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To our Planet and all its Living Creatures
Its their home too...
Let's not destroy our forests
Let's not pollute our environment
Let's consume less and recycle more and....
Let's control our numbers
Lest we be a plague upon the Planet
Let's start now....
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Foreword

It has been my fortuitous pleasure to write this foreword to the maiden venture
of my colleague Dr. John J. Manappallil, Asst. Professor in Prosthodontics at College
of Dental Surgery, Mangalore.

The advancement of dentistry and the quality of dental treatment are dependent
upon a thorough knowledge of the basic sciences. Certainly no basic science could
be more relevant to dentistry and dental specialty practice than materials used
in dentistry. The Science of Denta Materials is becoming widely recognized as an
important area of forma study for the dental graduates.

The dental science which is tremendously advancing, do absorb al the technical
aspects of all other basic sciences such as Physics, Chemistry and other advancing
sciences. The technical path of supremacy in science, education and training are
important and that has to be delivered in our own country. So far we have depended
on Western countries for education. Now we have Technocrat efficiency in India
Still we lack the literature and books written by our own people.

It is a welcome sign that now books are forthcoming in our own country on
technical aspects. Dr. John J. Manappallil has written the first comprehensive book
on Basic Dental Materials. This can serve as a keystone to the understanding of
Dental Material Science in general and their application to clinical dentistry

The sequential presentation of materials from the elementary principles to the
more complicated systems in a simple and orderly manner will alow both the students
and practitioners to gain a better understanding of their application in clinical
practice. The young author deserves to be congratulated for bringing out the first
book on Dental Materidls in India. | wish him, the very best in this and al his
other professional endeavors.

Dr. V. Surendra Shetty
Professor and Head

Department of  Orthodontics
Dean, College of Denta Surgery
K.M.C., Mangaore



Preface

Dental Materials can appear quite dry and intimidating. Well, let us face the facts
‘No Dental Materials - No Dentistry” One of the reasons why this might be
so is because of the inclusion of a lot of technical details. Unfortunately this is a
part of our profession itself. A successful dentist has to combine good technical
knowledge and skills along with medical knowledge. Dental Materials is the backbone
of dentistry. Knowledge of Dental Materias is one of the keys to a successful dental
practice. To the beginner the problems might appear insurmountable - so many
materials to study, some being entirely different, while others seem to be so alike
as to be confusing. Well this is quite normal and fortunately disappears with
familiarity. Dental materials does not end with first year of B.D.S, so don't throw
away your books, you will need it at some point during the rest of the course and
for as long as you practice dentistry.

So what’'s new in this edition? Well, besides the usua updates, some of the
chapters have been totally revamped. Two new chapters have been added. Also
included are lots of new pictures and diagrams. Evolutions of certain materials
have also been discussed. Revising the edition was quite a task. The good response
to the previous book did encourage me and | would like to thank al those who
wrote to me personaly. | hope to receive more such letters. Please e-mall me at
cibala@arabia.com. All comments - are welcome and | would be most happy to
respond.

Today's dentist is fortunate to have such a wide choice of materials. It had not
always been this good. In the past, the availability of materials in India was quite
limited greatly affecting the quality of both education and trestment. However,
thanks to the economic liberation of the 1980's and 1990's period, our market opened
out to a whole range of high quality western products. In spite of the appearance
of many new materias, the fact is that many basic materials have remained
unchanged since decades. Most of the changes have involved modifying existing
materials and improving their performances. A few of the materials have fallen
by the wayside and are no longer used because of the introduction of better materials.
Knowledge of the history of Dental Materials is useful because it helps us to
understand how these materials evolved and why newer materials were developed.
As in the last edition | have continued my emphasis on actual physica values of
the various materials. The knowledge of these values helps us to achieve a depth



of understanding as well make comparison between the various materials. However
one must remember that these values are not necessarily absolute, variations can
occur between brands and methods of testing as well as due to climatic differences.
This includes properties like working time and setting time.

It is clear that Dental Materials is a dynamic subject. Thanks to journals,
conferences and the Internet, there is a whole lot of exchange of information between
individuals, transcending geographical barriers. Concepts are constantly changing
and knowledge keeps improving. Unfortunately some among us are still in a time
warp, clinging on to outdated ideas and concepts — both in our educational system
as well as clinical practice. An open mind is also essential for learning - especialy
one open to new ideas as well as criticism and suggestions. Greatness begins with
humility, and without humility one cannot learn.

Thus far we have been importing knowledge as well as material. | hope the
time will come when research also becomes a norm in granting recognition to various
ingtitutions. In time | hope our research, our journas, our materials, as well as
our professionals will be recognized and respected the world over. We need to
advance our current undergraduate training with improved techniques as well as
material and equipment. It is my fervent hope that a new generation of dentists
will emerge upholding the dignity of the profession, rather than fall for questionable
motives. It is my personal experience that we are as good as any in the West.

Let us begin our journey with Dental Materials.

John Joy Manappallil
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CHAPTER 1

Dentistry and Dental
Materials

Dental treatnent may be divi ded i nt o 3 phases:
e Prevention,

e Restoration, and

o Rehabilitation

PREVENTION

The preventi ve phase i s probabl y the nost i nportant. This incl udes educatingthe
pati ent on howto naintai n his oral hygi ene t hrough regul ar brushi ng, flossing
and peri odi ¢ checkup at the dental office. Regul ar brushi ngw th a suitabl e brush
and past e has been shown to be very effective at controllingcaries as well as gum
(periodontal) problens. The rol e of f/uorides and fluoridetherapyinthe control
of dental caries has been knonnto us for alongtine. Huoridation of drinking
wat er and fl uoride therapy at the dental office has played asignificant rolein
reduci ng dental caries especialyinchildren. Grries often beginsin deepfissures
inteeth. FHssure seal ants is anot her preventive neasure especiallyinchildrento
prevent caries.

RESTORATION

The next stageis the actual devel opnent of dental caries and periodontal probl ens.
CGxriesinvol ves the actual demneralizationanddestructionof toothstructure. Qur
next focusistoarrest the caries process. Thisinvol ves renovi ng t he cari ous enanel
andrestoringthecavitywthasuitablefillingnateria . The fanous silver filling
has beenin use for nore than a century andis currently the nost w del y used
fillingnaterial . Thesilver restorati onwoul dcertainly | ook unpl easant if used for
thefront (anterior) teeth. Therefore, wvewouldliketorestore anterior teethwth
an esthetic (tooth colored) naterial. Qher ways torestore teethinvol ve the use
of goldinlays and ceramc inl ays.

As caries progresses, it getscloser tothe pul p, whichcanleadtopain (pul pitis)
andinfectionof thepulp. If thepulpisonymldyaffected, puptherapyisstarted
usi ng speci al naterial s whi ch have a beneficial effect onthe pul p. These naterial s
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can be soot hi ng and pronot e heal i ng by forning a newl ayer of dentin (secondary
dentin).

Qcethe pul pisinfected, we have no choi ce but to renove the pul p (pul pect ony).
This is the next step. This is known as root canal treatnent popul arly known as
RCT. After renovingthe pulp, the canal is nade sterile and seal ed usi ng root canal
fillingnmaterials. Theroot canal treatedtoothis fragile and canfractureif not
protected w th a crown or onl ay.

Sonetimes the tooth structure i s so destructed and weakened t hat a si npl e
restorati onwoul d not be sufficient. Insuchacasethetoothis coveredwth a crown
or an onl ay. Before the di scovery of tooth col ored cromn naterials, netal lic crowns
ver e gi ven (the fanous gol d tooth). Today dentists are abl e to provi de crowns t hat
are natural | ooki ng and pl easi ng. Many of these structures are processed out si de
the nouth, inthelaboratory. The dental technician uses an accurate nodel of the
teethtofabricate theserestorati ons. Hware these nodel s nade? The denti st nakes
anegativerecordof the nouthcalled aninpression. Thisis sent tothelaboratory
wher e t he techni ci an pours a nmix of plaster or stoneinto the inpression. Wen
the m x hardens we obt ai n a nodel .

If the coronal toothstructureisentirely gone or destructed, even acrown woul d
not stay. Inthis casethe dentist has to place a post and core. The part pl aced
intotheroot canal is known as post andthe rest of it i s known as the core. The
crown i s then constructed and cemented on to the core.

REHABILITATION

Uhfortunately, therealityisthat often patients conetoolate for any ki nd of

conservative treat nent. Hopel ess teeth have to be extracted After extractionthe
patient oftendesiresthat it bereplacedwthan artificia tooth There are nany
ways of repl acing the tooth. Today i npl ants have becone very popul ar. Atitani um
screwcan beinplantedintothe jawsurgically followed by anartificia crown. The
inpl ant i s quite an expensi ve proposition and i nvol ves surgery.

The next choiceisthe fixedpartial denture (bridge). Wsually theteeth by the
sideof themssingtoothis reducedinsize (prepared) inorder torecel vethe bridge.
The bridge i s then cenented on to these teet h.

If too nany teeth are mssing, we night have to consi der the renovabl e partial
dent ure whi ch repl aces the nissing teeth but is not fixedinthe nouth. It can be
renoved by the pati ent for cl eani ng and hygi ene. Theideal renovabl e partial denture
i s usual |y nade of a conti nationof netal and pl astic (cast partial denture). It can
be nade entirely of plasticasoandisreferredtoas atreatnent partial denture.

Thefinal stageisof coursewhenal | theteethhavetoberepl aced. Qhei s of course
famliar wththe conpl et edent urewhi chi softenseeninel derlyindivi dual s. These
artificial teethrepl acetheentiredentitionandisusual | yof therenovabl etype(fixed
conpl et edent uresareal soavai | abl ewhi charesupportedandretai nedbyinpl ants).



The conpl et edent urei susual | y made of atypeof pl asticcal | edacrylic. Theteethused
i nt he dent ur e can be nade of acryl i cor porcel ai n.
Besides al | thenaterial s nentioned above, different specialtiesindentistry have
their special naterials. Sone of these are not coveredinthis book. For exanpl e,
endodont i st's use speci a nedi canents to ¢l ean and debri de the root canal . Avariety
of root canal sealing pastes and nedi canents are al so avai |l abl e. The peri odonti st
uses different types of graft nateria torestorelost periodontal bone. Lhfortunately,
not all the naterials usedindentistry arewthinthe scope of this book.



CHAPTER 2

Basic Nature and Properties of
Dental Materials

Al naterialsarenade upof atons. Al dental restorations, wether they be ceranic,
plasticor netal arebuilt fromatons. If thereactionof anateria andits properties
are to be predicted, abasic know edge of matter i s essential .

FORMS OF MATTER
Change of State
Solid —» Liquid — Gas

Mitter existsinthreeforns—solid, liquidandgas. Thedifferenceinformis nainly
due todifferenceinenergy. Matter i s nade up of atons and for these atons to
be hel d toget her there nust be aforce, e.g. when 1 gmof water i s to be changed
i nto gaseous state at 100°C 540 cal ori es of heat are needed (known as heat of
vapori zation). Thus the gaseous state has nore energy than the liquid state.
A though t he nol ecul es i n a gas have a certai n anount of nutual attraction, they
candiffusereadily and need to be confined in order to keep the gas i ntact.

Athough atons nay alsodiffuseintheliquidstate, their mitual attractions
aregreater, andenergy isrequiredfor this separation. Asiswell known, if the
energy of theliquidis decreased by reduci ng t he tenperat ure sufficiently, asecond
transfornationin state occurs and energy i s rel eased i nthe formof heat (Iatent
heat of fusion). This decreaseinenergy state changestheliquidtoasolidor freezes
it

Thereverseistruewhensolidischangedtoliquid, i.e. heat isrequired. The
tenperature at whichit occursis called fusion tenperat ure.

INTERATOMIC BONDS

Atons are hel d toget her by sone force. These i nterat omc bondi ng forces that hol d
at ons t oget her are cohesi ve forces. |nteratonmc bonds nay be cl assifi ed as:

1 Prinary bonds or

2 Secondary bonds.



Primary Bonds

These are chemical s i n nat ure:

e |onc
e (pval ent
e Mtdlic

lonicbonds These are si npl e chemical bonds, resul ting frommutual attraction of
posi tive and negat i ve charges. The cl assi ¢ exanpl e i s Sodi umChl ori de Na* 4 .

Covalentbonds | n nany chenical conpounds, two val ence el ectrons are shar ed.
The hydrogen nol ecul e H, i s an exanpl e of coval ent bondi ng. Anot her exanpl e
i s net hane. The carbon at omhas 4 val ence el ectrons that can be stabilized by
j oi ni ng w th hydrogen.

H
4H + C H : C : H
H
Metglicbonds Qe of the chief characteristics of anetal isits ability to conduct
heat and el ectricity. Such conductionis duetothe nobility of thesocalledfree
el ectrons present inthe netal s. The out er shi el d val ence el ectrons can be renoved
easily fromthenetal | ic atom | eavingthe bal ance of the el ectrons tiedtothe nucl eus,
thus formng a positive ion.
The free val ence el ectrons are abl e to nove about inthe netal spacelattice
toformwhat i s sonetines describedas anelectrons‘cloud or ‘gas’. Theelectrostatic

attractionbetweenthis el ectron‘cloud andthepositiveionsinthelattice bonds
the netal atons together as a solid.

Secondary Bonds

Thi s weaker bond nay be sai d t o be nor e physi cal than chemcal. It i s al so known
as Van Der Wal s For ces.

Van DerWaals Forces This is duetothe formation of dipole. Inasymetric atom
(e.g inert gas) afluctuatingdipoeisforned, i.e wthinanatomthereis accuml ati on
of electronsinonehal f leadingtoanegativepol arity and onthe other hal f a positive
polarity. This attracts other sinilar di pol es. Apernanent dipoleis fornedwthin
asymmet ri ¢ nol ecul es, e.g. water nol ecul e.

THERMAL EXPANSION

Thermal energy i s due to the kinetic energy (internal energy) of the atons or
nol ecul es at a gi ven tenperature. A tenperatures above absol ute zero, atons are
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inaconstant state of vibration. The average anpl i t ude of vi brati on depends upon
the tenperature; the higher the tenperature the greater wll be the ki neti c energy
and anpl i tude of the atomc (or nol ecul ar) vibrationincreases. As the anplitude
and i nternal energy of the atons i ncrease, the interatonc spaci ng i ncreases as
wel I. The gross effect i s an expansi on known as t her mal expansi on.

If the tenperature continues toincrease, theinteratomc spacingwl| increase
and eventual | y a change of statew || occur (e.g. solidtoliquid).

CRYSTAL STRUCTURE

Soace | attice or crystal can be defined as any arrangenent of atons i n space such
that every atomis situated simlar to every atom Space | attice nay be the resul t
of primary or secondary bonds.

A=y

FIGURE 2.1: Crystal structure: A—Simple cubic, B—Body centered cubic,
C—Face centered cubic

There are 14 possi bl e lattice types of forns, but nany of the netal s usedin
dentistry bel ongs to the cubi c system The si npl est cubi c space | atticeis shown
inAgure2. 1, thesolidcirclesrepresent the positionof the atons. Their positions
arelocated at the points of intersectionof three sets of parall el planes, each set
bei ng per pendi cul ar to ot her pl anes. These pl anes are oftenreferredto as Qystal
pl anes.

NONCRYSTALLINE STRUCTURE

Inacrystallinestructurethe arrangenent of atonsinthelatticeis orderly and
follows aparticular pattern. Innoncrystalline structures or anor phous struct ures,
e.g. waxes, the arrangenent of atons inthelatticeis disorderly and distributed
at random

There i s, however, atendency for the arrangenent of atons or nol ecul es to
beregul ar, for exanple, gl assis consideredtobeanoncrystallinesoid, yet its atons
bind to forma short range order rather than | ong range order |attice. In other
words, the ordered arrangenent of glassislocalizedwth!|arge nuner of di sordered
uni ts between the ordered units. S nce such anarrangenent i s al sotypical of |iquids,
such sol i ds are soneti nes cal | ed supercool ed | i qui ds.
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STRESS AND STRAIN

The di stance between two at ons i s known as i nteratonic di stance. This interatonc
di st ance depends upon the el ectrostatic fields of the el ectrons. |f the atons cone
tooclosetoeachother, they are repel | ed fromeach ot her by their el ectrons charges.
hthe other hand, forces of attracti on keep t hemfromseparating. Thus, the at ons
are kept together at a positi onwhere these forces of repul sionand attracti on becone
equal innagnitude (but oppositeindirection). Thisisthenornal equilibriumposition
of the at ons.

The normal position of the atons can be changed by appl i cation of nechani cal
force. For exanpl e the i nteratonic di stance can be i ncreased by a force pul | i ng
t hemapart.

If thedisplacingforceis neasured across agivenareait i s know as a stress,
andthe changeindimnensioniscalledastran Insinplewords, stressistheforce
appliedand strainis the resulting change i n shape. Theoretically, astress and
astrain exi st whenever the interatonic di stance i s changed fromthe equilibrium
posi tion.

If thestress pullingthe atons apart exceeds the resul tant force of attraction,
the at ons nay separ at e conpl etel y, and t he bonds hol di ng t hemt oget her ar e br oken.

Strain can al so occur under conpression. However, inthis case, the strain
produced i s i mted because when t he at ons cone cl oser than their nornal
i nteratonic di stance, a sudden increaseinenergyis seen.

DIFFUSION

The di ffusion of nol ecul es ingases and | iquidsiswell known. However, nol ecul es
or atons diffuseinthesolidstate as well. Offusionrates depend nai nl'y onthe
tenperature. The hi gher the tenperature, the greater will be the rate of
diffusion. Thediffusionratew!!, however vary wth the at omsi ze, interatonmc or
i nternol ecul ar bonding | attice i nperfections. Thus every material hasits own
diffusionrate. Thediffusionrateinnoncrystallinenaterial s nay occur at arapid
rate and of t en nay be seen.

SURFACE TENSION

Energy at thesurface of asolidisgreater thaninitsinterior. For exanpl e i nsi de
alattice, al theatons areequal ly attractedto each other. Theinteratonic di stances
areequal, andenergy is mininal . Hwever, at the surface of thelattice the energy
i s greater because there are no atons onthe outside. Hence thereis only aforce
fromtheinsideof thelattice pullingthe outernost atons i nwards. Thi s creates
atensiononthe outer surface and energy i s needed to pul | the outernost atons
anay. Theincreaseinenergy per unit areaof surfaceisreferredtoas the surface
energy or surface tension.
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The surface atons of asolidtendto formbonds to any at omthat cone cl ose
tothe surfaceinorder toreduce the surface energy of the solid. This attraction
across theinterface for unlike nol ecul es i s cal | ed adhesi on. | n sunmary, the greater
the surface energy, the greater wll be the capacity for adhesi on.

WETTING

Itisverydifficut toforcetw soidsurfacestoadnhere. Hwever snooththeir surfaces
nay appear, they arelikely tobe very rough at the atomc or nol ecul ar | evel . Viien
they are placed together, only the‘hills’ or highspots areincontact. Sncethese
areas formonly asnal | percentage of thetotal surface, no adhesion takes pl ace.
For proper adhesi on, the di stance between t he surface nol ecul es shoul d not be
greater than 0. 0007 mcroneter, or mcron (.

(ne net hod of overcomingthis difficutyistouseafluidthat will flowinto
theseirregul arities and thus provide contact over agreat part of the surface of
the solid. For exanpl e, when two gl ass pl ates are pl aced one on top of the ot her,
they do not usual |y adhere. However, if afilmof water i s pl acedin between them
it becones difficult toseparatethetwo plates.

To produce adhesioninthis nanner, theliquidnust fl oweasily over theentire
surface and adheretothe solid. This characteristicisreferredtoas vetting.

CONTACTANGLE

The contact angl e i s the angl e forned by t he adhesi ve (e. g. water) and t he adherend
(e.g. glass) at their interface. The extent to whi ch an adhesi ve w1 wet the surface
of an adherend nay be det er m ned by neasuri ng the cont act angl e between t he
adhesi ve and the adherend. |f the forces of adhesi on are stronger than the cohesi ve
forces hol di ng t he nol ecul es of the adhesi ve together, theliquidadhesivew!!| spread
conpl etel y over the surface of thesolid, and noanglew || be forned (e.g. water
on a soapy surface). If theliquidrenains as adropwthout spreadi ng, the contact
anglew |l behigh(e.g. water onanoilysurface, Hg. 2 2).

PHYSICAL PROPERTIES OF DENTAL MATERIALS
To sel ect and use a dental naterial one nust knowand understandits properties.

STRESS

Wien a f orce acts on body, tendi ngto produce defornation, aresi stanceis devel oped
wthinthe body tothis external force. The internal resistance of the body tothe
external forceiscalledstress. Sressisequal andoppositeindrectiontotheforce
(external) applied. This external forceis al so known as | oad. S nce, both applied
forceandinternal resistance (stress) aredistributedover agivenarea of the body,
the stressinastructureis designated as aforce per unit area.
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FIGURE 2.2: Wetting angle; A: Low wetting angle indicates good wettability.
C: High contact angle indicates poor wettability

_ Force B F

Stress = Aea - A
The internal resistancetoforce (stress) isinpractical toneasure, the nore
conveni ent way i s toneasure the external force appliedtothe cross-sectional area
Area over whichthe force actsis aninportant factor especially in dental
restorations inwhich areas over whichthe forces appliedoftenare extrenel y snal | .
Sress at aconstant forceisinversely proportional tothe area—the snal l er the

areathelarger the stress and vi ce versa

Types of Stresses

e Tensilestress
e (onpressi ve stress
e Shear stress

Tensile Stress

Resultsinabody whenit is subjectedtotwo sets of forcesthat are directed anay
fromeach other inthe sane strai ght line. Thel oad tends to stretch or el ongat e
a body.

Compressive Stress

Resul ts when the body i s subjectedtotwo sets of forcesinthe sane straight |ine
but directed towards each other. The | oad tends to or shortens a body.



Shear Stress

Shear stressisaresult of twoforcesdirected parallel toeachother. Astress that
tendstoresist atwsting notion, or aslidingof oneportionof abody over anot her
i s ashear or shearing stress.

STRAIN

If thestress (internal resistance) producedis not sufficient towthstandthe external
force (load) the body under goes a change i n shape (def ormati on). Each type of
stress i s capabl e of produci ng a correspondi ng def ornati oninthe body. The def or-
nationresultingfromatension, or pullingforce, isanelongationof abody, whereas
a conpressi on, or pushi ng force, causes conpressi on or shorteni ng of the body.
Strainis expressed as change inlength per unit |ength of the body when a
stressisapplied
. Deformation or change in length e
Strain = — = —
Qiginal length |
It isadinensionless quantity and nay be el astic or plastic or a coni nation
of the two.

COMPLEX STRESSES

Itisdifficut toinducejust asingletypeof stressinabody. Wenever forceis
appl i ed over a body, conpl ex or mul tipl e stresses are produced. These nay be a
contoi nat i on of tensile, shear or conpressive stresses. These mul tipl e stresses are
cal | ed conpl ex stresses. For exanpl e, waen awire i s stretched t he predon nant
stressistensile, but shearingand conpressive stresses wll al so be present because
thewreis gettingthinner (conpressedincross section) asit elongates (Fg. 2 6).

POISSON'S RATIO

If wetakeacylinder andsubject it toatensilestress or conpressi ve stress, there
issinultaneous axial andlateral strain. Wthinthe elastic rangetheratio of the
lateral totheaxia strainiscalledPoisson sratio.

PROPORTIONAL LIMIT

Atensileloadisappliedtoawreinsnal increnents until it breaks. If each stress
isplottedonavertica co-ordinate and the correspond ng strai n (changeinlength)
isplottedonthe horizontal co-ordinate acurveis obtai ned. Thisis known as stress-
straincurve(FHg. 2.3). It isuseful to study sone of the nechani cal properties. The
stress-straincurveisastraight lineuptopoint ‘P after whichit curves.



Thepoint ‘P istheproportional limt, i.e uptopoint ‘P thestressis proportional
tostrain (Hoke' s Law. Beyond ‘P the strainis nolonger el astic and so stress

isnolonger proportional tostrain. Thus proportional stress can be defined as the

greatest stress that nay be producedinamateria suchthat thestressisdirectly
proportional tostrain.
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FIGURE 2.3: Stress-strain curve: P-proportional limit, X-yield strength, S-offset

ELASTIC LIMIT

Bel owthe proportional linit (point ‘P) anaterial iselasticinnature, that is, if
theloadisrenovedthe naterial wll returntoitsoriginal shape. Thus el astic linit
nay be defined as the naxi numstress that amaterial wll w thstand w t hout
per nanent def or nati on (change i n shape). For al | practical purposes, the el astic
linit andthe proportional |init represent the sane stress. Hwever, the fundanent al
concept is different, one describes the el astic behaviour of the naterial whereas
the other deal swth proportionality of straintostressinthestructure.

YIELD STRENGTH

Very fewnaterial s fol | owHooke s Lawperfectly and sone per manent change nay
be seeninthetested naterial . Asnall anount of pernanent strainistol erable.
Thelimt of tol erabl e permanent strainistheyieldstrength. Thus yield strength
isdefinedasthe stress at whichanaterial exhibits aspecifiedlintingdeviation
fromproportionality of stresstostrain.

Determination of Yield Strength

How nuch of per manent def ornation can be tol erated? This varies fromnateri al
tomaterial andis deternmined by sel ecting anoffset. Anoffset isanarbitrary val ue
put for anaterial. It represents the percent of total pernanent defornation that




isacceptablefor thematerial. Indentistry 0.1%(1%of fset) and 0. 2%( 2%of f set )
are nost conmonl y used. The yield strength i s deternined by sel ecting t he desi red
offset anddrawngalineparallel tothelinear regionof the stress-straincurve
(Hg 2.3). Thepoint onthe stress-straincurvewerethe offset neetsistheyield

strength (point X .

MODULUS OF ELASTICITY

It isalsoreferredtoas ‘elasticnodul us’ or ‘ Young' s nodul us’. It represents the
relativestiffnessor rigidity of thenateria wthinthe el astic range.

Young' s nodul us istheratioof stresstostrain. Sncestressisproportional to
strain (uptothe proportional linmt), thestresstostrainratiowoul dbe constant.

Mbdul us of el asticity _Stress F A Fl

Young’ $hodul us “Srain el eA
It thereforefollows that thelessthestrainfor agivenstress, thegreater wil
bethestiffness, eg if awreisdfficult tobend, considerablestress nust be pl aced
bef ore anotabl e strain or defornationresults. Such a material woul d possess a
conpar ati vel y hi gh nodul us of el asticity.

Application

The netal frane of a netal -ceram c bridge shoul d have a hi gh stiffness. If the
netal flexes, the porcel ainveneer onit might crack or seperate.

FLEXIBILITY

Gnerallyindental practice, the material used as arestorati on shoul d w thstand
hi gh st resses and show ni ni numdef or nati on. However, there are i nstances where
alargestrainis needed with a noderate or slight stress. For exanple, inan
orthodonti c appliance, aspringisoftenbent alargedistancewthasnal stress.
Insuchacasethenaterial issadtobeflexible The ' naxinal flexibility is defined
asthestrainthat occurs whenthe material isstressedtoits proportional lint.
The rel ati on bet ween t he naxi numflexibility, the proportional linit, andthe
nodul us of el asticity may be expressed as:

Proportional Iimt (P)
ulus of elasticity (B

Maxi mum flexibility (

Application

It isuseful toknowtheflexibility of el asticinpressionnaterialsto deternne how
easily they may be w t hdrawn over undercuts in the nout h.



RESILIENCE

Popul arly, thetermresilienceis associatedwth “springiness”. Resilience can be
defi ned as the anount of energy absorbed by a structure whenit is stressed not
toexceedits proportional limt. For exanpl e when an acrobat fal | s on atrapeze
net, the energy of hisfall is absorbed by the resilience of the net, and whenthis
energy i srel eased, the acrobat isagainthromnintotheair.

Theresilience of amaterial is usually neasuredinterns of its nodul us of
resilience, whichis the anount of energy storedin abody, when one unit vol une
of anaterial isstressedtoits proportional linit. It isexpressed nathenatically
&

dul . | P2 (proportiona linnt)

R (Mdul us of Resilience) = —

( ) 2E (nodul us of el asticity)

Resilienceis al so neasured by the area under the strai ght |ine portionof the
stress-straincurve (Fg. 2 4).

Stress

Strain

FIGURE 2.4: Area of resilience in a stress-strain curve

IMPACT

It isthereactionof astationary object toacad lisionwthanovingobject. Dependi ng
upon the resilience of the object, energy is storedinthe body w thout causi ng
deformati on or w th def ornati on.
Theability of abody toresist i npact wthout pernanent defornationis represented

t he formul a—KVR
Wher e, K= Gonstant of proportionality

V = Vol une

R = Mbdul us of resilience
But we know R = P?/ 2E

KVP?

Ther ef ore i npact resi stance =2E

From the above formula we can conclude:
I npact resi stance w || be decreasedw th anincrease i nthe nodul us of el asticity,
whi chneans that stiffer naterialswll havelessinpact resistance. Resilient nateria s



w Il have better inpact resistance (hownever, ahighstiffnessis al so necessary to
providerigiditytoanateria under staticloads, e g. acenent base shoul d be abl e
to support an anal gamrestorati on).

Increase invol une | eads to anincrease i ninpact resi stance.

IMPACT STRENGTH

It istheenergy requiredtofracture anaterial under aninpact force. A Charpy
type inpact tester is used. It has a heavy pendul umwhi ch sw ngs down to fracture
the speci nen. Anot her i nstrunent cal | ed | zod i npact tester can al so be used.

Application

Dent ur es shoul d have a hi gh i npact strength to prevent it frombreakingif
accidental | y dropped by the patient.

PERMANENT DEFORMATION

cetheelasticlimt of anateria is crossed by aspecificanount of stress, the
further increaseinstrainis call ed pernanent defornmation, i.e. theresul ting change
i ndinensionis pernanent.

Application

Anelasticinpressionnaterial deforns asit is renoved fromthe nout h. However,
duetoitseasticnatureit recoversits shapeandlittle pernanent defornation occurs.
Sone nat erial s are nore el astic than others. Thus, pernanent defornati onis hi gher
i n hydrocol | oi ds than i n el ast oners.

STRENGTH

It isthenaxinal stressrequiredtofracture astructure.
The t hree basi ¢ types of strength are:

— Tensil e strength,

— Conpr essi ve strength, and

— Shear strength.

Tensile Strength

Tensile strengthis deternined by subj ecting arod, wre or duniel | shaped speci nen
toatensileloading (aunilateral tensiontest). Tensilestrengthis definedasthe
naxi nal stress the structurew |l wthstand before rupture.



Tensile Strength of Brittle Materials

Bittlenaterialsaredifficult totest usingtheunilatera tensiontest. Instead, an
indirect tensiletest called‘Danetral conpressiontest’ (or Braziliantest) is used
(Hg. 2.5. Inthisnethod, aconpressiveloadis placed onthe di aneter of ashort
cylindrica specinen. Thetensilestressisdirectly proportiona totheload applied
as shown in the formil a.

2P (I oad)
Tensile Stress = =
b

x Dx T  (dianeter xthickness)

FIGURE 2.5: Diametral tensile test

Compressive Strength
Gonpressi ve strength or ‘ crushing strength’ is deternined by subj ectingacylindrical
speci nen t o a conpressi ve | oad. The strength val ue i s obtai ned fromthe cross

sectional area and force applied. Thoughthe loadis conpressiveinnature, the
failureis dueto conpl ex stresses.

Shear Strength

Shear strengthis the maxi numstress that anateria canwthstand before failure
i nashear node of loading. It istested usingthe punch or pushout net hod. The
formilaisasfol l ovs:



_F
nd h

Shear Strength

wher e, Fistheforce,
d i s punch di anet er
his the thi ckness of the speci nen.

Application
Wsed to study theinterface betweentwo naterials, e.g. porcelainfusedtonetal .

Transverse or Flexure Strength

Transverse strength or nodul us of ruptureis obtainedwhenaloadis appliedin
the nidd e of a beamsupported at each end. Thistest is al socalleda3point bending

test (378 (F g 26).

Stress

Strain
FIGURE 2.6: Complex stresses produced FIGURE 2.7: Area of toughness
by three point loading of a beam in stress-strain curve

Application
Wsed to test denture base resins and | ong span bri dges.

FATIGUE

Astructure subjectedtorepeated or cyclic stresses bel owits proportional |imt can
produce abrupt failureof thestructure. Thistypeof failureiscaledfatigue. Fatigue
behavi our i s deternmined by subj ectinganaterial toa cyclic stress of aknown val ue
and det er nini ng t he nuniber of cycles that are requiredto produce failure. The
stresses used in fatigue testing are usual |y very | ow However, the repeated
appl i cation causes fail ure.

Application

Restorations inthe nouth are of ten subj ected to cyclic forces of nastication. In
order tolast, theserestorati ons shoul d be abl etoresist fatigue.



Static Fatigue

I't i s aphenonenon exhi bited by sone ceranic material s. These naterial s support
ahighstaticloadfor along periodof tineandthenfail abrupt!y. This type of
failure occurs only whenthe naterial s are stored i n awet environnent and this
propertyisrelaedtotheeffect of water onthe highly stressed surface of the naterial .

TOUGHNESS

It isdefinedasthe energy requiredtofractureanaterial. It isaproperty of the
nat eri al whi ch describes howdifficult the nateria woul d be to break. Toughness
isalsoneasured as the total areaunder the stress-straincurve (FHg. 2.7).

BRITTLENESS

Abrittlenaterial isapt tofractureat or near its proportional limt. Brittleness
i s generally consi dered as the opposi te of toughness, e.g. glassis brittleat room
tenperature. It wll not bend appreci ably wthout breaking. 1t shoul d not be wongly
understood that abrittle material islackinginstrength. Fromthe above exanpl e
of glassweseethat its shear strengthislow but itstensilestrengthis very high.
If glassisdrannintoafibre, itstensile strength nay be as hi gh as 2800 MPA

Application
Miny dental naterialsarebrittle, e.g. porcelan, cenents, gypsumproducts, etc.

DUCTILITY

It istheability of anateria tow thstand pernanent defornationunder atensile
| oad wi thout rupture. Anetal that canbe drawnreadilyintoawireis saidtobe
ductile. Ductilityis dependent ontensile strength. Ductility decreases as the
tenperatureis rai sed.

Ductility is measured by three common methods:

* By neasuring t he percentage el ongati on after fracture.

e By neasuring reductionin cross-sectional area of fractured ends in conparison
totheoriginal areaof thewreor rodandthe nethodis called reductionin
area net hod.

e Byusingthe coldbendtest.

MALLEABILITY

It istheability of the material to wthstand rupture under conpression, as in
hanmering or rollingintoasheet. It is not dependent on strengthasis ductility.
Ml | eability increaseswthriseintenperature.



Toughness of a material is dependent uponthe ductility (or nalleability) of the
naterial thanupontheflexibility or el astic nodul us.

Application of Malleability and Ductility

@l disthe nost ductile and nal | eabl e netal . Thi s property enabl es nanuf act urers
tobeat it intothinfoils. S1ver issecond Anong other netal s pl ati numranks third
inductility and copper ranks thirdinnalleability.

HARDNESS

Hardnessi sdifficult todefi nespecifical ly. Therearenunerousfact orswhi chi nfl uence
thehardnessof anat erial suchasstrength, proportional Iinmt, ductility, nalleability,
etc. Inmneral ogythehardnessisdescribedastheabilityof amaterial toresist
scratching. Innetal | urgyandi nnost ot her fiel ds, theresi stancetoi ndentationi staken
as t he neasur e of har dness. Ther e are many surface hardnesstests (F g. 2. 8).
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Brinell Rockwell Vickers Knoop

FIGURE 2.8: Various hardness tests
Brinell

Ahardened steel ball is pressedintothe polished surface of anateria under a
specifiedload. Theloadis divided by the area of the surface of theindentation
and the quotient isreferredto as Brinell Hardness Nunber (BHN) .

BHN = Load/ Area of i ndentation

Application
Wsed for neasuring hardness of netals and netallic material s.

Rockwell Hardness Number (RHN)

Just likethe BHNtest, asteel ball or aconical dianond point is used. However,
i nstead of neasuringthe dianeter of theinpression, the depthis neasured directly
by a di al gauge on the i nstrunent.



Application

The Rockvel | test has awider applicationfor naterias, sinceBinel test isunsuitabl e
for brittlenaterialsaswell asplasticnaterials.

Vickers Hardness Test (VHN)

Thisisasosinlar tothe Brinell test, honever, instead of asteel ball, a di anond
i n the shape of a square pyramidis used. A though the inpressionis square instead
of round. Theloadis divided by the area of indentation. The |l ength of the di agonal s
of theindentation (sides of the di anmond) are neasur ed and aver aged.

Applications

Mckerstest isusedinthe ADAfor dental casting golds. Thistest is suitablefor
brittlenaterial s and sois used for neasuri ng har dness of tooth structure.

Knoop Hardness Test (KHN)

Adianond i denting tool is used. Knoop hardness val ues i s i ndependent of the
ductility of the nmateria and val ues for both exceedi ngly hard and soft naterial s
can be obtai ned fromthis test.

The Knoop and M ckers tests are cl assifi ed as nicrohardness tests. The Brinel |
and Rockwel | tests are cl assified as nacrohardness test s.

The Shore and the Barcol

These are | ess sophi sticatedtests. They are conpact portabl eunits. Anetal indenter
that is springloadedis used. The hardness nuner i s based on dept h of penetration
and i s read directly froma gauge.

Applications
Wsed for neasuring t he har dness of rubber and pl asti cs.

ABRASION RESISTANCE

Li ke har dness, abrasi onis influenced by a nunier of factors. Hardness has often
been usedtoindicatethe ability of anaterial toresist abrasion.

Applications

It isuseful for conparing naterial s inthe sane class, e.g. one brand of cenent
is conparedto another and their abrasion resistanceis quotedin conparisonto
one anot her. However, it may not be useful for conparing naterial s of different
classes |i ke netal s and pl asti cs.




Theonlyreliabl etest for abrasi oni satest procedurewhi chsi nul at est he condi -
tionsvhi chthenateria wll eventual | ybesubj ectedto, e.g. toot hbrushabrasi ontests.

RELAXATION

Bvery el enent innature nakes an attenpt toremaininastable form If an el enent
i s changed fromits equilibriumor stabl e formby either physical or chenical neans
ittriestoconebacktoitsorigina form

Wien subst ances ar e def orned, internal stresses get trapped because of the
di spl acenent of the atons. The conditionis unstable andthe atons try toreturn
totheir original positions. Thisresultsinachangeinshape or contour inthesolid
as atons or nol ecul es rearrange t hensel ves. Thi s change i n shape due to rel ease
of stresses is known as relaxation. The naterial issaidtowarpor distort.

Exanpl es Waxes and ot her thernopl astic material s |'i ke conpound under go
rel axati on after they are nani pul at ed.

RHEOLOGY

Rheol ogy i s the study of flowof natter. Indentistry, study of rheol ogy i S necessary
because nany dental naterial s areliquids at sone stage of their use, e.g. nolten
alloy and freshly nixed i npressi on naterial s and cenents. Qher naterial s appear
to be solids but flowover a period of tine.

IMPORTANT TERMS AND PROPERTIES IN RHEOLOGY
Viscosity

M scosity istheresistance offered by aliquidwhen pl aced innotion, e.g. honey
has greater viscosity thanwater. It is neasuredin poi se or centipoise (1cp=100p).

Creep

Ti ne dependent pl astic defornation or change of shape that occurs when a net al
issubjectedtoaconstant | oad near its nelting poi nt i s known as creep. Thi s nay
be static or dynanic in nature.

Saticcreepis atine dependent deformation producedin a conpl etely set solid
subj ected to a constant stress.

Dynani ¢ creep produced when the applied stressis fluctuating, suchasinfatigue
typetest.

Importance

Dental anal gam has conponents with nel ting points that are slightly above room
tenper at ure and t he creep produced can be very destructivetothe restoration,



e.g. gl ass tube fractures under a sudden bl owbut bends gradual | y i f | eaned agai nst
awvall.

Flow

It issomewhat simlar tocreep. Indentistry, thetermflowis usedinstead of creep

to descri be rheol ogy of anor phous subst ances, e.g. waxes. A though creep or fl ow

nay be neasur ed under any type of stress, conpressionis usually enpl oyed for
testing of dental naterials.

SHEAR STRESS AND SHEAR STRAIN RATE

Aliquidis placed between two pl ates and t he upper plateis novedtotheright.
The stress requiredtonove theplateis call ed shear stress (=FH Aor force appl i ed/
area of plate). The change produced i s cal | ed shear strainrate (=M dor vel ocity
of pl ate/di stance covered).

Newtonian

Shear stress and shear strainrate can be plotted. Anideal fluid shows a shear
strainratethat is proportional to shear stress. This behavior i s cal | ed Newtoni an
(Fg 29.

Shear stress

Shear rate

FIGURE 2.9: Shear diagrams of pseudoplastic, newtonian and dilatant liquids

Pseudoplastic

If anaterial viscosity decreases wthincreaseinshear rateit issaidtoexhibit
pseudopl asti ¢ behavi or, e.g. el astoneric inpressionnateria s whenloadedintoa
tray shows a hi gher viscosity, whereas the sane material when extruded under
pressure through asyringe tip shows nore fluidity (Fg. 2.9).



Dilatant

These are liquids that showhi gher viscosity as shear rateincreases, e.g. fluiddenture
baseresins (Fg 2.9).

THIXOTROPIC

Thesenaterialsexhibit adifferent viscosity after it isdeforned, e.g. latex paints
for ceilings showl owner viscosity after it isstirredvigorously. Z nc oxi de eugenol
cenent s showr educed vi scosity af ter vi gorous nmixi ng. Dental prophy pasteis anot her

exanpl e.

COLOR

Light isaformof el ectro-nagnetic radi ant energy that can be det ect ed by t he hunan
eye. The eye i s sensitive towave | engt hs fromapproxi natel y 400 nm(viol et) to
700 nm(dark red). The conbi ned i ntensities of the wavel engths present in abeam
of light determnethe property called col or.

Inorder for anobject tobevisible, either it nust emt light or it nust reflect
or transmt light fallinguponit fromanexternal source. (pjects of dental interest
general ly transmit light. Theincident light isusually polychronatic (nixed|ight
of various wavel engths). The reaction of anobject totheincident |ight istoselec-
tivel y absorb and/ or scatter certai nwavel engths. The spectral distributionof the
transmitted or reflectedlight wll resenil e that of theincident Iight al thoughcertain
wavel engths wi || be reduced i n magni t ude.

(ne shaped cel | sintheretinaare responsi bl e for col or vision. The eyeis nost
sensitivetolight inthe green-yel l owregionand | east sensitive at either extrenes
(i.e. redor blue).

THREE DIMENSIONS OF COLOR

Quantitatively col or has cone to be descri bed as athree di nensi onal qual ity specified
by val ues for three variabl es: hue, val ue and chr ona.

Hue
Refers to the basi c col or of an object, e.g. whether it isred, greenor bl ue.

Value

@l ors can be separatedinto ‘light’ and ‘ dark’ shades, e.g. the yell owof alenon
islighter than the red of a sweet cherry. This |ight ness whi ch can be neasur ed
i ndependent | y of the col or hueis cal | ed val ue.

Chroma

Aparticul ar col or naybedul | or nore‘ vivid , thisdifferenceincol orintensityor strength
iscall edchroma. Chronarepresent sthedegreeof saturationof aparticul ar hue(col or).



I not her words, thehi gher t he chronat he norei nt enseand nat urei sthecol or. Ghrona
cannot exi st byitsel f andi s al ways associ at edw t h hue and val ue.

MEASUREMENT OF COLOR

(ne of the nost commonl y used net hod t o def i ne and neasur e col or quantitatively
isthe Minsel | S/stem It is aco-ordinate systemwhi ch can be vi ened as a cyl i nder.
The | i nes are arranged sequenti al | y around the perineter of the cylinder, while
the chrona i ncreases al ong a radi us fromt he axi s. The val ue coordi nat e vari es
along the I engt h of the cylinder fromblack at the bottomto neutral grey at the
center towhite at the top.

METAMERISM

The appear ance of an obj ect depends on the type of the light by which the obj ect
isviewned. Daylight, incandescent | anps, and fl uorescent | anps are al | conmon
sources of light indental operatory. (pjects that appear to be col or nat ched under
one type of |ight nay appear very different under another |ight source. This
phenonenon i s cal | ed net aneri sm

FLUORESCENCE

Nat ural tooth structure al so absorbs |ight of wavel engt hs whi ch are too short to
be vi si bl e to t he hunan eye. These wavel engt hs bet ween 300 t o 400 nmare ref erred
as near ultraviolet. Natural sunlight, photoflashlanps, certaintypes of vapor | anps,
andtheultraviolet |ights usedindecorativelightingareall sources containi ng
substantial anounts of near U Vradiationinvisible UVlight.

FIGURE 2.10: The Vita lumin shade guide. This famous shade guide has been in use for a
long time to select the color of artificial porcelain teeth




FIGURE 2.11: The newer Vitapan 3D Master is just been introduced recently
and is the advanced version of the Vita lumin

VITAPAN 3D-MASTER® Short Guide

= —

FIGURE 2.12: Selecting the color using the new Vitapan system. The color is determined in 3
steps. The figure above shows step 1 (lightness or darkness). The guide is held along the patients
face at arms length. Step 2 determines the hue (basic color). Step 3 determines the chroma
(saturation)

This energy that thetooth absorbsis convertedintolight wthlarger wavel engths,
i n whi ch case the tooth actual | y becones a | i ght source. The phenonenon i s cal | ed
fluorescence. Theemttedlight isprinarily in400-450 nmrange, havi ng bl ue white
oda.

H ourescence nakes a definite contributiontothe brightness and vital appearance
of a human t oot h.



Importance

Sone patients want their restorations to match natural tooth under U-VIight
condi tions, e.g. i nstage shows and di scot heques. Sone nanuf act urers of porcel ai n
i ncl ude f1 uor escence nat ching intheir products.

CLINICAL CONSIDERATIONS

Esthetics plays a very inportant rol e i n nodern dental treatnent. The i deal

restorative naterial shoul dnatchthe color of thetoothit restores. I'nnaxillofacial

prosthetics the col or of the guns, external skin andthe eyes have t o be dupl i cat ed.
Qinicallyintheoperatory or dental |ab, col or selectionis usually done by the

use of shade gui des (Figs 2.10 to 2.12). These are used i n much t he sane way

as pai nt chips are used to sel ect the col or for house pai nt.



CHAPTER 3

Biological Considerations of
Dental Materials

The science of dental materials must include a knowledge and appreciation of certain
biological considerations that are associated with selection and use of materias
designed for the ora cavity.

Strength and resistance to corrosion are unimportant if the material injures
the pulp or soft tissue. The biological characteristics of dental materias cannot be
isolated from their physical properties.

Biological Requirements of Dental Materials

dental materials should:

Be non-toxic to the body,

Be non-irritant to the oral or other tissues,
Not produce allergic reactions, and

Not be mutagenic or carcinogenic.

PONE D>

Classification of Materials from a Biological Perspective

Those which contact the soft tissues within the mouth,

Those which could affect the hedth of the dental pulp,

Those which are used as root-canal filling materials,

. Those which affect the hard tissues of the teeth, and

Those used in the dental laboratory which though not used in the mouth, are
handled and may be accidentaly ingested or inhaled.

moow>

Examples of Hazards from Chemicals in Dental Materials

¢ Some dental cements are acidic and may cause pulp irritation.

¢ Polymer based filling materials may contain irritating chemicals such as unreacted
monomers, which can irritate the pulp.

e Phosphoric acid is used as an etchant for enamel.

e Mercury is used in dental amagam, mercury vapor is toxic.

¢ Dust from aginate impression materials may be inhaled, some products contain
lead compounds.



e Monomer in denture base materials is a potentia irritant.

« Some people are alergic to alloys containing nickel.

e During grinding of beryllium containing casting aloys, inhalation of beryllium
dust can cause berylliosis.

e Some dental porcelain powders contain uranium.

e Maetalic compounds (eqg. of lead and tin) are used in elastomeric impression
materials.

* Eugenol in impression pastes can cause irritation and burning in some patients.

e Laboratory materials have their hazards, such as: cyanide solution for electro-
plating, vapors from low fusing meta dies, silicious particles in investment
materials, fluxes containing fluorides, and ashestos.

e Some periodontal dressing materials have contained asbestos fibres.

A biomaterial can be defined as any substance, other than a drug, that can
be used for any period of time as a part of a system that treats, augments, or replaces
any tissue, organ or function of the body.

PHYSICAL FACTORS AFFECTING PULP HEALTH

Microleakage

One of the greatest deficiencies of al materials used for restoring teeth is that, they
do not adhere to tooth structure and seal the cavity preparation (except those systems
based upon polyacrylic acid and certain dentin-bonding agents). Thus, a microscopic
space always exists between the restoration and the prepared cavity. The use of
radioisotope tracers, dyes, scanning electron microscope, and other techniques have
clearly shown that fluids, micro-organisms, and oral debris can penetrate freely along
the interface between the restoration and the tooth, and progress down the walls of
the cavity preparation. This phenomenon is referred to as microleakage.

Microleakage Can Result In

1. Secondary caries The seepage of acids and micro-organisms could initiate caries
around the margins of the restoration.

2. Sain or discoloration can aso develop.

3. Senditivity Sometimes, because of microleakage, the tooth remains sensitive even
after placement of the filling. If the leakage is severe, bacterial growth occurs
between the restoration and the cavity and even into the dentinal tubules. Toxic
products liberated by such micro-organisms produce irritation to the pulp.

Thermal Change

Tooth structure and dental restorations are continually exposed to hot and cold
beverages and foods. Instantaneous temperature fluctuation during the course of
an average mea may be as great as 85°C.



The temperature fluctuations can crack the restorative materids or produce
undesirable dimensional changes in them because of thermal expansion and
contraction.

Many restorative materials are composed of metals. Metals conduct heat and
cold rapidly. Patients may often complain of sensitivity in a tooth with a metallic
restoration when they are eating hot or cold foods. The problem is more in a very
large restoration, where the layer of dentin remaining at the floor of the cavity
may be so thin that it is not adequate to insulate the pulp against the temperature
shock.

Protection from thermal changes The Dentist must place a layer of insulating cement
(called base) under the restoration.

Galvanism

Another cause for sensitivity is the small currents created whenever two different
metals are present in the oral cavity (Fig. 24.1, Chapter 24). The presence of metallic
restorations in the mouth may cause a phenomenon called gavanic action, or
galvanism. This results from a difference in potential between dissimilar fillings
in opposing or adjacent teeth. These fillings, in conjunction with saliva as electrolyte,
make up an electric cell. When two opposing fillings contact each other, the cell
is short circuited and the patient experiences pain. A similar effect may occur when
a restoration is touched by the edge of a meta fork.

Studies have shown that relatively large currents can flow. The current rapidly
falls off if the fillings are maintained in contact, probably as a result of polarization
of the cell. The magnitude of the voltage is not of primary importance, but the
sensitivity of the patient to the current has a greater influence on whether he will
feel pain. Some patients may feel pain at 10 u amp and other a 110 u amp (average:
20 to 50 u amp). That is why some patients are bothered by galvanic action and
others are not despite similar conditions in the mouth.

The galvanic current magnitude depends on the composition and surface area
of the metals. Stainless steel develops a higher current density than either gold
or cobat chromium alloys when in contact with an amalgam restoration. As the
size of the cathode (e.g. a gold aloy) increases relative to that of the anode (e.g.
amalgam), the current density may increase. The larger cathode can enhance the
corrosion of the smaller anode. Current densities associated with non Y 2-containing
amalgams appear to be less than those associated with Y2-containing amalgam.

TOXIC EFFECTS OF MATERIALS

A few dental materials may contain a variety of potentialy toxic or irritating
ingredients, e.g. phosphoric acid in zinc phosphate cements.



Materials to be utilized in the oral cavity must aso be non-irritating to soft
tissue. For example, any materia used to fabricate an artificial denture should
not produce an alergic reaction on the underlying tissue.

Toxicity Evaluation
Toxicity test are classified as

Level | Tests (Screening Tests)

The material is first checked for acute systemic toxicity and for its cytotoxic,

irritational, allergic and carcinogenic potentials.

e Acute systemic toxicity test is conducted by administering the materia orally
to laboratory animals. If more than 50% of the animals survive, the materia
is sdfe.

e Cytotoxic screening may be done in vivo or in vitro. In vitro tests are conducted
on cultured cells like mouse L-929 fibroblasts and human Hela cells. There are
many in vitro tests. Example Agar overlay technigue—Agar is spread over a
layer of culture cells in a culture plate. The test material is then placed on it
and incubated. A toxic material will show a clear zone of dead cdlls.

e Irritational properties are checked by placing the materia beneath the skin
in rats or intramuscularly in rabbits. The animals are killed at different time
intervals. The tissue response is then examined and compared.

e Allergic potential The material is first placed inside the skin of guinea pigs.
Later, the materia is placed on the skin surface. Erythema and swelling at the
site show allergic reaction.

e Carcinogenic potential (i) In vivo tests A material is placed beneath the skin
(subcutaneously) of mice. They are then killed after 1 and 2 years and examined
for tumors, (ii) In vitro tests Include Ames test. Here the materia is tested with
the help of mutant histidine dependent bacteria

Level Il (Usage Tests)

The material is tested in experimental animals similar to how it is used in humans,
e.g. Pulp reaction is studied by placing the material into class V cavities in teeth
of primates (apes or monkeys). The teeth are then extracted periodicaly and
compared with negative controls (ZOE cement) and positive controls (silicate cement).

Level Il (Human Trials)

Once the material has passed screening and usage tests in animals, it is ready
for trials in humans. The reactions and performance under clinical conditions are
studied.



INFECTION CONTROL

There is increased interest in expanding infection control measures to the denta
laboratory. Concern over possible cross contamination to dental office personnel
by micro-organisms, including hepatitisB virus and human immunodeficiency virus
(H1V), through dental impressions has promoted the study of the effect of disinfecting
techniques on dental materias.

Infection Routes

There are many ways by which micro-organisms can spread, e.g.

1. Contaminated instruments and needles

2. Direct splashing of sadliva and blood into the mouth or on to wounds
3. Breathing of contaminated aerosol from the air-rotor handpiece

4. Through contaminated dental materials.

Except for contamination occurring through dental materials, the other routes
are beyond the scope of this book.

Disinfection of Dental Materials

Impressions are the main source of spread of infection among the dental materials.
However disinfecting impression materials is more complex. The disinfectant must
not affect its properties and accuracy. If the impression has not been disinfected,
we must disinfect the cast.

Materidls may be disinfected by:
1. Immersion in a disinfectant
2. Spraying with a disinfectant
3. Incorporating the disinfectant into the material as part of its composition.



CHAPTER 4

Rigid Impression Materials

Adental inpressionis anegativerecordof thetissues of the nouth. It is used
to reproduce t he formof the teeth and surroundi ng ti ssues.

The negat i ve reproduction of the tissues given by theinpressionnmaterial is
filledupwthdenta stoneor other nodel naterial stoget apositivecast. The positive
reproduction of asingletoothis describedas a“die”, and when several teeth or
awholearchisreproduced, it iscalleda“cast” or “nodel .

ADVANTAGES OF USING A CAST OR MODEL

1 Mbdel s provi de athree-di nensi onal viewof theoral structures, thus aidingin
di agnosi s and treat nent pl anni ng.

2 Many restorations or appliances are best constructed on casts. It may be

i nconveni ent to both dentist and patient if these have to be nade directly in

the patient’s nouth.

Mbdel s can be used to educat e t he pati ent.

They serve as pre- and post-treatnent records.

By usi ng casts, techni cal work can be passed on to techni ci ans, savi ng val uabl e

clinica tine

o b w

DESIRABLE PROPERTIES OF AN IMPRESSION MATERIAL

Aninpression naterial shoul d:
Have a pl easant taste, odor and est hetic col or.
Not containany toxicor irritatingingred ents.
Have adequat e shel f |ife for storage and di stri buti on.
Be econonical .
Be easy to use wi th t he m ni numequi pnents.
Have adequat e setting characteristics that neet clinical requirenents.
Possess a sati sfactory consi stency and text ure.
Have adequat e strength sothat it wll not break or tear while renoving from
t he nout h.
9 Possessel asticpropertiesw thfreedont romper nanent def ornati onafter strain.
10. Exhibit di nensional stability.

CO~NO O WNPF



32

. Basic Dental Materials

11 Beconpatiblewiththe dieandcast naterials.
12 Faithfully reproduce t he ti ssues of nout h.
13 Beabletobe el ectropl at ed.

CLASSIFICATION OF IMPRESSION MATERIALS
There are several classifications:

According to Mode of Setting and Elasticiy

Mbde of Setting Rgd Hastic
Set by chemcal reaction | npr essi on pl ast er A gi nat e hydrocol | oi d
(irreversibl e or thernoset). Zi nc oxi de eugenol Non- aqueous el ast oner s,

e.g. Polysul fide pol yner
Fol yether, S1icone
Set by tenperature change Conpound Agar hydrocal | oi d.
(reversi bl e/thernopl asti c). Waxes

According to their Uses in Dentistry

Impression Materials used for Complete Denture Prosthesis

| npressi on pl ast er, i npressi on conpound and i npressi on paste set toahard rigid
nass and hence cannot be renoved fromunder cut s w t hout the i npressi on bei ng
fracturedor distorted. Thereforethese naterial s are best suited for edert ul ous nout h.

Impression Materials used for Dentulous Mouths

n the ot her hand al gi nat es and rubber base i npressi ons are sufficiently el astic
t o be w t hdrawn fromunder cut areas. Such el astic inpressionnaterials are suitable
for inpressions inrenovabl e partial denture prosthesis and crown and bri dge work,
where the i npressions of the ridge and teeth are required.

The Rigid Impression Materials

Asnentioned earlier therigidinpressionmaterial s are:
1 Inpressionplaster
2 | npression conpound
3 Zinc oxi de eugenol inpression paste
4 | npressi on waxes.
(I'npression pl aster is describedinthe chapter on G/psumProducts).

IMPRESSION COMPOUND

| npr essi on conpound i s described as arigid, reversibleinpressionnateria which
set s by physi cal change. O appl ying heat, it softens and on coolingit hardens.
It ismainly used for naking i npressions of edentul ous nout h.



Rigid Impression Materials .

CLASSIFICATION

ADA speci fication No. 3 two types:
Type | —I npressi on Conpound
Type Il —Tray Conpound

Typell: Tray conmpound i s used to prepare atray for naking an i npressi on. A
second naterial isthencarriedinit inorder to nake aninpressi on of nout htissues.
Sncereproductionof thefinedetailsisnot essential, it isgeneralystiffer and
has | ess fl owthan regul ar i npressi on conpound.

SUPPLIED AS
Sheet's, sticks, cakes and cones (Fg. 4.1).

FIGURE 4.1: Impression compound cakes and sticks

APPLICATIONS

1 For making a prelimnary i npressionin an }
edent ul ous (nout h wi t hout teeth) nouth }
For i ndi vidual tooth inpression } Type |
Peri pheral traci ng or border noul di ng }
To check undercuts ininlay preparation }
To nake a speci al tray }

g b~ wWwN

Type Il

Single Tooth Impression

Inoperativedentistry, aninpressionis nade of asingletoothinwhichacavity
i s prepared. The conpound i s softened and carried in a copper band. The filled
band i s pressed over the tooth and t he conpound fl ows i nto t he prepared cavity.
It isreferredto as atubeinpression. Tube i npressions were al so used t o nake
el ectrof orned di es.
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Complete Denture Impressions

In conpl ete denture fabricationit is common to nake two sets of i npressi ons—
the prelininary and the final inpression. The prelimnary inpressionis nadein
astocktray. Astudy cast is nmade fromthisis usedto construct acustomtray or
speci al tray. The customtray i s used t o nake the final inpressi on. The techni que
of making a prelinmnary and final inpressiongreatly inproves the accuracy of

t he conpl et e dent ure.

REQUIREMENTS OF IDEAL IMPRESSION COMPOUND

I't shoul d:

 hardenat or little above nout h t enperat ure,

e beplasticat atenperature not injurious or harnful tooral tissues,

e not containirritatingor toxicingredients,

e harden uni formy when cool ed wi thout di storti on,

» have a consi st ency when softened whichw Il allowit toreproduce fine details,

* Dbe cohesi ve but not adhesi ve,

* not undergo pernanent def ornation or fracture while w thdraw ng the i npressi on
fromt he nout h,

e bedinensional ly stabl e after renoval fromthe mout h and duri ng st or age,

 exhibit asnooth gl ossy surface after flaning,

e wthstandtrimming wth sharp knifewthout flaking or chipping after hardeni ng.

e should not boil and | ose vol atil e conponents on fl am ng,

» shoul d renai n stabl e wthout | osi ng sol ubl e pl asti ci zers when i nmer sed i n wat er
for | ong peri ods.

COMPOSITION

Ingeneral inpression conpound i s anxture of waxes, thernopl astic resins, organic
acids, fillersand col ori ng agents.

I ngredi ent s Rarts

Resi n 30

Gopal resin 30

Car nauba wax 10

Searicacid 5

Tdc 75

@l ori ng agent Appr opri at e anount

Plasticizers Bees wax i s brittle, so conpounds such as shel |l ac, stearic aci d and
gutta-percha are added to i nprove pl asticity and workabi | ity. These subst ances
arereferredtoas plasticizers. Syntheticresins are bei ng used i ni ncreasi ng anount s,
usual Iy in conbi nationw th natural resins.
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Filers These are snal|l particles of inert naterial s which strengthen or inprove
t he physi cal properties of nany naterials. Fllers are chenical ly different fromthe
principal ingredient. Insuchcase, thefiller particles are soneti nes referredto as
the core and the surroundi ng i ngredi ents as the matri x. For exanpl e, the waxes
and resi ns i n i npressi on conpound bei ng non-crystal | i ne i n character cause hi gh
fl owof the conpound and | owstrength. Gonsequently afiller suchas tal cis added
toreducetheplasticity of thenatrix nateria by frictional action. Qher fillers used
are di at omaceous earth, soap stone and French chal k.

PROPERTIES OF IMPRESSION COMPOUND

Glass Transition Temperature and Fusion Temperature

Wien i npressi on conpound i s heated in a hot water bath the naterial /oosesits
har dness at approxi natel y 39°C Hwever, at this stage, it isstill not plasticor
soft enough for nmaki ng an i npressi on. This tenperature at which the nateri al
| ooses its hardness or brittleness on heating or forns arigi d nass upon cool i ng
isreferredtoas glass transitiontenperature.

Fusion Temperature

Onh further heating at approxi natel y 43.5°C the naterial softenstoaplastic nass
that canbe nani pulated. Thisiscalledthefusiontenperature. It isthetenperature
at wiichthecrystallinefattyacids nelt (or solidify).

Significance offusiontemperature  Above this tenperature, the fatty acids are liquid
and | ubricate the softened naterial toforma snooth plastic nass, whilethe
i npressionis being obtai ned. Thus al | i npressi ons w t h conpound shoul d be nade
above thi s tenperature. Bel owthi s tenperature an accurate i npressi on cannot be
expect ed.

Significance of glass transition temperature Once the inpression tray i s seat ed,
it shoudbeheldfirmyinpositionuntil first fusiontenperature andlater the gl ass
transitiontenperatureis reached. Thus the i npressionis nade above the fusi on
tenperature whereas it is renovedfromthe nouth only after it cools downtoits
glass transition tenperat ure.

Thermal Properties

Thermal Conductivity

| npr essi on conpound has very | owt hernal conductivity, i.e. they are poor conductors
of heat.
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Significance

e Duringsoftening of the material, theoutsidew || softenfirst andthe inside
last. Soto ensure uni formsofteningthe naterial shoul d be kept i nmer sed f or
asufficientlylongtineinawater bath. Kneadingof the nateria ensures further
uni f or msof t eni ng.

* Duetopoor thermal conductivity, thelayer adjacent tothe nouth tissues wl |
renai nsoft. Renoval of theinpressionat this stagew!| cause serious distortion.
Thus it isinportant to cool the conpound thoroughly before renovingif from
t he nmout h.

Coefficient of Linear Expansion (CTE)

The CTE of a conpound i s conpar ati vel y hi gh because of the presence of resins
and waxes. The |linear contraction fromnout h t enperat ure t o roomt enperat ure
is0.3% This error can be reduced: (i) by obtai ni ng an i npressi on as usual and
then passing the i npression over aflane until the surfaceis softened and t hen
obt ai ni ng a second i npressi on. During the second i npressi on, the shrinkageis
relatively slight, sinceonly the surface | ayer has been sof t ened conpl etel y, and
(ii) another way of reducing the thernal contractionis by spraying col dwater on
thenetal tray just beforeit isinsertedinthe nouth. Thus the naterial adj acent
tothetray wll be hardened, whilethe surfacelayer isstill soft. Inbothtechni ques,
theinpressionis likelyto be stressed consi derabl y and so the st one cast shoul d
be constructed at the earliest.

Flow

Howof theinpressionmaterial coul d be advant ageous as wel | as harnful . Good
fl owis desirabl e during i npressi on naki ng. The softened nateria shoul d fl owinto
all the details of thetissue contour. Qice the conpound hardens, it shoul d have
mni numflow otherwiseit wll get distorted.

According to ADA specification No. 4

Type | : Flownot nore than 3%at 37°C (Muth tenperature).
Fl ow not | ess t han 80%and not nore t han 85%at 45°C.

Type Il: Flownot nore than 2%at 37°C
Fl ownot | ess t han 70%and not nore t han 85%at 45°C.

Dimensional Stability

Sncetherel ease of strainsis unavoi dabl e, the safest way to prevent distortion
isto pour the cast i nmed atel y or at | east wthinthe hour. Another cause of warpage
isrenoval of theinpressiontooearly beforeit isthoroughly cool edinthe nouth.



Reproduction of Detail

SQurface detai | reproducti onis conparatively | ess because of its high viscosity and
l owfl ow Because of the viscosity, pressure has to be used during inpression, which
conpresses the ti ssues. Thus, thetissue arerecordedinadistorted state.

MANIPULATION

Sticks

Snal | anount s of conpound are softened over aflame. Wienadirect flaneis
used, the conpound shoul d not be al lonedto boi | or ignite, otherwse, the plasticizers
arevo atilized

Cakes

Wien a | arge amount of conpound is to be softened, it isdifficult toheat the
conpound uni formy over a flame. The conpound i s softened i n warmwater in
athernostatical ly control ledwater bath (Fg. 4.2) (usuallyintherange of 60to
70°Q. After the conpound is renoved fromthe water bath, it is usual |y kneaded
wththefingersinorder toobtainuniformplasticity throughout the nass.

FIGURE 4.2: A thermostatically controlled water bath. This water bath maintains a steady
softening temperature and is ideal for softening impression compound

Precautions

e Prolongedimmersioninawater bathis not indicated; the conpound nay becone
brittl e and grai ny because sone of the | ownol ecul ar wei ght i ngredi ents nay
be | eached out .




e Qver heating inwater nakes the conpound sticky and difficult to handl e.
* Avoidincorporating water while kneadi ng.

Removal of Impression
The inpressionis removed fromthe nouth only after it has conpl et el y har dened.

Pouring the Cast and Cast Separation

The cast shoul d be poured without del ay. The cast i s separated fromthe i npressi on
by inmersing it inwarmwater until it is soft enough. Excessively hot water is
avoided as it can make the naterial sticky and difficult torenove fromthe cast.

ADVANTAGES

1 The naterial can be reused a nunber of tines (for the sane patient only) in
case of errors.

2 Inaccurate portions can be remade w t hout having to remake the entire
i npr essi on.

3 Accuracy can be i nproved by flamng the surface naterial .

4 Thenateria has sufficient body tosupport itself toanextent especiallyinthe
peripheral portions. It does not col | apse conpl etely i f unsupported by the tray.

DISADVANTAGES

Dfficult torecorddetails because of its highviscosity.

Conpr esses soft ti ssues whi | e naki ng i npr essi on.

Dstortionduetoits poor di nensional stability.

Dfficult torenoveif there are severe undercuts.

There i s al ways the possi bility of overextension especiallyinthe peripheral
portions.
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ZINC OXIDE EUGENOL IMPRESSION PASTE

Zi nc oxi de and eugenol conbi nationis wdely usedindentistry:
e Cernenting and i nsul ati ng medi um

o Tenporary filling.

* FRoot canal filling naterial.

* Surgical packinperiodontal surgical procedures.

e Hteregistrationpaste.

e Tenporary relining naterial for dentures.

e Inpressionnaterial for edentul ous patients (FHg. 4.3).



FIGURE 4.3: From left to right—a zinc oxide eugenol edentulous
impression in a custom tray and dentulous alginate and elastomeric
(putty reline) impressions in stock trays

CLASSIFICATION

ADA speci ficati on No. 16.
e Typel or Hard
e Typell or Soft

AVAILABLEAS

Inpaste formintwo tubes (Fg. 4.4)

e Base paste (wiiteincolor).

e Accelerator or Reactor or Catal yst paste (redincolor).

FIGURE 4.4: Representative zinc oxide eugenol pastes for
impression making and periodontal dressing



COMPOSITION

Base Past e Accel erator Paste
Zi nc oxi de — 87% Q1| of cloves or Eugenol — 12%
F xed vegetable — 13% Qumor Pol yneri sed Rosi n — 50%
or mneral oil Fller (S1icaType) — 20%
Lanolin — 3%
Resi nous Bal sam — 10%
Accel erator sol ution (Gd,) and
col ori ng agents — 5%

Zi nc oxi de shoul d be finel y di vi ded and shoul d contai n slight amount of water.

F xed vegetabl eor mineral oil acts as plaslicizer and al so ai ds i n naski ng t he acti on
of eugenol asanirritant.

@1 of cloves contai ns 70-85%eugenol . It i s sonetines used in pref erence t o eugenol
because it reduces burni ng sensat i on.

Qimor pol yneri sed rosi n speeds the reacti on.
Canada and per u bal sami nproves fl owand m xi ng properti es.
@il ci umchl oride acts as an accel erator of setting reaction.

Q her accel erators are: 1. Zinc acetate
2. Prinmary al cohol s
3. Gacial aceticacid.

SETTING REACTION

The settingreactionis atypical acid-basereactiontoformachel ate. This reaction
i s al so known as chel ation and the product is call ed zi nc eugenal at e.
1 ZnO + HO —Zn(OH),
2 Zn(OH), + 2HE — ZnE, + 2H,0
Base Acid The Salt (4 nc
(Eugenol ) Eugenol at e)

Microstructure

The chel at e (zi nc eugenol ate) forns a matri x surroundi ng a core of zinc oxi de
particl es. The chel ate i s thought to formas an anor phous gel that tends tocrystallize
givingstrengthtothe set nass. Fornati on of crystalline zinc eugenolateis greatly
enhanced by zi nc acet at e dehydrat e (accel erator) whi chis nore sol ubl e than Zn(Q) ,
and can supply zinc ions nore rapidly.
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SETTING TIME
Working Time

Ther e shoul d be sufficient tine for mxing, |oadingontothetray and seatingthe
i npressi on into the nout h.

Setting Time

cethematerial isinplace, it shouldset fast.
Wiy shoul d an i npressi on naterial set quickly inthe nouth? Any naterial
whi ch takes along tine to set inthe nout h:
* \@ul d obvi ousl y be unconiortabl e to the patient.
e Result inawastage of tine for thedentist. Inabusy practice, this couldlead
toalot of stress.
e NMbvenent i s boundtooccur, resultinginstresses anderrorsintheinpression.

Initial settingtineistheperiodfrom hebegi nningof themxi nguntil thenaterial
ceasestopul | anayor stringout whenitssurfacei stouchedw thanetal rodof specified
di nensi ons. Thei npressi ons shoul dbe seatedi nthenouthbeforetheinitial set.

The final set occurs when a needl e of specifieddinensionfailstopenetratethe
surface of the speci men nore than 0. 2 nmunder a | oad of 50 gm

Initial settingtine F nal settingtine
Type | 3-6 ninut es 10 m nut es
Type I | 3-6 ninut es 15 m nut es

Factors Controlling Setting Time

e FRarticlesizeof zinc oxide powder: If theparticlesizeissmall andif it isacid
coated, thesettingtineis|ess.

e By varying the | engt hs of the two pastes (not recomended).

e Setting tine can be decreased by addi ng zi nc acetat e or a drop of water or acetic
acid(aceticacidisanore effectivethanwater. It increases speed of fornation
of the zi nc hydroxi de).

e Longer the mxing time shorter isthesettingtine.

* Hgh atnospheri c tenperature and hunidity accel erate setting.

e Setting can be del ayed by cool i ng t he mixi ng sl ab, spatul a or addi ng snal |
amount s of retarder or oils or vaxes.

PROPERTIES

Consistency and Flow

These areclinicallyinportant properties. Apaste of thick consistency can conpress
thetissues. Athinfreeflowngnateria copiesthetissueswthout distortingthem
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According to ADAspeci fication No. 16, the spreadis:
Type | pastes — 30 to 50 mMm
Type Il pastes — 20 to 45 mm

Qinicaly, these naterial s have a very good fl ow Qccasi onal | y one does cone
across poor qual ity i npression pastes, which thi cken undul y and have a poor fl ow

Detail Reproduction
It registers surface details quite accuratel y due tothe good fl ow

Rigidity and Strength

The i npr essi on shoul d resi st fracture and be unyi el di ng when renmoved fromt he
nout h. The conpr essi ve strength of hardened ZCEis 7 MPa 2 hours after m xi ng.

Dimensional Stability

The di nensional stabilityisquitesatisfactory. Anegligible shrinkage (I ess than
0.1% may occur duri ng hardeni ng.

Biological Considerations

Sone pati ents experi ence a burni ng sensationinthe nouth due to eugenol . It can
alsocausetissueirritation. This nay be overcone by usi ng a non- eugenol paste.

MANIPULATION

The mixi ng i s done on an oi | -i npervi ous paper or gl ass sl ab. Two ropes of paste
of sane | engt h and wi dt h, one fromeach tube are squeezed ont o t he mxi ng sl ab
(FHg 4.5. Aflexible stainl ess steel spatul ais used. The two ropes are conbi ned
wththe first sweep of the spatul a and nmixed until a uni formcol or i s observed
(Fgs 4.6Aand B).

Mxing time 1 mnute.

Mechani cal mixing Arotary mxing devi ce can al so be used (F g. 4.7). Speci al
circular nixing pads are avai | abl e. These are attachedtothe circul ar tabl e of the
device. After dispensingthe naterial, the nachineis switched on. Asthetable
rotates, theoperator first collectsthenateria usingthe sides of the spatula. H
then spreads the naterial by flatteningthe spatul a. The process of col | ecting and
flatteningisrepeateda ternatel y until auniformnixis obtai ned. Mchani cal nixi ng
gives afaster, uniformmx w th | ess voi ds and bubbl es.

ADVANTAGES

1 It has sufficient body so as to nmake up for any ninor under extensionsinthe
tray itsel f during inpression naki ng.
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FIGURE 4.5: Paste dispensing: Paste dispensing is an important aspect of the manipulation of
all impression materials dispensed in tubes that are of equal length. A—both the ropes should
be of equal length and width in order to ensure the correct proportioning. One way of obtaining
this is by ensuring the paste coming out of the tube is the same diameter as the mouth of the
tube—B

It has enough wor ki ng tine to conpl et e border noul di ng.

It can be checked i n the nout h repeat edl y wi t hout def orm ng.

It registers accurate surface details.

It isdinensionaly stabl e

I't does not require any separati ngnediasinceit does not sticktothe cast naterial .
M nor defects can be corrected | ocal |y w t hout di scarding a good i npressi on.

NOoO oA~ WN

FIGURE 4.6A: Manipulation of zinc oxide eugenol paste: Equal lengths
of base and reactor pastes are dispensed



FIGURE 4.6B: Mixing is done with a stainless steel spatula using circular motions until a streak
free mix is obtained (Manufacturers usually provide such materials in contrasting colors to aid
in visually ascertaining completion of mix)

DISADVANTAGES

1

2
3
4

It requires aspecial tray for inpressi on naki ng.

It isstickyinnature and adheres to tissues.

Eugenol can cause burni ng sensation and tissueirritation.

I't cannot be used for naki ng i npression of teeth and under-cut areas asit is
inelasticinnature.

OTHER ZINC OXIDE PASTES

SURGICAL PASTES
Ater certainperiodonta surgeries (e g gingivectony, i.e surgica renoval of di seased
gingival tissues) where suture cannot be pl aced, a zi nc oxi de eugenol surgical paste

FIGURE 4.7: A rotary automixing device for pastes and cements



nay be pl aced over the woundtoaidintheretention of the nedi canent, to protect
t he wound and t o pronot e heal i ng (al so known as periodontal pack). These surgi cal
pastes are less brittl e and weaker after hardening. The settingtineislonger. The
paste is mxed and forned i nto arope that i s packed over the gi ngi val wounds
andintotheinterproxi nal spacestoprovideretention Thefinal product after setting
should be sufficiently strongsothat it isnot readily displ aced duri ng nasti cati on.
These past es nay al so contai n nore eugenol and t he accel erator content is |ess.

NON-EUGENOL PASTES

The chi ef di sadvant age of zi nc oxi de eugenol paste i s the burni ng sensati on caused
by eugenol . Sone patients findthetaste of eugenol di sagreeabl e andin cases where
the surgical packiswornfor several weeks chronic gastric di sturbance nay resul t.
Hence non- eugenol past es wer e devel oped. Here, the zinc oxide is reacted with
a carboxyl i ¢ aci d.

ZnO + 2RCOOH —— (RCOO), Zn + H,0

Thereactionis not greatly affected by tenperature or hunmidity. Bactericides
and ot her nedi canents can be i ncorporated. Thi s reacti on can be substituted for
the zi nc oxi de eugenol reactionto formany type of dental paste.

BITE REGISTRATION PASTES

These are nateri al s used for recordingthe occl usal rel ati onshi p between teeth or
occlusionrins. ZEpastes used for this purpose have slightly different properties.
— shorter settingtinetoprevent distortion.
— nore plasticizerstoprevent it fromstickingtotheteeth or occlusionrins.
ZEregistrationsarenorerigidthanregistrations nade i n wax. They are nore
stable, and of fer | ess resi stancetothe cl osing of the jaw




CHAPTER 5

Elastic Impression Materials—
Agar and Alginate

Therigidinpression material s describedtill noware best suited for recordi ng
edent ul ous areas. Teeth or severe undercuts if present, woul d nake t he renoval
of suchinpressions difficult. Theinpressioncoulddistort or fracture onrenoval .

Theideal inpressionnateria for accurately reproduci ngtooth formandrel ation-
shi p woul d be an el asti ¢ subst ance whi ch can be w t hdrawn fromt he under cut
areaandwouldreturntoits original formwthout any distortion.

By definition, anelasticinpressionnaterial isonethat cantransformfroma
semsol i d, nonel astic statetoahighly elasticsolidstate.

TYPES OF ELASTIC IMPRESSION MATERIALS

Two systens are used:
1 Hydrocol | oi ds
2 Hastonmeric naterials

HYDROCOLLOIDS

Solution and Suspension

Inasolution(e.g. sugar inwater) one substance, usual ly asolidis dispersedin
anot her, usual Iy aliquidand the two phases are nicroscopi cal |y i ndi sti ngui shabl e.
Thus, a sol ution exists as a singl e phase because t here i s no separati on bet ween
the sol ute and t he sol vent .

A “suspensi on’ on the ot her hand, consists of |arger particles that can be seen
under nicroscope or even by t he naked eye, dispersedinanedium Smlarlyliquid
distributedinliquids are “emul sions’. Suspensi ons and emul si ons ar e two phase
systens.

Colloids

They are often cl assed as the fourth state of natter known as col | oi dal state. A
colloidisatw-phase system The‘ coll oidal solution or ‘colloidal so’ is sonewhere



bet ween t he snal | er nol ecul es of asol utionandthelarger particles of a suspensi on.
The two phases of the colloidal sol are:

» D spersed phase or O spersed particl e (the suspended particle).

o D spersion phase or O spersion nedi um(the substance inwhichit i s suspended).

Types of Colloids

@l | oi dal sol s nay be:
e Liquidor solidinair —~Aer osol
e Gs, liquidor salidinliquid —Lyosol

e @s, liquidor solidinsalid.

Hydrocolloids

Basi cal |y they are | yosol s. They consi st of gel atin particles suspended inwater.

S nce water isthe dispersion nedi umit i s known as hydrocol | oi d. The particl es
are larger than those in sol uti ons and si ze ranges from1- 200 nanonet ers (1 nm
=10°m. Thereis noclear denarcation between sol utions, col | oi ds and suspensi ons
(eml si ons).

Gels, Sols, Gelation

Glloidswthaliquidas the di spersion nedi umcan exist intwo different forns
known as ‘ Sol * and ‘ Gel ' . A Sol has t he appear ance and nany char acteri sti cs of
aviscous liquid. A@ isajellylikeelasticsenm-solidandis produced froma sol
by aprocess call ed gelationby the fornationof fibrils or chains or mcelles of the
di sper sed phase whi ch becone i nterl ocked. Gel ationis thus the conversion of a
sol togel. The di spersionnediumis heldintheinterstices betweenthe fibrils by
capi | lary attraction or adhesi on.

CGel ati on may be brought about in one of the two ways:
 Lowering the tenperature, e.g. Agar
e Byachenmca reaction, e.g. Aginate

Gel Strength

The gel strength depends on:

e Densityof thefibrillar structure: Geater the concentration, greater wll bethe
nunber of mcell es and hence great er the brush heap density.

* Hller particles beconetrappedinthefibrillar network and their size, shape
and density determine their effectiveness. Additionof fillers al soincreasesthe
vi scosity of thesdl .

 Inreversiblehydrocol loids, thelovwer thetenperature, thegreater isthestrength,
as gel ationis nore conpl ete.



Types of Hydrocolloids
Based on t he node of gel ation, they are cl assified as:

Reversi bl e hydrocol | oi ds  They are cal | ed reversi bl e because thei r physical state
can be reversed. Thi s nakes t hemreusabl e.

Irreversibl e hydrocol loids Qnce these set, it isusualy pernanent, and so are known
asirreversibe

REVERSIBLE HYDROCOLLOIDS—AGAR

In 1925, AphousPoller of Mennavas granted aBritishpatent for atotal ly different
type of inpressionnaterial. Poller’s material was | ater described by Ski nner as
colloidal solsof emlsoidtype. It issaidthat Poller’s objectivewastodevel opa
nateria that could besterilizedand appliedwthout pressuretothe exposed surface
of theduranater for perfectly recordingits convul sion and the bony nargi ns of
theskull. Later Poller’s ‘Negaca ' was nodi fiedandintroducedtothe dental professi on
as ‘Centacol ’ in 1928.

Agar hydrocol | oi dwas the first successful elasticinpressionnateria to beused
indentistry. It isanorganic hydrophillic colloid(polysaccharide) extracted from
certai ntypes of seaveed. It is asulphuric ester of alinear pol yner of gal act ose.

Athoughit is anexcellent inpressionnateria andyields accurate i npressions,
presently it has beenlargel y repl aced by al gi nat e hydrocol | oi d and rubber i npressi on
naterials.

USES

1 Wdely used at present for cast duplication (duringfabrication of cast netal

renovabl e partia denture, etc.) (Fg. 5.1).

For full nouth i npressions w t hout deep undercuts.

3 Vs used extensi vel y for crown and bri dge i npressi ons bef ore el ast oners cane
to the narket.

4 Astissue conditioner.

N

SUPPLIED AS
e @l incodlapsibletubes (for i npressions).
e Anunber of cylindersinaglassjar (syringenaterial).
e Inbukcontainers (for duplication, Fg. 5.1).
The forner isusedwthawater cooledinpressiontray (Fg. 5.3) andthelatter

wthasyringe. Thesyringe naterial has adifferent color andis nore fluidthan
thetray naterial .



Elastic Impression Materials—Agar and Alginate .

B

FIGURE 5.1: (A) Liquefied agar being poured into a duplicating mould. (B) Agar up close

COMPOSITION
I ngredi ent s Per cent age by Véi ght
Agar 13-17%
Bor at es 0.2-0. 5%
Pot assi umsul phat e 1-2%
Wax, hard 0.5-1%
Thi xotropi c naterial s 0. 3-0. 5%
A kyl benzoat es 0. 1%
Gl oring and fl avori ng agent s Traces
at er Bal ance (around 84%)

Function of Each Ingredient

e Agar Basicconstituent 13-17%for tray naterial 6-8%for syringe naterial.
e Borates It inprovesthestrengthof thegel, (it asoretardsthesettingof plaster
or stone cast when pouredinto the fini shed i npressi on-thisis adi sadvant age).

e Potassiumsul phate 1t counters retarding effect of borates, thereby ensures
proper setting of the cast or die.

o \Hx, Hrd It actsasafiller. Fllersaffect thestrength, viscosityandrigidity
of thegel. Qher exanpl es of fillers—= nc oxide, diatonaceous earth, silica, clay,
rubber, etc.

e Thixotropic naterials |t acts as plasticizer. Exanpl es are: @ ycerine, and
Thynol . Thynol acts as bacteri ci de al so.

 Akylbenzoates |t acts as preservative.




» loring and flavoring agents For patient confort.
 \Hter |t acts as the dispersion nedi um

MANIPULATION

Agar hydrocol | oi d requi res speci al equi pnent s:
* Hydrocoll oidconditioner (Fg. 5. 2)

e Witer cooledrimlock trays (Fg. 5.3)

Outlet

© 0 0

Beading

JOMS CIBALA
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FIGURE 5.2: An agar hydrocolloid conditioner FIGURE 5.3: A water cooled rim lock tray
for agar

The Hydrocolloid Conditioner Consists of

Boi | i ng secti on Ten mnutes in boilingwater (100° C.
or The sol shoul d be honogeneous and free of | unps.
Li quefaction section Everytinethe naterial isreliquefied, three nmnutes shoul d
be added. Thisis because it is noredifficult to break down
t he agar brush heap structure after a previ ous use.

St orage section 65-68°Ctenperatureisideal. It can be storedin the sol
conditiontill needed.

Tenperi ng secti on 46°Cfor about two mnutes with the material |oadedinthe
tray. This is done to reduce the tenperature sothat it can be
tol erated by the sensitive oral tissues. It al so nakes the naterial
Vi SCous.




Elastic Impression Materials—Agar and Alginate .

Impression Trays

R m ocktraysw thwater circul ati ngdevi ces. Theri m ocki sabeadi ngonthei nsi de
edgeof thetraywhichhel pstoretainthenaterial (asagar does not adheretothe
tray). It alsohasaninl et andout/ et for connectingthewater tubes (F g. 5. 3).

The tray shoul d a | owa space of 3 nmoccl usal |y and | ateral |y and extend distally
tocover al teeth.

Making the Impression

The tray contai ning the tenpered naterial is renoved fromthe bath. The out er

surface of the agar sol is scraped of f, thenthe water hoses are connect ed and t he
tray is positionedinthe nouth by the dentist. Véter iscirculatedat 18to 21°C
throughthetray until gel ationoccurs. Rapid cooling(e.g. icecoldwater) is not

reconmended as it caninduce distortion. Toguidethetrayinto position, three stops
of conpound ar e prepar ed on non-i nvol ved teeth. A post dami s constructed with
conpound to prevent distal flowof theinpressionnaterial . Inadeep pal ate case,

conpound i s pl aced on the pal atal aspect of thetray inorder to provide auniform
t hi ckness of the hydrocol | oi d. The nandi bul ar tray i s prepared by pl aci ng conpound
onthedistal aspect tolinit theinpressionnaterial. B ack tray conpoundis used
asit isnot affectedinthe tenpering bath.

