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INTRODUCTION



INTRODUCTION

The significance of the provisional (treatment) toegtion among the
procedures required for successful completion dixed partial denture is often
overlooked. Perhaps the inaccurate assignment eftehm “temporary” to the
interim restoration has generated the misconcephat) eventual placement of the
permanent restoration will immediately and miracsly remedy the detrimental
effects of a poorly conceived and fabricated ttamsal restoration. The treatment
with provisional restorations is an integral pafrtr@storative treatment procedures
with fixed prosthetic restorations i.e. crowns dnidges.

Provisional has to fulfill important functions withthe timeframe between
preparation of a tooth and until fitting respediyvieiting of the final fixed metal or
ceramic restoration. A well-made provisional fixeartial denture should provide a
preview of the future prosthesis and enhance thathheof the abutments and
periodontium. The provisional restoration is oftenended for diagnostic and
therapeutic purposes, being a test structure whéréhe necessary functional,
occlusal, and esthetic adjustments can be cartietbaptimize incorporation of the
definitive prosthesis. This is subsequently madethmn basis of the information
recorded from the provisional restoration, whoselusal surface is made of resin
and can be shaped and carved in accordance witlpatient's stomatognathic
dynamics.

Several studies revealed that provisional’'s witkeeded period in the oral
cavity, which could be several months, is requitedmeet the above needs.
Provisional restorations play an important roleastoring interim esthetics, provide

pulpal protection by covering the prepared tootlucitire, preserve occlusal and



arch relationships, prevent migration of abutmeltyw evaluation of vertical

dimension, aid in developing and also evaluatingusal scheme, provide comfort,
function and maintain periodontal health while, fimal restoration is being made.
They also help to gain patient’'s confidence andehfaworable influence on the
ultimate success of the final restoration.

A satisfactory temporary restoration can be madenfauto polymerizing
acrylic resin. However, the placement of unpolymedli acrylic resins on dentin and
the gingivae may lead to thermal irritation frome tbexothermic polymerization
reaction to the resin or chemical irritation fromed or residual monomer. To
combine reduced tissue toxicity and thermal indtatof the conventional resin
systems with the ease of processing acrylic resiesy interim restorative materials
that contains no methyl methacrylate has beendotred like

Visble light cure resin, bis-acrylic composite resi&visible and chemical
cure (Dual cure) resins. The requirements for fsatisry provisional restorations
differ only slightly from definitive crowns and fed partial dentures (FPDs).
Nevertheless, the fabrication time should be shad the time of use be limited
from a few weeks to 6 months.

Research on temporary restorations is almost npeeformed in vivo.
Controlled prospective clinical trials on temporargwns and FPDs do not exist in
the dental literature. Provisional fixed partiahtlges (FPDs) are an important part
of many prosthodontic treatment procedures. Theseigional fixed prostheses
must fulfill biologic, mechanical, and esthetic vggments to be considered
successful. Resistance to functional loads and vamtorces are “mechanical
factors” that must be considered when, choosingoaigional restorative material

for clinical use. Consideration of all these fast@and requirements are important



because provisional resin restorations may be wwen a long period to assess the
results of periodontal and endodontic therapied,aso during the restorative phase
of implant restorative and reconstructive procedure

Investigators have studied factors that contribtwe the mechanical
requirements of provisional restorative materialor instance, mechanical
properties of provisional resins have been assessetlin these in -vitro studies,
valuable information has been presented regardiegtrength of various materials.
Because provisional restorative materials are stdygeto masticatory forces, an
understanding of the mechanical properties of thesgerials is important in
determining whether, the restoration will be abdesurvive repeated functional

forces.
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AIMS & OBJECTIVES

The objectives of this study were

To find out the Flexural strength, compressivergjtie, microhardness,colour

stability and polymerization shrinkage of threeypsemnal materials namely,

1.REVOTEC LC

2.PROTEMP 4

3.TEMSPAN

This study was done with following aims and objecties.

o

To evaluate the flexural strength values of threfer@nt provisional
composite restorative materials.

To evaluate the compressive strength of threeréifiteprovisional composite
restorative materials .

To evaluate the color stability of three differgmtovisional composite
restorative materials at different immersion pesiaal a standardized coffee
solution.

To evaluate the change in micro hardness of thifereht provisional
composite restorative materials at different imnogrgeriods

To evaluate the polymerization shrinkage of threfem@nt provisional

composite restorative materials at different timenvals.
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REVIEW OF LITERATURE

David R Fredrick?’ (1975), discussed the rationale and requirements of the
provisional restoration in fixed prosthetic demtistThe importance of this phase of
restorative dentistry and a survey of techniquesrfaking interim restorations were
gleaned from a review of the literature. A methodthe fabrication of a provisional
fixed partial denture using an acrylic resin bloisk described. The technique
provides a means of fabricating the interim regtonawithout the use of diagnostic
casts and laboratory processing casts.

M.D. Gross'™ (1977) carried on colorimetric measurements on four
composite resins before and after controlled immergreatments. Solutions used
for immersion were distilled water as a controlluson of distilled water and tea,
and solution of distilled water and coffee. Spemis were immersed in three
separate solutions at 55°C for 12 days. Of allnfagerials coffee produced greater
color changes than the other two solutions.

Cathy Ameye"’ (1981) studied the possible color and marginal difference
between the clinical behavior of restorative resinbwo conventional and three
micro-filled resins were inserted in the patiend @valuated after 6 month, one and
a half years. The loss of color stability and nraay adaptation were directly
proportional to the clinical age, micro-filled resiwere found to be more color
stable.

Janet G. Bauef’ (1983), Evaluated surface roughness, porosity, and
striation formatios in composite restorations. Thiidy concluded that the
composite resin instrument moistened with alcolalegthe poorest surface finish.

The best surface finish was obtained with the camdoindex with mylar and

12



Raformer techniques.The remaining techniques gatksgmediate surface finishes.
The compound index with affixed sheath materiahiegue produced the poorest of
these surfaces.The finish produced by the compadnddx with affixed sheath
material, the composite resin instrument, and tbenposite resin instrument
moistened with alcohol may be undesirable.

Yukimasa Hachiya® (1984) studied the influence of various polising
systems on color stability of composite resins. oToifferent composite resins were
evaluated for this study.After polymerization, §hing and polishing were
performed at 15 minutes and 48 hours. Finishing wane with jet finishing
carbide burs, carborundum points no 20 and wiatetp The polishing agents were
silicon points brown and silicon point blue in deatrical engine. Silicon cup blue
produced least susceptible discoloration, when @vatpto other systems.

Anthony G.Gegauff and Pryor HG (1987)the purpose of this study was
to evaluate the fracture-resistance of six prowaio restoration materials
polymerized at atmospheric pressure and in a pregsat. It was found that the
fracture resistance of the epimine and two PMMAomposite > PR’MA resins.
Pressure curing, although reduced the internalgpyralid not significantly increase
the fracture toughness of the six resins.

Antony H.L. Tjan° (1987) The purpose of this study was to compare
guantitatively the marginal adaptation of temporargwns made from recently
introduced Bis-GMA composite with those made frompinene plastic, ethyl-
methacrylate and vinylethylmethacrylate. ProtemippTand provisional materials
produced temporary crowns of comparable accuracgw@s made from Scutan

material had open margins.
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Catherine J. Binkley™® (1987) This article describes a method of making
reinforced heat-processed acrylic resin providioestorations. A base framework
is waxed, cast and opaqued. The framework is ircatpd in the body resin during
processing and incisal resin is added to improtiee#iss.

Khan Z, R. RazavP® (1988) This study compared the mechanical
properties and surface characteristics of the Tvie@ fixed partial denture material
with those of a conventional methyl methacrylateedi partial denture material.
Triad VLC material was found to have similar medbahproperties but wear and
abrasion resistance superior to an acrylic resmptgary crown and fixed partial
denture material.

Stephen F. Rosensti&! (1988) In this study, the effects of various
cementing agents on the hardness of commerciadlijfadle provisional resins were
measured.ZOE had a statistically significant sofigreffect. Softening effect was
more pronounced on Snap and Trim which are Polydthatrylate resins. It was
less so on alike and Jet (PMMA) and on Protemp@A).

Wang RL% (1989)the purpose of this study was to compare four licry
resins and two composite resins for fabricatingvisional fixed restorations. The
comparative tests performed were: temperaturegehasurface hardness, transverse
repair strength, surface roughness and polishgbifiolor stability and stain
resistance. In comparing various provisional fixedtoration materials, no one
material was superior to the others although soatk ddvantageous properties in

one or more of the tests.
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Rees J.H, P.H. Jacobséh (1989), The purpose of this study was to adapt
the Dilatometer method for external-energy-curednposites for determining
volumetric polymerization shrinkage. Six materialgre investigated: Aurafill,
Silar, Concise, Heliomolar, P-30, and Occlusin. Meaments were taken over one
hour, and results ranged from 0.9 to.24 volume ger¢he method not only avoids
the use of mercury, but also requires no experars@ronic monitoring equipment.
The method was found to be simple and accuratewasdconcluded to be ideally
suited to measure polymerization shrinkage of estiéy activated materials.

Jack H. Koumijian, Arthur Nimmo “* (1990)Conducted a study to evaluate
the transverse strengths of provisional resins wwdeied conditions. Uniform
samples were made from seven resins and testeddiaely after the set of the
material, after 7 days of dry storage, and aftdays of wet storage. The fractured
samples from the 7-day wet storage group were meghavith the same provisional
material and the sample was made from and fractageath to determine transverse
strength for repaired samples. Five of the ret®ssed demonstrated statistically
similar strength in the 7-day wet group. Two wirend to be significantly weaker.
Absorption of water resulted in a slight, but imsfggant decrease in strength.
Transverse strengths varied widely in the repagredip, and all materials showed a
statistically significant reduction compared witle t7-day wet storage group.

Koumijian HJ, Firtell ND et all, *° (1991)studies the color stability of seven
provisional materials in vivo. Patients selectedthe study were totally edentulous
and complete denture wearers. The sample disks prepared and one of each
material was placed in the facial flange of eade «if maxillary denture and lingual
flange of mandibular denture. The observatiorhefdolor change was made at 1, 5

and 9 weeks. No change was detected at the issetaluations. At the 9 week
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evaluation, four materials showed significantlyslesaining than did the other three
resins tested. It was also concluded that all nedgeshowed some degree of stain at
the 9 week evaluation.

Jerald Blum, Saul Weinef® (1991) Studies of intracoronal resinous
restorations have demonstrated marginal changeftingsfrom thermal gradients,
but extracoronal provisional crowns differ in designd use. This study examined
the effects of thermo cycling on the margins ofypoiethyl methacrylate resin
crowns.Cold thermocycling resulted in only limitddterioration, but the changes
after hot thermocycling was more pronounced. Tqwtparation designs did not
influence the effect of thermocycling.

Donna L. Dixon, Karl G. Ekstrand, Larry C. Breeding® (1992) ten
specimens each of ( 1) Lucitone 199, short-and-lmured, (2) Accelar 20, and (3)
Traid materials were broken using a 3-point loadaoninstron Universal testing
machine after processing and air drying. Five ispeas of each resin also were
broken after storage in deionized distilled wateB& C for 30, 60 and 90 days.
Triad material demonstrated the lowest transvet@ngths of all three materials
overall. However, Triad material was unaffectedn@ter storage. The other resins
all showed decreased strengths with water storage.

Douglass B.Robertd' (1992)This article describes a procedure for making
indirect interim restorations from a cast and dresde of PVS impression marerial.
The use of these flexible casts and dies facibtaibe removal of the polymerized
resin from the cast and the rapid set of the paljvimaterials reduce the time

involved in making the indirect interim restoratson
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Timothy M.Campbell®® (1992) A die made from vinyl polysiloxane is a
great aid for making interim restorations and fatablishing correct gingival
contours for finer restorations. This article ddses the rationale and procedures for
such a procedure.

Y.l. Osman, C.P. Ower (1993)this study tested five auto polymerizing
provisional resin materials under conditions tledated the stresses acting on them
to those acting on a fixed partial denture. Thghast values for fracture resistance
were displayed by Snap poly (ethyl methacrylatejema. However the fracture
resistance of the other materials in decresingros@e as follows: the poly (methyl
methacrylate) materials, Caulk temporary bridgenresd G-C Unifast temporary
resin; the composite material, Protemp; and thenkf@ material, Scutan.

Chung-Ming Hung? (1993) This in vitro study suggested that significant
changes occurred at the margins of acrylic resiovipional crowns after
thermocycling and occlusal loading. These altenstimcluded widening of the
marginal gap with a loss of cementation at the crole interface and modifications
in axial dimension. However, this experimentabdel possesses certain limitations
in regard to simulatioof the oral environment. Thermocycling and occlusatling
of provisional acrylic resin crowns in an artificiaral environment resulted in
significantly enlarged marginal gaps and changesial contour.

Abdul-Hagq Suliman® (1994) Polymerizntion shrinkage of two posterior
composite resin restorative materialas measured by dilatometry. The results were
compared with a decrease gavity width of MOD preparations in extracted
premolar restored with the composite resins. A Igidilled hybrid composite
exhibited greater free shrinkage cuspal deformati@am a hybrid composite with a

lower filler content. Hydrated teeth exhibited lelkeformation than dehydrated teeth
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because of polymerization shrinkage. Greater cudpfdrmations were measured
with the technique than with interferometry becaakdifferences in experimental
design.

Didier Dietschi , Gaetano Campanile et alf* (1994)

They evaluated the color stability of 10 brands nebdern light-cured
composites including hybrids, microfine hybrids andtrofilled when subjected, to
various physiochemical and staining conditions saglthermo cycling, post curing,
polishing or immersion in saline, prior to stainimigh E110 food dye, vinegar and
erythrosine. According to CIE L*a*b* system caloeinc evaluation was
performed after one and three weeks. Among theraots, erythrosine caused the
maximum discolouration, polishing caused less daation, signifying the
resistance of modern composites to discoloratiaalbse of improved structure and
manipulation.

