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AB S曹RACT

An importan亡　advance in restorative den亡istry in

recen亡　years has been　亡he indication that microleakage

Can be mini皿ized around a composite resin wi亡h　ヒhe use

Of acid e亡Ching and placemen亡　Of an intermediary

bonding agent on　亡he walls of cavity prepara亡ions.

Elimination or reduc亡ion of microleakage would result

in a decrease in sensi亡ivity,　discoIoration,　and

recurrent caries.　エnvestigations have shoⅥn∴tha亡

microleakage is significan亡Iy reduced or eliminated in

res亡Ora亡ions where　亡he enamel was etched and a layer of

unfilled resin was placed before placement of the

res亡Orative ma亡erial.

Some investigators recormended modification of

Classic preparation design for composi亡e resins, SuCh

as bu亡t joint/overlayed, beveled joint and curved bevel

join亡.

This study evaluated the margina1 1eakage of　亡hree

COrmerCially available compo§ite resins in restorations

PrePared with different cavo surface design and modes

Of　亡rea亡ment.



●　　　●

Eigh亡y class V cavities were prepared in ex亡rac亡ed

human tee亡h.　The　亡ee亡h were stored in 10%　formalin

fo11owing extrac亡ion and divided in亡O ten grOuPS. One

group was used as a control group.　Conventional and

modified class V prepara亡ions were restored wi亡h Silar,

Profile and Prismafil.　Some of the cavi亡ies were

acid-etChed and a bonding agen亡WaS aPPlied.

Af亡er themal cycling was conducted'　uSing a

me亡hylene blue dye) the specimens were sectioned and

examined for microleakage wi亡h a stereo dissecting

microscope.

The resul亡S Show that for all three composi亡e

SyS亡ems when used with a beveled cavo surface there was

less microleakage. It is evident　亡ha亡　the best seal at

亡he enamel-COmPOSi亡e in亡erface was achieved by means of

a cavo surface-bevel and acid-etCh in conjunc亡ion wi亡h

the applica亡ion of an in亡ermediary bonding agen亡●
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工NTRODUCTION AND STATEMEN冒　OF PROBLEM

The efficacy of restorative ma亡erials to seal cavity margins

against the en亡rance of salivary consti亡uents has been of great

in亡eres亡　to　亡he den亡al researchers.　Many s亡udies have been done in

bo亡h in vivo and in vi亡ro in order to find a way for s亡OPPing or

reducing the marginal leakage.

Many au亡hors are offering　亡heir ideas about res亡Orative me亡hods

using composites and acid-etChed techniques for restora亡ion of

CaVities.

珊e chemical and physical evalua亡ions of composite resin fillings

have been extensively investigated in the pas亡(Lee and Swartz, 1970;

Lia亡ukas　1972), bu亡　Still much has　亡O be done to iⅢPrOVe the

mechanical proper亡ies of these ma亡erials.　工t is also i皿portan亡　亡O

achieve for each type of filling material亡he correct tooth con亡Our in

order to ge亡　the best possible esthetic and physioIogic resul亡and　亡O

restore　亡he na亡ural anatomy.

One of　亡he widely accepted res亡Ora亡ions wi亡h com亭OSite resin is

亡he class V cavity・ The Council on Den亡al Materials and Devices does

recognize　亡he usefulness of composite resins for class V and Class H工

res亡Ora亡ions’Class V cavities are in the gingival one third of teeth

and below亡he height of contour on labial}　buccal and lingual surfaces

of　亡eeth.

This s亡udy will investigate the microleakage of a new

visible-1ighトCured composite resln '　　namely Prismafil*　in

conven亡ional and modified Class V prepara亡ions,Wi亡h and wi亡hout an

intermediary bonding-agen亡I in comparison wi亡h Silar** and Profile***・
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A conventional resin served as con–Srol group.•@‘‚he composi–Se resin

Adap–Sic was used for•@–Shis purpose.

*•@3M Company•œ•@3 CenterŽ–•@Bldg. 555-IS) St. Paulƒ^MN—^5101

**•@S.S. White•f Dental Products In–Sema–Sionall Phila.'•@PA 19102

*—êCaulk, Division of Den–SSPly•Hntemational•Hnc•E) Milford? Delaware.
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LITERATURE REVIEW

In recent years, there have been few aspects of den–Sistry that

have stimulated more interes–S•@than the acid-e–SCh•@–Sechniques.•@These

PrOCedures have enabled dentis–SS tO attaCh ma–Serials and or–Shodontic

appliances•@–SO the•@–Seeth wi–Shou–S•@COnVen–Sional undercuts or reten–Sive

devices. Since Buonocorels original observa–Sion•œ•@–She refinements and

applications of•@–She acid-e–SCh technique have become numerous.

Class V cavity preparations were chosen for this s–Sudy because

they are a popular candidate for coŽMposi–Se resins fi11ings.

Incorporating•@–She advantage of bevels and the sealing properties of

acid etch•@–Sechniques along wi–Sh a bonding-agent One Can almos–S

COmPle–Sely seal the class V cavities.

However,–Shere are still several questions that arise when one

COnSiders composite resins and the applica–Sion techniques.

1.•@How do acid e–SCh bonding systems work on beveled enamel

surfaces?

2.•@Does the applica–Sion of a bonding agent and irmediate

Placemen–S•@Of a composi–Se resin produce a weakend composi–Se

restoration?

3.•@Does•@–She amount of bonding agen–S•@have any effec–S•@On•@–She

marginal seal?

4. Does a thin edge of acid etch composite (beveled) produce a

marked difference in long term sealing?

5. Does a thin edge of conposite produce a weakŽMargin?

Class V lesions are classified as smooth surface cavities

OCCurring on the gingival third of•@–She facial or lingual surfaces of
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all tee–Sh (The Art and Science of Operative Dentistry, 1976). For

treatment of Class V lesionsl amalgam}•@Silicate cemen–S) and composi–Se

resins may be used•E When esthetics are a prime requirement? however,

Only silica–Ses and composi–Se resins can be used.

Composite resins refer to a•@–Shree dimensional combination of a–S

1east two chemically different materials with a distinc–Sin–Serface

S(eparating the components, they are:

a.•@Resin, Organic

b. Filler, inorganic

The filling is•@–Sreated wi–Sh a coupling agent to improve contact

be–SWeen–She componen–SS.

‘‚he combination of•@–Shese two materials provide properties•@–Sha–S

Can nO–Sbe ob–Sained wi–Sh any one of–She components ac–Sing alone.