Removal of Impression

Wien t he agar has gel | ed, the peripheral seal around the i npressionis broken,
and the i npressionis renoved rapi dl y fromt he nouth w th a singl e stroke or snap.
The inpressionis rinsed thoroughly withwater and t he excess water i s renoved
by shaki ng t he i npressi on.

Storage of Agar Impression

Sorage of agar inpressionistobeavoidedat al|l costs and no sati sfactory nedi um
for storageis avail abl e. The cast shoul d be pouredinmediately. Sorageinair results
indehydration, and storageinwater resultsinswellingof theinpression. $orage
in 100%rel ative humdity resultsin shrinkage as aresult of continued fornation
of the agar network aggl oneration. |f storageis unavoi dable, it shouldbelinited
to one hour in 100%rel ative hundity.

Separation from Cast

Wien t he gypsumpr oduct has set, the agar i npressi on nust be renoved pronpt |y
sincetheinpressionw || dehydrate, becone stiff, anddifficult torenove. Véaker
portions of the nodel may fracture. Inaddition, prolonged contact wll result in
a rougher surface on the nodel .
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PROPERTIES OF AGAR HYDROCOLLOIDS

The ADAsp. Nb. 11 sets the standard properties required of the avail abl e Agar -
Hydrocol | oi d i npressi on nat eri al s.

Syneresis and Imbibition (Dimensional Stability)

S nce hydrocol | oi ds use wat er as t he di spersi on nedi um they are prone for
di nensi onal change duetoeither | oss or gainof water. If left inadry at nosphere,
water islost by evaporation, andif it isinmersedinwater, it absorbs water by
a process known as i nbi bi tion.

The gel nay al so | oose wat er by exudi ng of fluidinaprocess known as ‘syneresis’.
Sone of the nore sol ubl e constituents areal solost. During syneresis snal | dropl ets
of exudate are forned on the surface of the hydrocol | oi d and t he process occurs
i rrespective of the hunidity of the surroundi ng at nospher e.

Agar exhibits the properties of syneresis andinbibition. Hwever, when i nmersed
inwvater they do not i nbi be nore t han ori gi nal content whi ch vas | ost by evaporati on
(unlike al gi nat es).

I'nportance Syneresis and inbibitioncanresult in dinensional changes and
thereforeinaccurate casts. To avoidthi s hydrocol | oi d i npressi ons shoul d be pour ed
i medi at el y.

Flow
Thenateria issufficient fludtorecordthefinedetailsif it iscorrectly nanipul ated.

Gelation, Liquefaction and Hysterisis

Mst materials nelt as wel | as resolidify at the sane tenperature. However, in
agar this does not coincide. Gelation(solidification) occurs at 37° Capproxi nat el y,
whereas | i quefaction (nelting) occurs at a higher tenperature, i.e. 60to 70° C
hi gher than the gel ation tenperature. Thi s tenperature | ag between | i quef acti on
and gel ationis known as hysterisis.

Flexibility

The flexibility of the gel is between 4-15% when a stress of 14.2 psi i s applied.
Afewset materials, however, have aflexibility of 2000 hanaverageaflexibility
of 11%i s desi rabl e.

Elasticity and Elastic Recovery

Agar hydrocol loids are highly el asticinnature and el asti c recovery occurs tothe
extent of 98.8%



Reproduction of Detail
Areproduction of upto 25 um(nicroneters) is achi evabl e wth agar hydrocol | oi ds.

Accuracy and Dimensional Change

Agar inpressions are highly accurate at the tine of removal fromthe nout h, but
shrink when stored inair or 100%rel ative humdity and expand when stored i n
wat er. The | east di nensi onal change occurs when the i npressions are storedin
100%hunidity (for not nore than one hour). However, pronpt pouring of pl aster
or stone nodel s i s recommended.

Working and Setting Time

The wor ki ng ti ne ranges between 7-15 minutes and the setting tineis about 5
mnut es. Both can be control | ed by regul ati ng the fl owof water through the cool i ng
tubes. S nce the coolingtubes are onthe periphery, the naterial sets fromthe
peri phery t owards t he t eet h surf aces.

Tear and Compressive Strengths

Agar has atear strength of 715 gnicn® and conpr essi ve strengt h of 8000 gni
cni. According to ADAsp. No. 11 for Agar, conpressive strength shoul d not be
| ess than 35.6 psi. The above val ues are for tray naterials. The syringe naterial s
have poor er nechani cal properti es.

LAMINATE TECHNIQUE: OR AGAR ALGINATE
COMBINATION TECHNIQUE

Here, after injectingthe syringe agar ontothe areato be recorded, aninpressi on
tray containing anix of chilledal ginatethat wll bondwththe syringe agar is
positionedonit. The al gi nate gel s by a chenmical reacti on, whereas the agar gel s
by neans of contact wththe cool al ginaterather thanthewater circul atingthrough
thetray.

Advantage

1 The syringe agar gives better details than al gi nate.
2 Less air bubbl es.

3 Witer cool edtrays are not required.

4 |t setsfaster thanthe regul ar agar techni que.

WET FIELD TECHNIQUE

Thisis arel ativel y newtechni que whi ch has becone popul ar. The areas t o be recor ded
are actual |y fl ooded wi th warmwater. Then the syringe naterial is introduced
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quickly, liberally, andinbu ktocover the occl usal and/or incisal areas only. Wile
thesyringenateria isstill liquid thetraynateria isseated Thehydraulic pressure
of the viscous tray naterial s forces the fluid syringe hydrocol | oi d downintothe
areas to be recorded. This notion displaces the syringe naterial s as wel |l as bl ood
and debri s t hroughout t he sul cus.

CAST DUPLICATION

After theintroductionof alginate, agar slowy |lost its appeal as aninpression

nateria . Hwever, it isstill popul ar today asaduplicatingnateria prinarily because

e Wenliquefiedit flowsreadily, (likeafluid) over thecast tobeduplicated. This
nakes it anideal nould material.

e lLargequantities canbe preparedrel atively easily.

* It iseconomcal because it can be reused.

The agar i s brokeninto snmall chunks and | oaded i nto the |i quefyi ng machi ne
(Hg. 51) wereit isliquefiedandstored. Theliquidagar is pouredintoanoul d
forner inorder tocreateanoul d. Later, investnent is pouredintothistocreate
arefractory cast whichis usedinthe fabricationof the cast partial denture
f r anewor k.

IMPRESSION DISINFECTION

Sncetheinpressionhastobesent tothelaboratory, theneedtodisinfect itis
very inportant. Mbst nanuf act urers recommend a speci fi ¢ di si nfectant. The agent
nay be i odophor, bl each or gl utaral dehyde. Apparently littledistortionoccursif
the reconmended i nmersiontineis followed andif inpressionis poured pronptly.

ADVANTAGES AND DISADVANTAGES OF AGAR HYDROCOLLOID

Advantages

Accurate dies can be prepared, if the naterial is properly handl ed.

It has good el asti c properties and reproduces nost undercut areas correctly.
It has good recovery fromdistortion.

As it isnot hydrophobic, it gives good nodel surface.

It ispalatable and wel | tol erated by the patient.

It is cheap as conpared to synthetic el astic mnaterial s.

I't can be reused when used as a duplicating naterial (reuseis not recomnmended
when used as i npressi on naterial).

NOoO O WNPRE

Disadvantages

1 Does not flowwell when conpared to newy avail abl e nateri al s.
2 It cannot be el ectropl at ed.
3 Duringinsertionor gelationit nay be pai nful tothe patient.



4 Tearsrelativelyeasily. Geater gingival retractionis requiredfor providing
adequat e t hi ckness of the material .

Ol y one nodel can be pour ed.

Ext ensi ve and expensi ve equi pnent i s required.

Asoft surface of the gypsumcast resul ts unl ess a pl aster hardener is used.
Athoughit canbereused, it isinpossibletosterilizethismaterial. Asowth
repeat ed use there nay be contanmination of the naterial s and a deteri oration
initsproperties.
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IRREVERSIBLE HYDROCOLLOID—ALGINATE

The word Al gi nat e cones from' Algin’ whichis apeculiar micous extract yiel ded
by certai n brown seaneed (A gae). Theterm' A gin’ was coi ned by a chenist from
Scotland at the end of the | ast century. A ginwas used for many purposes.

In BEngl and 40 years | ater, another chemist, S W/ /iamWl! di ng recei ved a basi ¢
patent for theuse of alginas adental inpressionnaterial. A ginate was devel oped
as asubstitute for agar when it becane scarce due to Vrld Vér |1 (Japan was
aprinesource of agar). Qurrently, alginateis nore popul ar than Agar for dental
i npressi ons, becauseit is sinpler touse.

TYPES

Type |- fast setting.
Type I'l- nornal setting.

SUPPLIED AS

A powder that is packed
 Inbukcontainers (tins, binsor sachets) (Fg. 5.4).
e I n prewei ghed packets for singl e inpression.
Aplasticscoopis suppliedfor dispensingthe bul k powder, and a plastic cylinder,
issuppliedfor neasuring the water.

Modified Alginates

Qher forns are al so avai | abl e:

 Intheformof asad, containingthewvater. Areactor of plaster of Parisis supplied
separatel y.

e As atwo paste systens one contai ns the al gi nate sol, whil e the second cont ai ns
the cal ciumreactor. These nateria s are sai dto contai nsilicone and have superi or
resi stance to tearing when conpared to unnodi fi ed al gi nat es. They nay be
suppliedinbothtray and syringe vi scosity.



FIGURE 5.4: Alginate is available in bulk packing or as small sachets for individual impressions.
The plastic measures provided by the manufacturers usually give satisfactory water powder ratio

Commercial Names
Zelgan (DA), Jeltrate (Dentsply).

APPLICATIONS

1 It isusedfor inpression naking:

— When t her e ar e under cut s.

— I nnout hs wi th excessi ve fl owof saliva.
— For partia dentures wth cl asps.

2 For naking prelimnary i npressions for conpl et e dent ures.
3 For inpressions to nmake study nodel s and wor ki ng cast s.
4 For duplicating nodel s.
COMPOSITION
I ngredi ent s %W .  Functions
1 Sodi umor potassi umor D ssol ves inwater and reacts with
tri et hanol amne al gi nat e 15% cal ci umi ons
2 QG ciumsul phate (reactor) 16% React s wi t h pot assi umal gi nat e
and forns i nsol ubl e cal ci umal gi nat e
3  Znc oxide 4% Actsas afiller
4  Potassiumtitani umfl uoride 3% Gypsum har dener
5 D atomaceous earth 60% Actsasafiller
6  Sodi umphosphat e (ret ar der) 2% Reacts preferential ly wth cal ci um
sul phat e
7 @loring and fl avori ng agent Traces e.g. wntergreen, peppermnt and

ani ce, orange etc.




SETTING REACTION

Wien al gi nat e powder is mxedwthwater asol isfornedwhichlater setstoa
gel by achenical reaction.

The final gel, i.e. insoluble calciumal ginateis produced when sol ubl e sodi um
alginatereacts wth cal ci umsul phat e (reactor). Huwever, this reaction proceeds
toofast. Thereis not enoughworkingtine. Sothereactionis del ayed by addi tion
of aretarder (sodi umphosphate) by t he nanuf act urer.

Gl ciumsul phate preferstoreact wththeretarder first. Qily after the supply
of theretarder i s over does cal ci umsul phat e react w th sodi umal gi nate. Thi s del ays
the reaction and ensures adequat e worki ng tine for the denti st.

I'n other words, two nmainreactions occur during setting:
¢ 2Na;PO, + 3CaSO, —> Cas(PQ,), + 3Na,SO,

e Sodi umAl gi nate + CaSQ, + HLO —— Ca Al gi nat e + Na,SO,
(Powder) (&)

F rst, sodi umphosphat e reacts w th the cal ci umsul phat e t o provi de adequat e
working tine. Next, after the sodi umphosphat e i s used up, the renai ni ng cal ci um
sul phat e react s w th sodi umal gi nat e to f ormi nsol ubl e cal ci umal gi nat e whi ch f orns
agel wthwater.

Gel Structure

The final gel consists of abrush heap of cal ciumal ginate fibril network encl osi ng
unreact ed sodi umal gi nat e sol , excess vater, filler particles andreaction by products.
Itisacrosslinkedstructure (i.e eachfibreistiedtoeachother at certainpoirnts).
Gl ci umi s responsi bl e for cross | i nki ng.

PROPERTIES OF ALGINATE HYDROCOLLOID
(According to ADA specification No. 18 for Alginate hydrocolloids)

Taste and Odor

A ginate has apl easant taste and snel |. Over the years, nanufacturers have added
avariety of colors, odorsandtastestonakeit as pl easant as possibletothe patient.
H avors incl ude strawberry, orange, mnt, vanilla, etc.

Flexibility

It isabout 14%at a stress of 1000 gmcnd. However, sone of the hard set naterial s
have | ower val ues (5%to 8%. Lower WP ratio (thick mxes) resultsinlower
fledllity.



Elasticity and Elastic Recovery

A ginat e hydrocol | oi ds are highly el astic (but | ess when conpared to agar) and
about 97. 3%el asti c recovery occurs. Thus pernanent defornationis nore for Aginate
(about 1.2%. Pernanent deformationislessif the set inpressionis renoved from
the nout h qui ckl y.

Reproduction of Tissue Detail

Detai|l reproductionis al solower when conpared to agar hydrocol | oi d. The ADA
. requires the naterial toreproduce alinethat i s 0.075 nminw dth. Anunber
of products exceed thi s mni numval ue.

Strength

Gonpr essi ve st rengt hs
— ranges from5000- 8000 gni cn?
— or 0343-.70 MPa

Tear strength
— varies from350- 700 gni cn?

Factors affecting gel strength
— Vet er/powder ratio Too nuch or toolittle water reduces gel strength.
— Mxing time Qver and under m xi ng bot h reduce strengt h.
— Tine of renoval of inpressionSrengthincreasesif thetine of renoval is
del ayed for fewninutes after setting.

Dimensional Stability

Set al gi nat es have poor di nensi onal stability dueto evaporation, syneresis and
i nbi bition. Therefore, the cast shoul d be poured i mmedi atel y. 1f storageis
unavoi dabl e, keeping in a humd at nosphere of 100%r el ati ve hunidi ty (hum dor)
results intheleast dinensional change.

Adhesion

A ginate does not adherevell tothetray. Good adhesionisinportant for the accuracy
of theinpression. Retentiontothetrayis achi eved by nechani cal | ocki ng feat ures
inthetray or by appl yi ng an adhesi ve.

Biological Properties

Slicaparticles present inthe dust whichrises fromthe canafter fluffingal ginate
powder, are a possi bl e heal t h hazard. Avoi d breat hi ng the dust. Presently, sone



Elastic Impression Materials—Agar and Alginate .

nanuf act urers suppl y “dust free” al ginate. Dustless a ginates containglycol . It acts
by coating t he powder.

Shelf Life and Storage

Aginate material deteriorates rapidly at el evated t enperat ures and hunid

envi ronnent .

e The naterial shouldbe storedinacool, dry environnent (not above 37°C.

 Thelidof bul k package can, nust be repl aced after every use, so as to nmninze
noi st ure cont am nat i on.

e Sockonly for one year.

MANIPULATION

e Huff or aerate the powder by inverting the can several tines. This ensures
uni formdi stributionof thefiller before nixing. Thetop of the can shoul d be
taken off carefullytoprevent theveryfinesilicaparticles frombei nginhal ed.

* For mxing, we need:

— Acleanflexibleplastic bow and
— Acl ean w de bl aded, reasonably stiff netal spatul a.

Note: It is better to use separate bow s for plaster and al gi nat e as pl ast er
contamnat i on can accel erate setting.

The proper WPratio as specified by t he nanuf act urer shoul d be used (usual | y
one neasure water wth two | evel scoops of powder. The wat er neasure and scoop
are suppl i ed by t he nanuf act urer). The neasured quantity of the powder i s sprinkled
i n the neasured anount of water inthe rubber mxi ng bow and the lid of the
netal canis replacedimediately. Themxingis startedwthastirringnotion
to wet the powder with water. Once t he powder has been noi stened, rapi d
spat ul ation by swping or stroppi ng agai nst the si de of the bow is done. Avigorous
figure—eight notion can al so be used (Fg. 5.5).

A B
FIGURE 5.5: (A) Alginate is mixed by stroping or swiping the material
against the sides of the bowl. (B) The completed impression
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Thi s hel ps:

* Renove nost of the air bubbl es.

* \Whpe dissol ved al gi n fromt he surface of the yet undi ssol ved al gi n t her eby
pronot i ng conpl et e di ssal ution.

Mechani cal devi ces are avai |l abl e for spatul ating al gi nate. Their nai n advant ages
ae

— Speed

— Conveni ence

— BHimnation of the hunan vari abl e.

Aproper nixis snooth and creany w t h mini numvoi ds and does not drip off the
spatulawhenit israisedfromthe bow .

Mixing Time
For fast set al ginate 45 seconds.
For nornal set alginate 60 seconds.

Over Mixing Results In

— Reductioninfinal strengthasthe gel fibrils are destroyed.
— Reductioninworkingtine.

Under Mixing Results In

— I nadequat e wet ting, |ack of honogeneity and reduced st rengt h.
— The nix bei ng grai ny and poor recordi ng of detail.

Working Time

Fast set al ginate: 1% m nut es.
Nornal set al gi nate: 2 minutes.

Gelation Time (Setting Time)

Type | (fast set): 1-2.0mns.
Type Il (nornal): 2-4.5mns.

Control of Gelation Time

Ideal gelationtineis 3-4 nmnutes (at 20°Croomtenperature).
e @Glationtineisbest controlledby addingretarders (whichisinnanufacturer’s
hands) .



» The dentist canbest control thesettingtineby alteringthe tenperatureof the
vater for mxing al ginate naterial .
— @l der the wat er—onger isthe gelationtine.
— Vérner the water—shorter isthe gelationtine.

Even t he ni xi ng bow and spat ul a can be cool ed.
Note ontrol of setting shoul d not be done by changi ng WP rati o and m xi ng

tine.

TRAY SELECTION

S nce al gi nat e has poor adhesi on, tray sel ectionis veryinportant. A ginate can
be ret ai ned by:
e Mechanical |ocking featuresinthetray
— arimlock
— perforations (holesor slits) inthetray
e Applying a suitabl e adhesi ve (avai |l abl e as | i qui d or sprays)
* Aconbi nation of the above.

The tray shoul d cover the entire i npression area and provi de a space of at | east
3 mmon al | si des.

LOADING THE TRAY

The mixed al ginate i s pressed and sw ped into a perforated ri mlock tray so t hat
thematerial isforcedout throughthe holesinthetray, thereby | ockingitself
nechanical ly intothetray.

The surface of the alginate inthe tray nay be snoot hened out by noi st eni ng
the finger wthwater and running it over the surface of the al gi nate.

Asnal | amount of naterial is taken ontheindex finger and applied onthe
occl usal surfaces of theteethand onthe rugae area. This hel pto reduce ai r voi ds
and i nprove accur acy.

SEATING THE TRAY

Sncethenateria setsfromtissues towards periphery any novenent during gel ation
nay result indistortion. Sooncethetrayis seated, it nust be heldinplacefirnhy
wi t hout any nmovenent .

Test for Set

The material |oses its tackyness when set. It shoul d rebound ful | y when prodded
w th ablunt instrunent.
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lor indicators Sone al gi nates are avai |l abl e whi ch on nixing i s one col or and
on setting changetoadifferent color.

TIME OF REMOVAL

The al gi nate i npressi on should be l eft inthe nouth for at | east 2-3 ninutes after
initial gelation. Thestrengthand el asticity of the al ginate gel continuestoincrease
for several mnutes after initia gelation.

REMOVAL OF THE IMPRESSION

An al gi nat e i npressi on when set, devel ops a very effective peripheral seal, this
seal shoul d be freed by runni ng the finger round the periphery. The i npressi on
nust be renoved suddenly, with ajerk. The brush-heap structure of a gel responds
nore favorabl y to a sudden force. Agentle, 1ong, continued pull wll frequently
cause the alginatetotear or separate away fromthe tray. It al so causes hi gher
per nanent defornation. Analginate inpressionis displayedinFgure 4. 3.

After renoval fromthe nouth, the inpression shoul d be:

— Washed with col d water to renove sal i va.

— D sinfected by i mersi oninasuitabl e disinfectant.

— Qovered wi th a danp napki n to prevent drying.

— Gast shoul d be poured as soon as possi bl e, preferrably wthin 15 nmnutes after
naki ng t he i npr essi on.

STORAGE OF ALGINATE IMPRESSION

A gi nate i npressi ons nust be poured as soon as possi bl e. If it becones necessary
tostore the inpression, the fol | ow ng net hods nay be used:

e Waptheinpressionlightlyinawet paper towel and cover w th arubber bow .
e O Keeptheinpressioninaplastic bag.

Note Even under these conditions storage shoul d not be done for nore t han one
hour. Gare shoul d be taken not to use a ‘ soaki ng wet’ paper towel as it can cause
i nfi bi tion of water.

CONSTRUCTION OF CAST

Inthe past, nost al gi nate i npressi ons requi red i nmersi on i n a gypsumhar deni ng
sol ution, such as pot assi umsul phate, zi nc sul fate, nanganese sul fate, and potash
al um(nost ef fectiveis 2%potassi umsul fate sol ution). Hwever, the forml as of
present|y avail abl e al gi nat es have been adj ust ed so t hat no hardeni ng sol uti on
isrequired.



The st one cast shoul d not be separated for atleast 30 mnutes. For al gi nate,
best results are obtained i f the cast i s removed at one hour. The cast shoul d not
beleft intheinpressionfor toolong aperiod either because:

— It canresult inarough and chal ky surf ace.
— Aginate, driesandstiffens. Renoval can break the teeth and ot her thin portions
of the cast.

IMPRESSION DISINFECTION

D sinfection of i npressionis aconcern because of viral di seases such as hepatitis
B, Al DS and her pes si npl ex. The viruses can cont ani nat e t he gypsumnodel s and
present arisk todental |aboratory and operating personnel .

The i rreversi bl e hydrocol | oi ds nay be di si nfected by 10 ninutes i mersi onin,
or spraying of, sone antinicrobial agent (e.g. sodi umhypochl orite, gl utaral dehyde)
W thout significant di nensional changes.

ADVANTAGES AND DISADVANTAGES OF ALGINATE

Advantages

Aginateis apopul ar nmateria because:

1 It iseasytomx andnanipulate.

M ni mumr equi renent of equi prrent .

Hexibility of the set i npression.

Accuracy i f properly handl ed.

Lowcost .

Qonfortabl e to the patient.

It ishygienic, asfreshnateria nust be used for each i npressi on.
I't gives agood surface detail evenin presence of saliva.

O~NO O WN

Disadvantages

1 Gannot be el ectropl ated so netal di es not possi bl e.

2 It cannot be corrected.

3 Dstortionnay occur wthout it beingobviousif the naterial is not heldsteady

whileit issetting.

Poor di nensi onal stability—t cannot be stored for longtine.

5 Poor tear strength.

6 Because of sone of the above drawbacks (and because of the availability of
better naterials), it isnot reconmended when a highlevel of accuracy is required,
e.g. cast RPD, crown and bri dge, etc.

IS




TYPE OF FAILURES

Type

Cause

Dstortion

G ai ny i npressi on

Teari ng

Bubbl es

Irregul ar voi ds
Rough or chal ky
S one cast

e Del ayed pouring of i npressi on
e Mvenent of tray during setting.
e Renoval fromnouth too early
e | nproper removal fromnmouth

e | nadequat e m xi ng
e Prol onged nixi ng
e Less water in mx

e | nadequat e bul k

e Mi sture cont am nation

e Renoval fromnouth too early
e Prol onged ni xi ng

e Early gelation, preventing fl ow
e A incorporated during mxing
e BExcess noi sture or debris ontissues
e | nadequat e cl eani ng of i npressi ons

e Excess water | eft ininpressions

e Prenature renoval of cast

e Leaving cast ininpressiontoolong
e | nproper nani pul ation of stone.




CHAPTER 6

Elastomeric Impression
Materials

Inadditiontothe hydrocol | oids thereis another group of el asticinpressionnaterials.
They are soft and rubber |ike and are known as el ast oners or synt heti c rubbers.
As per ADA . Nb. 19 they are non- aqueous el ast oneric dental i npression naterials.

Hastoneric naterial s containlarge nol ecul es with weak i nteracti on bet ween
them They aretiedtogether at certainpointstoformathree di nensional network.
nh stretchi ng the chai ns uncoi |, and on renoval of the stress they snap back to
their rel axed entangl ed stat e.

They are | i qui d pol yners whi ch can be converted to solid rubber at room
tenperature. By mxing w th a suitabl e catal yst they undergo pol yneri zati on and/
or cross |inking (by condensation or addition) reactionto produce afirmelastic
«did
Snonyns  Initially they were cal | ed rubber-base or rubber i npressi on naterial s.
Qirrently, they referredto as el astoners or el astoneric i npressi on nateri al s.

TYPES

According to Chemistry

Chemical |y there are four kinds of el astoners:
« PRiysulfide

e (ondensation pol yneri zi ng si | i cones

e Addition pol ynerizi ng si | i cones

e PRolyether.

According to Viscosity

Each type nay be further dividedinto four viscosity classes (Fg. 6.3):
e light body or syringe consi stency

e nedi umor regul ar body

* heavy body or tray consi stency

e very heavy or putty consi stency.



ADA Classification

This i s based on sel ected el asti c properties and di nensi onal change of the set
naterias.

Type |

Type | |

Type I 11

USES OF ELASTOMERIC IMPRESSION MATERIALS

oA WN P

Infixedpartia dentures for i npressions of preparedteeth.

I npressi ons of dent ul ous nout hs for renovabl e partial dent ures.

I npr essi ons of edent ul ous nout hs for conpl et e dent ur es.

Pol yet her is used for border noul di ng of special trays.

For biteregistration.

Sliconeduplicatingmaterial is usedfor naking refractory casts duri ng cast
partia denture construction.

SUPPLIED AS

Regardl ess of type all el astonericinpressionnaterial s are supplied as twvo paste
systens (base and cat al yst) in coll apsi bl e t ubes.

Putty consistency issuppliedinjars.

GENERAL PROPERTIES OF ELASTOMERIC MATERIALS

Excel I ent reproduction of surface details. Thel owviscosity i s capabl e of produci ng

very fine detail s.

They are general |y hydrophobi ¢ (pol yether is hydrophillic), sotheora tissues

inthe areaof inpressi on shoul d be absol utely dry for better fl owof theinpressi on

nat eri al (hydrophobi ¢ neans wat er hating). Because of their hydrophobi c nature

itisasodfficult topour diestoneintheinpression. Ar bubbles canresult.

Gonmer ci al surfactants sprays are avai | abl e whi ch i nprove wet ting.

Hastic properties of el astonersis good (but el astic recoveryis not conpl ete).

Repeat ed pouring of inpressionis possible.

efficient of thermal expansi on of el astoners is high. Thernal contractionin

set naterial occurs wheninpressionis transferred fromnouthtoroomtem

perat ure.

O nensi onal changes and i naccur aci es occur due to:

— Quring shri nkage.

— Loss of by-products of reaction: e.g. condensation silicones | ose a cohol and
shrink. Pol ysul fi des (hydroperoxi de type) | ose vol atil e accel erat ors causi ng
contraction.



Elastomeric Impression Materials .

— Pol yet her bei ng hydrophi | |'i ¢ absorbs wat er and | oses sol ubl e pl asti ci zers
causi ng change i n di nensi on (e.g. when i nmersed i n di sinfectant).

— Thernal contraction when transferred fromnout h t o roomt enper at ur e.

— Renovi ng i npr essi on bef ore conpl et e setting.

— I'nconpl et e recovery after defornation during renoval .

— Amunt of filler: whenfiller content isincreased, the pol yner content is
reduced and shrinkageis |ess. Thus | ess shrinkageis seeninputty, and hi gher
shrinkage i s observedinlight bodi ed.

— Lhiformt hi ckness of nateria gives nore accurat e i npressi on as t he shrinkage
isuniform

— od adhesion of inpressiontothetray (wththe hel p of adhesi ves) mini nmzes
di nensi onal changes as the shrinkageis directed towards the tray. Inthe
absence of adhesi on between the tray and i npressi on, the shrinkageis directed
centrally and t he nodel preparedw || be snmal | er in size.

— Tine of pouring: inpression shoul d be poured after el astic recovery but before
di nensi onal changes set in.

 Thetear strengthof these naterial s are excel l ent, thus naki ngit nore resi stant
totearing even whenthe inpressionisinthinsections.

e Hectroplating: elastoners can be copper and/ or silver pl ated.

e Tray adhesi ves: el astoneric naterial s donot adhere wel | tothe inpressiontray.

They nay be retai ned by:

— Mechani cal | y by using perforated trays (e.g. putty).

— Tray adhesi ves: These are tacky liquids that are appliedwth abrush. Each
el ast oner type has a speci fi ¢ adhesi ve whi ch i s not i nt erchangeabl e.

e Theshelf lifeisabout two years. The silicones have a reduced shel f life. Sorage
under cool conditions increases shelf life.

POLYSULFIDES

Thiswas thefirst el astonericinpressionnateria tobeintroduced. It is al soknown
as Mrcapt an or Thi okol .

SUPPLIED AS

Pasteincal | apsi bl e t ubes as base and accel erator. Baseis white col ored. Accel erator
i s brown or grey.

Available in Three Viscosities
— Light bodi ed

— Medi umbodi ed
— Heavy bodi ed.
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Commercial Names

Pernhastic (Kerr)
e-flex : Lead di oxi de system
Qmi flex : Copper hydroxi de system

COMPOSITION

Base Paste

e Liquid pol ysul fide pol yner —80 to 85%
e Inert fillers (Titani umdi oxi de, —16 to 18%

zinc sul fate, copper carbonate or silica

Reactor Paste

e Lead di oxi de —60 to 68%
e Dhbutyl phthal ate —30 to 35%
e Qlfur — 3%
e Qher substances |i ke nmagnesi um — 2%

stearate (retarder) and deodorant s

Trayadhesive The adhesi ve cenent shoul d be conpati bl e with the pol ysul fide
inpressionnateria . Butyl rubber or styrene/ acrylonitriledissolvedinavolatile
sol vent such as chl orof ormor a ketone i s used w t h pol ysul fi de.

CHEMISTRY AND SETTING REACTIONS

Wien t he base and accel erati on pastes are nixed, it undergoes a chemcal reaction,
vhereby the i qui d pol yner setstoformasolid, but highly el astic andflexibl e rubber
likenateria .

The | ead di oxi de reacts with t he pol ysul fi de pol yner causi ng:
e Chain I engt heni ng by oxi dati on of term nal —SH gr oups.
 Qoss |inking by oxidation of the pendant—SH groups.

Thereactionis exothermc—3to4°Criseintenperature. It is accel erated by
heat and noi st ure.

PbO, + S
HS-R-S H ——» HS-R-S-S-R-SH + HO
OR
Mer capt an + Lead di oxi de — Pol ysul fi de + Vét er

[Asanalternativetolead dioxide, an organic hydroperoxi de can be used (e. g.
t-butyl hydroperoxi de). However, these conpounds are volatile and so are
di nensi onal | y unstabl e. The ot her cross | i nki ng systemsuccesful | y used are certain
conpl ex i norgani ¢ hydroxi des (e.g. copper)].



Elastomeric Impression Materials .

PROPERTIES

e Uhpl easant odor and color. It stainslinenandis nessy towork wth.

e These material s areextrenely viscous and sticky. Mxingisdifficult. Hwever,
they exhi bit pseudopl asticity, i.e. if sufficient speed and forceis used for
spatul ation, thenateria wll seemeasi er tohandl e. Themixingtineis 45 seconds.

e It hasalongsettingtineof 12.5mnutes (at 37°Q. Incol der clinates setting
cantake as long as 16 minutes. This adds to the patients di sconfort. Heat and
noi sture accel eratethe settingtine (sets faster inthe nouth).

* Bxcellent reproduction of surface detail.

e Dnensional stability: The curing shrinkageis high (0.45% and continues even
after setting. It has the highest pernmanent defornation (3to 5% anong the
el astoners. Thisinproves wthtine and so pouring of the nodel shoul d be del ayed
by hal f an hour. Further del ay i s avoi ded t o mini mze curing shri nkage. Loss
of the by-product (water) al so causes shri nkage.

e It has hightear strength (4000 gnicn).

e It has good flexibility (7% and | owhardness. A2 nmspacinginthetrayis
sufficient for naki ng an i npressi on.

e |t is hydrophobic so the nouth shoul d be dri ed t horoughl y bef ore maki ng an
i npressi on. Gare shoul d al so be taken whi | e pouri ng the stoneto avoi d ai r pocket s.

e It canbeelectroplated. Mrewth silver than copper.

e Theshelf lifeisgood (2years).

SILICONE RUBBER IMPRESSION MATERIALS

These nat eri al s wer e devel oped t o over cone sone of t he di sadvant ages of pol ysul fi de
naterial's, such as their obj ectionabl e odor, the stai ning of |inenand uniforns by
the l ead di oxi de, the anount of effort requiredto mx the base wth the accel erator,
the rather 1 ong settingtines, the noderatel y hi gh shrinkage on setting, andthe
fairly hi gh permanent def ornati on.

TYPES

Two types of siliconeinpressionmaterials based onthe type of pol ynerization
reactionoccurring duringits setting.
*  (ndensation silicones
e Additionsilicones.

Both type of silicones are availableinavariety of col ors such as pastel pinks,
purpl es, bl ues, greens and oranges. Further nore each vi scosity nay be i dentified
byitscdor.

CONDENSATION SILICONE

Thiswastheearlier of thetwosiliconeinpressionnaterials. It is al soknown as
conventional silicones.
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Condensation Silicone is Available in Three Viscosities:

— Light bodi ed
— Medi umbodi ed
— Rutty.

SUPPLIED AS

Paste Suppliedas two pastes in unequal sized col | apsi bl e tubes. The base paste
cones inalarger tubewhilethe catal yst pasteis suppliedinanuch snaller tube
(Fg 6.1).

Rty Theputtyissuppliedinasinglelargeplasticjar. The sane catal yst paste
nay be used or sonetines it may be suppliedas aliquid.

They cone in avariety of colors. The base and accel erator are as usual in
contrasting col ors (whi ch ai ds mixing).

CGommerci al nanes S| 21, Col tex.

COMPOSITION

Base

e Pol ydi net hyl sil oxane ( hydr oxy—ter ninat ed) .
e @lloidal silicaor ncrosized netal oxidefiller—35to 75%dependi ng on vi scosity.
o @l or pignents.

FIGURE 6.1: Medium bodied condensation silicone. The proportions of base and accelerator
required is displayed on the mixing pad supplied by the manufacturer. As shown only a small
amount of activator paste is required. The activator tube is therefore smaller than the base paste
tube. Inset - Putty material (body) in a big jar



Accelerator

* Qthoethyl silicate—eross |inking agent
e S annous oct oat e—eat al yst.

CHEMISTRY AND SETTING REACTION

It isacondensationreaction. Polynerizationoccurs as aresult of cross |inkage
bet ween t he ort hoet hyl silicate and the termnal hydroxy group of the di nethyl
siloxane, toformathree di nensi onal network. Sannous octoate acts as the catal yst.
Thereactionis exothernic (1°Crise):

CH, OCHs
I I
OH-Si —OH + CHO-Si — OGH 5;”;‘;”: Silicone + CH,CH,OH
I |
CHs OGH
OR
D nethyl Qthoethyl St annous Slicone B hyl
+ _ +
Sloxane Slicae Cctoat e Rubber A cohal

The et hyl al cohol forned as a by-product evaporates gradual |y fromt he set
rubber | eadi ng t o shri nkage.

Tray adhesi ve The adhesi ve for silicones (Fg. 6.2) containpoly (dinethyl siloxane)
or asinlar reactivesilicone, andethyl silicate. Hdratedsilicaforns fromthe ethyl
silicatetocreate aphysical bondwththetray, and poly (di nethyl siloxane) bonds
Wi th t he rubber.

FIGURE 6.2: An adhesive for silicone type
impression material. An adhesive is essen-
tial for rubber impression materials. Without
an adhesive they might separate from the
tray, thereby reducing the accuracy of the
impression (An adhesive is not required in
the putty reline technique when a perfora-
ted tray is used)



PROPERTIES

e Heasant col or and odor. A though non-toxic, direct skincontact shoul d be avoi ded
toprevent any al l ergic reactions.

e Settingtineis8to9mnutes. Mxingtineis 45 seconds.

o Bxcellent reproduction of surface details.

 Dnensional stabilityis conparatively |ess because of the high curing shrinkage
(0.4t00.6%, and shrinkage due to evaporati on of the et hyl al cohol by-product.
To avoid this the cast shoul d be poured i nmedi at el y. The per nanent def or nati on
i s alsohigh (1-3%.

e Tear strength (3000) gnicmis | ower than the pol ysul fides.

It isstiffer and harder than pol ysul fi de. The hardness i ncreases wthtine. The
spacinginthetrayisincreased to 3 nmto conpensate for the stiffness.

e It is hydrophobic. The inpression fieldshoul dbe driedwell before naki ng an
i npressi on. Gare shoul d a so be taken whi | e pouring the cast to avoidai r pockets.

e CGinbeplatedwthsilver/copper. Slver-platingis preferred.

e Shelf lifeisslightlyless than pol ysul fides duetothe unstabl e nature of the
orthoethyl silicates.

Importance of Tear Strength

I'ncrown and bri dge dentistry, theinpressionnaterial isofteninjectedintothe sul cus of the
prepared tooth. Wen theinpressionis renoved, the material inthe sul cus being very thin,
can tear anay and renaininthe sul cus. This is sonetines seen w th condensation silicone

ADDITION SILICONES (POLY VINYL SILOXANE)

They were introduced | ater. It has better properties than condensation silicones.
It is alsoknown as poly vinyl siloxane.

Addition Silicone is Available in Four Viscosities (Fig. 6.3)

— Light bodi ed
— Medi umbodi ed
— Heavy bodi ed
— Rutty.

SUPPLIED AS

Past e tubes The base and cat al yst pastes cone i n equal sized tubes (unlike
condensation silicones). Thedifferent viscosities usual ly conreindifferent colors
l'i ke orange, blue, green, etc.



Ritty jars Two equal sized plasticjars - one containingthe base and the ot her,
the catal yst.

Qonmerci al names Reprosil (Dentsply) (Fg. 6.3), Provil, President (Gl tene).

FIGURE 6.3: Addition silicone is available in four different consistencies. Also displayed are the
putty dispensing scoops, the adhesive and the syringe used for injecting the light bodied material

COMPOSITION

Base

e Poly (nethyl hydrogen sil oxane)
e Qher siloxane prepol yners)
e FHlles

Accelerator

e Dvinyl polysil oxane

e Qher siloxane prepol yners

e Hatinumsal t—eatal yst (chl oropl atini ¢ aci d)
e Pal | adi umor —hydr ogen absor ber

e Retarders

e FHlles

Nite Thefillersaddedtosiliconeelastoners have agreat i nfluenceonits strength.
pti numparticl e sizeis between 5-10 um The particles are often surface treated
tonake it nore conpati bl e wth, and reinforce the silicone rubber.

CHEMISTRY AND SETTING REACTION

It isanadditionreaction. Inthis casethe base pol yner i s termnatedwth vinyl
groups and i s cross |inked wth silane (hydride groups). Thereactionis activated
by the pl ati numsal t.
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CH; CH, CH, CH;

I I Pt I

Si —H + CH, = CH-Si — Si —CH,—CH, - Si
| [ salt | |

CH; CH, CH, CH;

OR
Pt :
M nyl + Slane —— S licone rubber

S | oxane S | oxane

There are no by-products as | ong as there i s proper bal ance bet ween t he vi nyl
si | oxane and the si | ane sil oxane. |f not bal anced hydrogen gas i s produced causi ng
air bubblesinthe stone nodels. Toavoidthis, pal | adi umi s added to absorb the
hydr ogen.

(Sul fur conpounds retard the setting of silicones. he source of sul fur conta-
mnationis froml atex gl oves worn by the operat or when nmixi ng putty. M nyl gl oves
shoul d be used)

PROPERTIES

* PHeasant odor and col or.

e This nay al so cause al | ergi c reacti on so direct skin contact shoul d be avoi ded.

e BExcellent reproduction of surface detail s.

e Settingtineis5to9mnutes. Mxingtineis 45 seconds.

e It has the best di nensional stability anong the el astoners. It has alowcuring
shrinkage (0.17% and the | owest permanent deformation (0.05t00.3%. If
hydrogen gas i s | i berat ed pouri ng of stone shoul d be del ayed by 1-2 hours.
Qherwseair bubblesw | result.

e |t has good tear strength (3000 gnicn).

e It isextrenely hydrophobic, sosinlar care shoul d be taken whi | e naki ng t he
i npressi on and pouri ng the wet stone. Sone nanuf act urers add a surf uct ant
(detergent) tonake it nore hydrophillic.

e It canbeelectroplatedwthsilver or copper. Hwever, hydrophillic silicones are
nore difficult toelectropl ate because of the surfactant added.

e It haslowflexibilityandis harder than pol ysul fi des. Extra spaci ng (3 nm) shoul d
be provided inthe inpressiontray. Care shoul d al so be t aken whi | e renovi ng
the stone cast fromthe i npressionto avoi d any breakage.

e Shelf liferanges fromlto 2 years.

The Impression Field

Qe of the nai n drawbacks of the silicones are their hydrophobicity. To get a
good i npression, the fieldnust be free of water, salivaand bl ood. Thi s is known
as noi sture control. Misturecanresult invoidsor | oss of detail intheinpression.




POLYETHER RUBBER IMPRESSION MATERIAL

Pol yet her was i ntroduced in Gerrmany inthe late 1960’ s. It has good nechani cal
properties and di nensi onal stability. Its di sadvantage was that the working tine
was short and the naterial was very stiff. It i s al soexpensive.

AVAILABLEAS

Avai | abl e as base and accel erat or incol | apsi bl e tubes. The accel erator tubeis usual |y 75
snaller (Fg 6.4). Earlier, it vassuppliedinasing eviscosity. Athirdtube contai ning
a t hi nner was provi ded.

Nowit isavailableinthreeviscosities:
— Light bodi ed

— Medi umbodi ed

— Heavy bodi ed.

Qormer ci al nanes: | npregumF (premier), Ramitec, Polyjel (Dentsply).

COMPOSITION
Base

e Pol yet her pol yner
e Qlladd silica —Filler
e Qycolether or phthal ate —plasticizer.

FIGURE 6.4: Polyether impression paste—Base and catalyst. Note the unequal size of the two
tubes. Obviously the proportion of accelerator required is less when compared to the base



Accelerator Paste

e Aomatic sulfonate ester —eross |inking agent
e Qlad silica filler
e Phthal ate or glycol ether -l asticizer.

CHEMISTRY AND SETTING REACTION

It iscuredby the reaction between aziridinerings wichareat the end of branched
pol yet her nol ecul e. The mai n chainis a copol yner of ethyl ene oxi de and
tetrahydrofuran. G oss linkingis brought about by the aromati c sul fonat e est er
viatheimne end groups. Thereactionis exothermc (4t05°Q.

H (0] (0] H

I I I I
CH,-C-CH,-C-0-R-0-C-CH,—-C—-CH + — Cross |inked

| | r ubber

N N

I I

CH, — CH, CH, - CH,

OR

Pol yet her + Sul foni c ester — G oss | i nked rubber.

PROPERTIES

* PHeasant odor and taste.

» The sul fonic ester nay cause skinreaction. Toavoidthis, mx thoroughly before
naki ng an i npressi on and di rect skin contact shoul d be avoi ded.

e Settingtineis around 8.3 ninutes. Mxing shoul d be done qui ckly that is 30
seconds. Heat decreases the settingtine.

« Dinensional stabilityis very good. Quring shrinkageis |ow(0.24%. The
pernanent defornmationis al solow(1to2%. However, pol yet hers absorb wat er
and can change di nensi on. Shoul d not be storedinwater or inhunid clinates.

o Itisextrenglystiff (flexibility 3%. Its hardnessis higher than pol ysul fi des and
increaseswthtine. Renovingit fromundercutsisdifficult, soextra spacing
(4 mm) shoul d be gi ven. Care shoul d al so be taken whi | e renovi ng t he cast
fromthe i npressi on to avoi d any br eakage.

e Tear strengthis good (3000 gnicn).

 Itishydrophillic, sonmoistureintheinpressionfieldisnot socritical. It has
the best conpatibility wth stone.

e It canbeelectroplatedwthsilver or copper.

e Theshelf lifeis excellent —nore than 2 years.



Elastomeric Impression Materials .

MANIPULATION OF RUBBER IMPRESSION MATERIALS

Putty

Inadditionsilicones, equal scoops of base and accel erator i s taken. | ncondensati on
si | i cones, the required nuner of scoops of base and proporti onat e anount of |iquid
or paste accelerator istaken. Ineither case mxingis done by kneadi ng bet ween
the fingers. Astreak free mix is obtai ned.

Paste

For Polysulfides and Addition Silicones

Equal | engths of base and accel erator i s extruded onto the nixi ng pad si de by si de
W thout touchi ng. The accel erator pasteis thenincorporatedintothe base paste.
Mxingis done using ataperedstiff bl aded spatul a. Just before | oadi ng the tray
the naterial shouldbe spreadinathinlayer torel ease the trapped ai r bubbl es.
Astreak free mx is obtai nedin 45 seconds.

Condensation Silicone

Ul ikeadditionsilicone, thequantity of catal yst paste neededis verylittle. The
nanuf act urer usual ly marks the I ength required onthe nixing pad (Fig. 6.1).
Qobviously, the two pastes will be of unequal |ength and di anet er.

For Polyether

The requi red amount of thi nner (when supplied) may be added t o t he base and
accel erat or dependi ng on t he vi scosi ty needed. Again, |ike condensation silicone,
the quantity of accel erator neededisverylittle Theratiois usually displ ayed on
the mxi ng pad. The m xi ng shoul d be done qui ckly. The mixi ng ti ne i s 30 seconds.

TECHNICAL CONSIDERATIONS

e Inpressions are usual |y nade i n speci al trays. Perforated stock trays are used
only for naki ng i npressioninputty.

e The spacing givenis between 2 to 4 nm

e Hastoners do not adhere well tothe tray. An adhesi ve shoul d be applied onto
thetray and al | oned t o dry bef ore naki ng i npressi ons (F g. 6.5A4). The adhesi ve
cenent s provi ded wththe various el astoners are not interchangeabl e. Aslightly
roughened tray surface wil | increase t he adhesi on.

* The bul k of the inpression shoul d be nade wi th a heavi er consi stency (to reduce
shrinkage). Li ght bodi ed shoul d only be usedinathinlayer as awash i npressi on.
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METHODS OF MAKING IMPRESSIONS

Single Mix Technique

— Tray used : Resin customtray with 2-4mmspaci ng
— M scosity used : Regul ar only.

Met hod The pasteis mixed and part of it is|oaded ontothetray and part into
asyringe. Thesyringenateria istheninjectedontothe prepared area of inpression.
Thetraywithnaterial isseatedover it. Thenaterial is allowedto set.

Multiple Mix Technique

— Tray used : Resin customtray w th 2-4 nmspaci ng.
— M scosity used . (a) Heavy bodi ed and (b) 1ight bodi ed.

Met hod The two viscosities are mixed si mul taneously but on separ at e pads. The
heavy body i s | oaded ontothetray wiilethelight bodi edis|oadedintothe syringe.
The syringe naterial isinjectedontothe area of i npression. The tray contai ni ng
the heavy body i f then seated over it. Both naterial s set together to produce a
singl einpression (Hgs 6.5At0 F).

Reline Technique (Two-stage Putty-wash Technique)

— Tray used . Perforated stock tray.
— M scosity used : (a) Putty (b) Light body.

Mthod FHrst aprelimnaryinpressionisnadewthputtyinthe stock tray. Before
seatingthetray, athenplastic sheet is placed over the putty (it acts as a spacer).
After settingit isrenoved and kept asi de. Li ght bodi edis nmixed and a portion
of loaded intoasyringe andinjectedintotheinpressionarea. The renai nder is
spread intothe putty i npression. The prinary i npressi onis then seated over the
inectednaterial andheldtill it sets(Fg. 4.3).

Advant age Nb speci al tray required.

Automatic Dispensing and Mixing Devices

I't consists of adoublebarrel caulkinggunwthmxingtip. Thetipcontainsspiras
ontheinside Forcingof the base and accel erator throughthese spiralsresult in
itsmxing (Hg. 6.6).

Advant age | nproved properties due to:
e More uniformm x

e Less air bubbl es i ncorporatedin mx
* Reduced worki ng tine.



FIGURE 6.5A: Multiple mix technique: Before FIGURE 6.5B: Light bodied and heavy bodied
making the impression an adhesive material is material are mixed simultaneously
painted on the special tray

FIGURE 6.5D: The light bodied material is then
FIGURE 6.5C: The light bodied material is injected into the prepared teeth, which helps to
loaded into the syringe reduce air bubbles

FIGURE 6.5E: Meanwhile the heavy bodied FIGURE 6.5F: Both materials set together to pro-
material is loaded into a tray and seated over duce a single and highly accurate impression
the syringed material



FIGURE 6.6: An auto mixing device for elastomers.
The spirals in the mixing tip are clearly visible

REMOVAL OF THE IMPRESSION

The material is checked for set by proddi ngw th bl unt instrunent. Wen set, it
shoul d be firmand return conpl etely toits original contour.

Theinpressionis di sl odged fromt he nout h as qui ckly as possi bl e for thefol | owng
r easons:

e elasticrecoveryisbetter
» tear resistanceis higher.

However, rapidrenoval nay be difficult as well as unconfiortabl etothe patient.
Renoval isfacilitated by breakingthe air seal. This can be done by teasing t he
borders of thetray parallel tothepathof insertionuntil theair leaksintothetray.
Conpressed ai r through an air syringe nay al so be used.

INFECTION CONTROL

Rubber inpressionnaterial s are di si nfected by i nmersi ng i ndisinfectant sol utions.
10 mnut es i n 2%gl ut ar al dehyde or 3 minutes i n chl ori ne di oxi de sol uti ons have
been found to be satisfactory. Because of its tendency to absorb water, a spray
of chlorinedioxideis preferredin case of polyether. Qher disinfectants used are
phenol and i odophor .

RECENT ADVANCES

Visible Light Cured Polyether Urethane Dimethacrylate

The advantage wththisnateria isthat itsworkingtineis controlledby the operator.
Its chemstry sinilar tothat of |ight cured conposites.

Avail abl e intwo viscosities:

— Light bodi ed

— Heavy bodi ed.



Composition

e Pol yet her urethane di net hacryl at e
e Fhotoinitiators

e Photo-accel erators
 Sliconedoxidefiller.

Properties

These nat eri al s have very | ong worki ng tines but short settingtines. B uelight
isusedfor curing. Atransparent i npressiontray is usedto nake the i npression.
I't has the highest resistance totearing anongthe el astoners (tear strengt 6000
to 7500 gnicn).

The di nensi onal stability, flow detail reproduction, pernanent defornation,
vettability, conpatibilitywthcast anddienaterials, and el ectroforningis sinilar
toadditionsilicone



CHAPTER 7

Gypsum Products

Products of gypsum are used extensively in dentistry. Gypsum is a mineral mined in
various parts of the world. Gypsum is also an industrial byproduct. Gypsum has been
used for many centuries for construction purposes. Alabaster, a form of gypsum which
is white in color was used in the building of King Solomon’s Temple of Biblical times.

Gypsum was first found in mines around the city of Paris, so it is also called
plaster of Paris. This is a misnomer as gypsum is found in most countries. The
mineral gypsum CaSO,. 2H,0 is usualy white to yellowish white in color and is
found as a compact mass.

APPLICATIONS

General
For preparing statues and in construction work.

In Orthopedics
For splinting and making plaster casts.

In Dentistry

1. Impression plaster was used extensively for impressions of the mouth and face.

2. Various types of plasters are used to make moulds, casts and dies over which
dental prostheses and restorations are made (Fig. 7.1).

3. To attach casts to an articulator.

4. For bite registration (e.g. to record centric jaw relation).

5. Dental investments. When plaster is mixed with silica it is known as denta
investment. They are used to form moulds into which molten meta is cast.

SUPPLIED AS

Powders of various colors, in small preweighed satchets or in large bags, sacks or
bins.



FIGURE 7.1: Gypsum products are widely used in dentistry; Background left to right—a stone
working cast and plaster mould. For ground left to right—an orthodontic model, a die stone cast
with removable die and a commercially available die stone material

CLASSIFICATION
ADA Specification No. 25:

Type | —Impression plaster
Type I —Dental plaster
Type Il —Dental stone or medium strength stone

Type IV —Improved stone or high strength stone
Type V —Dental stone, high strength, high expansion.

MANUFACTURE OF GYPSUM PRODUCTS

The process of heating gypsum for manufacturing plaster is known as calcination.
When heated, gypsum (calcium sulphate dihydrate) loses part of its water of
crystallization and changes to cacium sulphate hemihydrate.

On further heating, the remaining water of crystalization is lost. First hexagonal
anhydrite (soluble anhydrite) is formed. Later orthorhombic anhydrite (insoluble
anhydrite) is formed.

110-130°C 130-200°C 200-1000°C
CaS0,.2H,0 —— Cas0,¥H,0 ——> Cas0, ————> C(CasS0,
(Calcium (Calcium (Hexagona (Orthorhombic
sulphate sulphate anhydrite) anhydrite)
dihydrate) hemihydrate)

Alpha and Beta Hemihydrate
Depending on the method of calcination there are two forms of hemihydrates.



e Beta hemihydrate (plaster)
* Alpha hemihydrate (stone)

Note: Chemically both alpha and beta type are the same. They differ mainly in
crystal size and form. The beta type is spongy and irregular. Whereas, apha crystals
are more dense and prismatic. Some authors suggest that use of the apha and
beta prefixes should be discontinued.

Manufacture of Dental Plaster

Gypsum is ground and heated in an open kettle on kiln at a temperature of 110
to 130°C. The process is called dry-calcination. Beta type of crystals are formed.

Microscopically Fibrous aggregate of fine crystals with capillary pores. They are
then ground to breakup the needle-like crystals. This improves packing.

Heat
CaS0,.2H,0 — > CaS0,.Y,H,0
110°-130°C (Beta hemihydrate)

Manufacture of Dental Stone

Gypsum is cacined under steam pressure in an autoclave at 120° to 130°C at 17
Ibs/sq. inch for 5 to 7 hours. Thus, the product obtained is much stronger and harder
than beta hemihydrate.
120°-130°
Cas0,.2H,0 » CaS0,.%2H,0

Hesore (Alpha  hemihydrate)

Microscopically Cleavage fragments and crystals in the form of rods and prisms.

Manufacture of Improved Stone

Here the gypsum is calcined by boiling it in 30% calcium chloride solution. The
chlorides are then washed away or autoclaved in presence of sodium succinate 0.5%.
These particles are the densest of al three types. After controlled grinding these
powders have an even higher apparent density and yield an even stronger set.

Microscopically cuboidal in shape.

SETTING REACTION

When plaster is mixed with water it takes up one and a half molecules of water,
i.e. it regains its water of crystalization and becomes calcium sulphate dihydrate.

CasO,¥:H,0 + 1¥H,0 —— CaS0,.2H,0 + Heat (3900 cal)
Hemihydrate + Water ——— Dihydrate + Heat

The reaction is exothermic and is the same for al gypsum products.



Gypsum Products .

THEORIES OF SETTING

Two theories:
e Crystaline  Theory.
e Ge Theory.

Crystalline Theory

This theory is more widely accepted. It was first proposed by a French chemist
Henry Louis Chatelier (1885).The setting reaction is explained on the basis of
difference in solubility of hemihydrate and dihydrate. Hemihydrate is four times
more soluble than dihydrate.

* When hemihydrate is mixed in water a suspension is formed which is fluid and
workable.

e Hemihydrate dissolves until it forms a saturated solution. Some dihydrate is
formed due to the reaction.

e Since solubility of dihydrate is much less than hemihydrate, the saturated
hemihydrate is supersaturated with respect to the dihydrate.

o All supersaturated solutions are unstable. So the dihydrate crystals precipitate
out. This brings the solution to saturation which is more stable.

e As the dihydrate precipitates out, the solution is no longer saturated with
hemihydrate and so it continues to dissolve. The process continues until all
hemihydrate converts to dihydrate.

Initially there is little reaction and thus little or no rise in temperature. This
time is referred to as induction period. Later there is a thickening of the mass,
which alows the mix to be poured. As the amount of gypsum formed increases,

N
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FIGURE 7.2: Schematic representation of structure of set gypsum which consists of dense,
interlocking needle like crystals. The inset shows a single crystal known as spherulite
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the mass thickens and then hardens into needle-like clusters, called spherulites
(Fig. 7.2). Findly, the intermeshing of crystals of gypsum leads to a strong solid
structure.

The Microstructure of Set Gypsum

The set material consists of an entangled aggregate of gypsum crystals, having lengths

of 5 to 10 um. Two distinct types microscopic porosity can be seen in the mass.

* Microporosity caused by residual unreacted water. These voids are spherical
and occur between clumps of gypsum crystals.

* Microporosity resulting from growth of gypsum crystals. These voids are associated
with setting expansion and are smaller than the first type. They appear as
angular spaces between individual crystals in the aggregate.

Water-Powder Ratio

The WI/P ratio is a very important factor in deciding the physical and chemica
properties of the fina product.

Example The higher the water-powder ratio, the longer is the setting time and
weaker will be the gypsum product. Therefore water/powder ratio should be kept
as low as possible, but a the same time sufficient to produce a workable mix.

Water Requirement of a Product is Affected by

» Shape and compactness of crystals Thus, irregular, spongy plaster particles need
more water than the denser stone.

 Small amounts of surface active materials like gum arabic plus lime markedly
reduce water requirement of al gypsum products.

e Particle size distribution Grinding of the powder breaks up needle like crystals.
This improves packing characteristics and reduces the water needed.

Recommended W/P Ratio

* Impression plaster: 0.50 to 0.75.
 Dental plaster : 045 to 0.50.
* Denta stone : 0.28 to 0.30.
* Improved stone : 0.22 to 0.24.
e Type V : 0.18 to 0.22.

Excess Water

The actual amount of water necessary to mix the calcium sulphate hemihydrate
is greater than the amount required for the chemical reaction (18.61 gm of water
per 100 gm of hemihydrate). This is caled excess water.



The excess water itself does not react with the hemihydrate crystals. It is
eventually lost by evaporation once the gypsum is set. The excess water serve only
to aid in mixing the powder particles and is replaced by voids.

PROPERTIES

The important properties of gypsum products are :
e Setting time

Setting  expansion

Strength

Hardness and &brasion resistance
Reproduction of detail.

SETTING TIME

The time elapsing from the beginning of mixing until the material hardens is called
setting  time.

Mixing time is the time from the addition the powder to the water until mixing
is complete.

Working time is the time available a workable mix, i.e. one that maintains an even
consistency that may be manipulated. Generaly it is 3 minutes. The freshly mixed
mass is semifluid in consistency and quite free flowing and can be poured into
the mould in any shape.

Initial setting time (Craig) As the reaction proceeds, however, more hemihydrate
crystals react to form dihydrate crystals. The viscosity of the mass is increased,
and it can no longer be poured. The material becomes rigid (but not hard). It can
be carved but not moulded. This is known as initial setting time.

Final setting time (Craig) The time at which the materid can be separated from
the impression without distortion or fracture.

Measurement of Setting Time

Usualy by some type of penetration tests. Occasionally other tests are used.

» Loss of gloss method As reaction proceeds, the gloss disappears from the surface
of plaster mix (Sometimes used to indicate initial set).

» Exothermic reaction The temperature rise of the mass may aso be used for
measurement of setting time, as the setting reaction is exothermic.

* Penetration tests By using penetrometers.

Types of Penetrometers

— Vicat needle
— Gillmore needles




Vicat needle (Fig. 7.3): It weighs 300 gm, and
the needle diameter is 1 mm. The time elapsing
from the start of mixing till the needle does not
penetrate to the bottom of the plaster is the
setting time. The setting time obtained with the
Vicat needle is the similar to the initial Gillmore.

Gillmore needles. Two types—small and large
(Fig. 7.4). The small Gillmore needle has /4 |b
weight and diameter of 1/12" while the large
Gillmore has 1 Ib wt and diameter of 1/24".

Initial Gillmore The time elapsing from the start
of mixing until the time when the point of the
1/4 1b. Gillmore needle no longer penetrates the
surface is the initial setting time.

Final Gillmore Similarly the time elapsing from
the start of mixing until the point of the 1 Ib.
Gillmore needle leaves only a barely visible mark
on the surface of the set plaster is known as the
final setting time.

Factors Affecting Setting Time

1. Manufacturing process.

2. Mixing and spatulation (time and rate).
3. Water/Powder  ratio.

4. Temperature.

5. Modifiers.

Manufacturing Process

e |If calcination is incomplete and excess gyp-
sum (dihydrate) is left in the final product,
the resulting plaster will set faster.

o If soluble anhydrate is in excess, plaster will
set faster.

e |If natural anhydrate is in excess, plaster will
set slow.

¢ Fineness. Finer the hemihydrate particle size,
the faster the set, because
— hemihydrate dissolves faster and

FIGURE 7.3: The Vicat needle is
another penetration test to measure
the setting time of gypsum

FIGURE 7.4: The Gillmore needles
A—small Gillmore needle; B—large
Gillmore needle




Gypsum Products .

— the gypsum nuclei will be more numerous and therefore, crystallization is
faster.

Mixing and spatulation Within limits, the longer and faster the plaster is mixed,
the faster it will set because nuclei of crystallization are broken and well distributed
within the mass.

Water/Powder ratio More the water used for mixing, the fewer the nuclei per unit
volume. Thus setting time will be prolonged.

Temperature On increasing from a room temperature of 20°C to the body tem-
perature of 37°C, the rate of reaction decreases, and the setting time is lengthened.
At 100°C the solubilities of hemihydrate and dihydrate are equal in which case
no reaction can occur and the gypsum will not set.

Modifiers (Accelerators and Retarders) Modifiers are chemicals added in order to
alter some of the properties and make it more acceptable to the dentist. If the chemical
added, it decreases the sefting time, it is called an accelerator, whereas if it increases
the setting time, it is caled a retarder.

(Note: Accelerators and retarders not only modify setting time, they also affect other
properties like setting, expansion and strength).

Accelerators

e Finely powdered gypsum (terra alba 1%): Acts by providing additional nuclei
of crystallizaton.

e In low concentrations, salts like sodium sulphate (upto 3.4%), potassium sulphate
(2 to 3%) and sodium chloride (upto 2%), are accelerators. They act by making
the hemihydrate more soluble.

Retarders

e In higher concentrations sodium chloride and sodium sulphate (above 3.4%),
act as retarders. In higher concentrations the salt precipitates and poisons the
nuclei of crystalization.

o Acetates, borates, citrates, tartrates, and inorganic salts like ferric sulphate,
chromic sulphate, auminium sulphate, are retarders, which act by nuclei
poisoning by reducing the rate of solution of hemihydrate, or by inhibiting growth
of dihydrate crystals. Some additives react with hemihydrate, eg. soluble
tartrates and citrates precipitate calcium tartrate and citrate, respectively.

* Borax (1-2%) is the most effective retarder. During setting it forms a coating
of calcium borate around the hemihydrate. Thus the water cannot come in contact
with the hemihydrate.
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e Colloids such as gelatine, glue, agar, coagulated blood, etc. are effective retarders,
presumably acting by nuclel poisioning. Contact with the gypsum during setting
results in a soft, easily abraded surface.

To avoid The impression should be thoroughly rinsed in cold water to remove
blood and saliva before pouring.

SETTING EXPANSION

Setting expansion is of two types
— Normal setting  expansion
— Hygroscopic  setting  expansion.

Normal Setting Expansion (0.05 to 0.5%)

All gypsum products show a linear expansion during setting, due to the outward
thrust of the growing crystals during setting. Crystals growing from the nuclel
not only intermesh but also intercept each other during growth.

Importance of setting expansion In dentistry, setting expansion may be both wanted
or unwanted. It is undesirable in impression plaster, dental plaster and stone as
it will result in an inaccurate cast or change in the occlusal relation if used for
mounting.

Increased setting expansion is desired in case of investment materials as it helps
to compensate the shrinkage of the metal during casting.

Control of setting expansion

e Increased spatulation increases setting expansion.
* Increase in W/P ratio reduces the setting expansion.
e Modifiers generally reduce the setting expansion.

Potassium sulphate 4% solution reduces the setting expansion from 0.5% to

0.06%.

Sodium chloride and ground gypsum increases setting expansion.

For accuracy in dental procedures, the setting expansion has to be minimised.
The manufacturers achieve this by addition of K,SO, This, however, reduces the
setting time. To counteract this, retarders like borax are aso added (borax also
reduces setting expansion).

Hygroscopic Setting Expansion

When a gypsum product is placed under water before the initial set stage, a greater
expansion is seen. This is due to hygroscopic expansion. When expansion begins,
externally available water is drawn into pores, forming in the setting mass and
this maintains a continuous aqueous phase in which crystal growth takes place
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freely. Under dry conditions this additional water is not available, and as expansion
occurs the aqueous phase in the mix is reduced to a film over the growing crystals.
It is greater in magnitude than normal sefting expansion.

Importance Used to expand some gypsum bonded investments.

STRENGTH
The strength increases rapidly as the material hardens after the initial setting time.

Factors Affecting Strength

The free water content (excesss water) The greater the amount of free water in
the set stone, the less the strength.

Wet strength is the strength when excess free water (more than is necessary for
reaction) is present in the set gypsum. The wet strength (compressive), for Dental
Plaster is 9 MPa and for improved dental stone is 35 MPa

Dry strength is the strength of gypsum when the excess free water is lost due to
evaporation. It is two or more times greater than the wet strength.

Excess water may be removed from gypsum cast by low-temperature drying.
But there is no strength increase until the last 2% of free water is removed (This
strength increase on drying is reversible, thus soaking a dry cast in water reduces
its strength to the original level).

Temperature: Gypsum is stable only below about 40°C. Drying at higher
temperatures must be carefully controlled. Loss of water of crystalization occurs
rapidly at 100°C or higher and causes shrinkage and a reduction in strength.

Other factors affecting strength are:

e W/P ratio The more the water, the greater will be the porosity and less the
strength.

e Spatulation Within limits, the strength increases with increased spatulation.

e Addition of accelerators and retarders: Lowers strength.

Tensile Strength

Gypsum is a brittle material, thus weaker in tension than in compression.

The one hour tensile strength of model plaster is approximately 2.3 MPa. When
dry, the tensile strength doubles. The tensile strength of dental stone is twice than
that of plaster.

Sgnificance: Teeth on a cast may fracture while separating from the impression.
Since in practice fracture of gypsum typically occurs in tension, tensile strength
is a better guide to fracture resistance.
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Time at which cast can be used The cast cannot be used as soon as it reaches
its final setting (as defined by the Vicat and Gillmore tests). This is because the
cast has not reached its full strength. Technicaly the cast can be used when it
has attained atleast 80% of its one hour strength. Current products are ready for
use in 30 minutes.

Hardness and Abrasion Resistance

This is related to the compressive strength. The higher the compressive strength
of the hardening mass, the higher the surface hardness. After the final setting
occurs, the surface hardness remains practically constant until most of the excess
water is dried, after which it increases.

The surface hardness increases at a faster rate than the compressive strength
since the surface of the hardened mass reaches a dry state earlier than the inner
portion of the mass.

Flow

The flow of freshly mixed gypsum would certainly depend on the amount of water
used (W/P ratio). The greater the amount of water used, the greater would be the
flow. However, a correctly proportioned mix has sufficient flow. Vibrating the mix
greatly improves the flow. The flow reduces as it approaches its initial set.

Reproduction of Detail

Gypsum products reproduce detaill accurately.

Sgnificance This property is important for:

— Impression plaster because it has to accurately duplicate oral tissues
— Cast materia has to duplicate al the detail recorded by the impression.

DESCRIPTION OF VARIOUS GYPSUM PRODUCTS

There are many different gypsum products for various uses in dentistry. Each type
is developed with specific physical properties suitable for a particular purpose.

TYPE | OR IMPRESSION PLASTER

Impression plaster was one of the earliest impression materials in dentistry. Because
of its rigidity (not elastic), it often had to be fractured to remove it from undercut
areas in the mouth. The fractured pieces were then reassembled outside and a
cast was poured. Since then many newer materials have been introduced. It is
not so widely used now as an impression material, however, it is still studied out
of historical interest. Currently, it is more useful as a bite registration material.



Uses

1. For making impressions in complete denture and maxillofacial prosthetics (not
used currently for this purpose).
2. Bite registration material.

Ideal Properties

 The setting time should be under accurate control. The dentiss must have
sufficient time to mix, load the impression tray, carry loaded tray to the patient’s
mouth and place it in position. However, once in position the plaster should
harden promptly, so that there is minimum discomfort to the patient. The setting
time desirable is 3 to 5 minutes.

e For better accuracy the setting expansion should be low. Both setting time and
expansion are controlled by modifiers (accelerators and retarders) added by the
manufacturers.

e The plaster should have enough strength to fracture cleanly without crumbling
to facilitate removal from undercuts.

Composition
Denta plaster + K,SO, + Borax + Coloring and flavoring agents.

Impression plaster flavored to make it more acceptable by the patient. It is colored
to help the dentist and technician distinguish between the cast materiad and the
impression. Impression plaster sometimes contain potato starch to make it soluble.
After the cast has hardened, the impression and cast, are put in hot water. The
starch swells and the impression disintegrates, making it easy to separate the cast
from the impression. This type is often called ‘soluble plaster.’

TYPE Il OR DENTAL PLASTER
Uses

For making study casts and models, to make moulds for curing dentures, for
mounting casts on articulator.

Requirements

The requirements of an ideal cast materiad are as follows:

1. It should set rapidly but give adequate time for manipulation.

2. It should set to a very hard and strong mass.

3. After mixing, consistency should be such that it can flow into al parts of the
impression and reproduce al the minute details

4. It should neither contract nor expand while setting.




5. After setting it should not warp or change shape.
6. It should not lose its strength when subjected to moulding and curing procedures.

Composition
Contains beta hemihydrate and modifiers.

TYPE 1l OR DENTAL STONE
Synonym:  Hydrocal

Uses
For preparing master casts and to make moulds.

Composition

* Alphahemihydrate

e 2 to 3% coloring matter
e K,SO,—Accelerator

e Borax—Retarder.

Some commercia dental stones contain a smal amount of beta hemihydrate
to provide a mix of smoother consistency.

A stone with a setting time established by the addition of proper quantities of
both accelerator and retarder is called ‘balanced stone’. Typical accelerators are
potassium sulfate and potassium sodium tartarate (‘Rochelle Salts’). Typical retarders
are sodium citrate and sodium tetraborate decahydrate (Borax).

— The compressive strength varies from 3000 to 5000 psi.
— The setting expansion of dental stone is .06% to .12%.
— Hardness: 82 RHN.

TYPE IV OR IMPROVED DENTAL STONE
Synonyms. Die stone or High-strength stone or Type IV stone

Uses

Die stone is the strongest and hardest variety of gypsum product. It is used when
high strength and surface hardness is required, eg. dies used for inlay, crown
and bridge wax patterns.

A thick mix is prepared as per manufacturer's instruction and vibrated into a
rubber base impression. The base for such a model is poured in denta stone or
dental plaster. Die stone should be left for twenty four hours to gain maximum



hardness and the cast should be separated one hour after pouring. The abrasion
resistance of die stone is not high as other die materias.

TYPE V OR DENTAL STONE, HIGH STRENGTH, HIGH EXPANSION
Uses
To prepare dies.

It is the most recent gypsum product, having an even higher compressive strength
than Type IV stone. Improved strength is attained by making it possible to lower
the w/p ratio even further. Setting expansion has been increased from a maximum
of 0.10 to 0.30%. This is for compensating for the shrinkage of base metal alloy,
during solidification (see Casting Alloys chapter 19).

DENTAL CASTING INVESTMENTS

Uses

To prepare refractory moulds for casting dental aloys.

If it is necessary to heat the cast or mould to high temperatures, a refractory
material like silica or quartz or crystobalite is added to dental plaster or stone. These
are cdled denta casting investments (for more details refer Chapter 17).

DIVESTMENT
Uses

To make refractory dies (see also Chapter 17).

It is a combination of die stone + gypsum-bonded investment mixed with colloidal
silica. A die is made and the wax pattern constructed on it. Then the entire assembly
(die and pattern) is invested in the divestment (normally the wax pattern is removed
from the die and invested separately).

The setting expansion of the material is 0.9% and therma expansion is 0.6%
when heated to 677°C.

The advantage of divestment is that the wax pattern does not have to be removed
from the die, thus distortion of the pattern can be avoided.

SYNTHETIC GYPSUM

It is possible to make apha and beta hemihydrate from the byproducts during
the manufacture of phosphoric acid.

The synthetic product is usually more expensive than that made from natural
gypsum, but when the product is properly made, its properties are equal to or exceed
the latter. However, manufacture is difficult and a few have succeeded (e.g. Japan
and  Germany).




CARE OF GYPSUM
Care of the Cast

If the gypsum cast has to be soaked in water it must be placed in a water bath
in which plaster debris is alowed to remain constantly on the bottom of the container
to provide a saturated solution of calcium sulfate at al times. This is known as
‘durry water’. If the cast is washed in ordinary water, surface layer may dissolve,
hence dlurry water is used to preserve surface details. Such a procedure also causes
a negligible expansion.

All gypsum casts must be handled carefully and with intelligence, as any
departure from the expected accuracy may result in a poorly fitting appliance.

Storage of the Powder

e As plaster is hygroscopic it should be kept in air tight containers. When the
relative humidity is more than 70%, plaster takes up moisture to start setting
reaction. In earlier stages, this hydration produces crystals of gypsum which
set as nuclei of crystalization. The plaster sets faster. In later stages the
hygroscopic action continues, the entire hemihydrate mass is covered by more
crystals of gypsum. The water penetrates with difficulty and setting is delayed.
The humidity factor is a magor consideration in India as there are many areas
with high amospheric humidity.

e It should be kept clean with no dirt or other foreign bodies.

INFECTION CONTROL

There has been an increased interest over possible cross contamination to denta

office personnel through dental impressions. If an impression has not been disinfected

it is wise to disinfect the stone cast.

Gypsum products may be disinfected by:

— Immersing cast in a disinfection solution.

— Addition of disinfectant into the stone.

— Overnight gas dsterilization while treating patients known to have an infection
(Impractical  for routine use).

MANIPULATION
Proportioning

To secure maximum strength a low water/powder ratio should be used. The water
should be measured and the powder weighed.

Instruments
Flexible rubber/plastic bowl, stiff bladed spatula
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Procedure for Hand-Mixing

e Take a measured quantity of water in the rubber bowl and sift a weighed quantity
of powder into it (for hand-mixing, bowl should be parabolic in shape—Phillips).

e It is dlowed to settle for 30 secs. to minimise ar entrapment.

* The mix is dtirred vigorously. Periodically wipe the inside of the bowl with a
gpatula to ensure wetting of the powder and breaking up of lumps. Continue
till a smooth, creamy mix is obtained. Spatulation should be completed in 45
to 60 seconds.

e Vibrate the mix (using a mechanical vibration or by repeated tapping against
a bench) and pour it into the impression, taking care not to entrap air.

Note

— The mixing equipment must be meticulously clean. There should be no particles
of set plaster from a previous mix sticking to the bowl or spatula. These, if present
will act as additional nuclei of crystallization and cause faster setting.

— No air must be trapped in the mixed mass. It causes loss of surface detail and
weakens the cast.

Mechanical Mixing

Mechanical mixing under vacuum gives stronger and denser casts. However, the
equipment is expensive.

Differences between Dental Plaster and Dental Stone
These two materials are chemicaly identical, they differ in:
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properties are not
of primary importance
(eg. diagnostic casts)

Plaster Stone
Manufacture Dry calcination Wet calcination
Particle Larger, irregular Smaller, regular
size and shape and porous and dense
WI/P ratio 0.5 0.3
Porosity More porous Less porous
M echanical Strength  and Strength  and
properties hardness less hardness more
Application Used when mechanical Used where strength

and hardness
is required (e.g. dies,
master  casts)




CHAPTER 8

Denture Resins and
Polymers

HISTORY OF FALSE TEETH

Repl acenent s for decayi ng or | ost teet h have been produced for t housands of years.
il full'y desi gned dent ures were nade as early as 700 BCusi ng i vory and bone.
WUnfortunately, thislevel of technol ogy was | ost until about the 1800's. During
Medi eval tines, dentures were sel domconsi dered. Gaps between teet h were
expect ed, even nobl es had them Queen Hizabeth | filled the hol esin her nouth
wth cloth toinprove her appearance i n public. Wen dentures were instal | ed,
they were hand-carved and tiedinplacewthsilk threads. Retention of fal seteeth
becane nore difficult as the nunber of teeth di mnished in the nouth and t hose
that wore full sets of dentures had to renove thembefore eating. Uper and | oner
plates fit poorly, and were hel d toget her by steel springs. Bven Geor ge Véishi ngt on
suffered fromtooth | oss and unfit dent ures.

The n@j or reasonthat thelevel of technol ogy didn't increaseis because suitabl e
naterial s for fal seteethwere hardto find. These probl ens began t o be sol ved
inthe 1700’'s. In ancient tines, the nost coomon naterial for fal seteeth were
ani nal bone or ivory, especial ly fromel ephants or hi ppopot anmus. Hinman teet h
vere al so used; pul | ed fromthe dead or sol d by poor peopl e fromthei r own nout hs.
These teeth soon rotted or decayed. R ch peopl e got dent ures nade of silver, gol d,
not her of pearl, or agate. I n 1774, Duchat eau and Duboi s de Chenant desi gned
afull set of dentures that woul d not rot. They were nade of porcel ai n. G useppangel o
Fonzi created asingleporcelaintooth heldinplace by asteel pinin1808. Q audi us
Ash made an i nproved porcel ai n tooth in 1837. Porcel ai n dentures noved to t he
Uhited Sates in the 1800' s. They were narketed on a | arge scal e.

FHt and confort eventual Iy inproved as wel . Inthe 1700' s pl aster of Paris was
i ntroduced. It was used to nake a noul d of the patient’s nouth. Thi s hel ped t he
shape of the dentures to be nore preci se. There was a real breakt hr ough when
vul cani zed rubber was di scovered. Thisis acheap, easy towork with nateri al
that coul d be shaped tofit the nouth and hol d t he denture. Anot her cheap base
vas al so nade; it usedcelluloid. Gelluloidwastriedinplaceof rubber but it didnt



prove to be the best naterial to use. The di scovery of nodern dental plastics and
i npressi on techni ques have revol utioni zed dent ure treat nent.

EARLIER DENTURE MATERIALS

Bef ore 1937, the nateri al s used for dent ure bases were vul canite, nitrocel | ul ose,
phenol fornal dehyde, vinyl plastics and porcel ai n.

Vulcanite
It contains rubber with 32%sul phur and netal | i c oxi des for col or pi gnent.

Advantages

* Non-toxic and non-irritant
e Excel l ent nechanical properties
o Thematerial isquitehardto polish.

Disadvantages

e |t absorbs saliva and becones unhygi eni c due to bacterial proliferation.
Unhpl easant odor, when processed.

e Poor esthetics due to opacity of rubber.

» D nensi onal changes occur due to :
— Thernmal expansi on during heating in the vul cani ser
— Qontraction of 2t0o 4%by vol une during addi tion of the sul phur to the rubber.

Nitrocellulose

e D nensionally unstabl e

» Excessi ve war page

e Hghwater absorption

e Poor color stability

e (ntai ns unpl easant tasting pl asti ci zers.

Phenol Formaldehyde
Becones di scol ored and unest hetic and bei ng t hernosettingit isdifficult torepair.

Porcelain

Por cel ai n was t ol erat ed by dent ure beari ng nucosa but was difficult tofabricate
and easi | y br oken.



CLASSIFICATION OF DENTURE BASE MATERIALS
|. Denture Base Material s

I I
Mtallic Non-Metal lic

eg Gobalt chromum eg Acrylicresins
@l dalloys M nyl resins
Al um ni um

Sainl ess st el

Il. Denture Base Material s

Tenpor ary Per manent
eg Sf cureacrylics eg Heat cure denture resins
Shel | ac base pl ate Li ght cured resins
Base pl at e wax Pour type resins
I nj ecti on noul ded resi ns
Metal | i ¢ bases

The acrylic resins were sowel | recei ved by the dental prof essionthat by 1946,
98%o0f dent ur e bases wer e construct ed fromnet hyl net hacryl ates or co- pol yners.

SYNTHETIC RESINS

Mbder n 1 vi ng has been great |y i nfl uenced by synthetic plastics. Qiginally they
ver e | abor at ory nui sances-waxy, sticky residues | eft after certai norganic reactions.
Only 40 to 50 years ago t hese resi nous materi al s conposed of gi ant nol ecul es
attracted the attention of chemsts givingrisetothefieldof plastics.

Synthetic plastics are non-netal | i ¢ conpounds whi ch are noul ded i nt o vari ous
forns and t hen har dened for conmerci al use (e.g. clothing, el ectronic equi pnent,
bui I di ng mat eri al s and househol d appl i ances). These materi al s are conposed of
pol yners or conpl ex nol ecul es of hi gh nol ecul ar wei ght .

CLASSIFICATION OF RESINS
Duetotheir heterogenous structure and conpl ex naturethey are difficult toclassify.

Based on t he t hernal behavi or, they are cl assified as:

Thermoplastic

Referstoresins that can be repeat edl y sof t ened and noul ded under heat and pressure
w t hout any chenical change occurring. They are cool ed after noul di ng, they are
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fusi bl e and are usual |y sol ubl e i n organi ¢ sol vents. Mst of the resins usedin
dentistry belongtothis group, e g pol ynethyl nethacryl ate, polyvinyl acrylics and
pol yst yrene.

Thermoset
Ref ers t o resi ns whi ch can be noul ded onl y once. They set when heat ed. These

cannot be sof t ened by reheating like the thernopl astic resins. They are generally 1101

i nfusi bl e and i nsol ubl e.

IDEAL REQUIREMENTS OF DENTAL RESINS

Dental resins, both restorative and dent ure base shoul d:
1 Betasteless, odorless, non-toxi c and non-irritant tothe oral tissues.
2 Beestheticallysatisfactory, i.e. shoul dbetransparent or transl ucent and easily
pi gnent ed. The col or shoul d be per nanent .
3 Bedinensional ly stable. It shoul d not expand, contract or warp duri ng
processi ng and subsequent use by the patient.

Have enough strength, resilience and abrasi on resi st ance.

Be i nsol ubl e and i nperneabl e to oral fl uids.

Have a l owspecific gravity (light inweight).

Tol erate tenperat ures wel | above t he t enperat ure of any hot foods or |iquids

taken in the nout h wi t hout undue softening or distortion.

Be easy tofabricate and repair.

9 Have good t hernal conductivity.

10, Be radi o-opaque (sothat adenture or broken dent ure fragnents can be det ect ed
by X-rays if accidental |y aspirated or swal | oned and al so to exam ne t he
extensions of theresinrestorationinatooth).

1. Wenusedas afillingnmaterial it shoul d:

— Bond chenical |y with the tooth.
— Have coefficient of thernal expansi on whi ch natch that of tooth structure.

~N O 01 b
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No resin has yet net all the above requirenents.

USES OF RESINS

Sone of the uses of resins are shownin F gure 8. 1.

o Fabrication of dentures (denture base resins)

* Atificia teeth(cross-linkedacrylic resins)

e Toothrestoration, e.g. fillings, inlays and|annates (conposite resins)

e Cenentation of orthodontic brackets, crowns and bridges (resin cenents)
e Qthodontic and pedodontic appliances (F g. 8.8)

e Qown and bridge faci ngs (tooth col ored acrylic or conposite resins)



e NMxillofacial prosthesis (e g obturatorsfor cleft pal ates)

e Inlay and post-core patterns (pattern resins)

e Des(FHg 15.1) (epoxy resins)

» Tenporary crowns and bridges (tooth col ored resi ns and conposi t e resi ns)
e BEndodontic and corefilling naterial

e Ahleticnouth protectors

 Inpressiontrays (specia trays, FHg. 8. 13)

e Jlints and stents

* Mbdel s

NATURE OF POLYMERS

Polymer

Denot es a nol ecul e that i s nade up of many parts. The ner endi ng represents
the sinpl est repeating chemcal structural unit fromwhichthe pol yner i s conposed,
e.g. poly(nethyl nethacryl ate) is apol yner havi ng chemical structural units derived
fromnet hyl nethacryl ate. Usual |y any chenical possessi ng a nol ecul ar wei ght
hi gher than 5000 i s consi dered to be a pol yner.

Monomer

The nol ecul es fromwhi ch the pol yner i s constructed are cal | ed nononers (one
part). Pol yner nol ecul es nmay be prepared froma mxture of different types of
nonorer s and t hey are cal | ed copol yrers.

Molecular Weight

The nol ecul ar wei ght of pol yner nol ecul e equal s t he nol ecul ar wei ght of the vari ous
nmers mul tipliedby the nuniber of ners. They nay range fromt housand to mllions
of nol ecul ar wei ght units dependi ng on preparation conditions. The nol ecul ar
vei ght of pol yners plays aninportant roleindetermningits physical properties.

Degree of Polymerization

DCefined as total nunber of nmers in a pol yner.

— The hi gher the nol ecul ar wei ght of the pol yner nade f roma si ngl e nononer,
t he hi gher t he degree of pol yneri zati on.

— The strength of theresinincreases wthincreaseinthe degree of pol yneri zati on
until acertain nol ecul ar wei ght i s reached. Above this thereis no change.

Molecular Weight Distribution

Anarrownol ecul ar wei ght distribution gives the nost useful pol yners. However,
nost pol yners have a w de range of nol ecul ar wei ghts and so vary wdelyintheir
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FIGURE 8.1: Complete dentures, partial dentures, custom trays, models, denture teeth and various
orthodontic appliances are constructed from acrylic resin. Polycarbonate crowns (lower left corner)
are also shown

properties, e.g. the higher the nol ecul ar wei ght, the hi gher the softeni ng and nel ti ng
points andthe stiffer the plastic.

STRUCTURE OF POLYMERS (SPATIAL STRUCTURE)

The physi cal structure of the pol yner nol ecul e i s al soinportant i ndeternining
the properties of the pol yner.
There are three basi c structures (Fg. 8.2).

Branched

Linear

Cross-linked polymer

FIGURE 8.2: Structure of polymers



Linear

Herethe ‘ner’ units are connected to each other inalinear sequence. They can
be further dividedinto:
Li near honmopol yrer: 1t has mer units of the sane type.

...— M- M- M- M- M- M- M- . ..

Randomcopol yner of |inear type: 1t has two ner units, randonty distributed al ong
the chai n.

e =M= M= M- Y- M- Y- M- M- Y- Y- M- M-
B ock copol yner: 1t has two types of ners distributedin segnents or bl ocks.

e = M-M-M-. . . - M-M-Y-Y—- .. - Y=-Y-M-M-...

Branched
The ner units are arranged i n a branched f ashi on.

Branched honopol yrer: The ner units are of the sarre type.