Doray GP, Wang X, Powers MJ, Burgess O.¥ (1997)

The color stability of two shades each of fiveyéicrresin and seven resin
composite provisional restorative materials was luwatad by reflection
spectrophotometry following in vitro acceleratedinggAging was done in an
artificial aging chamber with exposure to a totitaviolet irradiation of 60 kJ/m2.
Color was measured by CIE L*a*b* on a reflectioresjpophotometer before and
after aging. Color change was calculated and aadlgtatistically.It was concluded
from the measurements that four out of five typleaapylic resin materials and five
out of seven resin composite provisional materidlanged color significantly and

perceptibly when exposed to invitro acceleratedggbnditions.
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Robinson GF, Haywood BV, Myers M® (1997) They evaluated five
commercially available provisional restoration miatle and polycarbonate crowns
in vitro by placing them in five different bleaclgimgents that contained 10 percent
Carbamide peroxide. Specimens were analysed a#ercdnsecutive days of
simulated NGVB(night guard vital bleaching) treatth@nd made the following
conclusions, that all bleaching solution that cord 10% carbamide peroxide
discolored all methacrylate provisional restoratioaterials, regardless of the base
material of the bleaching agent. The bisacryl cosite resin and the Polycarbonate
crown were not discolored by any of the bleachiggrd used.

Anthony H. L. Tjan,® (1997) This in vitro study compared vertical
discrepancies of margins for complete crowns maitle six provisional materials
(Provipont, Protemp Garant, Unifast LC, Triad VL&plintline, and ~et). A direct
technique was used to fabricate 60 provisional detecrowns on prepared molars.
A measuring microscope was used to measure verieayinal discrepancies at
x100. This study indicated that provisional crowabricated with Splintline and
Protemp Garant interim restorative materials reedrdthe least marginal
discrepancies.

Robert Scotti, Mascellani CS, Forniti F’> (1997)did an in vitro study in
order to know the color stability of acrylic resiftg provisional restorations. Four
types of acrylic resins having different compositice. Vinyl Ethyl Poly methyl
methacrylate, Diacrylic, bisacryl methacrylate estand Methyl Poly methyl
methacrylate were chosen for the study. The stgisolutions used were synthetic
saliva, synthetic saliva and tea, synthetic salwa coffee, synthetic saliva and
0.125 Chlorhexidine solution.. Following immersionthe staining solution color

measurements were made at 20 days and 30 daysspédimens were analyzed
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using a spectrophotometer. It was found that petiayl methacrylates was color
stable in all staining solutions, while the othseh®wed color changes in different
staining solutions. It was also noted that cofwtability was found to be less in
artificial saliva and in combination of artificigaliva and tea than the other two
solutions.

Kazumoto Hoshiai, Tanaka Y, Hiranuma K> (1998) compared a new
auto curing temporary acrylic resin (Unifast Il) tvifour temporary restorative
materials in terms of color and dimensional accura€ive specimens measuring
50mm in diameter and 4mm thick were prepared faheaaterial using a mold.
Baseline color measurement was done for the spasimsing a CIELAB uniform
color scale. After this the specimens were pre=skin three conditions i.e. 23°C in
air, 37°C in water and 60°C in air. After two weadolor measurement was done
again. Five specimens of each material were fatait for comparing the
dimensional accuracy and transverse strength andule For measuring
dimensional accuracy a microscope was used anchdéasuring transverse strength
and modulus. Instron Universal Testing Machine wased. It was found that
Unifast 1l showed better color stability and dimemal stability and had no
significant transverse strength difference from tafothe other materials being
compared and had no significant transverse modiiffsrence from three of the
other materials being compared.

Hirobumi Uchida and Jayalaxmi** (1998) did a study to provide the
insight into the quantitive color changes that tgkace during the overall
discoloration for this study. 5 shades of compssitere subjected to ultraviolet
light exposure at 37°C for 24 hours after initiabrage. The lightness and

chromaticity values of color were measured bottoteefand after ultraviolet light
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exposure with a Minolta Chromameter. The totabcchange as well as changes in
the lightness and chromacity values were measuratieé CIE L*a*b* scale and
analyzed to monitor color degradation. It was daded that lighter shades of
composition were likely to be subjected to higheloc degradation through
environmental effects of ultraviolet light exposure

Michele F, Ireland®® (1998)this study recorded and compared the flexural
elastic moduli and moduli of rupture of four masési used to make provisional
restorations. Samples underwent a standard 3 peimt test on an Instron universal
testing machine at a crosshead speed of 0.5cmuteninStress strain curves were
generated, and the values for flexural elastic rhaalud moduli of rupture were
calculated. Provipoint DC resin exhibited the gigantly highest elastienodulus
and modulus of rupture values at the 24 hour test.t The Provipoint DC resin
exhibited the greatest decrease in flexural elasbdulus and modulus of rupture
values over time. Triad demonstrated the highextulus of rupture, except for the
modulus of rupture demonstrated by the Provipagsir at 24 hours. Triad also
exhibited no difference in modulus of rupture amtmge test times.

Scott R Okubd®? (1998)this study was evaluated to compare the abilitgt of
new computerized colorimeter and a simple visustltte match ceramic shade guide
teeth. Observers with normal color vision werew#d unlimited time to match one
set of vita lumin shade guide teeth to the corredpm shade guide teeth of a
second vita lumin shade guide. The same test wasngtered to 14 of the
observers several months later to determine suhbjagability. Computerized
colorimeter equipped with a positioning guide wasdito measure the middle third
of each shade guide tooth. Colotron Il instrunwamtectly matched 8 of the 16 tabs

(50% correct) where as visual matching by exami@eeraged 7.7 of 16 correct
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matches (48% correct) the authors concluded thadleslietermination by visual
means was inconsistent. Accuracy of a new coldenia matching porcelain shade
guide teeth was only slightly better.

Yannikakis AS, Zissis JA, Polyzois LG® (1998)studied the color stability
of provisional resin restorative materials. Thetenals used were a heat cured
polymethyl methacrylate material, two dual curedhefoically-light) composite
based resins, chemically cured, a bisacryl compobidsed resins, and two
chemically cured polymethyl methacrylate resin. oTstaining solutions in the form
of tea and coffee were used in the study. Headcpolymethyl methacrylate and
chemically cured polymethyl methacrylate displagteel best color stability over the
3 immersion periods and among both the solutiofsacryl composite resins
resulted in intermediate staining. It was alsonfibwhat coffee solution exhibited
more staining capacity that the tea solutions.

Paolo Baldissar® (1998) This in vitro study evaluated the marginal
microleakage of 4 provisional cements, a cavityebasmpound and a zinc-
phosphate luting cement in provisional acrylic mesrowns fixed on extracted
human teeth. A high dye penetration in the tooth&at interface was present in all
4 provisional cements. Microleakage existed in spens where zinc-phosphate and
cavity base compounds were used; however, it wasrlthan the other materials. A
significant difference #<.05) was found between zinc-phosphate and onenelige
free cement and between cavity base and the samen@tfree cement. All
materials tested demonstrated different degrees@bleakage. Zinc-phosphate and
cavity base compound cements had the best sealopgnpies. This latter, even if
conceived as a cavity base, may be considered & gowisional cement as far as

microleakage is concerned.
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Kawara. M, O. Komiyama, S. Kimoto®® (1998) There have been many
reports on fatal distortion of heat-activated &crglenture-base resin which is still
widelyused in the field of removable prosthodontidewever, these reports have
failed to report quantitatively on polymerizationdathermal shrinkage factors. In
the present study, attempts were made to vérdythe shrinkage of heat activated
acrylic denture-base resin was caused mainly bymale contraction after
processing.

Daniel Galindo® (1998)Extensive prosthodontic treatment often requires
fabrication of long term provisional restorationslumerous materials and
techniques have been described for prolonged insest interim restorations. This
article describes a procedure for fabrication afjleerm reinforced heat processed
provisional restorations based on a diagnostic ugax

P.K. Vallittu ® (1998) studied the load required to fracture a three-unit
provisional fixed partial denture restoration, whibad been reinforced with an
experimental glass fiber reinforcement. Provisiofteed partial dentures were
fabricated from a resin of poly ethyl methacrylptvder and n-butyl methacrylate
liquid. The fixed partial dentures in the contgybup were unreinforced. In the
other groups, the fixed partial dentures were cec€d either with one, two, or three
unidirectional glass fiber reinforcements and ofesg fiber weave reinforcement.
The load was applied to the fixed partial denturgs steel ball placed in the cavity
in the middle fossa of the pontic tooth. It wasurfd that the unidirectional
reinforcements were positioned on the side of tbelusal surface of the fixed
partial denture, namely, the side of compressiamduoading. The results suggest
that, even though the glass fiber reinforcementsewgositioned on the least

favorable side of the fixed partial.
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Shahram Emtiaz, Dennis P. Tarnow’ (1998) This article describes a
modification of the design of a cast metal reinéatcacrylic resin provisional
restoration for extensive, long term reconstructiath implants, because some of
the treatments rendered to patients require termmgoon for upto 2 years.

Kenneth G. Boberick® (1999) Efficient fabrication of a clinically
acceptable provisional restoration for a fixed ijphdenture is an important part of
treatment success. Fabrication of provisional ratitms that uses the indirect
technique produces accurate fitting provisionalaiedgions without the chemical and
thermal irritationassociated with direct fabrication. With a typodanbdel, an
indirect method is presented theges an elastic cast for fabrication of multiplé un
provisional restorations for fixed partial dentur@$ie cast is available within 6
minutes of impression making, can be trimmed witsharp scalpeland provides
flexibility that allows easy separation of the daryprovisional from the cast. The
castcan also be used to evaluate the clinical accdpyabi the preparations before
impression making. This method has also been ssitdlgsused for the fabrication
of acrylic provisional restorations for onlay pregtsons.

Ana M.Diaz-Arnold ’ (1999)evaluated the microhardness of 5 prosthodontic
provisional materials. Cylindrical samples weret wand dried through 600 grit
abrasive and stored in artificial saliva for 3792 & total of 14 days. Baseline
Knoop hardness (KHN) was measured 24 hours aftecimen fabrication. 3
microhardness measurements were obtained from sgmaziimen. Knoop hardness
was again recorded after 14 days of storage. dtfaand that the hardness of most
materials (Integrity, Protemp Garant and Jet) desd over time. All of the Bis-
acrylic composite materials exhibited superior wih@rdness over traditional methyl

methacrylate (Jet, Temporary Bridge) resins.
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Xavier Lepe® (1999) This study evaluated the retention of provisional
restorations made with 2 materials and cementedh wWittemporary cements.
material. Recently extracted molars were prepainéd avflat occlusal surface, 4-mm
axial length and 20-degree angle of convergenceciB®ns were distributed into
equivalent groups. Provisional crowns were congtdidor each preparation with
polymethyl methacrylate (Temporary Bridge Resin) lws-acrylic composite
(Protemp Garant) and later cemented with Temp-Bdmanp-Bond NE, Temrex,
and an experimental calcium hydroxide temporary esd@mA second group with
Temrex was evaluated using half the recommendedlid\ cementing force of 2.5
kg for 5 minutes was used. After initial bench s®#lowed by 24 hours in room
temperature water, the crowns were removed witHnatron mechanical testing
machine at 0.5 mm/min.

A 2-factor ANOVA was used with a=.05 (n = 10). Moadkdebonding was
analyzed with a nonparametric chi-square test @o@&ation.To concludehe
polymethyl methacrylate crowns were 19.3% morentete than the composite
crowns .There was nostatistically significant diiece among the 4 temporary
cements when the manufacturer's mixing instrustiorere followed (P=.186).
However, the thicker consistency Temrex was maentere than the recommended
Temrex mix and Temp-Bond.

Naomi Tanoué* (1999) His study examined properties of a prosthetic
veneering composite polymerized with 3 polymerizisgstems to evaluate the
effects of varying polymerization modes on hardnsstubility, and depth ofure.

A composite material designed for a prosthetic ee(€onquest Crown arigridge)
was polymerized wusing 3 methods: (1) exposure ire throprietary

photopolymerizing unit with halogen lamps (Cure-Lite Plus), followed by heating
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in an oven (Conquest Automatic Curing Unit); éposure in a photopolymerizing
unit with a xenon stroboscopic light source (Dealac XS); and (3)exposure in a
photopolymerizing unit with 2 metal halide lampsyfér LIl). Knoop hardness,
water solubility,and depth of cure were determined for groups opécisnens,
according to standardized testingethods. Data were compared using analysis of
variance and the Duncan new multiple range test.

Denture in terms of the physical properties of timaterials, these
reinforcements considerably increased the fragesistance of the provisional fixed
partial denture.

Pekka K. Vallittu °® (1999) conducted a study to describe and test a novel
system to use polymer-preimpregnated reinforcinges with commonly used
multiphase acrylic resins. Continuous unidirecioand woven preimpregnated
glass fibre reinforcements (stick and stick netyavesed to reinforce heat curing
denture base and auto polymerizing denture basgneo$ temporary fixed denture
base polymer was also reinforced with stick reicdonent material. 5 test
specimens were fabricated for unreinforced comrolips and for stick and stick net
reinforced groups. 3 point loading test was usech¢asure transverse strength and
flexural modulus of the materials and ultimate istrat fracture was calculated.
Cross sections of the specimens were examinedav8EM to evaluate degree of
impregnation of fibres with polymer matrix. Sticlket reinforcement increased the
strain at fracture, where as stick reinforcemerdrefgsed the stain values. Novel
glass fiber reinforcements may considerably enhaflegural properties of
multiphase dental polymers, which is due to propgpregnation of fibres with
polymer matrix. By using stick or stick net reidlement, the strain at fracture of

the material can be modified.
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Joseph B. Dennisoff (2000)conducted a study to investigate the effect of
sequentially increasing light intensity on the poérization shrinkage of 2
composites, a hybrid and a micro fill. Knoop hasl test was used to evaluate
effectivenss of the cure with each intensity inse2a4 groups of 12 samples were
measured for polymerization shrinkage by usingnartieter. The authors concluded
that curing composites for 10 seconds at 25% iitierts0 seconds at 50% and 20
seconds at 100% significantly reduced polymeriratishrinkage while not
compromising depth of cure.

David S. Ehrenberd® (2000) Resin materials used for provisional crowns
tend to develop enlarged margimgaEps over time. With the advent of new interim
resin materials in dentistry that are used for énglinical periods,controlled
comparative analysis of the structural stability tbese materials in the oral
environment igequired. This study analyzed marginal gap size changestimagul
from occlusal loading and thermal cycliramd related these results to material
properties.There were significant differences between differbrands of resin
materials used for provisional crowns. Each mustebaluated individually for
stability in the oral environment.