•Hncorpora–Sion of an inorganic fi11er in–She resin give composite

resin differen–SPrOPer–Sies•@–Shan unfilled direc–S•@res–SOra–Sive ma–Serials.

Recen–SIy micro-filled composite resin–Shat may be visible-1ight curedƒ^

have been introduced.

His–SOrical Back round

For•@ŽMany yearS the den–Sal profession has been looking for a

rest:Orative material which resembles the natural•@–SOO–Sh in appearance

and which can withs–Sand–She conditions within the oral cavity•œ

•Hn 187l$•@tranSlucent silica–Se cement was introduced by Fletcher,

in England, but rejected because i–S•@WaS brit–SIe and difficul–S•@to

handle.

Steenbach in Germany modified the silicate and called it Ascher-s

Ar–Sificial Enamel•E•@When a modification overcame•@–She presence of a

high degree of acidi–Sy the use of silicate cemen–SSPread.
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‘‚he powders used for silicate cemen–S•@are a complex glass

COnSisting essentially of alumino-Silicate containing magnesium,

fluorine,•@Calcium,•@SOdium and phosphorus.•@One of the principal

reasons for using silicate cement in an–Serior restorations is its

lifelike appearance, at leas–S•@When first inser–Sed.•@A major weakness

Of silicate cement is their•@–Sendency to dissolve and disin–Segrate in

–She mou–Sh especially in areas of the res–SOration which are no–S•@Self

Cleansing.

Current silicate cements dissoIve almos–S•@0.8•@percent, When one

hour old specimens are irmersed for•@24•@hours in distilled water

(Phillips and Skinner).•@The presence of fluoride in silicate cemen–S

PreVentS reCurrent decay a–S•@–She margins, but•@–She presence of acids has

a poten–Sia11y damaging effect on the pulp.

During World War I•H•@the Germans, tO COnSerVe metals, developed a

self curing resin (plastic),–Shen introduced in–SO•@–She United S–Sates

Wi–Sh promise of replacing•@–She silica–Se as anterior res–SOra–Sions.

Acrylic resin consists of:

I.•@Polymer (powder) which is polymethylmethacrylate b, initiator,

benzoyl peroxide (0.3-3.0‘æ

H. Monomer (liquid portion) is:

1. methylmethacrylate

2. cross linking agents like ethylene dime–Shacrylate

3.•@•Hnhibitor - mOnO methyl of hydro quinone

4. Ac–Sivator - dime–Shyl toluidine

Polymeriza–Sion of acrylic resin can be accomplished in•@–SWO WayS)

a) by formation of free radicals in which peroxide of powder react

with the amine of liquid; b) b-tOluene sulfinic acid which is
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dissoIved in monomer can initiate polymerization wi–Shout adding

benzoyl peroxide.

Acrylic resins are–She softes–SOf the restorative materials'•@they

are suscep–Sible to wear (e.g•E, tOOth brushing), they have a high

PerCentage Of polymeriza–Sion-Shrinkage} 1ow compressive and•@–Sensile

Streng–Sh and a high themal coefficient of expansion (seven to eight

times tha–S•@Of too–Sh s–Sruc–Sure).•@Due•@–SO temPera–Sure fluc–Sua–Sion of

acrylic resins researchers developed ways•@–SO OVerCOme these problems

(Bead–Sechnique).

Some modified acrylic resins were developed•œ•@but the problem of

high thermal coefficien–S•@Of expansion and rise in•@–Sempera–Sure

remained.•@The first practical monomer for use with composi–Se resins

WaS developed by Bowen in 1962, and it was a bi-PrOduc–S•@Of bis phenoI

A and glycidyl me–Shacrylate.•@Although Buonocore in 1956 iden–Sified

the glycerophosphoric acid dimethacrylate, Bowen-s work is the

foundation of present den–Sal adhesion–SechnoIogy.

Bowenls material is a Bis GMA which is a product of the bis

PhenoI A and glycidyl me–Shacrylate. Bis GMA is–SOO Viscous to be used

diree–SIy.•@•Hn order to improve its fluidity, lower viscosity

Substances are added•œ in the amoun–S•@Of•@5(—k•@of i–SS Weight}•@e.g•E

me–Shyl-me–Shacryla–Se. Then inert, finely divided fi11ers are added for

further modifica–Sion and improvement. Filler is inorganic•œ•@CheŽMically

iner–S, hard, refrac–Sive, e.g. Silica, quartZ, borosilicate and its two

main functions are, first to inhibi–S•@matrix deformation and second to

decrease the coefficien–SOf thermal expansion.

ŽXe surface of the fi11er is coated wi–Sh a suitable coup•Hing

agen–S•@Wi–Sh s–Sable adhesive bonding of the fi11er•@–SO•@–She resin, Which
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is essen–Sial for strength and durability of the composite.•@An ideal

COmPOSite resin has to have•@–She following properties:

l. Meet general requireŽMent of flow;

2. Cured composite must resist degrada–Sion by oral fluid;

3.•@S–Srong enough to wi–Shs–Sand imposed mechanical forces;

4.•@Pose enough strength, SO•@–Shat, fracturing, dimensional

instabili–Sy or peeling wi11 not result;

5. Good ini–Sial es–Shetic and preserve es–She–Sics in the oral

environmen–S;

6.•@•Ht should be tas–Seless, Odorless, nOn-tOXic and

non-irritating to mouth tissues;

7.•@Good working characteristics.

Bu–Sno composite has ye–Sbeen found to mee–Sa11 of•@–Shese requirements.

Compared•@–SO the acrylic resins the composite resins according to Ralph

W. Philips (1976) have:

1. Grea–Ser compressive and•@–Sensile s–Srength;

2. Higher modules of elastici–Sy;

3. Superior resistance•@–SO abrasion and hardness;

4. Less polymerization shrinkage;

5. Lower coefficien–S•@Of thermal expansion.

Thus composites are superior to the self-Curing resins and silicate

Cemen–SS.

•Hn a 1970•@policy statement issued by the Council on Dental

Materials, Ralph W. Phillips clarified and redefined coŽMPOSi–Ses as

being those ma–Serials with sufficient fi11er conten–S•@bonded•@–SO the

resin matrix based on Bowenls Fomula and proccessing the dis–Sinc–S

properties of grea–Ser compressive streng–Sh and tensile streng–Sh•œ
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higher modulus of elasticity , SuPerior resistance•@–SO abrasion, lower

POlymerization shrinkage and a reduced coefficien–S•@Of•@–Shermal

expansion.

