAGE MARGINAL
GAP CHANGE (Table VII)

Group MR had the highest (55.5 pm) average margiaplmean followed by
group CP (28.8 um) and group FR (-5.5 um). Grouphdg the highest (43.1 um)
standard deviation followed by group CP (24.4 ung group FR (8.5 um). The
standard error was highest in group MR (16.3 prdvieed by group CP 9.9 um) and
group FR (2.7 um).

Group MR had the highest (145.5 um) maximum averageyinal gap
change followed by group CP (65 pm) and group ERYm). Group MR had the
highest (23 pm) minimum facial marginal gap chafuliewed by group FR (-5 pm)
and group CP (2 pum).

Group FR had significantly less change in marggagd than group MR (p =

0.0013). Groups CP and MR did not have signifigadifferent change in marginal



36

gap (p = 0.09). Groups CP and FR did not have faginitly different change in

marginal gap (p = 0.11).
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TABLES AND FIGURES



Group Type of Post

CF Cast post an

core

FR Glass fiber

MR Prefabricated

metal
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TABLE |

Post systems tested

Manufacturer
Elektre
Williams Ivoclar Vivadent

Ambherst, NY

PeerlessPost

SybronEndo, Orange, CA

Parapost XH
Coltene Whaledent

Cuyahoga Falls, OH

Composition
Pd 25.0 9

Ag 58.3 %
Cul4.7%
In 2.0 %

Ru <1.0 %
Re <1.0 %

Li <1.0 %

Unidirectional and
stretched quartz
fiber

Epoxy resin

Ti alloy
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TABLE I

Type of post systems, number of specimens, anddi/festing

Fatigue loading

Loading to failure

Fatigue loadin

Loading to failure

Fatigue loading

Group Post system No. of specimens Type of testing
CP Cast post and core  10*
10
FR Glass fibe 10
10
MR Prefabricated metal 10**
10

* 5 samples were only tested

** 7 samples were only tested

Loading to failur



Failure Load

Failure Loau

Failure Load
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TABLE I

Maximum load-to-failure (Newtons)

Group N Mean SD SE

CP 10 1409 377 119

FR 10 121¢ 52C 164
MR 10 1432 415 131

in Max

899 2162

458 187¢

702 1976



Group

At Cervical Area CP

At Fracture Site

FR

MR

CP

FR

MR
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TABLE IV

Moment of inertia (mr)

N Mean SD SE

10 1803 450 142
10 1903 699 221
10 201t 661 20¢

10 209 192 61
10 271 209 66
10 431 298 94

Min Max

1022 2481
840 2868
97C 3407
23 549
15 630

73 953
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TABLE V

Facial marginal gap (um)*

Group N Mean SD SE Min  Max p-value
Pre CP 6 13.7 120 4.9 5 37
FR 10 265 213 6.7 9 82
MR 7 304 255 97 4 77
Post CP 6 30.0 101 4.1 10 36
FR 10 23.C 222 7C 6 83
MR 7 401 387 14€ 5 121
Chang CF 6 16.2 161 6.6 5 31 0.055¢
FR 10 -35 6.8 2.2 18 8 0.1399
MR 7 9.7 16.2 6.1 -1 44 0.1636

* Statistical results are obtained from AppendiK Bnd Ill.



43

TABLE VI

Lingual marginal gap (um)*

Group N Mean SD SE Min  Max p-value
Pre CP 6 150 88 3.6 6 28
FR 10 497 229 7.2 24 93
MR 7 491 354 134 15 119
Post CP 6 56.3 426 17.4 15 122
FR 10 64z 33z 10E 25 127
MR 7 150.« 91.& 347 91 352
Chang CF 6 417 35€ 14F 9 101 0.036:
FR 10 145 137 43 1 45 0.0086
MR 7 101.3 899 340 33 290 0.0246

* Statistical results are obtained from AppendiK Bnd Il1.
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TABLE VII