Ralph Gunner Luthardt "* (2000) compared the handling, fitting, plaque
adherence, gingivitis, color stability and subjeetiassessment of the provisional
materials by the patient and the dentist for twdoapolymerizing (Protemp,
Luxatemp), | dual-curing (Provipoint), and one lighitiated (triad-VLC)material
for the manufacturing of temporary crowns and fixedtial dentures. They found
that the advantageous mechanical properties oflighé-curing and dual curing

materials were clinically offset by disadvantagesandling.
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Doray GP, Li D, Powers MF* (2001) studied the color stability of
provisional restorative materials after acceleratgging. Eleven provisional
restorative materials, consisting of 4 acrylic meaind 7 resin composites were
evaluated in the study. Baseline color measuresniesiiore aging were made on a
reflection spectrophotometer. After making basetiolr measurements, specimens
were aged in an accelerated aging machine by exptsia filtered xenon are at an
irrandiance of 0.55 W/m 2 /nm at 340nm. Color pé@mens was measured after
each aging interval using the reflection spectropim@ter. The results showed that
seven of the eleven materials tested had perceptdibr changes after accelerated
aging of 60kj/m 2. Six of the materials with pgstble color change were resin
composites, and four of these resin composites e severe clinically
unacceptable color change. Only one of the méaterth perceptible color change
was an acrylic resin.

Jacob John MDS, Shivaputrappa A° (2001)the purpose of this invitro
study was to determine whether the flexural stiegtcommercially, available heat
polymerized acrylic denture base material couldnygroved through reinforcement
with 3 types of fibres, reinforced with glass, ardror nylon fibres. The results
were analyzed with |-way analysis of variance. A&k reinforced specimens
showed better flexural strength than the conveati@erylic resin.  Specimens
reinforced with glass showed the highest flexutedrgyth followed by aramid and
nylon.

Stober T, Gilde H, Len P° (2001) examined the color stability of seven
resin based facing composite with a high conteninofganic filling material.
Changes in color of test sample were determinext BV irradiation in a fast action

UV instrument, sun set CPST, and after storage mmoath rinse, tea, coffee, red
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wine and a 0.1% turmeric solution. Color testingswdone using a castor
colorimeter. It was found that red wine and tunmeyolution caused the most
severe cases of discoloration. Tea, coffee, man#e and UV irradiation caused
invisible, or visible and to some extent clinicaligacceptable.

Henry M. Young*' (2001) Provisional crowns traditionally have been
associated with problems such as poor occlusiamtpao, fit, and finish. Fabrication
procedures should be uncomplicated and predictaltten a realistic time frame.
The purpose of this study was to compare the qualfitprovisional restorations
fabricated by dental students from 2 different mate (bis-acryl composite resin
and PMMA) and identify the advantages and disadged associated with each
material. Bis-acryl composite resin (Integrity) wagnificantly superior to PMMA
(C&B Resin and Snap) as a provisional restoratiagenmal.

Debra R. Haseltorf® (2002) compared the flexural strength of 5
methacrylate-based resins and 8 Bis-acryl resiresd us fabricate provisional
crowns and fixed partial dentures. It was conaiuideat within the limitations of the
study, flexural strengths were material than catggpecific. Some, but not all, bi-
acryl resins demonstrated significantly superi@xdiral strength over traditional
methacrylate resins.

Wolfgang Buchalla’ (2002) studied and evaluated the color and
translucency changes in a hybrid and microfillechposite after light exposure with
and without water storage. Tristimulus values wadgtermined calorimetrically and
suggested that the resin based restorative matemalergo measurable changes due

to daylight exposure and the changes varied umgeinfluence of water storage.
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David R. Burns®* (2003) The topic of provisional fixed prosthodontic
treatment involves a multifaceted array of clinieaitivities, special knowledge,
material selection, and management.Contemporargtntient incorporates both
natural teeth and dental implants. This literatte@ew provides a comprehensive
summary of published reports on this topic. It eletgrizes clinical methods and
provides clinicians with an understanding of théura of materials used with this
clinical activity. Dentistry continues to struggleith the limitations of existing
materials available for fixed prosthodontic proemsl treatment. Clinical techniques
and indications are reasonably well characteribedl future research activities will
need to focus on technological advancements toiggownproved materials that
demonstrate improved biocompatibility, ease of aisé modification, and physical
properties.

Musanje L, B.W. Darvell®®

(2003)the purpose of this study was primarily
to establish whether artificial saliva at 37°C ssential as a clinically relevant
environment for testing filled, resin composite eratls. The effect of other storage
conditions was also investigated for comparisorsa@mtrols: desiccation, exposure
to laboratory atmosphere, high humidity cabinetiursded water vapor, and
deionized water. Leaching appears to go at a@reate in artificial saliva than in
deiodinized water, although the effects on meclsmcoperties are not yet clear.
On balance immediate immersion in artificial saligh 37°C is the preferred

treatment for these materials, whatever time dfrt@ss chosen, on the basis of risk

of effects.
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Schulze AK, Marshall JS, Ganksy AS, Marshall W&* (2003) conducted
a study to investigate the color stability and mi@rdness of five chemically and
five light curing composites as a function of aecated aging from light exposure.
It was found that each material showed a significacrease in hardness after aging
treatment. No significant difference was foundwsxn the hardness changes in
light cured and chemically cured materials. A #igant correlation between
hardness values and color changes could not bblisktd. It was concluded that
light curable materials may be more estheticallyeptable.

Senay Canny® (2003)compared the effect of current bleaching ager@igs(1
carbamide peroxide and 10% hydrogen peroxide) ercttior of light polymerized
hybrid, macrofilled and polyacid-modified composite Two-light-polymerized
bybrid composites, one microfilled and 2 polyacideified composites were used
and hybrid composited were the controls. The cabreight specimens were
analyzed by the use of spectrometer before andiaftaersion in bleaching agents
for eight hours each for fourteen days and wererdenhed for each material and
compared by the use of Kruskal-Wallis test, followey the Mann-Whitney U test
(P. <. 05). In comparison to 10% carbamide pemxit% hydrogen peroxide
caused more color changes in the composites tested.

Susanne S, Scherréf (2003)the purpose of their study was to compare the
flexural strength and the resistance to fatiguelitog of composites and an acrylic
resin for provisional and definitive restoration8. composites and 5 provisional
restorations were subjected to mechanical testsfainglie tests were conducted
with the rotating-bending cantilever design. Mamot flexural strength was
determined in 3 point bending tests. Correlatitve$ween monotonic flexural

strengthened resistance of fatigue loading werekweBecause fatigue tests are
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considered more pertinent than monotonic testshag predictive value, it is

concluded that flexure strength data alone maypnotide relevant information for

long-term clinical performance. The materials stsBice to fatigue loading should
also be determined.

Sham KSA, Chu SCF, Chai J, Chow WT’ (2004) measured the color
stability of five provisional prosthodontic matdsa Three different kinds of
materials namely polyethyl methacrylate resinsympeithyl methacrylate resin and
bisacryl methacrylate resin were tested for theilorc stability after dipping in
distilled water and coffee for twenty days and raébeposure to ultraviolet radiation
for twenty four hours. The color change was meawsing a colorimeter. The
results showed that bisacryl methacrylate resine w&ore color stable in distilled
water and on exposure to ultratiolet radition batevless color stable in coffee as
compared to Plyethyl methacrylate resins and petiigi methacrylates resins.

Tamer, A Hamza, Stemphen F.Rosensti® (2004) the aim of this study
was to determine the fracture toughness and fl&xatrangth of different types of
provisional restoration resins reinforced with ei#fnt commercially available fibres
like fiber reinforcement, construct, fibreestickblbbrond, normal THM, ribbond
triaxial or fibrenet. Unreinforced specimens seénas control. Specimens were
loaded into universal testing machine until fraetur Fibrestick and construct
reinforcements showed a significant increase in meacture toughness over
unreinforced controls for all resins tested. Samhyl the mean flexural strength
values were significantly increased by differentn@nations of fiber and resin (P <
0001). The authors concluded that addition ofrélde provisional resin increased

both fracture toughness and flexural strength.
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Vichi A, Ferrari M, Davidson LC ®* (2004) conducted a study to test the
influence of exposure to water on the color stgbitif three different resin based
composites. The samples were studied with a spguitometer equipped with an
integrating sphere. For color determinations, &5Qray card was used as
background and the datas were recorded .Aftemikialimeasurements, the samples
were stored for 30 days in a 60°C water bath aerd theasured again under the
same conditions. The results showed that all taterals showed a certain degree
of discoloration due to aging in water. The aushooncluded by saying that water
acts as a discoloring agent to varying degreealfthe materials used.

Sakaguchi R.L, B.D. Wiltbank, N.C. Shah 80 (2004)7heobjective of this
study is to compare four methods for measuring rpelyzation shrinkage strain of
composites and to develop a rational basis for @img data from different
methods and laboratories. Methods used were Diktiygnmodified bonded disk,
strain gage, and a new linear transducer methadhl3lge strain magnitudes at 60
and 300 s for the 4 methods were statisticallyed#it. The modified bonded disk
method measured the highest shrinkage values.

Cornelis J. Kleverlaan*, Albert J. Feilzer}(2005), The aim of this study
was to evaluate the shrinkage, contraction stressile modulus, and the flow
factor of 17 available dental resin composites. Thaumetric shrinkage
measurements were performed by mercury dilatomeiny, the contraction stress
and tensile modulus were determined by means asststrain analysis.The
shrinkage contraction stress for Filtek z100, Aehto, Flow it was too high for the
amount of resin in the resin composite. This wéasmalized by high polymerization

rates, a flow factor and the nature of resin.
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Debra R. Haseltori® (2005) The purpose of this in vitro study was to
measure the color change of 12 provisional prosthtidmaterials after immersion
in artificial saliva and artificial saliva—coffeelsitions for 1, 2, and 4 weeks. Results
indicated the presence of strong interaction batweaterial and storage solution
regardlesof the aspect of color considered (P,.0001 for DE*, Da*, and Db¥*).
Coffee solution relative to saliveolution had the most significant impact on color
change for Luxatemp, Protemp, and Temphase maeataweeks, but the greatest
overall color change for both coffee and salivaisohs was found for Provipont
(DE = 9.40 coffee; 8.51 saliva) and the least d’eador change for both solutions
was found for Zeta CC (DE= 0.31 coffee; 0.23 saliva

Ahmet Umut Guler® (2005) conducted a study to investigate the effect of
different polishing methods on color stability of 2nd 3-component
autopolymerized bis-acrylic composites and a metimgthacrylate based PR
material upon exposure to staining ageint. Speasnweere divided into 6 groups
and different polishing methods were used, inclgdiumice, diamond polishing
paste, polishing discs and combination of thesepdlished specimens served as
control. Colors of all the specimens were measwigd a colorimeter before and
after exposure, and color changes were calculataghors concluded that methyl
methacrylate-based PR material was found to be necoter stable than the
autopoylmerized and light polymerized compositestei® The use of diamond
polishing paste after polishing with pumice sigraftly decreased the staining of
methyl methacrylate and bis-acryl composites tegtedhighest color-change values
were obtained in the groups polished with polishiingrs, which wree found to be

significantly different compared to values obtainath other opolishing techniques.
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Guler UA, Yilmaz F, Kulumk T, Guler E, Kurt S ? (2005) studied the
effects of different drinks of stainability of rescomposite provisional composite
materials. The materials studied were light polgeeal resin composite materials,
bisacryl composite material, Micro hybrid resin qooeite and reinforced micro fill
composite. The solutions used were water, coffetfee with sugar, tea with sugar,
coffee with artificial creamer and sugar, cola, vade or sour cherry juice. Color
of all the specimens was measured before and effsure with a colorimeter. It
was found that for all the materials least changeuoed in water, cola and sour
cherry juice groups and highest color change oedum red wine groups. The
reinforced microfill composite material was fourw lte significantly more color
stable than autopolymerized bisacryl, light polyined composite material and
micro hybrid material. The largest color differenevas observed in the light
polymerized composite material.

Debra R. Haselton RD, Arnold DMA, Dawson VD° (2005)measured the
color change of twelve provisional prosthodonic enais after immersion in
artificial saliva and artificial saliva-coffee stions for 1, 2 and 4 weeks. The
twelve different materials consisted of five polyind methacrylate resins and
seven bisacryl composite resins. Ten specimensdoh material were fabricated
out of which five were stored in artificial saliaand five in a solution of artificial
saliva and coffee. Color measurements were made ws colorimeter before
immersion and after immersion at a time interval p? and 4 weeks. It was found
that all bisacryl composite resins exhibited sigaifit color change after exposure to

coffee solution.
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Lee KY'% (2005) conducted a study to measure the correlation leetwe
color-difference values calculated with CIELAB a@dEDE 2000 formulas after
polymerization and thermo cycling of two resin camsipes. Color measurement
was made for each specimen before polymerizatidnafter polymerization. Color
was remeasured after the polymerized samples Wwerenb cycled between 5 and
55°C in distilled water for 3000 cycles with a dintehe of 15 seconds. Color was
measured using a spectrophotometer and color eiféer by the CIELABformula
was calculated and color difference by the CIEDB®fbrmula was calculated. It
was found that there was significant correlatioriwieen color change values
calculated by the two formulas after polymerizataom thermocycling.

E.CAL, P. GUNERI®® (2007)the purpose of this study was to evaluate the
staining characteristics of mouth rinses on prowial acrylic resins. The staining
potentials of a hybrid rinse, chlorhexidine glucenainse and a benzydamine
hydrochloride rinse were investigated. Distilleégter was used as the negative
control. Color measurements were done with CIELA&gstem. All the test
solutions produced perceptible staining on the igsiomal material. Hybrid rinse
caused the highest staining and was followed bgrbekidine gluconate rinse. The
third highest staining was observed with benzydanfipdrochloride rinse. Where
as control caused least staining.

Markus Balenhol® (2007) conducted a study to investigate the flexural
strength and flexural modulus of temporary crowd andge materials at different
storage times and to identify possible correclaidmetween the mechanical
properties and the degree of conversion. 4 prigssiedi-methacrylate-based t-c &
bs were tested in a 3 point bending test at vastarsige times after mixing (at 37°C

dry / water) including thermocycling (5000 x 5-8%° FS and FM were very low
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10 min after mixing for all material tested. Thechanical properties significantly
depend on the time after mixing. The DC does @altially reflect the mechanical
stability of a t-c & b material. Hence DC does athbw drawing conclusions about
the mechanical properties equally for all materials

Edward J. Givens’’ (2008)the purpose of the study was to test the marginal
fit and color stability of three provisional restitive materials and a control. Two
auto cure materials and one dual cure material wested against SNAP, a
polyethyl methacrylate control. A maxillary rigbéntral incisor invorine tooth was
prepared for a full coverage ceramic crown, with.&amm chamfer margin. For
color stability, 10mm diameter x 2mm thick discsrevéabricated and immersed
clinically in tea for 1 week in a Tucillo / Nielseapparatus. Color measurements
were recorded for each specimen at baseline amd afaining. The authors
concluded that dual-cure temporary material exbédbi significantly more
discrepancy at the margin that the auto-cure highawaterials or acrylic control.
Protemp Garant exhibited clinically noticeable dj@ann shade after 1 week in
staining solution.