... - M-M-M-M-M-... = M=M-M-M-M-...
M M
M M

Randomcopol yrner of branched type: |t has two types of mer units distributed

randont y
. =M-M-M-M-M-... =M= M- M- M=-M- ...
.M .Y
.M .M
.Y .Y

@ aft co-pol yner of branched type: |t has one type of ner unit onthe nai n chain
and anot her ner for the branches.
. —=M=M-M=-M=-M=... =M= M=M= M- M- ...



Cross Linked Polymer

It i s made up of a honopol yner cross |inked with a single cross-1inking agent.
It isanetwork structure (Fg. 8.2).
. =M=M-=M=-Y-M-M=-M=-M=-Y - ...

'Y

'Y
.—M—.Y—M—M—M—M—Y—...

.Y .Y

.Y .Y
.—M—.Y—M—M—M—M—Y.—...

POLYMERIZATION—CHEMISTRY

The termpol ynerization refers to a series of chain reactions by which a
nacr onol ecul e or pol yner is forned froma si ngl e nol ecul e known as ‘ nononer’ .

These structural units are connected to each other withinthe pol yner nol ecul es
by bonds. Pol ynerizationis arepetitiveinternol ecul ar reacti onthat i s capabl e
of proceedi ngindefinitely.

Types
Mbst pol yneri zation reactions fall intotwo basic types.

Condensation Polymerization

Gondensation resins are divided into two groups:

— Those i n whi ch pol yneri zation i s acconpani ed by repeat ed el i nination of snal |
nol ecul es, i.e. the prinary conpounds react w th the fornation of by-products
such as wat er, hal ogen aci ds, and ammoni a. The process can repeat itsel f and
f or mnacr onol ecul es.

— Those i n whi ch functional groups are repeatedinthe pol yner chai ns. The ners
arejoined by functional groups (like amde, urethane, ester or sul fide linkages).
Fornation of a by-product i s not necessary, e.g. pol yuret hane.

Inthe past several condensation resins have been used t o nake dent ur e bases.

At present, condensationresins are not wdely usedindentistry.
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Addition Polymerization

Al resins enpl oyed extensi vel y i n dental procedures are produced by addition
pol yneri zation. Here, thereis no changein chenical conposition and no by- products
areforned. Inthis type of polyner, the structure of the nononer i s repeat ed nany
tines inthe pol yner.

Sarting froman active centre, one nol ecul e at atineis added and a chai n

rapi dly bui | ds up, whi ch can growal nost i ndefinitely as | ongas the supply of buil di ng
106 bl ocks i s avai | abl e.

Chemical Stages of Polymerization
Cceurs i n 4 st ages:

Induction

Inductionor initiationperiodisthetineduringwhichthe nolecul es of theinitiator
becones energi zed or activated and start totransfer the energy to the nononer.
Any inpurity present increases the length of this period. The hi gher the
tenperature, theshorter isthelength of theinductionperiod. Theinitiation energy
for activation of each nononer nol ecul ar unit i s 16000- 29000 cal ori es per nol
intheliquid phase.

There are three i nducti on systens for dental resins:

e Heat activationMst denture base resins are pol ynerized by thi s nethod, e.g.
the free radical s |i berated by heati ng benzoyl peroxidew || initiatethe
pol yreri zati on of net hyl net hacryl at e nonorer .

e (hemcal activationThis systemconsists of at | east two reactants, when mxed
they undergo chenical reactionandliberatefreeradicals, e g. the use of benzoyl
peroxi de and an aronat i c anine (di net hyl -p-tol uidine) insel f-cured dental resins.

e Light activationlnthis system photons of |ight energy activatetheinitiator
togeneratefreeradica s, e g. canphoroqui none and anamnew || react toform
freeradicals, vhenthey areirradiatedwthvisiblelight.

Propagation

Ohce the growt h has started only 5000 t o 8000 cal ori es per nol e are requi red,
t he process conti nues w t h consi derabl e vel ocity.

Theoretical |y, the chai nreactions shoul d conti nue wth evol ution of heat until
al| the nononer has been changed t o pol yner. Actual |y, the pol ynerizati onis never
conpl ete.

Termination

The chai n reactions can be termnat ed ei ther by direct coupling or by exchange
of a hydrogen at omfromone grow ng chai n to anot her.



Chain Transfer

The chaintermnationcanal soresult fromchaintransfer. Here, the active state
istransferred froman activated radi cal to aninactive nol ecul e, and a newnucl eus
of growthis creat ed.

Inhibition of Polymerization

Such reactions are i nhi bi ted by:

e Inpuritiesinpuritiesreact wththeactivatedinitiator or any acti vat ed nucl eus,
or wthanactivated grow ng chai nto prevent further growh, e.g. hydroqui none
(0.006%. It is addedto prevent pol ynerizati on of the nononer during storage.

¢ (xygen Presence of oxygen (air) al soinhibit pol ynerization.

COPOLYMERIZATION

The nacr onol ecul e nay be f orned by pol yneri zati on of a singl e type of structural
unit. Inorder toinprove the physical properties, it is often advantageous to use
two or nore chemical |y di fferent nononers as starting naterial s. The pol yners
thus fornmed nay contain units of these nononers. Such a pol yner is called a
copol yner and its process of fornationis known as copol yneri zati on.

Types of Copolymers
Therearethreedifferent types (Fg. 83).

Random Block

FIGURE 8.3: Types of copolymers

Random Type

I n randomt ype of copol yner the different ners are randonty di stri buted al ong
the chai n, such as :

-M-M-M-M-Y-M=-Y-M=-Y-Y-M-M-




Graft Type

Ingraft copol yners, sequence of one of the nononers are grafted onto the ‘ backbone’
of the second nononer speci es.

-M-=M-M-M=-M=-... =M= M= M-M
Y Y
Y Y
Block Type

I'nablock copol yner, identical nononer units occur inrelatively | ong sequences
al ong t he nmai n pol yner chai n.
. =M=M-M-M-... = M=M=Y-Y-Y—... = Y=-Y—-M-M-...

Importance of Copolymerization

Qopol yneri zationis usedto better the physical properties of resins. Miny usef ul

resi ns are nmanuf act ured by copol yneri zat i on.

« Smnal amounts of ethyl acryl ate nay be copol yneri zed with net hyl nethacryl ate
todter theflexibility.

. ock and graft pol ymers showi nproved i npact strength. Insnall anmounts
they nodi fy t he adhesi ve properties of resins as well as their surface
characteristics.

CROSS-LINKING
The fornati on of chenical bonds or bridges betweenthelinear polynersisreferred

toas cross-linking. It forns athree-di nensi onal networ k.
. —M=-M-M=-Y-M=-M=-M=-Y—...
.Y
. —M—M—M—.Y—M—M—Y—M—Y—M—...
.Y .Y
.Y .Y

.- M-M-M-Y-M-M-M-M-Y-M-...



Applications

1 Thenorerecent acrylicresins areof cross-linkedvariety. Goss-linkinginproves
the strength, and decreases the sol ubility and wat er sorption.

2 Arylicteetharehighly cross-linkedtoinproveitsresi stanceto sol vents, crazing
and surf ace st resses.

PLASTICIZERS

These ar e subst ances added t o resi ns:
e Toincreasethe solubility of the pol yner in the nononer.
* Todecreasethe brittleness of the pol yner.
However, it al so decreases strength, hardness, and softeni ng poi nt.

Types

They are of two types:

o External |t penetrates between the nacronol ecul es and neutral i zes the
secondary bonds or internol ecul ar forces. It i s aninsoluble highboiling
conpound. It is not sow dely used as it may evaporate or | each out during
nornal use of the resin.

e Internal Here, theplasticizingagent is part of the polyner. It i s done by co-
pol yneri zation wi th a suitabl e co- nononer .

TYPES OF RESINS
Avariety of resins are usedindentistry:

e Acrylicresins (Fg 84 ¢ Pol ycar bonat es
* Mnyl resins * Pol yur et hanes
* Polystyrene e Cyanoacryl at es

 BEpoxyresins (Fg. 15.1)

FIGURE 8.4: Representative acrylic resin products. Ufi Gel P is a soft denture reliner



ACRYLIC RESINS

The acrylic resins are derivatives of ethylene and containavinyl groupintheir
structural formula. The acrylicresinsusedindentistry arethe esters of:

1 Acrylic acid, CH, = CHCOOH
2 Methacrylic acid, CH = C(CH;) COCH

95%o0f the dentures nade t oday use one of the acrylic resins.

POLY (METHYL METHACRYLATE) RESINS

These arew del y used indentistry tofabricate various appl i ances. Qne of t he reasons
for itswdepopularityisthe easew thwhichit can be processed. A though, it
isathernoplasticresin, indentistryit is not usual |y nol ded by t her nopl asti c
neans. Rather, the |iquid (nononer) net hyl nethacryl ate i s nixed w th the pol yner
(powder). The nononer pl asti ci zes t he pol yner to a doughl i ke consi st ency whi ch
i s easi |y noul ded.

TYPES
Based on t he net hod used for its acti vati on:
e Heat activated resins

e (hemical ly acti vat ed resins
e Light activatedresins.

HEAT ACTIVATED DENTURE BASE ACRYLIC RESINS
Available As

(1) Powder and liquid. (2) Gl s—sheets and cakes.

The powder nay be transparent or tooth col ored or pink col ored (to simul ate
the guns, sone even containred fibres to duplicate bl ood vessel s). The i quid
(nononer) issuppliedintightly seal ed anber col ored bottles (to prevent prenature
pol ynerization by light or ultraviol et radiationonstorage) (Hg. 8.4).

ormrer ci al nanes: Sellon (DA), Lucitone (Bayer), Trevel on (Dentsply).

COMPOSITION

Liquid

 Mthyl nethacryl ate : A astici zes t he pol yner
e Dbutyl phthal ate : Hasticizer

* Qycol dinethacrylate (1-2% . @ oss-1inking agent

e Hydr oqui none (0. 006%) : Inhibitor-prevents setting



Powder

e Poly (nethyl nethacryl ate) and
ot her co-pol yners (5%

e Benzoyl peroxide Dlnitiaor
e Conpounds of nercuric . Dyes
sul phi de, cadm umsul phi de
e Zncor titani umoxide : Quecifiers 111
e Dbutyl phthal ate : Rasticizer
e Dyedorganic filler andinorganic : For esthetics

particleslike gl assfibres or beads

POLYMERIZATION REACTION

Pol yneri zati on i s achi eved by appl i cation of heat and pressure. The sinplified
reactionis:
Powder + Liquid Heat Heat

(Pol yner) (Monorrer) " (Bxternal) Pol yrrer +( React i on)

TECHNICAL CONSIDERATIONS

Qonpl ete and partial dentures are usual |y fabricated by one of the fol | ow ng tech-
ni ques.

e (Conpressi on noul di ng t echni que

e Injection noul di ng techni que

e Huidresintechni que

e Msiblelight curing techni que

COMPRESSION MOULDING TECHNIQUE
Thisisthe nost conmonl y used t echni queinthe fabricationof acrylic resin dentures.

Resin used \Wsual |y heat activated acrylic resin.

Steps

1 Preparation of the waxed denture pattern
2 Preparationof thesplit noul d

3 Application of separating nedi um

4 Mxing of powder and |iquid

5 Packi ng

6 Quring

7 oling

8 Deflasking, finishingand polishing.
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Preparation of a Waxed Denture Pattern

Many structures indentistry are constructed using a wax pattern. The structure
tobecreated (inthis caseadenture) isfirst constructedinwax. The wax portions
wll bereplacedlater wthacrylic.

Preparation of the Split Mould

1121 Thewaxed dentureis investedinadental flask wthdental stoneor plaster (al so

cal l ed flasking) usinga 3 pour technique (Hg. 85). Ater thestoneor plaster sets,
it is dewaxed by placingthe flask inboilingwater for not nore than 5 ninutes.
After dewaxi ng the two hal ves of the flask are separated and the nol ten wax i s
flushed out with clean hot water. Renoval of the wax | eaves us w th an enpty
space or noul d i nto whi ch soft acrylicis packed. Acrylic repl aces the wax, assuning
t he shape of the final denture.

THELID ESCAPE VENTS

THIRD POUR

UPPER PORTION

SECOND POUR

!////_

/
/ (I e

SEALING CAP

LOWER PORTION

FIGURE 8.5: Schematic diagram of a fully assembled Hanau denture flask. The three pour technique
of dental stone helps in easier retrieval of the denture, minimizing the risk of fracture

Application of Separating Medium

The resi n nust not contact the gypsumsurface while curing.

1 Toprevent water fromthe noul d enteringintothe acrylic resin. This nay af f ect
therate of pol ynerizationandcolor. It canal soresult incrazing.

2 To prevent nononer penetratingintothe nould material, causing plaster to
adhere tothe acrylic resin and produci hg a rough surf ace.

3 Applicationof separating nediahelpineasier retrieval of the denture from
t he noul d.



Types of Separating Media

Vari ous separating nedi a used are:

e Tinfal

e &l luloselacquers

e Solution of alginate conpounds
e Calciumol eate

o Soft soaps

 Sodiumsilicate

e Sarches.

Tin Foil

Tinfoil was the naterial used earlier and was very effective. However, its
nani pul ationistineconsuninganddifficult. It has beenlargely repl aced by ot her
separating nedi a known as ‘tinfoil substitutes’ .

Sodium Alginate Solution

This i s the nost popul ar separating nedium It iswater soluble. It reactswth
the cal ci umof the plaster or stoneto formafil mof insol ubl e cal ci umal gi nat e.

Composition

Two per cent sodi umal gi nate i nwater, glycerine, al cohol, sodi umphosphat e and
preservat i ves.

Precautions to be Taken

e \Wxes or oilsremainingonthe nouldsurfacew || interferewth the action
of the separating nedi um

e Mul d shoul d be wvarm not hot. Gontinuity of the filmwll breakif the noul d
i s steaning hot .

e (ating of nediumleft ontheteethw | prevent bondi ng of teethwth denture
base.

Application

Separating nedi ais appliedusing a brush, coatingonly the plaster surfaces, and
not the acrylic teeth. Ohe or two coats nay be appl i ed.

Mixing of Powder and Liquid

Pol yrmer —ronomer proportion = 3:1 by vol une or 2: 1 by wei ght.

The neasured liquidis pouredintoaclean, dry mixingjar. Ponder is slowy
added al | owi ng each powder particl e to becone wetted by nononer. The mixture
isthenstirredand al | oned to stand i n a cl osed cont ai ner.




I f too nuch nononer i s used (Lower pol ymer/ monorrer rati o)
e Therew || begreater curing or pol ynerization shrinkage.
e Mretineis neededto reach the packi ng consi stency.

e Porosity can occur inthe denture.

If toolittle nononer is used (H gher pol yner/ nononer rati o)

e Not all the pol yner beads wi || be wetted by nononer and the cured acrylic
w Il be granul ar.

e Doughwll bedfficult tonmanage and it nay not fuseinto a continuous unit
of plastic during processi ng.

Physical Stages

After mxing the naterial goes through vari ous physi cal stages. No pol yneri zati on
reaction takes pl ace during t hese stages. Aplastic doughis forned by a partial
sol ution of the pol yner in the nonorer.

Stage |

V¢t sand stage: The pol yner gradual | y settles into the nononer formng afl uid,
i ncoher ent nass.

Stage I

Sicky stage: The nononer attacks the pol yner by penetratinginto the pol yner.
The nass i s sticky and stringy (cobweb |ike) when touched or pul | ed apart.

Stage Il

Dough or gel stage: Asthe nononer di ffusesintothepol yner, it becones snoot h and
doughlike. It does not adheretothewal | sof thejar. It consi stsof undi ssal ved pol yner
particl es suspendedi napl asti c natri x of nononer and di ssol ved pol yner. The nass
i s pl asti c and honogenous and can be packedi nt ot he noul dat t hi s st age.

Stage IV

Rubbery stage: The nononer di sappears by further penetrationinto the pol yner
and/ or evaporation. The nass i s rubberlike, non-plastic and cannot be noul ded.

Stage V
Siff stage

Working Time

The working tineis thetine el apsi ng between stage |1 and t he begi nni ng of st age
IV, i.e. thetinethe naterial renainsinthe dough stage (accordi ngto ADA Sp.
No. 12, the dough shoul d be noul dabl e for at | east 5 ninutes).



The working tine is affected by tenperat ure. | nwarmweat her when t he wor ki ng
timeisinsufficient, themxingjar ischilledtoprolongtheworkingtine Cire
i s taken to avoi d noi sture.

Packing

The powder —H qui d mixt ur e shoul d be packed i nto the fl ask at t he dough consi st ency

for several reasons:

e Ifitispackedat the sandy or stringy stages, too nuch nononer w il be present
bet ween t he pol yner particles, andthe naterial wll be of toolowa viscosity
topack wel | andw |l flowout of the flask too easily. Packingtoo early nmay
alsoresult inporosityinthefinal denture base.

o |If packed at therubberytothe stiff stage, themateria wll betoo viscousto
flow and netal tonetal contact of theflask hal ves w il not be obtai ned. Del ayed
packingw | result i nnovenent or fracture of theteeth, lass of detail andincrease
inthevertical height of the denture.

Trial Closure

The acrylic doughis packedintothe flaskinslight excess. The excess i s renoved
by trial packing, wth adanp cel | ophane or pol yet hyl ene fil mused as a separ at or
for the upper hal f of the flask. A hydraulic or nechani cal press may be used to
apply pressure (Fg. 8.6). Theclosingforceisappliedslowy duringthetria packi ng
to al | owt he excess dough, known as ‘flash’ to fl owout between the hal ves of the
flask. The flask is opened and the flashis tri med anay. Before final cl osure,
the separating fil mis renoved and di scarded. The final closure of the flask or
netal tonetal contact of the flask hal ves, is then conpl etedinthe press.

FIGURE 8.6: Left—A hydraulic press (Kavo) is useful for trial and final closure of the flask. The
pressure indicator dial indicates the pressure that is applied. Right—An automated curing bath (Kavo).
The time and temperature of the curing cycle can be preset and regulated for optimum cure




Curing (Polymerization)

Ater final closure, the flasks, are kept at roomtenperature for 30 to 60 ninutes
(sonetines call ed ‘bench curing’ ).

Purpose of Bench Curing

1 Permts an equalization of pressures throughout the noul d.

2 It allows tinefor anore uniformdi spersion of nononer throughout the nass
of dough, sincethelast material addedis usually drier thanthe first added
totheflask.

3 Ifresinteethareused, if provides al onger exposure of resinteethtothe nononer
i n the dough, produci ng a better bond of the teeth wth the base naterial .

Curing Cycle
The curing or pol ynerization cycleis the techni cal nane for the heating process

usedto control theinitial propogation of pol ynerizationin the denture noul d.
The curi ng cycl e sel ect ed depends on t he t hi ckness of the resin.

Fol | ow ng ar e t he recommended curi ng cycl es.
e Heat theflask inwater at 60-70° Cfor 9 hours (I ong cycl e)
e Heat the flask at 65° Cfor 90 minutes, then boil for 1 hour for adequate
pol yneri zati on of the thinner portions (Short cycle).
Hectrical ly control | ed curing bat hs are avai | abl e whi ch enabl e better control
of the curing process (Fg. 8.6).

Cooling

The f1 ask shoul d be cool ed sl ow'y, i.e. bench cool ed. Fast coolingcanresult i nwarpage
of thedenture duetodifferential thernal contraction of the resinand gypsum
noul d. Gooling overnight isideal. Hwever, bench coolingit for 30 mnutes, and
thenplacingit incoldtapwater for 15 mnutesis satisfactory.

Deflasking

The cured acrylic dentureisretrieved fromthe flask. Thisis call ed defl asking .
The flask is opened and the noul d i s retrieved. The noul d separat es qui ckl y, because
the surroundi ng pl aster was poured inlayers (3 pour technique). A aster cutting
forceps nay be used to break up the pl aster. Deflaski ng has to be done with great
careto avoi d fl exi ng and breaki ng of the acrylic denture.



Finishing and Polishing

The dent ure i s snoot hened usi ng progr essi ve grades of sand- paper. H nel y ground
punice inwater i s commonly used for final polishing.

INJECTION MOULDING TECHNIQUE

Resin used Aspecial thernoplasticresinis availablefor this techni que.

Thi s techni que requi res speci al equi pnent and speci al naterial (thernopl astic). 117
The noul d spaceis filled by injectingtheresinunder pressure. Asprue hol e and
avent holearefornedinthe gypsumnould (Fg. 8.7). The soft resinis contai ned
intheinector andisforcedintothe noul d space as needed. It is kept under pressure
until it has hardened.

Notrial closuresarerequiredwththistechnique. Thereis nodifferencein
accuracy or physical properties as conpared to conpressi on noul di ng t echni que.

Advantages

1 D nensional accuracy
2 Lowfree nononer content
3 od i npact strength

Disadvantages

1 Hgh cost of equi prent

2 Dfficult noul d design probl ens
3 Less craze resi st ance

4 Special flaskisrequired.

FIGURE 8.7: Injection moulded denture resin technique. The picture shows the denture invested
in a special flask used. The lower denture utilizes a Y shaped sprue former as shown by the operator.
For the upper denture a single sprue former is sufficient



OTHER SOURCES OF HEAT

Apart fromwater bath, there are ot her nethods of suppl yi ng heat :
* Steam

e Dryair oven

e Dyheat (electrical)

e Infrared heating

e Inductionor dielectric heating

* Mcrowave radi ation.

Polymerization with Microwave Energy
Advantages

1 It iscleaner and faster than the conventional hot water.
2 Thefit of the dentureis conparabl e or superior.

CHEMICALLY ACTIVATED DENTURE BASE ACRYLIC RESINS

The cheniical | y activated acrylic resins pol yneri ze at roomt enperat ure. They are

al soknown as ‘sel f-curing’, ‘cold-cure’ or *auto-pol ynerizing' resins.
Incoldcuredacrylicresins, thechemcal initiator benzoyl peroxideis activated

by anot her chemical (di nethyl -para tol ui di newhichis present inthe nononer),

i nstead of heat as inheat cureresins. Thus, pol ynerizationis achi eved at room

t enper at ur e.

AVAILABLE AS

Li ke the heat activatedresins, chenical |y activated resins are suppl i ed as pownder
and |i qui d. The powder nay be cl ear, pink, vei ned or tooth col ored.

Uses

1 For naki ng tenporary crowns and bri dges (speci al i zed naterial s are avai | abl €).
2 For the constructionof specia trays (thistypecontainsnorefillers) (Fg 8 13).
3 For denturerepair, and relining and r ebasi ng.

4 For naki ng renovabl e orthodonti c appl i ances (F g. 8.8).

5 For addi ng a post -damt o an adj ust ed upper dent ure.

6 For maki ng tenporary and per nanent dent ur e bases.

7 For nmakinginlay and post core patterns (specialized naterial is available).
COMPOSITION

Liquid

e Methyl methacryl at e nononer : D ssol ves/ pl asti ci zes pol yner

o DOnethyl-p-tol uidine : Activator



FIGURE 8.8: Orthodontic appliances can be constructed in attractive colors in order to make it
more attractive especially to young patients. Special kits are available for this purpose (inset)

e Dbutyl phthal ate . Rasticizer

e Qdycol dinethacrylate 1to 2% . Qoss linking agent

e Hydr oqui none 0. 006% : Inhibitor

Powder

e Poly (nethyl nethacryl ate) : D ssol ved by nmonorrer to
and ot her copol yner s—-5% f or mdough

e Benzoyl peroxide ©oIntiao

» Conpounds of nercuric : Dyes
sul fi de, cadnmiumsul fide

e Zincor titani umoxi de : (pacifiers

e Dbutyl phthal ate . Rasticizer

e Dyedorganicfillers and . Bsthetics

inorgani c particleslike
glass fibres or beads

POLYMERIZATION REACTION
Thesinplifiedreactionis outlined

Pol yner (Powder) + Mononer (Liquid) —Polymer + Heat
(Peroxi de (Ami ne (reaction)
intiaao) accel erator)

Advantages and Disadvantages

1 Betterinitia fit, whichisbecausethecuringis carriedout at roomtenperature.
Thus thereis less thernal contraction.



2 lorstabilityisinferior tothat of heat cureresin, dueto subsequent oxidation
of thetertiary amne.

3 Sightlyinferior properties because the degree of pol ynerization of sel f curing
acrylicsislessthanthat of heat cured ones.

4 For repairingdentures, self curingresins are preferrabl e to heat cured resins
as heat curing causes war page.

MANIPULATION

e Sprinkl e ontechni que

e Adapting t echni que

e Huidresintechni que (special naterial is availablefor this)
e (Conpressi on noul di ng t echni que

e Injection noul di ng techni que.

Sprinkle on Technique

Separating nediais appliedfirst onthe cast. Powder and liquidis applied
alternatively fromdroppers. Powder is sprinkledonthe cast and then wet wth
nononer. The appl i ance or prosthesis i s constructed section by section until
conpl etion. Toinprove the strength, the applianceis further curedin hot water
under pressure for around 20 ninutes using a pressure pot (Fg. 8.9).

FIGURE 8.9: A pressure pot for further curing of chemically activated resins. It has a pressure dial
(some models even have a temperature indicator). Pressure is increased in the chamber using
compressed air

Adapting Technique

Powder and nononer |iquidis proportionedand mixedinaglassor porcelainjar.
Wien it reaches the dough stage, it i s quickly renoved and adapt ed on to t he cast



and nanual | y noul ded qui ckl y to the desi red shape. An al ternati ve techni que uses
atenplate. Theresinis pre-shaped using aroller and tenpl at e bef ore adapt i ng
ittothecast. Quringis conpletedinapressure pot as nentionedinthe sprinkle
on t echni que.

FLUID RESIN TECHNIQUE (POUR-TYPE ACRYLIC RESINS)

Aspeci a resinisavail abl efor thi stechni que. 121
The cheni cal conpositionof thepour-typeof dentureresinissinlartothe

pol y (net hyl nethacryl ate) naterial s. Theprinci pal di fferenceisthat t hepour-type

of dent ureresi ns have hi ghnol ecul ar wei ght powder particl esthat arenuchsnal | er

and whent hey ar e nixedw t h nononer, theresul tingmxisveryf/uid Therefore,

theyarereferredas’ fluidresins' . Theyareusedw thsignificantlyl ower powder-1iqui d

ratio, i.e. itrangesfrom2 1to2.5:1. Thisnakesit easi er t onixandpour.

Method of Flasking and Curing

Agar hydrocol I oidis usedfor the noul d preparationin place of the usual gypsum
The fluid mx is quickly pouredintothe noul d and al | owed t o pol yneri ze under
pressure at 0.14 MPa (20 psi).

Advantages

Better tissuefit

Fewer open bites

Less fracture of porcel ai nteeth during defl aski ng

Reduced nat eri al cost

S npl el aboratory procedure for flasking (notrial closure), deflasking and
fini shing of the dent ures.

g b wWwPN P

Disadvantages

A r inclusi on (bubbl es)

Shifting of teeth during processi ng

I nf raoccl usi on (cl osed hi t es)

Cccl usal i nbal ance due to shifting of teeth

I nconpl et e fl owof denture base naterial over neck of anterior teeth
Formation of filns of denture naterial over cervical portions of plasticteeth
that had not been previously covered w t h wax

Poor bondingto plastic teeth

8 Technique sensitivity.

OO WN P

~
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Ingeneral, these types of resins have sone what | ower nechani cal properties
than t he conventional heat cured resins.

Qinical ly acceptabl e dent ures can be obt ai ned when usi ng any of t he t echni ques,
provi ded proper precautions are exerci sed.

COMPARISON OF HEAT AND SELF CURED RESINS

Sel f Qured Heat CQured

e Heat is not necessary for e Heat is necessary for pol ynerization
pol yneri zati on

e Porosityisgreater (it nay be due to
ai r di ssol ved i n t he nononer whi ch
i s not solubleinthe pol yner at room
tenperat ure

e Has | ower average nol . wt. e H gher nol ecul ar wei ght s

e H gher residual nononer content Lower resi dual nonomer cont ent

e Mterial isnot strong (because of Miterial is strong
their | oner nol ecul ar wei ght s)

e Fheol ogi cal properties

Porosity of naterial isless

—Shows greater distortion —Shows | ess distortion

—Mreinitial defornation —lessinitia defornation

— ncreased creep and sl owrecovery —l ess creep and qui cker recovery
e Poor color stability e Mlor stabilityis good

Officult to defl ask
e |ncreasedrate of nononer diffusion at
hi gher t enperat ure

e FEasy to defl ask

LIGHT ACTIVATED DENTURE BASE RESINS

I't consists of a urethane di net hacryl atenatrix wth an acrylic copol yner, nmicrofine
silicafillers, and a canphoroqui none-anine phot o-i nitiator system Qne such product
is known as VLCtriad.

It issuppliedinprenixedsheets havingaclaylikeconsistency. It is provided
i nopaque |ight tight packages to avoi d prenat ure pol yneri zati on.

The denture base naterial is adaptedtothecast whileit isinaplasticstate.
The dent ur e base can be pol yneri zed w t hout teeth and used as basepl ate. The
teeth are added to the base wth addi ti onal nateria andthe anatony i s scul ptured
whilethenmaterial isstill soft. It ispolynerizedinalight chanber (curingunit)
wthbluelight of 400-500 nmfromhighintensity quartz -hal ogen bul bs (F g. 8.10).
The denture is rotated continuously i nthe chaniber to provi de uni f or mexposure
tothelight source.
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FIGURE 8.10: A light curing chamber (VLC triad). The prosthesis is
rotated continuously for optimum cure

PROPERTIES OF DENTURE RESINS

Methyl Methacrylate Monomer

Itisaclear, transparent, volatileliquidat roomtenperature. It has acharacteristic
sweet i sh odor. The physical properties of nononer are:

Mel ti ng poi nt . —48°C

Boi | i ng Foi nt . 100°C

Density : 0.945 gmimt at 20°C
Heat of pol yneri zation 12,9 Keal / nol

Vol une shri nkage during pol ynerization : 21%

POLY (METHYL METHACRYLATE)

Taste and Odor

Gonpl et el y pol yneri zed acrylicresinis tastel ess and odorl ess. Onthe ot her hand,
poor | y nade dent ures w th a hi gh anount of porosity can absorb food and bacteri a,
resul ting inan unpl easant taste and odor.



Esthetics

It isaclear transparent resinwhi ch can be pi gnented (col ored) easily toduplicate
theoral tissue. It isalsoconpatiblewthdyedsyntheticfillers. Thus, esthetics
i s acceptabl e.

Density
The pol yner has a density of 1.19 gnicni.

Strength

These material s are typically |l owin strength. However, they have adequat e
conpressi ve and tensil e strength for conpl ete or partial denture applications.
Conpr essi ve strength 75 MPa
Tensil e strength 52 MPa
Sel f cured resins general | y have | ower strength val ues.

The strengthis affected by:

e (onpositionof theresin

e Techni que of processi ng

e Degree of pol yneri zation

* \dter sorption

» Subsequent environnent of the denture.

Impact Strength

It is aneasure of energy absorbed by a material whenit is broken by a sudden
bl ow Ideal |y denture base resi ns shoul d have hi gh i npact strength to prevent
breakage wenit i s accidental | y dropped. Additionof plasticizersincreasetheinpact
strengt h.

Sel f cured resins have a | ower inpact strengt h.

Hardness

Acrylicresins are material s havi ng | owhar dness. They can be easi | y scrat ched
and abr aded.

Heat cured acrylicresin : 18-20 KHN

Sl f curedacrylicresin  : 16-18 KHN

Modulus of Elasticity

They have sufficient stiffness (2400 MPa) for usein conpl ete and partial dentures.
However, when conpared with metal denture bases it is|ow
Sl f cured acrylicresins have slightly | ower val ues.



Dimensional Stability

Avel | processed acryl i ¢ resi ndent ure has good di nensi onal stability. The processi ng
shrinkage i s bal anced by t he expansi on due t o wat er sorpti on.

Shrinkage

Acrylic resins shrink during processi ng due to:
» Thermal shrinkage on cool i ng
e Polyneri zation shri nkage.

Polymerization Shrinkage

Duri ng pol yneri zati on, the density of the nononer changes fromo0.94 gnicc to
1.19 gmcc. This results in shrinkagein the vol une of nononer pol yner dough.

However, inspite of the highshrinkage, thefit of the dentureis not affected
because the shrinkage i s uniformy distributed over all surfaces of the denture.
Thus, the actual |inear shrinkage observedis | ow

Vol ure shri nkage 8%

Li near shri nkage 0. 53%

Sel f-cured type has a | ower shrinkage (Iinear shrinkage—0.26%.

Water Sorption

Acrylic resins absorb water (0.6 ng/ cnf) and expand. This partial | y conpensat es
for its processing shrinkage. This process is reversible. Thus, ondryingthey | ose
wat er and shrink. However, repeated wetting and dryi ng shoul d be avoi ded as
it may cause war page of the denture.

Solubility

Acrylicisvirtualyinsolubleinwater and oral fluids. They are sol ubl e i n ket ones,
esters, and aronati c and chl ori nat ed hydr ocar bons, e. g. chl orof or mand acet one.
A cohol causes crazing i n sone resins.

Thermal Properties

Sabilitytoheat Poly (nethyl nethacrylate) is chemically stabletoheat upto a
point. It softens at 125°C However, above this tenperature, i.e. between 125°C
and 200°Ci t begi ns to depol yneri ze. At 450°C 90%of the pol yner wi il depol yneri ze
t o nononer .

Thernal conductivity They are poor conductors of heat and el ectricity. Thisis
undesi r abl e because patients wearing acryl i c conpl et e dent ures of t en conpl ai n
that they cannot feel the tenperature of food or |iquids theyingest, thus reduci ng
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the pl easure. Replacing the pal atal portionwth netal is one sol ution, because
thenetal is abetter conductor of heat.

Qefficient of thernal expansion These naterial s have a high coefficient of thernal
expansion (81 x 10%/Q. Addition of fillers reduces the coefficient of expansi on.

Color Stability

Heat cured acrylic resins have good col or stability. The col or stability of self-cure
resinsisslightlylover (yellows veryslightly).

Biocompatibility

Gonpl et el y pol yneri zed acryl i c resins are bi oconpati bl e.

Trueallergicreactionstoacrylicresinsarerarely seeninthe ora cavity. The
resi dual nononer, approxi nately 0.4%in awell-processed denture, is the usual
conponent singledout asanirritant. Atrueallergy toacrylic resincan be recogni zed
by a patch test.

D rect contact of the nononer over a period of tine nay provoke dermatitis.
The hi gh concentration of nononer in the dough may produce alocal irritation
and a serious sensitizationof thefingers. Inhal ation of nononer vapor i s avoi ded.

Precautions to be taken are:

e« Mninise residual nononer content by using proper processing techni ques.
e Avoiddirect handling of acrylic dough w th bare hands.

e Wrkinwell ventilated areas to avoi d inhal ati on of the nononer vapor.

Residual Monomer

During t he pol yneri zati on process the anount of resi dual nononer decreases first
rapidly and then later nore sl owy.

The hi ghest resi dual nonorner | evel is observed with chenmcally activated
denture base resins at 1-4%shortly after processi ng. Wien they are processed
for lessthanone hour inboilingwater theresidua nononer is1-3% If it is processed
for 7 hours at 70°Cand then boil ed for 3 hours the resi dual nononer content
nay be | ess than 0. 4%

Inheat curedacrylic beforethe start of curingthe resi dual nononer i s 26.2%
In1hour at 70°Cit decreases to 6.6%and at 100°Cit is 0.29%

To reduce t he resi dual nononer in heat cured dentures it shoul d be processed
for alonger tineinboilingwater. The tenperat ure shoul d be rai sed to boil i ng
only after nost of the pol ynerizationis conpl eted ot herw se porosity may resul t.

Adhesion

The adhesi on of acrylictonetal and porcelainis poor, and nechani cal retention
isrequired. Adhesionto plastic dentureteethis good (chemical adhesion).



Shelf Life

Varies consi derably. Acrylic resins di spensed as powder/| i qui d have t he best shel f
life. The gel type has alower shelf |ifeand hastobestoredinarefrigerator.

PROCESSING ERRORS

Porosity

Wien porosity is present onthe surface, it

1 Makes t he appear ance of denture base unsightly.

2 Proper cleaning of the dentureis not possibl e, sothe denture hygi ene and t hus,
the oral hygi ene suffers.

3 It weakens the dent ure base and the pores are areas of stress concentration,
thus, the denture warps as the stresses rel ax.

Porosity nay be:
A Internal porosity
B External porosity

Internal Porosity

Isintheformof voi ds or bubbl es wthinthe nass of the pol ynerized acrylic. It
isusually not present onthe surface of the denture. It is confinedtothe thick
portions of the denture base and it rmay not occur uniforny.

Cause Internal porosity is dueto the vaporization of nonomer when t he
tenperat ure of the resinincreases above the boiling poi nt of nononer (100.8°Q
or very | ownol ecul ar wei ght pol yners. Exothermc heat of the surface resin
dissipates easilyintotheinvestingplaster. However, inthe centre of thethick
portion, the heat cannot be conduct ed anay therefore the tenperature in the thick
portions may ri se above the boi | i ng poi nt of nononer causi ng porosity.

Avoi ded by Dentures w th excessive t hi ckness shoul d be cured using | ong, | ow
tenper at ure curing cycl e.

External Porosity

It can occur dueto two reasons:

1 Lack of honogenity 1f the doughis not honogenous at the tine of pol yneri -
zationthe portions contai ni ng nore nononer W | I shrink nore t han t he adj acent
area. This | ocalized shrinkage results invoids. The resin appears white.
Avoi ded by \Using proper powder-liquidratioand mxingit well. Themxis
nor e honogenous i n t he dough st age, so packi ng shoul d be done i n t he dough
stage.
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2 Lack of adequat e pressure Lack of pressure during pol yneri zation or i nadequat e
anount of dough in the noul d during final cl osure causes bubbl es whi ch are
not spherical. Theresinislighter incolor.

Avoi ded by ki ng the required amount of dough. Check for excess or flash
duringtrail closure. Hashindicates adequate naterial .

Crazing

Qazingis formation of surface cracks onthe denture baseresin (FHg. 8.11). These
cracks nay be mcroscopi ¢ or nacroscopi ¢ i nsize. | nsone cases it has a hazy or
f oggy appear ance rat her than cracks.

FIGURE 8.11: Crazing

Q azi ng has a weakeni ng ef fect on the resi n and reduces the esthetic qualities.
The cracks forned can cause fract ure.

Qauses Cazingis dueto:
* Mechani cal stresses or
* Atack by a sol vent

e Incorporationof water.

Inpoly (nethyl nethacryl ate) crazing occurs whentensil e stresses are present.
The cracks are at right anglestothedirectionof tensilestress. Qazingis a
nechani cal separation of the pol yner chai ns or groups under tensil e stress.

Qazingisvisiblearoundthe porcelainteethinthe denture, andis duetothe
contraction of theresinaroundthe porcel ainteeth during cooling after processing.

Due tothe acti on of sol vents the cracks are randonhy pl aced, e.g. weak sol vents,
i.e dcod.

Vit er i ncorporation during processing w || formstresses due to evaporation
of water after processing, causi ng crazi ng.



Avoi ded by

o kingcross |inked acrylics.
e Tinfoil separating nedi um
* Metal noul ds.

Denture Warpage

Denture warpage i s the deformty or change of shape of the denture whi ch can
affect thefit of thedenture (F g. 8.12). Vérpage can occur during processi ng as
wel | as at other tines.

FIGURE 8.12: Denture warpage has resulted in a space between the palatal surface
and the cast. Obviously this would affect the fit

It is caused by arel ease of stresses i ncorporated duri ng processi ng. Sone of
the stresses areincorporated as aresult of the curing shrinkage whil e ot her stresses
nay be aresult of the uneven or rapid cool i ng. Packi ng of the resin during the
rubbery stage can al so i nduce stresses. Sone stresses nay be i ncor por at ed duri ng
i nproper defl aski ng. These stresses are rel eased subsequent | y:

» During polishing, arisein tenperature can cause war page
| mmersion of the denture in hot water can cause war page
e Re-curingof thedenture after additionof reliningnaterial, etc.

RECENT ADVANCES

Several nodi fied poly (nethyl nethacryl ate) naterial s have been used for denture
resins, hydrophilic pol yacrylates, highinpact strength resins, rapid heat
pol yneri zed acrylic, |ight-activated denture base naterial (describedearlier) and
pour type acrylic resins (describedearlier).

High Impact Strength Materials

These nmat eri al s ar e but adi ene- st yrene rubber - r ei nf or ced pol y (net hyl - net ha-
crylate). The rubber particles are graftedto net hyl net hacryl ate sothat they wll

129
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bond wel | to the heat pol ynerized acrylic nmatrix. These naterial s are supplied
inapowder-liquidformand are processed i nthe sane way as ot her heat - accel er at ed
net hyl nethacrylate naterials. Indicated for patients who drop their dentures
repeated y, e.g. senility, parki nsonism

Rapid Heat—Polymerized Resins

These are hybrid acrylics that are pol ynerizedinboilingwater i nmediately af ter
bei ng packed into a denture flask. After being pl aced i nto the boilingwater, the
vater is brought back toafull boil for 20 minutes (reverse cure). After the usual
bench cool i ngto roomtenperature, the denture i s defl asked, tri nmed, and pol i shed
intheusual nanner. Theinitiator isformul atedto all owfor rapid pol yneri zati on
w thout the porosity that one might expect.

INFECTION CONTROL FOR DENTURES

Car e shoul d be taken t o prevent cross-contaninati on between pati ents and dent al
personnel . Newappl i ances shoul d be di sinfected after construction.

Itens such as rag wheel s of t en can be st eam aut ocl aved. Appl i ances can be
sprayed w th di si nfectants before they | eave the operatory. S nce the pol yneric
nat eri al s can absorb |'i qui ds, toxi c agents such as phenal i cs or gl ut eral dehyde shoul d
not be used. B hyl ene oxi de gas i s a sui t abl e net hod.

CARE OF ACRYLIC DENTURES

e Dentures shoul d be stored i nwater when not i n use, since di nensional changes
occur on dryi ng.

 Aorasivedentifrices (regul ar toot hpastes) shoul d not be used, sincethe plastic
i s soft and can be easi | y scrat ched and worn away. The t/ ssue surface shoul d
be brushed careful |y wth a soft brush, since any naterial renoved alters the
fit of thedenture.

e Acrylic dentures shoul d not be cl eaned i n hot vat er, since processi ng stresses
can bereleased and canresult indistortion.

DENTURE CLEANSERS

Aw de variety of agents are used by patients for cleaningarificial dentures. They
include dentrifrices, proprietary denture cl eansers, soap and vater, salt and soda,
househol d cl eansers, bl eaches, and vi negar .

Dent ures are cl eaned by either:

e |nmmersioninan agent or

e By brushing w th the cl eanser.

The nost common conmer ci al dent ure cl eansers are t he i mmer si on type, whi ch
are avai |l abl e as a powder or tabl et.



Thei r conposi tion usual |y i ncl udes:

— Al kal i ne conpounds

— Detergents

—FHl avori ng agent s

— Sodi umper bor at e.

Wien t he powder i s di ssol ved inwater, the perborate deconposes to forman
al kal i ne peroxi de sol ution, whichinturn deconposes toliberate oxygen The oxygen
bubbl es t hen act s nechani cal | y to | oosen t he debri s.

The househol d cl eansers are contrai ndi cated, asthey affect thefit of the denture
and pr oduce rough surface on prol onged use.

RESIN TEETH

The conposition of resinteethis essentially poly (methyl methacryl ate)
copol yneri zed w th a cross-1i nki ng agent .

Wsual |y a greater anount of the cross-linkingagent isusedinresinteethin
order to reduce the tendency of the teeth to craze upon contact wth t he nononer -
pol yner dough duri ng construction. The gi ngival ridge-/ap areanay not be as highly
cross-linkedas theincisal inorder tofacilitate chenical bondingtothe denture
base. Various pignents are utilizedto produce a natural esthetic appearance.

Chemi cal uni on between the resin teeth and dent ure base resi ns can be easily
obtai ned. Bond failures nay occur if theridgelapareais contamnatedw th resi dual
wax or separating nedi a. The noul d shoul d be fl ushed t horoughl y wi t h a det er gent
sol utionin order to renove the wax conpl etel y.

Swoot hing of the wax with fl ane during teeth setting shoul d be done careful |y
since thetooth surfaces nay nelt or burn. The resul tant surface stresses i nduced
during cool i ng nay contri bute to crazi ngin service.

DENTURE ADHESIVES

These ar e hi ghl y vi scous aqueous sol uti ons whi ch are often used to i nprove t he
retention of conpl ete dentures.

Supplied As
e Powders
e Paste

Composition

* Keraya gum
e Tragacanth
* Sodi umcar boxy net hyl cel | ul ose
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e Pol yet hyl ene oxi de
e Havoring agents
» Sone al so contai nantimcrobia agents and pl asti ci zers.

Properties

These are appl i ed to t he dent ure base and i nserted. Wien wet, the pol yner portion
absorbs wat er and swel | s. They i nprove the retention of the denture base t hrough
adhesion. It fills upthe spaces between the dent ure and the ti ssue. The hi gh vi scosity
al so prevents di spl acenent. They usual | y have a pl easant snel | .

Biological Consideration

Mbst of the conponents are pernitted food additives and are general | y safe.
However, if ingestedin excess, they can cause gastrointestinal disorders. Keraya
gumcan cause al l ergic reactionto sone patients. It is al soacidic(pH4. 7-5) and
can cause caries. Therefore, itsuseis contraindicatedinpartially edentul ous
patients.

Disadvantages
It has an unpl easant feel, isdifficut tocleanandisdilutedeasily by saliva

Indications

Gnsideringits properties, itsuseshoudbelimtedto:
 Tenporary retention of poorly fitting dentures
e Patients having poor neuro-nol ecul ar control .

COMPARISON OF RESIN AND PORCELAIN DENTURE TEETH

Resin Porcel ain

H gh fract ure t oughness

Qazingif not cross-linked

Qinically significant wear

Easi | y ground and pol i shed

Slent on contact

D nensi onal change wi th wat er sorption
@l d fl owunder stress

Loss of vertical di nension

Sl f-adj usting

Brittle, nmay chip

Suscepti bl e to crazi ng by t hernal shock

I nsi gni fi cant wear

Gindingdifficult, danger of renoving gl aze
d i cki ng sound on i npact

D nensi onal | y stabl e

No per manent def or nati on

Sable

Dfficult tofit ind mnishedinter arch space
Chem cal bond to denture Mechani cal retention

M ni nal abr asi on of Abr ades opposi ng nat ural teeth and

opposi ng denti tion gol d surfaces




MISCELLANEOUS

REPAIR RESINS

If anacrylicdentureisfracturedinservice, it canbe repaired. Repair resins nay
be

e Heat cured, or

e Slf cured

Heat Cured Resin

Theseresins are cured at 74°Cfor 8 hours or nore. The use of a heat cured resin
w | tend to warp the denture duri ng processi ng.

Self Cured Resin

Athoughthe repair with a self-cured resininvariably has al ower transverse
strength than that of the original heat-cured denture base resin, self-cured resins
are usual |y preferred because warpage i s i nsignificant as curingis done at room
tenperat ure.

REBASING OF DENTURES

Because of soft tissue changes that occur duringwearingof thedenture, it isoften
necessary to change t he ti ssue surface of the denture. Such are-adaptation of the
dentureis done by either rebasing or reliningthe denture.

Difference between Rebasing and Relining

Inrebasing, the original teeth are retai ned and newdenture bearing areais
constructed wth heat-cure acrylicresin. Inother words the entire denture base
isreplaced wthnewnaterial.

Inrelining, only apart of thetissuesurface of the dentureis renoved and repl aced
wthnewnaterial.

DENTURE RELINERS

Rel i ners may be cl assified as:

A Hurdor soft (resilient)

B Heat cured or sel f cured

C Tenporary or pernanent

D Resin based or silicone based.



Heat Cured Acrylic Resin

Newresinis cured agai nst the ol d dent ure by conpressi on noul di ng t echni que.
Alowcuring tenperatureis necessary for therelining process toavoiddistortion
of the denture.

Disadvantages

Thereis atendency for it towarp towardthe relined side dueto:

e Diffusion of the nononer fromthe reliner before curing, and

* Processi ng shrinkage of theliner. For thisreasontherebasingis preferredto
reinng

Self Cured Resins
Sel f cured resins nay be used i nstead of heat cured.

Advantage
Less di stortion due to roomt enperat ure curi ng.

Chair Side Reliners

These naterial s are used for relining resindentures directly inthe nouth. Sone
of themgenerate enough heat toinjure oral tissues. They tend to discol or, becone
foul snelling, and nay even separ at e fromt he dent ure base. They of t en cont ai n
| ownol ecul ar wei ght pol yners, plasticizers or solventstoincreasetheir fluidity
whi | e seating the denture. Thus, these material s have nany di sadvant ages.

Light-activatedresins are al soavail abl e for relining.

SOFT OR RESILIENT DENTURE LINERS

Soft liners can be saidto be of two types:
1 Tenporary soft liners (al so known as ti ssue condi ti oners)
2 Permanent soft liners
e Hasticizedacrylicresin
e Mnyl resins
e Slicone rubbers
The purpose of the ‘permanent’ soft liner (Hg. 8.4) istoprotect the soft tissue

by acting as a cushi on. They are used whenthereisirritati onof the nucosa, in
areas of severe undercut and congenital or acquired defects of pal ate.



Types

Plasticized Acrylic Resin

Thisis nost coomonl y used. It nay be sel f-cured or heat-cured. I nself-cured type,

poly (ethyl nethacrylate), poly (nethyl nethacrylate), or an acryl at e copol yner
isnmxedwthanaronatic ester-ethanol |iquidcontaining 60 to 80%plasticizer,

such as di butyl phthal ate.

The heat - cured resi n nay be suppliedin a sheet formor powder-Iiquidform 135

The powder i s conposed of sel ected acrylic resin pol yners and copol yners, so t hat

when they are m xed w th the appropri ate nononer and pl asticizer liquid, the
glasstransition (softening) tenperature of the curedresinwl| be bel ownout h

t enper at ure.

DO sadvant ages They | ose pl asti ci zers and har den wi t h use.

Vinyl Resins

The pl asti ci zed pol y (vinyl chloride) and poly (vinyl acetate) resins, |ikethe
plasticized acrylic resins, | ose pl asticizer and harden duri ng use.

Silicone Rubbers

These naterialsretaintheir el astic properties but nay | oose adhesi ontothe denture
base.

Roomt enper at ure curing—ehai rside silicone Thisis atenporary soft |iner.

Heat -cured silicones General |y a one-conponent system Supplied as a paste or
gel contai ning an oxygen catal yst. It is heat pol yneri zed agai nst acrylic resinusing
conpr essi on noul di ng t echni que.

For adhesi on between si | i cones and t he dent ure base, a rubber poly (nethyl
net hacryl ate) graft pol yner sol ution cenent may be used ((Qne brand does not
requi res adhesi ve as it contai ns a copol yner of silicone and a second pol yner t hat
achi eves adhesi onto the acrylic resin).

Q her pol yners Pol yur et hene and pol yphosphazi ne r ubber .

Problems Associated with Soft Liners

1 Inadequate bondingto denture, especially siliconeliners.

2 Sonesiliconeliners andthe hydrophilic acrylics undergo a hi gh vol une change
(upto +40% with gain and | oss of water.

3 The heat cured soft acrylics bond wel | tothe hard denture base but | oose their
softness as pl asticizer isleached fromtheliner.



4 The soft |iner decreases the denture base strength, not only because base
thi ckness i s reduced but al so by sol vent action of the silicone adhesi ve and t he
nononer .

5 Trinming, cutting, adjusting, andpolishingof asoft linerisdifficut. Thesilicone
surfaceis abrasiveandirritatingtothe oral nucosa when conpared to t hat
of hard acrylicresin.

6 The greatest di sadvantage of the permanent soft Iiner, as well as the tissue
condi tioner (tenporary soft liner) isthat, they often have a characteristic
di sagreeabl e tast e and odor and t hey cannot be cl eaned as ef fectively.

7 Thedebristhat accumulateinporesinthesiliconeliner helpsinfungal growh
(@Gandi da al bi cans) .

Thus, none of the soft denturereliners canbe considered entirely satisfactory.

This nakes it necessary to constant!y revi ewt hese patients andif necessary change

the material .

TISSUE CONDITIONERS

Lhli ke the soft liners previously nentioned tissue conditioners or tenporary sof t
linersare material s whose useful functionis very short, generally amatter of a
f ewdays.

Uses

1 Sonepoor heal thconditionsorill-fittingdentures, cancauseoral tissuestobecone
inflanmmedanddi storted. Relininganill-fittingdenturew thtissueconditioner
allowsthetissuestoreturnto‘ norrmal *, at whi chanewdent ur e can be nade.

2 Asaninpressionmaterial (This naterial is usedin aspecial inpression
t echni que known as functional inpression).

Composition
These are highly pl asticized acrylic resins, suppliedas apowder and aliquid.
Povwder Poly (ethyl nethacrylate) or one of its copol yners.

Liquid Aomaticester (butyl phthal ate butyl glycolate) inethanol or an al cohol
of hi gh nol ecul ar wei ght .

Manipulation

The denture base i s relieved onthe tissue surface. Powder and |iqui d are mxed
together toformagel andit is placed onthe tissue surface of the denture and
insertedinthe nouth. Thegel flowsreadily tofill the space between the denture
base and the oral tissue.



The properties that nake ti ssue conditioners effective are:

* Mscous properties, whichallowexcel lent adaptationtotheirritated denture-
beari ng nucosa over a period of several days and brings it back to health.

e Hastic behavi or whi ch cushi ons the ti ssues fromt he forces of nasticationand
br uxi sm

SPECIAL TRAY ACRYLIC RESINS

These ar e speci al i zed chemi cal | y acti vat edresi ns. They ar e avai | abl e as powder
andl i qui df orm They cont ai nahi ghamount of i norgani cfillers(e.g. frenchchal k)
whi chincreasesthepl asticityandworkabilityof thenaterial. They coneincol ors
likegreenandbl ue(F g. 8.13). Theyareusedtofabri cat especial traysfor naki ng
final i npressions usi ngzi nc oxi deeugenol , el astonericnaterial sandal gi nate, etc.

Special Tra!

FIGURE 8.13: Autopolymerizing special tray acrylic resin. These are highly filled resins and are
usually colored green or blue. They are used for constructing special impression trays

The cust omnade acrylic resintrays nay not be di nensional |y stable until 20
to24hours after fabrication. Therefore, it isbetter tousethetray after this period.

PATTERN RESINS

Commercial Name—Duralay (Fig. 8.14)

It isaspecial resinintendedfor naki nginl ay, post andot her patternsinthenout h.
Li kewax, thesenat eri al sburnoff conpl et el y bef ore casti ng. But unl i kewax, they
aredi nensi onal | yverystabl eafter settingandarenot af fect edby snal | t enperat ure
variations. Theinlaycavityislubricated. Thepowder andliqui darenixedandi nser -
tedintothecavity. It isshapedqui cklyintothedesi redshape. Furt her shapi ngi s done
afterit setsusingabur. Thepatternisrenoved, i nvestedandreproducedi nnetal .




Inlay Pattern Resin
Gives Sharper Margins
Burns Out Cleaner
Assures Precise Fit
STANDARD PACKAGE

FIGURE 8.14: Duralay is a special resin used for making direct patterns of
inlays and posts. It is colored red to aid visual demarcation

MATERIALS IN MAXILLOFACIAL PROSTHESIS

Mwi |l of acial material s areusedtocorrect facia defects or deformities resul ting
fromcancer surgery, accidents, or congenital defornmities. Nose, ears, eyes, or any
ot her part of the head and neck may be reconstruct ed by t hese prost heses (F g.
8.15). They are alsoused inthe novieindustry for special effects.

FIGURE 8.15: A maxillofacial prosthesis replacing the nose, part of the cheek and the upper
lip which were removed following cancer of this region

Ideal Requirements

These mat eri al s nust be easy and i nexpensi ve to fabri cate, and be bi oconpati bl e,
strong, and sufficiently stabl e to endure. The prosthesis nust be skin-likein
appear ance and texture. It nust be col or stable as it i s subjectedto sunlight



Denture Resins and Polymers .

(includingultraviolet light) heat, andcold. It nust beresilient enoughto prevent
tearing. Mist be easy to cl ean and nanage by the pati ent.
No material sofar has all of these characteristics.

Poly (Methyl Methacrylate)

I't was once conmonl y used for naxi |l of acial prosthesis. It is easyto nanipul ate,
hygi eni c and durabl e. Its useful nessinextra-oral prosthesisislinited because
acrylicis hard and heavy, does not nove when t he face noves, and does not have
the feel of skin.

Latexes

Lat exes are soft, inexpensive, and easy to nani pul ate and they formlifelike
prosthesis. Sncethe finished product i s weak, degenerates rapidly wth age, and
changes col or, latexis nolonger ana or facia prosthetic naterial .

Plasticized Polyvinylchloride

Polyvinylchlorideisarigidpl astic, andis nade nore fl exi bl e by addi ng a pl asti ci zer.
Q her i ngredients added to pol yvi nyl chl ori de i ncl ude cross-1inki ng agai nst (for
strength) and ultravi ol et stabilizers (for color stability). Glor pignents can be
i ncor porated to nat ch i ndi vi dual skin t ones.

It issuppliedasfinegy dividedpo yvinyl chloride particles suspendedinasa vent.
Wenthefluidis heated above acritical tenperature, the pol yvi nyl chl ori de di ssol ves
inthe solvent. Wenthe mx is cooled, anelasticsolidis forned.

The prost hesi s becones hard wi t h age because the pl astici zers are | ost from
the surface of the prosthesis.

Silicone Rubber
S |icone rubber are of two types:

Room Temperature-Vulcanized (RTV) Silicones

These are simlar toadditionsiliconeinpressionnaterialsinthat they consist
of vinyl - and hydri de-cont ai ni ng si | oxanes and are pol yneri zed wth achl oropl atinic
acidcata yst.

The prosthesi s canbe easily fabricatedinthe dental laboratory wthlittle special
equi pnent. Hovever, such silicones are not as strong as the heat - vul cani zed si | i cones
and theintrinsic color i s nonochronati c.

Heat Vulcanized Silicones

Heat vul canizingsiliconeisasem-solidor putty-likenateria that requires mlling,
packi ng under pressure, and 30 minutes curing at 180°C Fignents aremlledinto
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the material whichis then packedin discretelocations of the noul d produci ng
alifelikeandintrinsiccolor texture. Thisisthenateria of choice, particularly
interns of strength and col or stability. The col oring procedureis faster andthe
colorisentirelyintrinsic and pol ychronati c.

O sadvantage M 1ing nmachine and pressisrequired. Anetal is nornally used
and the fabrication of the nouldis alengthy procedure.

Polyurethane Polymers

It isthenost recent addition. Qe of its conponentsis acrylate, whi ch needs caref ul
hand ingto prevent atoxicreactiontothe operator. Athoughthe naterial is cured
at roomtenperature, it requires accurate tenperature control because a slight
change i n tenperature can alter the chemcal reaction. Anetal nouldis used
toavoi d noistureintheair af fecting the processi ng.

It has lifelikefeel and appearance, and the color stabilityis better than that
of polyvinyl chloride. But it is susceptibletodeterioration.

TEMPORARY CROWN AND BRIDGE MATERIALS

Thefabricationof acrownor fixedbridgeisgenerallyalaboratory procedure,
and sever al weeks nay | apse bet weent he preparati onof theteethandthecenentati on
of t he permanent restoration. Thereforeatenporaryrestorationnust be nade
inorder toprovideprotectiontothepul pfromthernal andchenical irritation
caused by foodandliquids, for positional stability, nasticati onandestheti cs.

Required Properties

1 Bological —atenporaryrestorati onnust benon-irritatingtosoft ti ssuesand
pul p.

Mechani cal —+hey shoul d have adequat e strengt htowi t hstand f or ces of
nasti cati on.

Esthetic—especial ly for the anterior teeth.

Lowt hermal conductivity.

Low di nensi onal change and | ow exot herm ¢ reacti on.

Easy t o nani pul at e.

N

(o200 &2 I~ OV]

Materials
Tenporary crown and bridge material s nay be preforned or cust om nade.

PREFORMED CROWNS

Avariety of preforned crowns are avai | abl e cormerci al | y. Apreforned crown forns
the external contor of the crown. These crowns can be luted directly to prepare



teeth after adjustnent, or they nay be relinedwthaplastic prior tocenentation.
The various nmaterial s fromwhi ch preforned crowns are nade i ncl ude:

e Pol ycarbonat e

e lluloseacetate

e Al um nium

e Tinsilver.

Polycarbonate 141

This is apol yner of highinpact resistance. It has the nost natural appear ance
of all thepreforned crows. It isavailableonlyinasing eshade. They are supplied
inincisor, canine, and prenol ar shapes.

Cellulose Acetate Crowns

Gl lulose acetateisathintransparent naterial availableinall tooth shapes and
arange of sizes. Thetooth col ored chemical |y activatedresinis nixed and filled
inapreforned cel | ul ose acetate shell. Aiter theacrylicresinsets, the cellul ose
acetate is peel ed off and di scarded and the crown i s tri mmed and cenent ed.

CUSTOM MADE CROWNS

Tenpor ary crowns and bri dges can al so be cust om nade fromvari ous types of
resin. The naterial s used are:

 Polynethyl nethacrylateresins (Gl)

e Polyethyl (isobutyl) nethacrylateresins (Trim Shap)

e Epi mne resins

e Mcrofilledconpositeresins (Protenp, Hg. 9. 14).

Polymethyl Methacrylate
These resins are general |y sel f cured.

Cormerci al nane: Cel

Advant ages

1 Accept abl e nechani cal properties

2 Qlor stabilityisbetter thanthat of poly (ethyl nethacryl ate) resins.

0O sadvant ages

1 Hgh pol yneri zati on shri nkage

2 Hghheat liberationduringsetting
3 Haghirritationtogingiva tissues.

Polyethyl (Isobutyl) Methacrylate Resins
Conmerci al nane: Trim Snap (F g. 8.16)
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FIGURE 8.16: Snap is a self cured resin used for
making temporary crowns and bridges

Advant ages

1 Less pol yneri zati on shrinkage and heat |iberation.
2 Howbetter during adaptation

3 Llessirritationtosoft tissues.

0O sadvant ages
1 Lesstensilestrength
2 PRoor color stability.

Epimines

The epi nines are suppl i ed as a t wo- conponent system A past e cont ai ni ng a hi gh-
nol ecul ar wei ght epi m ne nononer conbi ned wi th a pol yamde (nyl on) filler and
aliquidcontaining a benzene sul fonat e cat al yst.

Advant ages

1 Less pol yreri zation shri nkage
2 Less exot hernic heat

3 God fl owproperti es.

O sadvant ages

1 Tissueirritation (caused by catal yst)
2 Poor inpact strength

3 Poor resi stance to abrasion

4 Expensi ve.



CHAPTER 9

Restorative Resins

These are tooth col ored naterial s usedinthe restoration of natural teeth. They
are of two types:

o« UWifilled, e.g acrylicresins

e Hlled, e.g. conpositeresins

RESTORATIVE ACRYLIC RESINS

Wien these naterial s were first i ntroduced, they created quite astir, because of
their superior esthetics. Sowy nany restorati ons began to fail, through
m cr ol eakage and st ai ni ng.

The type | unfilleddirect resins have been | argel y repl aced by t he conposite
resins. However, a discussiononthese ol der material s is necessary to understand
the chem stry and properties of the newer resin systens. These naterials are
currently bei ng used for tenporary restorations.

COMPOSITION
They are suppl i ed as powder and |i qui d.

The Powder Contains

» Pol ynet hyl net hacryl at e—as beads or gri ndi ngs
e Benzoyl peroxide (0.3to 3%—nitiator
@l or pignents.

Liquid Contains

e Methyl methacryl at e mononer
e HEhyl ene di net hacryl at e (5% —eross | i nki ng agent
* Hydroqui none (0. 06% —nhi bi t or .
The nononer i s suppliedinbrown bottles, to protect themfromultraviol et
[ight whichcaninitiate pol ynerization.



CHEMISTRY
Thereareatl east 3sytens of activationandinitiationfor theserestorati ve naterial s.

Amine Peroxide System

Mbnoner contai ns 2%tertiary anmne, e.g. dinethyl-ptol uidine. Pol yner contai ns
benzoyl peroxi de.

0O sadvant age Yel | oni ng of acrylic over a period of tine on exposure to sunlight
due to oxi dation of anine. The reactionis inhibited by eugenol and oxygen (air).

Mercaptan-Peroxide System

Lauryl nercaptanis used in place of am ne. The nercaptan can be in atabl et
whi ch i s broken up i nthe nononer before addi ng proportionate anount of poly
(net hyl net hacryl ate) to the mx.

Sulphinate Curing System

Freeradical s aresuppliedby salts of sulfinicacid(p-tol uenesulfinicacid), which
i s dispersedinthe powder al ong w th benzoyl peroxide.

Thi s systemi s nore col or stable and i s | ess sensitive to oxygen and eugenol .
However, they are very unstabl e i n presence of noi sture or water, whi ch conpl etely
i nhi bits the pol yneri zati on.

MANIPULATION

Pressure Technique or Bulk Technique

Mbnoner and pol yner nix at dough stageis placedinthe cavity. Pressureis applied
wthamtrixstriptoprevent it pullingaway fromthe cavity nargins whileit
contracts during pol yneri zati on.

Non-Pressure or Bead Technique

Mxisfilledinthecavityinsnall increnents with a brush and not in one bul k.
Thi s conpensat es for the pol yneri zati on shri nkage.

Flow Technique

Athinnmx (fluidresin) isnadeand filledintothe prepared cavity. Anatrixis
hel d agai nst it wthout pressure. The natrix hel ps to contai nthe resin, and ensures
proper contact and contour. G ose adaptationis achieved duetothe fluidnature
of theresin.



Cavity Lining Agents

Adhesi on can be i nproved by speci al |y formul ated |i ni ng agents whi ch nay be
suppl i ed by the nanufacturer. It is appliedprior toinsertionof theresin. The
hydrophilicliningis nore attractive to the hydrophobi c resin.

PROPERTIES

Mechanical Properties 145

Poor when conpar ed t o conposi t es.

e (onpressive strengthis | ess—69 MPa

e It has lowtensile strength—24 MPa

e It has | ownodul us of el asticity-2.4 GPa

 Theproportional limt isalsolow

e It has | owhardness and abrasi onresi stance. It isthesoftest of all restorative
mat eri al s. Hardness—5 KH\

Thermal Properties

e Thecoefficient of thernal expansion (92.8 x 10%°Q of unfilledresinsis very
high. It is8tines greater thanthat of enanel and dentin. Changes i n nout h
t enper at ur e causes expansi on or contracti on of theresinleadi ngto percol ation
of oral fluidsat thenargins. This nay result in discol orati on and secondary
caries.

e |t has | owthernal conductivity.

Polymerization Shrinkage

Shrinkage is high (5to 8%. This causes a gap between t he cavity nargi ns and
restoration which may | ead t o di scol oration and secondary cari es.

Solubility and Water Sorption

It isvirtuallyinsolubleinwater and oral fluids, but tendstosorbwater (1.7 ng/
cn?) and swel | .

Adhesion
It does not adhere to enanel or dentin.

Esthetics

Excel l ent matching with tooth col or. However, it tends todiscol or and stainwth
use.



Biocompatibility

Mbnoner can penetrate dentinal tubul es and causeirritationtothe pul p. Acal ci um
hydr oxi de or gl ass i ononer |ini ng shoul d be appl i ed for pul p protection.

LIMITATIONS

* Recurrent caries and stains due to | eakage of oral fluids at the nargins of the
restoration.

» Easily abraded.

e lrritant topulp.

COMPOSITE RESINS

It isatoothcoloredrestorative systemdevel opedinthelate 1950 s and early 1960 s
by Bowen (al so known as Bowen’ s resin). It is basically aresinwhich has been
strengt hened by addi ng silica parti cl es.

The pi oneeri ng resear ch of Bowen toget her w th t he devel oprment of the acid
et ch and bondi ng t echni que, revol utionizedrestorative dentistry. It largely repl aced
theearlier silicateandrestorative acrylics.

Aconpositeis asystemconposed of a mxture of two or nore nacronol ecul es
whi ch are essentially i nsol ubl e ineachother and differ inform The conposite
nateria spropertiesaresuperior tothose of itsind vidual conponents, e.g. fiberg ass
has aresinmatrix whichisreinforced by gl ass fibers. The resul ti ng conposite
isharder andstiffer thantheresinnatrix naterial, but less brittle than gl ass.
Exanpl es of natural conposite material s are tooth enanel and dentin. Matrixis
nade of col | agen, wth hydroxyapatite crystal s acting as fillers.

USES

1 Restorationof anterior and posterior teeth (directly or asinlays).

2 To veneer netal crowns and bridges (prosthodontic resins).

3 Tobuildupcores (post core).

4 Cenentation of orthodontic brackets, Maryland bridges, and ceranic crowns,
i nl ays, onl ays and | am nat es.

Ft and-fissure seal ant.

Estheti c | aminat es.

7 Repair of chipped porcel ainrestorations.

o Ol

(Offerent conposites are avail abl e for the above purposes. Each of themhave
their properties adjustedtosuit the specificapplicationfor whichit was intended.
They are usual | y not interchangeabl €).



TYPES

Based on Curing Mechanism

e (henically activated
o Light activated

Based on Size of Filler Particle

»  (onventi onal 8-12 um 147
e Swll particle 1-5 um

o NMoecrofilled 0. 04-0.4 um

e Hybrid 0.6-1-0 um

SUPPLIED AS

nposites used for restoringteethareusua ly suppliedinakit (Fg. 9.1) contai ning
thefaol | ow ng:

* Syringes of conposite resin pastes in various shades
e BEchingliquid (37%phosphori c aci d)

e Enanel dentin bondi ng agent

e Shade gui de.

FIGURE 9.1: A typical light cured composite kit. The resin is supplied in dark syringes in a number
of shades. A shade guide is also provided. An etching agent (blue) as well as primer (light green)
and adhesive bonding agent (dark green) is also visible. Brushes are provided to apply these.

Ghemical |y acti vat ed conposi te resins are avai | abl e as:

Two past e syst emBase and cat al yst paste suppliedinsnall jars or syringes (F g.
92.

Povder -1 i qui d syst ens Powder (i norganic phase plus theinitiator) is suppliedin
jars. Liquid (BIGQWAdiluted with nononers) in bottl es.
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FIGURE 9.2: Chemically activated hybrid composite. The above sample is supplied in small
jars as base and catalyst. The bonding agent in this case is also chemically cured

Light acti vated conposite resins are avai |l abl e as si ngl e past e systemsuppliedin
light-tight (dark) syringes (Fg. 9.1).

Commercial Names
Chemically Activated
e | sopast

e Afa conp (voco)
e Billiant (codtene)

Light Activated

e Z100 (3M

o Herculite (Kerr)

e TPH spectrum

e Helionolar (M vadent)

COMPOSITION AND STRUCTURE

The essential s of aconpositeresinare (Fg. 9.3):

e Resin natrix/ bi nder—Bl SGVA or ur et hane di met hacryl at e
e Hller—Quartz, colloidal silicaor heavy netal gl asses

e Qoupl i ng agent —er gano si | anes.



Restorative Resins .

They al so contai n

e Hydroqui none—nhi bitor to prevent premature pol ynerization.
» UV absorbers—o i nprove col or stability.

e (pacifiers—e.g. titani umdi oxi de and al um numoxi de.

e ol or pi gnents—+o natch t oot h col or.

RESIN MATRIX

FILLER

COUPLINNG AGENT

FIGURE 9.3: Essentials of a composite

RESIN MATRIX

Mbst conposi t es use nononers that are aromati c or aliphatic diacryl ates. G these,
Bl S GVA (Bi sphenol - A-gl yci dyl Methacrylate) i s nost cormonl y used. W et hane
di net hacryl ate (UEDMP) i s al so used frequently.

Bl S GVAwas devel oped by R L. Bowen (Bowens resin) inthe early 1960 s. Its
properties were superior tothose of acrylicresins. However, it hadafewlinmtations
like
e Ahigh viscosity which required the use of diluent nononers.

o« DOfficultyinsynthesizingapure conposition.

e Srongair inhibitionto polynerization.

 Hghwater sorption because of dil uents used.

e Polynerization shrinkage and thernal di nensi onal changes still exi sted.
» Likeother resinsit does not adheretotooth structure.

Tonakeit clinicallyacceptabl ediluent nononers areaddedtotheresi nnatrix
toreducet hevi scosi tyof thepaste. It a soal | onsnorefil | er parti cl estobei ncor porat ed.

D luents al | owext ensi ve cross-1 i nki ng bet ween chai ns, thereby i ncreasi ng t he
resi stance of the natri x to sol vents. However, pol yneri zation shrinkage is al so
i ncreased. The commonl y used di | uent nonorer is TEADVA (tri et hyl ene gl ycol
di net hacryl ate).

FILLER PARTICLES

Additionof filler particlesintotheresinnatrix significantlyinprovesits properties:
e Aslessresinis present, the curing shrinkageis reduced.
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* Reduces wat er sorption and coefficient of thernmal expansion.
* Inproves nechani cal properties|ikestrength, stiffness, hardness and abrasi on
resi stance.

Inportant factorswthregardtofillers, that deternine the properties and clinical
appl i cation of conposites are:
— Amount of filler added
— Szeof particlesanditsdistribution
— Index of refraction
— Radi opacity
— Hardness.

Farticlesizedistribution Inorder toincreasethefiller anount intheresin, it
isnecessarytoaddthefillersinarange of particlesizes. If asingleparticlesize
isused, aspacew || exist betweenthe particles. Sl ler particles canthenfill
up t hese spaces.

Refractive index For esthetics, thefiller shoul d have atransl ucency sinilar to
tooth structure. Toachievethis, therefractiveindex of thefiller shoul dclosely
nat ch that of theresin. Mst glass and quartz fillers have arefractive i ndex of
1.5, which match that of Bl S-GVA and TEGDVA.

Types of Fillers

QGonposite resins use 3types of fillers

— @Qound quartz

— Q@lladd silica

— @ asses or ceranic contai ni ng heavy net al s.

Quartz fillers They are obtai ned by grinding or mllingquartz. They are nai nly
used i n conventi onal conposites. They are chemical ly inert and very hard. This
nakes therestorationnore difficult to polishand can cause abrasi on of the opposi ng
teeth and restorati ons.

Qlloidal silica Referredtoas“nicrofillers”. Theyareobtai nedbyapyrol yticor a
precipitati onprocess. They areaddedi nsnal | anounts (5w % tonodi fythepaste
viscosity. @l loidal silicaparticleshavel argesurfacearea(50to300n¥ g), thus, even
snal | anounts of mcrofillersthickentheresin. Inmcrofilledconpositesitisthe
onl yinorgani cfill er used.

@ asses/ ceranics coritai ni ng heavy netal s These fill ers provide radiopacity tothe
resinrestoration. Itsrefractiveindexis 1.5 Exanples are barium zirconi umand
stronti umgl asses. The nost comrmonl y used i s bariumgl ass. It isnot asinert as
quartz. Sone bariummnay | each out.



COUPLING AGENTS

Qupling agents bond the filler particlestotheresinnatrix. This al | ows t he nore
plasticresinnatrixtotransfer stressestothestiffer filler particles.

Function of Coupling Agents

* They i nprove t he physi cal and nechani cal properties of the resin.
o They prevent water frompenetratingthefiller-resininterface.

The nost conmonl y used coupl i ng agent s are organosi | anes (i .e. 3-net hoxy- 151
propyl -trinethoxy silane). Inits hydrol yzed state the silanol groups of the organo-
silane bond w th the silanol groups of thefiller by formati on of a sil oxane bond
(9-G9. The net hacryl at e group of the organosil ane then forns coval ent bond wth
theresinwhenit is pol ynerized. Thi s conpl et es the coupl i ng process. 4 rconat es
and ti tanat es can al so be used as coupl i ng agent s.

The ear| i est conposi tes di d not use coupl i ng agents. This resul tedin nicroscopi ¢ def ects between
thefiller and surroundi ngresin. Mcrol eakage of fluidsintothese defects|edto surface staining
and fail ure.

POLYMERIZATION MECHANISMS

They pol yneri ze by t he additi on nechani smthat isinitiated by free radicals. The
free radical s can be generated by chenical activationor heat or |ight.

Based on t he node of activation of pol ynerization, there aretvo types of resins:
A Chemical ly activat ed resi ns
B Light-activatedresins.

Chemically Activated Composite Resins

This i s atwo-paste system
» Base past e cont ai ns—benzoyl peroxi deinitiator
e Catalyst pastetertiary amne activator (i.e. NNdinethyl-p-toluidine).

Setting

Wien t he two past es are spat ul ated, the amine reacts wth the benzoyl peroxi de
toformthe free radical s which starts the pol yneri zati on.

Light Activated Composite Resins

WIight activated systens The earliest systens used ul traviolet (W) light.
Their linmtations were:
— Lintedpenetrationof thelight intotheresin. Thus, it was difficult topoly-
neri ze thi ck secti ons.
— Lack of penetration through tooth structure.
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Vsible-light activatedresins These havetotally replacedthe UVIight system
They are al so nore w del y used than the chenical | y acti vat ed resi ns.

These ar e si ngl e past e syst ens cont ai ni ng:

— Fhotoinitiator . Canphor oqui none 0. 25 wt . %

— Anine accel erat or . D et hyl - ani no- et hyl - net hacryl at e
(DEAENMA 0. 15 wt . %9

Setting

Uhder nornal |ight they do not interact. However, when exposed to |ight of the
correct wavel ength (Fg. 9.4) the photoinitiator is activated and reacts wththe
amne to formfree radical s.

Canphor oqui none has an absor pti on range bet ween 400 and 800 nm This i s
inthe blueregionof thevisiblelight spectrum In sone cases i nhi bitors are added
toenhanceits stability toroomlight or dental operatory Iight.

Light Devices

Anunber of curinglights are manufactured. Thelight sourceis usual ly a tungsten
hal ogen bul b. The white |ight generated passes through afilter that renoves the
i nfrared and vi si bl e spect rumf or wavel engt hs great er t han 500 nm

Insone unitsthelight sourceisrenmte andis transmttedtothe site of
restorationthroughalight guidewhichisalong, flexiblefibreoptic cord. There
are al so hand hel d i ght curing devi ces that containthe |ight source and transnit
the light through short Iight guides (Fg. 9.4).

Degree of Conversion: (Degree of Polymerization)

The total anount of resin pol yneri zed depends on several factors:

e Transmissionof light throughthe naterial Thisis controlled by absorptionand
scatteringof light bythefiller particles, aswel | as any toothstructureinterposed
between the |ight source and the resin. For thisreason, nmicrofilled conposites
w th snal | er and nore nunerous particles will not cureto as agreat depth
as conventi onal conposit es.

o Amount of photoinitiator andinhibitor present For pol ynerizationto take pl ace
at any depth, aparticul ar anount of photons nust be available. Thisisdirectly
relatedtotheintensity of |ight andtine of exposure.

e Tine of exposure Manuf act urers recommend curing tines for each material and
shade. Thi s depends on t he out put of the particul ar curing device. Thus, 80
to 240 seconds isrequiredwthalowintensity |ight whereas to achi eve the
sane result, ahighintensity light requires only a20to 60 second exposur e.



FIGURE 9.4: A visible light curing unit emits an intense blue light

Twotothree tines | onger exposureis requiredto cure aresinthrough tooth
structure. Darker shades require | onger exposure tine.

Polymerization Shrinkage

Pol yneri zation in conposite resins i s acconpani ed by a shrinkage of 1to 1. 7%
This creates tensil e stresses as hi gh as 130 kg/ cnd whi ch severel y strai ns t he bond
and can | ead t o nargi nal | eakage. Sonetines it may al so cause t he enanel at
therestorationnarginto crack or fracture.

The total pol yneri zation shrinkage between | i ght activated and chenical |y
activatedresins donot differ. Hwever, the patternof shrinkageis different (see
di fferences). The pol yneri zation shrinkage i s highest incaseof themcrofilled
conposi t es because of the hi gher resin content.

The pol yreri zat i on shri nkage can be reduced by
* Inserting and pol ynerizing the conposite resinin|ayers.
e Preparing aconpositeinlay and then cenmenting into thetooth.

CONVENTIONAL COMPOSITE

Qnventional conposites area soreferredtoas ‘traditional’ or ‘nacrofill ed conposite
(because of thelargesizeof thefiller particles).

COMPOSITION

Gound quartz is nost coomonly used as filler. Thereis awde distribution of
particle size. Athough average sizeis8to12um particles aslarge as 50to 100
umnay al so be present.

Fller | oadi ng: 70-80 wt . %or 50- 60 vol . %



Comparison of Light Activated and Chemically Activated Resins

Light activated (hemi cal acti vat ed

Requires |ight of correct wavel ength for Acti vat ed by per oxi de- ani ne syst em

itsactivation

Qures only where sufficient intensity of Qures throughout its bul k

light isrecelved

Wrking tine under control of operator Wrkingtineis|limted

Shrinkage i s towards |ight source Shrinkage i s towards center of bul k

Suppl i ed as si ngl e conponent in |ight Suppl i ed as two conponent system

tight syringes

Less chance of air entrapnent during A r may get incorporated during mxi ng

mani pul ati on. Mre honogeneous ni x resul tinginareduction of properties
PROPERTIES

The convent i onal conposites have i nproved properties when conpared to unfilled
restorative resins.

Compressive Strength
It isfour tofivetines greater thanthat of unfilledresins (250 to 300 MPa).

Tensile Strength
It isdoublethat of unfilledacrylicresins (50to 65 Ma).

Elastic Modulus
It isfour tosixtines greater (8to 15 Ga).

Hardness
It isconsiderably greater (55 KHN thanthat of unfilled resins.

Water Sorption
It islessthanthat of unfilledresins (0.5t00.7 ng/ cm).

Co-Efficient of Thermal Expansion
Thehighfiller-toresinratioreduces the CTE(25t0 35 x10%°Q significantly.



Restorative Resins .

Esthetics

Pol i shing of the conventional conposite results inarough surface. Thisis
due to the sel ective wear of the softer resinmatrix leavingthe hard filler
particles elevated. Thisresultedinatendency tostainover aperiodof tine (Hg.

a5.
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Before
FIGURE 9.5: Effect of polishing on conventional composite

Radiopacity

Gonposites using quartz as afiller areradiol uscent. The radi opacity is|ess than
that of dentin.

CLINICAL CONSIDERATIONS

A though t he conventi onal conposites were superior tounfilledresins, they had
certai n di sadvant ages:

e Polishingwas difficult

» Poor resistance to occl usal wear

e Tendency t o di scol or—he rough surface tends to stain.

MICROFILLED COMPOSITE

They wer e devel oped t 0 over cone t he probl ens of surface roughness of conventi onal
conposi tes. The resi n achi eved t he snoot hness of unfilledacrylicdirect fillingresins
and yet had t he advant age of having fillers.

COMPOSITION

The snmoot her surfaceis duetotheincorporationof mcrofillers. Qlloidal silica
isusedasthemcrofiller.

The problemwith colloidal silicawasthat it hadalarge surface areathat coul d
not be adequat el y wetted by the natri x resin. Thus, addition of even snal | anounts
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of mcrofillersresultedinthickeningof theresinnatrix. Thus, it was not possi bl e
to achieve the sane filler | oadi ng as conventi onal conposites.

The colloidal silica(size0.02t00.04 unm is 200-300tines snall er thanthe
quartz fillers of conventional conposite.

Methods to Increase Filler Loading

1 nemethodistosinter (fuse) thecolloidal silicaparticles, thereby reduci ng
surface area.

2 Addition of prepol ymerized fillers: This is the nore common nethod. Al so
known as organic fillers. They are prepared by addi ng 60 to 70 w . %of silane
coated col loidal silicatothe nononer, whichis heldat aslightly higher
tenperature toreduceits viscosity. It isthen heat cured and ground.

The conposi te i s obtai ned by addi ng t hese prepol ynerized fillers alongwth
nore silane coated mcrofillersinto unpolynerizedresinnatrix (FHg. 9.6).

FIGURE 9.6: Prepolymerized filler particles in microfilled composites. These
larger fillers are made of tiny densely packed microfillers (colloidal silica)

Filler Content

Wth theinclusionof prepol ynerizedfillers, thefiller content i s 80w . %or 70
vol . % However, the actual inorganic filler content is only 50 w. %

PROPERTIES

Wt hthe exception of conpressive strengththei r nechani cal properties areinferior
tothe other types of conposites. This is because of their higher resin content
(50 vol . %. Their biggest advantage is their esthetics.



Compressive Strength
250 to 350 Mpa. Sinmilar to conventional .

Tensile Strength
30 to 50 MPa. Lowest anong conposites.

Modulus of Elasticity
3to 6 Ga. Lowest anong conposi t es.

Hardness
25 to0 30 KHN Lowest hardness anong t he conposi t es.

Thermal Expansion Coefficient
50 t0 60 x 10% °C H ghest anong t he conposi te resins.

Water Sorption
1.4to 1.7 ny/ cnmi. H ghest anong conposi t es.

Esthetics

The hi gher resincontent and presence of mcrofillersisresponsiblefor theincreased
surface snoot hness. The inorganic filler particles are snal |l er than the abrasi ve
particlesusedfor finishingtherestoration. Thus, thesilicafiller isrenoved a ong
withtheresininwhichit is enbedded.

CLINICAL CONSIDERATIONS

The nmicrofilledconpositeistheresinof choicefor estheticrestorationof anterior
teeth, especiallyinnon-stress bearing situations.

For nost applications, the decreased physi cal properties do not create probl ens.
However, instress bearing situations like GQass |Vand Qass |1 restorations they
have a greater potential for fracture. Sonetines chi ppi ng occurs at the nargins.

SMALL PARTICLE COMPOSITE

Smal | particle conposites were introduced in an attenpt to have good surface
snoot hness (li ke microfilled conposites) and yet retain or i nprove the physi cal
and nechani cal properties of conventional conposites.



COMPOSITION

The snal | particle conposite use fillersthat have been ground to snal | er si ze.

The fillers enpl oyed are :

¢ (@Jasses containing heavy netal s. Gound quartz i s al so used.

e (Mlloidal silicais alsoaddedinsnall anounts —5 w . %t o adj ust the paste
Vi Scosity.

Average Filler Size

1-5um hovever thedistributionisfairlybroad (it hel pstoincreasethefiller | cadi ng).

Filler Content
65to 77 vol . %or 80 to 90 wt. %

PROPERTIES

Due to the higher filler content the best physical and nechanical properties are
observed with this type.

Compressive Strength
Sal | particl e conposi tes have t he hi ghest conpressi ve strength (350 t o 400 MPa) .

Tensile Strength

It isdoublethat of mcrofilledand 50%greater thanthat of conventional (75to
90 Ma).

Modulus of Elasticity
It isthestiffest (15t020 Ga).

Hardness

Hardness i s similar to conventional conposites (50-60 KHY) . Vear resi stance,
however, is i nproved.

Thermal Expansion Coefficient

Though | over thanthat of the other conposites, it isstill twcethat of toothstructure
(19to0 26 x 10%°Q.

Water Sorption
Snilar toconventional (0.5to 0.6 ny/ cnd).



Esthetics

It has a better surface snoot hness t han conventi onal because of the snal|l and
hi ghl y packed fillers.

Polymerization Shrinkage
It isconparabletoor | ess thanthat of conventional conposite.

Radiopacity

Gonposi tes cont ai ni ng heavy netal gl asses as fillers are radi o-opaque. Thisis an
inportant property for material s usedintherestoration of posterior teeth.