Ph“yllips recognized•@–She differences in properties of composi–Ses

but dismissed•@–Sheir clinical significance at this•@–Sime.•@He also

POinted out problems in finishing of composite coIor stability, and

the need for controlled studies•@–SO aSSeSS•@–Sheir use in class II and

Class IV cavi–Sy preparations.

Reisbeck (1971) evalua–Sed the•@–Sransverse s–Srength of composites,

and•@–Sheir abili–Sy–SO be added to zincoxide eugenol as a base material.

He found a significan–S•@reduc–Sion in transverse strength wi–Sh ZOE as a

base in the repaired res–SOra–Sions.•@Lee developed a produc–S•@Ca11ed

”¥L-72, and a second product la–Ser known as Epoxyli–Se.•@La–Ser, Lee

fomed his orm coŽMpany, Lee Pharmaceu–Sicals, and produced a produc–S

Similar•@–SO Epoxylite, Which was called Res–SOdent.

•Hn 1972, the firs–SIong•@–Serm clinical inves–Siga–Sion of four years

duration was reported testing•@–She composites Adaptic, Concise and

Epoxylite for class H, Class•@•HV and class V cavities wi–Sh some

restorations being trea–Sed wi–Sh pins.•@None of the ma–Serials were

Singled ou–S•@as being better.•@Pulp irrita–Sion proved to be a

Significant probleŽMwi–Sh composi–Ses.

In 1966, Langeland showed that pulp reactions•@–SO Addent are more

SeVere COmPared to cold-Curing acrylics, that zinc phosphate is not an

adequa–Se liner for composites and he drew the obvious conclusion•@–Shat

ZOE cannot be used as a base.

S–Sanley (1967) reported that composi–Se materials can produce

Significan–S•@Pulpal irri–Sa–Sion and require the use of a base or liner
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–SO PrO–Sect•@–She pulp. In 1972•@Roberts and Moffa described the repair

Of a frac–Sured permanent incisor with a composite resin}•@and a fissure

Sealan–S•@activa–Sed by ul–Sraviolet ligh–S•E•@La–Ser•@–Shey reported on•@60

Pa–Sients who were followed for two years.

Oppenheim and Ward (1973), E11is and Davey (1970) have conducted

S–Sudies about the efficacy of similar–Sechniques. In a recent study a

COmParison of abrasion resistance between compositesƒ^•@unfilled resins,

amalgam and glazing compounds was conduc–Sed, Which resul–Sed in the

COnClusion tha–SeompOSites with glass fillers were more resistant than

–Shose with fillers of li–Shium aluminium silica–Se.

Comparison with an unfi11ed resin, Sevriton showed a•@4•k—k•@higher

rate of resistance to abrasion.•@AŽMalgam was found to be similar to

the composite while the coa–Sing of glazing materials Fini–Se and

Nuva-Seal abraded more quickly than•@–She coŽMposites with which they

Were intended•@–SO be used.

In 1974, Eames, •}•c, in a clinical trial compared composi–Ses

and amalgaŽMs in posterior res–SOra–Sions and silica–Se and composites in

an–Serior•@–Seeth.•@Composites performed well in both class I and class

H restora–Sions wi–Sh no problems of fractures, however, 1oss of

anatomy was seen with the composites af–Ser one year al–Shough their

marginal adapta–Sion af–Ser three years seemed superior.•@Silica–Ses

Showed gross de–Serioration when compared to composi–Ses, Par–Sicularly

With respect•@–SO marginal adaptation and ana–SOmic form.

‘‚he developmen–S•@Of composite resin is continuing up to now and

different•@–Sypes of composite resin, e.g., Adaptic, Concise, Exact,

etc•E have been developed.•@‘‚here are also o–Sher types of composi–Se

resins in addition–SO the conventional type.
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l. Microfi•Hled composi–Se (5•@rm fillers) e.g.,•Hsopast;•Hsocap,

Which contain less inorganic components'•@POSSeSS a lower•@ŒÊOdulus of

elasticity}•@higher value of wa–Ser absorp–Sion and themal expansion in

COmParison wi–Sh highly fi11ed composi–Se resins•E•@Proper–Sies of Silar

are be–SWeen–Shose of microfi11ed and highly filled resin•œ

2. Micro-fine composite resins (0.05 m) e.g., Silar has a lower

modulus of elas–Sicity' less wa–Ser absorption•œ 1ower linear coefficient

Of themal expansion compared•@–SO highly filled composites.

One of•@•@–She newly developed den–Sal ma–Serials are

Visible-1ighƒgCured composite resins.

According•@–SO Bassouing and Grant (1978), an impor–Sant fea–Sure of

–She visible light cured composi–Se is•@–She generous working time it

allows, and also its radiopacity, While•@–She shade resembles tha–S•@Of

den–Sal enamel.

Accord‰¤ng to Smith and Wilson•@(1979)•@Fotofil restorations

appeared to match the shade and•@–Sranslucency of adjacen–S•@–Seeth. AIso

the surface finish of Fotofil restora–Sion was superior to•@–Shat of

COmParable Adaptic restorations.•@–`he microfilled composite resin

COntain particles of silica smaller than l um, and are designed to

give smoother–Sextures of finished surface.

Rap–Sis, Fan and Powers (1979) in a study compared the physical

and mechanical properties of microfilled composi–Se wi–Sh•@–Shose of

COnVentional composite resin.•@They found that•@•Hsopas–S, Isocap and

Superfil compared with Concise, had lower amoun–SS Of inorganic fi11er

COn–Sen–SS and modulus of elas–Sici–Sy and higher values of wa–Ser

absorption, dep–Sh of indentation, and linear coefficien–S•@Of themal
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expansion.•@The proper–Sies of Silar were between those of Concise and

O–Sher microfilled composi–Se resin.

•Hn a surmary of composi–Se res–SOrative ma–Serials in 1976,–She

Council on Dental Materials and Devices sta–Sed that the basic

advan–Sages of composi–Ses were the lower coefficien–S•@Of thermal

expansion. The lower polymerization shrinkage•œ•@the higher compressive

S–Srength and tensile s–Srength, grea–Ser s–Siffness and lower water

absorption•E They concluded–Sha–Sthis meant that composites had better

marginal integrity' 1ess marginal s–Saining and secondary caries) less

Staining in the restora–Sive ma–Serial itself, and better main–Senance of

ana–SOmic form compared•@–SO unfilled resins•E So•œ•@raPid polymeriza–Sion}

ease of manipulation•œ•@gOOd es–Shetics as we11 as improvement of

different properties make the coŽMposite resins•@–She most popular

restora–Sive materials.