Markus Balenhol®®

(2008) studied the flexural strength and flexural
modulus of four (3 bis acrylate and 1 PMMA) provisional wio and bridge
materials at different storage times after miximgl aising materials with different
curing mechanism (dual curing v/s self curing) $hecimens were stored for 20min,
2 hr, 16 hr, 24 hr, 72 hr. The materials were attiejd to 3-point bend test at various
times after mixing (37°C dry / water) includingetmocycling (5000 x, 5-55°C).
the chemical nature and curing mechanism signifiganfluenced the mechanical

properties, however, the influence of the curingchamism disappeared at

progressive points in time after mixing. Flexutahe and flexural modulus
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significantly depend on the time after mixing. Qusite resin based materials are
preferred versus methacrylate resins due to madhle mechanical properties. If
a high mechanical strength is indispensable dyedctfter fabrication of a
provisional, a dual-curing provisional crown andige material is recommended.

Akio Izumida, Masanobu Yodd' (2008) studied about hard resins for
crowns and bridges that are widely used for esthrestorations. The objective of
this study was to evaluate the mechanical praggedf new commercial hard resins
and to compare the results with those of the othard resins previously
investigated.PR and EPEpricord®: EP, Kuraray, Co., Ltd., Osaka, Japan and
Prossimo PR GC, Co., Ltd., Tokyo, Japan) did rfatws dramatically better
physical properties. However, the results of eadmenation in this study may be
acceptable clinically. The results of each invedtan changed according to the
products used, and proper use for each case ahdaigm was suggested.

Chen Z.F Edmond® (2008) This article describes a technique for the
fabrication of an immediate implant supported psmmal restoration using a
fractured natural tooth. The technique can be wa#dd many implant systems and
only simple materials and components are required.

Gabriela Queiroz de Melo Monteirca®® (2011),The purpose of this study
was to evaluate polymerization shrinkage of reimposites using a coordinate
measuring machine, optical coherence tomography anuore widely known
method, such as Archimedes Principle. Two null hiypsis were tested: (1) there
are no differences between the materials test@¢dh€ze are no differences between

the methods used for polymerization shrinkage nreasents.
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MATERIALS AND METHODS
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MATERIALS USED FOR THE STUDY

1. TEMPSPAN - is a dual cure system consisting of Bisphenol-étluhxy
methacrylate based material

2. PROTEMP 4 -is a chemically cured 2 component system, cangisif
Bis — GMA based material.

3. REVOTEK LC -is a light cured single component composite resin
consisting of Urethane dimethacrylate resins (UDMA)

4. Coffee powder (Nescafe, New Delhi, India)

5. Polishing — Tungsten Carbide, Pumice and diamotidipog paste

6. Artificial saliva

7. Distilled water

Instruments
1. Stainless steel mold used to prepare the specimens.

2. Standard weight — in Kilograms- 2.5 Kg weight sed.
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Equipments
1. Universal testing machine(fig 13)
Manufactured by Llyods company, England (MotidSTRON
3382) to test the Flexural strength and compressremgth samples.
2. Knoops hardness testeffig 17)
Model 420 MVD Walpert Wilson Instrument, to testeth
samples for microhardness.
3. Spectrophotometer(fig 19)
Minolta CM 3600d-Japan ,to test the samples foorcahalysis.
4. Coordinate measuring maching(fig 21)

To test the specimens for Polymerisation shrinkage
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FABRICATION OF SPECIMENS

GROUP 1(Light cure-Revotek La)

SPECIMEN GROUP 2 (Self cure-Protemp4) COMCPSEIL\EEZLSEICEF;QETAND

[Size 25%x2%2 mm] GROUP 3 (Dual cure-Tempspﬂw)

GROUP 1 (Light cure-Revotek Lﬁ)

COMPARING MICROHARDNESS

SPECIMEN B GROUP 2 (Self cure-Protempd) <= 0 o ABILITY 1ESr

[Size 20 mm dia GROUP 3 (Dual cure-Tempspﬂw)

circle, 2mm thick]

GROUP 1 (Light cure-Revotek I_@)

COMPARING
SPECIMEN GROUP 2 (Self cure-Protemp 4)
POLYMERISATION SHRINKAGE
[Size 20mm dia circle GROUP 3 (Dual cure-Tem@pﬂ
with Vshaped notches

at 4 corners]
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FABRICATION OF SPECIMEN A- Used for calculating flexural and
compressive strength. Specimen A size was starmardivith 25mm x 2mm x
2mm (American national Standards Institute / Anmeri®ental Association
specification no 27). (Fig 2).The specimens welwitated for each material
with use of stainless steel mould, which was Laset for the above
mentioned dimension, sandwiched between 2 glabs.slA weight of 2.5 kg
was applied.

According to the above mentioned stadidation three different
materials were used to form three groups contaihhgamples each.
Specimen A Group 1 Light cure material - REVOTEK LC

Group 2 Self cure materialPROTEMP 4
Group 3 Dual cure materidlEMPSPAN

FABRICATION OF SPECIMEN B- Used for calculating colour stability
and microhardness. Specimen B size was standaraiittd 20mm diameter
cicles, 2mm thickness.(fig 4). The specimens weabri¢ated for each
material with use of this stainless steel mouldhe Thould was placed on top
of a glass slab. Vaseline was applied to the manttionto the glass slab for
easy separation of the specimen from the moulde mhterials were mixed
according to the manufacturers recommendationda@aakd into the mould.
Another glass slab with a plastic matrix was Igleced on top of the mould.
Specimen B Group 1 Light cure material - REVOTEK LC

Group 2 Self cure materiaPROTEMP 4

Group 3 Dual cure materidlEMPSPAN
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FABRICAT ION OF SPECIMEN C- Used for calculating polymerization
shrinkage. Specimen C were standardized with |le&snsteel plate 2mm in
thickness. Six circles of 20mm diameter were maaghito form the mold space. V
shaped notches with a 2mm diameter at open endvwdrd made at 4 corners of the
circles to help us in measuring the shrinkage @wn2ensions (fig 6). The specimens
were fabricated for each material with use of gt@nless steel mould .The mould
was placed on top of a glass slab. Vaseline wpheabto the mould and onto the
glass slab for easy separation of the specimen themmould. The materials were
mixed according to the manufacturers recommendat@mal loaded into the mould.

Another glass slab with a plastic matrix was Igleced on top of the mould.

Specimen C Group 1 Light cure material - REVOTEK LC
Group 2 Self cure materialPROTEMP 4

Group 3 Dual cure materidlEMPSPAN
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METHODOLOGY

MEASURING FLEXURAL STRENGTH

All 3 group materials with 10 samples each of speti A (total 30 samples)
were fabricated to undergo flexural strength testgian Universal testing machine.
The specimens were grossly trimmed using tungsaeiide bur and then polished
with sandpaper and diamond abrasive polishing pastier this the specimens were
soaked in artificial saliva at 37°C for 10 days.

Later all specimens were placed on top of the giatfof the Universal
Testing Machine (INSTRON, MODEL NO 3382, Lloyds’n@land) to undergo a 3
point bend test. The width of the 2 supportingspimere 2mm in diameter and the
third pin was also 2 mm in diameter. The pins sufpg the specimen were placed
at a distance of 10mm support separation. A IdatDN load cell at a crosshead
speed of 0.75mm/min was applied. The force atdracwas recorded in Newton’s
and calculated in MPa with the use of testing mazhsoftware. Analysis of
variance was applied to the data, and multiple @mpns were made with
Duncan’s multiple range test and paired t tests.

MEASURING COMPRESSIVE STRENGTH

All 3 group materials with 10 samples each of speci A (total 30 samples)
were fabricated to undergo compressive strength usislg an Universal testing
machine. The specimens were grossly trimmed usingsten carbide bur and then
polished with sandpaper and diamond abrasive potispaste. After this the
specimens were soaked in artificial saliva at 3f6IC10 days. Later all specimens
were placed on top of the platform of the UniverBakting Machine (INSTRON,

MODEL NO 3382, Lloyds’, England) to undergo a cosgsion test.
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The sample was placed on a flat platform and amofla¢ metal plate
attached to the machines loading cell was keptiain @ way that it just touched the
specimen without applying any amount of force oitoad of 10 kN load cell at a
crosshead speed of 0.75mm/min was applied. Tle fhe sample could withstand
till the start of deformation was recorded in Nemsoand calculated in MPa with
the use of testing machine software.Analysis ofavene was applied to the data, and
multiple comparisons were made with Duncan’s mldtimnge test and paired t
tests.

MEASURING MICROHARDNESS

All 3 group materials with 10 samples each of speci B (total 30 samples)
were fabricated to undergo microhardness testimggusn Knoop hardness tester.
The specimens were grossly trimmed using tungsteimice bur and then polished
with sandpaper and diamond abrasive polishing paste

The specimens were later stored in artificial salsolution which was
renewed every other day. Baseline Knoop Hardr€ld®lf was measured 24 hours
after fabrication with a microhardness tester, (Blod20 MVD Walpert Wilson
Instrument)

The specimen was placed on the platform of thetestd a 10gm indenter
load was applied. The measurements were autoratazdculated by the tester.
Three baseline microhardness measurements wersabtihbom each specimen.
Knoop hardness was again measured after 10 days.

Differences among group related to material anc: timere detected with 2-
way analysis of variance (ANOVA), comparisons betwespecific means were

made with Duncan’s multiple range and paired stéstpha - .05)
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EVALUATING COLOUR STABILITY

All 3 group materials with 10 samples each (t8@lsamples) of specimen
B were fabricated to undergo evaluation for colowtability using
Spectrophotometer. The specimens were grossly &unmsing tungsten carbide bur

and then polished with sandpaper and diamond aferasiishing paste.

Preparation of Staining Solution

The staining solution was prepared in the followsancentrations Coffee
Nescafe, New Delhi, India): For preparation of eeffsolution 2.8g of coffee was
weighed in an electronic weighing machine and addetbOml of boiling distilled
water.
Immersion of Specimens in Staining Solution

To evaluate the color stability in coffee solutid® specimens of each group
were immersed in coffee solution at 37°C. Coloaswements were made before
immersion (To) (i.e. the baseline measurementsays dT7), and 10 days (T10)
after immersion. The solution was changed every days. The specimens were
rinsed with distilled water for five minutes andtied dry with tissue paper before
color measurement. The following equation was weedeasure colour stability,

AE=AL*2+a*2+b*2) %

WhereA L*, A a*, A b* are the differences in L*, a* and b* values dref
(TO) and after immersion at each time interval (Ti710). Baseline Color
measurement of all specimens were made using taflee spectrophotometer
(Minolta CM 3600d-Japan) with CIELAB system. TheECAB color system
characterizes color based on human perceptionlesignates color according to 3

spatial coordinates, L*, A*, B*, where L* representhe brightness (value) of a
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shade, a* represents the amount of red-green aolbh* represents the amount of
yellow-blue color. Absolute color measurements amade in L*, a* b*
coordinates. For baseline color measurement ,epebimen was placed on the
measuring head of spectrophotometer and coveréxdthatblack cover.

Before each measurement session the spectrophetowess calibrated
according to manufacturer recommendations by usiagupplied white calibration
standard. @ The spectrophotometer automatically utatled the mean color
measurement of 10 specimens of each material. ribasurement was taken as the
baseline measurement for the corresponding material/aluate the color change
after dipping in coffee solution.The mean and séaddleviation estimated from the
specimens for each subgroup was statistically aedly

Mean values were compared by one-way analysis nan@e (ANOVA).
Multiple range test by Tukey-HSD procedure was aygdl to identify the
significant groups at 5% level.

MEASURING POLYMERISATION SHRINKAGE

All 3 group materials with 10 samples each of speri C (total 30 samples)
were fabricated to undergo evaluation for polymaian shrinkage.The specimens
were grossly trimmed using tungsten carbide burtaed polished with sandpaper
and diamond abrasive polishing paste.

The specimens was placed on the platform of therteSsour markings were
made exactly at the centre, between V shaped eatensof the specimens. The
measurements were automatically calculated byesieit, when the Ruby tip of the
instrument was made to touch the specimens at theirts which were marked
earlier. The instrument after touching those ponetsognizes it to be a circle and

diameter of the circle is displayed.
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Samples were tested 5 minutes, 10 minutes & 12@tesnafter fabrication.
Differences among group related to material ancktivere detected with 2-way
analysis of variance (ANOVA); comparisons betweeec#fic means were made

with Duncan’s multiple range and paired t testipHa - .05).

49



PHOTOGRAPHS
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Protemp 4 Refill Pack A2~ [wor] 390868

|| LM LR U 2 2012-03

|I ‘l‘ll!ll llII:lII ““llllll No.J [ #iF | 46956
Order No. [#

s m'i“l.