Average marginal gap- facial and lingual (pm)*

Group N Mean SD SE Min Max p-value
Pre CP 6 14.3 5.9 2.4 6.5 215
FR 10 38.1 16.4 5.2 21 62.5
MR 7 39.8 28.3 10.7 125 98
Post CcpP 6 43.2 24.6 10.1 155 79
FR 1C 43.¢ 19.¢ 6.2 20.t 8C
MR 7 95.c 45.C 17.C 55 178.5
Chang CF 6 28.¢ 24.4 9.€ 2 65 0.033¢
FR 10 55 8.5 2.7 -5 225 0.0711
MR 7 55.5 43.1 16.3 23 145.5 0.0144

* Statistical results are obtained from AppendiK Bnd Ill.
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FIGURE 1. Load-to-failure group CP. 1) Coping; 2s€post and core — Elektra;
3) CPVC tube; 4) Orthoresin; 5) PVS lining; 6) Rexsi
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135° reverse pulling
100,000 cycle$
2 Hz
40 N- 120N

FIGURE 2. Fatigue-loading CP group.
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FIGURE 3. Load-to-failure FR group. 1) Coping; r€restore 2; 3) Glass fiber -
PeerlessPost 4) CPVC tube; 5) Orthoresin; 6) Phi8di 7) Resilon.
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135° reverse pulling
100,000 cycle$

2 Hz

40 N-120 N

FIGURE 4. Fatigue-loading FR group.
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FIGURE 5. Load-to-failure MR group. 1) Coping; 201€restore 2; 3) Titanium —
Parapost XH post; 4) CPVC tube; 5) Orthoresin; 8pHining;
7) Resilon.
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135° reverse pulling
100,000 cycle$

2 Hz

40 N-120 N

FIGURE 6. Fatigue-loading MR group.



51

Cross head spet
of 2 mm/min

Direction of
force

FIGURE 7. Load-to-failure sample. 1) PVS liningsimulate PDL; 2) CPVC tube; 3)
Orthoresin.
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120 N
40 N

.

4 mm

FIGURE 8. Fatigue-loading sample. 1) PVS liningitmulate PDL. 2) Orthoresin; 3)
CPVC tube; 4) Spiderwire.
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O

Marginal gap opening

FIGURE 9. Fatigue-loading sample after testingpwrindicates reverse pull at 135°
to long axis of tooth.
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FIGURE 10. Facial view of fatigue-loading samplgFacial margin; 2) Ring on
facial surface; 3) Under microscope, marking grocare be seen and
measured using a measurescope connected to a coipeosefore and
after cyclic loading.
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FIGURE 11. Template for teeth reduction and copwuag-up.
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FIGURE 12. Composite core build-up using template.
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FIGURE 13. MTS Bionix 858 Test System machine watd-to-failure setup.
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FIGURE 14. Tooth sample undergoing load-to-failiggting.
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I R

FIGURE 15. MTS Bionix 858 Test System machine Véitigue-loading setup.
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FIGURE 16. Software showing fatigue-loading foreesl displacement.
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FIGURE 17. Specimen #29 demonstrated a margina>88p um before remaking
of the coping.
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FIGURE 18. Load-to-failure sample from group CPwimg apical fracture. Black
arrow indicates fracture line and white arrow iradiés force direction.
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FIGURE 19. Load-to-failure sample from group FRwmg junction of middle and
apical thirds fracture. Black arrow indicates fraetline and white
arrow indicates force direction.
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FIGURE 20. Load-to-failure sample from group MR wfmay middle third fracture.
Black arrow indicates fracture line and white ariodicates force
direction.
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DISCUSSION
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One of the objectives of restorative dentistripisonserve and restore natural
teeth to function. The restoration of severely dgexbor decayed teeth that lack
adequate dentinal support at the coronal portidiffiult, even if they have been
successfully treated with root canal therapy.

Longevity and survival rate of teeth restored veithost, core and crown after
successful endodontic therapy varies significamtcording to a retrospective study
by Wegner:® teeth that were used in fixed partial denturestasignificantly
improved survival rate (92 percent) compared wetth used as abutments for
removable partial dentures (51 percent). Teethigirfactors for removable partial
dentures include the tooth type, core material,diatheter of the post; however,

tooth survival factors for a fixed partial dentardy included the core material type.