With an unders–Sanding of enamel structure and microleakagel We

have•@–SO find out what the acid etching does to•@–SOOth s–Sructure, and

how it can help reduce microleakage.ŽMe •˜uPreme teSt Of a fi11ing is

i–SS abili–Sy–SO maintain an unfailing margin according to Prime (1937).

Composi–Se resin res–SOra–Sions are the first in•@–She class of tooth

COIored ma–Serials to main–Sain marginal integri–Sy during a clincially

acceptable period.

There is evidence•@–Sha–S•@CryS–Salites of hydroxyapatite are

Preferentially arranged wi–Shin the prisms.•@Each crystali–Se is

elongated in shape} is too sma11–SO be seen wi–Sh•@–She ordinary light

microscope, the direction of the elonga–Sion being along the fiber

axis•E A multitude of crystali–Ses make an enamel prism, the fiber axis

Of which tend to be in a definite direc–Sion•@–SO the prism rather•@–Shan
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being arranged at random.•@Thulis•@(1940)•@confimed that double

Orien–Sation of crystalites in enamel appeared to exis–S; One grOuP Of

Prisms devia–Sing about•@5o from the prism axis, the other being

interprisma–Sic substance and deviating from the prism axis by 40O.
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With contradic–SOry findings by many researchers•œ•@Boyde

(1976) concluded•@–Sha–S•@enamel should be considered a

COn–Sinuous substance ra–Sher•@–Shan made up of separate

rod-1ike s–Sructures.•@Microleakage can be defined as•@–She

PaSSage Of bacteria•œ•@fluids'•@mOlecules or ions be–SWeen a

CaVity wall and the restorative material applied to i–S.

In vi–Sro experiŽMen–SS include•@–She use of dies,

radioactive isotopes'•@air pressurel bac–Seria, neutrOn

ac–Siv ation analysis, and artificial cavi–Sies–Sechniques and

thermal cycling.•@Thermal cycling occurred either in•@–She

range of 5-60Oc or 15-45Oc. Most inves–Siga–SOrS uSe a 30-60

SeCOnd exposure time wi–Sh a nuhoer of cycles up to•@2500.

Dies and isotopes were used to assess microleakage and the

results were quan–Sified by assigning scores to–She dep–Sh of

Pene–Sra–Sion of these agents.

The charac–Seris–Sic brown ring around dental silicate

and unfilled resin restorations was indica–Sive ofŽMarginal

leakage and accumulation of debris be–SWeen the cavi–Sy wall

and the res–SOra–Sive material. Marginal s–Saining to•@–Shis

degree is no Ionger indigenous to–SOOth-COIored restorations

fabricated of composite resin placed on conditioned enamel.

Jordan and co-WOrkers (1977) cormented•@–Shat the rare

OCCurrenCe Of marginal staining constitutes direct clinical

evidence tha–Sacid conditioning of enamelŽMargins enhances a

marginal seal through an interlocking relationship be–SWeen

resin tags and etched enamel microporosi–Sies.
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Gwinne–St and Ripa (1973) stated that low viscosity

resins•@–Shat form•@–Sags on polymerization wi11 pene–Srate

enamel pores to depths of 20–SO 50 um. Buonocore suggested

that there•@ŽMay be•@30,000•@to•@4O}000•@prisms per square

mi11imeter of Enamel surface available for forma–Sion of

tags.•@Therefore, aCid e–SChing produces a significan–S

increase in•@–She amount of surface area available for resin

bonding and enhances the po–Sen–Sial for sealing margins•œ

Hembree and Andrews (1976) in–Sheir s–Sudies of marginal

leakage with dyes and radioactive tracers have corroborated

–Shis later finding.•@According•@–SO Going (1972), the

application of a low-Viscosity bonding agen–Sand the use of

rubber dam should be routine procedures for all composite

resin restora–Sions.

Many studies emphasize–Sha–Sthe margins of restora–Sions

are no–Sfixed, inert and impene–Srable borders bu–Srather are

"dynamic microcrevices which contain a busy–Sraffic of ions

and molecules."•@Moffa, Robert and Jenkins (1973) found that

the acid etch•@–Sechnique appears•@–SO be sensi–Sive to

microscopic surface contaŒŒination'•@Which•@ŽMay reSult in

non-adherence of composite resin to the•@–SOOth surface.

According to Voss (1979),–She application of acid

e–SChing–SO enamel crea–Ses a more porous surface. When resin

is applied•@–SO this surface, taglike projection of resin

PrO–Srude into enamel.•@Mechanical re–Sen–Sion of resin•@–SO

enamel is•@–Shus created.
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Voss and Charbeneau (1979) in a scanning electron

ŽMicroscope s–Sudy have found tha–S•@different enamel

Pre-trea–Sment has no effect on–She pa–S–Sem and the leng–Sh of

resin tags.•@Aker, Aker and Sorenson (1979), On•@–She other

hand, Showed•@–Shat bond strength of composite resins is

affected by the method of tooth prepara–Sion•E•@‘‚hey found

that preparing enamel with a coarse diamond bur may provide

a macroscopic roughness•@–Shat adds•@–SO•@–She microscopic

roughness of•@–She etching process and provides addi–Sional

Surface area for bonding Conciseƒ^•@Adaptic and Nuva-fil, but

–Shis roughness did not affect the re–Sention s–Srength of

Restoden–S.

Khanna, Chow (1979) in a study found that a) different

materials bave differen–S•@retentive s–Srengths and•@–She new

materials like Concise and Adap–Sic systems have much higher

in vitro retentive Streng–S•Œs than others tes–Sed;•@b)

PreParations in the enamel adjoining the tooth material

interface}•@add significantly to the re–Sentive streng–Sh of

ma–Serial.

•xwo basic mechanisms are responsible for re–Sention of

resin sys–Sems:

a•E•@The wettability or ability of•@–She resin to

Pene–Srate and adap–S•@to etched surface.

b. The inherent: Strength of–She resin–Sags.

The third factor could be related to the area of con–Sac–S

be–SWeen enamel and resin.
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Jordan, Ei•}, (1977) in a clinical study, have shom

that when a chamfer was prepared in enamel approxima–Sely l

rm cervically from the frac–Sure line, and to a dep–Sh of

approximately one half the•@–Shickness of enamel,•@–She

disIodgement of the restoration was no–S•@related to the•@–Sype

Of resin used.