I ESPE 1D. No. 762611321

Fig 1-Light cure material- REVOTEK LC Fig 2-Self cure material-PROTEMP

Fig 3-Dual cure material-TEMPSPAN Fig 4-Dispensor Gun

Fig 5- Diamond polishing paste Fig 6-Artifical salivary solution
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Fig 7- Stainless steel mold for Flexural
strength and Compressive strength
specimens

Fig 8- Specimen A samples

Fig 9- Stainless steel mold for Fig 10-Specimen B samples
Colour stability specimens

Fig 11- Stainless steel mold for

Polymerisation shrinkage specimens Fig 12 — Specimen C sample
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Fig 17-Knoops hardness tester — (Model Fig 18-Sample being analysed
420 MVD Walpert Wilson Instrument)
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MINSLTA

Fig 20 — sample evaluation

Fig 22- X,Y,Z coordinates of

Flg 21- Coordinate measuring machine — Coordinate Measuring Machine
TESA Micro Hite 3D

Fig 23- Specimens on the instrument platform
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FLEXURAL- READINGS

Specimen A with all 3 group of ten samples eacta(t80 samples) were subjected

to flexural strength testing using universal tegtmachine. The readings are

tabulated as follows

SPECIMEN A| GROUP 1 GROUP2 GROUP|3
SAMPLES Light cure| Self curg  Dual curg
1 26.19137 | 121.9501  68.8277B
2 21.57911| 129.0546  77.96288
3 28.50491 | 135.2219  65.31237
4 25.56706 | 127.0401  70.8546Q
5 33.29041 | 106.2244  75.67683
6 22.70566 | 132.0921 68.4831
7 35.62076 | 149.0438 71.8735
8 37.05691 | 158.2091 78.2071
9 25.84362 | 132.4769 54.7403
10 21.57911| 129.0546 77.96288

COLOUR GRAPHIC REPRESENTATION OF THE MEAN OF THE

FLEXURAL STRENGTH VALUE CHANGES OF 3 GROUPS AT

DIFFERENT TIME INTERVAL MEASUREMENTS

200 ~

150

100 A

50 - 28.48

Light Cure

Flexural

132.37

Self Cure

M Flexural

70.22

Dual Cure
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COMPRESSIVE STRENGTH

Specimen A with all 3 group of ten samples eacta®0 samples) were subjected
to compressive strength testing using universahigsnachine. The readings are

tabulated as follows

COLOUR GRAPHIC REPRESENTATION OF THE MEAN OF THE

COMPRESSIVE STRENGTH VALUE CHANGES OF 3 GROUPS AT

SPECIMEN A| GROUP 1 GROUP2 GROUP|3
SAMPLES Light cure| Self curg  Dual cure
1 19.1771 2411673  24.75511

2 8.50726 2453717  17.15621

3 16.04461 | 36.62242  27.38691

4 9.34074 13.97753  20.2048bH

5 13.60918 | 29.74461 13.34171

6 14.18653 15.1197 20.77218

7 9.15516 28.19418  25.3655P

8 10.71157 | 16.34115  24.5501B

9 12.40925| 33.11136 27.62508

10 11.72572 31.4576 13.95376

DIFFERENT TIME INTERVAL MEASUREMENTS

30
25
20
15
10

Compressive Strength

12.49

25.32

23.51

Light Cure Self Cure Dual Cure

B Compressive Strength
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MICRO HARDNESS READINGS

SPECIMEN B 24 | 10"
hours | day
Group 1 | Sample 1 51 5.3
Light cure | Sample 2 5.3 5.6
Specimen B with all 3 group of ten samples each
Sample 3 5.5 5.6
(total 30 samples) were subjected to micro Sample 4 =5 =5
hardness testing using knoop hardness tester. The Sample 5 52 50
readings are tabulated as follows Sample 6 5.8 5.4
Sample 7 5.6 5.4
Sample 8 5.6 5.8
Sample 9 55 5.6
Sample1l0 54 5.8
SPECIMEN B 24 | 10" SPECIMEN B 24 | 1d"
hours | day hours | day
Group 2| Sample 1 9.1 9.4 Group 3 | Sample 1 5.8 6.2
Selfcure | Sample 2 9.2 9.6 Dual cure | Sample 2 6.4 6
Sample 3 9.7 9.5 Sample 3 5.5 5.4
Sample 4 9.6 8.7 Sample 4 6.5 6.4
Sample 5 9.5 8.9 Sample 5 5.9 5.5
Sample 6 8.7 9.1 Sample 6 5.7 6.5
Sample 7 8.7 9.7 Sample 7 5.7 6.5
Sample 8 8.9 9.6 Sample 8 5.4 5.9
Sample 9 9.1 9.5 Sample 9 6.1 5.7
Sample 10 9.1 8.9 Sample 10 5.9 5.7
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COLOUR GRAPHIC REPRESENTATION OF THE MEAN OF THE

MICROHARDNESS VALUE CHANGES OF 3 GROUPS AT DIFFERENT

TIME INTERVAL MEASUREMENTS

[uny
o
)

9.16  9.29

4 5.44 5.52

O R N W b U1 O N 00 O
1

LC SC DC
M 1st Day m 10th Day

59



COLOUR STABILITY

Specimen B with all 3 group of ten samples eaabidl t30 samples) were

subjected to colour analysis using spectrophotametenediately after sample

fabrication. The same 30 samples were subjectedltur analysis after 7 days and

after 10 days. The readings are tabulated as fellow

Samples

Base

Base

Base

7 days

7 day

5

7 day

S 10 d:

ays  10d

ay® days

Dual
Cure

Light
cure

Self cure

Dual
Cure

Light
cure

Self cure

Dual
Cure

Light
cure

Self cure

3990.731

5992.953

5165.914

3564.367

4721.129

5720.052

3617.295

4745.124

5896.733

3951.208

5760.118

5372.347

3383.271

4745.054

5505.808

3540.112

4790.243

5590.984

3901.351

6007.437

5003.021

3411.608

4743.311

5783.219

3514.764

4770.577

5827.391

4004.594

5792.816

5242.149

3444.567

4721.129

5705.878

3473.547

4746.365

5839.299

4020.721]

5907.772

5010.828

3518.611

4926.717

5315.176

3547.893

4975.268

5390.977

4011.193

5885.281

4986.368

3544.635

4800.109

5624.179

3616.902

4907.688

5662.112

3942.779

6029.38

5230.744

13566.813

4723.3

5739.891

3 3579.66

4807.561

?5766.638

3925.457

5942.391

5109.176

3388.712

4762.813

5608.598

3418.23

4810.24

»5672.551

Ol | N0 | bW |IDN|PF

3981.489

5919.098

5265.536

3578.659

4838.079

5615.211

3671.401

4861.897

5646.645

=
o

3953.327

6003.639

5154.106

3542.851

4594.749

5642.769

3607.959

4636.217

5735.806
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Specimen B with all 3 group of ten samples e

(total 30 samples) were subjected to colou

analysis using spectrophotometer

7 DAYS - LIGHT CURE

BASE - LIGHT CURE

Samples L a b AE
1 2.14| -1.87) 1.571 3.246752
2 259| -1.84, 1.68§ 3.593898
3 288| -1.81 1.25 3.623948
4 209| -1.39, 1.0} 2.705605
5 2.37| -1.48 0.89 2.932473
6 277 -15| 1.01] 3.308021
7 154 -1.58| 1.25 2.535843
8 187 -1.52| 1.22 2.701035
9 1.65| -1.56| 1.21 2.572975
10 1.2 | -1.58] 1.23 2.334374

10 DAYS - LIGHT CURE

Samples L a b AE Samples L a b AE

1 2.63| -0.32) 259 3.705051 1 2.78| -1.97| 1.12 3.5866

2 0.6 | -0.33| 3.05 3.125924 2 2.25| -1.51 2.0} 3.373826
3 1.17| 0.08| 2.18 2.475419 3 3.5 | -1.62] 245 4569125
4 0.81| -0.16f 1.1 1.423833 4 3.82 -1 2.89 4.89331p
5 3.34| -0.37 2.73 4.323297 5 3.97| -0.91 1.6 4.394485
6 297| -0.49 3.068 4.292389 6 297| -1.37) 1.5 3.598305
7 283| -0.89 2.89 4.14163 7 153] -1.92| 1.12 2.6984G3
8 0.99| -0.04) 3.1| 3.254489 8 3.01| -1.56, 1.91 3.891247
9 257 | -0.54| 1.25 2.908436 9 3.25| -1.88] 1.01 3.888059
10 2.94| -0.55 2.62 3.976242 10 1.12] -1.25 1.02 1.964001
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BASE — SELF CURE

Samples L a b AE

1 2.82| -0.09| 355 4534644

2 2.57 -0.3 2.48 3.584034

3 246 | -0.45 2.36 3.43856]

4 1.53| -0.063] 1.91 2.448054

5 2.7 -2.51 2.07] 4.227884

6 254 | -2.01 2.8 4.281553

7 257 | -2.53 2.9 4.627721

8 216| -051| 3.12 3.828851

9 0.68| -2.38| 391 4.627624

10 1.12 -1.8 3.01] 3.681644

7 DAYS -SELF CURE 10 DAYS -SELF CURE
Samples L a b AE Samples L a b AE

1 3.12| -1.67\ 3.5| 4.977278 1 2.03 | -1.45| 2.09] 3.254458
2 15| -1.67) 2.57 3.412301 2 0.91 | -1.63| 3.55 4.010923
3 191 -197] 2.68 3.835544 3 3.67 | -1.8 248, 4.78114
4 1.01| -2.12] 2.57 3.481293 4 3.16 | -2.05| 2.36] 4.444963
5 1.12| -2.51] 2.68 3.838867 5 0.68 | -2.38| 1.33] 2.809929
6 236| -2.01 2.25 3.830431 6 212 | -1.8 | 3.21] 4.247176
7 3.87| -2.53| 2.0] 5.041617 7 3.8 223 | 16 4.687526
8 3.52| -0.51 1.93 4.037152 8 321 | 294 | 15 4.604096
9 212| -1.68 2.78§ 3.878814 9 197 | 3.28 | 3.61] 5.260361
10 25| -2.16] 2.5 4.14313‘9 10 208 | 1.09| 512 5.632841

62



BASE — DUAL CURE

Samples L a b AE
1 2.73| 1.57| 1.44 3.46286
2 3.28| 14 2.3| 4.243631
3 201| 1.59] 154 2.9899%
4 29 | 1.66/ 181 3.800224
5 3.01| 169 194 3.974557
6 3.85| 148, 1.8 4.500322
7 2.29| 1.57| 21| 3.481235
8 206| 1.23] 2.6| 3.537867
9 3.48| 135 281} 4.672152
10 2.31| 1.48] 24| 3.6450065
7 DAYS — DUAL CURE 10 DAYS — DUAL CURE
Samples L a b AE Samples L a b AE
1 3.94| -0.63| 3.02 5.004088 1 266 | -297| 2.73 4.832122
2 4 -0.71 | 2.09 4.56861 2 21 -1.2 | 3.29] 4.083393
3 281| -0.09 21| 3.509159 3 132 -247| 3.41 4.412641
4 3 -0.3 2.37| 3.834958 4 266 | -297| 1.73 4.346194
5 4.5 -0.45 2.2 5.029165 5 459 | -1.84| 0.06 4.94543p
6 3.94| -0.063] 2.12 4.474591 6 3.26 | -2.07| 2.1 4.43451p
7 391| -0.89| 1.0 4.135251 7 203 | -242| 3.79 4.90304
8 1.06| -0.71| 2.65 2.94112p 8 277 | -2.24| 145 3.84616(7
9 3.12| -0.61| 212 3.82111p 9 3.1 | -1.88] 2.38 4.33691l1
10 3.37| -0.63| 216 4.052086 10 094| -12| 243 2.86853p
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COLOUR GRAPHIC REPRESENTATION OF THE MEAN OF THE
COLOUR CHANGES OF 3 GROUP DIFFERENT TIME INTERVAL

MEASUREMENTS

5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

4.30

4.14

Dual Cure

4.37

Light Cure Self Cure

B Base W 7days m10days
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POLYMERISATION SHRINKAGE
Specimen c with all 3 group of ten samples eadal(8) samples) were subjected to evaluation of

polymerization shrinkage using coordinate measumaghine. Readings are tabulated as follows,

VOLUME OF SPECIMEN — DELTAYV —
LIGHT CURE (GROUP 1) LIGHT CURE (GROUP 1)

Samples 5 mins 10 mins| 120 ming | Samples 5 mins 10 mins| 120 min$
1 724.6436| 628.1361 622.8797 1 -0.0005 13.3175 14.0428|/
2 713.4286| 624.417¢ 618.3414 2 1.547172| 13.8306% 14.66916
3 721.6 653.7143 653.3485 3 0.419519| 9.787717 9.838198
4 717.0024| 659.6539 651.8286 4 1.053991| 8.968052 10.04794
5 721.2979| 688.7918 686.78714 5 0.461213| 4.947039 5.223636
6 722.2286| 569.5222 617.893 6 0.332776| 21.40619 14.73104
7 722.4853| 692.6463 669.1143 7 0.297346| 4.415118 7.662524
8 715.5783| 715.3143 693.183 8 1.250507| 1.286944  4.341085
9 725.9171| 681.4201 681.4201 9 -0.17624 | 5.964332 5.964332
10 713.8844| 662.466| 661.8629 10 1.484272| 8.579988  8.6632]

VOLUME OF SPECIMEN — DELTAYV -
SELF CURE (GROUP 2) SELF CURE (GROUP 2)

Samples 5 mins 10 mins| 120 ming | Samples 5 mins 10 mins| 120 mins
1 724.6436| 653.1098 629.2002 1 -0.0005 9.871141 13.1706p
2 685.1639| 658.6807 658.0215 2 5.447686| 9.10236] 9.193326
3 678.1594| 661.3178 659.3284 3 6.414299| 8.738437 9.012977
4 703.753 678.8571 678.5429 4 2.882397| 6.318014 6.361385
5 691.9976| 655.8683 652.1038 5 4504631 9.490458 10.00997
6 723.9238| 657.6522 652.7186 6 0.098834| 9.244294  9.925122
7 727.0481| 681.0571 677.5001 7 -0.33232 | 6.014413 6.505284
8 715.125 668.6629 653.4165 8 1.313065| 7.724817 9.828812
9 685.1639| 656.2606 622.7383 9 5.447686| 9.436321 14.06239
10 704.5854| 645.9489 625.7241 10 2.767532| 10.85934  13.65035
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VOLUME OF SPECIMEN —
DUAL CURE (GROUP 3)

DELTAYV -

DUAL CURE (GROUP 3)

5 mins 10 mins | 120 mins 5 mins 10 mins | 120 mins
724.6436| 690.1714 688.2857 -0.0005 | 4.756648 5.016875
722.7333| 684.4579 684.4579 0.263126| 5.545114 5.545114
731.0113| 653.7143 653.7143 -0.87923 | 9.787717  9.78771)
716.3656 | 706.6242 694.5714 1.141865| 2.486178 4.14945
730.1949| 688.4158 687.7891 -0.76658 | 4.998922  5.085405
713.4286| 712.0024 689.732/7 1.547172| 1.743979 4.81718bH
722.4853| 675.686| 672.7185 | 0.297346| 6.755632 7.165143
699.6907 | 695.1858 687.5976 | 3.442992| 4.06467| 5.11183H
725.9171| 687.9758 687.3508 -0.17624 | 5.05965 5.14596
713.8844| 676.4063 670.8413 | 1.484272| 6.656227 7.42419P

COLOUR GRAPHIC REPRESENTATION OF THE MEAN OF THE

POLYMERISATION SHRINKAGE VALUE CHANGES OF 3 GROUPS AT

DIFFERENT TIME INTERVAL MEASUREMENTS

12.00

10.00

8.00

6.00

4.00

2.00

0.00

Self Cure

B 5 minutes

0.67 0.64

H 10 minutes

9.25

Dual Cure

10.17
9.52

Light Cure

120 minutes

5.92
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STATISTICAL ANALYSIS
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MATERIAL GROUPS

Group 1 Light cure-Revotek
Group 2 Self cure-Protemp

Group 3 Dual cure-Tempspan

ANALYSIS FOR FLEXURAL STRENGTH

In this study the Flexural strength values of psenal composite
restorative materials were calculated at 10 datexr ainmersing in artificial
saliva using dJniversal testing machine-Manufactured by Llyods company,
England (ModelINSTRON 3382).The mean, standard deviation and test of
significance of mean values of the three materiakye tabulated and

comparison was done within each group as well agdsn the groups.
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Mean, Standard Deviation and Test of significancefonean changes

between groups I, Il and Il at 10" % of testing

Students paired t-test was used to calculate tredye

Sample Mean S.D. p value
LC 28.48 5.58 0.00 (Sig)
SC 132.37 14.94 0.00 (Sig)
DC 70.22 7.29 0.00 (Sig)

Using ANOVA there is significant difference amotg tgroups at p<0.001.