CAST POST AND CORES

All fractures observed in this group were catagiropThe most common
fracture site seen in group CP was the apical folidwed by the junction of the
middle and apical thirds with one failure at thegtion of the cervical and middle
thirds. The highest fracture loads recorded indhigip occurred in teeth that
demonstrated failure in the apical third. This filglis consistent with the three-
dimensional stress analysis by Loney €t @He was able to demonstrate the greatest
stress concentrations at the lingual apex of tis¢. po

Custom cast posts and cores have a more intimaitetfie canal than do
prefabricated tapered posts, which lead to a @iffetype of stress distribution. This

finding is similar to that found by Yaman et ¥’ who also demonstrated that cast
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post and cores yielded the best stress distributvbich was attributed to the superior
custom fit of a cast post and core.

Although group CP demonstrated the highest loai@itare values, three of
the fatigue-loaded group failed before or durirgjitey. This decreased fracture
resistance of roots restored with cast post angsooas shown clinically by Ferrari et
al*® when 9 percent of the cast post and core groupethooot fractures. Sorensen

et al®®

also showed that tapered cast post and cores dtratea higher failure rates
than teeth treated without intracoronal reinforcetmanother study by Sorenséh
shows that custom-tapered cast posts have a wedffea that results in
nonrestorable root fractures. Grieznis €falnd Mattisof* were able to
demonstrate that cast post and cores significaatlyce the fracture resistance of
teeth and an increased cast post diameter leadeettuction in fracture resistance.
Passivity of a cast post is very critical in rechgcinternal stresses. Del
Castillo et al®* was able to demonstrate that a post diameter eaeased when the
casting temperature of the metal ring was reducdd 12° F using a phosphate
bonded investment and without using a cellulosg limer. This finding was
significantly different than those in the otheraligroups he tested. The first one
used a ring liner at 1499° F; the second one hathgdiner at 1499° F and the third
one used aring liner at 1112° F. Post expansicareed in all three groups tested.
Group CP demonstrated the highest load-to-failataes (both maximum and
minimum) of all groups tested in this study. Dilneeret al*>> demonstrated similar
results in his study — although none of the podt@es were restored with copings —

when he compared a cast post and core group Midngum post/composite resin

core group, zirconium dioxide post/composite-resire group and zirconium dioxide



68

post/ceramic core group. This can be attributatiecsuperior fit of custom-made

cast posts and cores.

GLASS FIBER POSTS

All fractures observed in this group were catastropGlass fiber posts
demonstrated no fractures in the cyclic loadingigravhich can be attributed to the
glass fiber posts’ similar elastic modulus to dehfrhe clinical longevity of teeth
restored with fiber posts up to three years wasvahuy Fredriksson et dlAnother
study by Jung et &F° demonstrated similar results over a period oéasi 5 years
and showed no difference between the reliabilitgadt post and cores to direct post
and composite resin core technique.

On the other hand, Segerstr§fiemonstrated the lack of reliability of fiber
posts in function after a mean time of 6.7 yearshis study, lower load-to-failure
results were obtained for group FR (both maximumh mmimum).

Forberger et df® demonstrated similar load-to-failure results tig gtudy. He
was able to demonstrate slightly lower load-totfi@lmeans in the glass fiber group
tested as opposed to the other zirconia and gats psed in the same study. He was
also able to demonstrate a higher standard dewnifdiothe glass fiber group than the
other groups tested.

In group FR, most teeth fractured at the junctibthe middle and apical
thirds, followed by the middle third, and two fallat the apical third. Teeth
demonstrating the highest load-to-failure fractuméthe junction of the middle and

apical thirds in this group.
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TITANIUM POSTS

All fractures observed in this group were also statghic. According to a
study made by Toparjlﬁ9 titanium posts combined with Ni-Cr crowns demoaistd
the lowest radial and axial stresses. The maxinmuessvalues occur on the metal-
cement interface.

In group MR, most teeth fractured in the middledhtwo fractured at the
apical third, and only one fractured at the junctid the middle and apical thirds.
Teeth showing the highest load-to-failure fracturethe middle third of the root.
Seventy percent of the fractures in the load-thsfaiMR group passed through the
post and involved the middle third of the root (Graoronal to the apical end).