I–Sis apparen–S,–Sherefore, tha–S•@the chamfer increases

the bonding strength of all ma–Serials to a degree sufficien–S

to retain•@–She restoration for proIonged periods.

Since the in–Sroduc–Sion of acid etch techniques it has

ƒm•P been a controversial question whe–Sher an in–Sermediary layer

Of low-Viscosity, nOn-COmPOSi–Se resin be–SWeen COmPOSite

material and e–SChed enamel is beneficial.•@The influence of

low viscosi–Sy resins has been investiga–Sed in studies on

adapta–Sion, reten–Sion streng–Sh and margina1 1eakage.

Jorgensen and Shimokobe•@(1975)•@demons–Srated•@–Shat

COmPOSiteresins adapt•@–Shemselves•@–SO etChed enamel surfaces

equally well as do Iow viscosi–Sy resins. Mi–SChem and Tumer

(1974) and Adiprano–SO, Beech and Hardwick (1975) found•@–Shat

a coa–Sing of•@–She etched enamel wi–Shou–Sintermediary resin

Prior to application of the composite did no–SincŽmease•@–She

bond strength.•@Ortiz, et.al. (1976)•@found•@–Shat the

application of a low viscosi–Sy resin was an insignificant

fac–SOr in marginal leakage.

On the other hand, Dogan (1976)•@showed that•@–She

frequency and length of tag penetrating in–SO the e–SChed

enamel increased as the viscosity of the resin decreased.
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Draughn (1976) found•@–Sha–S•@–She application of low viscosity

resin caused a•@50% increase in reten–Sion.

Hembree and Andrews (1976) demonstrated microleakage

WaS grea–SIy reduced or preven–Sed only by the use of an

in–Sermediary resin of low viscosity.•@Lutzƒ^•@Luescher and

Ochsenbein and Muhlemann(1978) showed–Shat combinations of a

low viscosi–Sy sealant with a composi–Se resin considerably

improve marginal adaptation and inhibits microleakage in

CaVi–Sies prepared according•@–SO•@–She principles of the

adhesive res–SOration.

Fortiz, Phillips, Swartz and Osbome (1979) found tha–S

enamel etching resul–Sed in a significan–Simprovemen–Sin the

bond strength and generally it decreased microleakage. On

the other hand$•@the use of a bonding agen–S•@On enamel that

has not been acid e–SChed has little effect on microleakage•œ

In regard•@–SO CaVi–Sy preparation for compositeresin i–S

is cormonly believed•@–Shat adhesive restorative•@–Sechniques

are very successful in the treatment of class•@•H•HI,•HV and V

restorations.•@Luescher, Lu–SZ, Ochsenbein, Muhlemann (1978)

Showed that•@–She best resul–SS in marginal adapta–Sion and

resistance•@–SO microleakage were ob–Sained when adhesive

restora–Sive cavity prepara–Sion was combined with enaŽMel

e–SChing and the use of a low viscosi–Sy resin.

Raadal (1978) found–Shat a preven–Sive composi–Se filling

Seals occlusal fissures well, Where acid etching of enamel

is empIoyed. The quali–Sy of•@–She seal is independent of the



-18-

degree of dilu–Sion of the composi–Se material•f•@and

tempera–Sure varia–Sions wi–Shin limits of•@40-60Oc.

Sockwell•f1976, Bzorvatn, 1975; Charbeneau JE‰¤•gŽå•}, 1975;

Ibser De Ville•œ 1974•@and Welk and Laswell' 1976}•@SuggeSted

that the conven–Sional design of a cavity wi–Sh a butt join–S

and reten–Sion cuts in den–Sin could be modified by beveling

the cavo surface margin•E It has been reported–Shat beveling

–She cavo surface margin promo–Ses adhesion of composi–Se

resins•@–SO enamel by increasing•@–She surface of enamel in

COntaC–SWith composi–Se resin (Sockwell, 1976; Ibsen Neville,

1974), improves esthetic (Bjorvatn, 1975), reduce marginal

1eakage (Welk, Laswe11 1976; Hawkins et al., 1976). Kopel,

Grenoble, Kablan, 1975; On•@–She o–Sher hand, have found

microleakage to be higher with a beveled$ margin–Shan with a

butt joint.

Kempler, Stark, Leung, Greenspan (1975) in a s–Sudy by

means of scaming elec–Sron microscopy investigated•@–She

effec–SS Of•@–Shermal changes}•@meChanical abrasion and bonding

agent on–She enamel composi–Se interface on class V cavities.

The conclusions of•@–Sheir s–Sudy were as fo11ows:

The cohbination of a but–S•@join–Sin class V cavi–Sies to

be res–SOred wi–Sh composi–Se resins wi–Sh acid e–SChing and

bonding agen–S,•@Will provide a bet–Ser seal at the

enamel-COmPOSite in–Serface compared wi–Sh beveled join–SS.

ŽMe composite ledge over•@–She beveled joint

disintegra–Sed under tooth brushing, eXPOSing the enamel
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COmPOSi–Se in–Serface•E This did not happen–SO–She same extent

With–She but–Sjoin–S.

The use of bonding agent, improved•@–She marginal seal

Significantly.

The wear resis–Sance differed for differen–S•@ma–Serials.

The higher•@–She resistance to wear'•@–She longer will•@–She

enamel composite margin maintain its in–Segrity.

Acid etching•ffollowed by the application of a bonding

agent prior–SO Placement of a composi–Se is recomended.

’hembree and Andrew (1978) designed a study–SO eValua–S•B

–She ma•‚inal leakage of abraded gingival areas in extracted

teeth using five composi–Se resin acid e–SCh restora–Sive

materials and a glass ionomercement, ASPA.

They used Simula–Se, Cerviden–S, and Concise. A layer of

unfilled resin (in–Sermediary bonding agen–S) was be–SW•Ben–Sh•B

etched–SOO–Sh surface and the composite resin. Res–SOdent and

Enamelite were placed direc–SIy on the e–SChed tooth surface.

The resul–S•@Of•@–She s–Sudy indicated that there is a

Significantly grea–Ser degree of marginal leakage at the

gingival margin•@–Shan•@–Shere is a–S•@the occlusal or incisal

ma•Ergin of composi–Se res–SOrations.•@•Hn addition•œ•@grea–Ser

degrees of marginal ]eakage were observed in those

res–SOrations where no layer of unfilled resin was placed

between the e–SChed•@–SOO–Sh surface and the composite resin.