GROUP 1Light cure-Revotek- The mean and standard deviation is 28.48+5.58

which is statistically significant at p<0.001.

GROUP 2 Self cure-Protemp The mean and standard deviation is 132.37+14.94

which is statistically significant p<0.001.

GROUP 3 Dual cure-Tempspan The mean and standard deviation is 70.22+7.29

which is statistically significant at p<0.001.
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FLEXURAL STRENGTH-POST HOC TEST FOR MULTIPLE

COMPARISON BY TUKEY HSD METHOD

Group (1) Group (J) Mean Difference (I-J) Significance
SELF CURE LIGHT CURE 137.88 0.00 (Significant)
DUAL CURE 68.81 0.00 (Significant)
LIGHT CURE SELF CURE -137.88 0.00 (Significant)
DUAL CURE 69.07 0.00 (Significant)
DUAL CURE SELF CURE -68.81 0.00 (Significant)
LIGHT CURE -69.07 0.00 (Significant)

Using post hoc multiple comparison,Tukey HSD methae found significant

difference between Protemp, Revotek LC and Tempapgn< 0.001.

Group 1- Multiple comparisons of flexural strength weredea Self cure- Protemp
showed statistically significant difference in wa$ from Revotek LC and Dual

cure Tempspan at p < 0.001.

Group 2- Multiple comparisons of flexural strength weredeaLight cure- Revotek
showed statistically significant difference in vesufrom Self cure- Protemp and

dual cure Tempspan at p < 0.001.

Group 3- Multiple comparisons of flexural strength were madDual cure

Tempspan showed statistically difference in valluesn Revotek LC and Self cure
Protemp at p < 0.001. The mean difference betwdepet groups showed
statistically significant differences. At 10 dayfsea immersion, Light cure-Revotek
showed greater flexural strength than Dual cure{dsgan which in turn is found to
be lesser than the flexural strength values of Sefe-Protemp. Thus Protemp

shows greater flexural strength values.
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ANALYSIS for Compressive strength

In this study the Compressive strength values o¥ipronal composite
restorative material were calculated at 10 daysrafhmersing in artificial
saliva using aUniversal testing machine —Manufactured by Llyods
company, England (ModéNSTRON 3382)

The mean, standard deviation and test of signifieasf mean values
of the three materials were tabulated and compangas done within each
group as well as between the groups.

Mean, Standard Deviation and Test of significarfce@an changes between

group I, Il and Il at 16 % of testing

Students paired t-test was used to calculate tredye

Sample Mean S.D. p value
GrouplLC 12.49 3.37 0.00 (Sig)
Group2 SC 25.32 7.95 0.58 (NS)
Group3 DC 23.51 6.42 0.00 (Sig)

Using ANOVA there is significant difference amoingtgroup at p < 0.001.

Group 1- The mean and standard deviation is 12.4893¥ which is statistically

significant at p < 0.001.

Group 2- The mean and standard deviation is 25.3®% which is statistically not

significant at p <0.001.

Group 3- The mean and standard deviation is 23.%142 which is statistically

significant at p < 0.001.
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COMPRESSIVE STRENGTH-POST HOC TESTS FOR MULTIPLE

COMPARISON BY TUKEY HSD METHOD

—*

)

—

)

N—r

Group (1) Group (J) Mean Significance
Difference (I-J)
SELF CURE LIGHT CURE 12.83 0.00 (Significan
DUAL CURE 1.81 0.58 (NS)
LIGHT CURE SELFCURE -12.83 0.00 (Significan
DUAL CURE 11.02 0.00 (Significant
DUAL CURE SELF CURE -1.81 0.58 (NS)
LIGHT CURE -11.02 0.00 (Significant

N

The mean difference between three groups showetists@ly significant

differences. At 10 days after immersion,

greater compressive strength values.
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compressive strength than Dual cure-Tempspan whitlrn is found to be lesser

than the compressive strength values of Self -Buotemp. Thus Protemp shows



ANALYSIS for polymerization shrinkage

In this study the Polymerisation shrinkage chamjeprovisional
composite restorative material was compared at05&120 minutes after
sample preparation usingGoordinate measuring machine.

The mean, standard deviation and test of signifieasf mean values
of the three materials were tabulated and comparss done within each

group as well as between the groups.

ANOVA between 5 mins, 10 mins and 120 mins of Sdlfure

Source of SS df MS F P-value | F crit
Variation

Rows 81.03043 9.003381 2.520755| 0.045395| 2.456281
Columns 299.0429 149.5215 41.86282| 1.7E-07 | 3.55455]
Residual 64.29061 18 3.571701

Total 444.364 29

Since the F value between rows (2.520755) is greladée the critical value,
the null hypothesis is rejected and it is concludkdt there is a significant
difference between rows. Similarly since the Fueal41.86282) is greater than the
critical value, it also falls in the rejection regiand the null hypothesis is rejected

and it is concluded that there is a significantedldnce between columns
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ANOVA between 5 mins, 10 mins and 120 mins of Ligh€ure

Sour ce of SS df MS F P-value F crit
Variation
Rows 270.3039 9 30.03377 3.143713 0.018475| 2.456281
Columns 506.97612 253.488 | 26.5332b54.29E-06| 3.554557
Residual 171.964818 9.553598
Total 949.2448 29

Since the F value between r¢8v343713) is greater than the critical

value, the null hypothesis is rejected and it inataded that there is a significant

difference between rows. Similarly since the Fueal26.53325) is greater than the

critical value, it also falls in the rejection regiand the null hypothesis is rejected

and it is concluded that there is a significantedénce between columns.

ANOVA between 5 mins, 10 mins and 120 mins of Du@lure

Source of SS df MS F P-value | F crit
Variation
Rows 37.21126 9 4.134584 1.46956 | 0.2323822.456281
Columns 164.09392 82.04693 29.16203 2.26E-06| 3.554557
Residual 50.6427318 2.813485
Total 251.9479 29

Since the F value between rows (1.46956) is less the critical value, the

null hypothesis is accepted and it is concluded ttiere is no significant difference

between rows.

value, it also falls in the rejection region and thull hypothesis is rejected and it is

However, since the F value (29.1p%08reater than the critical

concluded that there is a significant differenceMeen columns.
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POST HOC TESTS FOR MULTIPLE COMPARISON BY TUKEY HSD

p—

N

METHOD
Days Group (1) Group (J) Mean Difference Significance
(I-J)
5 minutes DUAL CURE| LIGHT CURE -1.49207 0.00 (Significant
SELF CURE -7.3177 0.00 (Significant
LIGHT CURE | DUAL CURE -1.49207 0.00 (Significant
SELF CURE -5.82563 0.00 (Significant
SELF CURE | DUAL CURE -7.3177 0.00 (Significant
LIGHT CURE -5.82563 0.00 (Significant)
10 minutes DUAL CURE| LIGHT CURE -0.26804 0.00 (Significant)
SELF CURE -8.85139 0.00 (Significant
LIGHT CURE | DUAL CURE -0.26804 0.00 (Significant)
SELF CURE -8.58335 0.00 (Significant
SELF CURE | DUAL CURE -8.85139 0.00 (Significant
LIGHT CURE -8.58335 0.00 (Significant)
120 minutes | DUAL CURE LIGHT CURE -0.73941 0.00 (Significant)
SELF CURE -5.28947 0.00 (Significant
LIGHT CURE | DUAL CURE -0.73941 0.00 (Significant)
SELF CURE -4.55005 0.00 (Significant
SELF CURE | DUAL CURE -5.28947 0.00 (Significant
LIGHT CURE -4.55005 0.00 (Significant)
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ANALYSIS FOR MICROHARDNESS

In this study the microhardness change of proma&iocomposite

restorative material was compared at 24 hours 8@ days after immersing

in artificial saliva through a microhardness tegténoop hardness testey.

The mean, standard deviation and test of signifieasf mean values of the

three materials were tabulated and comparison was;dvithin each group

as well as between the groups.

FOR GROUP I, I AND 1l AT 24 HOURS

Students paired t-test was used to calculate tredye

FOR GROUP I, Il AND Il AT 10 ™ DAY

Students paired t-test was used to calculate tredye

Mean, Standard Deviation and Test of significancefanean changes
between group I, Il and Ill at 24hours and 1" % of testing

Group | 24 hours MeantSP10 days Mean+S[ Change MeanzSD P value
Light cure 5.44+0.21 5.52+0.20 0.08+.01 0.389268 (NS)
Self cure 9.16+0.35 9.29+0.36 0.13+.01 0.422029) (NS
Dual cure 5.89+0.38 5.98+0.41 0.09+.03 0.605997)(NS

Group 1- The mean and standard deviatio.@8+01 which is not statistically

significant at p < 0.001.

Group 2- The mean and standard deviatiom.i3+01 which is not statistically

significant at p < 0.001.

Group 3- The mean and standard deviation is 0.89hich is not statistically

significant at

p < 0.001. The change in meanieaf Microhardness reveals that

Self cure-Protemp has a greater change in meae,vahen compared to other two

groups.
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POST HOC TESTS FOR MULTIPLE COMPARISON BY TUKEY HSD

METHOD
Days Group (1) Group (J) Mean Difference | Significance
(I-3)
24 HOURS SELF CURE| LIGHT CURE 3.85 0.00
(Significant)
DUAL CURE 0.45 0.00
(Significant)
LIGHT CURE | SELF CURE -3.85 0.00
(Significant)
DUAL CURE 3.4 0.00
(Significant)
DUAL CURE | SELF CURE -0.45 0.00
(Significant)
LIGHT CURE -3.4 0.00
(Significant)
10 DAYS SELF CURE| LIGHT CURE 3.64 0.00
(Significant)
DUAL CURE 0.46 0.00
(Significant)
LIGHT CURE | SELF CURE -3.64 0.00
(Significant)
DUAL CURE 3.18 0.00
(Significant)
DUAL CURE | SELF CURE -0.46 0.00
(Significant)
LIGHT CURE -3.18 0.00

(Significant)
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Using post hoc multiple comparison, Tukey HSD mdthae found significant

difference between Protemp, Revotek LC and Tempapgn< 0.001.

Group 1 (24hours and 10 days)- Multiple comparisafiglicrohardness were made,
self cure Protemp showed statistically significdifterence in values from Revotek

LC and dual cure Tempspan at p < 0.001.

Group 2 (24hours and 10 days) - Multiple compasson Microhardness were
made, Revotek LC showed statistically significdifference in values from self

cure Protemp and dual cure Tempspan at p < 0.001.

Group 3 (24hours and 10 days) - Multiple compassof Microhardness were
made, dual cure Tempspan showed statistically réifiee in values from Revotek

LC and self cure Protemp at p < 0.001.

The mean difference between three groups showetistsly significant
differences. At 10 days after immersion, Light cRevotek showed greater
hardness than Dual cure-Tempspan which in turroisd to be lesser than the

hardness values of Self cure-Protemp. Thus Prosdraws greater hardness values.
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ANALYSIS FOR COLOR STABILITY

Color stability for Group |, Group Il and Groupl Imaterials of
Specimen B were measured at baseline (that isdéfonersion in the coffee
solution), 7" day and 18 day after immersion in the coffee solution. The
readings were recorded. The mean, standard daviatid test of significance
of mean values of the three materials at threesidifit immersion days were
tabulated and comparison was done within each gasupell as between the
groups.
FOR GROURP [, Il, AND Il
Students paired t-test was used to calculate tredye
Table . Color - Mean, Standard Deviation and Test of ificgmce of mean

changes between group |, Il and Il at baseliffeg@y and 10 of testing.

GROUPS MEAN SD SIGNIFICANCE

BASE DUAL CURE | 3.830786| 0.519944  0.00 (Significant)

LIGHT CURE | 2.955494| 0.459399 0.00 (Significan

~—+
~

SELF CURE | 3.928057 0.681555 0.00 (Significant)

7 DAYS DUAL CURE | 4.137014| 0.655794  0.01 (Signifitan

LIGHT CURE | 3.362671] 0.925445 0.01 (Significan

~—+
~

SELF CURE | 4.047644 0.552781 0.01 (Significam

~+

)

10 DAYS | DUAL CURE | 4.300895 0.614608 0.18 (NS)

LIGHT CURE | 3.685742 0.87419 0.18 (NS)

Ul

SELF CURE | 4.373341 0.85244|5 0.18 (NS)
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According to the Table, the mean value of lightecwrithin 24 hours
(2.955494) is less than the mean value of dual e self cure. Thus it is

concluded that the light cure is more stable tha&nather two groups.