CLINICAL CONSIDERATIONS

Due to their inproved strengt h and abrasi on resi st ance t hey can be used i n ar eas
of stress suchas dass|Vand dass Il restorations.

Sone of t he product s have reasonabl y snoot h surfaces for anterior applications,
but are still not as good as the mcrofilled and hybrid conpositesinthis regard.

HYBRID COMPOSITE

The | atest category of conposites is the hybrid. These were devel oped so as to
obtai n better surface snoothness thanthat of the snall particle, but yet naintain
the properties of thelatter. The hybrid conposites have a surface snoot hness and
esthetics conpetitivewthmcrofilled conposites for anterior restorations.

COMPOSITION

Two kinds of filler particles are enpl oyed:

e lloidal silica Present inahigher concentrati on 10 to 20 w . %and contri but es
significantly tothe properties.

e Heavy netal gl asses: Average particlesizeis 0.6to 1 um 75%of the ground
particles are snal | er than 1. 0 um

Filler Content

75-80 wi . %or 60-65 vol . % The overal | filler loadingis not as hi gh as sone snal |
particl e conposi t es.

PROPERTIES

Their properties range between conventional and snal | particle. They are general |y
superior tomcrofilled conposites.




Compressive Strength
It isslightlylessthanthat of snall particle conposite (300 to 350 Mpa).

Tensile Strength
Gonparable to snal | particle (70 to 90 Ma).

Elastic Modulus
It ranges between that of conventional and mcrofilled conposite (7 to 12 Goa).

Hardness
It issimlar tosnall particle (50to 60 KHY .

Coefficient of Thermal Expansion
Though CTEis high (30t040 x10%°Q, it isstill lessthanthat of microfilled.

Water Sorption

It sorps lesswvater thanthe microfilledresins (0.5t00.7 ng/cnd). It issimlar
to conventional and snal| particl e conposite.

Esthetics

The surface snoot hness and esthetics is conpetitivewthmcrofilled conposite
for anterior restorations.

Radiopacity

The presence of heavy netal gl asses nakes t he hybri d nore radi o- opaque t han
enanel .

CLINICAL CONSIDERATION

The hybri d conposi tes are w del y used for anterior restorations, including class
| V because of its snoot h surface and good st rengt h.

The hybri ds are al so bei ng w del y enpl oyed for stress bearing restorations, even
thoughits nechani cal properties are sonewhat inferior tosnall particle conposites.

BIOCOMPATIBILITY OF COMPOSITE RESINS
Gonposi tes resins ef fect the pul p fromtwo aspects:



e Inherent chemical toxicity of the naterial.
* Pul pal invol venent due to nicrol eakage.

Properly pol yneri zed conposites are rel atively bi oconpati bl e. However,
nononer fromi nproperly cured or uncured conposites can enter the denti nal
tubul es and cause i nfl ammat i on of the pul p.

PULP PROTECTION

Al ayer of cal ci umhydroxi de or glass inoner |iner is appliedtothe pul pal wall
of deep cavities. Zinc oxide-eugenol is contraindicatedas it interfereswth pol y-
neri zation.

COMPOSITE RESINS FOR POSTERIOR RESTORATIONS

Anal gamhas | ong been the standard direct filling naterial for posterior teeth.
Due to the i ncreasi ng denand for esthetics and concern about nercury toxicity,
thereisanincreasinginterest inthe use of conpositesfor class| and 11 restorati ons.

Al types of conposites have been used for posterior restorations. For posterior
use, the cavity preparation shoul d be conservative, and the nani pul ation t echni que
net i cul ous.

Problems in the use of Composites for Posterior Restorations

* Indass Vrestorations, whenthe gingival narginis |locatedin cenentumor
dentin, the naterial shrinks anay fromthe narginleadingto a gap.

* The pl acenent technique is nore tine consum ng and denandi ng.

* (onposi tes wear faster than anal gam However, the newer naterial s likethe
snal | particle and hybrids have | ess wear (20 umper year), whi ch appr oaches
that of amal gam(10 un). The n@j or i ndications of conposites for posterior use
ae
— Wien esthetics is the prine consi deration.

— Wen patient is allergictonercury.

MANIPULATION OF COMPOSITE RESINS
Beveling The cavity nargins are bevel led (Fg. 9.7).

deaning Thetoothisfirst cleanedwthamnmld abrasive.

Bching The enanel at the cavity marginsis acid etched. The acidis rinsed of f
and the areais dried t horoughl y.

Bondi ng agent An enanel or dentin bond agent i s applied and pol ynerized. The
cavity is nowready for the conposite.




Bevel

FIGURE 9.7: Cavity preparation for receiving a composite restoration. The enamel at the margins
is bevelled to increase the area for acid etching. Beveling also exposes reactive enamel as well
as helps to blend the restoration

TECHNIQUES OF INSERTION

Chemically Activated Composites

The correct proportions of base and catal yst pastes are di spensed ont 0 a mXxi ng
pad and conti ned by rapi d spatul ationwith a plastic instrunent for 30 seconds.
Metal i nstrunents shoul d be avoi ded as it nay di scol or the conposite. Insert while
itisstill plasticfor better adaptationtocavitywalls. It canbeinsertedwtha
plasticinstrunent or syringe. Ar inclusions can be avoi ded by w pi ng t he nat eri al
intoone sideof thecavity, fillingthe cavity frombottomoutward. The cavityis
slightly overfilled. Anatrix stripisusedtoapply pressure andtoavoidinhibition
aar.

Light Activated Composites

The | i ght acti vat ed conposites are si ngl e conponent pastes and requi re no mxi ng.
The working tine i s under the control of the operator.

The past ei s di spensedj ust bef ore use, as exposuretooperatorylightsnayal so
initiatepol ynerization. Thenateria hardensrapi dy, onceexposedtothecuringlight.
Thedepthof cureislimted, soindeepcavitiestherestorati onsnust bebuilt upin
i ncrenent's, eachi ncrenent bei ngcuredprior toinsertionof t henext one.

To ensur e naxi nal pol yneri zationahighintensity light unit shoul d be used.
The light tipshoul dbe heldas closeas possibletotherestoration (FHg. 9.4). The
exposure tine shoul d be no | ess than 40 t 0 60 seconds. The resi n t hi ckness shoul d
be nogreater than 2.0to 2.5 nm Darker shades require | onger exposure tines,
asdoresins that are curedthrough enanel . Mcrofilledresins a sorequire al onger
exposure tine.



Cution Thehighintensitylight cancauseretina danageif onelooksat it directly.
Protecti ve eye gl asses shoul d be used.

FINISHING AND POLISHING

F ni shi ng procedures can be started 5 mnutes after curing. Theinitia contouring

can be done wth a knife or di anond stone. The final finishingis donew th rubber

i npregnat ed abr asi ves or rubber cup w th pol i shing pastes or al um ni umoxi de 163
di scs. The best finishis obtai ned when the conpositeis allowedto set agai nst
thematrix strip.

ACID ETCH TECHNIQUE

The aci d et ch techni que i s one of the nost ef fective ways of inproving the bond
and mar gi nal seal between resin and enanel .

Mode of Action

* It creates microporosities by discrete etching of the enanel, i.e. by selective
di ssol ution of enanel rod centers, or peripheries, or both.

e HEchingincreases the surface area.

e HEched enanel has a hi gh surface energy, allowngtheresintowet thetooth
surface better and penetrate i nto the nhcroporosities. Vien pol yneri zed, it forns
resin‘tags’ which forns a nechani cal bondto the enanel (Fg. 9.8).

COMPOSITE

BONDING AGENT

S

A ‘

I I ETCHED ENAMEL

FIGURE 9.8: Section through a composite restoration. The bonding agent is fluid enough to
penetrate the etched enamel and serves to attach the composite to the etched enamel

Acid Used

37%phosphoric acidis used for etching (concentrations greater than 50%resul ts
inthe formation of nonocal ci umphosphat e nonohydr at e t hat reduces furt her
dissolution). It issuppliedintheformof acoloredgel. Brushes are used to apply
or theacidis suppliedinasyringefromwhichit can be di spensed onto t he enanel
(Fg 99.



FIGURE 9.9: 37% Phosphoric acid etching agent in syringe form. The acid usually comes in a
contrasting color in order to give better application control to the operator. The acid may be in liquid
form or in gel form

Procedure

The tooth i s cl eaned and pol i shed wi t h pum ce before etching. The acidis then
appliedontothe enanel . Qiginallythelengthof applicationwas set at 60 seconds
but nowit has been shown that 15 seconds provi de as strong a bond. The et chi ng
tine al sodepends onthe history of thetooth, e.g. atoothwth highflouride content
requires | onger etchingtine.

The aci d shoul d be rinsed of f thoroughl y with a streamof water for 15 seconds
and t he enanel dried thoroughly. After drying the enanel shoul d have a white,
frosted appearance. Thi s surface nust be kept ¢/ ean and dry until theresinis
pl aced. BEven nonentory contact of saliva, or bl ood can prevent effectiveresintag
fornation and severel y reduce the bond strengt h.

Bond Strength

Bond strengths to et ched enarmel range from16 MPa (230 Psi) to 22 Ma (3200
Psi). Dryingthe enanel withwarmair or using an ethanol rinse canincreasethe
bond st rengt h.

BOND AGENTS

ENAMEL BOND AGENTS

These were the earliest bond agents. The nore vi scous conposite di d not bond
wel | to the etched enanel . The enanel bond agent hel ped i nprove t he bond by
flowingintoall the nicroporosities of the etched enanel .

Composition

They areunfilledresinssimlar tothat of theresinnatrix of conpositeresin, diluted
by ot her nononers to | ower the viscosity. These naterial s have been | argel y repl aced
by agents that bond to dentin al so.



Restorative Resins .

DENTIN BOND AGENTS

Due to aci d etchi ng, microl eakage or | oss of retentionis nolonger a hazard at

theresin-enanel interface. The probl emlies at the resi n-dentin/ cenent umi nt erf ace.

Acidetching of dentinis not doneas it caninjurethe pul p. Thus, agents that

coul d bond t o denti n were devel oped. Devel opi ng agents that w Il adhere to dentin

was nore di fficult because:

e It is heterogenous.

e The highwater content interferes with bonding. Its tubul ar nature provi des
avariabl e area

e Presence of a snear | ayer onthe cut dentin surface (The snear | ayer i s the
| ayer of debris whichadherestightlytothedentinandfillsthetubul es after
cavity cutting).

I deal |y, the bond agent shoul d be hydrophillic to displacethewater and t her eby
wet the surface, pernittingit topenetrate the porositiesindentinor react wth
or gani ¢/ i nor gani ¢ conponent s.

However, restorative resins are hydrophobi c, therefore agents shoul d contain
bot h hydr ophi | | i ¢ and hydr ophobi ¢ parts. The hydrophi [ lic part bonds w th eit her
cal ci umi n the hydroxyapatite crystal s or wth col | agen. The hydrophobi ¢ part bonds
wththerestorativeresin.

Supplied As

Dentin bond agent s are supplied as akit contai ning priners/ conditioners and t he
bondi ng I'i qui d.

Primers or Conditioners

Priners conditionthe dentin surface, and i nprove bonding. They are acidicin
nat ure. Exanpl es of priners are: B hyl ene-diamne-tetracetic acid (EDTA), nitric
acid, nal eicacid, etc.

They have t he fol | ow ng functi ons
1 Renoves snear | ayer and provi des subt| e openi ng of dentinal tubul es.
2 Provides nodest etching of theinter-tubul ar dentin.

Dentin Bonding Agents are Classified As

First generation (devel oped bef ore 1980’ s) They used gl ycer ophosphori ¢ aci d
di net hacryl at e to provi de a bi functional nol ecul e. The hydrophi |l c phosphat e part
reacted w t h cal ci umi ons of the hydroxyapatite. The hydr ophobi ¢ net hacryl ate
groups bonded to the acrylic restorative resin. The nai n di sadvant age was t hei r
| owbond st rengt h.

Anot her systemused NPG GVA |t was proposed that the NPG portion bonded
to t he cal ci umby chel ati on.
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Second generat i on (early 1980' s) Devel oped as adhesi ve agent s for conposite resi ns
whi ch had repl aced acrylic restorati ons. Bond strengt hs achi eved were three ti nes
nor e t han bef ore. Sone product s had bond st rengths 30 t o 50%o0f that to etched
enanel .

(hl or o- subst i t ut ed phosphat e est ers of vari ous nononer s wer e used. Bondi ng
was by i oni ¢ bond t o cal ci umby t he chl or ophosphat e group. D sadvant age: adhesi on
was short term the bond eventual |y hydrol ysed, e.g. Prisma, Uhiversal Bond,
Qearfil, Sotch Bond (K g. 9.10).

Thi rd generation (| ate 1980 s) These coupl i ng agent s had bond st rengt hs conpar abl e
tothat of resinto etched enanel . However, their useis nore conpl ex and requires
twotothree applicationsteps. Apriner isappliedfirst fol l oned by application
of a pol yneri zabl e nononer, e.g. Tenure, Scotch bond 2, Prisna, Lhiversal bond,
M r age bond.

Fourth generation Al bond—2 systemconsists of 2 prinmers (NPG GVA and
B phenyl di net hacryl ate (BPDV and an unfill ed resi n adhesi ve (40%Bl S GVA
30%UDVA, 30%HEMA) . This systembonds conposite not only to dentin but
tonost dental rel ated surfaces |ike enanel, casting all oys, anal gam porcel ai n
and conposi te.

F fthgeneration The nost recent product is the single bond adhesi ve. Whlikethe
previous generations, this systemis noresinpletouseas it needs only asingl e
step application, e.g. 3MS ngl e Bond, Qe Sep (B S, Prine and Bond (Dent spl y)
(Fg 9.11).

FIGURE 9.10: An etchant (37% phosphoric acid), primer and adhesive.
Scotch bond is a third generation bonding agent



FIGURE 9.11: A fifth generation bonding agent—the 3M Single Bond

The advant ages cl ai ned ar e:

a b wPN P

S nglestepapplication

Less techni que sensitive as it can bond to noi st dentin
Lessvolatileliquid

M easant odor

H gher bond st rengt h.

Bond Agents

Several systens have been enpl oyed.

Ferric oxal at e-NPG QWA system The acidic ferric oxal ate conbi ned cl eansi ng
and nordanti ng functions. This was fol | oned by appl i cation of NNGGW Ferric
oxal at e produced a bl ack stai n and so al um ni umoxal at e was subst i t ut ed.
Hydroxyet hyl net hacryl ate (HEVA) pl us gl ut eral dehyde EDTAIs appliedfirst
as priner. The gl uteral dehyde provi des bonding to the col I agen in dentin,
whereas HEMA i s a pol yreri zabl e mononer .

BSQAplus HEMA Maleic acidin asolutionof HEMAiIs appliedfirst as
priner. Thisis followed by application of apolynerizabl e nononer conposed
of BI S-GVA and HEMA.

4-Met hyl oxyethyl trinellitic acid (4-META) 1t is dissolvedinnethyl nethacry-
lateandis apotential couplingagent to collagen.

Pol yuret hanes They react with the -QHor -NH groups i nthe organi c or nineral
conponent s of dentin.

Pol yacryl i c acids They bond to the hydroxyapatite indentin.
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Indications for use of Bond Agents

1 For bondi ng conposite totooth structure,

2 Bondi ng conposi te to porcel ai n and various netal s |i ke amal gam base net al
and nobl e netal al |l oys,

3 Desensitizationof exposed dentin or root surfaces,

4 Bondi ng of porcel ai n veneers.

Mode of Bonding

Though cheni cal bondi ng schenes have been proposed, thereis little evidence
supportingit. The bondi ngis nore probabl y mcronechani cal, duetothe penetration
of the pol yneri zabl e nononer intothe finely textured prined dentin. Afine col | agen
nesh exi sts on the surface of the dentin which current bond agents are able to
infiltrate because of their hydrophilic conponents. Qne nore precautionis that
the dentin shoul d not be dri ed excessi vel y as desi ccati on can cause t he col | apse
of the fine col | agen neshwor k t her eby reduci ng t he bond st rengt h.

Bond Strength of Dentin Bond Agents

The denti n bond agent s gener at e bond strengt hs conparabl e to that of resinto
et ched enanel . A hi gher bond strength i s obtai ned when dentin bond agents are
appl i ed t o et ched enanel .

HEMA pl us gl ut er al dehyde — 11to 17 MPa
NPG- GMA — 4t0 12.5 MPa
4- META — 3to 7 MPa
Pol yur et hanes — 1to 6 MPa
Pol yacryl i ¢ aci ds — 2to 4 MPa

O the dentin bond agents t he HEVA pl us gl ut er al dehyde syst emgener at ed
the hi ghest bond strength. The fifth generati on bond agents are cl ai ned to generate
bond strengt hs as hi gh as 31. 2 MPa.

SPECIAL TECHNIQUES

SANDWICH TECHNIQUE

Gonposi t e does not bond adequat el y to dentin, therefore during pol yneri zati on,
agapnay result if thecavity narginis situatedindentin. The bond to dentin
can be i nproved by pl aci ng a gl ass i ononer | iner between the conposite restoration
and dentin. The gl ass i ononer bonds to the dentin through chem cal adhesi on
wher eas t he resi n bonds nechani cal |y to porosities and crazi ng present onthe
surface of the glass i ononer |iner. The gl ass i ononer can al so be etchedwththe
hel p of phosphoric acidtoinprove retention. Inadditionit al so provides an
anticariogenic effect duetoitsfluoriderelease. Wienusedinthiscontext it is
oftenreferred to as “sandw ch t echni que”.



Restorative Resins .

Indications

1 Lesions where one or nore nargins areindentin, e.g. cervical |esions.
2 Qass |l conpositerestorations.

Procedure

Dentinis conditioned and athinlayer of @Ccenent is placed. The cenent nust
be exposed at the nargi ns in order to achi eve fl ouri de rel ease. Phosphori c aci d
isusedtoetchthe enanel portion. Sone operators al so etchthe G Csurfacewth
t he sane phosphori c acid for 15t o0 20 seconds to i ncrease sur f ace roughness (11 ght
cured ACis not etched). The surface is then washed for 25to 30 seconds. After
adequat e dryi ng, a bond agent is appliedto the cenent surface andto the etched
enanel . The conpositeresinis theninsertedinthe usual nanner.

RESIN INLAY SYSTEMS

These were i ntroduced i n an attenpt to over-cone sone of thelinmtations of
traditional posterior conpositeresinrestoration.

Hibridor mcrofilledresins areused. Theresininlay is conpl etely pol yneri zed
out si de the nouth by light, heat, pressure or conbinati onandthenlutedtothe
tooth using aresincenent. They nay be fabri cated using the di rect nethod or
i ndi rect net hod.

Direct Inlay System (Fabricated in the Mouth)

Aseparating nedi um(agar sol utionor glycerine) is appliedtothe preparedtooth.
Therestorationis thenforned, |ight-cured, and renoved fromthe tooth. The rough
inlayis subjectedtoadditional polynerizationbylight (6 ninutes) or heat (100°C
for 7minutes). After thisthe preparedtoothis etchedandtheinlay |l utedto pl ace
w th a dual -cure resin cenent and t hen pol i shed.

Indirect Inlay System (Fabricated on a Die)

Theinlayisfabricatedusi ngamcrofilledresininadental | aboratoryonadienade
fromani npressi onof t he preparedtooth. The conventional |ight andheat or heat
and pressure (140°Q 85 Psi for 10 m nut es) may al so be usedf or pol yneri zati on.

Advantages of Inlays

1 I nproved physical properties and wear resi stance due to the hi gher degree of
pol yneri zati on att ai ned.

2 Induced stresses and potentia for microl eakage i s reduced as pol yneri zati on
shri nkage occurs out si de t he nout h.

3 Beingresins they do not abrade opposi ngteeth and are repai rabl e i n t he nout h.
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REPAIR OF COMPOSITES

Gonposi te resi ns may be repai red by addi ng newnaterial over theold. Thisis
useful incorrecting defects or altering contours onan existingrestorations. The
procedure di ffers dependi ng on whet her therestorationis fresh or ol d.

o Afreshly polynerized restorationstill has aninhibitedlayer of resinonthe
surface. More than 50%o0f unreacted nethacryl ate groups are availableto
copol yneri ze w th the new y added nat eri al .

» The presence of fewer nethacryl ate groups and the great er cross-Iinki ng reduces
the ability of fresh nononer to penetrateintothe natrix.

Method

Renmove contam nated material fromthe surface and roughenit. M ace fresh
conposi te after appl yi ng bondi ng agent .

SPECIAL APPLICATIONS AND MATERIALS

Pit and Fissure Sealants

Deep pits and fissures on posterior teeth are susceptibl e to decay as they provi de
shelter for organisns. They aredifficult to clean.

Various naterial s have beento seal these areas, especiallyinthechildpatient.
The nost popul ar seal ants are resi n systens | i ke cyanoacryl at es, pol yur et henes
and the Bl S-GWAreaction product (Another seal ant techni que uses type |V gl ass
i ononer cenent —+efer cenents). The objectiveis for theresintopenetrateinto
the pits and fissures, thereby sealingthese areas agai nst oral floraand debris
(Fgs 9.12Aand B).

A B

FIGURES 9.12A and B: (A) Sealing of occlusal fissure with sealant.
(B) An applied fissure sealant on a deciduous tooth



FIGURE 9.13: Light cured—Pit and fissure sealant resin system (Vivadent-Helioseal F).
The small bottle on the left is the acid etchant

The nost commonl y and successful | y used sealant is BBS QWA (Fg. 13.17). It
nay be cured chem cal | y (am ne- peroxi de system) or by Iight (9.13).

Tuo t ypes are avai | abl e
* Hlled
o Ufilled

Uhfilledresinsarecolorless or tintedtransparent naterials. Flledresins are
opaque and avai | abl e as tooth col ored or white nateri al s.

The seal ant nust have | owvi scosity sothat they wll flowreadily intothe depths
of thepits andfissures and wet the tooth. The sel ected area i s aci d et ched bef ore
appl ying the seal ant. The physi cal properties of the seal ants are cl oser tothose
of unfilled resins than conposite resins.

Surfaces that are free of caries shoul d be sel ect ed and t he seal ant shoul d be
examned every si x nonths. |If the sealant ismssingit shoul d be reapplied. |nproper
case sel ecti on and appl i cati on of seal ant nay actual | y enhance cari es.

Prosthodontic Veneers

Dental porcel ainor resin nay be used as veneers (atooth col ored | ayer used to
hi de the underlyi ng netal ) for crowns and bridges. Earlier heat cured poly (net hyl
net hacryl at €) was used i nproved by fillers and cross-1inki ng agents. Nownacrofill ed
nmaterial s such as Bl S QWA uret hane di net hacryl ate or 4,8 - di (nethacryl oxy
net hyl ene) tricycl o-(5.2.1.02,6) -decane are used. These newr esi ns have superi or
physi cal properties and are pol yneri zed by |ight (320 to 520 nn) or heat and
pressure.



Qiginaly, the resins were nechanical 'y bonded to the netal using w re | oops
or retention beads. Recent i nprovenents, incl ude nicronechani cal retention created
by aci d et chi ng t he base al | oy and t he use of chenical bondi ng syst ens such as
4- META phosphoryl at ed net hacryl ate, epoxy resin, or silicondioxidethat isflane
sprayed tothe netal surface foll owed by the application of asilane coupling agent
(silicoting).

The advant ages of resi n when conpared to porcel ain are:
1 Easeof fabrication

2 BEasilyrepairableintraoral ly

3 Less wear of opposingteeth or restorations.

The di sadvant ages i ncl ude:

1 Mecrol eakage of oral fluids and staining under the veneers due tothernal cycling
and wat er sorption

2 Surfacestainingandintrinsic discolorati on

3 Susceptability to toothbrush wear

4 Cannot be used as abut nents for renovabl e partial dentures. The clasp arm
w || abrade the resin.

Resin Laminates

Prost hodont i ¢ resi ns are al so used as pref or ned | aninat e veneers t o nask t oot h
di scol oration or nal fornati on. These shel | s are adj ust ed by gri ndi ng and ar e bonded
to teeth usi ng aci d- et ch t echni que and resi n cenent .

Core Build up Resins

Mdifiedhighly filledresins are used as core nateria s around pi ns and post s duri ng
the restorations of badly broken down teeth. They are hi ghl y col ored opaque
naterials. They are usual | y chenical | y cured and have a | onger worki ng ti ne and
shorter settingtine. They nay be |ight cured al so.

Orthodontic Resin

Lover viscosity filledresins (e.g. PanaviaEx, Infinity, Hg. 13.17) are usedfor
the cenentation of orthodontic brackets tothe facial surfaces of anterior and
posterior teeth. Acid etching shoul d be done as usual bef ore cenenting t he br acket
(seea soresinluting cenents).

Temporary Crown and Bridge Composite

Aconpositeresinis avail abl e for naki ng t enporary crowns and bri dges (ESPE)
(FHg 9.14). Itsmainadvantageisthat it can be nade directly inthe nout h because



of itslowexothernic heat. It i s easily ground and shaped wi t h hi gh speed di anond

burs w thout nel ting and cl oggi ng t he burs (unli ke t he conventi onal tenporary

crown and bridge resins). It cones as base and catal yst. Qurrently, two shades
areavailable It issuppliedinasyringeformandis di spensed by turningthe pl unger

until aclickingsoundis heard, thisrepresents one unit. The catal yst is atwo
conponent systemand only a snal | anount is required. As the plunger is turned

the two conponent s ar e di spensed si mul taneousl y until the clickingis heard. The

base and cat al yst are mi xed qui ckl y and used. Setting occurs i n approxi nately
two to three mnutes.

[(®ESPE
Rrotemp” |l ==

Campoarin para comas 8 postes provisenias
mﬁmmumm m:m‘“’:;""'
o D - .
B T it o b e
w—nﬂa—u—u.ﬂ Mwmkm

FIGURE 9.14: Protemp (ESPE) is a chemically cured composite resin
used to make temporary crowns and bridges

CURRENT DEVELOPMENTS

The fiel d of conposites have advanced great |y si nce t he days when onl y conventi onal
conposi tes were avai | abl e. Qurrent devel opnent s i ncl ude hybri d conposites w th
i nproved strengt h, zirconiumfilled conposite (Z100), ceramc fill ed conposites
for better esthetics, dual cure nechani sns (see resin cenents), fifth generation
bondi ng agent s and t he pol yaci d nodi fi ed conposi tes (Dyract).



CHAPTER 10

Dental Amalgam

An amalgam is defined as a specia type of aloy in which mercury is one of the
components.

Mercury is able to react with other metals to form a plastic mass, which is
conveniently packed into a prepared cavity in a tooth. This plastic mass hardens
and is stronger than any dental cement or anterior filling material. Dental amalgam
is the most widely used filling material for posterior teeth.

The aloys before combining with mercury are known as dental amalgam alloys.
Strictly speaking, however, this is a misnomer as they are not dental amalgam
alloys but alloys from which denta amalgam is prepared.

In Dentistry, the amalgam has been successfully used for more than a century
as a restoration material for tooth decay. During the last twenty years, its quality
has greatly improved, thanks to a lower amount of mercury and to the addition
of new components which can reduce its corrosion in the ora cavity.

APPLICATIONS

1. As a permanent filling materia in:

— Class | and class Il cavities, and

— Class V cavities where esthetics is not important.
In combination with retentive pins to restore a crown
For making dies

In retrograde root cana fillings

As a core material.
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CLASSIFICATION OF AMALGAM ALLOYS

Based on Copper Content:

e Low copper aloys : Contain less than 6% copper (conventional alloys)
e High copper dloys : Contain more than 6% copper.

The high copper aloys are further classified as:
— Admixed or dispersion or blended alloys.
— Single composition or unicomposition alloys.



Based on Zinc Content

e Zinc-containing  aloys : Contain more than 0.01% zinc
* Zinc-free aloys : Contain less than 0.01% zinc

Based on Shape of the Alloy Particle

e Lathe cut aloys—irregular shape
e Spherical alloys
e Spheroidal  aloys.

Based on Number of Alloyed Metals

* Binary dloys, eg. silver-tin
e Ternary adloys, eg. silver-tin-copper
e Quaternary dloys, eg. silver-tin-copper-indium.

Based on Size of Alloy

 Microcut
e Macrocut

MANUFACTURE OF ALLOY POWDER

Lathe-Cut Alloy Powder

An annedled ingot of silver-tin aloy is placed in a milling machine or in a lathe
and is fed into a cutting tool. The resulting chips obtained are often needle-like
and some manufacturers reduce the chip size by ball-milling.

Aging

A freshly cut aloy reacts too rapidly with mercury. If the alloy filings are stored
a room temperature for a few months the reactivity gradually decreases. Such
alloys are said to have been aged. Aging can be done quickly by boiling the filings
for 30 minutes in water. They can also be treated with acid. Aging aso improves
the shelf life of the product.

Spherical Alloy Powder

The spherical aloy is prepared by an atomization process. The liquid alloy is sprayed
under high pressure of an inert gas through a fine crack into a large chamber.
If the droplets solidify before hitting a surface, the spherical shape is preserved.
Like the lathe-cut powders, spherical powders are aged.




SUPPLIED AS

 Bulk powder (Fig. 10.1)

e Alloy and mercury in disposable capsule (Fig. 10.2)

e Preweighed aloy as tablet/pellet and mercury

in sachets.

FIGURE 10.1: Commercially available amalgam alloy and mercury products

FIGURE 10.2: Two types of amalgamators along with preproportioned

capsules of alloy and mercury

COMPOSITION
Low copper High copper
Admixed Unicomposition

Particle shape Lathe-cut Lathe-cut Spherical Spherical

or spherical 2/3 1/3
Silver 63-70% 40-70% 40-65% 40-60%
Tin 26-29% 26-30% 0-30% 22-30%
Copper 2-5% 2-30% 20-40% 13-30%
Zinc 0-2% 0-2% 0 0-40%
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NCTION OF EACH CONSTITUENT
Silver

Major element in the reaction

Whitens the dloy

Decreases the creep

Increases the strength

Increases the expansion on setting

Increases tarnish resistance in the resulting amalgam.

Tin controls the reaction between silver and mercury. Without tin the reaction
would be too fast and the setting expansion would be unacceptable.
Reduces strength and hardness.

Reduces the resistance to tarnish and corrosion, hence the tin content should
be controlled.

pper

Increases hardness and  strength
Increases setting  expansion

c

In smal amounts, it does not influence the setting reaction or properties of
amalgam. Zinc acts as a scavenger or deoxidizer, during manufacture, thus
prevents the oxidation of important elements like silver, copper or tin. Oxidation
of these elements would seriously affect the properties of the alloy and amalgam.
Alloys without zinc are more brittle, and amalgam formed by them are less plastic.
Zinc causes delayed expansion if the amalgam mix is contaminated with moisture
during manipul ation.

rcury

In some brands a small amount of mercury (upto 3%) is added to the alloy.
They are known as pre-amalgamated alloys. Pre-amalgamation produces a more
rapid  reaction.

Platinum

Pal

Hardens the alloy and increases resistance to corrosion.

ladium
Hardens and whitens the alloy.




LOW COPPER ALLOYS

Composition
Silver —63-70%

Tin —26-29%
Copper —2-5%
Zinc —0-2%.

Available As

o Lathe-cut dloys, 2 types. Coarse or fine grain (fine grain type is preferred, because
of the ease of carving).

e Spherica dloys.

e Blend of lathe-cut and spherical particles.

Setting Reaction

When alloy powder and mercury are triturated, the silver and tin in the outer
portion of the particles dissolve into the mercury. At the same time, mercury diffuses
into the aloy particles and starts reacting with the silver and tin present in it,
forming silver-mercury and tin-mercury compounds.

Silver-tin compound (unreacted aloy powder) is known as the gamma (y) phase.
The silver-mercury compound is known as gamma one (y;)) phase and the tin-
mercury as the gamma two (y,) phase.

A simplied reaction is outlined below:

AgsSn + Hg — AgHgs + SngHg + AgsSn unreacted
(v) (72) (72) (1)

The alloy particles do not react completely with mercury. About 27% of the original
AgsSn remains as unreacted particles, which as previously mentioend is known
as the gamma (y) phase

Microstructure (Fig. 10.3)

Set amalgam consists of unreacted particles (y) surrounded by a matrix of the reaction
products (Y1 and v2).

Note The properties of the hardened amalgam depends upon the proportion of each of the
reaction phases. If more unconsumed AgsSn (y phase) is present, the stronger the amalgam.
The v, phase is the weakest component and is least stable to corrosion process.




FIGURE 10.3: Schematic representation of the microstructure of low copper amalgam

HIGH COPPER ALLOYS

High copper aloys contain more than 6% wt. copper. They are preferred because
of their improved mechanical properties, resistance to corrosion, and better marginal
integrity (because the weakest y2 phase is eliminated in high copper amalgam).

Types

e Admixed aloy powder.
e Single-composition alloy powder.

ADMIXED ALLOY POWDER

The admixed alloy was developed in 1963. They are made by mixing 1 part silver-
copper eutectic alloy (high copper spherical particles) with 2 parts silver-tin alloy
(low-copper lathe-cut  particles).

(An eutectic alloy is one in which the components exhibit complete liquid solubility
but limited solid solubility. The silver-copper phase exhibits a eutectic structure
at the composition of silver 71.9% and copper 28.1%).

Amalgam made from admixed powders is stronger than amalgam made from
lathe-cut low-copper powder, because of the silver copper particles which act as
fillers in amalgam matrix, hence strengthening the amalgam.

Composition
The overall composition is

Silver — 69%
Tin — 17%
Copper — 13%
Zinc — 1%

Admixed aloy powders usually contain 30 to 55 weight percent spherica high-
copper powder. The total copper content ranges from 9 to 20 weight percent.



Setting Reaction

Silver enters the mercury from the silver copper eutectic alloy particles, and both
silver and tin enter the mercury from the silver-tin alloy particles. The mercury
dissolved in the silver-tin particles will react like low copper aloys and will form
the y1 and Y2 phases, leaving some silver-tin particles unreacted.

In a relatively short time, the newly formed y2 phase (SngHg) will react with
silver-copper particles forming CugSns (n or eta) phase. Some yl phase (Ag:HQs3)
will aso form around the silver-copper particles.

The reaction may be simplified as follows:
AgsSn + Ag-Cu + Hg — AgoHgs + SngHG + AgsSn unreacted + Ag-Cu unreacted

(v)  (eutectic) (Y1) (v2) ™ (eutectic)
and later,

SngHg + Ag-Cu — CugSns +  AgxHO3

(v2) (eutectic) (n) (YD)

Note In this reaction, y2 has been eliminated and is replaced by n phase. To
accomplish this, it is necessary to have a net copper content of at least 12 percent
in the aloy powder.

Microstructure of Set Amalgam (Fig. 10.4)
The CugSns is present as a ‘halo’
surrounding the Ag-Cu particles. Final set material consists of:

Core
— Unreacted AgsSn, (y phase) and
— Unreacted Ag-Cu surrounded by a halo of CugSns (n)

Matrix
— 71 (AgHOs).

SINGLE-COMPOSITION ALLOYS

Unlike admixed alloy powders, each particle of the aloy powder has the same com-
position. Therefore, they are called single-composition or ‘uni-compositiona alloys'.
The spherical aloy particles are 5 to 40 um in size.

Composition

Silver — 40-60%
Tin — 22-30%
Copper — 13-30%
Zinc — 0-4%

Indium or paladium—small amounts.
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FIGURE 10.4: Schematic representation of the microstructure of high copper admixed
amalgam. Note that the Gamma 2 phase has been eliminated

Setting Reaction

When triturated, silver and tin from Ag-Sn phases dissolve in mercury. Very little
copper dissolves in mercury. The Ag,-Hgs yl crystals grow forming a matrix that
binds together the partialy dissolved aloy particles. Later, n (Cug-Sns) crystals
are formed at the surface of aloy particles.

The overal simplified reaction is:

AgSnCu + Hg — CugSns + AgoHgs +  AgSnCu
(y + BE) (n) (vD) (unreacted)

Note The difference between the elimination of the y2 phase in an admixed and
uni-compositional aloy is that, in the admixed type the y2 forms around the silver-
tin (lathe-cut) particles and is eliminated around the silver-copper (spherical) particles
In unicompositional type, the particles at the beginning of the reaction function
like silver-tin particles of the admixed type, and later the same particles function
like the silver-copper particles of the admixed type, eliminating y2 phase.

Microstructure of set amalgam (Fig. 10.5) Final set materia consists of:

Core
— Unreacted AgsSn (y phase) and
— Unreacted Ag-Cu (E)

Matrix
— 71 (Agz2Hgs)

CugSns (n) is present in the yl matrix rather than as a hao surrounding
Ag-Cu.
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FIGURE 10.5: Schematic representation of the microstructure of high copper single composition
amalgam. The n (CugSns) lie in clusters within the matrix rather than as a halo

PROPERTIES OF SET AMALGAM

Microleakage

Penetration of fluids and debris around the margins may cause secondary caries.
Dental amalgam has an exceptionally fine record of clinical performance, because
of its tendency to minimize margina leakage (see tarnish and corrosion).

Self sealing The small amount of leakage under amalgam restorations is unique.
If the restoration is properly inserted, leakage decreases as the restoration
ages in the mouth. This decrease may be due to the corrosion products that forms
in the tooth-restoration interface. These products over a period of time seal the
interface and thereby prevent leakage. Thus amalgam is a self sealing restoration.
Both low and high copper amalgams are capable of seadling against microleakage
but the accumulation of corrosion products is dslower with the high-copper
alloys.

Dimensional Change

Amagam may expand or contract, depending on its manipulation. Ideally,
dimensional change should be small. Excessive contraction can lead to microleakage
and secondary caries. Excessive expansion can produce pressure on the pulp and
postoperative sensitivity. Protrusion of the restoration can aso occur.

Measurement of Dimensional Change

ADA Sp.no. 1 requires that amalgam should not expand or contract more than
20 um/cm a 37°C, between 5 minutes and 24 hours from the beginning of
trituration.



Dental Amalgam .

Theory of Dimensional Change-Contraction

When the alloy and mercury are mixed contraction results as the particles dissolve
and the yl grows. The fina volume of yl is less than the initial volumes of silver
and mercury that go into making the 1. Therefore, contraction will continue as
long as growth of yl continue.

Expansion Theory

The y1 crystals as they grow, impinge against one another, and produce an outward
pressure tending to oppose contraction. If there is sufficient mercury present to
provide a plastic matrix, an expansion will occur when <yl crystals impinge.

After a rigid y1 matrix has formed, growth of yl crystals cannot force the matrix
to expand. Instead Y1 crystals will grow into interstices containing mercury,
consuming mercury, and producing continued reaction. Therefore, reducing mercury
in the mix will favor contraction.

Thus factors favoring contraction are:

e Low mercury/aloy ratio

* Higher condensation pressure (squeezes out mercury)

e Smaler particle size (accelerates mercury consumption because of its larger
surface  areq)

e Longer trituration times (accelerates setting).

Modern amagams show a net contraction, whereas older amalgams aways

showed expansion. Two reasons for this difference are

— Older amalgmas contained larger aloy particles and were mixed at higher
mercury: alloy ratios

— Hand trituration was used before. Modern amalgams are mixed with high-speed
amalgamators (equivalent to increase in ftrituration time).

Effect of Moisture Contamination (Delayed Expansion)

If a zinc-containing-low-copper or high-copper amalgam is contaminated by moisture
during trituration or condensation, a large expansion can take place. It usualy
starts after 3-5 days and may continue for months, reaching values greater than
400 um (4%). This is known as delayed expansion or secondary expansion:

H,O + Zn — ZnO + H; (gas)

This hydrogen gas does not combine with the amalgam, but collects within the
restoration, creating extreme internal pressure and expansion of the mass. This
causes protrusion of the restoration out of the cavity, increased creep, increased
microleakage, pitted surfaces and corrosion. Dental pain, recurrence of caries, and
fracture of the restoration are seen as a result of these poorly inserted restorations.
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Note

Moisture contamination after the cavity has been filled does not cause delayed
expansion. Nonzinc alloys do not show this type of expansion when contaminated
with water. However, moisture contamination of the mix of any aloy results in
inferior physical  properties.

Indications for Zinc Free Alloys

Amalgam without zinc tend to be less plastic and less workable. These aloys are
used only for cases where it is difficult to control moisture, e.g. patients having
excessive sdlivation, retrograde root canal filling, subgingival lesions, etc.

Strength

Hardened amalgams have good compressive strength.

Compressive  strength 1 Hour 7 Days
Low copper 145 MPa 343 MPa
Admixed 137 MPa 431 MPa
Single composition 262 MPa 510 MPa

Tensile Strength

Unfortunately, amalgam cannot withstand high tensile or bending stresses.
Therefore, the cavity design should be such that the restoration will receive
compression forces and minimize tension or shear forces in service. The tensle
strength is 48 to 70 MPa

Factors Affecting Strength

Effect of Trituration

Either under-trituration or over-trituration will decrease the strength for both low-
copper, and high-copper amalgams.

Effect of Mercury Content

Sufficient mercury should be mixed with the alloy to wet each particle of the alloy.
Otherwise a dry, granular mix results which has rough and pitted surface that
invites corrosion.

Excess mercury in the mix can produce a marked reduction in strength. The
reason: High mercury amalgams have more y 2 content (which is the weakest phase
see setting reaction).



Effect of Condensation

Higher condensation pressure results in higher compressive strength (only for lathe-
cut aloys).

Reason A good condensation technique will minimize porosity and remove excess
mercury from lathe-cut amalgams. If heavy pressures are used in spherical
amalgams, the condensor will punch through. However, spherical amalgams
condensed with lighter pressures produce adequate strength.

Effect of Porosity
Voids and porosities reduce strength.

Porosity is caused by:

— Decreased plasticity of the mix (caused by too low Hg/ aloy ratio, under trituration
and over trituration)

— Inadequate  condensation  pressure

— lrregularly shaped particles of alloy powder

— Insertion of too large increments.

Increased condensation pressure improves adaptation a the margins and
decreases the number of voids. Fortunately, voids are not a problem with spherical
alloys.

Effect of Rate of Hardening

Amagams do not gain strength as rapidly as might be desired. After 20 minutes,
compressive strength may be only 6% of the one week strength.

The ADA dtipulates a minimum of 80 MPa a one hour.

Since the initial strength of amalgam is low, patients should be cautioned not
to bite too hard for a least 8 hours after placement, the time at which at least 70%
of its strength is gained. The one hour compressive strength of high-copper single-
composition amalgams is exceptionaly high (262 MPa), so the chances of accidental
fracture is less.

Even after six months, some amagams may ill be increasing in strength,
suggesting that the reactions between the matrix phases and the aloy particles
may continue indefinitely.

Effect of Cavity Design

e The cavity should be designed to reduce tensile stresses
¢ Amagam has strength in bulk, therefore, the cavity should have adequate depth.




Creep

It is defined as a time dependent plastic deformation. Creep of dental amalgam
is a dow progressive permanent deformation of set amalgam which occurs under
constant stress (static creep) or intermittent stress (dynamic creep).

The Significance of Creep to Amalgam Performance

Creep is related to marginal breakdown of low-copper amalgams. That is, the higher
the creep, the greater is the degree of margina deterioration (ditching).
According to ADA Sp. No.1 creep should be below 3%.

Creep Values

Low-copper amalgam — 0.8 to 8.0%
High-copper amalgam— 0.4 to 0.1%

Factors Affecting Creep

Microstructure The vyl (Ag-Hg) phase has a big effect on low-copper amalgam
creep rates. Increased creep rate is shown by larger y1 volume fractions. Decreased
creep rate is shown by larger y1 grain sizes. The y2 phase is associated with higher
creep rates.

Single-composition high-copper amalgams have very low creep rates, due to
absence of y2 phase and due to the presence of n CugSns rods, which acts as barrier
to deformation of the Yyl phase. An increase in zinc content gives less creep.

Effect of manipulative variables For increased strength and low creep values.

— Mercury : aloy ratio should be minimum.

— Condensation pressure should be maximum for lathe-cut or admixed alloys.

— Careful attention should be paid to timing of trituration and condensation. Either
under or over-trituration or delayed condensation tend to increase the creep
rate.

Retention of Amalgam

Amalgam does not adhere to tooth structure. Rather retention of the amalgam filling
is obtained through mechanical locking. This is achieved by proper cavity design
(see cavity design in technical considerations). Additiona retention if needed can
be obtained by placing pins within the cavity.

Tarnish and Corrosion
Amalgam restorations often tarnish, and corrode in the mouth.



Factors related to excess tarnish and corrosion

e High residua mercury

e Surface texture—small scraiches and exposed voids

e Contact of dissmilar metals, e.g. gold, and amalgam

o Patients on a high sulfur diet

e Moisture contamination during condensation

e Type of alloy—low copper amalgam is more susceptible to corrosion (due to greater
v2 content) than high copper. Also n (CugSns) phase of high copper is less
susceptible to corrosion

e A high copper amalgam is cathodic in respect to a low-copper amalgam. So,
mixed high copper and low copper restorations should be avoided.

Corrosion of Amalgam can be Reduced by

e Smoothing and polishing the restoration.

* Correct Hg/adloy ratio and proper manipulation.

e Avoid dissimilar metals including mixing of high, and low copper amalgams.

TECHNICAL CONSIDERATIONS
MANIPULATION OF AMALGAM

The clinical success of most amalgam restorations is highly dependent on the correct
selection, manipulation of the aloy and cavity design. If a restoration is defective,
it is usualy the fault of the operator and, not the material (Fig. 10.6).

FIGURE 10.6: An amalgam restoration. The cavity design should be designed for mechanical
retention (cavity walls diverge as it approaches the pulp creating an undercut design). The base
is placed to protect the pulp from thermal shock

CAVITY DESIGN

Providing retention Since amalgam does not adhere to tooth structure, proper
design of the cavity is very important. The amalgam cavity is designed to provide
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maximum mechanical locking of the amalgam. This is achieved by creating a cavity
that converges towards the outer surface. This results in a cavity mouth that is
narrower, effectively locking the amalgam within the cavity. Additional retention
if needed can be obtained by placing pins within the cavity.

Four wall support For effective condensation, the cavity should have four walls
and a floor. If one or more of the walls of the cavity is absent, a stainless steel
matrix can compensate for the missing walls. Failure to have a four wall support
can result in inadequate condensation which can  weaken the amagam.

Preventing tensile fracture Since amalgam has poor tensile strength, the cavity
should have sufficient depth and width in order to provide sufficient bulk to the
amalgam, especialy those in high stress areas.

Cavosurface angle The junction of the cavity with the external surface should
be as close to a right angles as possible. Beveling is not indicated for amagam
as it can cause fracture of the amalgam a the margins.

SELECTION OF MATERIALS

Alloy

The alloy is selected based on clinical need:

e For restorations subjected to occlusal forces, an amalgam with high resistance
to marginal fracture is desirable.

o |If strength is needed quickly the best choice is spherical or high copper alloys,
but they require a fast operator.

* A non-zinc dloy is selected in cases where it is clinically difficult to control moisture.

e Indium containing aloys: Indium performs the same functions as zinc and in
addition, it decreases the Y2 phase.

Mercury

There is only one requisite for dental mercury and that is its purity. Common
contaminating elements such as arsenic, can lead to pulpal damage. A lack of purity
may aso adversely affect physical properties. High purity mercury is labelled as
‘triple distilled’.
* Freezing point . -38.87°C
e Boiling point : 356.90°C

ADA Sp. No. 6 for denta mercury requires that the mercury should possess
no surface contamination and less than 0.02% nonvolatile residue.

Dispensers

Because proportioning is important, manufacturers have developed some simple
dispensers for aloy and mercury. Dispensing by volume is unreliable because it



is affected by particle size and the degree of packing (trapped air and voids) in
the dispenser.

Tablets

This is the most accurate method of dispensing. Manufacturers compress alloy
powder into tablets of controlled weight which is used with measured amount of
mercury.

Pre-Proportioned Capsules

Pre-proportioned capsules containing aloy particles and mercury in compartments
separated by a membrane. Before use, the membrane is ruptured by compressing
the capsule, and the capsule is then placed in a mechanica amalgamator.

Disadvantages

Mercury and aloy may leak. The dentist is forced to use one alloy/mercury ratio
for al situations when using disposable capsules. Also, the disposable capsules are
expensive.

MERCURY: ALLOY RATIO (PROPORTIONING)

In earlier days, when amalgam was triturated manualy excess mercury had to

be used in order to achieve smooth and plastic amalgam mixes.

This excess mercury was removed from the amalgam by:

e Squeezing the excess mercury out by using a squeeze cloth.

e Increasing dryness technique: During condensation of each increment, a mercury
rich soft layer comes to the surface. This is removed during carving.

Eames Technique

The better method of reducing mercury content is to reduce the origina mercury:
aloy ratio. This is known as the minima mercury or Eames technique (mercury:
alloy 1:1). (However, it is still necessary to squeeze mercury out of the mix using
the increasing dryness technique). Hence, with this technique, 50% or less mercury
will be in the fina restoration, with obvious advantages.

* Hg/Alloy ratio for high copper—1:1

* Hg/Alloy ratio for low copper—40:60 percent.

Note: Low mercury/aloy ratios are not easy to triturate manually. In order to benefit
from a low mercury/alloy ratio a high speed mechanical triturator (amalgamator)
is absolutely essential.




TRITURATION

Objective—to wet all the surfaces of the alloy particles with mercury. For proper
wetting, the alloy surface should be clean. Rubbing of the particles mechanicaly
removes the oxide film coating on aloy particles.

Trituration is achieved either by:
e Hand mixing
e Mechanica  mixing

Hand Mixing

A glass mortar and pestle are used. The mortar has its inner surface roughened
to increase the friction between amalgam and glass surface. A rough surface can
be maintained by occasional grinding with carborundum paste. A pestle is a glass
rod with a round end.
The three factors to obtain a well mixed amalgam mass are
— The number of rotations,
— The speed of rotation, and
— The magnitude of pressure placed on the pestle. Typically a 25 to 45 second
period is sufficient.

Mechanical Trituration

Mechanical amalgamators are more commonly used to triturate amalgam aloy and

mercury (Fig. 10.2).

e The disposable capsule serves as a mortar. A cylindrical metal or plastic piston
is placed in the capsule which serves as the pestle (Fig. 10.7). The capsule is
inserted between the arms on top of the machines. When put on, the arms holding
the capsule oscillate a high speed, thus triturating the amalgam. Newer
amalgamators have hoods that cover the arms holding the capsule in order to
confine mercury spray and prevent accidents.
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FIGURE 10.7: Capsule and pestle—2 varieties



* Reusable capsules are available with friction fit or screwtype lids. At one time
not more than two pellets aloy should be mixed in a capsule.
With either type, the lid should fit the capsule tightly, otherwise, the mercury
will spray out from the capsule, and the inhalation of fine mist of mercury droplets
is a heath hazard.

The amalgamators have automatic timer and speed control device. The speed
used is recommended by the manufacturer. High copper alloys require higher mixing

speeds. 191

Mixing time There is no exact recommendations for mixing time, since
amalgamators differ in speed, oscillating pattern, and capsule designs. Spherical
alloys usualy require less amalgamation time than do lathe-cut alloys. A large
mix requires dightly longer mixing time than a smaller one.

Advantages of mechanical trituration:

1. Shorter mixing time

2. More standardized procedure

3. Requires less mercury when compared to hand mixing technique.

Under-Triturated Mix

 Is rough and grainy and may crumble

e It gives a rough surface after carving and tarnish and corrosion can occur
e Strength is less

e Mix hardens too rapidly and excess mercury will remain.

Normal Mix

e It has a shiny surface and a smooth and soft consistency

e May be warm (not hot) when removed from the capsule

e It has the best compressive and tensile strength

e The carved surface retains its lustre after polishing, hence increased resistance
to tarnish and corrosion.

Over-Triturated Mix

e The mix is soupy, difficult to remove from capsule and too plastic to manipulate.

 Working time is decreased.

* Results in higher contraction of the amalgam.

e Strength of lathe-cut alloys is increased, whereas it is reduced in high copper
alloys.

e Creep is increased.
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MULLING

Mulling is actualy a continuation of trituration. It is done to improve the homogenity

of the mass and get a single consistent mix. It can be accomplished in two ways.

e The mix is enveloped in a dry piece of rubber dam and vigorously rubbed between
the first finger and thumb, or the thumb of one hand and palm of another hand
for 2-5 seconds.

o After ftrituration the pestle is removed and the mix is triturated in the pestle-
free capsule for 2-3 seconds.

CONDENSATION

The amalgam is placed in the cavity after trituration, and packed (condensed) using
suitable instruments.

Aims
1. To adapt it to the cavity wall
2. Remove excess mercury
3. Reduce voids.

This increases the strength and decreases the creep of the amalgam. Condensation
must always be accomplished within the four walls and floor. If one or more walls
of the cavity are missing a stainless steel matrix may be used to compensate for it.

Condensers

Condensers are instruments with serrated tips of different shapes and sizes. The
shapes are oval, crescent, trapezoidal, triangular, circular or square. The condenser
type is selected as per the area and shape of the cavity. Smaller the condenser,
greater is the pressure exerted on the amalgam. Condensation can be done manually
or mechanically.

Manual Condensation

The mixed material is packed in increments. Each increment is carried to, the prepared
cavity by means of a smal forcep or an amalgam carrier.

Once inserted, it should be condensed immediately with sufficient pressure
(approximately 3 to 4 pounds). Condensation is started at the center, and the
condenser point is stepped little by little towards the cavity walls.

As the mix is condensed some mercury rich material rises to the surface. Some
of this can be removed, to reduce the fina mercury content and improve the
mechanical properties. The remainder will assist bonding with the next increment.

Modern amalgams are fast setting and so working time is short. Therefore,
condensation should be as rapid as possible. A fresh mix of amalgam should be
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ready if condensation takes more than 3 or 4 minutes. Long delay between mixing
and condensation, results in weaker amalgam and increased mercury content and
creep.

Spherical aloys have little *body’ and thus offer only mild resistance to the con-
densation force. When condensing these aloys, a large condenser can often be
used.

Mechanical Condensation

Mechanical condensers provide vibration or impact type of force to pack the amalgam
mix. Less effort is needed than for hand condensation.

SHAPING AND FINISHING

Carving

The amalgam is overfilled into the cavity and the mercury rich surface layer is
trimmed away. The filling is carved to reproduce the tooth anatomy. The carving
should not be started until the amalgam is hard enough to offer resistance to the
carving instrument. A scraping or ringing sound should be heard when it is carved.
If the carving is started too soon, the amalgam may be so plastic that it may pull
away from the margins. Sharp carvers are used with strokes proceeding from tooth
surface to amalgam surface.

Burnishing

After the carving, the restoration is smoothened, by burnishing the surface and
margins of the restoration. Fast setting aloys gain sufficient strength by this time
to resist rubbing pressure. Burnishing slow setting alloys can damage the margins
of the restoration.

Burnishing is done with a ball burnisher using light stroke proceeding from
the amalgam surface to the tooth surface. Heat generation should be avoided during
burnishing. If the temperature rises above 60°C, mercury is released which may
cause corrosion and fracture at margins. Final smoothing can be done by rubbing
the surface with a moist cotting pellet.

Polishing

Polishing minimizes corrosion and prevents adherence of plaque. The polishing
should be delayed for at least 24 hours after condensation, or preferrably longer.
Wet polishing is advised, so a wet abrasive powder in a paste form is used. Dry
polishing powders can raise the temperature above 60°C.
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MERCURY TOXICITY

Mercury is toxic. Free mercury should not be sprayed or exposed to the atmosphere.
This hazard can arise during trituration, condensation and finishing of the restora-
tion, and also during the removal of old restorations at high speed. Mercury vapours
can be inhaled. Skin contact with mercury should be avoided as it can be absorbed.

Any excess mercury should not be allowed to get into the sink, as it reacts with
some of the alloys used in plumbing. It aso reacts with gold ornaments.

Mercury has a cumulative toxic effect. Dentists and denta assistants, are at
high risk. Though it can be absorbed by the skin or by ingestion, the primary risk
is from inhalation.

Precautions

The clinic should be well ventilated. All excess mercury and amalgam waste should
be stored in well-sealed containers. Proper disposa systems should be followed,
to avoid environmental pollution. Amalgam scrap and materials contaminated
with mercury or amalgam should not be subjected to heat sterilization. Spilled
mercury is cleaned as soon as possible as it is extremely difficult to clean it
from carpets. Vacuum cleaners are not used because they disperse the mercury
further through the exhaust. Mercury suppressant powders are helpful but these
are temporary measures. Skin contacted with mercury should be washed with soap
and water. The aloy mercury capsules, should have a tightly fitting cap to avoid
leakage. While removing old fillings, a water spray, mouth mask and suction should
be used.

The use of ultrasonic amalgam condenser is not recommended as a spray of
small mercury droplets is observed surrounding condenser point during conden-
sation. Annually, a programme for handling toxic materials, is monitored for actual
exposure levels.

COMPARISON

Lathe-cut Soherical  alloys

Particles are spherical.

alloys

e Particles are irregular .

annealed ingot of aloy
e Less plastic and resists

condensation pressure

¢ More mercury required hence
has inferior properties

¢ Manufactured by milling an .

Manufactured by atomization of
molten aloy

More plastic, hence a contoured
and wedged matrix is essential to
establish  proxima  contour

Requires less mercury hence has
better ~ properties
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Admixed high-copper amalgam Soherical  high-copper amalgam

Advantages Advantages

1. Longer working time Faster  set

2. Less dimensional change Lower residua mercury

3. Displacement of matrix Lower creep during condensation
Faster  finishing

Higher early strength

. Low condensation pressure
isadvantages

OouplwbdprE

Disadvantages

1. Slower set 1. Less working time

2. High residual mercury 2. Greater dimensional change
3. Higher creep 3. Failure to displace matrix

4. Less early strength during condensation (while

5. Harder to finish restoring proxima cavities)
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ADVANTAGES AND DISADVANTAGES OF DENTAL
AMALGAM RESTORATIONS

Advantages

Reasonably easy to insert

Not overly technique sensitive

Maintains anatomic form well

Has adequate resistance to fracture

After a period of time prevents margina leakage

Have reasonably long service life

Cheaper than other alternative posterior restorative material like cast gold aloys.

No Ok ®NE

Disadvantages

The color does not match tooth structure

They are more brittle and can fracture if incorrectly placed
They are subject to corrosion and galvanic action

They eventualy show margina breakdown

They do not bond to tooth structure

Risk of mercury toxicity.

©0AWN =

THE AMALGAM CONTROVERSY

Amalgam has been the subject of much public concern because of the presence of mercury.
Studies have often been taken out of context resulting in considerable alarm among the genera
public. Some of these controversies have been created by dentists themselves. It is of the
uppermost importance that people be correctly informed on the position taken by the
international scientific community and the leading health care agencies with respect to the
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potential risk of amalgam. The following reports have justified the continued use of amalgam.
In the US, the Assistant Secretary for Heath established in 1991, a research committee
with the aim of carefully reviewing nearly 500 scientific publications on amalgam. The study,
which appeared in 1995, failed to show any harmfulness for the amalgam fillings.
Following the advice of the General Surgeon and the Center for Disease Control and
Prevention of the Food and Drug Administration, the US Public Health Service recently

published an article in a magazine with a very high circulation. The purpose was to clarify
196 the issue and reassure the American people, who had been alarmed by the many news reports

on the amalgam risk.

In Switzerland, Chairmen from the four Dental Departments at Universities of Berne, Basel,
Geneva and Zurich replied to the alleged charges of amalgam-induced damages which appeared
on newspapers and non-scientific journals with a review articlee. Amalgam was judged as a
safe and effective material for posterior tooth filling, with the only exception of alergic patients.

At two meetings of the Federation Dentaire Internationale held in 1994 in Vancouver and
Budapest, amalgam was acquitted on the charge of toxicity and was judged as a valid, cheap
and il irreplaceable  material.

In a 1995 a joint statement from the World Heath Organization (through two of its
agencies, the Ora Health Program and the Office for Global and Integrated Environmental
Hedth, and from the FDA, amalgam fillings were considered to be safe and inexpensive,
although their color was different from that of natural teeth. For environmental reasons, the
document also reported, there could be in the future some limitation to the use of amalgam;
unfortunately, such restrictions were misinterpreted by the mass media, causing unjustified
fears in the public opinion and a rising demand for substitution of the restorations.

Ever since the first environmentalist protests against the use of amalgam, a research center
was created in Germany by the University Departments of Minster and Erlangen. After
reviewing several scientific papers and following hundreds of patients, including 200 pregnant
women, the center concluded that: (i) no harmful effects from amalgam had been found in
both the general population and the newborns; (ii) high plasma levels of Hg had been found
as a consequence of elevated fish consumption.

After careful studies, the Swedish Medica Research Council concluded that all restoration
materials currently in use, including amalgam and composite resins, are safe and effective.
Nevertheless the Swedish government, through the Department of Environment, recently issued
a series of rules to limit the use of amagam for filling purposes. The main argument was
based on an ecological ground, as it was estimated that between 40 and 60 tons of amalgam
are carried in the mouth of Swedish people. It was feared that, as a consequence of crematory
habits, Hg would be massively released in the environment. In Sweden alone, nearly 300 kgs
of Hg are estimated to be dispersed in the atmosphere, and between 200 and 400 kgs in the
water mains, every year.

There is no question about the fact that the international dental community has been
strongly reducing the use of amalgam for filling carious teeth; the main reason, however, has
been an esthetic demand from patients rather than a toxicological need. Not unexpectedly, most




colleagues from all over the world have kept using amalgam in their own or their offspring's
mouth, whenever needed.

As reported in the literature, a certain number of patophobic or easily influenced patients
sill prefer to have restorations with materials other than amalgam, even after receiving all
possible information. Their demands should be satisfied as long as this decision may have
a placebo effect; however, these patients should be discouraged from having their still perfect
amalgam restorations substituted by other materials.

As a useful reminder to the student: the best filling is the one that has never been applied;
the most effective therapy is prevention.




Pure gol d can be used as arestorative naterial . It i s the nost nobl e of netal s and
rarely tarnishesintheoral cavity. Prior tothe di scovery of anal gam gol d was
very popul ar as afillingnaterial. @ dinits pureformisvery soft (Binell hardness-
25). Itsnalleability and|ack of surface oxi de|ayer pernmit i ncrenents to be wel ded
intheoral cavity. This uni que characteristic of go dtobeveldedat roomtenperature
(col d-vel ded), allows goldtobeusedas adirect fillingnaterial.

Athoughthe dental professionsonetinesreferstoall direct fillinggolds (CFGSs)
as “QldFoils” the present products nay be dividedintothree categories. Al are
of 99.99%or hi gher purity, except two (P atinizedfoil and Hectral oy RJ).

APPLICATIONS

1 Ptsandsmll class| restorations

2 For repair of casting nargins

3 For dass |l and Qass Vrestorations

4 Repair of cenent vent hol es in gol d crowns.

CLASSIFICATION
il
¢ Sheet
— (ohesi ve
— Nbn- cohesi ve
Ropes
G/linders
Lam nat ed
R atini zed.
trolytic Precipitate (nat gol d)
Mat
Nt foil
Al oyed.
Powder

H



GOLD FOIL
It istheoldest of al products descri bed.

Manufacture

@ldisnalleable. Acast ingot of 15 mmthi ckness i s beaten to a subnicroscopi ¢
thickness of 15 0r 25 um The product iscalledgoldfoil. Thecrystal s of the origi nal
cast netal are deforned and el ongat ed so that they have a fi brous structure.

Supplied As

e« Hat square sheets of varying thi ckness.
— No. 4wt. 4 grains (0.259 gran) 0.51 umt hi ck.
— No. 3wt. 3 grains (0.194 gram 0.38 umt hi ck.
(No. 3foil isusedtonmanufacture el ectrol yti c and powder gol d).

« These sheets nay be cut intoeighths, sixteenths, sixty-fourths, etc. andthen
compressdintopellets or cylinders.

e Anunber of sheets of foil nay be pl aced one top of each ot her to f orml aninat ed
goldfoil. Qeof thetypes of laminatedfoil is platinizedfoil, whichis a sheet
of pure plati numfoil sandw ched bet ween two sheets of pure goldfoil.

e Thefoils can al so be nade i nto preforned cyl i nders and r opes.

Preformed Foils

Nowadays ropes and cyl i nders are avail abl e i n pref or ned shapes. Both are nade
fromNo.4 foil that has been “carboni zed” or “corrugated”. This formof gol d foil
isof historical interest becauseit was an outcone of the great Ghicago firein 1871
By pl acing the gol d foi | in between sheets of paper andignitingit ina closed
contai ner corrugated foil canbe obtained. nigniting, the paper gets charred, but
thegoldfoil isleft unharned except that it becones “corrugated’. This is because
of theshrivelingof the paper vhileoxidizingintheair-tight safe. After the carbon
isremovedit is foundthat the gol d exhibits superior velding property.

Platinized Foil

Thi s night be considered alamnated foil i nwhichpure platinumfoil i s sandw ched
bet ween two sheets of pure gold foil. The | ayers of plati numand gol d are bonded
toget her by a “cl addi ng” process duringthe rollingoperation. Thus, the “sandw ch”
i s al ready wel ded t oget her before the beating begi ns. A ati numi s added to gol d
foil toincreasethe hardness of therestoration. This product is availableonlyin
Nb. 4 sheet form



Cohesive and Non-Cohesive Gold

Inpractice, only the sheet foil isfurnishedinboth conditions, thoughall forns
of direct fillinggoldcouldbe suppliedin cohesive, sen-cohesive and non-cohesi ve.

Cohesive

For col d-wel di ng, gol d shoul d have acl ean surface free frominpurities. Gldattracts
gases, e.g. oxygen, toits surface and any absorbed gas fil mprevent s cohesi on of
i ndividual increnents of gold, duringtheir conpaction. The nanufacturer therefore
supplies the gold essentially free of surface contamnants. This type of gol dis known
as cohesivega dfail.

Non-Cohesive

The nanuf act urer subjects the foil toavolatil e agent such as ammoni a, whi ch
i s absorbed on the surface of the gold. This acts as a protective fil mto prevent
adsorption of non-vol atil e gases and prenat ure cohesi on of pelletsintheir container.
Amoni a-treated foi | is callednon-cohesivefoil. Non-cohesi ve gol d can al so have
adsorbed agents likeironsalt or anacidic gas (sul fur or phosphorous contai ni ng
groups) onits surface. Thevol atilefilmisreadily removed by heating, thereby
restoringthe cohesive character of thefoil. Non-cohesi ve gal disrarely used novadays,
but nay be used to bui | dup the bul k of adirect goldrestoration.

ELECTROLYTIC PRECIPITATE

Qystallinegol dpowder isforned by el ectrol ytic precipitati on. The powder is forned
i nto shapes or strips by sintering (heat fusion).

Available As
Mit, mat foil and al | oyed.

Mat Gold

Mt goldiscrystaline electroytically precipitatedgo d, fornedintostrips. These
stripsarecut by thedentist intothe desiredsize. Mit goldis preferred because
itiseasytobuilduptheinternal bulk of therestoration, asit canbe nore easily
conpact ed and adapted to the cavity. However, nat goldresultsinapitted external
surface. Therefore, the mat goldis usual |y covered wth aveneer of foil gol d.

Mat Foil

It is asandw ch of el ectrolytic precipitated gol d ponder between sheets of No. 3
godfaoil. Thesandwchissinteredandcut intostrips of differingwdths. The denti st



canthen cut these tothe desired | engths. Sandw chi ng mat between foil sheets
was donetotrytoelimnate the needto veneer therestorationwth alayer of
foil. Thistypeis nolonger narket ed.

Alloyed Electrolytic Precipitates

The newest formof el ectrolyticgoldis analloy of goldand cal cium(0.1to 0.5%
byw.) calledHectral oy R/. For greater ease of handling, the all oy i s sandw ched
betweentwo | ayers of goldfoil. Gl ci umproduces stronger restorations by di spersion
strengt heni ng, whi ch | ocks i n col d work strengt heni ng. Thus, all oyingw th cal ci um
changes the crystal | i ne structure and nakes it harder and stronger.

POWDER GOLD

S nce the mddl e of the 19th century, chemical |y precipitated gol d ponder s have
been avai | abl e i n aggl onerated formw thaliquid such as aal cohol or dilute carbolic
aci d, whi ch hel d the aggl onerat e t oget her. The aggl oner at es usual | y di si nt egr at ed
when conpacti on was attenpt ed, so the gol d powder was encl osed ina No. 3 gol d
fal.

Manufacture

Afine powder is forned by chemcal precipitationor by atomzingthe netal. The
particle sizes vary (naxi rum—74 um average 15 un). The pel l ets are mxed with
soft wax, (whichisburnt off later), andthenwappedwthgoldfoil (No.3), rather
than sintering the nass, |ike for nat gol d.

Available As

The powder ed gol d pel | ets have a cyl i ndrical or irregul ar shape and a di anet er
of 1to2mm Theratioof goldfoil to powder varies fromlto 3for the snall est
pel letstoapproxinately 1to9for thelargest.

Thefoil acts as an effective contai ner and natri x for the pondered netal , while
it iscondensed. Sone operators believethat the use of pondered gol d pel | et s i ncreases
cohesi on duri ng conpacti on and reduces the tine requi red for placing the restora-
tion. This is because each pell et contains 10 ti nes, nore netal by vol une t han
are conpar abl e si zed pel | et of goldfail.

MANIPULATION OF DIRECT FILLING GOLD
Ther e are two processes i nvol ved:

» Degassi ng

e (onpaction



DESORBING OR DEGASSING

Thedirect filling gol ds are recei ved by the denti st i n cohesi ve condition, except
for the non-cohesi ve gol ds. However, during storage and packagi ng, they absorb
gases fromt he at nmosphere. Adsorbed gases prevent gol d fromfusing. Hnceit is
necessary for thedentist to heat thefoil or pellet i mediately beforeit iscarried
intothe prepared cavity. This heati ng process whi ch renoves sur face gases ((oxygen,
ni trogen, anmoni a, noi sture or sul fur di oxi de) and ensures a clean surfaceis call ed
desor bi ng or degassi ng (rather than anneal ing). Sorageinair tight contai ners
i s advi sed and t he oper at or shoul d wear chanoi s finger tipsto protect the gold
fromcontamnation. Atotally dry cavityis essential throughout the conpaction
process i norder to al | owconpl et e cohesi on.

Orect filling golds nay be heat ed by one of twvo net hods:
e Inbukonatray, by gas-flane or el ectricity.
e« P ecehby piece, inawell-adjusted al cohol flane.

Inpractice, all but the powder gol d nay be desorbed, onatray heated el ectricall y.
Powder gol d nust be heated in a fl ane t o ensure t he conpl et e bur ni ng anay of
t he wax.

Precaution during bul k heating Excessi ve anount s shoul d be avoi ded, sincethe
difficulties arisingfromprol onged heating can ari se fromrepeat ed heating as wel | .
Care shoul d be taken t o handl e pi eces with stai nl ess steel wire points or simlar
instrunents that wll not contaninate the gol d.

Electric Annealing

The el ectric “anneal er” i s nai ntai ned at a t enper at ur e bet ween 340°Cand 370°C
The tine required varies from5 to 20 minut es dependi ng on t he t enper at ure and
the quantity of goldonthetray. Robl ens associated wth el ectric anneal i ng are:
— Pellets may stick together, if thetray is noved

— Ar currents may affect the uniformty of heating

— DO fficult toanneal appropriate amounts of gol d

— Qver sintering

— G eater exposure to contam nation

— S ze sel ection anong t he pi eces of desorbedgoldis|inmted.

Flame Desorption

Each piece i s picked individually, heated directly inthe openflane, and pl aced
inthe prepared cavity. The fuel for the fl ane nay be al cohol or gas. A cohol is
preferred as there i s | ess danger of contanination. The al cohol shoul d be pure
net hanol or et hanol wi thout col orants or ot her additi ves.



Advant ages of flame desorption are:

— Abilitytosel ect apieceof goldof the desired size

— Desorption of only those pi eces used

— Less exposure to contam nati on between ti ne of degassi ng and use
— Less danger of oversintering.

Lhder - heat i ng does not adequatel y renove i npurities and results ininconpl ete
cohesi on. Gar bon deposi t ed by the fl ane can cause pitting and fl aki ng of the surface.

Over-heating | eads t o oversintering and possi bl y, contaminati on fromthe tray, 203
instrunents or flame. This results ininconpl ete cohesion, enbrittlenent of the
porti on bei hg heat ed and poor conpacti on characteri stics. Orerheating can resul t
fromtoo/ong atineevenat aproper tenperature or fromtoo hi gh a t enperat ure.

COMPACTION

The gol d may be comnpact ed by:

* Hand mal | et

e Pneurati c vi brat ory condensers
e Hectrically driven condensers.

Hand Mallet

Earlier gol dwas conpacted entirelywthanallet. Sartingpoints are cut inthe
prepared cavity. Thefirst pieces of foil arewedgedintothese areas and conpact ed.
The condenser i s pl aced agai nst the foil and struck sharply, wthasnall nallet.
SQubsequent |y addi tional foil iswedgedinthe sane nanner, till thecavityisfilled.
Each i ncrenment of gol d nust be careful |y “stepped” by pl aci ng t he condenser poi nt
i n successi ve adj acent positions. This pernits each pi ece to be conpacted over its
entire surface sothat voids are not bri dged.

Condensers

The original foil condensers had a si ngl e pyram d- shaped face, but current
i nstrunents have a series of snal | pyranmndal serrations onthe face. These serrations
act as swaggers, excertinglateral forcesontheir inclinesinadditionto providing
direct conpressive forces. They al socut throughthe outer layerstoal |l owair trapped
bel owt he surface t o escape.

S ze of the condenser point Thisis aninportant factor indetermningthe
ef fecti veness of conpacti on. Sval | condenser poi nts conpact w t hout usi ng forces
that nmight danage oral structures. The di aneter of circul ar poi nts shoul d be 0.5
mm and 1 nm

Mechanical Condensers

B ectronagneti c or spring-|oaded (not used nowadays) have provi ded a nechani cal
neans of appl yi ng force. The nechani cal devi ces consi st of points activated by



conparatively light bl ows that are repeated w th frequenci es that range from360-
3600/ minute. M brations can be produced ei ther pneunatical ly (air driven) or
dectricdly.

Advant ages Faster and nore confortabl e for the patient.

PROPERTIES OF COMPACTED GOLD

Strength

The greatest strengthisinthe nost dense area and t he weakest part is the porous
area, wherelayers or crystals arenot closely conpacted. Indirect fillinggold, the
failure occurs fromtensil e stress, due to i nconpl et e cohesi on. Thus, transverse
strength i s a neasure of cohesi on.

Hardness

Indi cates the overal | quality of conpacted gol d. Hardness probabl y i ndi cates t he
presence of poraosity.

Density

True density of puregoldis 19.3 gnicni. However, in DFGs this is not achi eved,
because it i s not possibletoelininate voids conpl etely during conpacti on. Thus,
density of DFGsis usual ly | ess thanideal .

Table Showing Physical Properties of Compacted Gold

Type Transver se Har dness Lensity

Mat gol d 161- 169 Mpa 52-60 KHW 14. 3-14. 7 gnd cnd
Powder ed gol d 155- 190 Mpa 55-64 KHN 14. 4- 14. 9 gni cn?
Qldfail 265- 296 Mpa 69 KHN 15. 8-15. 9 gmi cnt
Mit/gol dfoil 196- 227 Mpa 70-75 KHN 15. 0- 15. 1 gni cn?

The transverse strength, hardness, and (apparent) density are sonewhat great er
when gold foil is used al one or i nconbinationwth mat gol d, as conpared w th
other forns. The di fferencein physi cal properties anongthe various forns of gold
i ncl udi ng t he gol d- cal ci umal | oy and t he net hod of conpactionare not clinically
significant. The physical properties are probably nore great!y i nfl uenced by t he
conpet ence of the operator i n mani pul ati ng and pl aci ng t he gol d.

Effect of Voids

The anount of voids is estinated by the apparent density of conpacted gol d. \Voi ds
ontherestorationsurface (pits) increasethe susceptibility tocorrosi onand deposition
of plaque. Voi ds at the restoration—tooth interface nay cause gross | eakage and



secondary cari es devel opnent (in properly conpacted gol d, mcrol eakage i s
m ni munj .

Tarnish and Corrosion
Resi stance to tarni sh and corrosionis good, i f conpacted wel | .

Biocompatibility 205

The pul pal responseis mininal if conpacted well. The techni que, however, does
invol ve acertainanount of traunatothetoothandits supportingtissues. Insnaller
teeththisisaninportant consideration. The nechani cal condenser causes | ess trauna
t han t he manual techni que.

Thetechnical skill of thedentist isveryinportant for the success of the direct
goldrestoration. Agoldrestoration of poor quality can be one of the nost inferior
of dl restorati ons.

DISADVANTAGES

1 Poor esthetics (it isnot tooth col ored)
2 Hgh CTE (coefficient of thermal conductivity)
3 Mnipuationisdifficult.

ADVANTAGES

1 Tarnish and corrosion resi st ant
2 ood nechani cal properties
3 @od bi oconpati bility.



CHAPTER 12

Restorations, Luting and Pulp
Therapy—An Introduction

This chapter serves as anintroductiontorestorative dentistry, includi ng cenents,
l'iners and varni sh. An enphasisis al soplaced onthe effect of these naterial s on
the pul p.

RESTORATIONS

Toothmaterial isoftenlost asaresult of caries and trauna. Arestorationis a
nat eri al whi ch substitutes the nissingtooth structure and restores the formand
functionof thetooth (Fg. 12.1).

Types of Restorations

Rest orati ons nay be classifiedin anunber of different ways
1 Tenporary, internedi ate and per nanent

2 Drect andindirect

3 Esthetic and nonest heti c

\ Restoration
\ Varnish
Cement Base (Thermal Protection)
Calcium Hydroxide (Pulp Capping)

Pulp

/

FIGURE 12.1: Restoration of a tooth with a
deep carious lesion



Restorations, Luting and Pulp Therapy—An Introduction .

Temporary Restorations

Tenporary restorations are often requi red bef ore the pl acenent of a per nanent
restorations. Miterial s usedfor tenporary restorations are expectedtolast for only
ashort period of tine, afewdays or a fewweeks at nost. They nay serve as a
treatnent whilethe pulpheals; and/or till the pernanent restoration can be fabri -
cated andinserted. A onetine gutta-percha (tenporary stoppi ng), athernopl astic
gumthat isusedtofill root canal s was popul ar for this purpose. However, it did
not adapt well tothe cavity wal | s, nmicrol eakage ensued and sensi ti vi ty was a conmon
occur r ence.

Because of its excellent initial sealingability andkind pul pal response, zinc
oxi de eugenol (ZE) is the cenent of choicefor tenporary restorations. This naterial
isparticularly useful when a sedativetreatnent isrequireduntil the pul p has
heal ed wel | enough for the permanent restorationto be pl aced. The type-1 ZCE
is very popul ar for sedative treatment, tenporary coverage and t enporary
cenent at i on.

Intermediate Restorations

Internedi ate or hol dingtype of restorationis particul arly usedin pedodontics. For
exanpl e: Inranpant caries, it isdesirabletorenove all the caries quicklyinorder
tochange the oral health, and arrest the caries process.

(nce the * cl ean up’ has been done, the denti st can proceed w th pl acenent of
the pernmanent restorations. The i nterval between renoval of the caries and
conpl etionof final restorativework wll take several nonths. Duringthistineteeth
areprotectedwthadesirableinternedi aterestoration.

nventional zi nc-eugenol cenents used as tenporary restorations are defi ci ent
i n toughness. They have i nadequat e st rengt h and abr asi on resi stance t o serve for
alonger period. As aresult, polyner reinforced cenent (IRV) is used. They can
last for aperiodof oneyear or nore. Earlier Type |l-zi nc phosphat e and Type | |
or Type I I1-zinc silicophosphat e cenents were used. However, these naterial s were
irritatingtothe pul p and required nore preci se cavity preparation and pl acenent
tine. Thus, they are nowrepl aced by i nproved ZCEf ormul ati ons. The conbi nati on
of surface treatnent and pol yner rei nforcenent results in good strength, i nproved
abrasi on resi st ance and t oughness. It can serve for one year.

Requirements of a Temporary Filling Material
1 Shoul d have adequate strength to | ast a fewweeks, but weak enough to be

di sl odged easi | y.

Shoul d be easy to i nsert and renove.
Shoul d have adequat e seal .

4 Shoul d have anti bacterial properti es.

w N
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5 Shoul d have a beneficial effect (painrelief, healing, etc.) onthe pul p.
6 Shoul d have cariostatic properti es.

Permanent

The termpernanent i s not an absol ute term however it obvi ousl y serves to denote
any material that is expectedtolast nuch | onger thanthe tenporary and i nter-
nediate restorations. Thereforeit i s expectedto have inproved properties than
the tenporary and i nternedi ate restorati ons. Exanpl es of pernanent restorative
naterialsaredrect fillinggol d, anal gam(FH g. 12.1), conposite resins, gl ass i ononer
cenment, silicate cement (probably nolonger used), as well as porcel ain, conposite
and cast netal inlays and onl ays.

The length of tine each naterial |asts varies. Awell nade anal gamrestorati on
woul d probably last alifetineor nore. Qnthe other hand t he conposite restoration
nmght have to be repl aced much earlier as aresult of wear, fracture or discol oration.

Direct and Indirect Restorations

Drect restorations Thesearenaterialsusedtobuildandrestorethetoothstructure
directlyinthe nouth. They are usual Iy pl aced i nincrenents. They are usual |y
soft and plasticwheninitially placed and harden | ater with ti ne. Exanpl es are
amal gam direct fillinggold, conposite (can be used both directly andindirectly)
and gl ass i ononer .

Indirect restorations These are usual |y fabri cated outsi de t he nout h on nodel s
of the tooth and then cenented into placein the mouth. Exanpl es of indirect
restorations are porcel ai n, conposite and cast netal inlays and onl ays.

Esthetic and Nonesthetic
The terns esthetic and nonest hetic are againrel ati ve.

Esthetic Anesthetic material is obviously sonethingwhichis pleasingtoan
individual . A onetinegoldfillingsandcrowns were consi dered esthetic. Today,
however, anesthetic naterial inplies any naterial that i s capabl e of reproduci ng
the col or and appear ance of a nat ural tooth. Exanpl es are conposite, gl ass i ononer
and porcel ai n i nl ays and onl ays.

Nonesthetic Qurrently it denotes any naterial that is not tooth colored. This
i ncl udes anal gam direct filling gold and cast netal inlays and onl ays.



Restorations, Luting and Pulp Therapy—An Introduction .

LUTING

Synonyns Bondi ng, cenenti ng

Germent ation i s the process by whi ch crowns, restorations and ot her devi ces are
fixed or attachedtotooth structure using aninternedi ate nateria call ed cenent.
The sane cenent can be used for nore t han one purpose, whi ch unfortunately,
can be qui te confusi ng to the student.

Types

1 Tenporary cenentation
2 Pernanent cenentation

Temporary Cementation

Tenpor ary cenent ati on of crowns and bridges are of ten requi red. Tenporary bri dges
arerequiredtostayinplaceonly until the pernanent structureis ready. Therefore
it nust be weak enough to be easily renoved when t he permanent structureis
ready for cenentation. Inaddition, this cement shoul d have sone soot hi ng ef f ect
onthe pul p of the freshly prepared vital tooth whi ch woul d have been traunati zed
during the preparati on. Pernmanent structures (e.g. crowns or bridges) are al so
sonet i nes cenented tenporarily. This nay beto all owthe patient totakeit for
ahonetria. Qicethe patient feel s the pernanent structureis satisfactory, itis
renoved and cenent ed per manently. An exanpl e of such a tenporary bondi ng
cerment i s a zi nc oxi de eugenol based cenment cal | ed Tenp Bond.

Permanent Cementation

A pernanent cenenting naterial on the ot her hand shoul d be strong and i nsol ubl e
inora fluids. It woul dal so be advantageous i f it had sone chenical bondingto
thetooth structure. Inaddition, it shoul dbefluidenoughtoflowwell toensure
t he conpl et e seating of the crown or bri dge.

Exanpl es of pernmanent cenenting naterial s are zi nc phosphat e cenent, gl ass
i ononer cenent, resin cenent, pol ycarboxyl ate cenent, etc.

PULP CAPPING

Pul p cappi ng i s a process of pl aci ng a speci al i zed agent i ncontact wth or inclose
proximty tothe pul pwththeintentionof encouragi ng fornation of newdentin
(secondary dentin) and pronote t he heal i ng of the pul p. Prior to the di scovery of
pul p cappi ng agent's, and exposure of the pulpwould quitelikelyleadtoirreversible
pul pitis or pul pal infectionandultinately death of the pul p. Thanks to these pul p
cappi ng agent s, it becane possi bl e t 0 save such exposed pul pal tissue or nearly
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exposed, whi ch ot herw se woul d have had t o undergo root canal therapy. Exanpl e
of a pul p cappi ng agent i s cal ci umhydroxi de cenent .

Criteria for Pulp Capping

The question nowis are al | exposed pul ps suitabl e for pul p cappi ng t herapy. The

ansver i s obviously no. Thedentist hastoapply certaincriteriaandsel ect his cases

caefuly.

1 The pul p shoul d be heal t hy and uni nf ect ed.

2 The area of exposure shoul d be no nore than 0.5 mm

3 Foll ow ng exposure the denti st shoul d nake al | attenptstoimmed atelyisolate
the toot h and prevent contam nati on.

Types of Pulp Capping

1 Drect pul p cappi ng
2 Indirect pul p cappi ng

Direct Pulp Capping

O rect pul p cappi ngis the pl acenent of the agent directly onthe exposed pul p

(FHg 12.2). Suchasituationis often encountered duri ng:

1 The excavati on of deep carious | esi ons when t he denti st acci dental | y exposes
the pul p

2 Traunatic fractures of thetooth

3 latrogeni c exposure during cavity preparation

4 | atrogenic exposure during crown preparation.

Indirect Pulp Capping

Secondary dentin fornati on can be i nduced even when the pul p i s not exposed
but is near exposure. Wien t he cal ci umhydroxi de is pl acedinthe region of the
near exposure, it canstill induce newdentin fornation through the renai ni ng
thindentinal wall. Thisis known as indirect pul p capping (Fg. 12.1).

Indications

1 Deepcarious |esionsclosetothe pul p

2 During excessive crown preparationthe pul pis often visiblethrough the
renai ni ng dentin as a pi nki sh or reddi sh spot or area.

3 S mlar near exposures nay be seenin cases of traumatic tooth fracture.
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Secondary Dentin

Pulp Capping Agent

Temporary Restoration /

—

FIGURE 12.2: Direct pulp capping: A—Fractured tooth; B—Pulp capping was done immediately
and the tooth temporarily restored; C—Secondary dentin is deposited and is visible three months
later on the radiograph

BASES

CEMENT BASE

Abase is alayer of cenent pl aced beneat h a per nanent restoration to encourage
recovery of theinjured pulpandto protect it agai nst nunerous types of insults
towhichit nay be subjected. The type of insults depends upon the particul ar
restorativematerial. It may be thermal or chenical or gal vani c. The base serves
as repl acenent or substitute for the protective dentin, that has been destroyed by
caries or cavity preparation.

TYPES
They bel ong t o two cat egori es.

High Strength Bases

These are used to provi de thernal protectionfor the pul p, as wel | as nechani cal
support for therestorati on.



Exanpl es of hi gh strengt h bases: zi nc phosphat e, zi nc pol ycarboxyl ate, gl ass
i ononer and rei nfor ced ZCE cenent s.

Sone i nportant properties of cenents used as hi gh strength bases are strength,
nodul us of el asticity and thernal conductivity.