The glass ionomer cement showed no marginal leakage a–S

in–Servals of one day, three months•œ and six mon–Shs; however,

a small amount of leakage was observed at the incisal or
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OCClusal and gingival margins af–Ser a yearand half on the

autoradiographs.

Hembree (1980) prepared eighty class V cavities in

human•@–See–Sh.‘‚he teeth were divided into four groups as

follows :

l•E•@ButƒgJoin–S•@CaVO Surface; 2.•@Bu–St-Join–S•@CaVO

Surface prepara–Sion, OVerfilled and finished beyond the cavo

Surface angle; 3•E•@ButƒgJoin–S•@PreParation modified by

beveling•@–She enamel cavo surface (l to l.5•@m long); 4.

Bu–St-Joint preparation modified by cut–Sing a l rm shoulder

in•@–She enamel approxima–Sely one half the thickness of

enamel}•@and a shoulder prepared with a no. 6b diamond s–SOne.

The teeth were restored wi–Sh and wi–Shou–Sacid e–SChing and

enamel bond.

The bu–Sƒgjoin–S•@PrePara–Sion with neither etching nor

enamel bond exhibi–Sed significan–S•@Ieakage.  In the

restorations where the cavo surface angle wa? etChed and an

enamel bond was used minima1 1eakage was demonstrated.‘‚he

bu•m‰¤joint/overfilled •Ppreparation without e–SChing or enaŽMel

bond showed leakage similar–SO the preparation having only

the bu–St-join–S•E When–She cavo surface angle was e–SChed and

–She enamel bond applied,–She leakage was significan–SIy

reduced•E The butt-joint prepara–Sions demonstrated leakage

SiŒÇilar to the butƒgjoint and bu–S•mˆêjoint/overfilled groups.

Wi–Sh the use of acid e–SChing and enamel bond•œ•@–She leakage

PattemS Were Similar to the butƒgjoint/overfilled

PreParation.



ˆê21-

I–S•@Should be men–Sioned•@–Shat preparing a cavo surface

bevel is more desirable•@–Shan overextending•@–She composi–Se

resin•f Since•@–She restora–Sion can be finished•@–SO a PrOPer

COntOur•E•@The resu|–S•@Of shoulder-join–S•@PreParations were

Similar to the other cavi–Sy designs•œ

From the resul–SS Of•@–Shis study$•@One may COnClude•@–Sha–S

COmPOSite resin res–SOra–Sions without acid-etChing and

bonding agent exhibited significant microleakage' regardless

Of–She–Sype of cavity design used}•@and–SheŽMarginal leakage

WaS Significan–SIy reduced or elimina–Sed in prepara–Sions

Where the enamel a–S•@the cavo surface angle was etched and a

layer of unfi11ed resin was placed before insertion of the

restoration.
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MATERIALS AŽX•l METHODS

Three cormercial composite resins were used in this

Study.

l•E•@Silar*•œ•@Which is a microfilled composi–Se.

Inorganic silicon dioxide with an average par–Sicle size of

O.04•@microns comprises about•@52%•@of the res–SOration.•@•Ht-s

COefficien–S•@•@Of thermal expansion•@(10Oˆê—^OOc)•@is

50‡]10-6PPM/Oc.

2•E•@Profile**, is an•@80%•@stron–Sium glass filled

COmPOSite resin•E•@By comparison'•@StrOn–Sium glass is a

SOf–Ser}•@mOre reSilien–S•@material than quar–SZ, and its

Par–Sicles are more irregular in shape•E•@•H–SIs coefficient of

themal expansion is 35OppM/C.

3. Prismafil*** is a new composite resin containing

microfine particles averaging 5 microns - 75? by weight in a

resin ma–Srix•E•Ht is supplied in four shades - 1ight9 1ight
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yellow! light grey) and grey brown.ŽXe preblended shades

Of Prismafil come in syringes.•@Prismafil cures by

Prima-1i–Se up to a depth of 2.5 rm.

Adap–Sic was used in the control group•E

Eigh–Sy permanent•@–Seeth were used for–Shis study•E They

Were Cleaned with pumice and stored in lO%•@fomalin.•@The

eigh–Sy tee–Sh were divided in lO groups of•@8•@–Seeth.•@The

firs–S•@group was•@–She con–Srol group in which conventional

Class V cavi–Sy preparations were made a–S•@the cemen–SOenamel

junction on the buccal side of the•@–See–Sh wi–Sh a high speed

hand piece under water cooling•E•@Final finishing was

COmPleted wi–Sh hand ins–Sruments.•@–`he cavi–Sies were dried

With compressed air•E–`he cavities were filled with Adap–Sic

mixed according•@–SO the manufacturerls instructions without

–She use of a bonding agen–S•œ

*•@3M Company1 3 Center Bldg}•@555’uISŽ–•@St•œ•@Paul•fMN 55101

** S.S. Whi–Se, Den–Sal Products•Hn–Sema–Sional, Phila.PA 19102

***Caulk? Division of Dentsply IntemationalInc. $Milford•f

Delaware.
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In Group II class V cavities were prepared in–She same

Way as in•@–She control group. The cavities were restored

Wi–Sh Prismafil;–She ma–Serial was used according to the

manufac–SuererIs ins–Sructions.

Group I•HI was prepared with a conventional preparation

and filled wi–Sh Prismafil after–She cavity had been e–SChed

Wi–Sh—^0? phosphoric acid and a bonding agent was applied.

In group IV–She cavo surface margin was beveled–SO an

angle of 45O•E A round bur was used to produce the bevel.

The acid-e–SCh bonding technique was applied.

Group V samples were prepared wi–Sh a conven–Sional

PrePara–Sion •f and filled wi–Sh Profile.•@No acid-e–SCh or

bonding agen–SWaS emPIoyed.

In group v•H•@the•@–See–Sh received a conven–Sional

PrePara–Sion and were fi11ed wi–Sh Profile af–Ser the cavity

had been e–SChed, and a bonding agen–SWaS aPPlied.

Group V•HI. Profile was used in a modified prepara–Sion

Similar to Group•@•HV•E Acid-e–SCh and bonding agen–S•@WaS

empIoyed.

Group VH•H•E•@Silar was used in a conventional

PrePara–Sion, nO aCid-e–SChing or bonding agent was empIoyed.