According to the Table, the mean value of lightecafter 7 days (3.362671)
is less than the mean value of dual cure and gsedf. cThus it is concluded that the

light cure is more stable than the other two groups

According to the Table, the mean value of lightecaiter 10 days (3.685742)
is less than the mean value of dual cure and gsedf. cThus it is concluded that the

light cure is more stable than the other two groups
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Table : POST HOC TESTS FOR MULTIPLE COMPARISON BY TUKEY

Tt
N

N—r

HSD METHOD
Days Group (1) Group (J) Mean Difference Significance
(I-)
Base DUAL CURE | LIGHT CURE 0.875 0.00 (Significant)
SELF CURE 0.097 0.00 (Significant
LIGHT CURE | DUAL CURE 0.875 0.00 (Significant
SELF CURE 0.973 0.13 (NS)
SELF CURE | DUAL CURE 0.097 0.00 (Significan
LIGHT CURE 0.973 0.13 (NS)
7 DAYS | DUAL CURE | LIGHT CURE 0.774 0.04 (Significant)
SELF CURE 0.089 0.06 (NS)
LIGHT CURE | DUAL CURE 0.774 0.04 (Significant]
SELF CURE 0.685 0.75 (NS)
SELF CURE DUAL CURE 0.089 0.06 (NS)
LIGHT CURE 0.685 0.75 (NS)
10 DAYS | DUAL CURE | LIGHT CURE 0.615 0.09 (NS)
SELF CURE 0.072 0.09 (NS)
LIGHT CURE | DUAL CURE 0.615 0.09 (NS)
SELF CURE 0.688 0.83 (NS)
SELF CURE | DUAL CURE 0.072 0.09 (NS)
LIGHT CURE 0.688 0.83 (NS)

At the baseline measurement, Dual dweyspan,Self cure- Protemp

and Revotek LC are statistically significanpat 0.001.

At the 7" day of the color analysis Tempspan, Protemp antek

LC are statistically significant gt < 0.001.However Revotek and Protemp

showed statistically insignificant difference.

At the 10" day of the color analysis the color differencewssn

Tempspan ,Protemp and Revotek was statisticallgigoificant afp < 0.001.
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RESULTS FOR FLEXURAL STRENGTH

10 samples each from Group 1, Group 2 and Groug 8pecimen A,
underwent a 3 point bending test using a Univaessing machine-INSTRON. The
results obtained were tabulated and graphs wadenAfter statistical analysis, the

following inference was obtained,.

MEAN VALUES OF
FLEXURAL STRENGTH

GROUP 1(Light cure-Revotek LC) - 10 Samples - 28.4

SPECIMEN GROUP 2 (Self cure-Protemp 4) - 10 Blam- 132.37
[Size 25%x2x2mm]
GROUP 3 (Dual curefipspan) - 10 Samples - 70.22

All 3 material groups of 10 samples each, undervee8tpoint bending test
using a Universal testing machine-INSTRON.As per tibtained results it shows
that Group 2(self cure-Protemp 4) has more flexural stregth values compared

to Group 3 followed by Group 1.

Group>2Group 3 > Group 1
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RESULTS FOR COMPRESSIVE STRENGTH

10 samples each froroup 1,Group 2 and Group 3 of specimen
A, underwent a compression test using a Univeesding machine-INSTRON. The
results obtained were tabulated and graphs wede n#dter statistical analysis, the

following inference was obtained,

MEAN VALUES OF
COMPRESSIVE STRENGTH

GROUP 1(Light cure-Revotek LC) - 10 Samples -492.

SPECIMEN GROUP 2 (Self cure-Protemp 4) - 1nfles - 25.32
[Size 25x2x2mm]
GROUP 3 (Dual curefipspan) - 10 Samples - 23.51

All 3 material groups of 10 samples each, underwentpression test using
a Universal testing machine-INSTRON.As per the ioleid results it is shows that
Group 2(self cure-Protemp 4) has more flexural stnegth values compared to

compared to Group 3 followed by Group 1.

Group>2Group 3 > Group 1
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RESULTS FOR MICROHARDNESS

10 samples each from Grouprdyup 2 and Group 3 of specimen B,
underwent microhardness testing using a Knoop HemsinTester. The results
obtained were tabulated and graphs were mader Ataistical analysis, the

following inference was obtained.

MEAN VALUES OF
MICROHARDNESS

1 Day | 10" Day
GROUP 1(Light cure-Revotek LC)| 5.44 5.52
10 Sansple
SPECIMEN GROUP 2 (Self cure-Protemp 4) 9.16 99.2
[Size 20mm dia 10 Samples
circle, 2mm thick] GROUP 3 (Dual cure-Tempspan) 95.8 | 5.98
10 Samples

All 3 material groups of 10 samples each, undetwaisrohardness
testing using a Knoop Hardness Tester. As per bit@ired results it is shows that
Group 2(self cure-Protemp 4) has more flexural stnegth values compared to

compared to Group 3 followed by Group 1.

Group>2Group 3 > Group 1
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RESULTS FOR COLOUR STABILITY

10 samples each from Group 1,8r@uand Group 3 of specimen B
underwent colour analysis testing using Spectrapheter at different immersion
periods. The results obtained were tabulated aaphgrwere made. After statistical

analysis, the following inference was obtained,

MEAN VALUES OF
COLOUR STABILITY

J7

Base| 7 Days| 10 Day
GROUP 1(Light cure-Revotek LG) 2.96 3.36 3.69
10 Saewl
SPECIMEN GROUP 2 (Self cure-Protemp 4 3.83 54.0|4.37
[Size 20mm dia 10 Samples
circle, 2mm thick] GROUP 3 (Dual cure-Tempspan) 33.84.14 4.30
10 Samples

All 3 material groups of 10 samples each, undetweolour
evaluation after different immersion periods in atairing solution.
Spectrophotometer was the instrument used for tiadysis. As per the obtained
results it shows thaGroup 1(Light cure-Revotek LC) showed least colour
changes and hence it is more colour stable compared Group 3 followed by

Group 2.

Group 1< Group 3< Group 2
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RESULTS FOR POLYMERISATION SHRINKAGE

10 samples each froroup 1,Group 2 and Group 3 of specimen

C, underwent analysis for polymerization shrinkage3 different time intervals

using a Co-ordinate measuring machine. The resbitained were tabulatednd

graphs were made. After statistical analysis, thlewing inference was obtained,

A

SPECIMEN C

[Size 20mm dia
circle with V <

notches at 4 corners

MEAN VALUES OF

POLYMERISATION SHRINKAGE

fGROUP 1

(Light cure-Revotek LC)
10 samples

( GROUP 2

(Self cure-Protemp 4)
10 samples

( GROUP 3

(Dual cure-Tempspan)

l 10 samples

At5 min| At 10 min| At 120 min
10.17 9.52 5.92
2.85 0.67 |0.64
8.68 9.25 5.92

All 3 material groups of 10 samples each, undervesttfor Polymerisation

shrinkage at different time intervals after sanfplarication. Coordinate Measuring

Machine was the instrument used for measuringhhalsage values of the samples.

As per the obtained results it shows t@abup 2(Self cure-Protemp4) shows less

shrinkage values compared to Group 3 followed by Bup 1.

Group 2< Group 3< Group 1
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DISCUSSION

Provisional crowns/ interim restorations are esakpart of treatment in
fixed prosthodontics .Provisional restorations msatisfy biologic and esthetic
needs as well as mechanical requirements, sucksastance to functional loads,
resistance to removal forces and maintenance ofmai alignmedt®”. The
definitive prosthesis is subsequently made on ths&sbof the inference recorded
from the provisional restoration, whose occlusi@n de shaped and carved in
accordance with the patient’s stomatognathic dynsff

With regard to its significance in rehabilitatiorise provisional restoration
should satisfy the following requirements, thatasprotect the pulpal tissue and
sedate prepared abutments, protect teeth from Ideat@s, provide comfort and
function, evaluate parallelism of abutments, prévaigration of the abutments,
improve esthetics, provide an environment condectte periodontal health,
evaluate and reinforce the patients oral home gaioxjde anchorage to orthodontic
brackets during tooth movement, aids in developowglusal scheme before
definitive treatment, evaluation of vertical dimEms phonetics, masticatory
function and assists in determining the prognosiguestionable abutments during
prosthodontic treatment planniffg.

An ideal provisional must fulfill biological, meahical, morphological,
psychological and esthetic requirements, such ad gumarginal adaptation, retention
and resistance to dislodgement during normal nastig function, strength and
durability, non-irritating, non porous and dimensdy stable. It should also be
comfortable, highly color stable, maintain physgtal contours, embrasures and

occlusion, highly polished, easy to remove andaeahent by the denti${* **)
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Provisional crowns and fixed partial dentures tgpcally fabricated from
one of many available methacrylate or bis-acryl@sins, each having slightly
different proprietary chemistry and properties. g&elless of specific chemistry,
dental polymers tend to undergo adsorption of dguwith which they are in
contact® Therefore, the color change over time, when stéjeto various media
such as coffee and tea and medicaments, such eshekidine and whitening
agent§”.

The basic requirement of a provisional restorat®rthat it should have
adequate working time, , easily mixed, repairedcbmpatible with the pulp and
soft tissues, dimensionally stable, color stalgsist wear ett”.

Auto polymerizing resins have been used to fategigadvisional restorations
by various method®). With the introduction of composite based matsriahich
may be chemical, light or dual cured, acrylic resirave lost their popularffy**)
Composites are used over acrylics because of temichl irritation and allergic
reactions to acrylics caused by methyl methacryla@nomer over the amine
accelerator, causing the composites to gain paputarer the acrylic€’ %)

Discoloration of provisional materials createseathetic problem and lead to
patient's confidence level going down. In spite toe addition of chemical
stabilizers to decrease the chemically inducedrathanges, provisional restorative
materials are prone to absorption of liquids, songtg can easily produce color
changes. Although many studies have evaluateddlos stability of resin based
provisional restorative materials, their results eonflicting. Haselton RD, Arnold
DMA, Dawson VD*? compared four types of Polymethyl methacrylates eight
Bis-acryl composites from different manufacture$hey found that one of the

Polymethyl methacrylate material was less coloblstéthan the Bisacryl composite
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resin ,whereas the other three Polymethl methaerylzaterials were more color
stable than Bisacryl composite resins. In a staolye by Koumijian J and Firtell
D“) an auto polymerizing methyl methacrylate resinlC®ack) was less color
stable than Bisacryl composit®rbtemp) whereas two other auto polymerizing
methyl methacrylates (Trukit and Duralay) were moador stable than Bisacryl
composite Protemp). Thus color change is not categorical but ratmaterial
specific.

Ana M Diaz-Arnold in their study demonstrated thét-acrylic-type resin
composite exhibited higher microhardness and gremieace integrity than the
methacrylate resin materifls

Polymerization shrinkage plays a major role in tite of provisional
restoration. Volumetric shrinkage was 6% for Paolgthyl methacrylate and 1.0%
to 1.7% for composit€€?. Hence composites allow better marginal fit thpary
methyl methacrylate because of less contraction tdupolymerizatioff®”. The
main disadvantage of composites are that,theybmtée in nature, which puts limit
to their use but certainly not over acrylics.

Flexural strength of provisional materials is intpat particularly ,when the
patient must use the provisional restoration foesiended period, when the patient
exhibits para functional habits, or when long speosthesis is plann&d. Ireland et
al tested the modulus of rupture (flexural strehgih provisional materials and
found bis-acryl to have the highest flexural sttéffy. Research by Osman et al
showed that 2 methyl methacrylate provisional nmiaehad higher flexural strength
than composite materfd!”. Study by Wang RL and Moore KB found no

differences between methyl methacrylate and cormpsovisional materiaf).
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Debra R. Haselton, Ana M, in their study on testine flexural strength of
5-methyl methacrylate based resins and 8-bis acrpksed resins used for
provisional crowns and fixed partial dentures dest@ted that flexural strengths
vary greatly among provisional materfals

Henry M Young, Charles T Smith compared the quatift 2 different
materials (bis-acrylic composite resin and PAMMAdadentified the advantages
and disadvantages of each material. They concltltEdis-acryl composite resin
(integrity) was significantly superior to PAMMA (& B resin and snap) as a
provisional restorative materitl. Marcus Balkenhol, Meike Christina Mautner
after conducting a study which was aimed to ingasé the flexural strength (FS) of
provisional crown and bridge materials at differstdrage times using different
curing mechanisms (dual curing v/s self curing) atoded that composite resin
based materials are preferred v/s methacrylatedbeesens due to more favorable
mechanical properti€s.

Different type of materials are available for falation of provisional
restorations. They can be pre-fabricated or cust@de. Prefabricated restorations
such as clear celluloid shells, polycarbonate créovms, metal crowns are readily
available, while provisional can be custom madenfroaterial such as polymethyl
methacrylate, polyethylmethacrylate, polyvinyl neattylate, bis-acrylic composite
resin and visible light cured (VLC) urethane dinsettylate§®°°)

Clinicians choose a product based mainly on is& e manipulation, health,
cost and esthetics, of which health and esthetizshe prime importan&). Good
strength, hardness and color stability can atlagse needs. Presently there is no
provisional material that meets optimal requireradat all situation$®.

So in this study 3 specimen groups were selectseidoan specimen size.
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SPECIMEN A- Specimen Asize was standardized with 25mm X 2mm x
2mm according to American national Standards bmstit/ American Dental
Association specification no 27 was used for datmg flexural and compressive
strength.

SPECIMEN B-. Specimen B sizewas standardized with 20mm diameter
cicles, 2mm thickness was used for evaluating wostability and microhardness.
SPECIMEN C- Specimen Cwere standardized with stainless steel plate 2mm
thickness was used for calculating polymerizatibrinkage. Six circles of 20mm
diameter were machined to form the mold space. &stl notches with a 2mm
diameter at open end of V were made at 4 cornettheofcircles to measure the
shrinkage in 2 dimensions.

Based on type of material used 3 groups namely, Groupl-Light
cure(Revotek LC), Group 2-Self cure(Protemp4) anou@ 3-Dual cure(Tempspan)
were choosen and were subjected to undergo Jigestiamely Flexural strength,
Compressive strength, Microhardness, Colour stgbiland Polymerisation
shrinkage to find out, which group satisfy the regments needed for fabrication of
provisional restorations.

Flexural strength

Flexural strength is defined as the force per aret at the point of fracture
of a test specimen  subjected to flexural loadifg Flexural Yield Strength is
reported instead of flexural strength, for materiddat do not crack in the flexure
test. An alternate term is modulus of ruptureexgtal strength is a combination of
tensile and compressive strength tests and incletigsents of proportional limit
and elastic modulus measureméfits Flexural strength of provisional materials is

important, particularly when the patient must use provisional restoration for an
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extended period, when the patient exhibits pardfonal habits, or when long span
prosthesis is planné®’). Flexural strength also known as modulus ofutetbend
strength or fracture strength, is measured in tefretress and is thus expressed in
terms of units of pressure (or stress, the twodenuivalent). The value represents
the highest stress experienced within the matatiats moment of rupture. In a
bending stress highest stress is reached on tfecelwof the sample.