Low Strength Bases

Lowst rengt h bases have mini numstrength and | owrigidity. Their mai n function
istoact asabarriertoirritating chenical s andto provide therapeutic benefit to
the pul p. Exanpl es are: cal ci umhydroxi de and zi nc oxi de eugenol .

PROPERTIES

Thermal Properties

The base nust provide thernal protectiontothe pul p. This property is inportant
especial |y whenthe toothisrestoredwth netallic restorations.

The thernal conductivity of nost cenent bases is sinilar totooth structure and
isinthe range of recogni zed i nsul at ors such as cork and asbest or s.

For ef fective thernal protection the base shoul d have mini nal thi ckness of 0. 75
nm At hi nwash of cenent woul d not of fer protecti onagai nst thernal insults through
netallicrestorations.

Protection Against Chemical Insults

The cenent base al so serves as abarrier agai nst penetrationof irritatingconstituents
(e.g. acids, nononer, etc.) fromrestorati ve naterial s. G ci umhydroxi de and zi nc
oxi de-eugend are nost effectivefor thisespeciallyindeep(closetothe pul p) cavities.
Pol ycar boxyl at e and gl ass i ononer bases are al so used as chenical barriersinnore
noder at e cavi ti es.

Therapeutic Effect

Sone bases are used for their therapeutic benefit tothe pul p. For exanpl e, cal ci um
hydr oxi de acts as a pul p cappi ng agent and pronot es the formati on of secondary
dentin. Z nc oxi de-eugenol has an obt undent ef fect on the pul p.

Strength

The cenent base nust have sufficient strengthto:

 Wthstand the forces of condensation. Facture or displ acenent of t he base permits
the amal gamt o penetrat e t he base and cont act the dentin. Li kew se, i n deep
cavities the anal gamnay be forced i nto the pul p t hrough nicroscopi ¢ exposur es
inthe dentin.



e Wthstand fracture or distortionunder nasticatory stresses, transnittedtoit
t hrough t he per nanent restorati on.

A so the cenent base shoul d devel op sufficient strengthrapidly, inorder toal |l ow
early condensati on of anal gam The m ni numstrengt h requi renent of a base
bet ween 0.5 and 1. 2 nPa.

CLINICAL CONSIDERATIONS

The base i s sel ected according to:
e Designof thecavity
e Type of permanent restorative nmaterial used
e Proximty of thepulptothe cavity walls.

Wt h anmal gam cal ci umhydroxi de or zi nc oxi de- eugenol cenent is usual |y
sufficien.

Incaseof direct fillinggol dwherethe condensati onpressureis higher, astronger
cenment i s indicated as base.

Wthresinrestorati ons, cal ciumhydroxideisthenateria of choice, as zinc oxide-
eugenol cenentsinterfacewthits pol ynerization. Qass i ononer cenent can al so
be used as base.

LINERS AND VARNISH

Li ners and var ni shes are agents inavol atil e sol vent whi ch when appl i ed to a surface
evaporates leavingbehindathinfilm(F g. 12.1). Thisfil macts as abarri er which
has di fferent functions dependi ng on the circunstance and the | ocati on where it
isapplied(seechapter 14).




CHAPTER 13

Dental Cements

Dental cenents are naterial s of conparatively |l owstrength, but they are used
extensively indentistry. Wth the exception of two, they are not trul y adhesi ve
to enanel or dentine. Except the resin cenents, they dissol ve and erode i n oral
fluids. Such def ects nmake t hemi nper manent .

Regar dl ess of sone inferior properties, they possess so many desi rabl e
characteristicsthat they areusedin40to 60 percent of all restorations.

CLASSIFICATION

According to Craig

Funct i ons

Cenent s

H nal cenentation of
conpl et ed rest orati ons

Tenpor ary cenent ati on of
conpl et ed rest orati ons or
cenent ati on of tenporary
restorations

H gh- st rengt h bases

Tenporary fillings

Low st rengt h bases
Li ners

Var ni shes

Z nc phosphat e, Zi nc sil i cophosphat e,
Rei nf or ced zi nc oxi de-eugenol , 2 nc
pol ycar boxyl ate, G ass i ononer

Zi nc oxi de- eugenol , Non-eugenol zi nc
oxi de

Z nc phosphat e, Rei nforced zi nc oxi de-
eugenol , Z nc pol ycar boxyl ate, G ass
i onorner

Z nc oxi de- eugenol , Rei nf or ced zi nc
oxi de- eugenol , Z nc pol ycar boxyl at e

Zi nc oxi de-eugenol , Cal ci umhydr oxi de
Cal ci umhydr oxi de i n a suspensi on

Resinin a sol vent




Special Applications

Dental Cements .

Funct i ons

Cenent s

Root canal seal er
G ngi val tissue pack

Surgi cal dressing

Qt hodont i ¢ bondi ng

Cenent ati on of orthodontic bands

Z nc oxi de-eugenol , Z nc pol ycar boxyl at e.
Z nc oxi de- eugenol

Zi nc oxi de- eugenol , Zi nc oxi de preparation

Acrylicresin, Gonpositeresin

Z nc phosphat e, Zi nc pol ycar boxyl at e

Phillips Classification

Cenent

RArincipal uses

Secondary uses

Zi nc phosphat e

Zi nc phosphat e
wthsilver or
copper salts

Copper phosphat e
(red or bl ack)

Zi nc oxi de
restorati ons
eugenol

Pol ycar boxyl at e

Slicate

S |i cophosphat e

d ass i ononer

Resin

Cal ci um
hydr oxi de

Luti ng agent for
restorations and
ort hodont i ¢ bands

I nt er nedi at e
restorations

Tenpor ary and
internedi ate restorations

Tenporary and i nter-
nedi at e restorations
Luti ng agent, ther-
nal insul ating base.
Pul p cappi ng agent

Luti ng agent. Ther nal
i nsul ati ng base

Atterior fillings

Luti ng agent for
restorations

Qoat i ng for eroded
areas. Luting agent
for restorations
Luti ng agent

Pul p cappi ng agent
Ther mal base

I nternedi at e rest orati ons
Thermal insul ating bases
Foot canal restorations.

Root canal restorations
Peri odont i ¢ bandage

Luting agent for orthodontic
bands. I nternedi ate restorati ons

Internedi ate restorations
Luting agent for ortho-
donti c appl i ances

At and fissure seal ant
Anterior restorations
Thernal insul ati ng bases

Tenporary restorations.
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According to Coombe

The naterial s nay be cl assified as fol | ows:
* Aci d-base reacti on cenents.
e Polynerizing naterials:
— Gyanoacryl at es
— D net hacryl at e pol yners
— Pol yner - cer anic conposi t es.
e Qher naterials:
— Cal ci umhydr oxi de
— Qutta-percha
— Varni shes.

Aci d base reaction cenents Mst dental cenents bel ong to this category. They
are formul ated as powder/liquid; liquidacts as the aci dand t he powder as t he base.
n mixi ng the two, an aci d base reacti on takes pl aci ng resul ting in a vi scous paste,
whi ch hardens to a sol i d nass.

ADA Specification has Further Classified Cements As

Type | FHnegrainfor cenentation, |uting
Type Il Mediumgrain for bases, orthodontic purpose.

GENERAL STRUCTURE

O mxi ng the powder and liquid, only a part of the powder reacts
wththeliquidandthe final set naterial is conposed of :

a core: of unreacted powder, surrounded by:

anatrix: forned by the reaction of the powder and |i qui d.

REQUIREMENTS

1 Shoul d be non-toxic, and non-irritant to pul p and ti ssues.

2 Should beinsolubleinsalivaandliquidstakenintothe nouth.

3 Mechani cal properties: These nust neet the requirenents for their particul ar
applications, e. g acenment base shoul d devel op sufficient strengthrapidyto
enableafillingnaterial tobe packedonit.

4 Protectionof the pul pfrominsults.

—Thernal insulation, acenent used under alarge netal lic restoration shoul d
protect the pul p fromtenperat ure changes.

— Chenical protection, shoul d be abl e to prevent penetrationintothe pul p of
harniul chemical s fromtherestorative naterial.

— Hectrica insulationunder anetal licrestorati ontonini nse gal vani c effects.

5 ptical properties, for cenentati onof atranslucent restoration, e.g. porcelain
crown) the optical properties of the cenent shoul d si mul at e t hose of tooth
subst ance.



Dental Cements .

6 Cenent shoul d i deal | y be adhesi ve to enanel and dentine, andto gol d al | oys,

porcel ai nand acrylics, but not todental instrunents.

Shoul d be bacteriostaticinacavity wthresidual caries.

Shoul d have an obt undent (soot hi ng) effect on the pul p.

9 Rheol ogi cal properties. Aluting cenment shoul d have sufficiently | owviscosity
togive alowfilmthickness.

o0 ~N
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SILICATE CEMENTS

Slicate cenents wereintroduced in 1903 as anterior estheticfilling naterials. They
are transl ucent and resenl e porcel ai nin appearance. Slicates are attacked by
oral fluidsandintinedegrade. The average lifeof asilicaterestorationis four
years. Sone nay |l ast as | ong as 25 years, others nay require repl acenent ina
year or even | ess.

Slicates are rarel y usednovadays. This is dueto devel opnent of better naterial s
l'i ke conposi te resinand gl ass i ononer cenents. However, silicate cenents are bei ng
di scussed because t he gl ass i ononer systemi s basedto a certain extent, onthem

MODE OF SUPPLY
As powder and liquidinbottles (Fg. 13.1).

FIGURE 13.1: Silicate cements

Commercial Names
Botrey, Slicap, Achatit.

APPLICATIONS

1 EBstheticrestorationof anterior teeth
2 Internediaterestorationincaries active nout hs.



COMPOSITION

Powder Li qui d
« dlica(d9Q) —40% e Phosphoric acid —-52%
* Alum na (A ,O) -30% e Al um numphosphate -2%
* Sodi umfl ouri de (NaF) e Zi nc phosphat e -6%
e Qyolite (NaA F) - 19% or
e Gl ciumflouride (GF,) Magnesi um phosphat e
e Cal ci umphosphat e Wt er —40%

[Ca (HPQ).HQ or Line (CaO

MANUFACTURE

The powder ingredients are fused (sintering) at approxi natel y 1400°Cto forman
acidsolubleglass. Theflouridesalts nelt at al ower tenperature and di ssol ve the
other ingredi ents. They are known as ‘ Geranic H uxes’ . A um ni umphosphat e nay
al so be used as aflux. It alsofurnishes additional al umniumto the gl ass.
Ater sinteringthenaterial iscooledquickly. This causes the gl asstocrack which
helpsingrinding of thenateria toafinepowder. This processis known as fritting.

SETTING REACTION

Wien t he powder and |i qui d are mixed t oget her, the chemcal reactionis that of
an acid and a base. Witer is essential for the reaction.

The hydrogen i ons of phosphoric acid attack the surface of the gl ass particle
di spl aci ng al umi ni umi ons and other Na and Caions alongw th flourideions. A
gel (hydrated alumnosilicate) is fornmed onthe surface of the powder as theions
areliberated

The di spl aced i ons col | ect inasemliquidphase, together wth phosphat e and
other ions containedintheliquid AsthepHof theliquidphaserises, the netal
i ons preci pi tate as phosphat es and fl ouri des.

Structure of the Set Cement

I't has a cored structure consi sting of :

e Acore of unreacted gl ass particles.

* Hydrated al unino silicate gel which covers the surface of the glass particle.

e An anorphous nmatri x of hydrated al um ni umphosphat e gel , whi ch cont ai ns
sone crystal s of A, (G4) PQ.

Setting Time
3to 6 minutes.
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Factors Affecting Setting Time

e Manufacturer—eontrol s conposi tion and particle size of the material . The finer
theparticles, thefaster the setting.

e Inaddition, thefollowngfactors give sl over setting:
— Longer mxing time
— Lower tenperature

— Loss of water fromthe |iquid (by evaporati on) 219
— Lowver powder/liquidratio.

PROPERTIES
As per ADA specification No. 9

Mechanical Properties

Qonpressi ve strength: (180 MPa) Slicateisthe strongest of all the dental cenents.
The strengthis affected by the powder/ liquidratioandthewater content of the

liqid
Tensile strength: (3.5 MPa) It isweakintension.
Hardness: (70 KHN) It issimlar todentin.

Thermal Properties

The CTEis | ower than any other restorative naterial. It is closetothat of enanel
and denti ne.

Biological Properties

Qassed as a severeirritant tothe pulp. A thetine of insertionit has a pH of
2.0 and even after one nonth, it remai ns below7. S1licate serves as a standard
for conparing the pul pal responseto other naterial .

Pulp Protection

Indeep cavitiesthepulpis protectedwthalayer of ZO& (fol | owed by zi nc phosphat e
cenent |ining as the unreacted eugenol discolorsthesilicate cenent), cal cium
hydr oxi de or by coating the wal | s w th varni sh.

Solubility and Disintegration

Slicaterestorations dissolve and disintegrateinora fluids. The nechani smis as
fdlove:
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» Sone of the constituents of the natrix di ssol ve
e Particles of unreacted silicate powder are washed anay.

Therate of solubility of silicatecenent isO.7% nthefirst 24to0 48 hours, but
after that it decreases. They are attacked by organi c aci ds, |ike acetic, lacticand
especia lybycitricacid.

The solubility of silicate cenent is affected by:

e Thelower the powder/ liquidratio, higher the solubility
e \Wter content of theliquid

e Geater solubility at | oner pHval ues.

Anticariogenic Properties

The i nci dence of secondary cariesis narkedly less aroundsilicaterestorations. This
i s surprising when consi deringthat severe | eakage takes place at its nargins. A so
theinci dence of contact cariesis|esswen conparedtoanal gamrestorations (contact

cariesisthetermappliedtocaries occurringonthe proxi mal surface of thetooth
adjacent totherestoration). The anticari ogeni c property is due to presence of 15%
flouride. Houriderel easeis s/ owand occurs throughout the /ifeof therestoration.

e |t nakes the adj acent tooth structure nore resistant to acid decal cification.

e It actsasanantibacteria agent. It acts as an enzyne i nhi bitor and thus prevents

t he net abol i smof car bohydr at es.

Esthetics

Theinitia estheticsis excellent. Therefractiveindexissinlar tothat of enanel
and dentine. However, over aperiodof tine, silicates nay becone stai ned, especially
when t he surface gets roughened due t o abrasi on and er osi on. The surface of silicate
isdfficut topdishsaisfactorily.

If therestorationis allowedtodry, the surface becones povdery and opaque.
Thus, it is contraindicatedinnouth breat hers. Sonetines a gap nay appear between
the restoration and cavity nargi n due to di ssol uti on. Thi s may stai n and appear
likea black line.

Adhesion
The bond to tooth structure i s nechani cal in nature.

Dimensional Change
Aslight contraction occurs while setting.

MANIPULATION

The liquidis dispensed just prior tonixing (otherw sethe water can evaporate
and change t he aci d-wat er bal ance).
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Powder/Liquid Ratio
1.6 gm4n.

Spat ul a used Agate, plastic or cobal t-chromumspat ula. Seel spatul as are contra-
i ndi cated, as they nay get abraded by the silicate pownder | eadi ng to di scol orati on
of the mx.

Mixing Time
e minut e.

Procedure

The powder i s di spensed on athick, cool, dry slab and dividedintotwo or three

largeincrenents. Theincrenents arethenrapidy foldedintotheliquidover a

snmal | area (fol ding preserves the gel structure). The nixed naterial shoul d have

a consi stency |i ke putty and have a shi ny appear ance.

e Too thick amx produces a crunbly nmass

e Toonuch of liquidincreases settingtineandsol ubility, reduces pHand strength
and nakes it nore prone to staining.

Insertion

Adryfieldisrequiredduringinsertion Exposureof the cenent tooral fluids prior
tofornmation of thefinal reaction products resultsin higher sol ubility and a poor
surface.

The mxed naterial shoul d beinsertedintothe cavityinoneportion (if snall
i ncrenents are used conpl et e bondi ng bet ween t he portions wi Il not occur and
the set material wll be weaker). Acellul ose acetate stripis hel d agai nst the
settingnaterial inthecavity. Ater thenateria setsthestripis renmovedandthe
excess cenent i s renoved fromthe nargins. Therestorationis then paintedwth
awater insoluble varnishtoprotect it fromcontact wthoral fluidsfor thefirst
24 hours.

Finishing and Polishing

The final finishing shoul dbe del ayed for several days. Early finishcoulddisturb
or fracture the nargin.

Care of Restoration

Slicate cenents are subject to dehydrati onthroughout their lifetine. Therefore,
during future operative procedures, they shoul d be protectedfromexposureto air
by a coat of varni sh or silicone grease.
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Mechanical Mixing

Mechani cal mxingis done in a capsul e contai ni ng preproportioned powder and
liquidinseparate sections. Prior tonmxingthe seal is broken by appl yi ng pressure
tothe capsul e.

Advantages

1 Less chance of contanination
2 Qrrect ponder/liquidratio
3. Rapi d mxi ng i n 10- 15 seconds.

ZINC PHOSPHATE CEMENT

Zinc phosphateisthe ol dest of thelutingcenents, andthusit serves as a standard
wi t h whi ch newer cenents can be conpared. The terns “Qrown and Bri dge” and
“Zi nc xyphosphat e” have al so been used for this cenent.

APPLICATIONS

1 Lutingof restorations (cenentation)

2 Hgh strengt h bases

3 Tenporary restorations

4 Luting of orthodontic bands and bracket s.

CLASSIFICATION
ADA Sp. No. 3 desi gnat es t hemas:

Type- | : Hnegrainedfor |uting.
Fi | mt hi ckness shoul d be 25 umor | ess.
Type-11 : Mediumgrainfor lutingand filling.

Fi | mt hi ckness shoul d not be nore t han 40 um

Available As

e Powder and | iquid system(Fi gs 13.1 and 13. 2).
e Capsul es of preproportioned powder and | i qui d.
Avai | abl e i n shades of yel | ow, grey, gol den brown, pink and white.

Commercial Names

e (fit

e Harvard

e Zinc cenent inproved
« Nbdern Tenaci n.
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FIGURE 13.2: Zinc phosphate is among the oldest of cements in dentistry. It has been quite
successful when used properly and has been known to last for years. Its high acidity does not
cause serious problems except when it is extremely close to the pulp

COMPOSITION

Powder

Zi nc oxi de
Magnesi umoxi de

Qher oxides (like bismuthtrioxide,
cal ci umoxi de, bariumoxide, etc.)

Slica

Liquid

Phosphori ¢ aci d

Wt er

Al um ni umphosphat e or
sonet i nes zi nc phosphat e
Al um ni um

Znc

MANUFACTURE

The i ngredi ents are nixed and heat ed at t enper at ur es bet ween 1000° C and 1400°C
(sintering). The cake fornedis then groundinto afine pownder (fritting).

The liquidis produced by addi ng al um ni umand sonetines zinc or their
conpounds i nt o ort hophosphori ¢ aci d sol uti on.

90. 2% —rinci pal consti tuent
8.2% -Adsinsintering

0. 2% —nproves snoot hness of m x
1.4% -—FHller, @dsinsintering

38. 2% —React s with zi nc oxi de

36. 0% —ontrol s rate of reaction

16. 2% —Buffers, toreduce rate of
reaction

2. 5%

7. 1%



SETTING REACTION

Wen t he powder is mxedwthliquid, phosphoric acid attacks the surface of the
particles, dissolvingzinc oxideforning aci d zi nc phosphat e.

The aluniniumintheliquidis essential for cenent fornation. The al um ni um
conpl exes w th the phoshoric acid to forma zi nc al uni nophosphat e gel (with-
out al umini um a non-cohesi ve, crystalline structure natrix of hopeite, i.e.
Zny(PQ) ,. 4HQ woul d be forned). The reaction i s exot hernic.

Structure of Set Cement

The set cenent has a cored structure consisting prinarily of unreacted zi nc oxi de
particl es enbedded i n a cohesi ve natri x of zi nc al um no phosphat e.

Setting Time
5t0 9 ninutes.

Control of Setting Time

Manuf act uri ng process:

e Snteringtenperature: The hi gher the tenperature, the nore sl owy the cenent
s

e Particlesize: FAner particlesreact norequickly asagreater surface areai s exposed
totheliquid

e \dter content of liquid Presenceof excess water accel erates, wereas i nsuffici ent
water retards the reaction.

e Buffering agents: Wen added sl owdown the reacti on.

Fact ors under control of operator:

e Tenperature: H gher tenperatures accel erate the reaction

e PlLratio Mretheliquid, slower thereaction

e Rate of addition of powder toliquid: thereactionis slower if the powder is
i ncor por at ed sl ow y.

e Mxingtine: Thelonger the mxingtine (wthinpractical limts), the sl oner
istherate of reaction.

PROPERTIES

Compressive Strength

Zi nc phosphat e cenent i s stronger (103.5 MPa) t han zi nc oxi de- eugenol cenent
but not as strong as sil i cophosphat e.

The set cenent gai ns 75%o0f its naxi numstrengthinthe first hour. Mxi num
strengthis attainedinthefirst day.
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The strength of zi nc phosphat e cenent i s sufficient when used as a base or
luting agent. However, whenit is exposedtothe oral environnent, e.g. tenporary
restorations, itshbrittleness andlowstrength causesit tofracture and disintegrate.
A so, the prol onged contact wththe oral fluids or water gradual |y reduces its
strength. Thi s nay be due to t he sl owdi ssol uti on of the cenent.

Factors affecting strength are:
— P/Lratio: Mrethe powder, greater the strength
— Vdter Gontent: Both | oss or gai n, reduces the strength.

Tensile Strength
Thi s cenent is weaker intension (5.5 Ma), thus nakingit brittle.

Modulus of Elasticity

It isconparatively high (13.5@a). This nakes it stiff and resistant to el astic
defornation. Thisis necessary whenit is enpl oyed as al uting agent for restorati ons
that are subjectedto high nasticatory stresses.

Solubility and Disintegration

This property isinportant for cenents used for pernanent cenentation. Wien
tested accordingto ADAspecification, it shows | owsol ubility (0. 06%W).

However, inthe nouth they showgreater disintegrationover aperiodof tine.
Thi s shows that other factors areinvol ved (1ike wear, abrasion, attacks by-products
fromdecayingfood). Theso ubilityisgreater indiluteorganicacidslikelactic, acetic
and especially citricacids (FHgs 13.3 and 13. 4).

Factors affecting solubility

— P Lratio: Thicker nixes showl ess sol ubility.

— Véter content of |iquid: Aty change inthe water content i s acconpani ed by
increased sol ubi lity.

— HEfect of noi sture contamnation: Prenat ure contact of theinconpl etely set cenent
withwater results inthe dissolutionand | eaching of the surface. Varnish
appl i cation over the exposed cenent narginis beneficial.

Film Thickness

According to ADA speci fication No. 8.
e For Type | - Fil mthickness not nore than 25 um
e For Type Il - Fi I mthickness not nore than 40 um

Athinner filmis nore advantageous for | uting:
It has abetter cenenting action
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FIGURE 13.3: One cannot rely entirely on the cement for sealing an open margin. Most cements
slowly dissolve and disintegrate in the oral cavity leading to microleakage and subsequent failure.
A good marginal fit of the crown is therefore essential

FIGURE 13.4: Cement dissolution resulted in leakage in this crown. A—Area of inflammation is
seen in relation to the leaking margin as shown by the arrow. On removing the crown the area
of cement dissolution is clearly visible—B and C

e It helpsinnore conpl ete seating of the casting
e It mnimzesthe air spaces and structural defects present inthe bul k of the

cenent .
The snal | er the particlesize, lessisthefil mthickness. Thethicknessis | esser

than the si ze of the particl es because, during nixingthe particles are crushed and
di ssol ved. The t hi ckness can al so be reduced by appl yi ng pressure on the casting
duri ng seat i ng.

Thermal Properties

Z nc phosphat e cenent's are good thernal i nsul at ors and nay be ef f ective i n reduci ng
ga vani c effects.
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Adhesion Property

The retention of acenented restorationis by nechani cal interlocking of the set
cenent wi th surface roughness of the cavity and restoration.

Biological Properties

Rul presponse-noderate. Theacidityishighat thetineof i nsertion dueto phosphoric
acid. Three nminutes after nmixing, the pHis 3.5. It approaches neutralityin 24
to 48 hours. Very thi n nmxes shoul d be avoi ded as t hey are nore aci di c.

Athickness of dentine as great as 1.5 mmcan be penetrated by the aci d of
thecenent. If dentineisnot protectedagainst infiltrationof thisacid, pulpa injury
nay occur, especially duringthe first fewhours.

Rulp protection Indeepcavities pul pal reactioncanbenininizedwithalining
ad:
e Zinc oxi de- eugenol
e Cal ci umhydr oxi de
e Qvity varnish.

Optical Properties
The set cenent i s opaque.

MANIPULATION
Sat ul a used S ainl ess steel .

Mxing tine 1 mn. 15 seconds.

Powder-Liquid Ratio: 1.4 gm/0.5 ml

Acool glass slabis usedinorder todelaythe settingand al | ownore powder to
be i ncorporated before the matri x fornati on occurs. The |iqui d shoul d be di spensed
just before mxing.

Procedure

The powder is added in snall increments. Mxingis done wth stainl ess spatul a
usi ng brisk circul ar noti on. Eachincrerment i s mxed for 15 to 20 seconds. A
large areais covered during mxinginorder to dissipatethe exothernic heat (Hg.

13.5). Maxi numanount of powder shoul d be i ncorporatedintheliquidto ensure
m ni numsol ubi lity and naxi numstrength. Abte: An appropriate consistency is
attai ned by addi ti on of nore powder tothe liquidandnot by all ow ng athin mx
tothi cken.
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FIGURE 13.5: Zinc phosphate cement is mixed on a cool glass slab covering
a large area in order to dissipate the exothermic heat

Insertion

The crown shoul d be seat ed i medi at el y and hel d under pressuretill set. Feld
of operation should be dry. Varnishis appliedat the nargins, where t he cenent
i s exposed.

ZINC OXIDE-EUGENOL CEMENT

These cenent s have been used extensi vel y i ndentistry since the 1890 s. Dependi ng
ontheir usethey vary widelyintheir properties. Ingeneral, they are cenents
of lowstrength. Asothey aretheleast irritating of all dental cenents and are
known t o have an obt undant (sedative) ef fect on exposed dentin.

To i nprove t he strength nany nodi fi ed zi nc oxi de- eugenol cenents have been
i ntroduced, e.g. EBA-al unina nodified and pol yner—ei nf or ced zi nc oxi de- eugenaol
cenents.

Recent | y non- eugenol zi nc oxi de cenents have becone avail abl e. They are
suitablefor patients sensitivetoeugeno . Experinenta vanillateand syringe cenents
w t hout eugenol are presently under investigation.

CLASSIFICATION: (ADA SP. NO. 30:) 4 TYPES

Type | ZOE —For tenporary cenentation (F g. 13.6)
Type Il ZCE —Permanent cenentation

Type I Il ZOE—Tenporary filling and thernal insul ation
Type |V ZCE —Cavity liners

AVAILABLEAS

* Powder andliquid (Fg. 13.7)
e Two paste system(Fi g. 13.6)
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FIGURE 13.6: Temp Bond is a zinc oxide and eugenol paste used for
temporary cementation of crowns and bridges

FIGURE 13.7: (Left to right) unmodified zinc oxide eugenol; Kalginol and
IRM are reinforced zinc oxide eugenol cements

Commercial Names

Unhnodi fi ed

Tenpac — Typelll

Quitic — Type |V

Tenpbond — Typel (FHg. 13.6)
EBA al um na nodi fi ed

oot ow

Al um na EBA — Typell
Pol yner nodi fi ed

Fynal — Type ll

| RM — Typelll (FHg. 13.7)
Non- eugenol

Nogenol — Typel

Fr eegenol — Typel



COMPOSITION

Powder

Z nc oxi de —69.0% — Principa ingredient

Wi te rosin —29.3% — Toreduce brittleness of set cenent

Zdncstearate —.0% — Accderator, plasticizer

Zinc acetate —0.7% — Accelerator, inproves strength

Magnesi umoxi de — |s added i n sone powders, acts with

eugenol inasinilar manner as zi nc oxi de.

Liquid

Eugenol —85.0 — Reacts w th zi nc oxi de

Qiveoil —15.0 — PRasticizer.

SETTING REACTION

The settingreactionand nicrostructure are the sane as that of the zi nc oxi de eugenol
i npr essi on past es.

Inthefirst reactionhydrol ysis of zinc oxidetoits hydroxi detakes pl ace. Vet er
isessential for the reaction (dehydrated zinc oxide w || not react wth dehydrat ed

eugenal ).
Zn0 + HO — Zn(OH),

The reacti on proceeds as a typi cal aci d-base reacti on.

Zn(OH), + 2HE —> ZnE, + 2H,0
Base Acid Sal't
(Z nc hydroxi de) (Eugenol) (Zi nc eugenol at e)

The chel ate forned i s an anorphous gel that tendstocrystallizeinpartingstrength
to the set nass.

Structure of Set Cement

Thus the set cenent consists of particles of zinc oxi de enbedded i n a matri x of
zi nc eugenol at e.

Setting Time
4-10 ninut es.

Factors Affecting Setting Time

The conpl et e reacti on bet ween zi nc oxi de and eugenol takes about 12 hours. This
istooslowfor clinical conveni ence.
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e Mnufacture: The nost acti ve zi nc oxi de powder s are t hose f or ned fromzi nc
sal ts |ike zi nc hydroxi de and zi nc carbonat e by heati ng at 3000°C

e FRarticlesize: Saller zinc oxide particles set faster.

* Accelerators: Acohal, glacia acetic acidandwater.

e Heat: @olingthe glass slab, slowsthe reaction.

 FRetarders: The set can be retarded w th gl ycol and gl yceri ne

e Powder toliquidratio: Hgher theratio, faster the set.

PROPERTIES

Mechanical Properties

(onpressi ve strength: They are rel ativel y weak cenents. The st rengt h depends
onwhat it isusedfor, e.g. cenents intended for tenporary purposes | ike tenporary
restorations and cenentation (Typel) andcavity lining (Type IV), wll have al owner
strength. Genents i ntended for pernanent cenentati on (Type I1) andinternedi ate
restorations wll be stronger. The conpressive strength therefore ranges froma
lowof 3to4 MPa upto 50-55 MPa. Particlesizeaffectsthe strength. Ingeneral,
the snal | er the particl e size, the stronger the cenent. The strength can al so be
i ncreased by rei nforcing w th al um na- EBA or pol yners (see EBA and pol yner
nodi fi ed ZCE cenent s).

Tensi | e strengt h: Ranges from0.32 to 5.3 MPa.

Mbdul us of el asticity (0.22t05.4 Ga) Thisis aninportant property for those
cenents i ntended for use as bases.

Thermal Properties

Thernal conductivity: 3.98 [Cal. Sec-1cm2 (°Qcn)-1] x 10* Their thernal
insul ating properties are excel |l ent and are approxi nat el y t he sane as for hunan
dentin. The thernal conductivity of zinc oxi de-eugenol isintherangeof insulators
l'i ke cork and asbest os.

-efficient of thernal expansion: 35 x 10 °C

Solubility and Disintegration

The sol ubi lity of the set cenent is highest anong t he cenents (0. 4%wt ). They
disintegrateinora fluids. This break downis dueto hydrol ysis of the zi nc eugend ate
nat ri x to formzi nc hydroxi de and eugenol . Sol ubility is reduced by i ncreasi ngthe
RLratio.

Film Thickness

This propertyisinportant for those cenents used for |uting of restorations. The
fil mthi ckness of zi nc oxi de-eugenol cenents (25 um) is hi gher than ot her cenents.
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Adhesion

They do not adhere wel | to enanel or dentin. This is one reason why they are
not oftenused for final cenentation of crowns and bridges. The ot her reasons are
[ owstrengt h and hi gh sol ubi lity.

Biological Properties

e pHand effect onpulp: (pHis6.6t08.0). They aretheleast irritatingof all
cenents. Pul pal response—€l assifiedas nild.

e PBacteriostatic and obtundant properties: They inhibit the growth of bacteria
and have an anodyne or soot hi ng ef fect (obtundant) onthe pul pin deep cavities,
reduci ng pai n.

Optical Properties
The set cenent i s opaque.

MANIPULATION

Powder-Liquid System

Powder/liquidratio: 4:1t06:1byw.

The bottl es are shaken gently. Measured quantity of powder and liquidis
di spensed ont 0 a cool gl ass sl ab. The bul k of the powder isincorporatedintothe
liquidand spatul ated thoroughly inacircular notionwthastiff bl aded stainl ess
steel spatula. Svaller increnents are then added until the nix is conpl ete.

Q1 of orange is used to clean eugenol cenent frominstrunents.

Two Paste System
Equal | engt hs of each paste are di spersed and nixed until a uni formcol or i s observed.

Setting Time

4-10 m nut es.
ZCE cenents set quickly inthe nouth due to noi sture and heat .

MODIFIED ZINC OXIDE-EUGENOL CEMENTS

These were i ntroduced t o i nprove t he nechani cal properties of zi nc oxi de- eugenol
cenent. The nodi fied ZCE cenents are:

» EBA- Al um na nodi fi ed cerment s

* Polyner reinforced.
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EBA-ALUMINA MODIFIED CEMENTS
Composition

Powder

Zi nc oxi de—0%
Al um na—30%
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Liquid
EBA-62. 5%( or t hoet hoxy benzoi ¢ aci d)
Eugenol —37. 5%

Properties

Its properties are better than that of unnodified ZCE
e (onpressive strengthis higher 55 MPa (8000 psi )
e Tensilestrength 4.1 MPa (600 psi)

e NMbdul us of elasticity 2.5 @a (0.36 psi x 106)

e Fi Il mthi ckness—25 um

e Solubility and disintegrationinwater—8. 05%wt .

Manipulation

QG ass sl ab are recommended for EBA-al umina nodi fied cenents. After di spensing,
the powder i s incorporatedintotheliquidinbulk and kneaded for 30 seconds,
and then st ropped for an addi ti onal 60 seconds w t h broad strokes of the spatul a
to obtai n a creany consi stency. They have | ong worki ng ti nes.

Setting Time
9.5 mnut es

POLYMER REINFORCED ZINC OXIDE-EUGENOL CEMENT

Uses

[EnN

Luti ng agent

2 As base

3 Astenporary filling material and
4 Ascavityliner.

Commercial Names

« IRM(Fig. 13.7)
.« Kalzinol



Composition

Powder

e Zinc oxi de—¥0%
 FHnelydivided natural or synthetic resins.

Liquid
« Eugenol
e Acetic aci d-accel erat or
e Thynol —ant i m crobi al .

The zi nc oxi de powder i s surface treated. The conbi nation of surface treat nent
and pol yner rei nforcenent results in good strength, inproved abrasi on resi st ance
and t oughness.

Setting Reaction

The settingreactionissinilar tozinc oxi de-eugend cenents. Acidicresins, if present,
nay react w th zinc oxi de, strengtheningthe natrix.

Setting Time
6 to 10 mi nut es.

Factors Affecting Setting Time

e Lowpowder-liquidratioincreases settingtine
e Misture: accel erates settingtine.

Properties

These cenent s have i nproved nechani cal pr operties.

e (onpressive strength . 48 MPa (7000 psi)

e Tensilestrength : 4.1 MPa (600 psi)

e Mdul us of elasticity . 2.5 CGPa

e H I mthickness 32 um

e Solubility anddisintegration . 0.03%wt .

e Pul p response : Smlar to unnodified

ZOE—nmpder at e
e | nproved abrasi on resi st ance and t oughness.

Manipulation

The proper powder/liquidis dispensedon adry glass slab. The powder i s nixed
intotheliquidinsnal | portions wth vigorous spatul ation.

Wrking ti ne These cenents have a | ong wor ki ng ti ne.
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SPECIAL ZINC OXIDE-EUGENOL PRODUCTS

Sone zi nc oxi de- eugenol naterial s contai nantibiotics such as tetracyclines, and
steroids as anti-inflammat ory agents. Their principal useisinpulp cappi ngand
root canal therapy. Qne product al so contai ns bari umsul phat e, whi chis radi opagque.

ZINC OXIDE/ ZINC SULPHATE TEMPORARY RESTORATIONS

These ar e si ngl e conponent tenporary filling naterials. 235

Supplied As

It isasingleconponent putty |ike pasteinsnall tubes, syringes or plastic containers
(Fg 138).

'.coltosol" sg pm’
] Temporany filling material

|

| %

W ‘eesee
Cavit™ . .

!i&fgl' J
i%

-i.

FIGURE 13.8: Single component zinc oxide based restorative materials.
They set slowly in the mouth through contact with moisture

Commercial Names
Gavit (ESPE), Gaviton (G, Gltosol (ol tene)

Use
Short termtenporary restorati ons after caries excavati on, root canal therapy etc.

Composition

Z nc oxi de
Zi nc sul phat e-1- hydrat e
Cal ci umsul phat e- hem hydr at e



D butyl phthal ate (pl asti ci zer)
D at omaceous earth

Setting Reaction

Thenateria sets by chemical reaction. It sets by reactingwthwater whichit absorbs
fromt he nout h or fromthe cavity. The setting occurs slowy. It expands on setting

Setting Time

The surface hardens i n about 20 to 30 mnutes. Conpl et e har deni ng t akes pl ace
in2to 3 hours.

Properties

I't nay bewhi teor pi nkcol ored. I't hasgoodinitial sealing. Snceit expandsonsetting,
thenargi nal seal isfurtherinproved. Theseal gradual |y decreasesw thti ne.
Unfortunatel ythestrengthislowanditslifeisshort. Thenateria shoul dbeused
for not norethanlto2weeks. It slowydisintegrateswthtineandi st heref orenot
i ndi cat edfor anyl onger ternmtenporaryrestorati ons. Thenateri al i sradi opaque. Short
t er mpai n nay be experi enced because of dehydrati onof thecavity.

Manipulation

Thematerial isdispensed andinsertedintothe cavity using acenent carrier. The
cont ai ner shoul d be cl osed i mmedi ately. It i s condensed intothe cavity using a
plasticfillinginstrunent (condenser). Snceit sets by hydration, the cavity shoul d
not befullydriedbefore placingthe naterial .

GLASS IONOMER CEMENTS

G ass i ononer cenent s are adhesi ve tooth col ored anti cari ogenic restorative naterial s
vwhichwereoriginal ly used for restorati ons of eroded areas. Now it has been nodi fi ed
toalowitsuseinother areas. These cenents have t he conoi ned properties of silicate
cenent s and pol y car boxyl at e cenent s.

Unlike other restorative materials, this cenent requires mninal cavity
preparationas it bonds adhesi vely totooth structure. It was naned gl ass i ononer
because, the powder i s gl ass and the setting reacti on and adhesi ve bondi ng totooth
structureis due toionic bond.

Synonyms

* Poly (al kenoat €) cenent
e QC(glass iononer cenent)
e ASPA(alumno silicate pol yacrylic acid).
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APPLICATION

Atterior estheticrestorativenaterial for class |l cavities (Hg. 13.9)
For eroded areas and cl ass Vrestorations

As aluting agent (Fg. 13.9)

As liners and bases

For core build up.

Toalimtedextent as pit and fi ssure seal ants.

o 01 A W DN P

Not recormended for class || and class Vrestorations, sincethey |lack fracture
toughness and ar e suscepti bl e t 0 wear.

FIGURE 13.9: Commercially available glass ionomer cements are usually supplied for a specific
use (from left to right) are shown two luting cements, a restorative cement and a root canal cement

CLASSIFICATION

Type | —For luting
Type Il —For restorations
Type 111 —Li ners and bases.

(Sone aut hor s i ncl ude Type | Vi ssure seal ants, Type V—erthodonti c cenent s
and Type M —ore bui | d up as part of the classification).

Commercial Names

* Aguacem Fugi I —Type |
o ChemkFil —Type I
e Ketac bond —Type |||

M tra bond —light cure QC(Fig. 13.9)



AVAILABLEAS

e Powder/liquidinbottles

* Pre-proportioned powder/liquidin capsul es
e Light cure system

o Powder/distilledwater (water settabl etype).

COMPOSITION

Powder

The powder i s an acid sol ubl e cal ci umfluoro-aluminosilicateglass. It issinilar
tothat of silicate, but hasahigher alumna-silicaratio. Thisincreasesitsreactivity
wthliquid.

Slica(S0Q; — 419
A um na (A ,Q) — 286
A umini umflouride (A F) — 16
CGal ci umfl ouri de (GaF,) — 157
Sodi umf | ouri de (NaF) — 93
Al um ni umphosphat e (A PQ) — 38

The fl ouri de conponent acts as a‘ ceranic flux’ . Lanthanum stronti um barium
or zi nc oxi de addi tions provi de radi opaci ty.

Liquid

Earlier theliqui dwas a50%aqueous sol ution of polyacrylicacid. It was very vi scous

and had a tendency to gel .
Innost current cenents, the liquid contains:

e Polyacrylic aci d+n the formof copol yner withiticonic acid, naleic acidand
tricarbel Iylicacid

» Tartaricacid

o \ter.

Qpol ynerizingwthiticonic, naleicacid, etc. tendstoincreasereactivity of the
l'i qui d, decrease viscosity and reduce tendency for gel ati on.

Tartaric aci dinproves the handl i ng characteri stics, increases working tine and
shortens settingtine.

Vdter isthe nost inportant constituent of the cenent liquid, it is the nedi umof
reactionandit hydrates the reaction products. The anount of water intheliquid
iscritical .Toonchwater resultsinaweak cenent. Toolittlewater inpairsthe
reacti on and subsequent hydrati on.
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Water Settable Cements

The pol yacryl i ¢ aci d copol yner i s freeze dried, and then added to t he gl ass i ononer
powder. Theliquidiswater or wvater wthtartaric acid.

Wien t he powder is mixed with water, the pol yacrylic aci d powder goes into
solutiontoformliquidacid Thenthe chenmical reactiontakes pl ace as for powder
and | i qui d. These cenents are known as wat er settabl e cenents and they set faster
t han t hose w t h pol yacryl i ¢ aci d.

MANUFACTURE

The conponent s are sintered at 1100°Cto 1500°C The glass is then ground to
particl e si zes rangi ng from20 to 50 um

SETTING REACTION

Leachi ng Wen t he powder and |iquid are mxed toget her, the acid attacks the
gl ass particles. Thus cal ci um al umini um sodi umand fl ourideions | each out into
t he aqueous nedi um

@l ciumcross-1inks Theinitia set occurs whenthe cal ci umi ons cross-1inks (bi nds)
the pol yacrylic acid chai ns. This forns a sol i d nass.

A umnumcross-1inks 1nthe next phase (next 24 hours), the al unminumal so begi ns
tocross-linkwth pol yacrylic aci d chai ns.

Sodi umand H uorine ions These ions do not take part inthe cross-1inking. Sone
of the sodi umi ons nay repl ace the hydrogen ions in the carboxylic groups. The
rest confi ne wth fluorineto formsodi umfl uoride whichis unifornhy distributed
w thin the cenent.

Hudration Vdter plays averyinportant roleinthecenent. Initially, it serves
as the nedium Later it slowy hydrates the matrix, addingtothe strength of the
cenent .

Slicagel sheath The unreacted gl ass (powder) particleis sheat hed (covered) by
asilicagel. It isforned by the | eaching of theions (G2+ A3+ Nat, F) from
the outer portion of the gl ass particle.

Structure of Set Cement

The set cenent consi sts of aggl onerat es of unreact ed powder parti cl es surrounded
by silica gel and enbedded i n an anor phous nmatri x of hydrated cal ci umand
al um ni umpol ysal ts.

239




Post Hardening Precipitation

Bven after the cenent has apparent|y set, precipitationof the polysalts continues
tooccur. Fornationof cal ci umpolysaltsis probably responsiblefor theinitia set.
However, withtine the sl ower forning al un ni umpol ysal ts becones t he doni nant
phase in the natri x.

Exposur e of the cenent to water before the hardeni ng reactionis conpl ete, | eads
toloss of cations and ani ons whi ch formthe natrix as they can be di ssol ved. Thus,
itisveryinportant to protect the cenent surface (by applying varni sh) after it
i s placedinthe nout h.

Loosely Bound and Tightly Bound Water

The water content of the cenent is aninportant part of its structure. Thi s water
issonetines referredto as bei ng | oosel y bound or tightly bound. The I cosel y bound
vater isthat wiichis easily renoved by dessi cationandit decreases wth tine. The
| oosel y bound wat er gradual |y binds (hydrates) wththe natrix, becomngtightly
bound. Thus, tightly bound water increases withtine. Tightly bound water is not
easi | y renoved by dryi ng.

Thus, the fresh cenent once hardened i s prone to cracking or crazi ng due to
dryi ng of | oosel y bound water. So, the cenent nust be protected fromchanges i n
itsstructure. Thistendency decreaseswthtineasit isslony convertedintotightly
bound wat er.

Setting Time

Type | —4-5 mnutes
Typell — 7 ninutes

PROPERTIES

Mechanical Properties

Gonpressi ve strength: (150 MPa). It islessthansilicate.
Tensil e strength: (6.6 MPa). H gher thansilicate.

Hardness: (49 KHY). Less harder than silicates. The wear resistanceis al sol ess
when conpar ed t 0 conposi t es.

Fract ure toughness: Aneasure of energy required to produce fracture. Type ||
GCsareinferior toconpositesinthisrespect.

Solubility and Disintegration

Likesilicates, theinitia solubilityis high(0.4% duetoleachingof internediate
products. The conpl ete setting reacti ontakes pl ace in 24 hours; therefore the cenent
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shoul d be protected fromsalivainthe nouth duringthis period. G ass i ononer
cenents are nore resi stant to attack by organi c aci ds.

Adhesion
It adheres well to enanel and denti ne.

Mechani smof adhesi on: G ass i ononer bonds chenical |y totooth structure. The
exact nechani smhas not been ful | y understood. The bondingis due tothe reaction
bet ween t he car boxyl groups of the pol yaci ds and t he cal ci umi n the enanel and
denti ne.

The bond to enanel is al ways higher thanthat to dentine, probably duetothe
greater inorganic content of enanel andits greater honogenity.

Esthetics

Estheticallythey areinferior tosilicates and conposites. They | ack transl ucency
and have a rough surface texture. They nay accunul ate stainwith tine.

Biocompatibility

Pul pal response—ild. Type |l glassiononers arerelatively bi oconpatibl e. The
pul pal reactionis greater thanthat of zi nc oxi de-eugenol cenents but | ess t han
that produced by zi nc phosphat e cenent. Pol yaci ds are rel ati vel y weak aci ds.

The wat er settabl e cenents showhi gher acidity. Typel G Cis nmore acidic than
Type |1, because of the sl ower set and | oner powder/liquidratio.

Ripprotection 1ndeepcavities, the snear | ayer shoul d not be renoved as it acts
as abarrier toacidpenetration. Deep areas are protected by a dab of cal ci um
hydr oxi de cenent .

Anticariogenic Properties

Type Il gl ass i ononer rel eases fl ourideinanounts conparabl eto silicate cenents
initially and continueto do so over an extended peri od of tine.

Inaddition, duetoits adhesive effect they have the potential for reduci ng
infiltrationof oral fluidsat thecenent-toothinterface, thereby preventing secondary
caries.

MANIPULATION

e (nditioningof tooth surface.

e Proper nanipul ati on.

e« Protectionof cenent duringsetting.
e Hnishing
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. Basic Dental Materials

Preparation of Tooth Surface

The t oot h shoul d be cl ean for ef fecti ve adhesi on of cenent. The snear | ayer present
after cavity preparationtends to bl ock of f the tooth surface, and so shoul d be renoved
t o achi eve adhesi ve bondi ng.

Thi s i s achi eved by:

— Pumi ce wash

242 — PRdyacrylicacid

(The obj ectiveistorenove the snear | ayer but still | eave the col | agenous t ubul e
pluginplace. Thisplugactsasabarrier tothe penetrationof acidfromthe cenent).

Appl y 10%pol yacrylic acid for 10 to 15 seconds. Next, rinsewthwater for 30
seconds. \ery deep areas of the preparation shoul d be protected by a dab of cal ci um
hydr oxi de.

Eroded areas The dentin and cenentumare first cleaned with a pumce slurry
fol | owed by swabbi ng w th pol yacrylic acid for 5 seconds or nore.

Ater conditioningandrinsing, thesurfaceisdriedbut not dessicated. It should
be kept free of contamnationwthsalivaor bloodas thesew! | interferewth bondi ng.
I f contam nat ed, the whol e procedure is repeat ed.

Proportioning and Mixing

Povder/liquidratio: General ly 3:1 by wt (nanuf act urers r econmendat i on shoul d
be fol l oned). LowP L rati o reduces nechani cal properties and i ncrease t he chances
of cenent degradation. Misture contamination alters the aci d-water bal ance. Mst
nanuf act urers provi de a pl asti ¢ scoop, whichis useful for neasures.

Spat ul a used Agate or plastic.

Manual mixi ng The powder bottleis tunbl ed gently. The powder and liquidis
di spensed just prior tomxing. Acool anddry glassslabispreferredasit allows
all the powder tobeincorporatedintothe mx andyet naintainits plasticity.
The powder is dividedintotwo equal increnents. The first increnent is
incorporatedintotheliquidrapidywththestiff bl aded spatul ato produce a hono-
genous m | ky consi stency. The renai nder of the powder is then added. The nmixi ng
isdoneinafolding nethodinorder to preserve the gel structure (F g. 13.10).

Mxing tinme 45 seconds.

Insertion Thenixisinmedately packedintothecavitywthaplasticinstrunent.

Mechanical Mixing

A Csuppliedin capsul e formcontai ni ng preproportioned powder and liquidis nixed
i n an armal ganat or whi ch i s operated at a very hi gh speed. The capsul e has a
nozzle, and sothe mx canbeinjecteddirectlyintothecavity (Fg. 13.11).
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FIGURE 13.10: Glass ionomer is mixed by gentle patting and folding:
Vigorous mixing disrupts the gel structure

FIGURE 13.11: A cement dispensing system

Advantages

1 Better propertiesduetocontrolled PLratio
2 Less mxingtinerequired
3 onveni ent del i very system

Disadvantages

1 Cerent quantity limted by the nanuf act urer.
2 Shade selectionis linited, col ors cannot be bl ended.



Protection of Cement during Setting

GCisextrenely sensitivetoair andwater duringsetting. Thus, i nmedi ately after

pl acenent into the cavity, a preshaped natrixis appliedto:

1 Protect the cenent fromthe environnent duringintitial set.

2 Provi de naxi mumcontour sothat mninal finishingis required
Thenatrix isrenoved after five mnutes. | nmedi ately after renoval , the cenent
surfaceis againprotected wth:

3 Aspecial varni sh supplied by nanuf act urer, or

Anunfilledlight curedresin bondi ng agent, or

Qocoa butter.

This protects the cenent fromdryi ng vhi | e the denti st proceeds wththe fini shing.
Failureto protect the cenent surface fromcontact wthair resultsinachal ky or
crazed surface.

The causes for chal ky or crazed surface:

— Inadequat e protection of freshly set cenent (fromair)
— Lowpowder/liquidratio
— | nproper nani pul ati on.

[S2 I

Finishing
Excess naterial istrimmed fromthe nargins. Hand i nstrunents are preferred to
rotary toolstoavoidditching. Further finishingif requiredis done after 24 hours.

Protection of Cement after Setting

Before disnissingthe patient, therestorationis againcoatedwththe protective
agent, toprotect thetrinmed areas. Failureto protect the cenent fromsalivafor
the first 24 hours can weaken t he cenent .

Precautions

e Agood nmix shoul d have a gl ossy surface. Thi s indi cates the presence of resi dual
pol yaci d (whi ch has not been used up i nthe setting reaction) and ensures proper
bondingtothetooth. Amxwthdul surfaceis discardedasit indicates prol onged
m xi ng and r educes t he adhesi on.

e If theliquidcontains polyacids, it shouldnot beplacedinarefrigerator asit
becones very vi scous.

» Therestorations nust be protected fromdrying at all tines, even when ot her
dental procedures aretobe carriedout |ater.

* The gl ass sl ab shoul d not be bel owdew poi nt, as noi sture nay condense on
the sl ab and change t he aci d-wat er bal ance.
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METAL MODIFIED GIC

The netal nodified @Cs (Fg. 13.12) wereintroduced to inprove the strength,
fracture toughness and resi stance to wear and yet nai ntainthe potential for adhesi on
and anti cari ogeni c property.

FIGURE 13.12: Modified glass ionomer cements: Metal modified glass ionomer cements —
Miracle Mix and Ketac Silver (left) and resin modified glass—ionomer materials (right)

TYPES

Two net hods ar e enpl oyed

A Slver alloy adm xed: Spherical amal gamal | oy powder is mxed wthtype Il
A Cpowder (Mracle Mx) (F g. 13.13).

B Crnet: Slver particles are bondedto gl ass particles. Thisis done by sintering
of anmxtureof thetw ponders at ahightenperature (Ketac Slver) (Fg 13.12).

USES

1 Restorationof small class | cavities as analternativeto anal gamor conposite
resins. They are particul arly useful inyoung patients who are prone to cari es.
2 For core-buildup of grossly destructed teeth.

PROPERTIES

Mechanical Properties

e The strength of either type of netal nodified cenent (150 MPa) i s not greatly
i nproved over that of conventional cenent.

» The fracture toughness of A C whether nodifiedor not is extrenely | owas
conpar ed t o conposi te resi n and amal gam

e Itisfar noreresistant towear thantypell QC



FIGURE 13.13: Miracle mix is the trade name for a metal-modified glass ionomer cement. Silver
alloy powder is supplied separately (center). The silver powder is emptied into the GIC powder
bottle. Once mixed it is ready for use as a metal-modified GIC cement

Anticariogenic Property

Both netal nodi fied i ononers have anti cari ogeni ¢ capabi |l ity due to | eachi ng of
flouride. However, less flourideis rel eased fromGernet cenent than Type Il GG
since, the glass particleis netal coated. Ohthe other hand t he adm xed cenent
rel eases nore flouride than Type Il QC Here, thenetal filler particles are not
bonded to the cenent natrix and thus there are pat hvays for flui d exchange. Thi s
i ncreases | eachi ng of fl ouri de.

Ethetics

These naterial s are grey i n col or because of netal i c phases wthinthem therefore
they are unsuitabl e for useinanterior teeth.

GLASS IONOMER-RESIN COMBINATION MATERIALS

These are rel atively newnateri al s havi ng vari ous nanes | i ke conponer, resin-
iononers, RM@, light cured @C dual cure @Candtricure @QC(F g. 13.12).

CLASSIFICATION

Dependi ng on whi ch i s the predom nant conponent. These naterial s nay be

classifiedas (MQean et a ).

A Resin-nodified gl ass i ononer cenent (RM3), e.g. Fuji Il LC(F g. 13.14),
Mtrener, Photac H 1 .

B Poly aci d—odi fi ed conposites (PM), e.g. Dyract (Fg. 13.12), Varigl ass \L.C
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FIGURE 13.14: Resin modified Glass ionomer (RMGI) cements - on the left is a chemically cured
cement (3M’s RelyX) and on the right is a light cured cement (GC'’s Fuji Il LC). A light cured
glass ionomer allows the setting to be under the control of the operator

USES

1 Restorationof classl, Il or Vcavities

2 Bases andliners

3 As adhesi ves for orthodontic brackets

4 Cenentation of crowns and bri dges

5 Repair of damaged anmal gamcores or cusps
6 Retrograderoot filling.

Note ses vary accordi ng to brand.

SUPPLIED AS

They are suppl i ed as
e Chemcally cured
o Light cured
» Dual cured (conbi ned chenmical and |ight cured).
Al of themare usual | y supplied as powder and /iquid. Thelight cured type
i ssuppliedin dark shadedbottles (for light protection).

COMPOSITION

S nce these are conbi nati on naterial s, they contai n conponents of both resin and
gl ass i ononer. However, their proportions vary.

The powder cont ai ns

e lonleachabl e gl asses (silica, a unina)
 Photoinitiators or chemical initiators or both
» Polyneri zabl e resin.
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The l'i qui d contai ns:

e PRiyacrylicacid

o Water

e Met hacryl at e nononer

e Hydroxyet hyl nethacryl at e nononers.

MANIPULATION

RM3 is mxed and applied after conditioningthetoothwth pol yacrylic acid (10
to25%. PMCis pl aced after phosphori c aci d et chi ng, bond agent appl i cati on and
lignt cured.

PROPERTIES

Strength

The conpressi ve strengthis slightly | oner (105 MPa) when conpar ed t o conventi onal
AC Thedianetral tensile strengthis however, greater (20 MPa) because of the
pl astic nature of the resin conponent.

Hardness
The hardness (40 KHN) i s conparabl e to that of conventional AQC

Adhesion

The bondi ng nechani smtotooth structureis simlar tothat of conventional GC
M cronechani cal retentional soplays aral einthe bondi ng process. These naterial s
bond better to conposite resins thanto conventional G C

Microleakage

These mat eri al s have a greater anount of microl eakage when conparedto @ C
Thi s nay be partly due tothe pol yneri zati on shrinkage and part!y due to t he reduced
wetting of the tooth by the cenent.

Anticariogenicity

These nateri al s have a si gni fi cant anti cari ogeni c ef fect because of the flouride
rel esse.

Pulpal Response
The pul pal response tothe cenent ismld(sinmlar toconventional GQ.
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Esthetics

They are | ess transl uscent because of the significant differencesintherefractive
i ndex between the resin natri x and powder particles.

FISSURE SEALING: (SPECIAL APPLICATIONS)

The traditional glass iononer cenent i s somewhat vi scous, whi ch prevents
penetrationtothe depth of the fissure. Thus, the fissure orificeingenera nust
exceed 100 uminw dth. Hssures or pitsthat are snall er are better treatedwth
acidetchingand light curedresin seal ants. The use of gl ass i ononers i n seal ant
therapy wll increase, as formul ations are devel oped that areless viscous (e.g. |ight
cured) and have good wear resi st ance.

CURRENT DEVELOPMENTS

The good adhesi onto tooth structure and t he anti cari ogeni ¢ properti es have ensured
t he conti nued devel opnent of these materials. Recent naterial s include awhol e
range of resinnodified GG includingthe dual cure andtricure setting nechani sns
and the l'ight cured gl ass i ononer |iners and bases.

ZINC POLYCARBOXYLATE CEMENT

Pol ycar boxyl at es cenent was the first cenent systemdevel oped with potential for
adhesiontotooth structure.

APPLICATIONS

1 Prinmarilyfor |uting pernanent restorations

2 As bases and | i ners

3 Wedinorthodontics for cenentation of bands
4 Asousedasroot canal fillings inendodontics.

AVAILABLEAS

e Powder and liquidinbottles.
* \dter settabl e cenents.
* As precapsul at ed powder/1i qui d system

Commercial Names
Poly F (Dentsply), Durel on, Garboco (voco) (F gs 13.1 and 13. 15).
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COMPOSITION

Powder

Zi nc oxi de — Basicingredi ent

Magnesi umoxi de — Principal nodifier and a so
aidsinsintering

i des of bisnuth and al uminium — Small anmounts

S annous fl ouri de — Increases strength, nodifies setting
tine andinparts anti-cari ogenic
properties

FIGURE 13.15: Two brands of polycarboxylate cement
Liquid

* Agueous sol ution of pol yacrylic acid or
o (pol yner of acrylicacidwth other unsaturated carboxylicacids, i.e. iticonic,
naleic, or tricarballylicacid

Water Settable Cements

Inthese cenents, the polyacidis freeze dri ed and added to t he cenent powder .
Vdter is usedas theliquid Wenthe ponder is mxedwthwater, the pol yacrylic
acidgoesintothe sol uti onandthe reacti on proceeds as descri bed for the conventi onal
cenent s.

MANUFACTURE

The powder mixtureis sintered at hightenperatureinorder toreducethereactivity
and then ground i nto fi ne parti cl es.

RECENT PRODUCTS
* Encapsul ated material whi ch contai ns 43%al uni na i n powder
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e (ne product contains pol yner withastructureslightly different fromthat of
pal yacrylic aci d.

SETTING REACTION

Wien t he powder and |i qui d are mixed, the surface of powder particles are attacked
by the aci d, rel easi ng zi nc, nagnesi umandtinions. Theseions bindto the pol yner
chai n vi a the carboxyl groups. They al so react w th carboxyl groups of adjacent
pol yaci d chai ns to formcross-1inked sal ts.

Structure of Set Cement

The har dened cenent consi sts of an anor phous gel natrix of zi ncpol yacrylate in
whi ch unr eact ed powder particl es are di spersed.

Setting Time

7to9mnutes (The settingtine can beincreased by coolingthe glass slab. It al so
depends on net hod of nanuf act ure of powder and i quid).

PROPERTIES

Mechanical Properties

Qonpressi ve strengt h: 55 MPa. Pol ycarboxyl at e cenent i s inferior tozinc phosphat e
cenment inthis respect.

Tensile strength: 6.2 MPa. Itstensilestrengthis slightly higher thanthat of
zi ncphosphat e cenent .

The strengt h of the cenent depends on:

* IncreaseinP Lratioincreases strength.

e Ml ecul ar wei ght of polyacrylic acidal soaffects strength. Anix froma | owner
viscosity liquidis weaker.

Solubility and Disintegration

It tendstoabsorbwater andis slightly nore sol ubl e (0.6%w ) than zi nc phosphat e.
Thus, the narginal dissol utionis norewhen used for cenenting. It is nore sol ubl e
inoganicacidslikelacticacid LowRLraioresutsinasignficantlyhigher sdubility
and disintegrationinthe oral cavity.

Biocompatibility

Pul pal response—+ild. Despitetheinitial acidic nature of pol ycarboxyl at e cenent,
The pHof theliquidis 1.0-1. 7and that of freshly nixed cenent is 3.0-4.0. After
24 hours, pHof the cenent is 5.0-6.0.
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They are less irritant than zi nc phosphat e cenent because:

— Theliquidisrapidyneutralized by the powder. The pHof pol ycar boxyl at e cenent
rises nore rapidly than that of zi nc phosphat e.

— Penetration of polyacrylicacidintothe dentinal tubul esis|ess becauseof its
hi gher nol ecul ar wei ght and | arger size. The histol ogi cal reactions are simlar
to zi nc oxi de-eugenol cenents, but nore reparative dentineis observed wth
pol ycar boxyl at e.

Adhesion

An out st andi ng charact eri stic of zi nc pol ycarboxyl ate cenent is that, the cenent
bonds chemical I y with the tooth structure. The carboxyl groupin the pol yner
nol ecul es chel at es wi th cal ci uminthe tooth structure.

Bond strength to enanel 3.4-13.1 MPa and to dentine 2. 07 MPa.

Factors af fecti ng bond

— Uhder ideal conditions pol ycarboxyl at e has better adhesi onto acl ean dry surface
of enanel than other cenents.

— If theinside surface of the netal crownis not cl ean, the cenent cannot bond
wththenetal . Sotoinprove the nechani cal bond, the surface shoul d be careful |y
abraded wth asnall stone or w th airborne abrasi ves.

— The presence of saliva reduces bond st rengt h.

— hli ke zi nc phosphat e cenent s, the adhesionis better to a snooth surface than
to a rough surf ace.

— Does not adhere to gol d or porcel ai n.

— Adhesiontostainless steel isexcellent. Thus, it is usedinorthodontics for
cenent ation of fixed appliances.

Optical Properties
They are very opaque due to | arge quantities of unreacted zi nc oxi de.

Thermal Properties
They are good t hernal insul ators.

MANIPULATION

Conditioning

The toot h struct ure shoul d be neti cul ousl y cl ean for proper bondi ng. To cl ean the
surface, 10%pol yacrylic acid sol utionfollowed by rinsingwthwater, or 1to 3%
hydr ogen per oxi de nay be used. Then dry and i sol ate t he t oot h.
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Proportioning
1.5parts of powder to 1 part of |iquidbywt.

Procedure

The powder and |i qui d are taken on a cool ed gl ass sl ab. The liquidis di spensed
just prior tothemxing, otherwseits viscosity increases.

The powder isincorporatedintotheliquidinbulk (90% wthastiff cenent
spat ul a and renai ni ng powder i s added to adj ust consi st ency. The nix appears
quitethick, but thiscenent will flowreadilyintoathinfilmwhen seated under
pressure.

Mixing Time
30 t 0 40 seconds.

Thi ngs t o not e

» The cenent shoul d be usedwhilethe surfaceisstill glossy. Loss of |uster indi cates
that the setting reaction has progressedto anextent that proper wettingof the
tooth surface by the nix i s nolonger possible. If thesurfaceis not creany and
shiny, andis natted and tends t o f or mcobwebs, t he nix shoul d be di scar ded.

e« Ater insertion, the excessis not renovedimmed ately, asit passes through a
rubbery stageit tends toget lifted fromthe cavity. Renove excess cenent only
when it has har dened.

» The pownder nay be cool ed, but the liquid shoul d not be cool ed si nce the vi scosity
of theliquidincreases.

Pol ycar boxyl at e cenent adheres to i nstrunents, so

e ke al cohol as rel ease agent for nixi ng spat ul a.

e Instrunents shoul d be cl eaned bef ore cenent sets.

e Fomspatulait can be chippedoff. Any renaining naterial is renmoved by boiling
i n sodi umhydr oxi de sol uti on.

ZINC SILICOPHOSPHATE CEMENT

The zi nc si | i cophosphat e cenent resul t ed fromt he conbi nati on of zi nc phosphat e
cenent and silicate ponders. It issonetinesreferredtoaszincsilicate, silicatezinc
cenent or sinply silicophosphate cenent.

APPLICATIONS

1 Lutingagent for restorations.

2 Internediate restorations.

3 Luting agent for orthodontic appliances.
4 Asadienaterial.
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CLASSIFICATION
ADA speci fication No. 21: Three types.

Type | —Cenenting nedi um
Type || —Tenporary posterior fillingnaterial
Type |11 —Used as a dual purpose cenent—as bot h a cenenti ng nedi umand

atenporary posterior fillingnaterial.

Conmer ci al nane F uor ot hi n.

COMPOSITION

Powder

e Slicatedass
e Zinc oxi de powder
e Magnesi umoxi de

Liquid

e Phosphoric acid

e \Water

e Zinc and alumniumsalts

SETTING REACTION

The settingreactionisthesane as for silicate cenents except that thereis fornation
of zi nc phosphat e.

Setting Time
3-15 mnut es.

PROPERTIES

e Conpressi ve strengt h—165 MPa (23, 000 psi )
e Filmthickness —25 um

e Solubility and disintegration —0. 9%by wt .
e Mnticariogenicduetoflouride

e |t shows senitransl ucency for cenentation.

MANIPULATION

The powder and |'i qui d are di spersed on a cool gl ass sl ab. The powder i s i ncor porat ed
intoliquidin2or 3largeincrenents. Mxingtineis1nmnute. Mxitinacircular
notionto obtainthe required consi st ency.
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COPPER CEMENT

Slver salts or copper oxide are soneti nes added t o t he powder s of the zi nc phosphat e
cenents toincreasetheir antibacterial properties.

APPLICATIONS

1 Tenporary fillingsinchildren
2 Internediate restorations 255

3 For retentionof silver capsplintsinoral surgery.

CLASSIFICATION

Qassifiedaccordi ngtothe percentage of the copper oxidethat i s used as arepl acenent
for the zi nc oxi de.

Commrer ci al nane Ames copper.

COMPOSITION

e (Qopper oxide (if cuprous oxideis used—eenent isred, if cupric oxideis used
t he cenent is bl ack)

e Zinc oxide

e Liquidusedis clear phosphoric acid.

PROPERTIES

e Bologca properties: They have poor bi ol ogi cal properties. Becauseits pHis
5.3 itisirritant tothe pul p.
e They are bactericidal or bacteriostatic.

MANIPULATION

The chenmistry of the copper cenents is very simlar tothat of the zi nc phosphat e
cenents, and t hey shoul d be mani pul ated i n t he same manner.

RESIN CEMENTS

Synt heti c resi n cenent s based on net hyl net hacryl at e have been avai | abl e si nce
1952 for cenentati on of inlays, crowns, and ot her appliances. S nce 1986, resin
cenent s have renai ned popul ar because of their useinthe cenentation of porcelain
veneer s and ort hodonti ¢ bracket s.

APPLICATIONS
1 Cenentation of crowns and bridges (etched cast restorations) (Fg. 13.16).
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2 Cenentation of porcelainveneers andinl ays.
3 For bondi ng of orthodontic brackets to aci d-et ched enanel .

These cenent s have hi gh bond strengt hs because of their ability to bond to etched enanel .
Theref ore they are popul ar for cenenting porcel ai n veneers, etched cast bri dges (Mryl and
bri dges) and orthodonti c brackets where a hi gh bond strengthis critical for its success.

Because of their good esthetics, these cenents are popul ar for bondi ng porcel ai n veneers.
256 Mbst ot her cenents are opaque and coul d af fect the esthetics of the ceranic restoration.

FIGURE 13.16: A Maryland bridge is a resin bonded restoration. Both metal and tooth
surface have to be etched for better bonding

CLASSIFICATION
Flledandunfilledresins.

Commercial Names

e Panavia Ex (Fig. 13.17)
o Infinity

 FPorcelitedual cure (Kerr)

SUPPLIED AS

Ghemi cal 'y cured
e Powder/Iliquid system
e Two paste system



Dental Cements

« 9nglepastewth accel erator i n bondi ng agent
* O dual cured—two paste system

FIGURE 13.17: Resins are also used for luting (Panavia) and
as pit and fissure sealants (Delton and Helioseal)

COMPOSITION

Powder

Resin matrix (di acryl at e nononer)
Inorganicfillers

Goupl i ng agent (organo si | ane)

Chemical or photoinitiators and activators

Liquid
Met hyl net hacryl at e
Tertiary amne.

POLYMERIZATION

e Chenical |l y by peroxi de—am ne syst em

e QO bylight activation

e O by bothchemcal and|light activation (dual cure).

PROPERTIES
o (onpressive strength : 180 MPa (26000 Psi)
 Tensilestrength : 30 MPa (4000 Psi)

e H I mthickness : 10-25 um



» Boogca properties : lrritatingtothe pul p
Pul p protectionw th cal ci um
hydr oxi de i s necessary

o Slublity : Insolubleinoral fluids
* Polyneri zati on shri nkage . Ishigh
» Adhesi on properties . They do not adheretotooth
structure, which may | ead t o m crol eakage.
 Bond strength to enanel : 7.4 MPa (1070 Psi)

Enanel bondi ng can be attai ned by aci d et ch techni que. Denti n bondi ng can
be attai ned by dentin bondi ng agents or gano phosphat es, HENA and 4 META

MANIPULATION AND TECHNICAL CONSIDERATIONS

1 Bchingtherestoration
2 BEching the tooth surface
3 Cenentingtherestoration

Etching the Restoration

Bching netal Just as thetooth surfaceis etched, the netal surface can al so be
etched. The etching of bothtooth surface and the restorati on ensures the best possi bl e
bondi ng. The netal surfaceis usually etchedinaelectrolytic bath contai ni ng sone
acidlike sul furic aci dal so known as el ectrochenical et chi ng. The surfaces whi ch
donot requireetchingis protected by coveringit wth wax.

BEching porcelain Geramicisahighlyinert naterial andis immune to attack
by nost aci ds. However it can be et ched by usi ng hydrofluoric acid (FH g. 20.11).
The est hetic surfaces are protected w th a coati ng of wax.

Othodontic brackets Inthe case of orthodontic brackets, afine nesh on the bondi ng
side of the bracket hel pstoinproveits retention. The cenent flows i nto the nesh
and | ocks t o provi de good nechani cal retention.

Etching the Tooth Surface

Thetooth surfaceis et ched wth phosphoric acid. The processis sinilar to procedure
describedinrestorativeresins. Thisis foll oned by an application of bondi ng agent.

Cementing the Restoration

Powder/1i qui d systemor 2 paste systens The two conponents are conbi ned by
mxi ng on a paper pad. Mxingtineis 20-30 seconds. Renoval of the excess cenent
isdifficult, if itisdelayeduntil thecenent has pol yneri zed.
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S ngl e past e system | none system the accel erator i s present i nthe bondi ng agent.
Setting occurs when the cenent on the restoration contacts the bondi ng agent on
the toot h.

Dual Cure System

e The two conponents are m xed and | i ght cured

* Tine of exposure shoul d never be | ess t han 40 seconds

e Dual cureis usedwhenthe naterial bei ng bonded al | ows sone degree of |ight
penetrati on, e.g. ceramc crown, brackets, inlays, etc.

e Light curinggives highinitia strength

e Light curing pol ynerizes the cenent at the nargi ns of the restoration which
isaffectedbyair inhibition.

CALCIUM HYDROXIDE CEMENT

CGal ciumhydroxi de is arel ativel y weak cenent conmonl y enpl oyed as di rect or
indirect pul p capping agents (Fg. 13.18). Duetotheir al kal i ne nature they al so
serveas aprotective barrier against irritants fromcertai nrestorations.

Recently, alight cured cal ci umhydroxi de base naterial and a cal ci umhydr oxi de
root canal seal i ng paste have been i ntroduced.

12y cal woy

FIGURE 13.18: Dycal is a well known brand of calcium hydroxide pulp capping agent. Another
variety (Pulpdent) is used as a root canal paste. The syringe form allows the material to be
conveniently applied into the narrow root canal

APPLICATIONS

1 For direct andindirect pul p cappi ng.

2 As lowstrength bases beneath silicate and conposite restorations for pul p
protection.

3 Apexification procedure inyoung permanent teeth where root fornationis

i nconpl et e.

2959




AVAILABLEAS

— Two past e syst emcont ai ni ng base and cat al yst pastes i n col | apsi bl e t ubes
— Light cured system

— Singlepasteinsyringe form(pul pdent, FHg. 13.18)

— Powder form(mxedw thdistilledwater).

Commercial Names

e Self curedbycal, Life, Gare, Galcidor (FHgs 13.7 and 13. 18)
e Light cured—Pri smaVLC dycal .

COMPOSITION

Base Paste

e @Gyca salicylate 40% — reacts with Ca(CH), and ZnO
e Cal ci umsul phat e

e Titani umdi oxi de — inert fillers, pignents
 (Calciumtungstate or Bari umsul phate — provides radiopacity.

Catalyst Paste

e Cal ci umhydr oxi de 50% —principal reactive ingredient

e Zncoxide 10%

e Zincstearate 0. 5% —accel erator

e HEhyl ene tol uene

e Sul fonam de 39. 5%—0i | y conpound, acts as carrier.

SETTING REACTION

Gl ci umhydroxide reacts wththe salicyl ate ester to forma chel ate vi z. anor phous
cal ciumdi sal i cyl ate. Zi nc oxi de al so takes part i nthe reaction.

Setting Time
2.5t05.5 mnutes.

Factors affecting settingtine Thereactionis greatly accel erated by noi sture and
accel erators. It thereforesetsfast inthecavity.

PROPERTIES

Cal ci umhydr oxi de cenent s have poor nechani cal properties. Hwever, they are
better than zi nc oxi de-eugenal .
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Mechanical Properties

Qonpressi ve strengt h: (10-27 MPa after 24 hours). |t has a | owconpressi ve strengt h.
The strength continues toincrease wthtine.

Tensil e strength: (1.0 MPa) is|ow
Mbdul us of el asticity: (0.37 GQPa/md). The lowel astic nodulus limtstheir useto

areas not critical tothe support of the restoration. 261

Thermal Properties

If usedinsufficientlythicklayersthey provi de sone therna insulation. Hwever,
a thi ckness greater than 0.5 nmi s not recormended. Thernal protection shoul d
be provi ded wi th a separ at e base.

Solubility and Disintegration

Thesolubilityinwater ishigh(0.4t07.8%. Sonesol ubility of the cal ci umhydroxi de
cenent i s necessary to achieveits therapeutic properties.

Sol ubi ity is hi gher when exposed t o phosphori ¢ aci d and et her. So care shoul d
be taken during aci d et chi ng and duri ng appl i cation of varni shin the presence
of this cenent.

Biological Properties

Efect onpul p: Thecenent is alkalineinnature. The high pHis dueto the presence
of free Ga(CH), inthe set cenent. The pHranges from9.2to 11. 7.

Fornation of secondary dentin: The higha kalinityandits consequent antibacterial
and proteinlysing effect hel psinthe formati on of reparative dentin.

MANIPULATION

Egual | engths of the two pastes are di spensed on a paper and mixed to a uni form
color. The naterial is carriedand applied using a cal ci umhydroxi de carrier or
applicator (aball endedinstrunent). The naterial is appliedtodeepareas of the
cavityor directly over nmldy exposed pul p (contraindicatedif thereis active bl eeding).

LIGHT ACTIVATED CALCIUM HYDROXIDE CEMENT

Li ght activat ed cal ci umhydroxi de cenent's have recent |y becone avai l abl e. It consi sts
of cal ci umhydr oxi de and bari umsul phat e di spersed i n a ur et hane di net hacryl at e.
resin. It al so contai ns HEVA and pol yneri zati on acti vat or s.

The light activated cenent has alongworkingtineandisless brittlethanthe
conventional two paste system
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CALCIUM HYDROXIDE ROOT CANAL SEALING PASTES

Recently, aroot canal seal er contai ni ng cal ci umhydroxi de has been devel oped (F g.
13.18). These are sinilar to the ones used for pul p cappi ng but contai n i ncreased
anmount of retardersinorder toextend the workingtinewhilethey are being
nani pul at ed i n t he war menvi ronnent of the root canal .

Thei r advant ages ar e:
1 HBfectiveantibacterial propertieswthout irritation.
2 They stimulate hard ti ssue repair inthe apical foranen.



Liners and Varnish

CAVITY LINERS

Acavityliner isusedlikeacavity varnishto provide abarrier agai nst the passage
of irritants fromcenents or other restorative naterial s andtoreduce the sensitivity
of freshly cut dentin. They are usual | y suspensi ons of cal ci umhydroxideinavol atile
sol vent. Woon the evaporation of the volatile solvent, theliner fornsathinfilm
on t he prepared toot h surface.

Note: Avariety of fornul ations are nowreferredtoasliners, e.g. GCliner, zinc
oxi de- eugenol |iner, and cal ci umhydroxide in paste form

SUPPLIED AS

e Solutionsinbottles (Detrey)
e Powder and |iquid
e Snglelight curedpasteintubes (Tineline-dentsply, FHg. 14.1).

FIGURE 14.1: Examples of commercially available varnishes and liners

COMPOSITION

Quspensi on of cal ci umhydroxi dein an organi c |iquidsuch as nethyl ethyl ketoneor
ethyl al cohol. Acrylic pol yner beads or bari umsul phat e cal ci umnonof | uor o-
phosphat e.



PROPERTIES

Li ke varni shes, cavity liners neither possess nechani cal strength nor provi des any
significant thernal insul ation. The cal ci umhydroxi de liners are sol ubl e and shoul d
not be applied at the nargins of restorati ons.

F ouri de conpounds have been added to sone cavity linersinanattenpt to
reduce the possi bi l ity of secondary caries around per nanent restorati ons or to reduce
sersitivity.

MANIPULATION

Quitylinersarefluidinconsistency and can be easi |y fl oved or pai nt ed over denti nal
surfaces. The sol vents evaporatetoleave athinfil mresiduethat protectsthe pul p.
The paste formis appliedinthe cavity and then |ight cured.

Other Liners

e Typelll gl ass i ononer
e Type |V ZCE

CAVITY VARNISH

Cavity varnishis asol ution of one or nore resins whi ch when appl i ed onto t he
cavitywal | s, evaporates leavingathinresinfilm that serves as abarrier between
therestoration and the dentinal tubul es.

APPLICATION

1 It reduces mcrol eakage around t he nargi ns of new y pl aced amal gam
restorations, thereby reduci ng, postoperative sensitivity.

2 It reduces passage of irritantsintothe dentinal tubul es fromthe overlying
restorationor base, e.g. silicate.

3 Inanal gamrestorations, they al so prevent penetration of corrosion products
intothe dentinal tubul es, thus, nini mzingtooth di scol oration.

4 Varni sh nay be used as a surface coating over certainrestorations to protect
t hemfromdehydrati onor contact wthoral fluids, e g silicateandgl assiononer
restorati ons.

5 Varni sh nay be applied onthe surface of netallicrestorationas atenporary
protectionin cases of gal vani c shock.

6 Incases where el ectrosurgery isto be done adjacent tonetallic restorations,
varni sh applied over the netal | ic restorations serves as atenporary el ectrical
insuator.

7 Huoride containi ng varni shes rel ease fl uori de.



SUPPLIED AS
Liquidindark col ored bottl es.

Commercial Names

e Harvardlac (Fg. 14.1)

e Detrey varnish

e Bifluorid2 (MO

e Dur aphat :l H uori de cont ai ni ng
e Huorprotector

COMPOSITION

Nt ural gumsuch as copal, rosinor synthetic resin di ssol ved i n an organi ¢ sol vent
l'i ke a cohol, acetone, or ether.

Medi ci nal agent s such as chl orbut anol , thynol and eugenol nay be added. Sone
var ni shes al so contai n fl uori des.

PROPERTIES

Var ni shes nei t her possess nechani cal strengt hnor provi det hernal i nsul at i onbecause
of thethinfilmthi ckness. Thefil mthi ckness ranges bet ween 2t 0400 um

Thesol ubility of dental varnishesislow theyarevirtualyinsolubleindistilled
wat er.

MANIPULATION

The var ni sh may be appl i ed by usi ng a brush, wreloopor.asna | pledget of cotton.

Several thinlayers are applied. Each layer is allowedto dry before appl yi ng
the next one. WWienthe first |ayer dries, snal | pi nhol es devel op. These voi ds are
filledinby the succeedi ng varni sh applications. The nain objectiveistoattain
a uni f ormand cont i nuous coat i ng.

PRECAUTIONS

1 Varnish sol utions shoul d be tightly capped i rmedi atel y after use to prevent
| oss of sol vent by evaporati on.

2 It shoul d be appliedin athin consistency. M scous varni sh does not wet the
cavity wal I s properly. It shoul d be thi nned wi th an appropri at e sol vent .

3 Excess varnish shouldnot beleft onthe nargins of therestorationsasit prevents
proper finishingof the nargins of the restorations.
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CLINICAL CONSIDERATIONS

Wen placingasilicate or silicophosphate restoration, the varni sh shoul d be confi ned
tothe dentin. Varnish appliedonthe enanel inhibits the uptake of fluoride by
t he enanel .

Gont rai ndi cati ons:
— Oonposi te resins: The sol vent in the varni sh may react with or soften the
resin
— Qass iononer: Varnish elinmnates the potential for adhesion, if applied
between @ Cand the cavity.
— Wien t herapeuti c actionis expected fromthe overlyi ng cenent, e.g. zinc
oxi de- eugenol and cal ci umhydr oxi de.



CHAPTER 15

Model, Cast and Die Materials

Gasts and nodel s are an i nportant part of dental services. Haster and stone are
the usual materials used to prepare casts and nodel s. However, it nust be
reneniber ed that other material s can al so be used for this purpose.

Dental Impressions are Poured to Prepare

Models

Wsed prinarily for observation, diagnosis, patient educati onetc., e.g. orthodontic
st udy nodel s.

Casts

Aworking nodel or naster cast. It isthe positivereplicaonwhichrestorations
or appliances are fabricated, e.g. conpl ete denture, renovabl e partial denture,
orthodonti c appl i ances. Casts shoul d be nade wi th a hi gh | evel of accuracy. They
shoul d be handl ed wth great care, taking care not toscratch or danageits surface.

Dies
Apositivereplicaof apreparedtoothor teethin asuitabl e hard subst ance on whi ch

inlays, crowns and ot her restorations are nade. S mlar care shoul d be takenin
ensuringits accuracy as wel I as handl i ng.

TYPES OF DIE MATERIALS

Gypsum
—Type | Vdental stone

— Type Vdental stone, high strength, hi gh expansi on

— Type Vdental stone + i gho-sul phonates (this wetting agent reduces t he wat er
requi renent of a stone and t hus enabl es t he production of a hard, stronger and
nor e dense set gypsun).



Mt al and netal coated di es
— H ectrof orned

— Sprayed netal s

— Amal gam

Pol yner s
— Mtal or inorganicfilledresins

— BEpoxy.
Cernrents S | i cophosphat e or pol yacryl i ¢ aci d bonded cenent .

Refractory naterials Thisincludes investnents and di vest nents. |nvestnent casts
are used to nake patterns for RRDfranes. O vestnent di es are used indirect baking
of porcel ai n crowns or preparation of wax patterns.

IDEAL PROPERTIES OF DIE MATERIALS

1 It shoul d be di nensi onal |y accurat e.

2 It shoul d have hi gh abrasi on resi stance, shoul d possess good st rengt h and have
a snoot h surf ace.

Toughness—o0 al | owbur ni shing of foil and resist breakage.
Ailitytoreproduce all finedetailsintheinpression.

Qnpatibilitywthall inpressionnaterials.

Ml or contrast withwax, porcel ainand all oys.

Easy to nmani pul ate and qui ck to fabricate.

Non-i nj urious to heal th by touch or i nhal ati on.

Economi cal +ow cost .

O o0o~NO UL W

DISADVANTAGES OF SOME DIE MATERIALS

Pol yrer s : They shrink during pol yrmeri zation and so tend t o produce an
under si zed di e.

Cenent s : Al cenents shrink slightly and exhibit brittleness and have a
tendency t o crack due to dehydrati on.

Metal -sprayed : The bismuth-tinalloyisrather soft; careis neededto prevent
des abrasi on of the die.

IMPROVED DENTAL STONE OR DIE STONE

The nost accurat e and commonly used die naterial s are still al pha hem hydrat e
type |V and type V gypsumproducts. Type |V gypsumproducts have cuboi dal -
shaped particl es and t he reduced surf ace area produce the required properti es of
strength, hardness and mini nal setting expansi on.



The nost recent gypsumpr oduct, havi ng an even hi gher conpressi ve strength
thanthe type IVis dental stone, high strength, hi gh expansi on—type V st one.
The set ting expansi on has been i ncreased from0. 01 to 0. 30% Thi s hi gher setting
expansionisrequiredinthe stone used for thedietoaidin conpensationfor the
base netal all oy solidification shrinkage.

Advantages

Good strength

M ni mal shri nkage

Easy nani pul ati on

Good wor ki ng time

Sets quickly
Gonpatiblewithinpressionnaterial s
Has snoot h, hard surface

Can be easily tri mmed

Has good col or cont rast

I's econonical .

BLOCONCDU'I-bOONl—‘

Disadvantages

1 Bittle
2 Nbt as abrasion resistant as the epoxy and el ectrof orned di es. Edges and
occl usal surface nay be rubbed of f.

ELECTROFORMED/ELECTROPLATED CASTS AND DIES

B ect rodeposi tion of copper or silver ontheinpressiongivesahard netal lic surface
tothe cast.

Advantages

D nensi onal accur acy

Hard and abr asi on resi st ant

Inparts a smoot h surface to the wax patternin contact

Not very expensi ve

Better nargi nal definition

Does not absorb oil or water

Prevent s cupsal wear due to repeated contact wth opposi ng cast.

NO O, WN P

Disadvantages

1 DOfficut totrim
2 S lver bath-heal th hazard



3 Not conpatiblewthall inpressionnaterials

4 @l our contrast not as good as di e stone

5 Adaptation of wax not as good as tothe die stone, patterntends tolift from
nar gi ns.

Electroforming

A so known as el ectropl ating or el ectrodeposition. Hectroforningis a process by
vhichathincoatingof netal is depositedontheinpression, after whicha gypsum
cast ispouredintotheinpression. The casethus obtainedw || have a netal surface.