Cohert® had similar findings in his study. He showed tRataPosts
cemented using zinc phosphate had asymmetric akearstresses concentrated

apically when vertical or oblique forces were apgli

FERRULE

All failures in this study were catastrophic in bad-to-failure and cyclic
loading groups, and these were attributed to tBarn ferrule used in all groups.
Similar results were obtained by Ng ef4Root fractures were the predominant
mode of failure for the 2.0-mm ferrule preparatiombereas in nonferruled
preparations, debonding failures were predominant.

Akkayart® concluded from his study that the 2.0-mm ferrefegth specimens
tested, regardless of the type of dowel used, sti@igmificantly higher loads to

failure than specimens with either 1.0 mm or 1.5 farrules.
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BUCCOLINGUAL DIMENSION

The reduction in the moment of inertia calculatetha cervical margins of
the teeth tested in this study correlated condigtéma reduced load-to-failure.
However, an increase in that inertia did not alwayate to an increase in load-to-
failure.

This finding is supported by Freeman et’alwho used two post groups also
used in this study, which are the MR and CP grotigsconcluded from his study
that teeth with similar buccolingual dimensiondha# coronal surface had no

significant correlation with the number of fatigexcles to preliminary failure.

CYCLIC LOADING
Groups CP and MR showed three failed teeth dugsetirty; however, group

FR demonstrated no failures. These findings arsistemt with the results obtained

by Freeman et at/! who experienced in his study two failures in twoups each

identical to groups CP and MR used here; howeferitiird group (#2-Flexi-Post;

Essential Dental Systems, Hackensack, NJ) didxperéence any failures.

I

Isidor et al:“ also concluded that there was a significantly lofaéure rate of

fiber type posts than of prefabricated parallekdithpered posts or individually cast

posts:®

MARGINAL GAP

In this study, all marginal gaps have demonstratethges on both the facial
and lingual surfaces. This is consistent with thdifigs by Freeman et df’
although his method involved dye penetration. Freemoticed that leakage
consistently occurred at the cement tooth interfeieefound no significant difference

in the extent of leakage between the three postisisstested. The most common
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types of leakage seen were either at the restafaéiment or tooth/cement interface
not extending beyond the edge of the post spadewn the post space, but short of
the apical extent of the post.

The change in marginal gap was not significanthenfacial surface of all
groups tested. This can be attributed to the &xistation/tipping of the crowns on
the facial margin. There was a significant changé¢he lingual surface of all groups
tested, and this could be because the lingualsifthe farthest from the axis of
rotation (on the facial margin) of the copings.

Group FR demonstrated the least amount of chariggr® on the lingual
surface compared with groups CP (101 um) and MR (ir& to 290 um). That could
most likely be attributed to the cement used aedébhnique rather than the type of
post used (glass fiber, titanium alloy or silvefigdium alloy) since both titanium
alloy and silver-palladium alloy posts have a highedulus of elasticity. According
to Barkmeier*?tin platting, high nobel alloys before bondingmwRRanavia 21
cement yielded equivalent bond strengths to baseal rakoys.

A study by Osman et at° demonstrated the polymerization shrinkage of
luting agents used for crown and bridge cementafibe least affected cement at its
final polymerization was zinc phosphate followedRanavia 21, Variolink, All Bond
C&B, and Superbond. Osman was able to obtain ciemsiand reproducible results
throughout his study and concluded that large tiaria were present in the final
shrinkage values among the materials tested.

According to Schmage et &P.post retention was tested with various cement
types such as zinc phosphate, Panavia 21 EX, Tekrdad other resin composite
cements. He concluded from his study that zinc phate cement exhibited similar

tensile bond strength to resin composite cemeihssd findings are also supported
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by Bergeron et af* who found that there was no statistical differeimceetention of
posts cemented with either zinc phosphate or Pargdviregardless of the endodontic
sealer used.