The flexure test method measures behavior of maéesubjected to simple
beam loading. It is also called a transverse beminwith some materials. Flexure
testing is often done on relatively flexible ma#dsisuch as polymers, wood and
composites. There are two test types; 3-pointdliect 4-point flex. In a 3-point test
the area of uniform stress is quite small and coinaged under the center loading
point. In a 4-point test, the area of uniform s$re@xists between the inner span
loading points (typically half the outer span ldngt

Flexural strength, also known as modulus of rugturend strength, or
fracture strength, is measured in terms of strasd, thus is expressed in Pascal’s
(Pa) in the S | system. The value represents igfieeht stress experienced within
the material at its moment of rupture. In a begdest, the highest stress is reached
on the surface of the sample.

For a rectangular sample under a load in a 3 pt beshsetup:

* Fisthe load (force) at the fracture point
* L is the length of the support span
* Dbis width of the sample

» dis thickness of the sample
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The flexural strength is expressed in modulesupture (MR) in psi (MPa).
When a 3-point flexure test is done on a brittldemal like ceramic or concrete,it is
often called modulus of rupture (MOR). This testvpdes flex strength data only,
not stiffness modulus .The flexural strength specisn which were prepared
according to the American national standards nun#¥ewere mounted on the
universal testing machine (INSTRON 3382) to undemgo3-point bend test.
C1341-00 is the Standard Test Method for Flexurap@rties of Continuous Fiber-
Reinforced Advanced Ceramic Composites. The pladehind the machine is its
mechanical testing of materials and combinationmafterials (e.g. bondings) in
tension, compression, shear or peeling can be wadhdnstron.

Instron 3382 Series load capacity 5kN in equippath a long travel
extensometer and 0 to 25mm extensometer. Thein3882 electromechanical test
instrument can test a wide range of materials msitg or compression. The load
frame is designed to secure a test specimen bettheengid frame base and the
moving crosshead.

The drive system moves the crosshead up to appbnsile load on a
specimen, or down to apply a compressive load ersgiecimen. The applied load
is measured by a load transducer (load cell) maub&tween the specimen and the
crosshead. The load cell converts forces into laatrecal signal that the control
system measures and displays. Accuracy of stee€s5% of measured stress the
deformation speed is: 0 to 1 m/min. It is usedhi@ determination of E-modulus,
yield stress and strain of all types of materiggsnbbeasuring stress-strain-curves

measurement of fracture toughness.
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In the present study, 10 samples each of Grouph{legre-Revotek LC),
Group 2 (Self cure-Protemp4) and Group3(Dual cwreyispan) of specimen A
were subjected to undergo a 3 point bending taagudniversal Testing Machine-
INSTRON. The results obtained were tabulated aatisstal analysis was done
which revealed that Group 2 material-Self cure@rgi4) has more flexural
strength than Group 3 followed by Group 1.

COMPRESSIVE STRENGTH

For this test the samples were placed on a flaétopla and another flat metal
plate attached to the machines loading cell wag kesuch a way that it just
touched the specimen without applying any amouri¢iaie on it. Then a load of 10
kN load cell at a crosshead speed of 0.75mm/minapaied. The force the sample
could withstand till the start of deformation wascerded in Newton’s and
calculated in MPa with the use of testing machoférsre.

In the present study, 10 samples each of Grouphi{legre-Revotek LC),
Group 2(Self cure-Protemp4) and Group3(Dual cumeyispan) of specimen A
were subjected to undergo compression test usingetdal Testing Machine-
INSTRON. The results obtained were tabulated aatisstal analysis was done
which revealed that Group 2 material-Self cure@rg4) has more compressive
strength than Group 3 followed by Group 1.

Microhardness

Hardness is the resistance of the material totiplagformation typically
measured under an indentation 0% There are various provisional composite

restorative materials available for the cliniciamshe market.
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The material should have good mechanical propersgay in the oral cavity;
if the treatment is planned for a longer duratiofihere are few studies done to
check the mechanical properties of the provisionalerial, but very limited studies
have been done using the knoops microhardness derdiester. Gegauff and
Rosenstiel used a Barcol-type indenter to evaltregotential change in hardness
caused by the use of various luting agents on piaval resins. No study has been
done to investigate the surface hardness of thenmaterial®. Surface hardness
can be used as an indicator of density, and it mrypothesized that a denser
material would be more resistant to wear and sarégsterioration.

Hardness can be measured by various other hartestess like the Vickers
hardness tester, Shore hardness testers, Rockasdhdss tester, and Brinell
hardness tester. The Knoop hardness test is aommaiciness test-a test for
mechanical hardness used particularly for verylbmhaterials or thin sheets, where
only a small indentation may be made for testingppses.

A pyramidal diamond point is pressed into the gfedd surface of the test
material with a known force, for a specified dwethe, and the resulting indentation
IS measured using a microscope.

The test was developed by Fredrick Knoop and agiles at the national
Bureau of standards (now NIST) of the USA in 1988 is defined by the ASTM
D 1474 standard. The advantage of the test ateotilg a very small sample of
material is required, and that it is valid for adeirange of test forces. The main
disadvantages are the difficulty of using a micopsgcto measure the indentations
(with an accuracy of 0.5 micrometer), and the tmeeded to prepare the sample and

apply the indenter.
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The indenter used is a rhombic-based pyramidahaoln that produces an
elongated diamond shaped indent. Knoop tests amlyrdone at test forces from
10g to 1000g, so a high powered microscope is sacg$o measure the indent size.
Because of this, Knoop tests have mainly been knasvmicrohardness tests. The
newer standards more accurately use the term miaentation tests. The
magnifications required to measure Knoop indentdatk a highly polished test
surface. To achieve this surface, the samples remenally mounted and
metallurgically polished. Therefore Knoop is almalsvays a destructive test.

In the present study, 10 samples each of Grouph{legre-Revotek LC),
Group 2(Self cure-Protemp4) and Group3(Dual cuneydspan) of specimen B
were subjected to undergo microhardness testinggusnoop hardness tester. The
results obtained were tabulated and statisticdlysisawas done which revealed that
Group 2 material-Self cure(Protemp4) has more rhmmdness values than Group 3
followed by Group 1.

Color stability

Color is the sensation induced from light of vagyiwavelengths reaching
the ey&%). Composites are used because of their improvgdigal and handling
properties. But the main disadvantage is that thisgolor easily, resulting in
esthetic problem. The methods that have been fasedeasuring the color are the
visual method and the instrumental metAdd

Discoloration can be evaluated visually and bytrumeental techniques
(spectrophotometer and colorimet&?) Color evaluation by visual comparison has
been shown to be unreliable as a result of incterssges in color perception
specifications among observers. Visual color assest is dependent on the

observer's physiologic and psychologic responsesatbhant energy stimulation.
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Inconsistencies may result from uncontrolled faxt@uch as fatigue, aging,
emotions, lighting conditions, previous eye expeswbject and illuminant position
and metamerism. Since instrumental measurememtsinate the subjective
interpretation of visual color comparison, colorters and spectrophotometers have
been most commonly used to measure color changenital materiaf&™®.

Spectrophotometers have been shown to be moreadéedn measuring the
color change than colorimeters. Colorimeter gehenases three to four silicon
photodiodes; that have spectral correction filthet closely simulate the standard
observer functions. These filters act as analowtfan generators that limit the
spectral characteristics of the light that strikles detector surface. They cannot
exactly match the standard observer functions filtgrs ; while retaining adequate
sensitivity for low light level$®. Thus, the absolute accuracy of filter calorimete
is considered inferior to scanning devices such $pgectrophotometer.
Spectrophotometers contain monochromators and g@iooles that measure the
reflectance curve of a product’s color every 10nmess*®. In short, a colorimeter
provides an over all measure of the light absorhwkilje a spectrophotometer
measures the light absorbed at varying wavelengtBgcause of the apparent
advantages of spectrophotometer over colorimetervésual method, color change
in this study was measured using spectrophotometer.

In the present study, the CIELAB system was usedblor measurement.
According to Okubo S. and Kanawati A. the use OfEIGAB system is
recommended for dental purpo$®s Various studies have reported different
thresholds of color difference values above whiah d¢olor change is perceptible to
the human eye. These values ranged fadhrequal to 1, between 2 and reater

than or equal to 38 and greater than or equal to ®7 Values ofAE between 0
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and 2 were imperceptible, valuesAf in the range of 2 to 3 were just perceptible,
values from 3 to 8 were moderately perceptible #mel values above 8 were
markedly perceptibl®. A AE value of 3.7 or less is considered to be clihjcal
acceptablé®,

In the present study, 10 samples each of Groupgh{Lsure-Revotek LC),
Group 2(Self cure-Protemp 4) and Group3 (Dual dgsypspan) of specimen B
were subjected to undergo analysis for colour Btalbising Spectrophotometer. The
results obtained were tabulated and statisticdlsisavas done; which revealed that
Group 1 material-Light cure(Revotek LC) is more atol stable than Group 3
followed by Group 2.

POLYMERISATION SHRINKAGE

The purpose of this study was to evaluate polyragdm shrinkage of resin
composites using a coordinate measuring machine. déordinate measuring
machine measurements, composites were applied ftoyliadrical S.S mold
(20 mm x2 mm), polymerized and removed from thedn®he difference between
the volume of the mold and the volume of the speaimvas calculated as a
percentage.

Despite the major developments in new restoratiaéenals, all resin-based
composites present a certain degree of volume tedudue to the polymerization
reaction. Assuming that these materials are bomnolgutepared dental cavities, this
volume contraction will lead to internal stress gewion, which in turn,
compromises the mechanical and chemical stabifith® restoration and may lead
to the loss of marginal integri®. As a consequence, marginal leakage of saliva
and its components will occur resulting in postiapige sensitivity, discolored

margins, recurrent caries and fractures of the oraBbn margins.
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These clinical consequences are the main reasongdtoration substitution, and
explain; why polymerization shrinkage is recogniasdhe main limitation of these
materials. Many studies have been conducted tu&eapolymerization shrinkage
of resin composites. The results indicate thavtflame contraction is dependent on
the filler concentration, polymerization charadgas, volume and cavity design,
restorative procedure and light intensity used pbiotoactivation. In addition,
polymerization shrinkage has a strong influencestvass generation and most of
these tensions are developed in the first few s¥coafter irradiance The
characterization of the shrinkage behavior andptiigmerization reaction itself are
an important aspect in the development of new rast@ materials.

The primary goal of coordinate measuring machi@NIs) is to obtain the
Cartesian coordinates of points on a solid surfadeCMM is composed of four
interconnected rigid parts, three mobile and oredibase. A CMM with a fixed
working table and a mobile bridge is the most comrnype. In this type of CMM,
the object to be measured is placed on the fixeohigr table and the operator
dislocates each of the three mobile parts alondhte= axes using a joystick in the
following sequence: the bridge (along the OX ax#®,car (along the OY axes) and
the probe column (along the OZ axes). Finally,laymrobe touches a specific point
on the object. Each part of the machine has a-buifuide rail, so that the
relationship between the axes allows a point tdobated in all three planes with
one check. The resulting data are mathematicalbcgased in a computerized
system to provide dimensional and geometrical nreasents of any kind of object

with high precision.
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The dimensions of the mold and the specimens @ianand height) were
then used to determine their volumes accordineddllowing equation
V =nr2h
whereV is the final volumes is a mathematical constant equal to 31145 the
radius, anch is the height of the cylinder. Polymerization skage V) in % was
calculated according to the differences betweenvtilteame of the mold and the
specimen, using the following equation:

V =Volmold — Volsgimen x 100%

fold
where V is the volume variation as a percentage (%), Vatinisl the volume of the
mold, and Volspecimen is the volume of the specifffén
In the present study, 10 samples each of Grouph{legre-Revotek LC),

Group 2(Self cure-Protemp4) and Group3(Dual cuneydspan) of specimen C
were subjected to undergo evaluation for polyméoma shrinkage using a
Coordinate measuring machine. The results obtawee tabulated and statistical
analysis was done which revealed that Group 2 ma&teelf cure(Protemp4) less

polmerisation shrinkage values than Group 3 folldwg Group 1.
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SUMMARY AND CONCLUSION

The aim of the study was to compare the propeuiethree composite
provisional crown and bridge materials. Samplesnfqarovisional materials were

prepared to check five different properties namely

+ Flexural strength,

% Compressive strength,
% Microhardness,

++ Colour stability and

% Polymerization shrinkage

A standardized procedure was adopted for the pagparof test specimens.

According to specimen size ,3 groups were categdnmamely

SPECIMEN A- Used for calculating flexural and compressiveerggth.
Specimen A size was standardized with 25mm x 2m2mr (American national

Standards Institute / American Dental Associatipectfication no 27).

SPECIMEN B- Used for calculating colour stability and microhaeds
Specimen B size was standardized with 20mm diameties, 2mm thickness

SPECIMEN C- Used for calculating polymerization shrinkage.

Specimen C were standardized with stainless ptagd 2mm in thickness.
Six circles of 20mm diameter were machined to fdhm mold space. V shaped
notches with a 2mm diameter at open end of V weaadarat 4 corners of the circles

to help us in measuring the shrinkage in 2 dimerssio
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According to types of materials used, it was catiegd into 3 groups namely,
Group 1 Light cure materidREVOTEK LC
Group 2 Self cure materiaPROTEMP 4

Group 3 Dual cure materidEMPSPAN

10 samples from each of the 3 groups were subjeitefive different
property testings. From the results obtained,
1) Group 2 Self cure material - PROTEMP 4 has more #xural strength.
2) Group 2 Self cure material - PROTEMP 4 has more auopressive strength.
3) Group 2 Self cure material — PROTEMP 4 has more mroharness.
4) Group 1 Light cure material — Revotek LC is more olour stable.

5) Group 2 Self cure material - PROTEMP 4 exhibits last shrinkage.

1. When provisional restoration is to be givenhe ésthetic regionthen urethane

dimethacrylate based materi&gvotek LC) can be used.

2.When the provisional restoration has to be pldoedlonger span of timethen

chemically cured bis-GMA based materi@fgtemp 4) can be used.

3. If a provisional long span bridge has to be @taihen chemically cured Bis-GMA

based materiaRrotemp 4) can be used.

It was inferred from the study that no one matenak superior in all five
tested parameters. Although these products are nfiaae similar materials,
variation in formulation including the cross-lingragents, appear to have resulted
in variations in the performance. Further invediimn is required to elucidate the
nature of product differences and the way in whiodése materials respond to the

oral environment.
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