Metal s used for el ectroformng are:
— Copper
— Glver

A ating can be done for:
— Individual tooth inpression
— Rul'l archinpression

R atingis done on:
— Qonpound i npr essi on (usual | y copper pl at ed)
— Pol ysul phi de (usual l'y si | ver pl at ed)
— S licone i npression.
QG her i npression naterial s showdi nensi onal changes when pl at ed.

Components of an Electroplating Apparatus

1 Gathode: The i npressionto be coated is nade t he cat hode.

2 Awodeisthenetal tobedeposited, i.e. copper or silver.

3 Anode hol der, Cat hode hol der.

4 Hectrayteisthesol utionthroughwhichtheel ectriccurrent is passed. lons are
deposi t ed fromanode t o cat hode, e.g. silver cyani de or copper sul phat e.

5 Ameter registersthe current inmllianperes (8-500 na). The current passed
is 10 ma per tooth area, for 12 hours.

6 Hatingtankis nade of glass or hard rubber wthawell fitting cover to prevent
evapor ati on.

7 Tenperature 77to 80°F (roomtenperature).

Composition of the Electroplating Bath

Qopper forning S/ ver formng

Qopper sul phate crystal s 200 gm Slver cyanide 36 gm
Sl furic aci d (concent rat ed) 30 M Potassi umcyani de 60 gm
Phenol sul phoni ¢ aci d 2 m  Potassiumcarbonat e 45 gm
Vit er (distilled) 1000 M \dter (distilled) 1000 m




Procedure

* Vésh and dry the i npressi on.

e Mtallizing Mst i npressionnaterial s donot conduct el ectricity. They are nade
conduct i ve by appl ying anetal | i zi ng sol uti on or powder wth a brush. The excess
powder is bl own of f.

The netal | i zi ng agent s are:

— Bronzi ng powder suspended i n al mond oi | . 271
— Aqueous suspensi on of sil ver powder.

— Powder ed graphite.

« Thesurface of theinpressiontray is coveredwth wax 2 nrmbeyond t he nargi n
of theinpression. This protectsthetray and preventsits plating.

e Wthadropper, theinpressionisfilledwththeel ectra yte, avoi dingai r-bubbl es.

e Atachtheinpressiontothe cathode holder. Aninsulatedwreis usedfor the
pur pose.

e Theelectrodeis attachedtothe cathode andtheinpressionisimersedinthe
el ectrol yte bath. O stance bet ween t he cat hode (i npressi on) and anode (net al )
shoul d be at | east 4".

e Initially, current shoul d not exceed 5 ma. Later the current isincreasedto
10 nma per tooth for 12-15 hours, to get adeposit of 0.5 mMm(If a hi gh current
isusedthe surface wll be granul ar, uneven and weak. Wth | owcurrents the
deposit is smoot h and hard).

e« The current is disconnected. The i npressionis washed. The dieis conpl et ed
by pouring resinor dental stoneto support the surface of the cast andto form
t he base.

EPOXY RESIN DIE MATERIALS
They are nost effective w th rubber inpressionmaterials.

Advantages
Tougher and nor e abr asi on resi stant than di e st one.

Disadvantages

1 dight shrinkage (0.1%.
2 M scous, does not fl owreadily.
3 Setting nay take upt o 24 hours.

Available As
Two conponent s—+esi n past e and hardener (Fig. 15.1).



REFRACTORY CAST (INVESTMENT CAST)

Arefractory cast is aspecia cast nade froma heat resistant (investnent) naterial .
SQich casts areused inthe fabricationof certainlarge netal structures, e.g. cast
renovabl e partial dentures. Sval | wax structures |ikeinlays, crowns and snal |
bri dges are constructed on a nornmal di e, can be renoved fromthe di e w t hout
significant distortionandinvested separately. Hwever, | arger vax structures |ike
that for the cast RPD, would distort if renoved fromthe cast. Gast RPDpatterns
are best constructed onarefractory cast. The patternisinvested together wth
therefractory cast.

Why not Invest an Ordinary Gypsum Cast?

The normal (non-refractory) gypsumcast cannot wthstand the hi gh t enperat ures
i nvol ved i n the casting of netal and woul d di si nt egrat e under t hese conditi ons.

Difference Between Divestment Cast and Refractory Investment Cast

Though both are quite simlar, there are sone fundanental differences. The
i nvestnent casts are not as strong and abrasi on resi stant as the di vest nent cast.
Infact they are quitefragile and can di sintegrate easily. Manufacturers have
provi ded certai n har deni ng sol uti ons to conpensate for this. Ovestnent is generally
used for snal | er castings, whereas i nvestnent refractory casts are general |y used
for larger structures.

DIE STONE-INVESTMENT COMBINATION (DIVESTMENT)

This is aconbination of die material and i nvesting nedi um A gypsumbonded
naterial calleddivestnent ismxedwthacolloidal silicaliquid Adieis prepared
fromthe mix and awax patternis constructed onit. Then the wax pattern t oget her
wthdieisinvestedin divestnent.

e

FIGURE 15.1: Epoxy resin and dies



The setting expansi on of divestnent i s 0. 9%and t hernal expansi on 0. 6% when
heated to 677°C

Asit isagypsumbonded naterial it is not reconmended for high fusingalloys,
e.g. netal -ceranic al oys.

Advantage

It isahighlyaccurate techni que for conventional goldalloys especialy for extra §273
coronal preparations. Inthis technique, renoval of the wax patternfromthe die

isnot required. Thus possibility of distortionof wax patternduring renoval from
thedieor duringsetting of theinvestnent, is ninimsed.

DIVESTMENT PHOSPHATE OR DVP

Thi s i s a phosphat e- bonded i nvestnent that is simlar tothe divestnent andis
suitable for usewth highfusing all oys.



CHAPTER 16

Waxes in Dentistry

During construction of a denture and nany ot her appl i ances, wax i s used as a
nodel ling naterial . Offerent types of waxes are usedto prepare patterns for all oy
casti ngs.

There are nany vari eties of waxes used, bothintheclinicandlaboratory. Each
have particul ar properties dependingonwhat it isusedfor. Their basic constituents
areessentially simlar, their exact proportionisdifferent.

COMPONENTS OF DENTAL WAXES
Dental waxes contai n natural waxes, synthetic waxes and addi ti ves:

Nat ural waxes Synt het i ¢ vaxes Addi ti ves
Mneral s: Paraffin Acranwax C Fats
Mcrocrystal | i ne Aerosol, OT e Searicacid
Bar nsdahl Cast or wax e QGyceryl-
Czokerite Fl exowax C tristearate
Ceresin Epol ene N- 10
Mont an A bacer Qls
Al do 33 Tur pent i ne
Dur awax 1032 @l or
Harts: Car nauba Nat ural Resi ns
Quricury Rosi n
Gandelilla e Copal
Japan wax e Dammar
Gocoa butt er e Sandarac
e Mstic
e Shellac
e Kauri
Irsect: Beeswax
Ani nal : Sper nacet i Syntheti ¢ Resi ns

e Hvax
e Polyethyl ene
e Polystyrene




CHEMICAL NATURE OF WAXES

Nat ural waxes are conpl ex conbi nati ons of organi ¢ conpounds of reasonabl y hi gh
nol ecul ar wei ght. The two princi pal groups of organi c conpounds contai ned i n
waxes are:
e Hydrocarbons, e.g. saturated al kanes, and
 Esters, e.g. nyricyl palnitate.

Sone waxes i n addi tion contain free al cohol and aci ds.

(Est er—orned fromuni on of hi gher fatty acids wth higher aliphatic al cohol
wthelininationof water).

A cohol + Fatty Acid — Ester + Véter

Mineral Waxes

Paraffin and mcrocrystal line vaxes Adistillation products of petrol eum They
are bot h hydrocarbons. Paraffin (nelts 40-70°Q tendstobebrittle. Mcrocrystalline
(60-90°Q is nore flexi bl e and t ougher .

Bees viax 1t’s additionreduces brittl eness.

Plant Waxes

Qarnauba and ouri cury Carnauba occurs as fine powder onthe | eaves of certain
tropical plants. Melting range: 84-91°C Quricury nelts between 79-84°C Bot h
rai se nel ti ng range and har dness of paraffin.

Gandel I'ila (68 to 75°CQ Minly hardens paraffin wax.

Japan vax and cocoa butter Are not true waxes but are chiefly fats. Japan wax
istough, nalleable and sticky and nelts at 51°C Gocoa butter is brittle. Japan
wax i nproves tacki ness and enul sifying ability of paraffin.

Insect Wax
Beesvax (63-73°Q Brittleat roomtenperature, but plastic at body t enperat ure.

Animal Wax

Spernaceti is obtai ned fromthe spermwhal e. 1t isnot wdely used. M nly used
asacoatingfor dental floss.

Synthetic Waxes

The nat ural waxes are not consistent intheir conposition, andthus their properties.
To overcone thi s, synthetic waxes are used. These are careful | y prepared under
control led conditionstogivestandardizedreliabl eresults. They are highly refined
unl i ke nat ural waxes whi ch are frequently contamnated. Their useisstill limted.
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Qokerite It isanearthwax foundinwesternUSand central Europe. |nproves
physi cal characteristics of paraffin.

Ceresin It is obtainedfrompetrol eumand lignite refining. They are harder and
are used toraise nel ting range of paraffin.

Barnsdahl |t raises nelting range and har dness, reduces fl owof paraffin.

Wax Additives
Mntan It ishard, brittleandlustrous. It can be substituted for plant waxes.

@ins  They are vi scous, anor phous exudat es frompl ants t hat har den when expo-
sedtoair. They are conpl ex subst ances nai nl y nade of carbohydrat es. They eit her
dissol ve inwater or formsticky, viscous liquids, e.g gumArabic andtragacanth.

Fats They aretastel ess, odorless and col orl ess subst ances. They are sinil ar to wax
but have | ower nelting tenperatures and are softer. Chemical |y t hey are conposed
of glycerides, e.g. beef tall owand butter. They can be used to i ncrease nelting
range and hardness of waxes.

Ols Lowersthenelting point of paraffin, hydrocarbon oils softens waxes. S1icone
oi | s i nprove ease of polishing of waxes.

Resins are exudates of certaintrees and pl ants (except shel | ac vhichi s fromi nsects).
They ar e conpl ex, anor phous m xt ures of organi ¢ subst ances. They are i nsol ubl e
i nwater. They i nprove t oughness. They are al so used t o nake var ni shes (by
di ssol vi ng i n an organi ¢ sol vent).

Smntheticresins are al so used.

CLASSIFICATION OF DENTAL WAXES

According to Origin (Described Earlier)

e Mneral
e Hant
e |nsect
e Aninal

According to Use

Pat t er n naxes Processi ng vwaxes | npr essi on naxes
Inlay casting Boxi ng Qrrective

RPD cast i ng Uility Bteregistration
Base pl at e Sicky




GENERAL PROPERTIES

\éxes have a nunber of inportant propertiesinrelationtotheir dental use.
Dfferent usesrequired fferent properties. Vdxes for patterns probably require

nost careful bal ance. Sone of the inportant properties are:

Ml ting range

e Thernal expansi on

* Mechani cal properties

e How 217
* Residual stresses

o Duxtility.

Melting Range

* \éixes have nel ting ranges rat her than nel ti ng points
« Mxing of waxes may change their nel ting range
e Mltingrange varies dependingonits use.

Thermal Expansion

Wxes expand when subjected toariseintenperature and contract as the
tenperature i s decreased.

Qoefficient of thernal expansion andits inportance Dental waxes and their
conponent s have the | argest CTEanong the naterial s used inrestorative dentistry.
Tenper at ure changes i n wax patterns after renoval fromthe nouth, can produce
inaccuraciesinthe finished restoration.

Mechanical Properties

The el asti ¢ nodul us, proportional limt and conpressi ve strength of waxes are | ow
conpared to other dental material s. These properties are strongly dependent on
the tenperature. As tenperature decreases, the properties inprove.

Flow

Flowis aninportant property, especially ininlay waxes. Wen nel ted t he wax
should flowreadilyintoall the parts of the die. Howis dependent on:

— Tenper at ure of the wax
— Force applied
— Thelengthof tinetheforceis applied.

F owi ncreases as the nel ting poi nt of the wax i s approached.



Residual Stress

Regar dl ess of the net hod used t o nake a wax pattern, residual stresses exist in
the conpl eted pattern. The resi dual stress nay be conpressive or tensileinnature.

Exanpl e A Wien a speci nen i s hel d, under conpressi on during cool i ng t he at ons
and nol ecul es are forced cl oser together. After the specinenis cool edtoroom
tenperature andthe l oad i s renoved, the noti on of the nol eculesisrestricted. This
restrictionresultsinresidua stress (hidden stresses) inthe speci nen. Wenthe
specinen i s heated, rel ease of the residual stressis addedto the nornal thernal
expansi on, and the total expansionis greater than nornal .

Exanpl e B Wen a speci nen i s cool ed whi | e under tension, the rel ease of the
residual tensilestressresultsinad nensional changethat is oppositetothernal
expansion, i.e. it canresult inoverall contraction of the speci nen.

Ductility

Likeflow theductilityincreases asthetenperature of thewax isincreased. In
general, waxes with |l ownel ting poi nts have greater ductility thanthose wth high
nel ting points.

PATTERN WAXES

Anartificial dental restorationisfirst nadewth patternwax. Thewax is |later
repl aced wth the pernanent naterial, e.g. cast goldalloys, cobal t-chronmumnickel
alloys, or pol ynethyl nethacrylateresin. Al patternwaxes have two naj or qualities
whi ch cause serious probl ens in their use—thermnmal change i n di mensi on and
tendency towarp or distort onstanding, e.g. inlay castingwax, RPDcasting wax
and basepl at e wax.

Types

As nentioned before they are
1 GCasting waxes
e Inlay
* Renovabl e partial denture (the netal frane)
2 Basepl ate wax (used inthe construction of conpl ete and partial denture).

INLAY CASTING WAX

Uses

The pattern for inlays, cromns and bridgesisfirst nadeinwax (FHg. 16.1), and
then repl aced by netal during casti ng.



Orect andindirect techniques |f thepatternisnadedirectlyinthetooth (in
thenouth), it is saidtobe prepared by direct technique. If it is prepared on a
die itiscaledind rect techni gue.

Ideal Requirements of Inlay Casting Waxes

Wien sof t ened, t he wax shoul d be uni form there shoul d be no grai ni ness or
hard spotsintheplastic naterial .

The co or shoul d contrast withthedie. Adefiniteco or contrast hel psinidentifying
and fi ni shi ng of nargins.

Ther e shoul d be no fl aki ness or rougheni ng of the surface when the wax is
noul ded af t er sof t eni ng.

The wax shoul d not pul | or chip during carvi ng.

Duri ng burnout (500°Q), it shoul d vapori ze conpl etel y wi t hout resi due.

The wax pat t ern shoul d be conpl etely rigid and di nensional |y stable at al | tines
until it iselinnated

It shoul d be sufficiently plastic slightly above nout h tenperat ure and becone
rigi dwhen cool ed t o nout h t enper at ur e.

The fl ow shoul d be nore than 70%at 45°Cand | ess t han 1%at 37°C

Classification (ADA Sp. No.4)

Type | : Amedi umwax enpl oyed i n di rect techni que
Type Il : Asoft wax used for indirect technique for inlays and crowns.
Supplied As

Bue, greenor purplesticks (Fg. 16.1-bottoml eft corner). A soavailabl e as snal |
pel | et s and cones.

Conmerci al Nanes Harvard, Kerr, etc.

FIGURE 16.1: A wide variety of wax products are used in dentistry. Preformed casting waxes

saves valuable laboratory time and gives more consistent results
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Composition
Par af fi n wax, gumdanmmar, carnauba or candel | il a and col ori ng agent s.

Paraffinvax (40-60% Miningredient. It isusedtoestablishthe nelting point.
Dfferent varieties, wthdifferent nelting poi nts can be produced. Paraffin wax
fl akes when tri nmed and does not gi ve a snoot h surface, so ot her waxes are added
to nodi fy.

Cresin(10% Partially repl aces paraffin. | ncreases toughness. Easy to carve.

Qimdarmmar (1% O Dammar resin whichis anatural derivative frompi ne
tree i nproves t he snoot hness i n noul di ng and nakes it nore resi stant to cracki ng
and flaking. It al soincreases toughness of the wax and enhances the | uster of
t he surf ace.

Carnauba vax (25% Thiswax is quite hard and it has a hi gh nel ti ng point.
It is conbinedwthparaffinto decrease the flowat nouth tenperature. It has
an agr eeabl e odor and gi ves gl ossi ness to t he wax surf ace.

Gandel il avax Canbeaddedtorepl ace car naubawax. It contri but est he sane qua-
litiesascarnaubawax, but itsneltingislower andi snot as hardas car naubawax.

Synt heti ¢ vaxes | n nodern inl ay waxes, carnauba wax i s often repl aced partly
by certai n synt heti c waxes (Montan). Because of their high nelting point, nore
paraf fi n can be i ncor porat ed and t he general working qualities are i nproved.

Properties of Inlay Wax

Type | inlay wax i s neant for use in the nouth whereas, Type Il wax i s used
inthelaboratory (indirect technique). Qoviously, bothwoul dhaveslightly different

properti es.

Flow

Requi renent s according to ADA Sp. No. 4.

At 45°C- Both Type | and Type || shoul d have a fl ow bet ween 70 t 0 90%
At 37°C- Type | should not flownore than 1%

At 30°C- Type Il shoul d not flownore than 1%

Fromt he above requirenments it is clear that:

Type | inlay vax Melts and fl ows wel I, when heated at around 45°C Thi s t enpe-
ratureistolerated by the patient. Good fl owat this tenperature ensures good
reproduction of theinlay cavity. The wax cool s down and final | y hardens at
37°C(nouth tenperature), all owngthe operator to carve and shapeit inthe nouth.

Type Il inlay vax Onthe ot her hand hardens at 30°C (roomtenperature). This
wax is nore suitable for thelaboratory. Inthe nouth (at nouth tenperature) it
woul d be t oo sof t .



Thermal Properties

Thernal conductivity: Thethernal conductivity of thesewaxesislow It takestine
to heat the wax uniformy and to cool it to body or roomtenperat ure.

Qoefficient of thernal expansion: Inlay wax has higha CIE It has alinear
expansion of 0.7%w thincreaseintenperature of 20°C It’s thernal changes are
hi gher than any other dental naterials.

Inportance This propertyis noresignificant indirect techni que because contraction
of the pattern can occur whenit is takenfromnouth toroomtenperature (especially
inair conditionedroons or incoldclinates).

Factors affecting 1f thewaxisallowedtocoo under pressureitsthernal properties
are changed. Wien reheated, the linear CTEis i ncreased. The tenperature of the
dieandthe nethod used to apply pressuretowax as it solidifies al soinfluences
the CTE

Wax Distortion

Vex distortionisthe nost serious problemininlay wax. It is dueto rel ease of
stressesinthe pattern caused due to:
e ntraction on cool i ng
e @cl uded gas bubbl es
e Change of shape of the wax during noul di ng
e Fromnani pul ation, carving, pooling, and renoval .
Thus t he anount of residual stress is dependent on:
— The net hod of forming the pattern.
— Its handl i ng and
—Tinme and tenper ature of storage of the wax pattern.

Qauses of distortion Dstortionis dueto any nethod of nani pul ati onthat creates
i nhonogeni ty of wax i nvol vi ng the i nternol ecul ar di stance (F g. 16.2).

FIGURE 16.2: Demonstration of wax distortion. (A) A bent stick of wax kept in water
at room temperature. (B) Straightened appreciably after 24 hours
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Fact ors causi ng di stortion under control of the operator cannot betotally

elimnated. Dstortion of thewax can occur:

e If waxisnot at uni formtenperature wheninsertedinthe cavity. Sone parts
of thewax pattern nay thernal |y contract nore than ot hers when stresses are
i nt r oduced.

e |f waxis not hel d under uni f ormpressure during cool i ng.

e |f thewax is nelted and added i n an area of defici ency, the added wax wi | |
i nt roduce stresses duri ng cool i ng.

e During carving sone nol ecul es of wax w Il be di sturbed and stresses wll result.

To avoi d
M ni mal carving and change i n t enper at ur e.
Mninmal storage of pattern. Invest i medi ately.
Use war mi nst runment s for carvi ng.
Soreit inafridgeif necessary.
Sone rel axation and di stortion of pattern occurs regard ess of the net hod used.
It cannot betotally elimnated. It canonly be reduced to a poi nt whi chis not
of clinica inportance.

Non-volatile Residue

Véxes vapori ze during burnout. ADA Sp. linmts the non-vaporizabl e resi due to
a nmaxi numof 0. 1% Excess resi due canresult inaninconpl ete casting.

Manipulation of Inlay Wax

Direct Technique

Hol d the stick of wax over thevisibleflane and rotateit rapidly until it becones
plastictaking care not tovolatilizethewax. The softened wax i s shaped appr oxi -
natel y to the formof the prepared cavity.

Ater thewaxisinsertedintothe cavity, it isheldunder finger pressurewhile
it solidifies. The wax shoul d be al | owed to cool gradual | y t o nout h t enper at ur e.
@olingrapidy by applicationof codwater resutsindifferentia contractionand
devel opnent of internal stresses.

Local i zed reheat i ng of wax wi th warmcarvi ng i nstrunents has a si ml ar effect
and nore di stortion nay occur. Acol d carvinginstrunent shoul d be used for direct
vax pattern. Wthdrawt he wax patterncarefullyinthelongaxis of the preparati on.
The pattern shoul d be touched as little as possi bl e with the hands to avoi d
t enper at ur e changes.

Indirect Technique

Inlay patternis prepared over alubricateddie 1f noltenwaxis used, verylittle
resi dual stresses occur.



e DOpping nethod | n case of full crowns, the di e can be di pped repeated y, into
hot |'iquidwax. Thewax is al l oned to cool , carved, and renoved fromt he di e.
e Softening inwarmwater This technique is not recomended as
— Sol ubl e constituents nay | each out and t he properties of wax w || change
— Vdter getsintothewax causing splatteringonthe flane, interferencewth
the sof t eni ng of the wax surface and di stortion of the pattern on thernal
changes.
e Addinginlayers: The wax i s nel ted and added i n | ayers usi ng a spatul a or
a brush.

Polishing

Pol i shing is done by rubbingwith asilk cloth.

Note

1 Invest all wax patterns as soon as possi bl e to avoi d distortion

2 \Véxes oxi di ze on heating. Prol onged heating causes it to evaporate. There w | |

al so be dar keni ng and preci pitati on of gunmy deposits. Toavoidthis, usethe
| onest tenperature needed for nel ting.

RPD CASTING WAX

The partial denture casting waxes are quite unlike theinlay casting waxes in
appear ance and handl i ng properti es.

Uses

To nake patterns of the netallic franework of renovabl e partial dentures (H gs
16. 3A and B).

LU
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FIGURE 16.3A: An assembled RPD pattern (lower FIGURE 16.3B: Prefabricated RPD casting
left) made from ready made casting waxes on a wax patterns

refractory cast. The sprue formers have been

attached. The pattern is invested in a suitable

refractory material to create a mold (behind). The

completed casting is shown on the right side




Supplied As

It isavailableinthe formof (Fg. 16.1)
e Sheets 0.40 and 0. 32 nmt hi ckness
¢« Readynade shapes
— Round (10 cn), hal f round and hal f pear shaped rods
— Reticular, gridor neshform
— Qd asp shapes
— Qher forns.
e Bulk

Properties

These waxes are tacky and hi gly ductil e as they nust adapt easily and stick onto
therefractory cast. Likeinlay wax they too nust vaporizewth /itt/e residue during
bur nout .

The pattern for the RPRDfrane i s nade on a speci al cast known as the refractory
cast (Fg. 16.3). S nce the wax cones i n ready- nade shapes, it isquite easyto
assenbl e. The wax forns are sticky and pliabl e and can be adapted easily on to
the cast. After thepatternis conpletedit isinvestedand cast.

FIGURE 16.4: Baseplate wax is a pattern wax which is used in the fabrication of complete dentures.
It is usually supplied as sheets. Prefabricated occlusion rims forms (foreground left) are also
available. Inset - Occlusion rims made from baseplate wax

BASEPLATE WAX (Fig. 16.4)

Mbst students woul d be fanmiliar wththiswax. Insone placesit isreferredtoas
nodel i ng wax. They are cl assi fi ed under pattern waxes because they are used i n
the constructi on of dentures and ot her appl i ances nade of acrylic and|ike naterials.



Uses

These waxes are used for the fol | ow ng:

1 To nake occl usion ri ns.

2 Toformthe desired contour of the denture after teeth are set.

3 To nake patterns for orthodontic appliances and ot her prost heses whi ch are
to be constructed of plastics.

Classification (ADA Sp. No. 24) 285
Type | soft —for building veneers

Type Il medi um —touseinnouths innornal clinates

Type II'l hard —for useintropical clinates.

Supplied As

Sheets of pink or red color (Fgs 16.1 and 16. 4) .

Composition

Paraf finor ceresin 80. 0%
Beeswax 12. 0%
Car nauba 2. 5%
Natural or synthetic resins 3. 0%
Mcrocrystal line 2.5%

PROCESSING WAXES

These ar e t hose waxes used nmai nly as accessory ai ds i nthe construction of avariety
of restorations and appliances, either clinicallyor inthelaboratory, e g boxing
wax, beadi ng wax, utility wax and sticky wax.

BOXING WAX AND BEADING WAX

Uses

Wses to build up vertical walls around the i npression, inorder to pour the stone
and make a cast. The procedure i s known as boxing (Fig. 16.5).

Supplied As
Boxi ng wax as sheets, beadi ng wax as strips (Fig. 16.1).

Advantages of Beading and Boxing
1 Preserves the extensi ons and | andnar ks



FIGURE 16.5: Boxing wax and beading wax surrounding a silicone impression. The impression
is ready to be cast with dental stone. The boxing wax will confine the dental stone

2 ntrol s thethickness of the borders
3 Gontrol s the formand t hi ckness of the base of the cast
4 nservestheartificia stone.

Properties

They are pliabl e and can be adapt ed easi |y. Aslight tackyness allows it tostick
totheinpression.

Note The terns cardi ng wax and boxi ng wax have been used i nt er changeabl y.
Carding wax was the original nateria on which porcel ainteeth were fixed when
recei ved fromt he nanuf act urer. Boxing wax i s a nore acceptabl e term

Technique

Beadi ng wax i s adapt ed around t he peri phery. Thi s wax shoul d be appr oxi nat el y
4 mmwi de and 3- 4 nmbel owt he borders of the inpression. The hei ght i s adj usted
until a boxing wax strip extends approxi matel y 13 nmabove t he hi ghest poi nt
ontheinpression. Soneis vibratedintothe boxed i npression.

UTILITY WAX

Composition

onsi sts nai nl y of beeswax, petrol atum and ot her soft waxes i n varyi ng propor -
tiams.



Supplied As

It isavailableinthe formof sticks and sheets. It is usedto adjust contour of
perforatedtray for use wth hydrocol | oi ds (e.g. toraise flange hei ght, to extend
thetray posteriorly, andtoraisepa atal portionof thetrayincases of deeppal ate).
It ispliableandcanbeeasilynoul ded. It i s adhesive and can stick tothe tray.

STICKY WAX 287

Composition
I't consists mainly of yell owbeeswax, rosin, and natural resins such as gumdanmar .

Properties

It isstickywen neltedandadheres closelytothe surfaces uponwhichit isapplied.
A roomtenperature, it isfirm freefromtackiness, and brittle (Fg. 16.1).

Uses

Wsed for joining (assenil i ng) netal parts before sol dering and for joi ning frag-
nent s of broken dent ures bef ore repair procedure. Avariety of other uses, nainly
joining, are possiblewththis wax.

IMPRESSION WAXES

These ar e used t o record non- under cut edent ul ous portions of the nouth, and are
general |y used i n confi nation w th other i npression naterial s such as pol ysul fi de
rubber, ZCE or dental inpression conpound, e.g. corrective inpressionwax, bite
registrati on wax.

CORRECTIVE IMPRESSION WAX

Uses

I't isusedas awax veneer over an original inpressiontocontact and register the
Oetail s of the soft tissues.

1 To nake functional inpressionof free end saddles (Qass| and Il renovabl e
partial dentures)

Torecord posterior pal atal seal indentures

3 Functional inpressionfor obturators.

N



Composition and Properties

They consi st of paraffin, ceresinand beesvax. It nay al so contai n netal particles.
The fl owat 37°Cis 100% These waxes are subj ected to di stortion duri ng renoval
fromt he nout h. They shoul d be poured i rmedi at el y.

BITE REGISTRATION WAX

Uses

It isusedtorecordtherelationshi p between the upper and | ower teeth. Thisis
necessary inorder to nount the casts correctlyinthearticul ator.

Supplied As

U shaped rods on wafers (F g. 16.6). Qne side of thewax is usual |y covered wth
fal.

Composed Of
Beeswax or paraffin or ceresin. Sore contai n al um numor copper particl es.

Procedure

The wax i s softened i n war mwat er. The soft wax i s t hen pl aced between the teeth
andthe patient is askedtobite. It isthentaken out and placedinchilledwater.
The casts of the patient isplacedintheindentations forned by theteeth. It is
then nounted wth pl aster onthe articul ator.

FIGURE 16.6: Various bite registration waxes are used to record the relationship between
the occluding surfaces of the upper and lower jaw



CHAPTER 17

Dental Casting
Investment Materials

Aninvest nent can be described as a ceramic naterial whichis suitablefor forning
anmouldintowhichnolten netal or alloyis cast. The procedure for formng the
noul d i s descri bed as “i nvesting’. These naterial s canw thstand hi gh t enper at ures.
For thi s reason they are al so known as refractory naterial s.

REQUIREMENTS OF AN INVESTMENT MATERIAL

1

[o¢]

10.

The i nvest nent noul d nust expand t o conpensat e for the al | oy shri nkage,
whi ch occurs during the cool i ng of the nol ten all oy.

The powder shoul d have a fine particle sizeto give ashoothsurfacetothe
casting.

The nani pul ati on shoul d be easy. It shoul d have a suitabl e setting tine.
The nat eri al shoul d have a snoot h consi st ency when ni xed.

The set material shoul d be porous enoughto pernmit air inthe noul d cavity
t o escape easi | y during casti ng.

At higher tenperatures, theinvestnent nust not deconpose to gi ve of f gases
that nay corrode t he surface of the all oy.

It nust have adequat e strength at roomtenperature to permt handl ing, and
enough strength at hi gher tenperatures tow thstandthe inpact force of the
nol ten netal .

Casti ng tenper at ures shoul d not be critical .

After casting, it shoul d break anay readi |y fromt he surface of the netal and
shoul d not react chenical lywthit.

The mat eri al shoul d be econom cal .

TYPES OF INVESTMENT MATERIALS

Therearethreetypes of investnent naterials. Theyal containsilicaastherefractory
naterial . The type of binder usedis different.



1 Gypsumbonded i nvest nents: They are used for casting gol d al | oys. They can
w t hst and t enper at ure upt o 700°C

2 Phosphat e bonded i nvest nent s: For netal ceranic and cobal t-chrom umal | oys.
They can wi t hst and hi gher t enper at ur es.

3 EBhyl silicabondedinvestments: They are an alternative to t he phosphat e bonded
i nvestnents, for hightenperature casting. They are principal |y usedinthe
casting of base netal alloy partia dentures.

COMPOSITION OF INVESTMENTS (IN GENERAL)
Al investnent naterial s nust contain arefractory and a bi nder.

Refractory

Anaterial that will withstand hi gh tenperatures w thout deconposi ng or
disintegrating, e.g silica

Alotropicforns Slicaexistsinat |east four alotropic forns:
e Quartz

e Tridymte

 QCistomite

e Fused quart z.

They serve two functions:
e Actsasanaterial that can w thstand hi gh t enperat ures.
* Regul ates the thernal expansion.

Binder

Amateria wiichwll set, and bi nd toget her the particles of refractory subst ance,
e.g. gypsum phosphate and silicate. The cormon bi nder used for goldalloysis
dental stone (al pha-hemhydrate). The i nvestnents for casting cobalt chronium
al I oys use, ethyl silicate, ammoni umsul phate or sodi umphosphat e.

Other Chemicals

Qher chenical s such as sodi umchl ori de, boric acid, potassiumsul fate, grafite, copper
powder or nagnesi umoxi de of ten are added i n snal | quantities to nodify the physical
properti es.

GYPSUM BONDED INVESTMENTS
CLASSIFICATION

Accordingto ADASp. No. 2for goldalloy castinginvestnents, there are three
types based on use and t ype of expansi on used.



Type —| I nlay, thernal

Type —I 1 I nl ay, hygroscopic
Type —I 11 Partial denture, thernal .
USES

For casting of inlays, bridges, renovabl e partial denture frane works usi ng gol d
al | oys and ot her | owfusing al | oys.

SUPPLIED AS
Powder in bul k or prewei ghed packs.

COMPOSITION

Slica — 60 to 65%
A pha-hem hydrate (dental stone) — 30 to 35%
Chenical nodifiers - 5%

Function of Each Constituent

Al pha hemi hydr at e:

— It binds and hol ds the si | i ca parti cl es t oget her.

— Pernits pouring of the mx intothe noul d.

— It inparts strength to the noul d.

— Qontributes to noul d expansi on (by setting expansi on).

Slica quartzor cristobalite

— Acts as arefractory during heating.

— Regul at es thernal expansi on.

— I ncreases setting expansi on of stone.

— Slicaintheinvestnent el innates contracti on of gypsumand changesit to an
expansi on duri ng heat i ng.

Mdi fiers

— loring natter

— Reduci ng agent s: They reduce any oxi des forned on the netal by providi ng
a non-oxi di zi ng at nosphere i n the noul d when the noul d al | oy enters, e.g. carbon
or copper powder .

— Mbdi fyi ng chemical s: They regul at e setting expansi on and setting tine and
al so prevent shrinkage of gypsumwhen heat ed above 300°C e.g. boric acid
and sodi umchl ori de.

MANIPULATION

M x neasured quantity of powder and water using aflexibl e rubber bow and spatul a
or in avacuumi nvest nent m xi ng nachi ne.




SETTING REACTION

Sane as dental stone. Wien the water i s nmixed, the hemihydrate reacts toform
di hydrat e whi ch sets to forma sol i d nass whi ch binds the silicaparticles together.

Setting Time

Accordingto ADASp. No. 2for inlayinvestnents, settingtine shoul dnot be |l ess
than 5 m nutes and not nore than 25 m nutes. The nodern i nlay i nvest ment s
set initialyin9tol8nnutes. This provides sufficient tinefor nixi ngandinvesting
the pattern.

Factors Controlling Setting Time

e DManuf act uri ng process

e Mxingtineandrate

e \Wter/powder ratio

e Tenperature

o Mdifiers—accel erators and ret arders.

PROPERTIES OF GYPSUM INVESTMENTS

Thermal Behavior of Gypsum

Wien gypsumi s heated to high tenperature, it shrinks and fractures. A 700°C
it shows slight expansion and then great anount of contraction. The shrinkage
i s due to deconposition and rel ease of sul fur dioxide. It contaninates the casting
w ththe sul fides of silver and copper. So the gypsumbonded i nvest nent s shoul d
not be heat ed above 700°C

Thermal Behavior of Silica

Wien heated, quartz or cristobalite changesits crystalline form This occurs at

atransitiontenperature, characteristic of theparticular formof silica,

e quartz when heated, inverts froma'‘low formknown as al pha-quartztoa‘high
formcal | ed as beta-quartz, at atenperature of 375°C

o cristobaitesinlarlywenheated, invertsfrom low or a pha-cristobaliteto’ high
or beta-cristobaliteat atenperature between 200°Cand 270°C

The beta forns are stabl e onl y above the transitiontenperature. It changes
back to the | owor al pha-formoccurs upon cool i ng i n each case. The densi ty changes
(decreases) as al pha-formchanges to beta-form wtharesul tingincreasein vol une
and arapidincreaseinlinear expansion.



Expansion

Expansi on ai ds i n enl argi ng t he noul d t o conpensat e for the casting shri nkage
of the gold all oys.

Expansi ons are of 3 types:

— Nornal setting expansi on

— Hygroscopi ¢ setting expansi on

— Thernal expansi on.

Normal Setting Expansion

Amxtureof silicaanddental stoneresultsinasetting expansionwhichis greater
t han when t he gypsumproduct is used al one. The silicaparticles probablyinterfere
wththeinterneshingof thecrystal s asthey form Thus, thethrust of the crystal s
i s outward during growt h.

ADA Sp. No. 2 for Type-1 investnent pernits a naxi numsetting expansi on
inar of 0.5% Mderninvestnents showsetting expansionof 0.4% It is regul ated
by retarders and accel erat ors.

Hygroscopic Setting Expansion (HSE)

Wien gypsumproducts are al l oned to set in contact with water, the anount of
expansi on exhi bited i s nuch greater than the nornal setting expansion. The
i ncreased anount of expansi on i s because, water hel ps t he outward grow h of
crystal's. Thi s expansi on i s known as hygroscopi ¢ setting expansi on. The i nvest nent
shoul d be i rmersed i nwater beforeinitial set i s conplete.

ADASp. No. 2 for Type-11 investnents requires a nininal 1. 2%and naxi num
2. 2%expansi on.

Factors Affecting Hygroscopic Setting Expansion

1 nposition Thefiner theparticlesizeof thesilica thegreater isthe HSE
Al pha- heni hydr at e produces a great er expansi on t han bet a- hem hydrat e. H gher
thesilicacontent, greater is the expansion.

2 WPratio The higher the WPratioof theoriginal investnent water mxture,
thelessisthe HSE

3 Tenperature H gher the tenperature of i mmersionwater, lessisthe surface
tensi on and hence, greater is the expansion.

4 Efect of tinmeof imersion |mmersionbeforetheinitial set resultsingreater

expansi on.

Spatul ation Shorter the mxingtine, thelessisthe HSE

Efect of shelf lifeof theinvestnent The ol der theinvestnent, thelessisthe

hygr oscopi ¢ expansi on.

(2N &)]
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7 @nfinenent of theinvestnent by thewal s of the contai ner or the wax pattern
reduces HSE. This effect i s much nmore pronounced on t he HSE t han on t he
nornal setting expansi on.

8 KEfect of the anount of added vater Mre anount of water added during the
setting period, noreis the expansi on.

Thermal Expansion

I n case of gypsumi nvestnents, thernal expansi on (TE) i s achi eved by pl aci ng t he
noul d inafurnace at atenperature not greater than 700°C (The i nvest nent
breakdown, if it exceeds this tenperature bases are rel eased, whi ch cont aninat e
thegol dall oys).

The anount of thermal expansi on required depends on whi ch nethod i s used
for casting shrinkage conpensation. |f hygroscopi ¢c expansi on t echni que i s used,
then TEof 0.5%to 0.6%is sufficient. But, if the conpensationis by TEtoget her
w th nornal setting expansion, then the TE shoul d be 1. 0%t o 2. 0%

Type-1 invest nents shoul d have a t hernal expansi on of not | ess t han 1. 0%nor
greater than 1. 6%

Factors Affecting Thermal Expansion

1 TEisrelatedtothe amount and type of silica used.

2 HBEfect of the WPratio: norethe water, |ess the TE

3 HEfect of chenmical nodifiers: Sal |l anounts of sodi umchl ori de, potassi umchl ori de
and | i thiumchl oride i ncreases TE and el i minat es t he contracti on caused by

gypsum

Strength

Accordingto ADASp. Nb. 2, the conpressive strength for inlay investnents shoul d
not be |l ess than 2.5 MPa when tested 2 hours after setting.

Strength is Affected By

1 useof a pha-hem hydrat e i ncreases conpr essi ve st rengt h (t han bet a- hen hydr at €) ,

2 use of chenical nodifiers increases the strength,

3 norewater used during mxing, lessis the strength,

4 heating theinvestnent to 700°Cnay i ncrease or decrease strength as nuch
as 65%dependi ng on t he conposi tion. The greatest reductionin strength upon
heatingis foundininvestnents containi ng sodi umchl ori de,

5 after theinvestnent has cool ed to roomtenperature, its strength decreases
consi derabl y, because of fine cracks that formduring cool i ng.



Porosity

The nor e gypsumcrystal s present inthe set investnent, thelessisits porosity.
Less t he heni hydrat e cont ent and great er the anount of gaugi ng water, the nore
isitsporosity. Amxture of coarse andfine particles exhibits|ess porosity than
an i nvest nent conposed of a uni formparticl e size (Acertai n anount of porosity
isessential inthenouldinorder toall owescape of gases during casting).

Fineness

Afineparticlesizeis preferrabl e to acoarse one. The finer theinvestnent, the
smal ler will bethesurfaceirregularities onthe casting.

Storage

I nvest nent s shoul d be storedinair-tight and noi st ure-proof contai ners. Purchase
insnal | quantities.

HYGROSCOPIC THERMAL INLAY CASTING INVESTMENT

Anewinlay castinginvestnent that can be used as a hygroscopi c or thernal type
i s nowavail abl e. The i nvest nent contai ns a bl end of quartz and cristobalite as
the refractory. For the hygroscopi c expansi on t echni que, the investnent i s heat ed
only upto 482°C Wien used inthe thernal casting technique, theinvestnent (is
not i mersed inwater but) i s heatedto 649°Cto achi eve expansi on.

INVESTMENTS FOR CASTING HIGH MELTING ALLOYS

The netal ceranic al | oys and t he cobal t chroniumal | oys have hi gh nel ti ng t enpe-
ratures. They are cast in noul ds at 850 to 1100°C

At hi gh tenperat ures, the gypsumbonded i nvest nent s di si ntegrates. Hence,
i nvest nent s whi ch can wi t hst and hi gher tenperat ures are requi red. The bi nders
used (phosphat e and silicate) i nthese i nvestnents can wi t hstand t hese hi gh
t enper at ur es.

The i nvest nent used for this purpose are:
— Phosphat e bonded i nvest nent s
— S lica bonded i nvest nent s.

PHOSPHATE BONDED INVESTMENT
Uses

For casting highfusingalloys, e.g. highfusingnoblenetal alloys, netal ceramc
al l oys, and base netal al | oys | i ke ni ckel - chromi umand cobal t - chr oni um




Supplied as
Powder in packetswithspecial liquid(Hg 17.1).

b

FIGURE 17.1: Various phosphate bonded investment materials

Composition

Powder cont ai ns:
e Ammoni umdi aci d phosphat e NH,H,PO,
— It gives strength at roomt enper at ure.
— It is solubleinwater and provi des phosphat e i ons.
— It reactswithsilicaat hightenperature toincrease strength at casting
t enper at ur es.
e dlica Rfractory
¢ Magnesi umoxi de: Reacts w th phosphat e i ons.

Liquid The phosphat e bonded i nvest nents are mixed with a special |iquid supplied
by the nanufacturer. Thisliquidis aformof silicasol inwater, which gives hi gher
thernal expansi on.

Setting Reaction

At roomt enper at ur e anmoni umdi aci d phosphat e react s w t h magnesi umoxi de
to give theinvestnent green strength, or roomtenperature strength.

NH,HPO, + MO — NHMPO, + H,O

The ammoni umdi aci d phosphate i s used i n a greater amount than i s necessary
for thisreaction, sothat the additional anount canreact wthsilicaat anel evated
tenperature. A higher tenperaturethereis probably asuperficia reaction between
P.Q and S Q to formsil i cophosphat e, whi ch i ncreases the strength of i nvest nent
at hi gher tenperature.



Manipulation

The powder is mixed w th a neasured anount of |iquid usingabow and spatul a.
Hand mi xi ng or nechani cal nixi ng under vacuumcan be done. The nixed nateri al
isvibratedintothe casting ring or agar noul d (RPDf ranework).

SILICA BONDED INVESTMENTS

Thesilicaisthebinder. It isderivedfromethyl silicate or agueous di spersion of
coloidal silicaor sodi umsilicate.

Types (Two Types)

Qe such i nvest nent consi sts of silicarefractory, whi chis bonded by t he hydrol ysi s
of ethyl silicateinthe presence of hydrochl oric acid. The product of the hydrol ysis
isthefornationof acolloidal solutionof silicicacidandethyl a cohal .

HCl
Si (OGH) 4 + 4H) — Si (OH), + 4GHOH

Bhyl silicate has the di sadvant age of contai ni ng i nfl anmabl e conponent s whi ch
are required for manuf acture.

Sodi umsi | i cat e and col | oi dal silicaare nore coomonl y used as bi nder s because
of the above di sadvant age. These i nvest nents are suppl i ed al ong w th tvo bott/ es
of specia liquid Qebottlecontainsdilutewater-soluble silicatesa utionsuchas
sodi umsi |l i cate. The other bottle usual 'y contai ns dil uted aci d sol uti on such as a
sol ution of hydrochl oric aci d.

Manipulation

The content of each bottl e can be storedindefinitely. Before use equal vol une of
each bottl eis nixed sothat hydrol ysis cantake pl ace and freshly prepared silicic
acidisforned. Thepowder/liquidratiois usedaccordingto nanufacturersinstruc-
tion

SOLDERING INVESTMENT

Inthe process of assentlingthe parts of arestorati on by sol dering, such as cl asps
onarenovabl e partia denture, it is necessarytosurroundthe partswthasuitable
ceramc or investnent. The parts are tenporarily hel d toget her wth sticky wax
until they are surrounded wth the appropriate investnent naterial, after which
the wax i s renoved. The portionto be sol deredis |eft exposed and free from
investnent to pernmit renoval of the wax and ef fecti ve heati ng bef ore bei ng j oi ned
wthsolder (Fg 22.1).




Composition

The i nvest nent for sol dering purposeis simlar tocastinginvestnents containing
quartz and a cal ci umsul f at e hem hydr at e bi nder .

Properties

Sol dering i nvest nent's ar e desi gned t o have / over setting and t her nal expansi ons
than castinginvestnents, afeaturethat is desirable sothat the assenbl ed parts
do not shift position. Sol deringinvestnents do not have as fine aparticl e si ze as
the casting i nvest nent, sincethe snoothness of the nassislessinportant. Relatively
littleinfornationisavailableinthedenta literature onthe properties of sol dering
i nvest nent s.



CHAPTER 18

Casting Procedures

Miny dental restorati ons are nade by casting, e.g. inlays, crowns, renovabl e parti al
dent ur e frameworks, etc.

Casting can be defined as the act of formng an object inanould (G°T-6).
The object fornedis al soreferredtoas ‘acasting.’

Gastingis aconpl ex process i nvol vi ng a nuniber of steps and cost |y equi pnent .
Arestorationhavingaperfect fit is possibleonlyif we have agood under st andi ng
of the techni que and naterial s used i n casti ng.

STEPS IN MAKING A CAST RESTORATION

e Tooth/teeth preparation

e | npression

e Depreparation

e \Wéx pattern fabrication

e Attachnent of sprue forner
e Rngliner placenent

e Assenbly of castingring

e Investing

e Burnout or wax elimnation
e Gasting

* Recovery

e Hckling

e PRdishing

TOOTH/TEETH PREPARATION
The teeth are prepared by the denti st torecei ve a cast restoration.

Inpression An accurate inpressionof thetooth/teethis nade, usual ly with
el astoners (F g 6.5F).



DIE PREPARATION

Adieisprepared fromdiestone (Fg. 7.1) or theinpressionis el ectro-forned. A
di e spacer i s coated or pai nted over the di e whi ch provi des space for theluting
cenent .

WAX PATTERN

Apatternof thefinal restorationis madewthtypell inlay wax (Fg. 18.1) or
ot her casting waxes with all precautions to avoid distortion. Before naki ng the
pattern, adielubricant is appliedto hel pseparatethewax patternfromthe die.

.250-00
Ord.-No. 127-250
50‘1""“ 15840

FIGURE 18.1: A roll of ring liner, a rubber crucible former with attached
wax pattern and casting rings

SPRUE FORMER

Asprue forner i s nade of wax, plastic or netal . Thicknessisinproportiontothe
wax pattern. Areservoir, is attached tothe sprue or the attachnent of the sprue
tothewax patternisflared. Adjust lengthof thesprueto 3/ 8" to1l/2", sothat the
wax patternis approxi mately 1/4" fromthe other end of thering (FHg. 18.2).

Functions of Sprue Former/Sprue

1 To forma nount for the wax pattern

2 Tocreate achannel for aelimnationof wax duri ng burnout

3 Forns achannel for entry of nolten all oy during casting

4 Povidesareservoir of nol ten netal whi ch conpensates for al | oy shri nkage during
sdidficaion

CASTING RING LINING

Aringliner isplacedinsideof thecastingring. It shouldbeshort at oneend. Earlier
asbestos | i ners were used. |ts use has been di sconti nued due to heal th hazard from
breathingits dust.



Types of Nonasbestos Ring Liners Used are:

— H brous ceranic al uminous silicate
— @l | ul ose (paper)
— Ceranic-cel | ul ose conbi nation (FHg. 18.1).

Functions of the Ring Liner

1 Alows for noul d expansi on (acts as a cushi on) 301
2 Wentheringistransferredfromthe furnacetothe casting nachineit reduces

heat lossasit isatherna insulator
3 Permits easy renoval of theinvestnent after casting.

INVESTING

Apply wetting agent (to reduce air bubbl es) onthe wax pattern. Seat the casting
ringintothecrucibleforner takingcarethat it islocatednear the center of the
ring(Fg 18.2).

Wax pattern
[ ' Casting ring
Ring liner
Sprue
former

Crucible former

FIGURE 18.2: An assembled casting ring ready for investing

Mx theinvestnent (inavacuummxer, Fg. 18.3) and vi brate. Sone i nvest nent
isappliedonthewx patternw th a brush to reduce trapping ai r bubbl es. The
ringisreseatedonthe crucible forner and pl aced on t he vi brator and gradual |y
filledwiththerenaininginvestnent mx. Allowit toset for 1 hour.

WAX ELIMINATION (BURNOUT) AND THERMAL EXPANSION

The purpose of burnout is: (i) toelininatethe wax (pattern) fromthe noul d, and
(ii) toexpand the noul d (thernal expansi on).

Separate the crucibl e forner fromthering. If anetallic sprueforner i s used,
it shoul d be renoved bef ore bur nout .



FIGURE 18.3: An investment mixer (Bego - Germany). The investment is mixed
under partial vacuum in order to minimize voids in the mix

Burnout is started whenthe nouldis net. Soreinahumdor if burnout is
to be del ayed. The heati ng shoul d be gradual . Rapi d heat i ng produces st eamwhi ch
causes the wal I s of the nould cavity to flake. Inextrene cases an expl osi on nay
occur. Rapi d heating al so causes cracks i nthe i nvest nent due to uneven expansi on.

Theringis placedina burnout furnace and heated gradual | y to 400°Cin 20
mnutes. Mintainit for 30 mnutes. Inthe next 30 ninutes, rai sethe tenperature
to 700°Cand again naintainit for 30 mnutes (Fg. 18.4).

The casti ng shoul d be conpl eted as soonas theringisready. If castingis del ayed
the ring cool s and t he i nvest nent contracts. The crown becones snal | er.

CASTING
It isaprocess by whichnmoltenalloyis forcedintothe heated invest nent noul d.

Casting Machines

O vided into tvwo general types
e (entrifugal forcetype, and
e Ar pressuretype.



FIGURE 18.4: The burnout furnace. The wax pattern is vaporized in this furnace leaving behind
an empty mould space. The furnace also increases the size of the mould (thermal expansion)
which helps to compensate for casting shrinkage

Nuner ous nodi fications and variations of these principles are enpl oyed i n
different i nstrunents.

Centrifugal nachi nes nay be spring driven or notor driven (F g. 18.6). The
nai n advant age of the centrifugal nachinesisthe sinplicity of designand operation,
with the opportunity to cast both | arge and snal | castings on the sane nachi ne.
Inair pressure type of nachi ne, ei ther conpressed ai r or gases | i ke carbon di oxi de
or nitrogen, can be usedto forcethe nolten netal intothe noul d. This type of
nachineis satisfactory for naki ng snal | casti ngs.

At t ached vacuumsyst em Casting nachi nes (both centrifugal and gas pressure
type) w th attached vacuumsyst emare avai | abl e. The vacuumcr eat es a negati ve
pressure w thinthe noul d, which hel ps to drawthe all oy i nto t he noul d.

Fusion of Noble Metal Alloy

Al oys can be nel t ed by:
—Blowtorch or
— By electrica resistance or i nduction.

Blow Torch

The fuel usedis a conbination of :
e Natural or artificial gasandair, or
» oxygen and acetyl ene gas (hi gh fusion al | oys).

The fl ane has four zones (F g. 18.5):
A Mxing zone Ar and gas are mxed here. No heat is present. It is darkincolor.



MIXING ZONE METAL FRAME
FIGURE 18.5: Parts of a flame

B nbustion zone This surrounds theinner zone. It isgreenincolor. It isa
zone of partial conbustion and has an oxi di zi ng nat ure.

C Reducing zone |t is abluezonejust beyondthe green zone. It is the hottest
part of theflane. This zoneis used for fusionof castingalloy.

D Oidizing zone Quternost zone i nwhich final conbustion between the gas
and surroundi ng ai r occurs. This zone i s not used for fusion.

The air and gas mixtureis adjustedto get areducing flane, whichis usedto
nel t the all oy, because it does not contamnatethe alloy andis the hottest part
of theflane.

The hot castingringis shiftedfromthe burnout furnacetothe casting nachi ne
(FHg 18.6). Theringisplacedinthe castingcrad e sothat the sprue hol e adj oi ns
thecrucible. Sidethecrucibleagainst theringtoavoidspillingof noltennetal .
The al | oy may be nel ted by a torch or by i nduction heating (FH gs 18.6 and 18.7).

FIGURE 18.6: An induction casting machine. The molten metal is driven into the mould by centrifugal
force. One arm of the machine has a counter weight which balances the weight of the arm carrying
the crucible and mould as it rotates. The red hot crucible and the casting ring is visible in the
machine. The induction coil (copper colored) is half visible and is used to melt the metal
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FIGURE 18.7: The above picture shows the alloy melting in the crucible. The crucible containing
the alloy is surrounded by an induction coil which supplies the intense heat needed to melt the
alloy pieces

Sori nkl e I ux povder over the nolten netal toreduce the oxi des andincrease fluidity
for casting. Wenthealloyisnoltenit hasamrror |ike appearance (FHg. 18.7),
likeabal | of nercury. Releasethearmandal lowit rotatetill it conestorest. This
creates centrifugal forcewhichforcestheliquidnetal intothe noul dcavity. The
ringisalowedtocool for 10 mnutestill the glowof the netal di sappears.

QUENCHING (FOR GOLD ALLOYS)

Theringisthenimmersedintowater. This |eaves the casting netal in an anneal ed
(softened) conditionand al so hel pstofragnent theinvestnent. Base netal alloys
are not quenched.

RECOVERY OF CASTING

The i nvestnent i s renoved and t he casting recovered. Apneunatic (air driven)
chi sel nay be used to renove t he i nvest nment .

SAND BLASTING

The casting is heldin a sandbl asti ng nachi ne to cl ean t he renai ni ng i nvest nent
fromits surface.

PICKLING

The surface oxi des fromt he casting are renoved (When necessary) by picklingin
50%hydrochl oric acid. HJ is heated, but not boiledwiththe castinginit (done
for goldalloys). Ficklingis not aroutine procedure andis perforned only when
i ndi cat ed.
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POLISHING

Mni numpolishingisrequiredif all the procedures fromthe wax patternto casting
arefoll owned neticul ously (for detail s see abrasi ves chapter).

DEFECTS IN CASTING

I f proper procedureis not foll oned, the casting nay have sone def ects. The casting
insuchacasemay not fit or nay have poor esthetic and nechani cal properti es.

CLASSIFICATION OF CASTING DEFECTS (COOMBE)

1 Dstortion

2 Surface roughness

3 PRorosity

4 I nconpl ete casti ng.
Inaddition, acasting can be contan nated due to:
i dation, caused by:
— Qverheating the al | oy
— Wse of oxidizing zone of flane
— Failureto use fl ux.

5 Sul phur conpounds, forned by t he breakdown of the i nvest ment when the ring
i s over heat ed.

DISTORTION

Dstortionof thecastingis usually duetodistortionof wax pattern.

e Sone distortion of wax occurs when the i nvest nent har dens or due t o hygroscopi ¢
and setting expansi on. It does not cause serious probl ens.

e Sone distortion of wax occurs during mani pul ation, because of the rel ease of
stresses.

Mni nize di stortion by:

— Mani pul ation of wax at hi gh tenperat ure.

— Investing patternw thinone hour after finishing.
— |If storageis necessary, storeinrefrigerator.

SURFACE ROUGHNESS

Sur f ace roughness can usual | y be traced to:
1 Air bubbl es on wax pattern cause nodul es on t he casti ng.
Avoi d by
— Proper mxing of investnent
— M bration of mx or by vacuumi nvesting
— Applicationof wetting agent.



2 Too rapid heating cracks theinvestnent resultinginfins.
Avoi d by
— Heat thering gradually to 700°C(inat least 1hr).

3 WPratio: higher WPratio gives rougher casting. Larger particl e size of
i nvest nent has t he sane effect.

Avoi d by
— Wsing correct WPratio and sel ect i nvestnent of correct particle size.

4 Prol onged heating causes di sintegration of noul d cavity. 307
Avoi d by

— Gonpl ete the casting as soon as the ring is heated and r eady.

5 QOrerheating of goldalloy has the sane effect. It disintegrates theinvestnent.
6 Too highor too |l owcasting pressure.
Avoi d by
— Wing 151bs/sqinchof air pressureor threetofour turns of centrifugal casting
nachi ne.

7 Qonpositionof theinvestnent. Proportion of the quartz and bi nder i nfl uences
the surface texture of casting. Goarsesilicawl!| give coarse casting.

8 Forei gn body i ncl usi on shows sharp, wel | -defined defi ci enci es. | ncl usi on of flux
shows bri ght concavi ti es.

POROSITY

Porosity may beinternal or external. External porosity can cause di scol oration
of the casting. Severe porosity at the tooth restoration junction can even cause
secondary caries. Internal porosity ueakens the restoration.

Porosities are Classified as (Phillips)

1 Those caused by sol i dification shrinkage:
— Local i sed shri nkage porosi ty

— Suck back porosity } Ii rnr e ;paé
— Mcroporosity

2 Those caused by gas:
— A nholeporosity } usual ly
— Gas incl usi ons } spheri cal
— Subsurface porosity } in shape

3 Those caused by air trapped in the noul d (back pressure porosity).

Shrink-Spot or Localized Shrinkage Porosity

These are largeirregul ar voi ds usual | y found near the sprue-casting junction. It
occurs when the cool i ng sequence i s i ncorrect and the sprue freezes beforethe rest
of the casting. Duringa correct cool i ng sequence, the sprue shoul dfreezelast. This



allows nore nol ten netal toflowintothe noul dto conpensate for the shrinkage
of thecastingasit solidifies. If thespruesolidifiesbeforetherest of the casting
no nore nol ten netal can be suppl i ed fromt he sprue. The subsequent shri nkage
produces voi ds or pits known as shrink-spot porosity.
Avoi d by

— Wi ng sprue of correct thi ckness

— Attach sprue to thickest portion of wax pattern

— Haringthe sprue at the point of attachnent or placing areservoir closeto

the wax pattern.

Suck Back Porosity

It isavariationof theshrink spot porosity. Thisis anexterna voidusual |y seen
intheinsideof acrown oppositethe sprue. Ahot spot is created by the hot netal
i npi ngi ng on the noul d wal I near t he sprue.

The hot spot causes thisregiontofreezelast. S nce the sprue has al ready
solidified, nonore nolten naterial is availabl e andthe resul ting shrinkage causes
a pecul i ar type of shrinkage cal | ed suck back porosity (Hg. 18.8). It i s avoi ded by
reduci ng the t enperat ure di f f erence bet ween t he noul d and t he nol t en al | oy.

Solidifies first

| Solidifies last Solidified sprue

FIGURE 18.8: A—Caorrect sequence of hardening; B—Suck back porosity
caused by incorrect sequence of solidification

Microporosity

These arefineirregular voids wthinthe casting. It is seenwhenthe casting freezes
toorapidly. Rapidsolidificationoccurs whenthe nouldor castingtenperatureis
tool ow

Pin Hole Porosity

Many net al s di ssol ve gases when nol ten. Uoon sol i dification the di ssol ved gases
are expel | ed causi ng ti ny voi ds, e.g. plati numand pal | adi umabsor b hydr ogen.
Qopper and si | ver di ssol ve oxygen.
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Gas Inclusion Porosities

Gas i ncl usi on porosities are al so spherical voids but arelarger thanthe pinhole
type. They nay al so be due t o di ssol ved gases, but are nore |ikely due t o gases
carriedinor trapped by the nol ten netal . Apoorly adj usted bl owtorch can al so
occl ude gases.

Back Pressure Porosity

Thi s i s caused by i nadequat e venti ng (air escape) of the noul d. The sprue pattern
| engt h shoul d be adj usted so that thereis not nore than 1/4" thi ckness of the
i nvest nent bet ween t he bottomof the casting ring and t he wax pattern. Wen
the nolten netal enters the noul d, the air insideis pushed out through the porous
investnent at the bottom If the bul k of theinvestnent istoo great, the escape
of air becones difficult causingincreased pressureinthe nould. Thegoldwll then
solidify beforethenouldis conpletelyfilledresultingina porouscastingwth
rounded short nar gi ns.

Avoi d by

— ki ng adequat e casti ng f or ce.

— Wse i nvest nent of adequat e porosity.

— Place pattern not nore than 6 to 8 nmaway fromthe end of the ring.
— Providing vents inlarge castings.

Casting with Gas Blow Holes

If thereis any nax residuerenaininginthe nould, it gives off alarge vol une
of gas, asthenoltenall oy enters the noul d cavity. This gas can cause defi ci enci es
inthe casting and bl owhol es i nthe resi due button. To hel p el i ninat e wax conpl etel y
fromt he noul d, the burnout shoul d be done wi th the sprue hol e faci ng downwar ds
for the wax to run down.

INCOMPLETE CASTING

An i nconpl et e casting nay resul t when

I nsufficient all oy used.

Aloy not abletoenter thinparts of noul d.

Wien noul d i s not heated to casting tenperature.
Premature sol i dificationof alloy.

Sporues are bl ocked with forei gn bodi es.

Back pressure due to gases i n noul d cavity.
Lowcasti ng pressure

Aloynot sufficiently noltenor fluid.

cO~NOOT A WNPEF

Too Bright and Shiny Casting with Short and Rounded Margins

Wien the wax i s not conpl etely elimnated, it conbines wth oxygenor air inthe
noul d cavi ty forn ng car bon nonoxi de whi ch i s a reduci ng agent. The gas prevents
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the oxi dation of the surface of the castinggoldwththeresult that the casting
whi ch cones out fromthe investnent is bright and shiny. The fornation of gas
inthenouldissorapidthat it al so has a back pressure effect.

SMALL CASTING

I f conpensation for shrinkage of alloy is not done by adequat e expansi on of noul d
cavity, thenasnal | castingw !l result. Another reasonis, the shrinkage of the
i npressi on naterial .

CONTAMINATION

1 Dueto oxidationwhen noltenalloyis over heated

2 e of oxidizing zone of the fl ane

3 Failuretouseflux

4 Duetoformation of sul phur conpounds (see bl ack casting).

Avoi d by

— Not overheating al | oy

— Wse reduci ng zone of the flanme
— We flux.

Black Casting

Can be due to two reasons.

1 Overheating the investnent above 700°Ccauses it to deconpose |i berating
sul phur or sul phur conpounds. They readily conbinewiththe netal s ingold
alloy formngasulfidefilm This gives adark casting whi ch cannot be cl eaned
by pi ckl i ng.

2 Ablack casting, canbe al so duetoinconplete elinnationof thewax pattern,
asaresult of heatingthe noul d at too | owtenperature. Acarboni zed wax renai ns
whi ch sticks tothe surface of the casting. It can be renoved by heati ng over
aflane.

Table Summarising Casting Defects (Coombe)

Dimensional Errors in Casting

Probl em Cause Rrecaution
Gastingtoo | arge Excessi ve expansi on Use correct tenperature
Use correct i nvest nent
Casting too snal | Too little noul d Heat the noul d sufficiently
expansi on

D storted casting D storted wax pattern Qorrect handl i ng of wax




Rough Surface and Fins on Casting

Rough surf ace

H ns on casti ng

| nvest nent br eakdown

A r bubbl es on wax
(nodul es on cast i ng)

\V¢ak surface of
i nvest nent

Q acki ng of
i nvest nent

Avoi d over heati ng of noul d
and al | oy.
Qorrect use of wetting agent

Vacuumi nvest i ng
Avoi d too high WPratio

Avoi d di |l ution of investnent
fromappl i cati on of too nuch
wet ti ng agent

Avoi d rapi d heati ng of

i nvest nent

Porosity

Irregul ar voi ds

Irregul ar voi ds

Spheri cal voi ds
Rounded nar gi ns;

regul ar | arge
voi ds

Forosi ty

Shri nkage on cool i ng
o aloy

I ncl usi on of forei gn
particles

Qccl uded gases in
nol ten al | oy

Back pressure effect;
air unabl e t o escape
fromnoul d

Tur bul ent | ow of
nolten al loy into
t he noul d

Use correct sprue

thi ckness

Attach sprue at thick part
of wax pattern

Use reservoi r

Heat noul d upsi de

down so t hat

particlesfall out

Avoi d over heati ng and
prol onged heating of all oy
Use adequat e casti ng
farce

Use por ous i nvest ment
Avoi d wax residue in nmoul d
Pl ace pattern 6 to 8 nm
away fromend of ring
Use vent s

Qorrect pl acenent

of sprue




CHAPTER 19

Dental Casting Alloys

Gastingis the nost conmonl y used net hod for the fabrication of netal structures
(inlays, crowns, partial denture franes, etc) outsidethe nouth. Apattern of the
structureisfirst nadeinwax. Thisis then surrounded by aninvestnent naterial .
After the invest nent hardens, the wax i s renoved (burnt out) | eaving a space or
nould. Mitenalloyisforcedintothisnould Theresultingstructureis anaccurate
duplication of the orgi nal wax pattern.

Metal Restorations in Dentistry

Ther e are nany ways of fabricatinganetal licrestorationindentistry.
1 Drect filling (e.g. gold, anal gan)
2 Bycasting (e g cast crowns, posts, inlays, etc.)
3 By machi ni ng
e Pefabricated (e.g. prefabricated posts)
e (CADCAM (e.g. netal inlays, crowns, etc.)
e Copy nmlling and el ectrical di scharge machi ni ng* (e.g. crows, copi ngs
for PFM etc)
4  Snagi ng* (e.g. copings for PFN
* See chapter on dental ceram cs

TERMINOLOGY

Alloy

Analloyisdefined as anetal contai ning two or noreel enents, at | east one of
whichis netal, and all of whichare mutually solubleinthe nolten state.

Noble Metals

These have been used for inlays, crows, and bri dges because of their resistance
to corrosioninthe nout h.
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@&l d, platinum pal | adi um rhodi um ruthenium iridium osmum and sil ver
are the ei ght nobl e netal s. However, inthe oral cavity, silver cantarni sh and
therefore, i s not consi dered as a nobl e netal .

Precious Metals

The termprecious indicates theintrinsic val ue of the netal. The ei ght nobl e netal s
are al so precious netal s and are defi ned so by naj or netal | urgi cal societies and
federal governnent agencies, e.g. National Institute of S andards and Technol ogy,
and National Material Advisory Board.

Al noblenetal s are precious but al | precious netal s are not noble. G the ei ght
nobl e netal s, four are very inportant indental castingalloys, i.e gold, platinum
pal | adium and silver. Al four have a face—eentered cubi c crystal structure and
all arewhite col ored except for gol d.

@ld Rregoldisasoft andductilenetal wthayellow*@ld" hue. It has adensity
of 19.3 gnicniand a nel ting poi nt of 1063°C ol d has a good | ustre and t akes
up a high polish. It has good chenical stability and does not tarni sh and corrode
under nornal circunst ances.

Slver Sonetines describedasthe “Witest” of all netals. It hasthel onest density
(10.4 gnmicnd), and nel ting poi nt (961°CQ anong the preci ous casting al l oys. Its
ClEis 15.7 x 10%°C whichis conparativel y hi gh.

Pal | adi um Density is 12.02 gnicni. Pal | adi umhas a hi gher nel ting point (1552°Q
and | ower CTE (11.1 x 105 °C) when conpared to gol d.

Aatinum It has the hi ghest density (21. 65 gnicnd), highest nel ting poi nt (1769°Q
and t he | owest CTE anong t he f our precious netal s.

Semiprecious Metals

There i s no accept ed conposi tionwhi chdifferentiates “preci ous” from"sennpreci ous”.
Ther ef ore, the termsenipreci ous shoul d be avoi ded.

Base Metals

These ar e non- nobl enet al s. They ar ei nport ant conponent s of dental castingal | oys
because of t hei r i nf | uence on physi cal properties, control of theanount andt ype of
oxi dation, andthei r strengtheni ngeffect. Suchnetal sarereacti vew ththeir envi ron-
nent, andarereferredtoas’ basenetal s’ . Soneof t hebasenet al s canbeusedt opr ot ect
anal | oy fromcorrosi on by a property known as passi vati on. A thoughthey are
frequent!lyreferredtoas non-precious, thepreferredterm sbasenetal .

Exanpl es Chronmium cobal t, nickel, iron, copper, nanganese, etc.
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. Basic Dental Materials

HISTORY AND CLASSIFICATION OF DENTAL CASTING ALLOYS

At the begi nni ng of the twentieth century when dental casting was evol ving, the
al | oys were predonminant|y gol d based. Taggart in 1907 was the first to describe
the /ost vax techniqueindentistry. Theexistingjewel ry all oys were qui ckly adopt ed
for dental purposes. Initially, copper, silver and pl ati numwere the nai n al | oyi ng
elenents. Asthealloysevolvedit was felt that aclassificationwas needed. I'n 1932,

314 the National Bureau of Sandards cl assifiedthe all oys accordingtotheir hardness
(typel, typell, etc).

At that tineit was felt that goldalloy wthless than 65%gol d, tarnishedtoo
easilyintheoral cavity. By 1948, netal | urgists experinenti ngwth various al | oys
vere abl e to decrease the gol d content whil e nai ntai ning their resistancetotarnish.
Thi s breakt hr ough was due to pal I adi um It counteracted the tarni sh potenti al
o silver.

The mai n requi renents of the original dental casting alloys were sinple:

e They shoul d not tarnishinthe mouth

e They shoul d be strong (for use as bri dges).

Thi s soon changed with the i ntroduction of specia alloys (netal ceramc al | oys)
that could bondto porcelaininthe late 1950's. The conposition and requi renent s
of these al | oys becane nor e conpl ex. For exanpl e, they had to contai n el enents
that coul d bond to porcel ain, they had to have a hi gher nel ti ng t enper at ur e (because
por cel ai n had hi gh fusi on tenperat ures), etc.

Anot her i nportant devel opnent were the rapidincreaseingoldpricesinthe
1970’ s. As gol d becane nor e expensi ve, peopl e began to | ook for | ess expensi ve
netal s for dental castings. Manufact urers began experinenting w t h base net al
al | oys I'i ke ni ckel - chr omi umand cobal t chromum These al | oys were al ready i n use
since the 1930' s for the constructi on of cast partia denture franeworks. Frior to
this thetype|IVgoldalloys were used extensively for thi s purpose. These base
net al s soon repl aced the Type IV gol d al | oys for partial denture use because of
their light weight, | ower cost and tarni sh resi stance. Wen the gol d pri ces shot
up, these base netal partial denture al | oys were quickly adapted for use i n crown
bridge. Subsequent!ly, newer formul ations al | oned thei r use as netal ceramic al | oys.

Today thereis suchawde variety of alloysinthe narket that cl assifyingthem
isnot quitesosinple. Anunier of different classifications are nentioned bel ow

According to Use

A Aloysfor al netal and resinveneer restorations* (e.g. inlays, posts, resinand
conposi t e veneer ed crowns & bri dges)

B Aloysfor netal ceranics restorations (e.g. PFMcopi ngs, PAMcrowns & bri dges)

C Aloys for renovabl e dentures ** (e.g. RPDfranes & conpl et e dent ur e bases)

(*Sone aut hors classify this as - Gownand bridge all oys. Uhfortunately this cancreate slight
confusion, for exanpl e - netal ceranic al | oys are al so crown and bri dge al | oys. **A so known
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as RPDal |l oys, which againunfortunately is not fully accurate as they can be used for ot her
structures. However, until anore suitabletermnology is found, this classificationwl| be

conti nued).

According to Yield Strength and Percentage Elongation
(ADA Sp. 5 Classification)

Type | St
Type | | Medi um 315
Type 111 Har d

Type |V  Extra hard

(This 1934 classificationwas originallyintended for gol dall oys and wer e based on har dness.
Snce 1989, it was rel axedtoincl ude any dental alloy as | ong as they net the newyi el d strength
and percentage el ongation criteria. Typel and Il are knownas “inlay alloys’ andtype |11 and
IV are known as ‘ crown and bridge al | oys.” Type | Vis occasi onal | y used for RPDfranes).

According to Nobility (ADA 1984)

A Hghnoblenetal alloys Cont ai ns > 40 wt %Au and > 60 wt %
nobl e netal s

B Noblenetal alloys Gont ai ns > 25 wt %of nobl e netal s

C Predomnantly base netal alloys Cont ai ns < 25 wt %of nobl e netal s

(> neans equal toor greater than; <neans |ess than. This classificationis popul ar anong
nanuf act urers).

According to Major Element

@l dalloys
Slver aloys
Pal | adi umal | oys
N ckel alloys
balt all oys
Ti tani umal | oys

mmooOmwX>

According to the Three Major Elements

@l d- pal | adi umssi | ver

Pal | adi umsil ver-tin

N ckel - chrom um nol ybdenum
Gobal t - chr om um ol ybdenum
| ron- ni ckel - chr oni um

Ti t ani um al um num vanadi um

mTmooOmw>



According to the Number of Alloys Present

A Binary—two el enents
B Ternary—three el enents
C Quaternary (and so forth)—four el enents

DESCRIPTION (CLASSIFICATION) OF DENTAL CASTING ALLOYS

The hugechoi ceof al | oysint henar ket nakest heprocess of i denti fyi ngof theseal | oys
quiteadifficult task. Theindivi dual propertiesof nany of t hesenetal s nay besinil ar
i nsone aspect s but yet eachhavethei r owndi sti nct feat ures. Theseal | oys vary not
onlyinthetypeof netal but al sothe percentageof eachwthintheal | oy. I nspiteof
their wdevariationinconposition, theynust al | neet certaincriteria- theynust
neet t herequi renent s of their intendeduse. For exanpl e, al | netal ceramcall oys
r egar dl ess of whet her t hey ar e nade of nobl e net al s or base net al s nust neet t he
requi renent s of porcel ai nbondi ng. For thi sreasonthecl assi ficati onaccordi ngt ouse
i srecommended andwi | | bet he basi s of t he subsequent di scussi onof al | oys.
A Aloysfor al netal andresin veneer restorations

e Hghnoble

* Noble

* Base netal
B Aloysfor netal ceranics restorations

e Hghnoble

« Noble

e Base netal
C Aloysfor castinglarge structures

e H gh nobl e

* Noble

* Base netal

General Requirements of Casting Alloys

Al cast netals indentistry have sone basi ¢ conmon requi renent s

1 They nust not tarni sh and corrode i n the nout h.

They nust be sufficiently strong for the intended purpose.

They nust be bi oconpati bl e (non-toxi ¢ and non-al | ergi c).

They nust be easy to nelt, cast, cut and grind (easy to fabricate).

They nust fl owwel | and duplicate fine details during casting.

They nust have nini mal shrinkage on cool ing after casting.

They nust be easy to sol der.

Not all of themneet all the requirenents. Sone have shown a potential for
allergicreactions (nickel containingalloys) and other side ef fects when used w t hout
proper precautions. Sone are quite difficult tocast. Sone are so hard (base net al
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alloys) that theyaredifficult tocut, grindandpolish. Al alloys shrink on coaling.
Sone (base netal al | oys) shownore shrinkage t han ot hers. The shri nkage cannot
be elimnated but it can be conpensat ed for (see i nvest nents). Besi des t hese general
requi renents, alloys intended for acertai nspecific use nust neet requirenents
for that. For exanpl e netal ceramic al | oys nust have addi tional requirenents in
order to be conpati bl e with porcel ain. The requi renents for netal ceranic al |l oys
w | be described|ater.

ALLOYS FOR ALL METAL RESTORATIONS

These al | oys were anong the earliest al |l oys avai l abl eto dentistry. The early al | oys
werenostlygoldalloys. Sncethey wereintendedfor all netallicandlater for resin
veneered restorations, they just had to neet the basi c requi renents (see general
requi renents). No special requirenents are needed for veneering w th resin.
Qurrently, the use of these al | oys are sl ow y decl i ni ng because of t he:
* Increased esthetic awnareness has reduced the trend for netal displ ay.
e Increasing popul arity of all ceranic and netal ceramc restorations.
» Reduci ng popul arity of resinand conposite as veneering naterial . Resing faci ngs
have a nunber of di sadvant ages.
— They wear rapidly (soon wear resi stance)
— They nmay change col or (col or instability and stai n absorption)
— They are porons. They tend to absorb food nateri al and bacteria. Thi s nakes
it unhygei nic and gives it a bad odor.

Classification

(As nentioned before this 1934 cl assificationwas originally i ntended for gol d al | oys
and wer e based on hardness. S nce 1989, it was rel axed to i ncl ude any dental al | oy
as long as they net the newyi el d strength and percentage el ongation criteria).

Type | Soft

Sall inlays, class |l andclass Vcavities wicharenot subjectedtogreat stress.
They are easi | y burni shed.

Type Il Medium

I nl ays subj ect to noderat e stress, thick 3/4 crows, abutnents, pontics, full crowns,
and soneti nes sof t saddl es.

Type Il Hard

I nlays, crowns and bridges, situations where there nay be great stresses i nvol ved.
They usual | y can be age har dened.
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Type IV Extra Hard

I nl ays subj ected to very high stesses, partial denture franeworks and | ong span
bri dges. They can be age har dened.

Typel and Il aregenerally called ‘inlay alloys’ andtypelll and |V are known

as ‘crown and bridge al | oys.” Because of the increased use of conposite and ceranic
inlays, thetypel andIl inlay aloys arerarely used t hese days. Mist of the di scussi on
wll focusonthetypelll and 1Valloys.

Uses

Fomthe above it is clear that these a | oys can be used for the fol | ow ng dependi ng
onvhichclassthey belongto. Inaddition, theseal |l oys are nat i ntendedfor porcel ain
bondi ng. They may be used as an all netal restoration or with a resin veneer.

1 Inlays and onlays (Fg. 19.1)

2 CGowns and bri dges

3 Partial denture franes (only the type I'V)

4 Post-cores (Fg 19.2)

Types

These al | oys wi || be di scussed under the fol | ow ng cat egori es

H gh nobl e — ldaloys

Nobl e — Slver palladi umal | oys
Base net al — Nckel -chrone al | oys

Qobal t chrone al | oys
Titaniumandits al | oys
A um numbronze al | oys

FIGURE 19.1: An inlay (left) and an onlay (right)
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CROWN —_—

| ﬁ\s

FIGURE 19.2: This cast metal post will be cemented into the root canal. This is followed by the
construction and cementation of a crown. Without the post, it might not be possible to restore this
badly broken down tooth

GOLD ALLOYS (FOR ALL METAL RESTORATIONS)
Synonyns  Traditional gol dalloys, Au-Ag-Qualloys.

Why do We Alloy Gold?

Ruregoldisasoft andductilenetal andsois not usedfor castingdental restorations
and appl i ances. Dental casting gol ds are al | oyed commonl y wi t h copper, sil ver,
pl ati num nickel and zinc. Aloyinggoldwththese netal s not only inprovesits
physi cal and nechani cal properties but al soreduces its cost.

Earlier, peoplelikedtodisplaythe yell owcol or of gol d probably as a synipol
of social status. Gurently, thetrendistoavoiddisplay of netal. A the sanetine,
increaseinthe platinum pal | adi umand si | ver content of nodern al | oys have resul t ed
inwhiter colored goldalloys. Thus, there are ‘yellowgol d al | oys’ and ‘whi te gol d
alloys’. Theriseingoldpriceshavea soledtotheavailability of alloyswthlow
gol d content. These are the “/owgol ds’.
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These were the earliest al loysindental use. The gol d al | oys di scussed here are
hi gh nobl e al | oys because of their hi gh nobl e netal content (see classification
accordingtonobility).

GOLD CONTENT

Traditional |y, goldcontent of dental castingalloys was cal | ed:
* Karat
* Hneness.

Karat

It referstothe parts of pure goldpresent in24 parts of alloy, e g.
— 24 karat goldis pure gol d.
— 22 karat goldis 22 parts pure gold and 2 parts of other netal .

Note Incurrent dental alloys, thetermkarat israrely used.

Fineness

F neness of agoldalloyistheparts per thousand of pure gold. Pure goldis 1000
fine. Thus, if 3/40of thegoldal loyispuregold, it issaidtobe750fine.

Note Thetermfineness alsoisrarelytodescribegoldcontent incurrent alloys
(however, it isoftenusedtodescribegoldalloysolders).

Percentage Composition

The per cent age conposi tion of goldalloysis preferred over karat and fi neness.
S nce 1977, ADArequires nanuf act urers t o speci fy t he per cent age conposi tion of
gol d, pal | adium and platinumon al | their dental alloy packagi ng.

Karat x 100
—— = % Cold
24

Snilarly, finenessis 10tines the percentage gol d conposition, i.e.
fineness x 10 = %gol d.

COMPOSITION OF GOLD ALLOYS

Type % Au % Cu % Ag % Pd 9% Pt %I n Sn,
Fe, Zn, &

| 83 6 10 05 - Bal ance

Il 77 7 14 1 - Bal ance

11 75 9 11 35 - Bal ance

IV 69 10 12.5 35 3 Bal ance
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Function of Each Element

Gold

Provi des tarni sh and corrosi on resi stance and has a desi rabl e appear ance. A so
provides ductility and nal | eabi lity.

Copper

It istheprincipa hardener. It reduces the nelting poi nt and density of gold. If
present insufficient quantity, it givesthealloy areddishcolor. It asohelpsto
age harden gold al l oys. Ingreater anounts it reduces resi stance to tarni sh and
corrosion of thegoldalloy. Therefore, the naxi numcontent shoul d not exceed 16
per cen .

Silver

It whitens the all oy, thus hel pi ngto counteract the reddi sh col or of copper. It
i ncreases strength and hardness slightly. Inlarge amount, however, it reduces
tarni shresi st ance.

Platinum

I't increases strength and corrosi onresi stance. It al soincreases nelting poi nt and
has awhitening effect onthe alloy. It hel ps toreduce the grai n si ze.

Palladium

Smlar toplatinuminits effect. It hardens and whitens the alloy. It al sorai ses
fusi on tenperat ure and provi des tarni sh resi stance. It i s |ess expensive than
pl ati num thus, reducingthe cost of the all oy.

The Minor Additions Are

Zinc
It acts as a scavenger for oxygen. Wthout zinc, the silver inthe all oy causes

absor ption of oxygen during nelting. Later during solidification, the oxygenis
rej ect ed produci ng gas porosi ties inthe casting.

Indium, Tin and Iron
They hel pto harden the ceranic gol d- pal | adi umal | oys, iron beingthe nost effective.

Calcium

It is added to conpensate for the decreased CTEthat results whenthe alloy is
nade si | ver free (Theelimnation of silver i s doneto reduce the tendency for green
stainat the netal -porcel ai nnargin).
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Iridium, Ruthenium, Rhenium

They hel p to decrease the grai n size. They are added i n snal | quantities (about
100 to 150 ppm)

Note Al nodernnoble netal alloys arefinegrained. Svaller the grain size of
the netal, thenore ductileandstronger it is. It al so produces a nore honogeneous
casting and i nproves the tarni shresistance. Alarge grai nsizereduces the strength
and increases the brittleness of the netal . Factors controllingthe grainsizeare
therate of cooling, shape of the noul d, and conposition of the all oy.

PROPERTIES OF GOLD ALLOYS

Color

Traditional |y the gol d al | oys were gol d col ored. The col or of nodern gol d al | oys can
vary fromgoldtowhite. It depends onthe anount of whitening el enents (sil ver,
plati num pal | adium etc.) present inthe all oy.

Melting Range

Ranges bet ween 920t 0 960°C Theneltingrange of analloyisinportant. It indicates
the type of investnent required and the type of heating source needed t o nel t
thealloy.

Density

It gives anindicationof the nunber of dental castings that can be nade froma
unit weight of the netal. I nother words, nore nunber of cast restorations per
uni t wei ght can be nade froman al | oy having a | ower density, than one havi ng
a higher density. Gldalloys arelighter than pure gol d (19.3 gns/cm).

o Typelll —15.5 gm cn?

e Type |V —15.2 gni cn?

The castability of analloyisa soaffectedby density. Hgher density al | oys cast
better than | ower density all oys.

Yield Strength

The yield strength for Type I'Il - 207 MPa
Type IV - 275 MPa

Hardness

The har dness for Type I'I'l - 121 MPa
Type IV - 149 MPa
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The har dness i ndi cat es t he ease wi t h whi ch t hese al | oys can be cut, ground
or polished. Gldalloys aregeneraly nore user friendy thanthe base netal all oys
whi ch are extrenel y hard.

Elongation

It indicatestheductility of thealloy. Areasonabl e anount is required especially
if thealloyistobedefornedduringclinical use, e.g claspadustnent for renovabl e
partial dentures, nargin adjustnent and burni shing of crowns and i nl ays. Type
| alloys areeasily furnished. Aloyswthlowelongationarevery brittle. Age
har deni ng decreases ductility:

e Typelll - 30 to 40%

e TypelV- 30to 35%

Modulus of Elasticity

Thisindicatesthestiffness/flexibility of thenetal. Gldalloys arenore flexible
than base netal alloys (type | V- 90 x 10°MPa).

Tarnish and Corrosion Resistance

@Gldalloysareresistant totarnishand corrosion. Thisis duetotheir highnoble
netal content. Nobl e netal s are | ess reacti ve.

Casting Shrinkage

Al alloys shrink when they change fromliquidto solid. The casting shrinkage
ingoldalloysisless (1.25t0 1. 65% when conpared to base netal al | oys.

The shri nkage occurs in t hree st ages.

1 Thernal contraction of theliquidnetal.

2 ontraction of the netal while changing fromliquidtosolidstate.
3 Thermal contractionof solidnetal asit reaches roomtenperat ure.

Srinkage affectsthefit of therestoration. Therefore, it nust be control | ed and
conpensat ed for i nthe casting techni que.

Biocompatibility
@Gldalloysarerelatively bi oconpati bl e.

Casting Investment

Gypsum bonded i nvest nents are used for gol d al | oys because of their | ower fusion
tenperature.
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HEAT TREATMENT OF GOLD ALLOYS

Heat treatnent of alloysisdoneinorder toalter its mechani cal properties. Gld
alloys canbe heat treatedif it contai ns sufficient anount of copper. Qnly typelll
and type 1V gol d al | oys can be heat treat ed.

There are two types of heat treatnent:
e Softening heat treatnent (sol ution heat treatnent)
e Hardeni ng heat treatnent (age hardeni ng).

Softening Heat Treatment

Softeni ng heat treatnent i ncreases ductility, but reduces strength, proportional
[imt, and har dness.

Indications

It isindi catedfor appliances that areto be ground, shaped or ot herw se col d wor ked
i nor outside the nout h.