Group•HX•E A conven–Sional prepara–Sion was made followed

by acid-e–SChing and•@–She applica–Sion of a bonding agen–S.

Silar was used as fi11‰¤ng ma–Serial.

Group X. The cavo surface margin was beveled to an

angle of approxima–Sely45 degrees) PrOducing a cavo surface
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angle of 135•@degrees•E The acid-e–SCh, bonding agen–S

technique was applied.

In all groups the ma–Serial was mixed according to

manufacturerls ins–Sruc–Sions and retained in–S0–She cavi–Sy

Wi–Sh a Mylar matrix band. Care was•@–Saken to ensure tha–S

acid was confined–SO–She enamel. The etchant was applied

for one minu–Se, af–Ser which time the cavi–Sies were washed

Wi–Sh dis–Silled water and dried wi–Sh compressed air,–Shen–She

bonding agen–SWaS aPPlied prior to–She applica–Sion of the

material.

•Hn all groups, the excess composi–Se resin was removed

Wi–Sh a diamond bur and–She res–SOra–Sion finished wi–Sh strips

and polished wi–Sh a rubber wheel•E The tee–Sh were rinsed and

dried•E•@–`hey were•@–Shen completely covered with a

–Shermoplast•Hc cemen–Sno. 40-81OO (Buehler Ltd.) leaving 2m

enamel around the cavity ou–SIine uncovered.

The purpose of using this cemen–SWaS tO PreVen–Sdye

Penetration into the•@–See–Sh via other openings•@–Shan•@–She

margin of the res–SOra–Sions. The teeth were subjected to a

thermal cycling in water con–Saining me–Shylene blue.ŽXe

temPera–Sure of•@–She two containers was•@5Oc and•@60Oc. The

tee–Sh were 25 seconds in each container, With an in–Serchange

in–Serval of lO seconds•E All tee–Shwerecycled 1000 t‰¤mes.

The specimens were sec–Sioned longitudinally in a

bucco-1in‹Qal plane using an•Hsomet low speed saw* wi–Sh a

diamond wafering blade No•E ll-4244. The sec–Sions were

eXamined in a ligh–Smicroscope a–Sdifferen–Smagnifications
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–SO determine•@–She presence of leakage.•@The sections were

SCOred for dye-Penetration as follows:

O No Leakage

l Leakage in enamel only

2•@Leakage along enamel into den–Sin

3•@Leakage to the floor of–She cavity towards the pulp.

* Buehler L‘‚D, 2120 Greenwood Stree–S, Evanston,•H11inois•@6O204.
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RESUL‘‚S

Resul–SS are Shown in Table I, and wi11 be discussed in

detail for each individual group•E

Group I.•@This group was the control group•œ•@A

COnVen–Sional composite resin was used in a conventional

PrePara–Sion•E•@No bevel or acid-e–SChing was empIoyed.

Analysis of the scores demons–Sra–Se a majority of i•Ž•@scores

meaning that dye pene–Sra–Sion was quite severe and extended

–SO the floor of the cavity. One sample proved to be better

–Shan the average.

Group•@•H•H.•@Prismafil was used in a conventional

PreParation.•@No bevel or acid-etChing was empIoyed.

Analysis of scores demonstrate a majority of i•Ž•@scores

indica–Sing–Sha–S•@–She marginal leakage was qui–Se severe. One

SamPle showed no marginal leakage at all.

Group H•H.•@Prismafil was used in a conven–Sional

PreParation. Acid e–SChing and bonding agen–S•@WaS aPPlied.

Analysis of the scores demons–Srate a majority of•@Œ‹e score

meaning tha–Sdye penetration was no–Sas severe as Group II.

One sample showed no marginal leakage.

Group IV. Prismafil was used in a modified preparation

45O bevel•E Acid etching and bonding agent were empIoyed.

The scores recorded were mainly a‘gscore pointing towards

leakage into enamel only•E Two samples showed dye pene–Sration

in–SO dentin.
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Group V.•@Profile was used in a conven–Sional

PreParation wi–Shout acid-etChing. The scores were mainly in

the range of”êe and iƒZmeaning tha–S–She margina1 1eakage was

ra–Sher severe.•@one sample proved to be better•@–Shan the

aVerage.

Group VI•E•@Profile was used in conven–Sional

PrePara–Sion•E Acid-etChing and bonding agen–SWere empIoyed.

A majori–Sy of iƒZscores were recorded. Two samples showed

dye pene–Sra–Sion into enaŽMel only.

Group V•H•H•E Profile was used in a modified preparation

Wi–Sh a•@45Obevel, aCid’ue–SChing and bonding agen–S•@Were

empIoyed.•Hn this particular group•@‘g•@was predominantly

recorded. Two samples showed no marginal leakage a–Sall and

One SamPle was below–She average•œ

Group VHI.•@Silar was used in conventional

PreParation. No acid-etChing was empIoyed. Analysis of–She

SCOreS demonstra–Ses a majority of•@#•@scores, indica–Sing

Similarity wi–Sh other conventional groups•E Three samples

Showed marginal leakage into enamel only.

Group IX. Silar was used in a conven–Sional preparation

Whereas acid-etChing and bonding agent were empIoyed. There

a majority of‘gscores was recorded. Three samples showed

dye penetration in–SO den–Sin and one sample showed no

marginal leakage.

Group X. Silar was used in a modified prepara–Sion with

a 45Obevel•faCid etching and bonding agent•EŽXis group was

also mainly in the score‘gcategory.ŽXree samples showed
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no marginal leakage•E One sample shows dye pene–Sration into

den–Sin.
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Table•H- Degree of Penetra–Sion of Dye Between

The Restoration and Tooth

GROUP

•H•@(ControI Group)

H Prismafil Conventional Prep.

HI Prismafil Conven–Sional Prep•œ

Acid Etch Bonding Agent

IV Prismafil Modified Prep/Acid

Etch Bonding Agent

V Profile Conventional Prep

V•H•@Profile Conven–Sional Prep

Acid Etch/Bonding Agen–S

V•H•HProfile Modified Prep•E

Acid Etch/Bonding Agent

V•HH Silar Conven–Sional Prep

•HX Silar Conven–Sional Prep.

Acid Etch/Bonding Agen–S

X Silar Modified Prep.