One of the specimens in group MR demonstratedgeidahan usual marginal
gap opening of 290 um on the lingual surface a&fyelic loading. This was attributed
to the composite resin core separating from théhtetvucture — less than 50 um —
that was noticed after the first coping was removdt reason why the first coping
was replaced was because of a 200-um marginalgaprg after cementation. The
first coping did not seat all the way during cena¢ion, which was blamed on the
mixing and working time used. This finding can loerelated to the conclusion
obtained by Fakiha et &° She was able to demonstrate the decreased sirtiimg-
although working time increased — with zinc phosphaing the frozen glass slab
technique with rapid mixing. She concluded from $teidy that rapid setting can
result in incomplete seating of the coping.

Another study demonstrated the sensitivity of ngxamnc phosphate cement
on its compressive strength. Li et'&l showed the alternate pro and con bidirectional
rotation method (106.11+/- 4.82 MPa) to be supdadhe pulling and pushing with
folding method (77.57 +/- 6.26 MPa) or the unidireaal rotation method (54.41 +/-

5.08 MPa) in compressive strength values.

FUTURE STUDIES

Longer periods of fatigue loading should be testednore reliability.
Thermocycling teeth would give a better simulatiora natural environment because
the oral cavity is constantly subject to hot anldl ¢cemperatures. Panavia 21 with tin

plating of precious/semi precious alloys shouldnwvestigated with the cast post and
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core technique, because it demonstrated reducegimabgap opening at the tooth-

coping interface of the teeth tested in group FR.



74

SUMMARY AND CONCLUSIONS
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There was no significant difference among groupskRPand MR in the load-
to-failure test. Group CP demonstrated the higluest-to-failure values; however,
the highest load-to-failure mean was group MR.fAlttures observed in this study
were catastrophic. Group FR demonstrated bettesssttistribution and caused no
early fractures in the fatigue-loading group.

All groups demonstrated significant marginal gaprajes on the lingual
surface after fatigue loading; however, group FRidiestrated <45-um marginal gap
opening. In group FR, the reduced marginal gap iogenas attributed to the use of
Panavia 21 with the proper surface treatments nal bo the tooth structure, resin

composite, and the metal coping.
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APPENDIX |

Group CP individual fatigue loading marginal gapad@icrons)

Tooth # Facial gap Facial gap Lingual gap Lingual gap Cycles
before test  aftertest before test aftertest completed
01 N/A N/A N/A N/A O***
02 5 36 18 72 100,000
03 5 N/A 6 N/A 0**
07 7 36 21 122 100,000
08 N/A N/A N/A N/A Or**
12 13 1C 1C 21 100,00(
14 14 36 28 82 100,000
30 6 30 7 26 65,400*
32 37 32 6 15 100,000
38 14 N/A 4 N/A 0**

* Fractured during testing
** Failed to test due to root curvature

*** Root split before crown cementation



93

APPENDIX II

Group FR individual fatigue loading marginal gapad@microns)

Tooth # Facial gap Facial gap Lingual gap Lingual gap Cycles

before test  after test before test aftertest completed

15 35 17 53 61 100,000
17 15 15 35 56 100,00(
19 11 6 37 45 100,00(
20 18 16 24 25 100,000
22 20 15 33 34 100,000
23 82 83 43 45 100,000
24 24 18 63 78 100,00(
25 33 33 82 127 100,00(
26 9 17 34 57 100,000

27 18 10 93 114 100,000
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APPENDIX IlI

Group MR individual fatigue loading marginal gagalémicrons)

Tooth # Facial gap Facial gap Lingual gap Lingual gap Cycles

before test  after test before test aftertest completed

29 4 5 62 352 100,000
31 11 11 38 9¢ 100,00(
33 41 40 44 98 100,00(
34 4 8 51 66 16,500*
35 42 48 51 91 100,000
36 77 121 119 152 100,000
37 28 30 15 12(C 100,00(
39 7C N/A 53 N/A 45,120°
41 10 26 15 141 100,000
42 71 N/A 10 N/A o*

* Fractured during testing
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APPENDIX IV

Individual load-to-failure strength data of the psgstems (Newtons)