Method

The castingis placedinanelectric furnace for 10 mnutes at 700°C and t hen
it isquenchedinwater. Duringthis period, all internedi ate phases are changed
to a disordered sol i d sol ution, and t he rapi d quenchi ng prevents ordering from
occur ring during cool i ng.

Each al oy has its opti numt enperat ure. The manuf act urer shoul d speci fy t he
nost favorabl e tenperature and ti ne.

Hardening Heat Treatment (or Ageing)

Har deni ng heat treat nent increases strength, proportional limt, and hardness,
but decrease ductility. It is the copper present ingoldalloyswhichhelpsinthe
age har deni ng pr ocess.

Indications

For strengthening netal | i c dentures, saddl es, bridges, and other sinmlar structures
before useinthe nouth. It is not enpl oyed for snal | er structures such as inl ays.

Method

It isdoneby “soaking” or ageingthe castingat aspecifictenperaturefor adefinite
tinme, usually 15to30 mnutes. It i s thenwater quenched or cool ed sl owy. The
agei ng t enper at ur e depends on the al | oy conposi tion but is general |y between 200°C
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and 450°C Duringthis period, theinterned ate phases are changed t o an ordered
solidsolution(The proper tine and tenperature for age hardeninganalloyis
speci fied by its nanuf acturer).

I deal |y, before age hardeninganalloy, it shouldfirst be subjectedtoasofteni ng
heat treatnent inorder torelieveall strain hardeni ng (stresses whi ch occurs duri ng
finishing). Sartingthe hardeningtreatnent whenthealoyisinadisorderedsolid
solution all ows better control of the agei ng process.

Low Gold Alloys

Al so known as “econony gol ds”. They are crown and bri dge al | oys havi ng gol d
content bel ow60%(general ly i nthe 42 to 55%range). However, gol d nust be
t he maj or el enent.

The | owgol d al | oys wer e devel oped because of the i ncrease ingold pri ces.
However, reduci ng gol d content i ncreased tarni sh and corrosi on. Thi s probl emwas
over cone by two di scoveri es.

e Palladiumnade the silver ingoldalloy nore tarni shresistant. 1%pal | adi um
was required for every 3%of sil ver.

 Thesilver-copper ratiohadtobe careful |y balancedtovyieldalowsilver rich
phase i n the microstructure.

Advantages

Because of this research nunerous | owgol d al | oys were i ntroduced i nto the narket .
Thus, these al | oys were not only | ess expensi ve but al so had good t ar ni sh and
corrosionresistance. Their properties are conparableto Type 111 and 1 Vgol d a | oys.

SILVER-PALLADIUMALLOYS

These al | oys were i ntroduced as a cheaper alternativetogoldalloys. It is
predomnant |y sil ver i n conposition. Palladium(atleast 25% is added to provi de
nobi I ity and resi stance to tarni sh. They nay or may not contai n copper and gol d.
They are white in col or.

Ag- Pd (non- copper) Ag - 70to 72% Properties arelike
Pd - 25% Type I11 goldall oys.

Ag- Pd- Cu :Ag - 60% Properties arelike
Pd - 25% Type I Vgol d al | oys.
Cu - 15%

The properties of the silver-pal |l adiumal l oys are sinilar tothetypelll and IV
gol d al | oys. However, they have | ower ductility and corrosionresistance. They al so
have a significantly | ower density thangoldalloy. This nay affect its castability.

Anajor difference betweentypelll and IVAg-Rdalloysisthat, thelatter can
be signi ficantly age hardened, because of its gol d and copper content.
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NICKEL-CHROME AND COBALT-CHROMIUM ALLOYS

These ar e known as base netal all oys and are extensi vel y used i n many of the
devel opi ng countries. Inlndia because of their relatively|owcost nany of the
| aboratories use these al | oys al ong wi th resi n faci ngs.

These netal s are very strong and hard. Because of thisthey are general ly difficult
towork wth (cutting, grinding, polishing, etc). They aredealt withinnore detail
i n subsequent secti ons.

TITANIUM AND TITANIUM ALLOYS

Though these netal s can be used for al | -netal and netal ceramc restorations, as
vel | as partia dentures. They are described | ater under netal ceramic restorations.

ALUMINUM BRONZE ALLOY

Bronze is an al | oy known to man si nce anci ent tines. Traditional bronzeis copper
alloyedwthtin. The ADA approved bronze does not contai ntin. The conposition
isasfdlove:

Copper 81 to 88%
Al um num 8to 10%
N ckel 2to 4%
lron l1to 4%

Beingrelatively new theinfornationonthese alloysisrelatively scanty.

Technic Alloy

Thisis agoldcoloredbase netal alloy (Fg. 19.5) whichwas frequently (ms) usedin|ndia
to nmake al | -netal crowns and bri dges si nce nany years. They are al so soneti nes referred
to as Japanese gol d or K-netal. These al | oys do not contai n any gol d or preci ous netal . The
alloyisabsolutely contraindicatedfor any intraoral dental use because of its poor strength,
poor wear resi stance and tendency totarnish. It hasahighinitia gold-likeluster and patients
vere del i beratel y misl ed by unscrupul ous practitionersintobelievingit was gold. Thanks
totheavailability of better naterial sits use has decl i ned consi derabl y. Lhfortunately, one
does cone across restorations nade fromthis all oy evento this day. Sone practitioners
(including sonereputed clinics) still offer thisnateria as alower cost alternative, inaddition
totheregul ar al oys.

METAL CERAMIC ALLOYS

Metal ceramic alloys arethose al | oys that are conpati bl e w th porcel ai n and capabl e
of bondingtoit. Alayer of porcelainisfusedtothea loytogiveit anatura tooth
l'i ke appearance. Porcelainbeingabrittlenateria fractures easily, sothese alloys
are used to rei nforce the porcel ain.
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Several types of al |l oys are used to cast sub-structures for porcel ainfusedto
netal crowns and bridges. They nay be nobl e netal all oys or base netal all oys
(seeclassification). All have coefficient of thernal expansi on (CTE) val ues whi ch
nat ch that of porcel ai n.

Nite CIEhas areciprocal relationshipwthneltingpoint, i.e thehigher the nelting
point of anetal, lower isits CIlE

Synonyms

Por cel ai n-fused-to-netal (PAV), CGeranonetal al | oys, porcel ai n- bonded-t o- net al
(PBV. The preferred termhowever, is netal ceramc or PFM

EVOLUTION OF METAL-CERAMIC ALLOYS

The net al - ceram ¢ al | oys evol ved fromresi n-veneered crown and bri dge al | oys. Resin
faci ng faced t he probl emof gradual wear and had t o be repl aced over tine. Besi des
resin coul d not be used on the occl usal surface. Toretainaresinveneeredrestoration
undercut s had t o be provi ded. The early netal -ceranmic al | oys were hi gh gol d al | oys
(88%gol d). They were not strong enough for use in bridges. Inthose early days
bef or e porcel ai n-netal bondi ng was cl ear | y under st ood, porcel ai n hadto be retai ned
by nechani cal neans w th the hel p of undercuts. Later, it was di scovered t hat
addi ng 1%of base netal s likeiron, tin, indium etc. i nduced chenical bondi ng by
the formation of an oxide | ayer. This significantly inproved the bond strength
bet ween t he porcel ai n and t he netal .

REQUIREMENTS OF ALLOYS FOR PORCELAIN BONDING

Inadditiontothe general requirenents of alloys nentioned earlier, netal ceramc
al | oys have sone speci al requi renents i n order to be conpatibl e wth porcel ain
veneeri ng.

It’s nel ting tenperat ure shoul d be hi gher than the porcelainfiring tenperature.
It shoul d be abl e toresi st creep or sag at these tenperat ures.

I'ts CTE shoul d be conpatibl e withthat of porcelain.

They shoul d be abl e to bond wi t h por cel ai n.

I't shoul d have a hi gh stiffness (nodul us of el asticity). Any flexing of the netal
franewor k nay cause porcelainto fracture.

I't shoul d not stainor discolor porcel ain.

OB~ WN P

»

USES OF METAL-CERAMIC ALLOYS

1 Asthenaneinpliesthesealloysareintendedfor porcel ainveneered restorations
(crowns and bri dges) .
2 They can al sobe used as anall netal restoration.
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TYPES (CLASSIFICATION) OF METAL CERAMIC ALLOYS

Aloys for netal ceranics restorations nay be categori zed as:

1 Hghnoble (commonly referredtoas goldalloys) (Fg. 19.3)
e @l d-palladi umpl ati numal | oys
e @l dpaladiumsilver aloys
e @l d-palladi umall oys
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FIGURE 19.3: Different brands of gold alloys (all 1 gm pieces) used for metal ceramics. Most of
the above are white gold alloys. V supra gold (Bottom center) has a light gold color. SF denotes
silver free

2 Noble (commonly referred to as pal | adi umal | oys)
e Palladiumsilver aloys
e Palladiumgalliumsilver aloys
e Palladiumgol dalloys
e Palladiumgol d-silver all oys
e Pal | adi umcopper al |l oys
e Palladiumcobalt alloys
3 Base netal
e N ckel - chromumal | oys
e N ckel -chromumberyl i umal | oys
e (obal t-chromumal | oys
* Puretitani um
e Titani umal um num vanadi um

THE HIGH NOBLE (GOLD BASED) METAL-CERAMIC ALLOYS

As nenti oned earlier, the highnoble alloys contain nore than 40 w . %gol d and
arethereforealsoreferredtoas gold all oys or gol d based al | oys (FH g. 19.3).
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Common Features of High Noble (Gold Based) Alloys

(bst  These are the nost expensi ve crown and bri dge al | oys. However, inspite
of the cost these alloys are user friendly and are preferredin practi ces where the
clientelecanaffordthe cost.

@l or The color can range fromwhite to gol d dependi ng on the gol d content. The
whi teni ng al | oys are pal | adi umand pl ati num The gol d col or when present can
enhance the vital ity of the porcel ai nthus inprovi ng t he est heti cs.

Meltingrange Porcelainisfiredat atenperatureof 900t0960°C Thus obvi ousl y
t heseal | oys nust have nel ti ngt enper at ur es nuch hi gher t hant he t enper at ur es at
whi chporcel ainisfired. Puregol dhasanel ti ngtenperat ureof 1063°C Thenel ti ng
tenperatureisraisedbytheadditi onof plati num(1769°C andpal | adi um(1552°CQ).

The nel ting tenperatures of these netal ceramic gol d al | oys range from1149
to 1304°C

Censity Ranges froml13.5t0 18. 3 gmcni (dependi ng on the gol d content). Because
of the high gol d and nobl e netal content, these al |l oys have a hi gh density. The
densi ty reduces as nore pal | adi umi s added.

Gastability The highdensity of these al | oys nake themeasy to cast. If done wel |
one can expect nost of the fine features to be accuratel y dupli cat ed.

Yieldstrength Ranges from450 to 572 MPa.

FHardness and viorkabi lity Ranges from182to 220 VHN These al | oys arerel ati vel y
sof ter when conpared to the base netal al | oys and so are extrenel y easy t o work
wth. They are easy to cut, grind and pol i sh.

Fercent el ongation Ranges from5to 20% This gives anindicationof theductility
of the alloy. The higher the val uethe nore ductileit is.

Porcel ai n bondi ng The presence of an oxi de | ayer onthe surface of netal ceramc
al | oys assi stsinchenmcal bonding of porcelaintothealloy. Rurenoblenetal alloys
rarel y forman oxi de | ayer. To induce the fornati on of an oxi de | ayer, 1%of base
netalsliketin indium iron etc. areaddedtothealloy. This significantly inproved
t he bond st rengt h bet ween t he por cel ai n and t he net al .

Sgresistance Duringporcelainfiring, thenetal franehastow t hstandtenper a-
turesof ashighas950°C A thesehi ghtenperaturesthereisadanger of the netal
subst r uct ur e saggi ng under i ts ownwei ght, t her eby def or ming. Thel onger t he span
thegreater i sthedanger of saggi ng. Theabilityof anetal toresist sagi s knownas
sagresi stance. Gonparedtobasenetal al |l oys, gol dal |l oysarel esssagresi stant.

Tarni sh and corrosi on Because of their high nobl e netal content, these al |l oys
are extrenely stableinthe oral environnent. Nobl e netal s have | owreactivity
t o oxygen and t heref ore do not tarni sh easily.
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B oconpatibility H ghnoble alloys have had a good and saf e track record. They
are not known to cause any probl ens i n the nout h.

Reusabi ity These all oys are stabl e and so scrap fromt hese al | oys can be recast
at least twoor threetines. Hwever, thenore vol atil e base netal s |i ke zi nc, i ndi um
tin, etc. nay be lost. To conpensate for this, equal anounts of newal | oys shoul d
be m xed. The scrap shoul d be cl eaned by sandbl asti ng and ul t rasoni ¢ cl eani ng
bef ore use. Al oys fromdifferent nanufacturers shoul d not be nixed as it nay
change i ts conposi tion and properti es.

Scrap val ue  The hi gh nobl e al | oys have good scrap val ue. Many suppl i ers and
nmanuf act urers accept used al | oy scrap.

Sol dering @l d based al | oys are quite easy to sol der.

TYPES

Thefollowngthreew || be briefly described.
1 &l d-palladi umplati numall oys

2 Qld-palladiumsilver aloys

3 @l d-palladiumal | oys

Cormerci al names The al | oys al ong with thei r commerci al nanes are present ed
in Tabl e 19. 1.

Gold-Palladium-Platinum Alloys

Composition

@l d 80 to 88 wt %

Pal | adi um 5to 11 w%

M ati num 6to 8w%

Slver 0 to4.9w%(rarely present)
Base netal s Bal ance (around 1%

Sag resi stance These al | oys have aslightly | ower sagresistance. Therefore, | ong
span bri dges shoul d be avoi ded wththis all oy.

Gold-Palladium-Silver Alloys

Composition

&l d 39to 77 wt. %
Pal | adi um 10 to 40 wt . %
Slver 9to22w.%

Base netal s Bal ance (around 1%

The si | ver has a tendency to di scol or sone por cel ai ns.
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Gold-Palladium Alloys

Composition

Gl d
Pal | adi um
Base netal s

44 to 55 wt . %
35to45w.%
Bal ance (around 1%

The absence of silver elininates the discoloration probl em

Table 19.1: Commercial names of some noble and high noble alloys

aass Aloy Conmer ci al narne
H gh Nobl e Al | oys ol d-pal | adi um pl ati hum Jel enko O (Jel enko) SM5 3 (Ney)
(Au > 409
Gl d-pl ati num WI | bond Bi o 88 PF (W!I | ki nson) *
Gl d-pl ati num pal | adi um Degudent H (Degussa)
@l d-pal | adi umsi | ver WI bond 75 (W!I | ki nson) **
Caneo (Jel enko)
Rx WWOG (Jeneri ¢/ Pent r on)
Speci al whi t e (Degussa)
@l d- pal | adi um QA ynpi a (Jel enko)
Qion (Ney)
Deva 4 (Degussa)
WI | bond 65SF (WI | ki nson) ***
Nobl e Al | oys Pal | adi um gol d Nobi | i um30 NS
(Au < 40% Pal | adi umgol d-gal | i um Qynpiall (Jel enko)

Pal | adi umgol d-si | ver

Pal | adi umsi | ver-gal | i umgol d

Pal | adi umsi | ver

Pal | adi um copper-gal | i umgol d

Pal | adi umgal | i um cobal t

Pal | adi um cobal t-gal | i um
Pal | adi um cobal t

Rx SWOG (Jeneri c)
Regent (S er ngol d)
Shasta (WI | ki nson)

Wl pal 76 (WI I ki nson)
Integrity (Jensen)
Protocal (WIIians)

Jel star (Jel enko)

Pors On (Degussa)
WII-CeramW1 (WIIians)
Sirit (Jensen)

WI pal 76SF (W!I | ki nson)
PTM 88 ( Jel enko)

APF (Jeneri c)
Bond- on (Aderer)

* R ch Yel | owcol ored

** Yel | ow *** GFdenot es sil ver free
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THE NOBLE (PALLADIUM BASED) METAL-CERAMIC ALLOYS

By definitionthese al | oys nust contai nat | east 25%of nobl e netal alloy. Qurrently,
the nobl e netal -ceranic al | oys are nost ! y pal | adi umbased. The hi gh cost of gold
pronpt ed t he devel opnent of t he cheaper base netal al |l oys. Unhfortunatel y nany
soon becane di si | | usi oned because of the difficulty towork wth these al | oys (poor
castabi | ity and hi gh hardness). The pal | adi umbased al | oys wer e devel oped duri ng
this period. Their properties were between that of the high noble alloys and the
base netal al |l oys. They al so had good scrap val ue.

Common Features of Palladium Based (Noble) Alloys
(st Their cost range between that of the gol d all oys and t he base netal all oys.
@l or They arewhiteincolor.

Censity They are | ess denser than the gol d al | oys. The density ranges from10.5
to 11.5 gmicni.

Gastability These alloys have al ower density thanthe gol d al | oys and so do not
cast as well. However, they are better than the base netal -ceranic alloysinthis
regard.

Workability Likethe goldalloysthese alloys areextrenely easytowork wth.
They are easy to cut, grind and poli sh.

Melting range Atypical neltingrangeis 1155t0 1304°C The nel ti ng range of
these alloys likethe gol dceranic all oys are high. Thisis desirabletoensurethat
these al | oys don't nelt during porcel anfiring.

Yieldstrength Ranges from462 to 685 MPa. These conpare favorably with the
hi gh nobl e ceranic al | oys whichinturn conpare favorably tothe type IValloys.

Hardness Ranges from189 to 270 VHN They tend t o be slightly harder than
t he hi gh nobl e netal ceranic al | oys.

Fercent el ongation Ranges from10to 34% This gives anindicationof the ductility
of the alloy. The higher the val ue the nore ductileit is.

Porcel ainbonding Likethegoldalloys, base netal s liketin, indium etc are added
to assi st porcel ai n bondi ng.

Tarni sh and corrosi on Because of their high nobl e netal content, these all oys
are extrenely stableinthe oral environnent.

Scrap val ue  The pal | adi umbased al | oys have good scrap val ue. Many suppl i ers
and nanuf act urers accept used al | oy scrap.

B ol ogi cal considerations These alloys are very saf e and bi oconpati bl e. Sone
concer ns have been expressed over copper.
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TYPES

The fol  ow ng are t he pal | adi umbased al | oys
e Palladiumsilver aloys

e Pall adi umcopper al | oys

e Palladiumcobalt alloys

e Palladiumgal liumsilver aloys

e Palladiumgol d all oys 333
e Palladiumgol d-silver aloys

Gommerci al names The al | oys al ong with thei r comerci al nanmes are present ed
in Tabl e 19. 2.

Palladium-silver Alloys

These al | oys were introduced inthe 1970's as an al ternati ve t o gol d and base net al
alloys. Their popul arity has declined alittle because of the greeni ng probl em

Composition

Pal | adi um 53to 60 wt.%
Slver 28t040 wt. %
Base netal s Bal ance (1 to 8%

Esthetics (Geening) The highsilver content causes the nost severe greeni ng
(ogreeni sh-yel | owdi scol oration) probl emanong al | the netal ceramic all oys. This
nust be kept inmndwhenusingit for anterior teeth. Sone nanuf act urers have
provi ded speci al agentstonmininzethis effect (goldnetal conditioners and coating
agents). Another alternativeis to use special non-greeni ng porcel ain.

Palladium-Copper Alloys

These arerel atively newalloys. Littleinformationis availabl e regardingtheir
properti es.

Composition
Pal | adi um 74 to 80 wt %

Copper 5t0 10 wt%
@&l lium 4to0 9W%
Gl d 1to 2w %(in sone brands)

Base netal s around 1 wt %

Esthetics Qopper does cause a slight discol orationof the porcelain, but isnot a
naj or problem Duringthe oxidationfiringthe netal acquires a dark brown al nost



bl ack oxi de | ayer. Gare shoul d be taken to nask t hi s conpl etel y wi t h opaquer. A so
of concernis the dark |ine whi ch devel ops at the nargins.

Gastability These all oys are nore techni que sensitive. Sight errors canleadto
faulty castings.

Palladium-Cobalt Alloys

Composition
Pal | adi um 78 to 88 wt %
bal t 4to 10 wt%
Gl l'ium upto 9 wt %(i n some brands)

Base netal s around 1 wt %

Esthetics balt can cause sone i nsi gnificant di scol oration. However, nore care
shoul d be gi ven for naski ng t he dark oxi de | ayer w t h opaque.

Sag resi stance They are the nost sag resistant of all the nobl e al | oys.
Palladium-Gallium Alloys
There are two groups—t+he pal | adi umgal | iumsilver and the pal | adi umgal | i um

silver-god

Composition

Pal | adi um 75 wt %
@Gl l'ium 6 wt %
Slver 5to 8 wt %
Gl d 6 w %(when present)

Base netals around 1 wt %

Esthetics The oxide layer though darkis still sonewhat |ighter thanthe pal | adi um
copper and pal | adi umcobal t al | oys. The sil ver content does not cause any greeni ng.

BASE METAL ALLOYS FOR METAL CERAMIC RESTORATIONS

Aloyswvhichcontainlittleor nonobl e netal s are known as base netal alloys. As
nentioned earlier, these al |l oys wereintroduced as a cheaper alternativetothe very
expensi ve nobl e netal ceramic alloys. Incountries |ikethe USA western Europe
and sone mddl e eastern states, thereis a preference for nobl e and hi gh nobl e
ceranic al loys. Incontrast, devel opi ng countries have shown a pref erence for base
netal -ceranmic al l oys. This i s because t he economic concerns far outwei gh the
advant ages of the nore user-friend y hi gh nobl e al | oys.
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The first base netal al |l oys were the cobal t-chroniumal | oys prinarily used for
renovabl e partial denture all oys. The ni ckel -chrone al | oys were i ntroduced | ater.

The latest inthe series aretitaniumandits all oys.

Just likethe goldalloys, the base netal all oys can be used for nany pur poses.
However, one nust differentiate between the ones used for al |l netal and the netal -
ceranic restorations. oviously the netal -ceranic al | oys woul d be fornul ated wth

speci al properties sincethey areto be used wth ceranics.

The fol | ow ng base netal al | oys are used for netal - ceranics.

e N ckel - chromum(ni ckel based) al | oys
e (bal t - chromum(cobal t based) al | oys

e Puretitanium

e Titani umal um num vanadi umal | oys

Qormer ci al nanes The conmer ci al nanes of sone of the netal ceranic all oys

are presented i n Tabl e 19. 2.

NICKEL-CHROMIUM ALLOYS

A t hough cobal t chroniumal | oys are used for netal ceramc crows and bri dges,
nany | aborat ori es prefer to use ni ckel -chromumal | oys. For this reasonthe
di scussionw | focus nostly onthese al | oys. Gbal t-chromumw || be di scussed | at er
under al | oys for renovabl e dent ures.

Composition

Basic Elements

N ckel 6lto8lw.%
Chr one 11to 27 w. %
Mol ybdenum 2to9 w.%
(Sone al | oys occasi onal | y contai n one or nore mnor el enent s)

The mi nor addi tions i ncl ude
N ckel 61 to 81 wt.

Beryl |ium 0.5t02.0w.
Al um num 0.2to 4.2 wt.

Iron 0.1to0.5w.
Slicon 0.2t02.8wt.
Copper 0.1tol.6w.
Manganese 0.1to3.0w.
bal t 0.4t00.5wt.
Tin 1.25 wt.

%
%
%
%
%
%
%
%
%

(The functions of eachingredient i s describedinthe sectiononrenovabl e partial

denture al | oys)
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Table 19.2: Commercial names of some base metal-ceramic

a ass Aloy Conmer ci al nane
N ckel based al | oys N -O-M Nept une (Jeneri ¢/ Pent r on)
Forte (Lhitek / 3V
N - O - Mo- Be Litecast B (WIIians)

Rexi [ liuml 11 (Jeneric/ Pentron)
Cobal t based al | oys Utra 100 (Lhitek /3N
-Ru Genesi s |1 (Jel enko)
-W

Co-
Co-
Co- Ru Novar ex (Jeneri c/ Pentron)

0090

General Features and of Nickel Based Alloys
st They are the cheapest of the casting all oys.

@l or They arewhiteincolor.

Melting range Atypical neltingrangeis 1155t0 1304°C The nel ti ng range of
these all oys |i ke the gol d ceranic al | oys are hi gh.

Censity Ranges from7.8to 8.4 gnicni. They have just hal f the density of the
gol d al | oys naki ng t hemnuch |'i ghter. Qe can get nore castings per gramconpar ed
tothegoldalloys.

Gastability They are extrenel y techni que sensitive. Qe reason nay be thei r | oner
density conpared to the gol d al | oys.

FHar dness and workabil ity Ranges from175to 360 VHN They tend to be much
har der than the high nobl e netal ceranic al | oys. Lhlikethe gol dalloys these al | oys
areextrenely difficult towork with. Thei r hi gh har dness nakes t hemvery difficul t
tocut (sprue cutting), grindand polish. Inthe nouth nore chair tine nay be
needed t 0 adj ust the occl usion. Qutting and renovi ng a def ecti ve crown can be
qui t e demandi ng. The hi gh hardness results i nrapi d wear of carbi de and di anond
burs.

Yieldstrength Ranges from310to 828 MPa. These al | oys are stronger than the
gol d and pal | adi umbased al | oys.

Mbdul us of elasticity Ranges from150to 210 MPa (x10%). This property denot es
thestiffness of thealloy. Base netal alloys are twce as stiff as the gol d ceramc
alloys. Practically, this neans that we can nake thi nner, |ighter castings or use
it inlongspanbridges where other netals arelikelytofail because of flexing.
Gl d al I oys requi re a nini numt hi ckness of at | east 0.3to 0.5 mm whereas base
netal al | oys copi ngs can be reduced to 0. 3 nm(sone even clai m0. 1 ).

Fercent el ongation Ranges from10to 28% This gives anindicationof the ductility
of the all oy. Though t hey nay appear to be ductil e these al | oys however, are not
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easi |y burni shable. This nay berelatedto additional factors|ike the hi gh hardness
and yi el d strengt h.

Porcel ai n bondi ng These al | oys f orman adequat e oxi de | ayer whichis essenti al
for successful porcel ai nbondi ng. Hwever, occasi onal |y the porcel a n nay del aninat e
fromthe underlyi ng netal . Thi s has been bl aned on a poorly adherent oxi de | ayer
whi ch occurs under certai n ci rcunst ances whi ch have not been ful | y under st ood.

Sgresistance Thesenaterialsarefar nore stabl e at porcel ainfiringtenperatures
than t he gol d based al | oys. They have a hi gher sag resi st ance.

Esthetics Adark oxi de | ayer may be seen at the porcel ain netal junction.

Scrap val ue  As may be expect ed t hese al | oys have poor scrap val ue because of
the l owintrinsic val ue of the el enents.

Tarni sh and corrosi on resi stance These a | oys are highly resistant totarni sh and
corrosion. Thisis duetothe property known as passi vati on. Passivationisthe property
by whi ch aresi stant oxi de | ayer forns onthe surface of chrone contai ning al | oys.
This oxi de | ayer protectstheall oy fromfurther oxidati on and corrosi on. These al | oys
cannaintaintheir polishfor years. Qher self passivatingalloys are titan umand
al um num

Sldering Solderingis necessary tojoinbridge parts. Long span bridges are of ten
cast intwopartstoinprovethefit and accuracy. The parts are assentl ed correctly
inthe nout h and an i ndex nade. The parts are then reassenbl ed i nthe | aborat ory
and j o ned t oget her usi ng sol der. Base netal all oys are nuch nore difficult to sol der
than gol d a | oys.

(asting shrinkage These al | oys have a hi gher casting shrinkage t han t he gol d
al l oys. Greater noul d expansi on i s needed to conpensate for this. | nadequate
conpensation for casting shrinkage canleadto apoorly fitting casting.

Bching Bchingis necessary for resinbonded restorati ons (e.g. Mryl and bri dges)
toinprove theretention of the cenent totherestoration. & ching of base netal
alloysisdoneinacelectrolytic etching bat h.

B d ogi cal considerations N ckel nay produce al |l ergic reactionsinsoneindividua s.
It isasoapotential carci nogen.

Beryl Ii umwhi chis present in nany base netal alloysis apotentially toxic
subst ance. I nhal ation of beryl Iiumcontai ning dust or funes is the nai nroute of
exposure. It causes aconditionknownas ‘berylliosis'. It ischaracterizedby flulike
synpt ons and granul omas of the | ungs.

Qaution Adequat e precautions nust be taken whil e worki ng wth base netal all oys.
Funes fromnel ti ng and dust fromgrindi ng al | oys shoul d be avoi ded (wear nask) .
The wor k area shoul d be wel | -venti | at ed. God exhaust systens shoul d be instal | ed
to renove the funes during nel ting.
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TITANIUM AND ITS ALLOYS

Recently titaniumandits al | oys have becone avai |l abl e for use i n netal - cerancs.
It isalsousedfor renovabl e partial denture al |l oy franes and of course conmerci al
inplants. It has been adapted i n dentistry because of its excell ent bi oconpatibility,
l'ight weight, good strength and ability to passivate.

Uses

In Dentistry

Metal ceramic restorations

Dental inplants (F gs 25.2 and 25. 3)

Partial denture franes

Conpl et e dent ur e bases

Bar connectors (Fig. 19.4)

(Indentistryitisespecialyusefu asandternativealoytothosewoarealergc
tonickd).

g b wWN P

FIGURE 19.4: A maxillary bar connector made of titanium. The titanium bar is resting on
four implants. Finally a complete denture will be constructed over this

In Surgery

Atificia hipjonts

Bone splints

Atificia heart punps
Atificia heart val ves parts
Pacenaker cases

O WN P
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Properties of Commercially Pure Titanium
lor Itisawhitecolor netal

Censity 1t isalight weight netal (density 4.1 gnicnd) when conpared to ni ckel
chrone (8 gns/cng) and gol d al | oys (15 gnicn?).

Mbdul us of el asticity 1ts MEis 110 Goa which nakes it only half asrigidas
base netal al | oys. However this appears to be sufficient for nost dental uses.

Mitingpoint 1tsneltingpoint isquitehigh(1668°Q. Specia equi pnent i s needed
for castingtitani um

efficient of thernal expansion Thisisaninportant property whenit is used
as anetal ceranic alloy. Wien used as a metal ceranic alloy the CTE (8.4 x
10%°Q isfar toolowto be conpatiblewthporcelain(12.7to014.2 x 10%°Q. For
thi s reason speci al | owfusi ng porcel ai ns have been devel oped to get around this
probl em

Boconpatibility 1t isnontoxic and has excellent bi oconpatibility wthboth hard
and soft ti ssues.

Tarni sh and corrosion Titaniumhas the ability to sel f-passivate. It forns athin
protective oxide | ayer which protects the netal fromfurther oxidation.

Casting Investments

Due to the high nel ting tenperature of these alloys, only phosphat e- bonded or
sili ca-bonded i nvest nent s are used. However, in case of gol d based net al - ceranic
al I oys, carbon contai ni ng phosphat e bonded i nvest nent s are preferred.

REMOVABLE DENTURE ALLOYS

Larger structures |i ke conpl et e dent ure bases and partia denture franes are al so
nade fromdental all oys. Qovi ously these woul d need | arge anount s of al | oy, whi ch
can nake t hemqui t e heavy and expensi ve (i f gol d were to be used). Thus it becane
necessary to devel op | i ghter and nore economcal al | oys. Mbst of the | arge castings
t oday are nade frombase netal al | oys, occasi onal |y type |V gol d al | oys are used.

Additional Requirements for Partial Denture Alloys

Besides al | theearlier nentioned general requirenents of castingalloys, RPDal | oys

have a f ewspeci al requirenents.

1 They shoul d be light inweight. Bei ng nuch [ arger structures the lighter wei ght
aidsinretentioninthe nouth.

2 They shoul d have hi gh stiffness. This ai ds i n naki ng t he casting nore t hi nner.
Thisisinportant especiallyinthe pal ate regi on where having athin pal at al
portionnakes it nore confortabletothe patient. The hi gh stiffness prevents
t he frane frombendi ng under occl usal forces.
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3 They shoul d have good fatigue resi stance. This property isinportant for clasps.
A asps have to flex when inserted or renmoved fromthe nouth. 1f they do not
have good fat i gue resi stance they nay break after repeated i nserti on and renoval .

4 They shoul d be economi cal . Large structures woul d requi re nore netal and
therefore the cost of the all oy shoul d be | ow

5 They shoul d not react to commerci al denture cl eansers.

The al | oys for renovabl e denture use are
e (Qobalt chromum

* N ckel chromum

e Aumnumandits alloys

* Type IVnoblealloys.

COBALT CHROMIUM ALLOYS

(obal t - chromiumal | oys have been avai | abl e si nce the 1920' s. They possess hi gh
strength. Their excel | ent corrosi onresi stance especi a |y at hi gh t enper at ures nakes
themuseful for a nunber of applications.

These al | oys are al so known as ‘stellite’ because of their shiny, star-like
appear ance. They have bright lustrous, hard, strong, and non-tarni shingqualities.

Supplied As
Sl | pellets (cuboi dal, cylindrical shapes) in1kgboxes (Fg. 19.5).

FIGURE 19.5: Commercially available base metal casting alloys. In India base metal alloys
are widely used. Also displayed is technic alloy (gold colored alloy on the left side)
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FIGURE 19.6: A removable partial denture. This framework was
cast from cobalt-chromium alloy

APPLICATIONS

1 Denture base

2 Cast renovabl e partial denture framework (F g. 19. 6)
3 CGowns and bri dges

4 Bar connectors.

COMPOSITION

e (balt - 35t0 65%
e Chronium - 23to 30%
 Ncke - 0to 20%
* Ml ybdenum -0to 7%

e |ron - 0to 5%

e Carbon - upto 0. 4%

e Tungsten, manganese, silicon and platinumin traces.
According to ADA Sp. No. 14 a mini numof 85%by wei ght of chronium cobal t,
and ni ckel is required.

FUNCTIONS OF ALLOYING ELEMENTS

Cobalt
I nparts hardness, strengthandrigiditytothealloy. It has ahigh nelting point.

Chromium

I'ts passivating effect ensures corrosi onresistance. The chrommumcontent is directly
proportional totarnishandcorrosionresistance. It reduces the nelting point. A ong



wthother elenents, it alsoactsinsolidsolution hardeni ng. 30%chromumis
consi dered the upper limt for attai ni ng naxi numnechani cal properti es.

Nickel

(obal t and ni ckel are interchangeabl e. 1t decreases strength, hardness, ME and
fusiontenperature. It increases ductility.

Molybdenum or Tungsten

They are ef fective hardeners. Ml ybdenumi s preferred as it reduces ductility to
alesser extent than tungsten. Ml ybdenumrefines grain structure.

Iron, Copper, Beryllium

They are hardeners. Inaddition, berylliumreduces fusi ontenperature and refi nes
grainstructure.

Manganese and Silicon

Prinarily oxi de scavengers to prevent oxidati on of other el enents during nelting.
They ar e al so har deners.

Boron
Deoxi di zer and har dener, but reduces ductility.

Carbon

Carbon content is nost critical. Sral | amounts nay have a pronounced ef f ect on
strength, hardness and ductility. Garbonforns carbides wththenetal |ic constituents
whichis aninportant factor i nstrengtheningthe all oy. Hwever, excess carhbon
i ncreases brittleness. Thus, control of carbon content inthealloyisinportant.

PROPERTIES

The cobal t - chromiumal | oys have repl aced Type | Vgol d al | oys especi al | y for naki ng
RPDs because of their | ower cost and good nechani cal properti es.

Density

The density is hal f that of goldalloys, sotheyarelighter inweight (8to9gn
c).
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Fusion Temperature

Thus casting tenperature of this alloyis considerably higher thanthat of gold
al I oys (1250°Cto 1480°Q.

ADASp. No. 14 dividesit intotwo types, based on fusiontenperature, which
i s definedas theliquidus tenperature.

Type-1 (high fusing)-liquidus tenperature greater than 1300°C

Type- 11 (1 owfusing)-1iquidus tenperature not greater than 1300°C

Yield Strength
It is higher thanthat of gold alloys (710 MPa).

Elongation

Their ductilityislower thanthat of goldalloys. It depends on conposition, rate
of cooling, and the fusi on and noul d t enper at ur e enpl oyed. The el ongati on val ue
islto12%

Qaution These al | oys work harden very easily, so care nust be taken whil e adj us-
tingtheclasparns of the partia denture. They nay break i f bent too nany ti nes.

Modulus of Elasticity

They are twice as stiff as gol d al | oys (225 x 10° MPa). Thus, casting can be nade
thi nner, thereby, decreasing the weight of the RPD

Hardness

These al | oys ar e 50%har der than gol d al | oys (432 VHN. Thus, cutting, grinding
andfinishingisdfficult. It wears off thecuttinginstrunent. Specia hard, high
speed fini shing tool s are needed.

Tarnish and Corrosion Resistance (Passivation)

Fornation of alayer of chroniumoxide onthe surface of these al | oys prevents
tarnishand corrosionintheoral cavity. Thisiscalled’passivatingeffect’.

Qaution Hypochl orite and ot her chl orine contai ni ng conpounds that are present
i n sone dent ure cl eani ng sol utions w Il cause corrosi oninbase netal all oys. Even
t he oxygenating denture cl eansers w I | stai nsuch all oys. Therefore, these sol uti ons
shoul d not be used t o cl ean chroniumbased al | oys.

Casting Shrinkage

The casting shrinkage i s nuch greater (2.3% thanthat of goldalloys. The high
shrinkage i s due to their high fusion tenperature.
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Porosity

Asingodalloys, porosityisduetoshrinkage of the all oy and rel ease of di ssol ved
gases. Porosity is affected by the conposition of the al loys andits nani pul ation.

TECHNICAL CONSIDERATIONS FOR CASTING ALLOYS

Based onthe nel ti ng t enperat ures of the al |l oys we can divi de the al | oys i nto hi gh
fusi ng and | owf usi ng al | oys.

Low Fusing Alloys

The gold al l oys used for al | -netal restorati ons nay be consi dered as | owf usi ng.
Qovi ousl y the techni cal requirenents of these al | oys woul d be di fferent fromthe
hi gh fusi ng al | oys.

Investrent naterial Gypsumbonded i nvest nents are usual |y sufficient for the
[ owfusi ng gol d al | oys.

Ml ting Theregul ar gas-air torchisusual ly sufficient tonelt these all oys.

High Fusing Alloys

The hi gh fusing al | oys i ncl ude nobl e netal ceramic al | oys (gol d and pal | adi umal | oys)
aswell asthebasenetal alloys (all-netal, netal -ceranic a |l oys and partial denture

dloy).

Investnent naterial for nobl e netal alloys The high nelting tenperatures prevent
t he use of gypsumbonded i nvest nents. Phosphat e bonded or silica bonded
i nvestnents are used for these al | oys.

Investnent naterial for base netal alloys Phosphate bonded or silica bonded
i nvestnents are al so used for these al | oys. However, thereis one difference. These
alloys are very sensitivetoachangeintheir carbon content. Therefore, carbon
cont ai ni ng i nvest nent s shoul d be avoi ded when cast i ng base netal al | oys.

Burnout Aslowburnout is done at atenperature of 732t0 982°C It is done
two hours after investing.

Ml ting The highfusiontenperature al so prevents the use of gas-air torches for
nel ting these al | oys. xygen-acetyl ene torches are usual | y enpl oyed. H ectri cal
sour ces of nelting such as carbon arcs, argon arcs, high frequency i nducti on, or
si | i con-carbi de resi stance f urnaces, nay al so be used.

Technique for Small Castings

The wax patternis usual Iy constructed on a di e stone nodel . The wax pattern
isrenoved and theninvested (for nore detai | s see chapter on casting t echni ques).
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Technique for Large Castings

The procedure for large castings |i ke RPDfranes i s slightly nore conpl ex. Uhlike
the cronn or bridge pattern, the RRDpatternis difficult torenove fromthe nodel
w thout distortionand danage. Therefore anodificationinthetechniqueis required.
Aduplicate of the nodel i s nade usinginvestnent naterial (thisiscalledrefractory
cast). Thevax patternis constructedontherefractory cast (Fg. 16.3). Thepattern
isnot separated fromthe refractory cast, insteadtherefractory cast isinvested
alongw ththe pattern.

ADVANTAGES OF BASE METAL ALLOYS

1 Lighter inweight.

2 Better nechani cal properties (exceptions are present).

3 Ascorrosionresistant as gol d al | oys (due to passivating ef fect).
4 Less expensi ve than gol d al | oys.

DISADVANTAGES

1 Mre techni que sensitive.

2 Qonplexity inproductionof dental appliance.

3 Hgh fusing tenperat ures.

4 Extrenely hard, so requires specia equi pnent for finishing.

5 The hi gh hardness can cause excessi ve wear of restorati ons and natural teeth

contactingtherestorations.
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COMPARISON OF GOLD ALLOYS AND BASE METAL ALLOYS

Aoperties Qobal t - chrom um @l d Type - |V
1 Srength Adequat e Adequat e
2 Density (gnicn) 8(lighter) 15 (heavi er)
3 Hardness Har der t han enanel Sof t er t han enanel
4 Siffness Siff Mre fl exibl e
5 Mlting tenperature 1300°C 900°C
6 Gasting shrinkage 2.25% 1. 25- 1. 65%
7 Heat treatnent Conpl i cat ed Sinpl e
8 Tarnish resi stance Adequat e Adequat e
9 (ost Reasonabl e H gh for | arge castings
100 Gastability Techni que sensi tive Casts wel |
11 Wrkability Dfficult tocut, grindand Qutting and pol i shing
pali sh easy
12 | nvest nent Phosphat e bonded Gypsum bonded
(non- car bon)
13 Heat source for nelting xy- acet yl ene t or ches Gas-air torch
14 Slderability Dfficdt Easi er




CHAPTER 20

Dental Ceramics

Imagine a restorative material, that can accurately duplicate tooth  structure, such
that an average person may find it difficult to distinguish between the two (Fig.
20.1). Dental ceramics holds such a promise. One might argue that composite resins
have a similar esthetic potential. However, there is a big difference—dental ceramics
are certainly far more durable. They are far more stronger, wear resistant, and
virtually indestructible in the oral environment. They are impervious to ora fluids
and absolutely biocompatible. They do have some drawbacks which will be discussed
subsequently. Because of their huge potentia, it is still a fast growing area in terms
of research and development.

USES AND APPLICATIONS

Inlays and onlays

Esthetic laminates (veneers) over natural teeth

Single (all ceramic) crowns

Short span (all ceramic) bridges

As veneer for cast metal crowns and bridges (metal ceramics)
Artificial denture teeth (for complete denture and partial denture use)
Ceramic orthodontic  brackets

NoOs®WNE

EVOLUTION OF DENTAL CERAMICS

Man has aways been on the look out for materia that could accurately reproduce
missing teeth or teeth structure. Prior to the use of porcelain as a crown material
dentists used crowns made of gold or other metal. One can obviously imagine their
esthetics. Around the early 1900's porcelain crowns were introduced into dentistry.
These crowns were known as Porcelain jacket crowns (PJC). These early porcelain
crowns had a lot of problems. They were very difficult to fabricate, did not fit well
(poor margins), and tended to fracture easily (half moon fracture). For this reason
they gradually lost their popularity.
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It was not until the late 1950's and early 1960's that research by MclLean led
to the discovery of ceramics that could bond to meta. This led to the era of the
metal ceramics. Prior to this, metal bridges were veneered (covered) with tooth colored
acrylic in order to hide the metal. These acrylics did not last very long and had
to be replaced often. Besides they could not be used to cover the occlusal surface
because of their poor wear resistance. The metal ceramic crowns and bridges were
instantly accepted because of their superior esthetics, wear resistance and strength.
The ceramic could be used to veneer the occlusal surface as well. Since the margins
were in metal, the margina fit was highly accurate. The metal ceramics are dtill
popular today and represent amost 90 percent of all ceramic restorations made
today.

The research into the all ceramic crown, however was not given up. In spite
of the success of the metal ceramic restorations. They did not represent the final
solution. The underlying metal did not alow the natural passage and reflection
of light like the natural teeth. Under certain lighting  conditions these crowns
appeared dense and opaque. The esthetics would certainly have been better if it
could reflect the color of the underlying dentin. Similarly the margin of the restoration
appeared to be dark, even when hidden below the gums, it sometimes showed
through the gums (the gums developed a bluish discoloration). Some manufacturers
did attempt to solve this problem by introducing ‘shoulder porcelains’ A portion
of the metal was removed from the labia margin (meta free margin) and replaced
with shoulder porcelain. However, this still did not solve the problem of translucency.

The first attempt at developing a stronger all ceramic restoration was in 1965.
McLean and Hughes introduced an alumina reinforced core material which improved
the strength of the porcelain. However, they were still not strong enough for posterior
use and of course the problem of margina adaptation still remained. Thus further
improvements were required in technique as well as material.

The last decade or so, saw the reemergence of the all ceramic crown. This time
the porcelain strength has been markedly improved through a variety of
technological advances. The margina adaptation had also improved considerably
when compared to the first generation all porcelain crowns. The latest ceramics
include castable glass ceramics, shrink free core ceramic, injection moulded core
ceramic, high strength glass infiltrated alumina core ceramic, CAD-CAM (computer
aided design, computer aided machining) ceramics, etc. One of the original drawbacks
of the al porcelain crown materials were that they were not strong enough for
al ceramic bridges. Today’s manufacturers clam that the modern porcelains are
strong enough for to make an all ceramic bridge (the claims include anterior and
even posterior bridges). Drawbacks still exist in modern porcelains. Some of the
ceramic systems are highly complicated and tedious and require expensive machines
to fabricate. There is still much scope for improvement in porcelain technology because
of the high demand for esthetic tooth colored restorations.
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CLASSIFICATION OF DENTAL PORCELAINS

According to Firing Temperature

High fusing 1300° for denture teeth
Medium  fusing 1101 to 1300° ” ”

Low fusing 850 to 1100° for crown and bridge use
Ultra low fusing less than 850° used with titanium

According to Type

Feldspathic or conventional porcelain
Aluminous  porcelain

Leucite reinforced porcelain

Glass infiltrated aumina

Glass infiltrated spinell

Glass ceramic.

According to Use

Porcelain for artifical denture teeth
Jacket crown, veneer and inlay porcelain
Metal ceramics

Anterior bridge porcelain.

According to Processing Method

e Sintered porcelain
e Cast porcelain
* Machined porcelain.

BASIC CONSTITUENTS AND MANUFACTURE

Because of the wide variety of porcelain products available in the market, it is
virtually impossible to provide a single composition for them al. Traditionaly, porce-
lains were manufactured from a minera called feldspar.  These porcelains are
referred to as feldspathic porcelains. As porcelain  technology improved other
speciadlized porcelains were introduced, like reinforced core porcelains, opaguer
porcelains, glass ceramics, glazes, etc. Obviously their composition would certainly
differ from the traditional feldspathic porcelains. Our discussion will center around
feldspathic  porcelain.

Basic Structure

Basically porcelain is a type of glass. Therefore its basic structure is similar to that
of glass. The basic structure therefore consists of a three dimensional network of
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silica (silica tetrahedra). Pure glass melts at too high a temperature for dental use.
Adding certain chemicals lowers the melting temperature by disrupting the silica
network. The glass obtains porcelain like qualities when the silica network is broken
by alkalies like sodium and potassium. This also lowers the fusion temperature.
These chemicals are therefore known as glass modifiers or fluxes. Other substances
which act like glass modifiers are aumina (Al,O;) and boric oxide (B,O;). Boric
oxide forms its own separate network in between the silica network. Adding certain
opacifiers reduces the transparency and completes the transformation to dental
porcelain.

Basic Constituents
The basic congtituents of feldspathic porcelains are:

Feldspar — Basic glass former

Kaolin — Binder

Quartz — Filler

Alumina — Glass former and flux

Alkalies — Glass modifiers (flux)

Color pigments — Modifies color

Opacifiers — Reduces transparency
Feldspar

It is a naturally occurring mineral and forms the basic constituent of feldspathic
porcelains. Most of the components needed to make dental porcelain are found in
feldspar. It thus contains potash (K,O), soda (N&O), aumina (Al,.O;) and silica
(SIO,). It is the basic glass former. When fused at high temperatures (during manu-
facture) it forms a feldspathic glass containing potash feldspar (K,O.Al,05.6Si0,)
or soda feldspar (N&O.Al,0:.6Si0,). Pure feldspathic glass is quite colorless and
transparent. As explained earlier, various glass modifiers and opacifiers are added
to ater its sintering temperature, viscosity, therma coefficient of expansion (CTE)
and  appearance.

Kaolin

It is a white clay like material (hydrated auminum silicate). It acts as a binder
and gives opacity to the mass. Some manufacturers use sugar or starch instead
of kaolin.

Quartz

Quartz is a form of silica Ground quartz acts as a refractory skeleton, providing
strength and hardness to porcelain during firing. It remains relatively unchanged
during and after firing.
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Alumina

Aluminum oxide (alumina) replaces some of the silica in the glass network. It gives
strength and opacity to the porcelain. It alters the softening point and increases
the viscosity of porcelain during firing.

Glass Modifiers

Alkalies such as sodium, potassium and calcium are caled glass modifiers. Glass
modifiers lower the fusion temperature and increase the flow of porcelain during
firing. They aso increase the CTE (important in metal ceramics). However, too
high a concentration of glass modifiers is not good for the ceramic because:
e It reduces the chemica durability of the ceramic
It may cause the glass to devitrify (crystalize)

Another glass modifier is boric oxide (B,Os). It forms its own glass network (also
called lattice) interspersed between the silica network (lattice).

Opacifiers

Since pure feldspathic porcelain is quite colorless, opacifiers are added to increase
its opacity in order to simulate natural teeth. Oxides of zirconium, titanium and
tin are commonly used opacifiers.

Color Modifiers

Natural teeth come in a variety of shades. In addition, it acquires external stains
from the environment. Thus color modifiers are required to adjust the shades of
the dental ceramic. Various metalic oxides provide a variety of color, eg. titanium
oxide (yellowish brown), nickel oxide (brown), copper oxide (green), manganese
oxide (lavender), cobat oxide (blue), etc. They are fused together with regular
feldspar and then reground and blended to produce a variety of colors.

Other Specialized Porcelain Powders

Glazes

It is a specia type of colorless porcelain applied to the surface of the completed
ceramic restoration to give it a glossy lifelike finish (Fig. 20.4F). Obviousy they
do not contain opacifiers. They must have a lower fusion temperature and therefore
must contain a lot of glass modifiers. This also makes them somewhat less chemically
durable.

Stains

They are porcelain powders containing a high concentration of color modifiers (as
described previously). They too have a lower fusion temperature made possible by
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an increased content of glass modifiers. Stains are used to provide individua color
variation in the finished restoration (Figs 20.4G and 20.2).

Opaquer Porcelains

It is a speciaized type of porcelain which is used to conceal the metal core in PFM
(metal ceramic) restorations (Fig. 20.4A). It is the first layer applied before the
addition of the regular porcelain. Obviously it contains a high concentration of
opacifiers. Some amount of color modifiers are aso added

Reinforced Core Porcelains

These are specialized porcelains containing a high concentration of a reinforcing
material. The reinforced porcelains are stronger than regular feldspathic porcelains.
They are used to create a strong inner core which imparts strength to the ceramic.
A variety of reinforcing materials are currently being used. They include:

e Alumina (alumina reinforced porcelain)

e MgAI,O, (spinell)

* Leucite (leucite reinforced porcelan).

Manufacture

Traditionally, porcelain powders are manufactured by a process called fritting.
Various components are mixed together and fused. While it is still hot, it is quenched
in water. This causes the mass to crack and fracture, making it easier to powder
it. The frit is ground to a fine powder and supplied to the consumer in bottles.

Most of the chemical reaction takes place during the manufacture (pyrochemical
reaction). During subsequent firing in the dental laboratory, there is not much
of chemical reaction). The porcelain powder simply fuses together to form the desired
restoration.

PARTS OF A CERAMIC RESTORATION

Currently, there are so many ceramic systems which can be quite confusing to
the dental student. For simplicity of explanation we can divide the ceramic restoration
into 2 parts (Fig. 20.1)

e Core (or substructure)

* Veneer

Core The core should be strong as it provides support and strength for the crown.
Manufacturers have concentrated on strengthening the core through various means.
The stronger the core, the stronger the crown. The core aso functions as the matrix.
The matrix is a supporting frame. Freshly mixed porcelain is like wet sand. It needs
to be supported while it is being condensed and built up. The freshly built unfired
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FIGURE 20.1: Parts of the ceramic crown

porcelain is very weak and fragile. Without the support of a matrix it would certainly
breakup and collapse. The core is therefore usually constructed first. The rest of
the restoration is built up on this core.

The cores or substructures are of two basic types depending on whether it is
an all porcelain crown or a metal ceramic crown.
* Metal core
» Porcelain or ceramic core

Veneer The core is usually anesthetic. The esthetics is improved by additiona layers
of ceramic known as veneer porcelains. The core is veneered with various types
of ceramic powders like dentin, enamel, cervica and transparent. It can also be
surface stained and finally glazed.

CLASSIFICATION AND DESCRIPTION OF CERAMIC SYSTEMS

The ceramic restorations available today may be metal bonded or made completely
of ceramic. Based on the substructure or core material used we have two basic
groups. They are further divided based on the fabrication method.
A. Metal-ceramic (metal bonded or PFM) restorations
1. Cast metal ceramic restorations
— Cast noble metal alloys
— Cast base meta dloys
— Cast titanium (ultra low fusing porcelain)
2. Swaged metal ceramic restorations
— Gold aloy foil coping (Renaissance, Captek)
— Bonded platinum foil coping
B. All ceramic restorations
1. Platinum foil matrix constructed porcelains
— Conventional porcelain jacket crown
— Porcelain jacket crown with auminous core
— Ceramic jacket crown with leucite reinforced core (Optec HSP)



2. Castable glass ceramics (Dicor)
3. Injection moulded (leucite reinforced) glass ceramics (IPS Empress)
4. Glass infiltrated core porcelains
— Glass infiltrated aluminous core (Inceram)
— Glass infiltrated spinell core (Inceram spinell)
5. Ceramic restoration with CAD-CAM ceramic core
— Glass ceramic blocks
— Feldspathic  porcelain  blocks
6. Ceramic restoration with copy milled ceramic core (Celay)
— Alumina blocks (Celay inceram)
— MgAlL,O, (Inceram spinell)

METAL CERAMIC RESTORATIONS
Synonyms Porcelain fused to metal or PFM, metal bonded restorations.

The first porcelain jacket crowns (PJC) of a century ago did not have a
strengthening core and were therefore very weak. Later in 1965, Mclean developed
the aluminous core porcelains. The aumina reinforced core made the ceramic crown
stronger by interrupting crack propagation. At around the same time, the metal-
ceramic system was developed. The cast metal core (called coping) strengthened
the porcelain restoration immensely and soon it became the most widely used ceramic
restoration. According to a 1994 survey, 90 percent of al ceramic restorations are
porcelain fused to metal.

The metal ceramic system was possible because of some important developments.

o Development of a metal and porcelain that could bond to each other

e Rasing of the CTE of the ceramic in order to make it more compatible to

that of the metal.

This obviously meant that a lot of research had to go into both porcelain and
metal composition before they could be used for metal ceramics.

Types of Metal Ceramic Systems

As mentioned in the classification, the metal ceramic systems can be divided into:
1. Cast meta ceramic restorations

e Cast noble meta alloys (feldspathic porcelain)

e Cast base metal aloys (feldspathic porcelain)

e Cast titanium (ultra low fusing porcelain)
2. Swaged metal ceramic restorations

e Gold adloy foil coping (Renaissance, Captek)

e Bonded platinum foil coping.
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CAST METAL CERAMIC RESTORATIONS

This is one of the most commonest ways of constructing a ceramic restoration. Because
of the strong metal frame it is possible to make long span bridges. It can aso be
used in difficult situations where an al ceramic restoration cannot be given because
of high stresses and reduced preparation depth.

Uses

1. Single anterior and posterior crowns (Figs 20.2A and B).
2. Short and long span anterior and posterior bridges (Fig. 20.2C).

Composition of Ceramic for Metal Bonding

Feldspathic porcelains are used for metal bonding. The basic composition is quite
similar except for the higher akali content (soda and potash). The higher akali
content was necessary in order to raise the CTE. Unfortunately this also increased
the tendency of the ceramic to devitrify and appear cloudy. A typica composition
is shown in Table 20.1.

Table 20.1: A sample percentage composition of porcelain powder for metal ceramics

Dentin porcelain Enamel  porcelain
Silica (SI0,) 59.2 63.5
Alumina (Al,O,) 18.5 18.9
Soda (N&O) 4.8 5.0
Potash (K,0) 11.8 2.3
Boric oxide (B,Os) 4.6 0.12
Zinc oxide (ZnO) 0.58 0.11
Zirconium oxide (ZrO,) 0.39 0.13

A special opaguer powder is needed to mask the underlying meta so that it
does not show through the ceramic (Figs 20.4A and B). The opaguer powder has
a high content of opacifiers. Similarly, the composition of glazes would be different.
Glazes have a higher concentration of glass modifiers like soda, potash and boric
oxide.

Supplied as

One typical kit (Fig. 20.3) consists of

1. Enamel porcelain powders in various shades (in bottles)

2. Dentin porcelain powders in various shades (in bottles)

3. Liquid for mixing enamel, dentin, gingival and transparent

4. Opaquer powders in various shades/ together with a liquid for mixing



FIGURES 20.2A to C: Metal-ceramic crown and bridge. Addition of stain improves the vitality of
the crown. A - Lateral incisor before staining appears white and artificial; B - The same tooth
after applying yellow brown cervical stains and white flourosis streaks and patches; C - Posterior
bridge with occlusal fissure stains

5. Gingival porcelain powder in various shades
6. Transparent porcelain  powder

7. A variety of stain (color) powders

8. Glaze powder

9. Specia liquid for mixing stains and glaze.



FIGURE 20.3: Various enamel, dentin, and opaquer powders with the modelling liquids
(left box). Porcelain stains and glazes (right lower) and shade guide

MANIPULATION AND TECHNICAL CONSIDERATIONS
Construction of the Cast Metal Coping or Framework

A wax pattern of the intended restoration is constructed and cast in metal. A variety
of metals are used for the frame, like noble metal alloys, base metal aloys and
recently titanium (see chapter on casting aloys and casting procedures).

Metal Preparation

A clean metal surface is essentia for good bonding. Oil and other impurities form
the fingers can contaminate. The surface is finished with ceramic bonded stones
or sintered diamonds. Fina texturing is done by sandblasting with an aumina
air abrasive, which aids in the bonding. Finaly, it is cleaned ultrasonically, washed
and dried.

Degassing and Oxidizing

The casting (gold porcelain systems) is heated to a high temperature (980°C) to
burn off the impurities and to form an oxide layer which help in the bonding.
Degassing is done in the porcelain furnace.

Opaquer

The opaguer is a dense yellowish white powder supplied along with a specia liquid.
It is used to cover the metal frame and prevent it from being visible The metal
framework is held with a pair of locking forceps. Opaguer powder is dispensed
on to a ceramic palette and mixed with the specia liquid to a paste like consistency
(Fig. 20.4A). It is carried and applied on to the meta frame with a brush and
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FIGURE 20.4A: Opaquer powder is a dense cream colored powder used to hide the metal. It
is mixed with the modeling liquid to produce a sandy mix. A glass spatula is used for mixing as
metal might abrade and contaminate the porcelain

FIGURE 20.4B: The mixed material is applied with a brush. First an opaquer
layer is applied to mask the underlying metal coping

FIGURE 20.4C: Porcelain is condensed using mild vibrations. In this case a serrated instrument
is used. The excess water which comes to the surface is gently blotted with tissue paper. The
condensed material is placed in the furnace for firing
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FIGURE 20.4D: Next dentin (pink) and enamel (white) porcelain of the desired shade is applied,
condensed and fired. Unfired porcelain is usually color coded in order to differentiate between
the different layers. The color changes after firing

FIGURE 20.4E: After each application the FIGURE 20.4F: The final step is the
porcelain is fired in a computer controlled application of a glaze layer or self glazing.
porcelain furnace at high temperatures The above picture shows the completed

restoration. Stains may be added or applied
at any stage



FIGURE 20.4G: A variety of ceramic stains are used to improve the
vitality of the artificial restorations

condensed (Figs 20.4B and C) (see condensation in box). The excess liquid is blotted
with a tissue. The opaquer is built up to a thickness of 0.2 mm. The casting with
the opaquer is placed in a porcelain furnace (Fig. 20.4E) and fired at the appropriate
temperature (see firing in box). Opaguer may be completed in two steps.

Condensation

The process of packing the powder particles together and removing the excess water is known
as  condensation.

Purpose

Proper condensation packs the particles together. This helps minimize the porosity and reduce
the firing shrinkage. It aso helps to remove the excess water.

Condensation Techniques

Vibration Mild vibration by tapping or running a serrated instrument on the forceps holding
the metal frame by helps to pack the particles together and bring out the excess water. An
ultrasonic vibrator is aso available for this purpose.

Spatulation A small spatula is used to apply and smoothen the wet porcelain. This action
helps to bring out the excess water.

Dry powder Dry powder is placed on the side opposite a wet increment. The water moves
towards the dry powder pulling the wet particles together.
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Dentin and Enamel

The dentin powder (pink powder) is mixed with distilled water or the liquid supplied.
A glass spatula should be used (ceramic powder is abrasive and can abrade the
metal and contaminate the porcelain). The bulk of the tooth is built up with dentin.
A portion of the dentin in the incisal area is cut back and enamel porcelain (white
powder) can be added (Fig. 20.4D). After the build-up and condensation is over,
it is returned to the furnace for sintering.

Additions

It is not necessary to build up the restoration in one step. Large or difficult restoration
may be built up and fired in 2 or 3 stages. After each firing the porcelain may
be shaped by grinding and additional porcelain is placed in deficient areas. Each
additional firing is done a a lower temperature.

Caution One must not subject the restoration to too many firings. Too many firings
can give rise to a over transucent, lifeless restoration.

Gingival and Transparent Porcelain

The enamel of some natural teeth may appear transparent. This is usualy seen
near the incisal edges. If present it can be duplicated using transparent porcelain.
The cervical portions of natural teeth may appear more darker (e.g. more yellow)
than the rest of the tooth. When indicated cervical porcelains are used to duplicate
this effect (They are aso referred to as gingival or neck dentin).

Surface Staining, Characterization and Effects

Natural teeth come in variety of hues and colors. Some of them are present at
the time of eruption (intrinsic, e.g. white fluorosis stains), while others are acquired
over a period of time from the environment (extrinsic, e.g. cervica stains). Staining
and characterization helps make the restoration look natura and helps it to blend
in with the adjacent teeth (Fig. 20.2). The stain powders (Fig. 20.4G) are mixed
with a special liquid, applied and blended with a brush.

With more and more emphasis on recreating the natural look, effects are created
using special techniques. This includes defects, cracks or other anomalies within
the enamel.

Glazing

Before final glazing, the restoration is tried in the mouth by the dentist. The occlusion
is checked and adjusted by grinding. Fina alterations can be made to the shape
of the restoration by the dentist. The restoration is now ready for the final step
which is the glazing. The restoration is smoothed with a stone prior to glazing.
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Glazing is the process by which the restoration is given a smooth glossy surface.

The competed restoration is seen in Figures 20.4F and 20.5.

Firing
The process of sintering and fusing the particles of the condensed mass is known as firing.

The powder particles flow and fuse together during firing. Making the restoration dense and
strong. Firing is done in a porcelain furnace.

The Porcelain Furnace

Firing is caried out in a porcelain furnace (Fig. 20.4E). There are many companies which
manufacture furnaces. Modern furnaces are computer controlled and have built in programs
to control the firing cycle. The programs can aso be changed by the operator.

Firing Cycle

The entire program of preheating, firing, subjecting to vacuum, subjecting to increased
pressure, holding and cooling is known as a firing cycle. The firing cycles vary depending on
the stage - opaquer firing, dentin firing, glaze firing, etc. The firing temperature is lowered
gradually for each subsequent firing cycle. The opaquer has the highest temperature and the
glaze has the lowest.

Preheating

The condensed mass should not be placed directly into the hot furnace. This can cause a
rapid formation of steam which can break up the mass. Modern furnaces have a mechanism
whereby the work is gradually raised into the furnace. This is known as preheating.

Vacuum Firing

During firing of the porcelain, a vacuum (negative pressure) is created in the furnace. This
helps to reduce the porosity in the ceramic. The vacuum is later released raising the pressure
in the furnace. The increased pressure helps to further reduce the size of any residua air
bubbles not eliminated by the vacuum. The vacuum is not activated during the glaze firing.

Cooling

The cooling of the fired porcelain should be well controlled. Rapid cooling can cause the
porcelain to crack or it can induce stresses inside which weaken the porcelain. Cooling is done
slowly and uniformly and is usually computer controlled.
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Objectives of glazing
1. Glazing enhances esthetics
2. Enhances  hygiene

3. Improves the strength. Glazed porcelain is much stronger that unglazed ceramic.

The glaze inhibits crack propagation.




4. Reduces the wear of opposing teeth. Unglazed porcelain can accelerate wear
of the opposing natural teeth.

METAL FRAME (COpINg)

DENTIN
SURFACE GLAZE

TRANSPARENT

FIGURE 20.5: Parts of a metal ceramic crown. Transparent is used to duplicate the thin translucent
enamel seen in some natural teeth. Cervical dentin is used to duplicate the darker cervical portions
seen in some natural teeth

Types

Over glaze The glaze powder is mixed with the special liquid and applied on to
the restoration. The firing temperature is lower than that of the body porcelain.
The firing cycle does not usualy include a vacuum. Chemica durability of over
glazes is lower because of the high flux content.

Sif glaze A separate glaze layer is not applied. Instead the restoration is subject
to a controlled heating at its fusion temperature. This causes only the surface layer
to melt and flow to form a vitreous layer resembling glaze.

Glazing versus Conventional Polishing

Porcelain can be polished using conventional abrasives. Porcelain is an extremely hard
material and is quite difficult to polish. However, glazing is still superior to conventional
polishing.

PORCELAIN-METAL BOND

Fals into two groups:
— Chemical bonding across the porcelain-metal interface.
— Mechanical interlocking between porcelain and metal.

Chemical Bonding

Currently regarded as the primary bonding mechanism. An adherent oxide layer
is essential for good bonding. In base metals chromic oxide is responsible for the
bond. In noble metal alloys tin oxide and possibly iridium oxide does this role.



Ocassionally one does come across a meta-ceramic restoration which has failed
because of poor metal-ceramic bonding (Fig. 20.6).

Mechanical Interlocking

In some systems mechanical interlocking provides the principa bond. Presence of
surface roughness on the metal oxide surface gives retention, especialy if undercuts
are present, wettability is important for bonding. 363

Advantages of Cast Metal Ceramic Restorations

1. Better fracture resistance because of the meta reinforcement.
2. Better marginal fit because of the metal frame.

Disadvantages

1. Comparatively less esthetic (when compared to the all porcelain crown) because
of the reduced translucency as a result of the underlying metal and the opaquer
used to cover it.

2. Margins may appear dark because of the metal. This sometimes shows through
the gingiva causing it to appear dark and unesthetic.

FIGURE 20.6: A failed metal ceramic bridge. The ceramic veneer (canine) has delaminated leaving
the metal exposed. In this case it was because of a poorly adherent metal oxide layer

OTHER METAL CERAMIC SYSTEMS

Swaged Gold Alloy Foil-Ceramic Crowns

Gold dloy foils (Renaissance and Captek) are a novel way of using metal without
having to cast it. They come in a fluted form and is adapted to the die by swaging
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and burnishing. The foil coping is carefully removed and then flame sintered (fused).
An interfacial alloy powder is applied and fired (it helps to bond the ceramic to
the metal). Porcelain is then condensed and fired to form a crown.

Advantages

1. The thinner foil alloy coping alows a greater thickness of ceramic thereby
improving the esthetics.

2. The underlying aloy is gold colored which gives more warmth and life to the
restoration.

Bonded Platinum Foil-Ceramic Crowns

A platinum foil coping is constructed on the die. To improve the bonding of the
ceramic to the platinum foil coping, an electrodeposition technique is used. The
advantages of using bonded platinum foil is similar to that for swaged gold alloy
foil.

The Electrodeposition Technique

This is a technique used to improve both esthetics and bonding. A layer of pure
gold is electrodeposited onto the metal. This is quickly followed by a quick minimal
deposition of tin over the gold.

The advantages are

1. The gold color enhances the vitality of the porcelain, thereby enhancing esthetics
(the normal technique requires a heavy unesthetic opaque layer to cover the
dark metal oxide surface).

. The tin helps in chemica bonding (through formation of tin oxide).

3. Improved wetting at the gold-porcelain interface thereby reducing porosity.

N

The electrodeposition technique can be used on metals such as stainless steel,
cobalt chromium, titanium and other non-gold and low gold aloys.

THE ALL CERAMIC RESTORATIONS

The all ceramic restoration is a restoration without a metalic core or sub-
structure. This makes them esthetically superior to the metal ceramic restoration
(Fig. 20.6). Unfortunately they are not as strong. For a long time metal ceramics
continued to be the restoration of choice. In the meantime, research continued on
strengthening the ceramic core as manufacturers concluded that the all ceramic
restoration would be estheticaly superior to the meta ceramic restorations.
Current developments have yielded stronger core porcelains. Ceramics have come
a long way from the days when all porcelain was attempted only for single anterior
crowns.  Manufacturers today claim the new generation ceramics are capable of
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producing not only single crowns but anterior and even posterior al ceramic bridges
as well.

The &l ceramic restorations may be  described under the following:
1. Porcelain jacket crowns
e Porcelain jacket crown (traditional)
e Porcelain jacket crown with aluminous core
Ceramic jacket crown with leucite reinforced core (Optec HSP)
Cast glass ceramic jacket crown (Dicor)
Injection moulded (leucite reinforced) glass ceramic jacket crown (IPS Empress)
Ceramic restoration with glass infiltrated auminous core (Inceram)
Ceramic restoration with glass infiltrated spinell core (Inceram spinell)
Ceramic restoration with CAD-CAM ceramic core
e Glass ceramic blocks
e Feldspathic porcelain  blocks
8. Ceramic restoration with copy milled ceramic core (Celay)
e Alumina blocks (Celay inceram)
e MgAILLO, (Inceram spinell)

Nogokwd

PORCELAIN JACKET CROWN

The al porcelan crown (PJC) has been around since a century. However, as
mentioned before these were very brittle and fractured easily (haf moon fractures).
The marginal adaptation was also quite poor. Because of these problems its popularity
gradually waned. This prompted McLean and Hughes to develop the PJC with
an alumina reinforced core in 1965. This crown was developed in an attempt to
improve the strength of the earlier porcelain jacket crowns. The increased content
of aumina crystals (40 to 50 percent) in the core strengthened the porcelain by
interruption of crack propagation. The composition of the aluminous core porcelain
crown is shown in Table 20.2.

Table 20.2: A sample percentage composition of powder
meant for an all porcelain (alumina reinforced) crown

Aluminous core Dentin porcelain Enamel  porcelain

Silica (SO, 35.0 66.5 64.7
Alumina (Al,O,) 53.8 13.5 13.9
Calcium oxide (CaO) 1.12 — 1.78
Soda (N&O) 2.8 4.2 4.8
Potash  (K;0) 4.2 7.1 7.5
Boric oxide (B.Os) 3.2 6.6 7.3
Zinc oxide (ZnO)

Zirconium oxide (ZrO,)
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Types

1. Porcelain jacket crown (traditional).
2. Porcelain jacket crown with auminous core.

Note The above two are generally referred to as ‘porcelain jacket crowns or PJCs.
The subsequently introduced ceramics are referred to as ‘ceramic jacket crowns
or CJCs and ‘glass ceramic crowns.

Technical Considerations
The porcelain jacket crowns are made using the platinum foil matrix technique.

Platinum Foil Matrix

The porcelain jacket crowns are constructed with high fusing feldspathic porcelains.
A platinum foil is first adapted to the die. The platinum foil functions as matrix.
It supports the porcelain during condensation and firing. After completion of the
restoration the platinum foil matrix is discarded.

Condensation and Firing

The platinum foil matrix is carefully removed from the die and the core porcelain
is carefully condensed on to it. It is then placed in the furnace and fired. After
cooling, the rest of the body is built up using dentin, enamel and other porcelains.
The completed restoration is shown in Figure 20.7.

FIGURE 20.7: The porcelain jacket crown with aluminous core

Removing the Foil

After completion of the restoration the platinum foil is gently teased out and discarded.
This can be quite difficult.



LEUCITE REINFORCED PORCELAIN (OPTEC HSP)

Optec HSP is a feldspathic porcelain with a higher leucite crystal content (leucite
reinforced). Its manipulation, condensation and firing is quite similar to the alumina
reinforced porcelain jacket crowns (using platinum foil matrix).

Advantages

1. They are more esthetic because the core is less opague (more translucent) when
compared to the auminous porcelain.

2. Higher  strength.

3. No need of special laboratory equipment.

Disadvantages

1. Fit is not as good as metal ceramic crowns.
2. Potentid  marginal  inaccuracy.
3. Not strong enough for posterior use.

Uses
Inlays, onlays, veneers and low stress crowns.

CASTABLE GLASS CERAMIC (DICOR)

The castable glass ceramic is quite unlike the previously mentioned porcelains. Its
properties are more closer to that of glass and its construction is quite different.
This is the only porcelan crown made by a centrifugal casting technique. The
‘ceramming’ process is also quite unique to this porcelain.

Fabrication of a Dicor Crown

To understand the salient features of this material the step-by-step construction

of a crown will be described:

1. The crown pattern is first constructed in wax and then invested in investment
material like a regular cast metal crown.

2. After burning out the wax, nuggets of Dicor glass is melted and cast into the
mould in a centrifugal casting machine.

3. The glass casting is carefully recovered from the investment by sandblasting
and the sprues are gently cut away.

4. The glass restoration is then covered with a protective ‘embedment material’
to prepare it for the next stage called ceramming.

5. Ceramming is a heat treatment process by which the glass is strengthened.
Ceramming results in the development of microscopic crystals of mica, which
improve the strength of the glass. It aso reduces the transparency of the glass
making it more opaque and less glass like.



6. The cerammed glass is now built up with dentin and enamel (special veneering
porcelain), condensed and fired to complete the restoration.

Features

The Dicor glass-ceramic crown is very esthetic. This is because of the absence of
an opague core (unlike the previous porcelains). It also picks up some of the color
from the adjacent teeth (chameleon effect) as well as from the underlying cement.
Thus the color of the bonding cement plays an important role.

Uses
Inlays, onlays, veneers and low stress crowns.

INJECTION MOULDED GLASS-CERAMIC (IPS EMPRESS) (Fig. 20.8)

This is another ceramic material which again is quite unlike the previous ceramics
because of its unique way of fabrication (injection moulding). It is a precerammed
glass-ceramic having a high concentration of leucite crystals. The manufacturer
blends it with resins to form cylindrical blocks. The resins being thermoplastic, allows
the material to be injection moulded.

FIGURE 20.8: Injection moulded ceramic (IPS empress) is available in the form of
small resin/ceramic nuggets

Fabrication

1. Using a wax pattern a mould is prepared in dental stone.

2. The resin-ceramic block is heated to 180°C and injected under air pressure of
1,500 psi into the mould.

3. The core (or crown) is retrieved from the flask and fired for several hours to
a maximum temperature of 1300°C. During the firing, the resin is burnt off
leaving behind a rigid leucite reinforced ceramic core.

4. The core is built up and fired using veneering porcelains in the conventiona
way.



5. It can also be directly fabricated as a crown in which case, the crown is stained
and glazed directly.

Advantages

1. The crown is supposed to be having a better fit (because of the lower firing
shrinkage).

2. The esthetics is better because of the lack of metal or an opaque core. 369

Disadvantages

1. Need for costly equipment
2. Potential of fracture in posterior areas.

Uses
Inlays, onlays, veneers and low stress crowns.

GLASS INFILTRATED ALUMINA CORE (INCERAM)

This ceramic system has a unique glass infiltration process and the first of its
kind clamed for anterior bridge fabrication. The glass infiltration process
compensated for firing shrinkage.

Fabrication

1. Two dies are required. One in stone and the other in refractory die material.

2. A durry of aumina is prepared and deposited on the refractory die using the
dip cast method (the water from the slurry is absorbed by the porous die leaving
a layer of aumina on the surface). The process is continued untii a aumina
coping of sufficient thickness is obtained.

3. The fragile dlip cast aumina coping is dried at 120°C for 2 hours.

The aumina coping is sintered for 10 hours at 1100°C.

5. The next step is glass infiltration. A durry of glass material is applied on to
the sintered alumina coping and fired for 3 to 5 hours a 1120°C. The glass
fuses and infiltrates into the porous aumina coping.

6. The excess glass forms a glassy layer on the surface which is trimmed off using
specia  diamond burs.

7. The coping is now ready for the rest of the build up using dentin and enamel
veneering materia  (Fig. 20.9).

&

Advantages

1. Good fit and marginal adaptation
2. Good strength when compared to the earlier al ceramic crowns. Claimed to be
strong enough for posterior single crowns and anterior bridge use.
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FIGURE 20.9: Inceram substructure for a bridge; An all-ceramic restoration
is esthetically superior to metal ceramic restoration

Disadvantages

1. Comparatively less esthetic because of the opacity of the aumina core.
2. Quite tedious to fabricate.
3. Not al the bridges were successful, a few of them did fracture occasionaly.

Uses

In addition to the usual inlays, onlays, veneers and low stress crowns, this material
can be used to construct low stress anterior bridges. Because of its occasional tendency
to fracture when used for bridge construction its use should be carefully selected
1. For people alergic to metal based bridges

2. Where esthetics is absolutely critical

Glass Infiltrated Spinell Core (Inceram Spinell)

Inceram spinell is an offshoot of In-ceram. Because of the comparatively high opacity
of the alumina core, a new materia was introduced known as Inceram spinell.
It used MgAIO, instead of alumina. The fabrication is similar to the conventional
Inceram.

The Inceram spinell was more translucent and therefore more esthetic compared
to the aumina core. Since the strength is lower, its use is limited to low stress
situations.

CAD-CAM CERAMICS

Many companies (e.g. Cerec, Germany) have come out with ceramics that can be
ground into shape with the aid of a computer. These are known as computer aided
design-computer aided machined ceramics or CAD-CAM ceramics.



Supplied as

Blocks of dense ceramic material, e.g. Feldspathic porcelain blocks (Vitablocs MK
[1) or glass-ceramic blocks (Dicor MGC).

Fabrication

1. The prepared crown or inlay cavity is scanned and fed into the computer.
2. Signals from the computer operate the milling machine which grinds the internal
surface of the inlay or crown in accordance with the scanned image. The earlier
models ground only the internal surface. The externa surface had to be manually
ground. Current CAD-CAM machine models can grind the external surface also
(Fig. 20.10).

FIGURE 20.10: A—Ceramic block before milling; B—Ceramic block after completion of
milling; C—Completed inlay after grinding of external morphology and glazing

Advantages

1. Reduced chair time

2. No need to make impression

3. Reduced porosity, therefore greater strength
4. Single appointment (especialy for inlays).

Disadvantages

1. Costly equipment
2. Scanning the preparation is technique sensitive.

COPY MILLED CERAMICS

A new system (Celay by Mikron Technologies, Switzerland) uses a copy
milling technique to produce ceramic cores or substructures for bridges. A similar
copy milling process is used to produce duplicate keys. The origina key is placed
in the machine. A tool passes over the key tracing its outline. In the meantime,
a milling machine simultaneously grinds a blank key to maich the traced outline.
The primary difference between this and the earlier system (CAD-CAM) is the



manner in which the tooth dimensions are picked up. One scans the object whereas
the other traces the object.

Blocks Used
Currently blocks of Inceram and Inceram spinell are available for copy milling.

Uses
This technology is used to make substructures for crowns and bridges.

Fabrication

1. A pattern of the coping or substructure is created using a specia blue. The pattern
may be created directly in the mouth or on a die made from an impression.

2. The pattern is placed in the machine. A tracing tool passes over the pattern
and guides a milling tool which grinds a copy of the pattern from a block of
ceramic (Inceram or In-ceram spinell).

3. The completed coping or bridge substructure is then glass infiltrated (as described
earlier).

4. The glass infiltrated substructure is built up with veneering porcelain and fired
to complete the restoration.

PROPERTIES (GENERAL) OF FUSED PORCELAIN

Again, because there are so many ceramic systems available there will be dight
differences in the properties between them.

Strength

Porcelain has good strength. However, it is brittle and tends to fracture. The strength
of porcelain is usually measured in terms of flexure strength (or modulus of rupture).

Flexure strength It is a combination of compressive, tensile, as well as shear
strength. Glazed porcelain is stronger than ground porcelain.

Ground — 75.8 MPa

Glazed — 1411 MPa

Compressive strength (331 MPa) Porcelain has good strength.

Tensile strength (34 MPa) Tensile strength is low because of the unavoidable
surface defects like porosities and microscopic cracks. When porcelain is placed under
tension, stress concentrates around these imperfections and can result in brittle
fractures.



Shear strength (110 MPa) is low and is due to the lack of ductility caused by the
complex structure of porcelain.

Factors affecting  strength

— Composition

— Surface integrity Surface imperfections like microscopic cracks and porosities
reduce the strength.

— Firing procedure Inadequate firing and overfiring weakens the structure. 373

Modulus of Elasticity
Porcelain has high stiffness (69 GPa).

Surface Hardness

Porcelain is much harder (460 KHN) than natura teeth. It can wear natura teeth.
Thus, it should be very carefully placed opposite natural teeth.

Wear Resistance
They are more resistant to wear than natural teeth.

Thermal Properties
Thermal conductivity Porcelain has low therma conductivity.

Coefficient of thermal expansion (6.4 to 7.8 x 10%°C). It is close to that of natural
teeth.

Specific Gravity

The true specific gravity of porcelain is 2.242. The specific gravity of fired porcelain
is usually less (2.2 to 2.3), because of the presence of air voids.

Dimensional Stability
Fired porcelain is dimensionaly stable.

Chemical Stability

It is insoluble and impermeable to oral fluids. Also it is resistant to most solvents.
However, hydrofluoric acid causes etching of the porcelain surface. [A source of
this is APF (acidulated phosphate fluoride) and stannous fluoride which are used
as topical fluorides]. Hydrofluoric acid is used to etch the porcelain (Fig. 20.11).
Etching improves the bonding of the resin cement.



FIGURE 20.11: Ceramic etchant consists of hydrofluoric acid. A neutralizing powder is also
supplied to neutralize this highly dangerous acid after use.

Esthetic Properties

The esthetic qualities of porcelain are excellent. It is able to match adjacent tooth
structure in translucence, color and intensity (In addition, attempts have aso been
made to match the fluorescent property of natural teeth when placed under
ultraviolet light, eg. in discotheques). The color stability is also excellent. It can
retain its color and gloss for years.

Certain esthetic concerns have been raised when the dense opaquer layer is
visible through thin crowns (in metal ceramic and Inceram crowns). However, this
is more of an error in technique. The dentist must ensure an adequate depth of
preparation (atleast 1.2 to 1.4 mm) to ensure sufficient thickness of dentin/enamel
veneer to mask the opaquer. The technician on the other should ensure correct
thickness of opaquer.

Biocompatibility
Excellent compatibility with oral tissues.

CEMENTING OF CERAMIC RESTORATIONS

The type of cement used depends on the type of restoration (metal ceramic or full
ceramic) and its location (anterior or posterior).

Cementing All Ceramic Crowns, Inlays and Veneers

Because of the translucency of some all ceramic restorations (e.g. glass ceramic
crowns), the underlying cement may influence the esthetics (color) of the restoration.
Therefore the shade of the cement used should be carefully selected. Conventional
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cements may be used especialy for most other crowns and bridges. However, veneers
and inlays are best bonded with resin cements using the traditional acid etch
technique. Resin bonding generates the high bond strengths needed for such
restorations to succeed. Esthetics at the margins is certainly better with resin
cements. Bonding of the cement to the porcelain can be improved by:

e Sandblasting

e Chemica etching.

Sandblasting The inner surface of the ceramic restoration creates minute
irregularities helping the cement to retain better. However, chemical etching appears
to be superior.

Etching of Porcelain

Certain ceramic restorations, especially veneers and inlays, have to be etched prior
to bonding using resin cement. Etching improves the bond of the resin to the ceramic.
Etching is done using hydrofluoric acid (Fig. 20.11) which attacks and selectively
dissolves the inner surface of the ceramic. The tooth surface is aso etched using
phosphoric acid. Before placing the cement, a bond agent is applied to both surfaces
(tooth and porcelain).

Caution Extreme care must be taken when handling hydrofluoric acid. Severe
acidic burns may result if it accidentally contacts the skin.

Cementing Metal-Ceramic Crowns and Bridges

These are cemented like conventional restorations. The cement does not affect the
esthetics because it is not visible through the restoration. Any convenient cement
may be used.

PORCELAIN DENTURE TEETH

Porcelain denture teeth are more natural looking than acrylic teeth. They have
excellent biocompatibility and are more resistant to wear. Porcelain denture teeth
aso have the advantage of being the only type of denture teeth that alow the
denture to be rebased.

Porcelain teeth are made with high fusing porcelains. Two or more porcelains
of different translucencies for each tooth are packed into metal moulds and fired
on large trays in high temperature ovens. The retention of porcelain teeth on the
denture base is by mechanical interlocking. Anterior teeth have projecting metal
pins that get embedded in the denture base resin during processing. Posterior teeth
on the other hand are designed with holes (diatoric spaces) in the underside into
which the denture resin flows.
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The disadvantages of porcelain denture teeth are

e They are brittle and make a clicking sound during contact.

e They require a greater interridge distance as they cannot be ground as thin
as acrylic teeth in the ridge-lap areas without destroying the diatoric channels
that provide their only means of retention.

e The higher density increases their weight.



CHAPTER 21

Wrought Alloys

Wought al | oys are obtai ned fromcast al | oys. Awought al loy is onethat has been
wor ked or shaped i nto a servi ceable form e.g. plate and band naterial' s, bars, and
vari ous prost hodonti c and orthodonti c wres.

Structure of Wrought Alloys

Wought al | oys have a fibrous structure whichresults fromthe col dworking applied
during t he draw ng operati on to shape the wi re.

GENERAL PROPERTIES OF ORTHODONTIC WIRES

Qthodonticwres are forned into various configurations or appl i ances i n order

toapply forces to teeth and nove t hemi nto a nore desirabl e al i gnnent. The force

i s determned by the appl i ance desi gn and the naterial properties of thewre.
The fol lowing properties areinportant inorthodontic treatnent.

e Force Theforceappliedtoatoothis proportional tothewre' s stiffness.
B ologically, lowconstant forces are | ess danagi ng. This i s best achi eved by
large el asti c defl ecti ons because t hey produce a nore constant force and have
agreater ‘vorking range’. Rangeis defined as the di stance that thewrew |
bend el asti cal | y bef ore per nanent def ornati on occurs.

e Sringiness |s aneasure of howfar awre can be defl ected wi t hout causi ng
per nanent def or mat i on.

e Jiffness |s aneasure of the anount of force requiredto produce a specific
def ormati on

Siffness =1/ springi ness.

e FResilience 1t istheenergy storage capacity of thewres whichis aconination
of strength and spri ngi ness.

e Fornability |t represents the amount of pernmanent bending the wire wll
tolerate beforeit breaks.

e Dutilityof thewre.

e FEaseof joining Mst wres can be sol dered or wel ded t oget her .