Acid E–SCh/Bonding Agen–S

SCORES

3-2-3-l-2-3-3-2

3-3-l-0-3-2-2

2-2-0-2-1-2-2

2-0-1-1-1-l-2-1

3-l-2-3-2-2-3

2-2-2-2-l-l

2-l-0-1-0-l-1

2-2-l-l-2-l-2

l-1-l-2-1-0-2-2

l-1-0-1-1-0-2-1

Seven specimens were damaged during processing and not

Sui–Sable for evalua–Sion.
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Bargraph I. Average dye penetration scores in treatment groups I to X.
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DISCUSS•HON

•Hn Vitro S–Sudies like this one camo–S•@be directly

equa–Sed with the clinical si–Sua–Sion•E In the oral cavi–Sy the

fillings are exposed•@–SO Chemical and mechanical stresses

(Jorgensen, Ma–SOnO and Shimokobe 1976) in addition to the

thermal changes here examined.•@The use of dye and direct

inspec–Sion•@–Shrough an electron microscope, rather than a

COmPlica–Sed radioiso–SOPe•@–Sechnique has been shoun to be an

informa–Sive and flexible method (Ericksen, Buonocore 1976).

•xhe results in Table I show•@–Shat for all three

COmPOSite systeŽMs used, Wi–Sh a beveled cavo surface, there

WaS less microleakage.•@ŽXe bonding agent decreased

microleakage.•@•H–Sis evident•ˆtha–S•@–She best seal at the

enamel composite in–Serface was achieved by a cavo surface

bevel wi–Sh bonding agent and acid e–SCh.

The use of acid e–SChing with composi–Se resins has been

Widely documented.•@‘‚he concep–S•@Of etching the enamel has

been accep–Sed and is considered to be an integral par–S•@Of

–She composite restorative technique.•@•Ht has been repor–Sed

recently that the bond be–SWeen COmPOSi–Se and e–SChed enamel

becomes stronger with age and s–Sress (Goos, Nachtsheim,

Langager 1976).

Temperature shifts have been repor–Sed to cause

increases and decreases in•@–She wid–Sh and gap a–S•@the

enamel-COmPOSite in–Serface (Ibsen, Neville, 1974; Going,

1972).•@Etching with acid may reduce the gap under elevated
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temperatures but camot eliminate it•EŽXe use of a bonding

agen–Smay be impor–San–Sin this regard' aS the bonding agen–S

Crea–Ses chemical bonds between•@–She composi–Se resin and

Calcium ions of–She hydroxyapa–Site.

Nevertheless•f COnCem has been expressed in regard to

SOlubility of those materials (•Hbsen, Neville, 1974; Lee,

1966; Corne11, 1961)•E‘‚he combination of acid e–SChing and

bonding agen–S•@SeemS tO PrOVide•@–She best result.•@–`his

COmbina–Sion has been reported•@–SO Vir–Sually elimina–Se

marginal leakage (Galan, Mondell, Coradazzi, 1976; Dogan,

197—^).

As to•@–She configuration of cavo surface marginƒ^•@from

the results in this study it is evident that beveled cavo

Surface provides better results than the conven–Sional cavo

Surface•E•@These results confirm the results of Kopel?

Grenoble, Kaplan (1975).

Although there was no–S•@a significant difference

between three composite resins used in this study'•@related

to microleakage•œ•@Profile proved•@–SO be be–Ster•@–Shan the other

two composi–Se resins.
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SUrmRY AND CONCLUS•HON

The study was designed to evalua–Se–She margina1 1eakage

Of visible light cured composi–Se resin, in class V

PreParations. Silar and Profile composite resins were used

for the comparison and Adaptic in the con–Srol group. Eigh–Sy

ex–Sfacted human•@–See–Sh were divided in–SO lO groups? and

COnVentional and modified class V preparations were made.

Some of•@–She preparations were e–SChed with acid and

COated with bonding agent•E Af–Ser restoring the cavity

PrePara–Sions with the composite resins, the tee–Sh were

Subjected to thermal cycling between 5Oc and 60Oc.

A11 teeth were tested for microleakage and examined by

means of a s–Sereo microscope.•@The bes–S•@results were

Ob–Sained in combining beveled margins with acid etching and

bonding agen–S•E Profile appeared•@–SO be the bes–S•@Of three

tested composi–Se resins.
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F•HG. l

F•HG. 2

Cross sec–Sion of a

COmPOSite restora–Sion

in Group•@•H(ControI

Group). Marginal leakage

Can be seen along•@–She

interface composite

enamel/den–Sin.•@This

Particular res–SOration

received a score of•@3.

Cross sec–Sion of

COmPOSi–Se filling

Adap–Sic in Group I.

Margina1 1eakage can be

Observed.
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F•HG. 3

F•HG. 4

Cross sec–Sion of

Prismafil in an

unetched cavity \

(Group•HI). The dye

has penetrated along

the enamel wa11‚µof

the cavity

following thermal

CyCling penetra–Sing

in–SO den–Sin almos–S

reaching•@–She floor

Of•@–She cavity

PreParation..

Cross sec–Sion of

Prismafil in an

etched conven–Sional

CaVity wi–Sh bonding

agen–S(Group•@•H•H•H).

The dye has

Pene–Srated along•@–She

lateral wall of the

CaVity reaching•@–She

floor of the cavi–Sy.
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Ž¨•HG.‚¤

ŠÃIG. 6

Cross sec–Sion of

Prismafil in etched

modified class V cavity

Wi–Sh bonding agent

(Group IV). No marginal
leakage can be observed.

Profile in an unetched

COnVen–Sional class V

PreParation (Group V).
The dye has pene–Srated

to floor of cavity and

has spread along the

floor of the preparation

indicative of severe

leakage (Score #3).
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F•HG. 7

F•HG. 8

Cross section showing

PrOfile in an etched
COnVen–Sional class V

PreParation wi–Sh

bonding agent (Group V•H)

Marginal leakage can

be de–Sected in–SO enamel

Only.

Cross section of profile

in modified etched cavity

W‰¤th bonding agent (Group

V•H•H). Marginal leakage

up•@–SO enamel can be

de–Sec–Sed.



•[47-



•[48-

F•HG. 9

F•HG. 10

Cross section showing

Silar in an unetched

CaVity (Group VH•H).

Dye has penetrated

along den–Sin toward

floor of cavity.

Cross Sec–Sion of Silar

in an e–SChed cavi–Sy with

bonding agent (Group•HX).

Minor marginal leakage

Can be de–Sec–Sed

\\•v•@/
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F•HG. 11 Cross sec–Sion of Silar

in an e–SChed modified

Class V with bonding

agent (Group X). No

margina| leakage was

Observed.

//•Y•P\
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