Tooth # Group CP Tooth # Group FR Tooth # Group MR

43 A 1623 54 A 455 68 M 1958
44 A 1862 55 JMA 1090 69 A 702
45 JMA 112¢ 57 JIMA 681 71M 1211
46 JIMA 124C 58 JMA 172C 72 A 156¢
47 A 1186 S5OM 1633 74 M 975
48 A 1460 61 M 1160 S M 1769
49 JMC 1283 62 M 801 77TM 1377
S1A 216z 63 JMA 187¢ 78 IMA 123¢
52 JMA 1251 64 JMA 184: 79 M 197¢
53 JMA 899 67 A 877 81 M 1553

Fracture site:

C: Cervical third

JMC: Junction of middle and cervical thirds
M: Middle third

JMA: Junction of middle and apical thirds

A: Apical third
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APPENDIX V

Group CP moment of inertia at cervical area (g &acture site (1)

Tooth # | I
43 1642 73
44 1673 81
45 237% 52C
46 139¢ 17z
47 1783 147
48 1539 30
49 1022 549
51 215( 23
52 2481 17¢

53 1975 312
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APPENDIX VI

Group FR moment of inertia at cervical area (hd &acture site (1)

Tooth # I r
54 840 15
55 1595 27
57 286¢ 31C
58 2591 12¢
59 1828 447
61 1917 520
62 996 178
63 241¢ 30z
64 256¢ 63(

67 1418 148
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APPENDIX VII

Group MR moment of inertia at cervical area ( hjldracture site (I')

Tooth # I r
68 1923 544
69 1963 179
71 1287 41C
72 198¢ 73
74 970 117
75 3407 953
77 2560 582
78 221¢ 20¢
79 193- 821

81 1898 425
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EVALUATION OF FRACTURE RESISTANCE OF THREE POST ANDORE
SYSTEMS IN ENDODONTICALLY TREATED TEETH UNDER
LOADING TO FAILURE; AND MARGINAL GAP
MEASUREMENT BEFORE AND AFTER

CYCLIC LOADING

by

Amir N. Saad

Indiana University School of Dentistry
Indianapolis, IN

The purpose of this study was to evaluate thedraatsistance of three post
and core systems in endodontically treated teetbdxjing to failure, and to measure
marginal gaps before and after cyclic loading.

Sixty extracted canines were assigned to threepgtothe groups tested were:

1) Single cast post and core (Group CP).

2) Prefabricated metal post and composite resin ¢areup MR).

3) Glass fiber post and composite resin core (Group FR
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All teeth were obturated and prepared to receipesh and core with a coping.
Thirty teeth (10 from each group) were loaded tlufe, and the other 30 teeth were
fatigue-loaded. The marginal gaps on the faciallangial surface of the fatigue-
loaded group were measured before and after dypelding.

There were two hypotheses for this study. The Wes that the FR group
would have less marginal gap opening on the lingudhce than the other groups.
The second was that the CP group would have a higad at failure than the other
groups.

Group CP was found to have a significantly smadterloading marginal gap
than group FR (p = 0.0265) and group MR (p = 0.02%8ile groups FR and MR did
not have a significantly different pre-loading masj gaps (p = 0.86). Group FR had
significantly less change in marginal gap than grdR (p = 0.0013). Groups CP and
MR did not have significantly different changesnarginal gap (p = 0.09). Groups
CP and FR did not have significantly different ofpas in marginal gap (p = 0.11).
The three post types did not have significantlyedént maximum loads to failure (p
= 0.49), moments of inertia at cervical area (p?5)) or moments of inertia at
fracture site (p=0.12).

There was no significant difference between grd@psFR, and MR in the
load-to-failure test. Group CP demonstrated thédsgload-to-failure values;
however, the highest load-to-failure mean was foug MR. All fractures observed
in this study were catastrophic. Group FR demotedrbetter stress distribution and
caused no early fractures in the fatigue-loadiraygr

All groups demonstrated significant marginal gaprades on the lingual
surface after fatigue loading; however, group FRidestrated <45 um marginal gap

opening. In group FR, the reduced marginal gap iogenas attributed to the use of



102

Panavia 21 with the proper surface treatments ol bo the tooth structure, the resin

composite, and the metal coping.
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