» Qirrosionresistanceand stabilityinthe oral environnment.
e Boconpatibilityintheora cavity.

TYPES

¢ Wought gold al | oys
 Wought base netal all oys
— Sainless sted
— (obal t - chr om um ni ckel
— Nckel -titani um
— Beta-titanium

WROUGHT GOLD ALLOYS

USES
Prinarily to nake clasps in partial dentures.

CLASSIFICATION

Type | —hi gh preci ous netal al |l oys
Type | | < owpreci ous netal alloys.

COMPOSITION
The conposi tion varies w del y.

Gl d - 25 to 70%
P ati num - 5t0 50%
Pal | adi um - 51t0 44%
Slver - 510 41%
Copper - 7 t0 18%
N ckel - 1to 3%
Znc - l1to 2%

PROPERTIES

They general |y resenbl e Type | V casting gol d al | oys. Wres and ot her w ought
forns nornal |y showbet ter nechani cal properties when conpared t o cast struct ures.
Thisisduetothe col dworking. Thus, they have better hardness and tensil e strength.

However, care shoul d be t aken duri ng sol dering. Prol onged heating at hi gher
tenperatures cancauseit torecrystallize. Recrystallization changes the properties

and nakes thewre brittle.



WROUGHT BASE METAL ALLOYS

Anunioer of wought base netal alloys are used in dentistry, nainly as wres for
orthodontictreatnent. The al | oys are:

— Sainless steel (iron-chromumnickel)

— Qobal t - chr o um ni ckel

— N ckel -titani um

— Beta-titani um 379

STAINLESS STEEL

Seel isaniron-based al | oy whi ch contai ns | ess than 1. 2%car bon. Wen chr om um
(12t030% isaddedtosteel, thealloyiscalledas stainless steel. Henents ot her
thaniron, carbon and chronmiumnay al so be present, resultinginawde variation
i n conposi tion and properties of the stainless steels.

Passivation

These stai nl ess steel s are resi stant to tarni sh and corrosi on, because of the
passi vating effect of the chromum Athin, transparent but tough and i npervi ous
oxi de | ayer forns onthe surface of thealloywenit is exposedtoair, whichprotects
it against tarnishand corrosion. It losesits protectionif theoxidelayer isruptured
by nechani cal or chemical factors.

TYPES

There arethree types of stainless steel based uponthelattice arrangenents of iron.
* Faritic

 Mrtensitic

e Austenitic

FERRITIC STAINLESS STEELS

Pure iron at roomtenper at ure has body-cent ered cubi ¢ (BGO structure andis
referredtoas ferrite, whichis stable upto 912°C

Properties and Use

The ferric al | oys have good corrosi on resi stance, but | ess strength and har dness.
S, theyfindlittleapplicationindentistry.

MARTENSITIC STAINLESS STEELS

Wien aust eni te (face-centered cubi c structure) is cool ed very rapi dl'y (quenched)
it wll undergo a spontaneous, diffusionless transfornationto a body-centered
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tetragonal (BCT) structurecalled nartensite. Thisisahighly distorted and strai ned
lattice, whichresultsinavery hard, strong but brittleall oy.

Properties and Uses

Qrrosionresistance of the nartensitic stainless steel islessthanthat of the other
types. Because of their high strength and hardness, nartensitic stainl ess steel s
are used for surgical and cuttinginstrunents. Bur shanks are al so nade fromthi s
sed.

AUSTENITIC STAINLESS STEELS

At tenperat ure between 912°Cand 1394°Cthe stabl e formof ironis aface-centered
cubi c (FQJ structure called austenite. The austenitic stainless steel alloys arethe
nost corrosionresi stant of the stainl ess steel s.

Composition
Chrom um — 18%

N ckel — 08%
Car bon — 0. 08-0. 15%
Uses

Thisalloyisasocaledas 18-8 stainl ess steel. These are used nost commonl y by
the orthodonti st and pedodonti st i nthe formof bands andwres (Fg. 21.1). Type
316 L (contai ns car bon- 0. 03%naxi mum) is the type usual |y used for inplants.

TITANIUM
MEMORY
WIRE

FIGURE 21.1: Various wrought structures. Flexiloy wires have a triangular cross section.
Dentaflex co-axial is a braided wire. Wrought prosthodontic clasps are also displayed
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Advantages

Austeniticsteel ispreferabletotheferriticall oys because of thefd | owng properties:
Geater ductility and ability to undergo nore col d work without breaking
Subst anti al strengt heni ng during col d worki ng

G eater ease of wel di ng

The ability toreadily overcone sensitization

Less critical graingrowh

Gonpar ati ve ease i n forning.

oA WN P

Sensitization

The 18-8 stai nl ess steel nay | oseits resistancetocorrosionif it i s heated between
400 and 900° C (t enper at ur e used duri ng sol deri ng and wel di ng) .

Thereason for adecreaseincorrosionresi stanceis the precipitationof chromum
carbi de at the grai n boundaries at these hightenperatures. The small, rapidy
di ffusing carbon atons nigrate tothe grai n boundaries fromal | parts of the crystal
toconbinew ththe large, slowy diffusing chromumatons at the periphery of
the grain. When t he chrom umconbi nes with the carbonin this nanner, its
passivating qualities arelost and the corrosion resi stance of the steel is reduced.

Stabilization (Methods to minimize sensitization)

* Fomatheoretica point, reduce the carbon content of the steel to such an extent
that carbi de precipitation cannot occur. However, this is not econonical ly
preactica .

e Bystabilization, i.e soneelenent isintroducedthat precipitates as a carbide
i npreference to chromum Titani umis commonl y used. Titani umat six tines
the carbon content, inhibits the precipitation of chromumcarbi de at sol deri ng
tenperatures. These are cal | ed as stabi /i zed stai nl ess st eel s.

Mechanical Properties

Inorthodontic wres, strength and hardness nay i ncrease wth a decrease i nthe
di anet er because of the amount of coldworkinginformngthe wre.

e Tensilestrength — 2100 MPa

e Yieldstrength — 1400 MPa

* Hardness — 600 KHN.

Braided and Twisted Wires

\ery snal | di aneter stainl ess steel wres (about 0.15 nm) can be brai ded or tw sted
together to formeither round or rectangul ar shaped (about 0.4 to 0.6 nmin cross
section) wres (FHg. 21.1).
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These brai ded or twstedwres are abletosustainlarge el astic defl ectionsin
bendi ng, and apply | owforces for a gi ven def | ecti on when conpared wi th sol i d
stainlesssteel wre.

Solders for Stainless Steel

S1ver sol ders are used. The sol dering tenperatures for orthodontic silver sol ders
are inthe range of 620 to 665°C

Fluxes

It issimlar tothat recormended for gol d sol dering wth the exception of :

e Theaddition of the potassi umfluoride. Houride hel psto dissol ve the passi vating
fil msupplied by the chromum

e Boricacidisusedinagreater ratioto the borax, which | owers the fusion
t enper at ure.

WROUGHT COBALT-CHROMIUM-NICKEL ALLOYS

These wought al | oys were origi nal |y devel oped for use as wat ch springs (Hgil oy).
Their properties are excel l ent al sofor orthodontic purposes (Fg. 21.1).

COMPOSITION
Co - 40% Mn - 2%
o - 20% c - 0.15%
N - 15% Be - 0. 04%
Mo - 7% Fe - 15.8%
HEAT TREATMENT

Sof t eni ng heat treatnent: 1100 to 1200°Cfol | oned by a rapi d quench. Har deni ng
heat treatnent: 260 to 650°C e.g. 482°Cfor 5 hours.

Thew res are usual | y heat treated and suppliedin several degrees of hardness
(soft, ductile, semspringtenper, and spring tenper).

PHYSICAL PROPERTIES

Tarni sh and corrosi onresi stance i s excel | ent. Hardness, yield, andtensile strength
simlar tothose of 18-8 stai nl ess steel .

NICKEL-TITANIUM ALLOYS

These nickel -titaniumal loy (nitinol) (Fg 21 1) wres havelarge el asti c defl ecti ons
or working range and limted formability, because of their |owstiffness and
noder at el y hi gh strengt h.



Wrought Alloys .

Shape Memory and Superelasticity

This alloy existsinvarious crystal l ographic forns. A hightenperature, astable
body-centered cubi c l atti ce (austeni ti c phase) exi sts. Onappropriate cooling, or an
applicationof stress, thistransforns to a cl ose-packed hexagonal nartensiticlattice
w t h associ at ed vol unet ri ¢ change. Thi s behavi or of theall oy (austenitetonartensite
phase transition) resultsintwo features of clinica significancecalledas shape
nenory and ‘ superel asticity', or ‘ pseudoel asticity' .

The ‘ nenory’ effect is achieved by first establishing a shape at tenperat ures
near 482°C The appliance, e.g. archwireis then cool ed and forned i nt o a second
shape. Subsequent heating through a /over transition tenperature (37°Q causes
thewretoreturntoits origina shape.

The phenonenon of superel asticity is produced by transition of austeniteto
nartensite by stress due to the vol une change whi ch resul ts fromt he change i n
crystal structure.

Sressinganaloyinitialyresutsinstandardproportional stress-strainbehavior.
However, at astress whereit induces the phase transfornati on, thereis aincrease
instrain, referredtoas superel asticity, or pseudoel asticity. A the conpl etion of
t he phase, behavi or reverts to standard proportional stress-strai n behavior.
Whlcadingresultsinthereversetransitionandrecovery. This characteristicis useful
i n sone orthodontic situations becauseit resultsin/owforces and avery large
wor ki ng range or spri ngback.

TITANIUM ALLOYS

Like stainless steel andnitinol, puretitani umhas different crystall ographic forns
at high and | owtenperatures. A tenperatures bel ow8385°Cthe hexagonal cl ose
packed (HPP) or alphalatticeis stable, whereas at hi gher tenperatures the netal
rearranges i nt o a body-cent ered cubi c (BAQO or betacrystal .

Al pha-titani umis not used in orthodontic applications, sincethey donot have
i nproved spri ngback characteristics. The beta formof titani umcan be stabilized
down t o roomt enper at ure by the addi ti on of el enents |i ke nol ybdenum Bet a-
titaniumal loy inwought wireformis used for orthodontic applications.

COMPOSITION
T - 11%
Mo - 6%
o - 4%

Sn
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MECHANICAL PROPERTIES

e Mdulus of elasticity —71.7 x 10° MPa.

* Yieldstrength —860 to 1170 MPa.

e Thehighratioof yieldstrengthto nodul us produce orthodonti c appl i ances t hat
can undergo | arge el asti ¢ acti vati ons when conpared wi th stai nl ess steel .

e Beta-titani umcan be hi ghly col d-worked. It can be bent into various confi gu-
rations and has fornabi l ity conparabl etothat of austenitic stainless steel.

e Wding clinicallysatisfactoryjoints canbe nade by el ectrical resi stance wel di ng
of beta-titani um

e (Qorrosion resi stance: both forns have excel | ent corrosion resi st ance and
environnental stability.



CHAPTER 22

Soldering, Brazing and Welding

It isoftennecessary to construct a dental appliance as separate parts and t hen
joi nthemtoget her either by a sol deri ng or wel di ng process.

TERMS AND DEFINITIONS

Metal joiningoperations areusual |y dividedintofour categories: wel ding, brazing,
sol dering, and cast-j oi ni ng (di scussed at the end).

Welding

Thetermwel dingis usedif two pieces of simlar netal arejoinedtogether wthout
the addition of another netal that is, the netal pieces are heated to a hi gh enough
tenperature so they jointogether by nel ti ng and fl ow ng.

Brazing and Soldering

The wor ds sol dering and brazi ng are used i f two pi eces of netal are joi ned by neans
of athird(filler) netal.

Brazing

During sol dering, netal parts arejoinedtogether by neltingafiller netal between
themat a tenperature bel owthe solidus tenperature of the netal being joi ned
and bel ow450°C(F g. 22.1).

Note: Indentistry, thejoiningof netal parts are done at tenperat ures above 450°C
and therefore the operati on shoul dideal |y be cal | ed brazi ng. Hwever, nost dentists
still prefer tousethewordsol dering. A sosone authors usetheterm' brazingfiller
netal’ for sol der.

IDEAL REQUIREMENTS OF A DENTAL SOLDER

1 It shouldnelt at | owtenperatures
2 Wen nelted, it shoul d be wet and fl owfreely over the parent netal
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FIGURE 22.1: Flame soldering of a two part metal
bridge after embedding in soldering investment

3 Its color should natch that of netal being joi ned
4 |t should be resistant totarni shand corrosi on
5 It shouldresist pitting during heating and application.

TYPES OF SOLDERS

They nmay be di vided i nt o two maj or groups:
o Soft sol ders
e Hard sol ders

Soft Solders

Soft sol ders have | ownel ting range of about 260°C They can be appli ed by sinpl e
neans | i ke hot sol deringiron. They | ack corraosion resi stance and so are not suitabl e
for dental use, e.g. lead-tinalloys (plunbers sal ders).

Hard Solders

These have a hi gher nel ting t enper at ure and have great er strength and har dness.
They are nel ted wth the hel p of gas bl owtorches or occasionally inanelectric
furnace. Hard sol ders are nore commonl y used i n dentistry. They are al so used
for industria purposesandinthejevellerytrade, e g godsol dersandsilver so ders.

APPLICATIONS OF SOLDERING

Indentistrythey are used as fol | ows:
1 For soldering various types of wres in orthodontics.
2 |Inpedodontics, toconstruct various types of space nai ntai ners.



I'nfixed prosthodontics for:
— Joi ning of various conponents of fixed partial prostheses (Fg. 22. 1)
— For repair of perforations incrowns and bri dges
— To devel op contact points in crowns.
— For cuttingandrejoininganillfittingdistorted bridge.
3 Inrenovabl e partial prosthodontics for sol dering of cl asps.

Improving the fit of a bridge through soldering 387

Thefit of abridgeis ofteninprovedwhenit is cast as tvo separate pi eces. Long span bri dges
are especi al |y prone to poor fit because of distortion. Thetwo parts of the bridge aretied
separatelyinthenouth. After the operator issatisfiedwththeindividua fit of the castings,
the two pi eces are assenbl ed inthe nouth and their rel ati onshipis recorded and transferred
with the hel p of asuitableindex material (inpression plaster or zinc oxi de eugenol or
el astoners). The pi eces are reassenbl ed i n the | aboratory and i nvest ed usi ng sol deri ng
investnent. The parts arethenjoinedwthsolder (Fg. 22.1). If done correctly this techni que
can gi ve superior fitting bridges.

COMPOSITION

Gold Solders

Inthe past solders werereferredto by akarat nunier. The nunioers di d not descri be
the gol d content of the sol der but rather the carat of gol dalloys for whi chthe sol der
was to be used. I nrecent years the termfineness has been substituted for karat.
The conposi tion of gol d sol ders vary consi derabl y dependi ng onits fineness.

&l d — 4510 81%

Slver —-8to 30%

Copper — 7 to 20%

Tin —21t04%

Zinc —2to0 4%

Silver Solders

Slver solders (Fg. 22.2) areless coomonly used i n dentistry. They are used when
alowfusingsolder isrequiredfor sol dering operati ons on stainless steel or ot her
base netal al | oys.

S| ver sol ders are conposed of :
Slver —10to 80%
Copper — 15 to 50%
Znc —41t0 35%
Cadm umor phosphorous nmay be present in snall anmounts



FIGURE 22.2: Representative commercial solders and fluxes

PROPERTIES OF DENTAL SOLDERS

Fusion Temperature

The fusi on tenper at ure of the sol der shoul d be atl east 50°CI ower than the parent
netal .

@ldsolders —690to 870°C

Slver solders — 620 to 700°C

Flow

Agood fl owand wetting of the parent netal by the sol der i s essential to produce
a good bond.

The fol lowng factors af fect fl ow

—Mel ting range: Sol ders with short nelting ranges have better flow

— (onposition of parent netal : Gl d and silver based al | oys have better flowthan
ni ckel based al | oys.

— Xi des: Presence of an oxi de | ayer onthe parent netal reduces the flow

— Surface tensi on of sol der.

Color

The col or of gol dsol ders varies fromdeep yel lowtolight yel lowtowhite. Inpractice,
nost dental sol ders are abl e t o produce an i nconspi cuous j oi nt.

Tarnish and Corrosion Resistance

Tarni sh resi stance i ncreases as the gol d content i ncreases. Hwever, | ower fineness
gold alloys al so performwel | clinicallywthout any serious tendency to discol or.
S 1 ver sol ders have reduced t arni sh resi st ance when conpared to gol d al | oy sol ders.



Mechanical Properties

@l d sol ders have adequat e st rengt h and har dness and are conpar abl e t o dent al
cast gol d al | oys having a sinilar gold content.
S| ver sol ders al so have adequat e strength and are siml ar to the gol d sol ders.

Microstructure of Soldered Joints

M cr oscopi ¢ examinati on of anideal el forned sol deredjoi nt shows that the sol der || 389
al | oy does not contoi ne excessi vel y wth the parts bei ng sol dered. Thereis awell
def i ned boundary bet ween t he sol der and t he sol dered parts. If the heatingis
prol onged a di ffusi on t akes pl ace and t he newal | oy forned has i nferior properties.

FLUXES

Thelatinword' flux’ neansfl ow For asol der towet andfl owproperly, theparent
net al nust befreeof oxi des. Thi sisacconpl i shedw ththehel pof aflux(H g. 22.2).

FUNCTION OF FLUX

1 To renove any oxi de coating on t he parent netal
2 Toprotect the netal suface fromoxidation during sol dering.

TYPES
H uxes may be divided intothree activity types.

Protective

Thi s type covers the netal surface and prevents access t 0 oxygen so no oxi de can
form

Reducing
Thi s reduces any oxi de present to free netal and oxygen.

Solvent

Thi s type di ssol ves any oxi de present and carriesit anay. Mst fl uxes are contoi nati on
of two or nore of the above.

COMMONLY USED DENTAL FLUXES

The commonl y used fl uxes are:
1 Boric and borat e conpounds
2 Huoride fluxes



Boric and Borate Compounds

E g. boric acid and borax. They are used with nobl e netal all oys. They act as
protective and reduci ng f1 uxes.

Fluorides

E g. potassi umfluorides. These are used on base netal alloys and are usual |y
confbi ned wi t h borat es. They hel p to di ssol ve t he nore st abl e chromium ni ckel and
cobal t oxi des.

FLUXES MAY BE SUPPLIED AS
e Liquid (appliedby painting)

e Paste

e Powder

» Fused onto the sol der

e Prefluxed sol der intube form

TECHNICAL CONSIDERATIONS

HEAT SOURCE

The heat sourceis averyinportant part of brazing. Indentistry, two heat sources
nmay be used:

1 Hane brazing (Fg. 22.1)

2 Qven brazing.

Flame Brazing

The nost commonl y used heat source i s a gas-air or gas-oxygen torch. The fl ane
nust provi de enough heat not only tonelt thefiller netal but al soto conpensate
for heat |oss to the surroundi ngs. Thus, the fl ane shoul d not only have a hi gh
tenperat ure but al so a high heat content. Lowheat content of fuel s|eadtolonger
sol dering ti ne and nor e danger of oxidation. Heat content is neasuredin Biu per
cubi c foot of gas.

The Various Gases Used are

e Hudrogen: 1t has the | onest heat content (275 Bu) and theref ore heating woul d
beslow Thisflaneis not indicatedfor sol deringof |arge bridges (Fg. 22.1).

e NMatural gas: It has atenperature of 2680°Cand heat content is four tines
that of hydrogen (1000 Btu). However, nornal |y avai |l abl e gas i s non-uni form
i n conposi tion and frequent |y contai ns wat er vapor.



* Acetylene: 1t has the highest flane t enperatue (3140°CQ and a hi gher heat
content than H or natural gas. However, it has certain probl ens. Tenperat ure
fromone part of its flane to another nay vary by nore t han 100°C Ther ef or e,
positioningthetorchiscritica and proper part of the fl ane shoul d be used.
It is chemcally unstabl e and deconposes readi | y t o carbon and hydrogen. The
carbon may get incorporatedintothe N and Pd al | oys, and hydr ogen nay be
absor bed by the Pd al | oys. 391

* Propane: It isthe best choice. It has the highest heat content (2385 B u) and
a good fl ane t enperat ure (2850°C) .

e Bitane: It isnmorereadily availableinsone parts of theworldandis simlar
to propane. Bot h propane and butane are uniformin quality and water-free.

Oven Brazing (Furnace Brazing)

Anelectric furnace w th heating coi | s nay be used for brazi ng. The furnace al so
provi des heat ed surroundi ngs, soless heat islost toother parts of the bridge and
t he at nospher e.

TECHNIQUE OF SOLDERING

Two techni ques of dental sol dering are enpl oyed t o assenbl e dental appl i ances:
A Free hand sol deri ng
B Investnent sol dering.

Free Hand Soldering

Infree hand sol dering the parts are assenbl ed and hel d i n contact nanual 'y whil e
the heat and sol der are appl i ed.

Investment Soldering

Ininvestnent sol dering, the parts to bejoined are nounted in a sol dering type
of investnent (Hg. 22.1). The hardened i nvestnent hol ds it in positionwhilethe
heat and sol der are appl i ed.

Steps in Soldering Procedure

Sl ection of sol der

d eani ng and pol i shi ng of conponent s

Assenbl y of the bridgein sol dering invest nent
Applicationof flux

Preheating t he bri dge assenbl y

P acenent of sol der
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7 Applicationof hot gas flame tojoint and sol der
8 ool ing of assenbly fol | owed by quenchi ng i n wat er.

Requirements for Successful Soldering

e (Qeanliness—etal shoul d be free of oxides

e Gp between parts

e Selection of sol der-proper color, fusiontenperature, and flow
* Fl ux—+type and anount

 FH anme—reutral or reducingin nature

» Tenperature

o Tine.

Gap

Theliquidsolder isdramnintothejoint throughcapillary action. Thus, an optinum
gap i s necessary for proper fl owand strength of the joint andto avoiddistortion
of the assenbly. Gap wi dth rangi ng fromO0. 13 to 0. 3 have been suggest ed as
opti mum

If thegapistoonarrow strengthislinited dueto:
— Porosi ty caused by i nconpl ete fl ow
— Hux incl usi on

If thegapistoogreat:
— Thejoint strengthw Il be the strength of the sol der.
— Thereis atendency for the parts to drawtoget her as the sol der solidifies.

Flame

The portion of the flane that i s used shoul d be neutral or slightly reduci ng. An
i nproperly adj usted and positioned fl ane can | ead t 0 oxi dati on and/ or possibility
of carboninclusion. Qicethe fl ane has been appliedtothejoint area, it shoul d
be removed until brazingis conplete. Duetoits reduci ng nature, the flane gi ves
protectionfromoxidation.

Temperature

The t enper at ur e used shoul d be t he nm ni mumrequi red to conpl et e t he brazi ng
operation. Prior tothe pl acenent of the sol der, the parent netal is heatedtill it
ishot enoughtonelt thefiller netal as soonas it touches. Al ower tenperature
Wil not allowthefiller towet the parent netal. H gher tenperature increases the
possi bi ity of diffusionbetween parent and filler netal .



Time

The fl ane shoul d be kept inplaceuntil thefiller netal has fl owed conpl etely into
the connecti on and a nonent |1 onger to all owthe flux or oxi de to separate from
the fluidsol der. Shorter tineincreases chances of i nconpletefillingof joint and
possibility of fluxinclusioninthejoint. Longer tinesincreases possibility of diffu
sion. Both conditions cause a weaker joint.

ANTIFLUX

There are tines when t he operat or desires that the sol der shoul d not flowinto a
specific area. The fl owcan be prevented by use of anantiflux naterial . It isapplied
tothesurface beforetheflux or solder isapplied. Solder will not fl owintoanarea
where anti fl ux has been appl i ed. Bxanpl es of antiflux are graphite (soft | ead pencil),
rouge (i ron oxi de) or whiting (cal ci umcarbonate) inanal cohol and wat er suspensi on.

PITTED SOLDER JOINTS

Fits or porositesinthe sol der joint often becone evident during fini shing and

pol i shing. They are due to:

e \olatilizationof thelower nelting conponents due to heating at hi gher
tenperatures and for | onger tine.

e Inproperly nelted or excess fluxthat is trappedinthe solder joint. To avoid
such pitting, lessfluxis appliedandthe heating shoul d be di sconti nued as soon
as the flux and sol der are wel | nelted and fl owed i nt o posi ti on.

WELDING

Thetermwel dingis usedif two pieces of simlar netal arejoi nedtogether wthout
the additionof another netal. It isusuallyusedtojoinflat structures such as bands
and br acket s.

Indications

1 Inorthodonticstojoinflat structures |ike bands and bracket s

2 In pedodontics, to weld bands and ot her appl i ances

3 Inprosthodontics, tojoinwought wre clasps and repair of broken netal partial
dent ures.

Technical Considerations

VEl ding i s done by passing an el ectric current through the pi eces to be j oi ned.
These pi eces are al so si mul t aneousl y pressedt oget her. The resi st ance of the netal
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toflowof current causes intense | ocal i zed heat i ng and fusi on of the netal. The
conbi ned heat and pressure fuses the netal s i nto a si ngl e pi ece.

Wl dingisdoneinan electric spot vel dingapparatus (Fg. 22.3). The wres
or the band to be wel ded i s pl aced bet ween t he t wo copper el ectrodes of the wel der.
Aflexiblespring attached to the el ectrode hel ps to appl y pressure on the netal s.
Ahand controlled swtchis usedto operate the wel der. On pressingthe swtch
alarge current passes through the wires or band between t he copper el ect rodes.
The conbi ned heat and pressure fuses the netal pieces at that point and joi ns
them This kind of wel ding nay al so be referredto as ‘ spot wel ding' .

FIGURE 22.3: An electric orthodontic spot welder

Prost hodonti ¢ appl i ances are wel ded i n al arger nachi ne. The parts to be j oi ned
are hel d toget her usi ng a speci a clanp. Ahand or foot control I ed swtchcontrol s
the current.

Wl djoints are susceptibl e to corrosi on because of precipitation of chromum
car bi de and consequent | oss of passivati on.

LASER AND PLASMA WELDING

Laser wel ding units are nowavail abl e. The | aser used i s usual |y a pul sed hi gh-
power neodym uml aser with a very hi gh power density.

Commercial Names

e Dental |aser DL 2002 (Dentaurum GCernany)
* Haas | aser LKS (Haas Laser GrbH, Cernany)
* Heraeus Haas | aser 44P (Heraeus Kul zer G1bH, Cernmany).
The unit consists of asnal | box that contai nsthelaser tip, anargon gas source
and astereo mcroscope Wth lens crosshai rs for correct al i gnnent of the |l aser beam



w th the conponents. The naxi numdept h t he | aser can penetrateis 2.5 nm The
heat generatedis snall, sothe parts can be hand hel d duringwel dingandit can
be done cl ose to the ceramc or even resin faci ngs w thout damagingit.

Indications

Laser weldingis used nainly tojointitani uns conponents. This is because the
commercially puretitani um(cpTi) usedindentistryfor bridges and partial denture
franeworks is highly reactiveinair. Qdinary sol deri ng procedures result i naweak
joint because of the fornmation of thick |ayer of titani umoxide (especially when
heat ed above 850°C). Laser wel di ng or pl asma wel di ng can be done at | ower
t enper at ur es.

Advantages of Laser Welding

1 Lower heat generation

2 Nb oxi de formati on because of the inert argon at nosphere

3 Joi nt made of the sane pure titani umas t he conponents, thus reducing the
ri sk of gal vani c corrosion.

CAST-JOINING

Gast-joiningisanalternative nethod of joining netal s partsthat aredifficult to
sol der such as base netal alloys. Thetwo parts arejoined by athird netal which
is cast intothe space between the two. The two parts are hel d toget her purely by
nechani cal retention whichis achi eved by proper fl owof the newnetal during
casting. Therefore, if thecast netal ispoorly adaptedit canresult inaweak joint.

FIGURE 22.4: A mechanical interlocking design between
two parts to be joined by cast-metal

Thejoint areais groundto nake a space of at | east 1 nm Mechani cal undercuts
are prepared at theinter-phase (Fg. 22.4). The parts to be j oi ned are assenbl ed
w th the hel p of anindex. Hardinlay castingwax is fl owed into the space and
asprueisattached. Thebridgeistheninvestedinacastingring usingsuitable
castinginvestnent. Thewax i s burnt out and nol ten netal is cast intothe space.




CHAPTER 23

Abrasion and Polishing Agents

Before any restoration or appliance is placed permanently in the mouth it should
be highly polished. In spite of al the care taken during processing, an acrylic denture
base may have minor surface roughness. This has to be removed before polishing.

A rough surface is

e Uncomfortable to the patient

e Food and other debris cling to it and makes it unhygienic
e Tarnish and corrosion may occur.

ABRASION

It occurs when a hard, rough surface dlides along a softer surface and cuts a series
of grooves.

Defined As

The wearing away of a substance or structure through a mechanical process, such
as grinding, rubbing or scraping (Glossary).

TYPES OF ABRASION

Abrasion may be
e A two body process, eg. action of a diamond bur on enamel.
* A three body process, e.g. pumice applied with a bristle brush.

SUPPLIED AS

In dentistry the abrasive is applied to the work by a variety of tools (Fig. 23.1).

» Paper/plastic coated: The abrasive particles may be glued on to a paper or plastic
disc that can be attached to a handpiece. Sand paper belongs to this category.

e Sainless steel coated strips: The abrasive (e.g. diamond) may be attached to
stainless steel or plastic strips (used for proximal stripping of teeth). This category
is similar to the above.



FIGURE 23.1: Abrasive and polishing materials come in a
wide variety of shapes and forms

e Electroplating bonding: In case of diamond rotary instruments the diamond
chips are attached to steel wheels, discs and cylinders by electro-plating with
nickel based matrix.

* Bonded stones: In grinding wheels and dental stones, the abrasive particles are
mixed with a bonding agent that holds the particles together. Before hardening,
the matrix material with the abrasive is moulded to form tools of desired shapes.

e Powder form: An abrasive may also be mixed with water or glycerine and to
form a paste or durry. It is applied with felt cone, rubber cup or brush and
used for smoothening irregularities, eg. pumice powder.

e Cake form: They are aso avalable in the form of cakes.

* Rubber impregnated: Abrasives can be incorporated into rubber or shellac discs
or cups for “soft grade” abrasion.

» Paste form: The abrasive is made into a paste and supplied in a tube, e.g. Ivoclar
polishing paste, tooth paste, etc.

Abrasion is affected by properties of the abrasive as well as the material being
abraded. The important properties are hardness, strength, ductility and thermal
conductivity.

MECHANISM OF ABRASIVE ACTION

In a cutting tool, eg. carbide bur, the blades or cutting edges are regularly arranged
and the removal of material corresponds to this regular arrangement. An abrasive
tool on the other hand has many abrasive points that are not arranged in an ordered
pattern. Thus, innumerable random scraiches are produced.
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The action of an abrasive is essentially a cutting action. Each tiny particle presents
a sharp edge that cuts through the surface similar to a chisel. A shaving is formed
which crushes to a fine powder. This powder clogs the abrasive tool and frequent
cleaning is required.

STRESS, STRAIN AND HEAT PRODUCTION DURING ABRASION

While abrading metals, the crystaline structure of the metal is disturbed to depth
of 10 um. The grains become disoriented and strain hardening may occur. Thus,
the surface hardness increases.

In denture resins, too rigorous abrasion introduces stresses. The generation of
heat during abrasion partialy relieves such stresses, but if it is too great, it may
relieve processing stresses and a warpage may result. The resin surface may even
melt.

Similarly, high speed cutting of tooth structure generates excessive heat which
can lead to pulpal damage. Therefore, it is very important to control the heat by
air/water spray and intermittent cutting (rather than continuous cutting).

RATE OF ABRASION

The rate of abrasion of a given materia by a given abrasive is determined primarily
by three factors.

1. Size of the abrasive particle.

2. The pressure of the abrasive agent.

3. Speed at which the abrasive particle moves across the surface being abraded.

Size of the Particles

Larger particles cause deeper scratches in the material and wear away the surface
a a faster rate. The use of course abrasive is indicated on a surface with many
rough spots or large nodules. The scraiches caused by the coarse abrasive must
then be removed by finer ones.

Pressure

Heavy pressure applied by the abrasive will cause deeper scraiches and more rapid
removal of material. However, heavy pressure is not advisable as it can fracture
or dislodge the abrasive from the grinding wheel, thus, reducing the cutting
efficiency. Also operator has less control of the abrasion process because removal
of materia is not uniform.

Speed

The higher the speed, the greater the frequency per unit of time the particles contacts
the surface. Thus, increasing the speed increases the rate of abrasion. In a clinica



situation it is easier to control speed than pressure to vary the rate of abrasion.
Varying the speed has the additional advantage that low pressure can be used
to maintain a high cutting efficiency.

Rotational Speed and Linear Speed

Rotational speed and linear speed should be differentiated. The speed with which
the particles pass over the work is its linear speed or it is the velocity with which
the particles pass over the work.

Linear speed is related to rotational speed according to the following formula:

V = gama dn where V = linear speed
d = diameter of the abrasive
n = revolutions per minute

CLASSIFICATION

A. Finishing  abrasives
B. Polishing  abrasives
C. Cleansing  abrasives.

Finishing Abrasives

Finishing abrasives are hard, coarse abrasives which are used initidly to develop
contour and remove gross irregularities, e.g. coarse stones.

Polishing Abrasives

Polishing abrasives have finer particle size and are less hard than abrasives used
for finishing. They are used for smoothening surfaces that have been roughened
by finishing abrasives, e.g. polishing cakes, pumice, etc.

Cleansing Abrasives

Cleansing abrasives are soft materials with small particle sizes and are intended
to remove soft deposits that adhere to enamel or a restorative material.

TYPES OF ABRASIVES

Emery

Emery consists of a natural oxide of aluminium called corundum. There are various
impurities present in it such as iron oxide, which may aso act as an abrasive. The
greater the content of alumina, the finer the grade of emery. Pure alumina is aso
used as a polishing agent.




Aluminium Oxide

Pure aumina is manufactured from bauxite, an impure auminium oxide. It can
be produced in fine grain sizes and has partialy replaced emery for abrasive purpose.

Garnet

It is composed of different minerals which possess similar physica properties and
crystalline form. The mineral comprises of silicates of aluminium, cobalt, magnesium,
iron, and manganese. Garnet is coated on paper or cloth with glue. It is used on
discs which are operated on handpieces.

Pumice

It is a highly siliceous material of volcanic origin and is used either as an abrasive
or polishing agent depending on particle size. Its use ranges from smoothening
dentures to polishing teeth in the mouth.

Kieselgurh

Consists of siliceous remains of minute aguatic plants known as diatoms. The coarser
form (diatomaceous earth) is used as a filler in many dental materials. It is excellent
as a mild abrasive and polishing agent.

Tripoli

This mild abrasive and polishing agent is often confused with kieselgurh. True
tripoli originates from certain porous rocks, first found in North Africa near Tripoli.

Rouge

Rouge is a fine red powder composed of iron oxide. It is used in cake form. It may
be impregnated on paper or cloth known as “crocus cloth”. It is an excellent polishing
agent for gold and noble metal alloys, but is likely to be dirty to handle.

Tin Oxide

Putty powder used as polishing agent for teeth and metallic restorations in the
mouth. It is mixed with water, acohol or glycerin and used as paste.

Chalk

It is calcium carbonate prepared by precipitation method. There are various grades
and physical forms available for different polishing techniques. It is sometimes used
in  dentifrices.



Chromic Oxide

A relatively hard abrasive capable of polishing a variety of metals. Used as a polishing
agent for stainless steel.

Sand

Sand as well as other forms of quartz is used as sand paper or as powder in
sandblasting equipment.

Carbides

Silicon carbide and boron carbide are manufactured by heating silicon and boron
a a very high temperature to effect their union with carbon. The silicon carbide
is sintered, or pressed with a binder, into grinding wheels or discs. Most of the
stone burs used for cutting tooth structure are made of silicon carbide.

Diamond

It is the hardest and most effective abrasive for tooth enamel. The chips are
impregnated in a binder or plated on to a metal shank to form the diamond °‘stones
and disks so popular with the dental profession.

Zirconium Silicate

Occurs in nature as zircon. This mineral is ground to various particle sizes and
used as polishing agent. Used in dental prophylactic pastes and in abrasive
impregnated polishing strips and discs.

Zinc Oxide
Zinc oxide in acohol can be used for polishing amalgam restorations.

DESIRABLE CHARACTERISTICS OF AN ABRASIVE

e It should be irregular in shape so that it presents a sharp edge. Round smooth
particles of sand are poor abrasives. Sand paper with cubical particles present
flat face to the work and so they are not effective. Irregular and jagged particles
are more effective.

e Abrasive should be harder than the work it abrades. If it cannot indent the
surface to be abraded, it cannot cut it and the abrasive dulls or wears out.

* The abrasive should possess a high impact strength. The abrasive particle should
fracture rather than dull out, so that a sharp edge is always present. Fracture
of an abrasive is aso helpful in shedding the debris accumulated from the work.
A diamond does not fracture, it loses susbtances from the tip. They become clogged
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when used on ductile metals. They are most effective when used on brittle tooth
enamel.
e Should have attrition resistance, so that it does not wear.

GRADING OF ABRASIVE AND POLISHING AGENTS

Abrasives are graded according to the number of the last sieve it passes through
and does not pass through a smaller sieve. Examples: Silicon Carbide is graded
as 8, 10, 12, 14, 16, 20, 24, etc. finer abrasives are designated as powder or flours
and are graded in increasing fineness as F, FF, FFF, etc. and impregnated papers
as 0,00,000 etc.

BINDER

The abrasives on a disc and wheel are held together by a binder.

e Ceramic bonding is used for silicon carbide or corundum in a mounted abrasive
point.

e Electroplating with nickel base matrix is often used to bind diamond chip in
diamond rotary instruments.

e For soft grade discs, rubber or shellac may be used. These wear rapidly, but
they are useful in some dental operations in which delicate abrasion is required.

The type of binder is related to the life of the tool in use. In most abrasives,
the binder is impregnated throughout with an abrasive of a certain grade so that,
as a particle is removed from the binder during use another takes its place as the
binder wears. Further more the abrasive should be so distributed that the surface
of the tool wears evenly, particularly if the disc or wheel is used for cutting along
its periphery.

DIAMOND BURS

Either synthetic or natura diamond chips are employed for dental rotary instru-
ments. The cutting efficiency of diamond rotary instruments depends on whether
the diamonds used are natural or synthetic, the grit size, the distribution and the
extent of plating that attaches the particles to the instrument shank. Adequate
water spray is essential not only to minimize heat but also to reduce clogging.

Note Bur design has not been discussed in this chapter as currently, many authors
are of the view that the topic is not within the scope of denta materials.

POLISHING

It is production of a smooth mirror like surface without much loss of any external
form. If the particle size of an abrasive is reduced sufficiently, the scratches become
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extremely fine and may disappear entirely. The surface then acquires a smooth
shiny layer known as a polish.

The polishing agents remove material from the surface molecule by molecule.
In the process fine scratches and irregularities are filled in by powdered particulates
being removed from the surface. The microcrystaline layer is referred to as polish
layer or Beilby layer. A polishing agent is employed only after an abrasive obliterates
or eliminates most of the fine scratches, leaving a smooth finish.

DIFFERENCE BETWEEN ABRASION AND POLISHING

The difference between an abrasive agent and a polishing agent is difficult to define.

The terms are generaly interchangeable.

» Particle size A given agent having a large particle size acts as an abrasive,
producing scratches. The same abrasive with a smaller particle size is a polishing
agent.

e Material removed Very little of the surface is removed during polishing—not
more than 0.005 mm (0.002 inch).

e Speed The optimum speed for polishing is higher than that for abrading. Linear
speed as high as 10000 ft/min may be used. It varies with the polishing agent.
Average speed is approximately 7500 ft/min.

NON-ABRASIVE POLISHING

Polishing is usually achieved by an abrasive process. However, a smooth shiny
surface can aso be achieved through non-abrasive means. These include:

1. Composite glazing

2. Ceramic (glazing

3. Electrolytic  polishing.

Composite Glazing

A layer of glaze or gloss (a clear transparent liquid made of unfilled resin) is applied
over the restoration and cured. This results in a smooth highly glossy surface.

Glazing Ceramics

Ceramics are difficult to polish conventionaly. The finished restoration is subjected
to high temperatures. At this temperature the surface layer melts and flows to
produce a smooth glasslike surface (refer ceramics chapter for more details).

Electrolytic Polishing

Electrolytic polishing is not truly an abrasive process. Although material is removed,
it is removed through an electrochemical process rather an abrasive process.
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Figure 23.2: An electrolytic polishing unit. The
casting is suspended inside the bath (anode).
Polishing is achieved when minute quantities
of oxide and surface metal is removed electro-
chemically

This is the reverse of electroplating. The alloy to be polished is made the anode
of an electrolytic cell (Fig. 23.2). As the current is passed, some of the anode is
dissolved leaving a bright surface. This is an excellent method for polishing the
fitting surface of a cobalt-chromium alloy denture. So little material is removed,
that the fit of the denture is virtualy unaltered.

BURNISHING

It is related to polishing in that the surface is drawn or moved. Instead of using
many tiny particles, only one large point is used.

If a round stee point is rubbed over the margins of a gold inlay, the metd
is moved so that any gap between the inlay and the tooth can be closed. A specia
blunt bur revolving at high speed can aso be used.

Note The burnishing instrument should not adhere to or dissolve in the surface
of the burnished metal, e.g. brass instruments impregnate copper into the surface
of a gold inlay.
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TECHNICAL CONSIDERATIONS (PROCEDURE)

Methods of Abrasion
Abrasion may be caried out

1.
2.
3.

Manually, eg. proxima stripping of enamel using abrasive strips.

Rotary instruments, e.g. burs, wheels, cups, discs, cones, etc.

Blasting: The object is blasted with a steady stream of abrasive, eg. prophy-
jet polishing of enamel, sand blasting to remove investment of castings, shell
blasting, etc.

Smoothen work with a coarse abrasive or bur which leaves large scratches.
These scratches are removed with smaller  (finer) abrasives but the difference
in fineness should not be too great. The use of too fine an abrasive after a
relatively coarse abrasive wastes time and may cause streaking.

After changing to a finer abrasive, the direction of abrasion should be changed
each time if possible, so that new scratches appear at right angles to the coarser
scratches, for uniform abrasion.

When the scraiches are no longer visible to the eye, the preliminary polishing
can be accomplished with pumice flour applied with a canvas buff wheel (used
for resin dentures).

The work is cleaned to remove al traces of abrasives and the particles of the
material removed by the abrasive.

A paste is formed of pumice and water to a sticky ‘muddy’ consistency. The buff
wheel is turned at high speed. Apply the paste to the work and carry it to the
buff. Hold the work firmly and remove, repeat this over the entire surface till
the surface is bright and well polished.

Clean the work with soap and water. Change to a flannel buff wheel. Rotate
a high speed. A polishing cake with grease is held against the buff wheel to
impregnate with the agent. The work is held against the wheel and turned,
so that al of the surfaces are polished uniformly. A light pressure is used to
avoid too much heat generating (especially in resins).

DENTRIFICES

These are agents used with a toothbrush to cleanse and polish natural teeth. They
should have maximum cleansing efficiency with minimum tooth abrasion. Highly
abrasive dentrifices should not be used especially when dentin (abrades 25 times
faster) or cementum (35 times faster) is exposed.

Function

1.

2.

Assists the toothbrush to mechanically remove stains, debris and soft deposits
from the teeth.
To impart a polished surface to the tooth.
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Thus, they help to reduce caries, maintain heathy gingiva, improve esthetics
and reduce mouth odors.

Available As
Pastes, powders, liquid and gels.

Composition

e Abrasives Dibasic calcium phosphate
Cacium carbonate (not used now - too abrasive)
Calcium pyrophosphate
Insoluble  sodium  metaphosphate
Hydrated silica (most efficient)
Alumina
Magnesium oxide, etc.

e Water

¢ Humectants Glycerin To keep paste
Sorbitol from drying out
Propylene glycol

e Detergents Sodium lauryl sulfate Decreases

surface  tension
of dentrifrice
e Foaming agents

e Binders Carboxy methyl cellulose
e Artificial Sorbitol  Saccharin
Sweeteners
e Therapeutic Sodium  fluoride Anticariogenic
agents Stannous  fluoride
Strontium  chloride
Urea Bacteriostatic ~ and
Pencillin Bactericidal
Dibasic ~ ammonium- Acid  neutralising
phosphate
e Coloring and
flavoring Mint
PROPHYLACTIC PASTE

Ora prophylaxis is a widely used procedure in the dental office. Prophylactic paste
may be available commercially or can be made in the dental office. They are usually
employed in paste form by mixing with a suitable vehicle.

Function

1. Remove extrinsic stains, pellicle, materia-alba and oral debris,
2. Impart a highly polished and esthetic appearance.



Different types of abrasives may be employed, eg. zirconium silicate, magnesium
silicate, silica, pumice, etc. In addition, some may contain fluoride in order to reduce
caries.

They are applied onto the teeth with the help of rubber cups or bristle brushes
which are attached to a rotary instrument.

Prophyjet

The Prophyjet is a relatively new dental prophylaxis system of removing intraora
stains. An abrasive blasting process is used to mechanically remove extrinsic
(tobacco) stains as well as light supragingival adherent plague and calculus. The
powder is loaded into the cleaning device, which then directs the abrasive through
a small nozzle in a steady stream of air and water.

Composition Consists of Sodium carbonate, hydrophobic modified silica and some
flavoring agent. The abrasive is available as powder in a small sachet.

Clinical considerations The prophyjet is directed at 45° angles to the tooth surface.
For obvious reasons it is less effective in proximal areas. The chances of soft tissue
injury exist especialy if the tissue is inflamed and friable.

DENTURE CLEANSERS

Dentures collect deposits in the same manner as natural teeth during their use
These can be removed by 2 ways:

» Professional—repolishing in the laboratory or clinic.

e Soaking or brushing the dentures dailly a home.

Brushing

The dentures may be brushed using a soft bristle brush and gentle abrasive
or cream. Hard abrasive and dtiff bristles should be avoided because they may
produce scratiches on the denture surface.

Soaking

Chemical cleaners are an alternative to brushing especially among very old or
handicapped  persons.

e Alkaline perborates

e Alkaline peroxides

» Alkaline hypochlorites

* Dilute acids.

The dentures are soaked in these chemical solutions for a prescribed period of
time. Their main requirements are that, they should be non-toxic, non-irritant and
should not attack the materials used in denture construction.




CHAPTER 24

Tarnish and Corrosion

Except for afew pure netal s do not occur natural ly. They occur in the formof
mneral s such as oxi des and sul phi des and t hese have to be refined t o produce
the pure netal . Mbst pure netal s attenpt to reconvert tothe conbi ned state. The
process by which thi s takes pl ace i s cal | ed corrosi on.

e of the prinary requi sites of any netal that istobeusedinthenouthis
that it nust not produce corrosion products that wll be harniul tothe body. The
nout h i s noi st and continual 'y subj ected to fluctuations intenperature. The f oods
and |'i qui ds i ngest ed have w de range of pH Al these factors nake t he nout h
an extrenel y favorabl y envi ronnent for corrosion.

DEFINITIONS

Tarnish

Tarnishis asurface discolorationonanetal or evenaslight 1oss or alteration of
thesurfacefinishor lustre

Tarni sh general | y occurs in the oral cavity due to:

e Fornationof hard and soft deposits onthe surface of therestoration, e g cal cul us,
muci n and pl aque.

* H gnent produci ng bacteria, produce stains.

o Formationof thinfilns of oxides, sulfides or chlorides.

Passivation

Incertain cases the oxide fil mcan al so be protectiveinnature. For exanpl e,
chrom umal | oys (used i n dental castings) are protected fromcorrosion by the
fornationof anoxidelayer onits surface. This protects the netal agai nst any further
corrosion. This is known as passivati on. Another exanpl e, is titani um

Corrosion

It isnot asurface discol orationbut actual deteriorationof anetal by reactionwth
the environnent. Tarnishis oftenthe forerunner of corrosion. I ndue courseit
nay | ead to rapi d nechani cal failure of the structure.



Vet er, oxygen, chlorideions, sulfides|ike hydrogen sulfide or anmoni umsul fi de
contributetocorrosionattackinthe oral cavity. Various aci ds such as phosphori c,
aceticandlactic are al sopresent. Anong the specificions responsi bl eincorraosion,
oxygen and chl ori de have been sai d t o be responsi bl e f or amal gamcorr osi on bot h
at thetoothinterface andwthinthe body of anal gam Sul fi de has been i npl i cat ed
for corroding silver containing castingall oys.

CLASSIFICATION OF CORROSION 409

Chemical or Dry Corrosion
Inwhichthe netal reacts to formoxides, sulfidesinthe absence of el ectrol ytes.

Exanpl e
— Fornation of Ag,Sindental alloys containing silver.
— idationof alloyparticlesindenta anal gam

Electrolytic or Electrochemical or Wet Corrosion

This requires the presence of water or other fluidelectrolytes. Thereis fornation
of free el ectrons and the el ectrol yte provi des the pat hway for the transport of
electrons. Melectrayticcell isasfdlovs:

M- M+ e

The anode i s the surface where positiveions are forned. This netal surface
corrodes sincethereis|oss of el ectrons. This reactionis sonetines referredto as
oxi dati on reacti on.

M+e - M
2H + 2e- - H,
2H,O+ O + 4e” — 4(OH)

A the cathode areacti on nust occur that wll consune the free el ectrons produced
at the anode. The reactions 2, 3 and 4 occur at the cathode and are referred to
as reduction reactions.

Hence, the anode | oses el ectrons and t he cat hode consunes. The surface of anode
corrodes dueto | oss of el ectrons.

Electromotive Force Series (EMF)

The EMFseriesis aclassificationof elenentsinthe order of their dissol ution
tendencies. That is, if twonetals areinmersedinanelectrol yte and are connect ed
by an el ectrical conductor, anelectric coupleis forned. The netal that gives up
itselectrons andionizesis calledthe anode.
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I n the BEMF seri es hydrogen has been used as t he standard el ectrode t o whi ch
ot her netal s have been conpar ed. Hydr ogen has been gi ven the val ue zero in
EMF seri es.

Sone of the EMF Val ues are

Met al lon H ectroae potential
Gl d Au +1. 50
P ati num P +0. 86
S ver Ag +0. 88
Copper Cu +0. 47
Hydr ogen H* 0.00
QGobal t Co -0.28
Iron Fe -0.4
Znc Zn -0.76

The netal wthlowest el ectrode potential corrodes. A sothe nore active netal
corrodes (anode) and t he nore nobl e net al becones t he cat hode.

TYPES OF ELECTROLYTIC CORROSION

Galvanic Corrosion

Slivawthits salts provides aweak el ectrol yte. Gal vani ¢ corrosi on occurs when
dissinmlar netalslieindirect physical contact wtheachother (Fg. 24.1).

If agoldrestorati on conesincontact wth an anal gamrestoration, the ana gam
forns the anode and starts corroding. The el ectric coupl e (500 nil I'ivolts) created
when the two restorati ons touch causes sharp pai ncal l ed ‘gal vani ¢ shock’. 1t usual |y
occurs i nmedi atel y after i nsertion and can be nini nmized by pai nting a varni sh
on the surface of the anal gamrestorati on. However, the best precautionisto avoid
dissimlar netal sincontact. Another variation of gal vani c corrosi on can occur
eveninalonestandingrestoration (FHg. 24.2).

Heterogenous Compositions

Thi s kind of corrosionoccurs wthinthestructure of therestorationitself.
Het er ogenous (m xed) conposi tions can cause gal vani ¢ corrosi on.

e Wenanalloycontainingeutecticisimersedinanelectrolytethenetallic
grains wththelower el ectrode potential are attacked and corrosi onresults.

e Inacoredstructured fferencesinthe conpositionwthinthealloygrains are
found. Thus, part of a grain can be anode and part cat hode. Honogeni zati on
i nproves t he corrosi on resi stance of the al | oy.

e Innetalsor alloy, the grai n boundaries nay act as anodes and the interi or
of the grain as the cat hode.
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Figure 24.1: Representation of a potential galvanic current pathway when dissimilar metals contact.
The tissue fluid and saliva behaves like an electrolyte. The shock produced can be quite

uncomfortable initially

Figure 24.2: A current pathway may exist even in a single metallic restoration. In this case the
tissue fluid behaves like a cathode (because of the higher concentration of CI ions in tissue
fluid when compared to saliva) whereas saliva behaves like the anode. This current is usually

less intense



* Solder joints nay al so corrode due to the i nhonogenous conposi ti on.
 Inpuritiesinany alloy enhance corrosion.

Stress Corrosion

Anetal whi ch has been stressed by col d worki ng, becones nore reactive at the
site of naxi numstress. |f stressed and unstressed netal s are incontact inan
electrolyte, the stressed netal wll becone t he anode of a gal vanic cell andw ||
corrode.

If an orthodonti c wi re has been col d worked, stress corrosi on may occur and
cause the wire to break.

Concentration Cell Corrosion or Crevice Corrosion

e Hectroyte concentrationcell: Inanetallicrestorationwhichis partly covered
by food deori s, the conposition of the el ectrol yte under the debriswll differ
fromthat of salivaandthis cancontributetothe corrosionof therestoration.

* xygen concentration cell: Offerences in oxygentensionin between parts of
the sane restorati on causes corrosi on of therestorati on. Geater corraosi on occur
inthe part of therestoration having | ower concentration of oxygen.

Not e: Sel domi s any one type of corrosion found al one, general |y two or nore act
si mul taneousl y and t hus aggr avat e t he probl em

PROTECTION AGAINST CORROSION

Passivation

Passi vation certain netal s readi |y formstrong adherent oxi de filmontheir surface
whi ch prot ects themfromcorrosion. Such netal is saidto be passive. Gromum
titani um and al um ni umar e exanpl es of such netal s.

If norethan 12%Q is addedtoironor cobalt, we get stainless steel or cobalt
chromumal | oys, whicharelightly corrosionresistant and therefore suitabl e for
dental use. Sncethisfilmis passivetooxidativechemca attack, their fornation
iscaledpassivation.

Increasing Noble Metal Content

A loys with anoblenetal content bel ow65%nay tarnish. So, it has been sug-
gested that atl east 50%atons in a dental all oy shoul d be gol d, pl ati numand
pal | adi umt 0 ensure agai nst corrosi on. Nobl e netal s resi st corrosi on because t hei r
BEMFis positivew thregardto any of the cormon reducti on reactions found in
the oral environnent.



Polishing

Polishingnetal licrestorations|ike anal gamand cast netal toahighluster nini mzes
corrosi on. The patient shoul d al so nai ntai n good oral hygei ne.

Other Methods

Dssinilar netal restorati ons shoul d be avoi ded. Avoi d usi ng a hi gh ner cury con-
taininganal gamas it i s nore suscepti bl e to corrosi on. Mercury tarni shes gol d, care 413
nust be takento protect gol d ornanents worn by the operator, assistant or patient.



Dental Implant Materials

Inplanting aforeign material directlyintothe bonein order toreplace nssing
teet h has been a goal sought since ancient tines. However, it isonlyrecently that
factors needed for its success have been under st ood.

DEFINITION

Adental inplant isanaterial or device placedinand or onoral tissuesto support
anoral prosthesis (G°T-6).

TYPES OF IMPLANTS

A Sibperiosteal afranework that rests upon the bony ridge but does not penetrate
it(Ag 25.1).

B Transosteal penetrates conpl etely through the nandi bl e.

C Endosseous partial |y subner ged and anchored wi t hi n t he bone (F gs 25.2 and
%.3.

FIGURE 25.1: A subperiosteal implant



FIGURE 25.2: An endosseus titanium dental implant in the
shape of a screw is used to support teeth

MATERIALS USED

Metal s
— Sainlesssted
— Cobal t - chr om um nol ybdenumbased
— Titaniumandits al | oys
— Surface coated titani um
Cer ami cs—hydr oxy apatite
— B ogl ass
— Al uni ni umoxi de

Pol yner s and conposi t es
Q hers gol d, tantal um carbon, etc.

Qurrently, the vast majority of inplant systens use titani umin sone form

STAINLESS STEEL
18-8 or Austenitic steel isused. It has highstrength and ductility.

Precautions

Snceit contains nickel, it shoul dbe avoi dedinnickel sensitivepatients. It is nost
susceptibletopit and crevi ce corrosi on sot he passi vating | ayer nust be preserved.
Drect contact of theinplant wthadissimlar netal crownis avoi dedto prevent
gal vani sm



TITANIUM

Gmmercially puretitani um(cp Ti) has becone one of the naterial s of choi ce because
dits

e Lowdensity (4.5 gmcnf) but high strength

e Mninal biocorrosiondueof its passivating effect

* B oconpatibl e.

Titani umal so has good stiffness. Athoughits stiffnessisonlyhal f that of steel,
itisstill 5to10tines higher thanthat of bone.
Its all oyed formcontains 6 wt. %al um ni umand 4 wt . %vanadi um

Surface Coated Titanium

The newer inpl ant desi gns use titaniumthat is coatedwthanateria that bonds
and pronot es bone grow h (bioactive). Theinplant is coatedwthathinlayer of
trical ci umphosphat e or hydroxyapatite or has been pl asna sprayed.

FIGURE 25.3: Six titanium screw implants in the mandibular edentulous jaw.
These will be used to support a fixed screw retained complete denture later

CERAMICS

These may be bi oactiveon bioinert. Their applications arestill |inted because of
their lowtensilestrength and ductility.
Boactive e.g.

— Hydroxyapatite

— Bioglass (CaQ NaQ P,Q and S Q)

B oinert, e.g. al um ni umoxi de—used either inthe pol ycrystalline formor as a
singlecrystal (sapphire). It iswell tolerated by bone but does not pronot e bone



fornmation. Availableinscrewor bl ade formand are used as abut nents in partially
edent ul ous nout hs.

POLYMERS AND COMPOSITES

Pol yner s have been fabri cated i n porous and solid forns for tissue attachment and
repl acenent augnent ati on. However, they are nai nl y used wit hi n sone i npl ant s
as connectors for stress distribution (shock absorption).

OTHER MATERIALS

Inthe past, gold, pal | adium tantal um plati num and al | oys of these netal s have
been used. Mre recently, zirconi umand tungsten have beentried. Sone of these
ol der naterial s arestill inusetoday.

Car bon conpounds wer e used for root repl acenent inthe 1970's. They are al so
nar ket ed as coatings for netal | i c and ceranic devi ces.




Appendix

Appendix of Conversion Factors

To Convert From To Multiply By
Force

kilograms force pounds 2.2046
kilograms force newtons 9.807
pounds kilograms force 0.4536
pounds newtons 4.448
newtons kilograms force 0.1020
newtons pounds 0.2248
Force per unit urea

psi MPa (MN/m?) 0.006895
psi kg/cm? 0.0703
Kg/cm? MPa (MN/m?) 0.09807
kg/cm? psi 14.2233
MN/m? psi 145.0
MN/m? kg/cm? 10.1968




420

. Basic Dental Materials

List of American National Standards Institute/American Dental Association
Specifications on Dental Materials, Instruments, and Equipment

Date of specification or latest
revision, addendum
Number Title or reaffirmation
1 Alloy for dental amagam 1985
2 Gypsum-bonded  casting  investment 1987
for dental gold aloy
8 Dental impression compound 1987
4 Dental inlay casting wax 1989
5 Dental casting gold alloy 1988
6 Dental mercury 1987
7 Dental wrought gold wire alloy 1989
8 Dental zinc phosphate cement 1987
9 Dental silicate cement 1986
10 Denture rubber (obsolete) —
11 Dental agar impression material 1987
12 Denture base polymers 1987
13 Denture cold-curing repair resin 1987
14 Dental base metal casting alloy 1989
15 Synthetic resin  teeth 1985
16 Dental impression paste—zinc oxide-eugenol type 1989
17 Denture base temporary relining resin 1990
18 Dental aginate impression material 1989
19 Elastomeric  dental impression materias 1982
20 Dental  duplicating material 1989
21 Zinc silico-phosphate  cement 1987
22 Intraoral  dental radiographic  film 1972
23 Dental excavating burs 1984
24 Dental baseplate wax 1991
25 Dental gypsum products 1989
26 Dental X-ray equipment 1991
27 Direct filling resins 1989
28 Endodontic files and reamers 1988
29 Hand instruments 1987
30 Zinc oxide-eugenol restorative materials 1990
31 Exposure time designation for timers of dental —
X-ray machines
32 Orthodontic ~ wires 1989
33 Dental  terminology 1990
34 Dental aspirating  syringes 1987
35* High speed air-driven handpieces —
36* Diamond rotary  instruments —
37 Dental abrasive powders 1986
38 Porcelain-aloy systems 1991
39* Pit and fissure sedants —
40%* Dental implants —

Contd...




Appendix .

Date of specification or latest
revision, addendum
Number Title or reaffirmation

40A  Undloyed titanium for denta implants —
40B  Cast cobalt-chromium-molybdenum —

dloys for denta implants
41 Recommended standard practices for

biological evauation of dental materials 1989
42* Phosphate-bonded investments —
43 M echanical amalgamators 1986
44 Dental  electrosurgical  equipment 1986
45% Porcelain  teeth —
46 Dental chairs 1985
47 Dental  units 1989
48 Ultraviolet activator and disclosing lights 1989
49*  Andgesic  equipment —
50 Casting machines (deleted) —
5il Gas furnaces (deleted) =
52 Uranium content in denta porcelain —

and porcelain teeth
53*  Crown and bridge resins —
54 Dental  needles 1986
55 Dispensers of mercury and alloy 1985

for denta amagam
56 Dental floss (deleted) —
57 Endodontic  filling materials 1989
58 Root canal files, type H (Hedstrém) 1988
59*  Portable steam autoclave sterilizers —
60 Jet  injectors (deleted) —
61 Zinc polycarboxylate cement 1986
62* Denta abrasive pastes —
63 Rasps and barbed broaches 1989
64 Dental  explorers 1986
65 Low-speed  handpieces 1989
66 Glass ionomer cements 1989
67*  Ligament injection syringes —
68*  Aspirating syringes not operating on the —

harpoon  mechanism
69 Dental  ceramic 1991
70* Dental X-ray protective aprons and —

accessory  devices
71* Root cana—filling condensers and spreaders —
72 Endodontic ~ spreaders =
73* Dentad absorbent points —
74*  Dentd stools =
75* Redlient denture liners —
76 Non-sterile latex gloves for dentistry 1991
77*  Stiffness of tufted area of toothbrushes —

Contd...
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Date of specification or latest
revision, addendum
Number Title or reaffirmation
78* Dental  obturating points —
7 9% Dental vacuum pumps —
80 Color stability test procedure 1989
81* Magnets and keepers used for intraoral and
extraoral retainers for prosthetic  restorations —
82* Combined  reversible/irreversible  hydrocolloid —
impression materials
83* Indicator  pastes —
84x* Panoramic  X-ray equipment —
85*  Prophy angles —
86* Interligamentary  and  perio-syringes —
87* Impression  trays —
88* Dental brazing alloys —
89* Dental operating lights —
90+ Rubber  dams —

*Specifications  till

under  development
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A

Abrasion 396
classification
cleansing abrasives 399
finishing abrasives 399
polishing abrasives 399
grading 402
heat production 398
mechanism 397
rate 398
types 396, 399
Abrasion resistance 19
Accelerators 40, 89, 91
Acetates 89
Acetylene 391
Acid etch technique
acid used 163
mode of action 163
procedure 164
Addition silicones 72
Admixed aloy powder 179
Agar 48, 49, 90
Agar impression 51
making 51
properties 52
removal of 51
separation 51
storage of 51
Agar overlay technique 29
Ageing 175, 324
Algin 55
Alginate 26, 55
adhesion 58
advantages 63
applications 56
biological properties 58
commercial names 56
composition 56
dimensional  stability 58
disadvantages 63

Index

elastic recovery 58

gel structure 57

gelation time 60

manipulation 59

mixing time 60

modified 55

properties 57

setting  reaction 57

shelf life 59

storage 59

strength

compressive 58
tear 58

supplied as 55

tray selection 61

types 55

WIP ratio 59

working time 60
Alginate impression 61

construction of cast 63

impression  disinfection 63

loading the tray 61

removal of the impression 62

seating the tray 61

storage 62

time of remova 62

type of failures 64
Alkylbenzoates 49

All  ceramic restorations 364
Allergic reaction 29
Alloy 188, 312
Alloys for al meta restorations
classification 317
types 318
uses 318
Alumina 350

Aluminium oxide 400
Aluminum 335

Aluminum bronze aloy 326
Amalgam 28

Amalgam controversy 195

Ames test 29
Amine peroxide system 144
Antiflux 393

Asbestos 27
Atomization 175
Austenitic  steel

advantages 381

braided and twisted wires 381

fluxes 382

mechanical  properties 381

sensitization 381

solders 382

stabilization 381
Auto-polymerizing  resin 118
Automatic  dispensing  and

mixing devices 78

B

Balanced stone 94
Base meta dloys 334
Base metas 313
Baseplate wax 284

Bauxite 400
Berylliosis 27
Beryllium 27, 335, 342

Biomaterial 27

Blow torch 303

Bond agents 164, 167
bond strength 168
indications 168
mode of bonding 168

Bond strength 164

Bonded stones 397

Borates 49, 89

Borax 89, 90

Boric acid 291

Boron 342

Bowen's resin 146

Boxing wax and beading wax 285



Brazilian test 15

Brazing 385

Bridge composite resin 172
Brittleness 17

Brushing 1, 407, 193, 404
Burnout 301

Butane 391

C

CaCl, 40

Cad-cam ceramics 370
Calcination 83
Calcium 321
Calcium borate 89
Calcium chloride 40
Calcium chloride solution 84
Calcium  hydroxide cement
applications 259
composition 260
light activated 261
manipulation 261
properties 260
setting  reaction 260
Carbides 401
Carbon 342
Caries 1
Carnauba  wax 34
Carving 193
Cast duplication 48, 54
advantages 54
as duplicating material 54
disadvantages 54
disinfection 54
Cast metal ceramic
restorations 354
Cast metal coping 356
Cast or model
advantages 31
Cast-joining 395
Castable glass ceramic
fabrication 367
Casting 299, 302
Casting  defects
classification 306
distortion 306
porosity 307
surface  roughness 306
Casting machines 302
Casting ring lining 300
Casts 267
Casts and dies
electroformed/electroplated
269
advantages 269
disadvantages 269

Cavity design 187
Cavity liners
composition 263
manipulation 264
properties 264
supplied as 263
Cavity lining agents 145
Cavity  varnish
application 264
clinica  considerations 266
composition 265
manipulation 265
precautions 265
properties 265
supplied as 265
Cellulose acetate crowns 141
Cement base 211
clinica  considerations 213
properties 212

protection against
chemical insults 212
strength 212
therapeutic  effect 212
thermal 212
types

high strength 211
low strength 212

Centipoise 20

Centrifugad  machines 303

Ceramic restoration 351, 374
cementing 374

Ceramic  systems

classification 352
Ceramming 367
Chalk 400
Charpy type impact tester 14
Chicago fire 199
Chloro-substituted

esters 166

Chroma 22
Chromic oxide 401
Chromium 341

phosphate

Citrates 89
Cladding 199
Cobalt 335, 341

Cobalt chromium alloys
applications 341
composition 341
functions and aloying

elements 341
properties 342

Cobalt-chromium  alloys 326

Cobalt-chromium-nickel aloys
composition 382
heat treatment 382
physical properties 382

28, 340

Coefficient thermal expansion
36
Colloidal silica 155
Colloids 46, 90
Color 22
dimensions
chroma 22
hue 22
vaue 22
measurement 23
Color modifiers 350
Compacted gold 204
Compaction
condensers 203
hand mallet 203
mechanical condensers

spring-loaded 203
Complete denture 2
Composite resins 146

composition 148
supplied as 147
types 147
uses 146
Composition of gold aloys 320
Compression moulding
technique 112
Compressive  strength 15
Condensation 192, 359, 366
Condensation  silicone 69
chemistry and setting
reaction
composition 70
accelerator 71
base 70
properties

dimensional  stability 72

ethyl acohol 72

hydrophobic 72

setting time 72

silver-plating 72

tear strength 72

supplied as 70
Condensation  silicone 7
Condensers 192
Conditioners 165
Contact angle 8
Contamination 310
Conventional  composite 153
Cooling 116, 361
Copolymerization 107
Copolymers 104, 107

importance 108

types 107

block 108

graft 108

random 107



Copper 321, 335, 342

Copper  cement
applications 255
classification 255
composition 255
properties 255

Copy milled ceramics 371

Copy milling 371

Core 351
Core build up resins 172
Corrosion 182, 408

classification
chemical or dry 409
electrochemical 409
electrolytic 409
galvanic 410
protection against 412
Coupling agents 151
Crazing 128
Creep 20, 186
dynamic 20
importance 20
static 20
Crocus cloth 400
Cross-linking 108
applications 109
Crown 2
Crown and bridge 222
Crystal planes 6
Crystal  structure 6
Curing  (polymerization) 116
Curing cycle 116
Cyanide solution 27

D
Deflasking 116
Degassing 202, 356

Degree of converson 152
Dentacol 48
Dental amalgam
applications 174
classification 174
composition 176
function of each
constituent 177
manufacture  of  alloy
powder 175
aging 175
lathe-cut alloy powder 175
spherical aloy powder 175
Dental casting aloys 312
classification 314
description 316
general  requirements 316

history 314
technical considerations 344
terminology 312

Dental casting investments 95
Dental cements 214
applications 213
classification
according to Coombe 214
according to Crag 214
ADA specification 216
Phillips classification 215
general  structure 216
requirements 216
Dental ceramics 346
basic constituents 349
aumina 350
color modifiers 350
feldspar 349
glass modifiers 350
kaolin 349
opacifiers 350
quartz 349
basic structure 348
classification 348
evolution 346
manufacture 348
uses 346
Dental flask 112
Dental materials 30
biological  requirements 26
classification 26
disinfection 30

examples of hazards 26
toxic effect 28

Dental plaster 84, 93
composition 94
type 93

Dental stone 84, 94, 95

composition 94
high expansion 95
high strength 95
uses 94, 95
Dentifrices 405
Dentin 360
Dentin bond agents 165
Denture  adhesives 131
biological consideration 132
comparison 132
composition 131
disadvantages 132
indications 132
properties 132
Denture base materials 100
Denture cleansers 130

Denture cleansers 407

Denture liners 134
problems associated with 135
types
silicone rubbers 135
vinyl resins 135
Denture pattern 112
Denture reliners 133
Denture resins 98

Denture warpage 129

Deoxidizer 177

Desorbing 202

Dewaxing 112

Diametral compression test 15

Diamond 401

Diamond burs 402

diatomaceous  earth 35

Diatomaceous earth 400

Die materids 267
disadvantages 268
ideal properties 268
types 267

Die preparation 300

Die stone 268

Die stone-investment

combination 272

Dies 27, 267, 369

Diffuson 7

Direct filling gold
applications 198
classification 198
compaction 203
manipulation 201

Dispensers 188

Divestment 95, 272
uses 95

Divestment  phosphate 273

Dry cacination 84

Ductility 17

E

Eames technique 189

Earlier denture materias 97

Eba-alumina  modified  cements
233

Elastic impresson materids 46

Elagtic limit 11

Elastic modulus 12

Elastomeric  impression 27
Elastomeric impression

materidls 21, 65
classification 66
dilatant 22

general properties 66



tray adhesives

Electric annealing
Electrodeposition
Electroforming
Electrolytic corrosion
concentration  cell
electrolyte concentration
oxygen concentration

Electrolytic precipitate

Enamel bond agents

resin die materias

Etching of porcelain

Feldspathic  porcelains
Ferric  sulphate
Filler particles

Firing 361, 366
Firing cycle 361
Fissure sealants 1
Fissure sealing 249
Fixed partial denture 2
Flame 392
Flame desorption 202
Flash 115
Flastomeric  impressions 78
infection control 80
making impressions
multiple mix technique 78
putty-wash  technique 78
reline technique 78
single mix technique 78
removal 80
Flexibility 12
Flexure strength 16
Flexure strength 372
Flossng 1
Flow 21
Fluid resin technique (pour-
type acrylic resins)
advantages 121
comparison of heat and self
cured resins 122
disadvantages 121
method 121
Fluorescence 23
Fluoridation 1
Fluorides 1
Flux powder 305
Fluxes 27, 389
commonly used 389

function 389
technical considerations 390
types 389

French chak 35
Fusion temperature 4, 35

G

Galvanic shock 410

Galvanism 28

Garnet 400

Gel strength 47

Gelation 47

Gels 47

Gillmore needles 88

Glacial acetic acid 40

Glass ceramic crowns 366

Glass infiltrated aumina core
(inceram) 369

Glass infiltrated spinell core 370

Glass infiltration 370

Glass infiltration process 369

Glass ionomer cements 236

application 237
classification 237
commercial names 237

composition
liquid 238
powder 238
manipulation 241
finishing 244
preparation of tooth
surface 242
proportioning  and
mixing 242

protection of cement 244
manufacture 239
properties 240
adhesion 241
anticariogenic 241
biocompatibility 241
esthetics 241
mechanical 240
solubility — and
disintegration 240
setting reaction 239
loosely bound water 240
post  hardening
precipitation 240
setting time 240
tightly bound water 240

Glass ionomer-resin
combination materials
classification 246
composition 247
manipulation 248
properties
adhesion 248
anticariogenicity 248
esthetics 249
hardness 248

microleakage 248
pulpal response 248

strength 248
supplied as 247
uses 247

Glass modifiers 350

Glass transition  temperature
35
Glazes 350
Glazing 360, 362, 403
types
over glaze 362
self glaze 362

Gold 28, 313, 321
Gold aloys 319

heat treatment 324
hardening 324
softening 324

properties 322



Gold  content

fineness 320

karat 320

Gold foil

manufacture 199

supplied as 199
cohesive 200
non-cohesive 200
platinized 199
preformed 199

Gums 276

Gutta-percha 207

Gypsum  bonded  investments

classification 290

composition 291

manipulation 291

properties 292
expansion 293
fineness 295
hygroscopic  setting
expansion 293
normal  setting
expansion 293
porosity 295

stength 294

storage 295

thermal 292

therma  expansion 294
setting  reaction 292

uses 291
Gypsum  products

applications 82
classification 83
manufacture 83
manufacturing  process 88
properties 87
setting  expansion 90
setting  time

fina setting time 87

initial setting time 87

measurement 87
strength 91

dry 91

flow 92

hardness and abrasion

resistance 92

tensile 91
wet 91
supplied as 82
H
Halogen bulb 152
Hardness 18
test(s) 18
Brinell 18

Knoop 19

Rockwell 18
shore and barcol 19
Vickers 19

Hemihydrate 83
High copper aloys 179
High impact strength
materias 129
High noble (gold based) alloys 329
metal-ceramic  alloys 332
noble 332
types 330
gold-palladium 331
gold-palladium-platinum
330
gold-palladium-silver 330
Hooke's law 11
Hue 22
Hybrid composite 159
biocompatibility 160
clinical  consideration 160
composition 159
finishing and polishing 163
manipulation 161
posterior  restorations 161
properties 159
pulp protection 161
techniques of insertion 162
chemically  activated
composites 162
light activated
composites 162
Hydrocolloid  conditioner 50
Hydrocolloids 14, 46-48
composition 49
manipulation 50
supplied as 48
types
irreversible 48
reversble 48
uses 48
Hygroscopic setting expansion 90

Hygroscopic  thermal  inlay
casting 295

for casting high melting
alloys 295

Hysteresis 52

Imbibition 52
accuracy 53
dimensional  stability 52
elasticity and elastic
recovery 52
flexibility 52
flow 52

reproduction of detail 53
strengths 53
tear 53
working and setting time 53
Imbibition 58
Impact 13

Impact resistance 13
Impact strength 14, 124
Implant materials
definition 414
materials used 415
ceramics 416
polymers  and
417
stainless steel 415
surface coated titanium 416
titanium 415
types
endosseous 414
subperiosteal 414
transosteal 414

composites

Implants 2

Impression 2, 299

Impression  compound 32
advantages 38

applications 33
classification 33
composition 34
dimensional  stability 36
disadvantages 38
flow 36
manipulation 37
properties
fusion temperature 35
glass  transition
temperature 35
thermal  properties 35
requirements 34
Impression material 31
classification
complete denture
prosthesis 32
dentulous  mouths 32
desirable properties 31
Impression  plaster 92
composition 93
ideal properties 93
uses 93
Impression tray 48, 51
Impression  waxes 287
bite registration 288
corrective 287
Improved dental stone
uses 94
Improved stone 84
Inceram  spinell 370
Incomplete casting 309

94, 268
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Indium 321
Induction period 85
Infection control 30
Injection moulded glass-
ceramic 368
fabrication 368
Injection  moulding
advantages 117
disadvantages 117
Inlay casting wax 278
classification 279
composition
candellila 280
carnauba 280
ceresn 280
dammar 280

technique

gum 280
paraffin 280
synthetic 280

ideal requirements 279
manipulation 282

direct technique 283

indirect technique 283
polishing 283
properties

flow 280

thermal 281
wax distortion 281

Interatomic bonds 4

covalent 5
ionic 5

metdlic 5
primay 5

secondary 5
Interfacial  aloy 364
Investing 301
Investment 27
Investment cast 272
Investment materials 289

composition

binder 290
refractory 290

requirements 289

types 289
Iridium 322
Iron 321, 335, 342
lzod impact tester 14

K
Kaolin 349
Karat 320

Keraya gum 131
Kieselgurh 400

L

Laminate technique:  agar
alginate combination
technique 53

Lanolin 40

Latexes 139

Lathe-cut aloy powder 175
Lattice 6
Leucite reinforced porcelain 367
Light activated denture base
resins 122
Light devices 152
Liners and varnish 213
Low copper dloys 178
Luting 208
types
permanent 209
temporary 209

M

Mallesbility 17
Manganese 335, 342
Manipulation of amalgam 187
Maxillofacial prosthesis
ideal reguirements 138
heat vulcanized silicones
139
latexes 139
plasticized
polyvinylchloride 139
poly  (methyl
methacrylate) 139
polyurethane polymers 140
room temperature-
vulcanized  (RTV)
silicones 139
silicone rubber 139
materials 138
Melting 344
Mercaptan 67
Mercaptan-peroxide  system 144
Mercury 26, 174, 188,413
Mercury toxicity 194
Mercury: aloy ratio
(proportioning) 189
Metal ceramic aloys 326
evolution 327
requirements 327
types 328
base metal 334
high noble 328
noble 332
uses 327
Metal  ceramic

types 353

restorations

Metal ceramic systems 363
bonded platinum foil-
ceramic crowns 364

electrodeposition
364
swaged gold alloy foil-
ceramic crowns 364
Metal modified GIC 245
properties 245
anticariogenic 246
ethetics 246
mechanical 245
types 245
uses 245
Metal-ceramic  crowns  and
bridges 375
Metamerism 23
Methyl  methacrylate
123
Microfilled composite 155
clinical considerations 157
composition 155
filler content 156
properties 156
Microfillers 150, 155
Microleakage 27
Milling machine 371
Mineral oil 40
Model 2, 267
Modified zinc oxide-eugenol
cements 232
Modifiers 89
Modulus of elasticity
Moisture control 74
Molybdenum 335, 342
Monomer 27, 102
Montan 276
Mulling 192
Munsell system 23

technique

monomer

12, 124

N

Negacol 48

Nickel 27, 335, 342

Nickel based dloys 336
Nickel-chrome 326
Nickel-titanium aloys 382
Nickle-chromium alloys 335
Nitrocellulose 99

Noble metal 312, 412
Noncrystalline  structure 6

O

Offset 11
Oil of cloves 40



Oils 276
Onlay 2
Opacifiers 350
Opaquer 356

Opaquer porcelains 351
Organosilanes 151
Orthodontic  resin 172
Orthodontic ~ wires

properties 377
Oxidation reaction 409
Oxidizing 356

P

Packing 115
Palladium 313, 321
Paladium based (noble) alloys
332
palladium-cobalt 334
palladium-copper 333
palladium-gallium 334
palladium-silver 333
types 333
Parcelain jacket crowns 346
Parsivating  effect 343
Passivation 408, 412
Pattern  resins 137
Pattern  waxes 278
Penetrometers 87
Permanent  deformation 14
Peru balsam 40

Phenol  formaldehyde 99
Phosphate  bonded  investment
295

composition 296
manipulation 297

setting  reaction 296
uses 295
Phosphoric acid 26, 28
Pickling 305

Pit and fissure sedlants 170
Pitted solder joints 393
Plaster of paris 82
Plasticizers 34, 109
types 109
Platinum 313, 321
Platinum foil matrix 366
Poise 20
Poisson’s ratio 10
Polishing 193, 306, 402, 413
difference from abrasion 403
types
electrolytic 403
non-abrasive 403
Poly (methyl methacrylate) 123

Poly vinyl slloxane 72
chemistry and setting

reaction 73
composition
accelerator 73
base 73
properties

dimensional  stability 74
hydrophillic 74
hydrophobic 74
setting time 74
surfuctant 74
tear strength 74
supplied as 72
Polyacrylic acid 27
Polycarbonate 141
Polyether 75, 77
availables as 75
chemistry and setting
reaction 76
composition 75
manipulation 77
properties
curing shrinkage 76
dimensional  stability 76
electroplated 76
hydrophillic 76
setting time 76
tear strength 76
technical  considerations 7
Polyethyl  (isobutyl)
methacrylate 141
Polymer 102
structure 103
branched 104
cross linked 105
linear 104
Polymer reinforced zinc oxide-
eugenol cement
commercial names 233
composition 234
manipulation 234
properties 234
uses 233
Polymerization 102, 105
chemical stages 106
chain transfer 107
induction 106
propagation 106
termination 106
inhibition 107
reaction 11
types 105
addition 106
condensation 105
Polymerization mechanisms 151

Polymerization  shrinkage 144,
145, 153
Polymerized resins 40, 130

Polymethyl  methacrylate 141
Polyphosphazine 135
Polysulfides 67

chemistry and setting

reactions 68
composition
base paste 68
reactor paste 68 433
properties

curing shrinkage 69
dimensional  stability 69
flexibility 69
pseudoplasticity 69
setting time 69
tear strength 69
supplied as 67
tray adhesive 68
Polysulfides and addition
silicones 77
Polyurehene 135
Polyurethane  polymers 140

Porcelain  denture 99

Porcelain  denture teeth 375

Porcelain  furnace 361

Porcelain  jacket crown 365
types 366

Porcelain  veneer 12

Porcelain-metal  bond 362
advantages 363
chemical bonding 362
disadvantages 363
mechanical interlocking 363
Porosity 127, 307, 344
back pressure 309
gas inclusion 309
microporosity 308
pin hole 308
shrink-spot 307
suck back 308
Post and core 2
Post dam 51
Potassium  sulphate
Powder gold 201
Pre-proportioned  capsules 189
Precious metals 313
Preheating 361
Prepolymerized fillers 156
Pressure pot 120
Prevention 1
Primary alcohols 40
Primers 165
Processing errors 127
crazing 128

49, 89, 90



denture warpage 129

porosity
external 127
internal 127
Processing waxes 285
Propane 391

Properties of set amalgam 182
dimensional change
measurement 182
effect of cavity design 185
effect of condensation 185
effect of porosity 185
effect of rate of hardening 185
expansion theory 183
microleakage 182
moisture  contamination 183
strength
factors  affecting  strength
184
Prophyjet 407
Prophylactic paste 406
Proportional  limit 10
Prosthodontic ~ veneers 171
Pseudoel asticity 383
Pulp capping 209

criteria 210
indications 210
types
direct 210
indirect 210
Pulp therspy 1
Pulpectomy 2
Pumice 400
Putty 77
Q
Quartz 349

Quenching 305

R

Radioisotope tracers 27
Rebasing of dentures 133
Reduction reactions 409
Refractory cast 54, 272
Refractory die 369
Relaxation 20
Removable denture aloys 339
Removable partial 2
Repair of composites 170
Repair resins 133
Residua  monomer 126
Resilience

modulus 13

manipulation

polymerization

Resin inlay systems

Resins 141, 276

heat activated

Restorative  acrylic

mercaptan-peroxide

manipulation
flow technique

bulk technique

biocompatibility

polymerization

solubility and water

Rhenium 322
Rheology 20
Ring liner 300
nonasbestos 301
Rochelle sdts 94
Root canal sealing pastes 262
Root cana treatment 2
Rouge 400
RPD casting wax 283
properties 284
uses 284
Rubber impression materials 65
Ruthenium 322

S

Sand 401
Sand blasting 305, 375
Sandwich  technique 168
Scavenger 177
Seaweed 48
Secondary caries 27
Secondary  dentin 2
Sensitivity 27
Separating medium 112
Set  gypsum
water  requirement 86
water-powder  ratio 86
Shade guides 25
Shape memory 383
Shaping and finishing 193
Shear strain rate 21
newtonian 21
pseudoplastic 21
Shear strength 15
Shear stress 21
Shoulder porcelains 347
Silica bonded investments
manipulation 297
types 297
Silicate cements 217
advantages 222
applications 217
care of restoration 221
composition 218
manipulation 220
manufacture 218
mode of supply 217
properties 219
adhesion 220
anticariogenic 220
biologica 219
dimensional change 220
esthetics 220
mechanical 219



pulp protection
solubility  and

Silver-palladium
Single-composition  alloys

Slip cast 369

particle composite
clinical considerations

aginate solution
carboxy  methyl

Soldering 337, 385

Specia tray acrylic resins
Spherical alloy powder
Spherical aloys

Stainless  steel

Stainless steel coated strips 396

Stains 350

Sticky wax 286

Strain 10

Stress 8, 16

types 9
complex 10
compressive 9
cyclic 16
shear 10
tensile 9

Stress and strain 7
Stress  strain  curve 10

Sulphinate curing system 144

Supercooled liquids 6

Superelasticity 383

Surface tension 7

Surgical pastes 44
bite registration 45
non-eugenol 45

Suspension 46

Syneresis 52, 58

Synthetic  gypsum 95
care of the cast 96
infection control 96
manipulation 96
mechanical mixing 97
storage of the powder 96

Synthetic  resins 100
classification

thermoplastic 100
thermoset 101

ideal reguirements 101
uses 101

Synthetic  rubbers 65

T
Tablets 189
Tarnish 408

Tarnish and corrosion 186
Tartrates 89
Technic aloy 326
Temp bond 209
Temporary crown 172
Temporary crown and bridge
materials
materials 140
custom made 141
preformed 140
required properties 140
Tensile strength 14
brittle materials 15
Theories of setting
crystalline  theory 85

Thermal  conductivity 35

Therma  expansion 5 301

Thermoset 101

Thiokol 67

Thixotropic materials 49

Tin 321, 335

Tin foil 113

Tin oxide 400

Tissue  conditioners
composition 136
manipulation 136

uses 136
Titanates 151
Titanium 2, 326

Titanium alloys 326, 338, 383
composition 383
mechanical  properties 384

Toothbrush  abrasion 20

Toughness 17

Toxicity  tests
level | 29
level 1 29
level 111 29

Tragacanth 131
Transverse 16
Tray adhesive 68, 71
Treatment partia  denture 2
Trial closure 115
Tripoli 400
Trituration
hand 190
mechanical 190
normal mix 191
over-triturated  mix 191
under-triturated  mix 191
Tube impression 33
Tungsten 342
Types of fillers 150

u

Uranium 27
Utility wax 286
UV light 23

\

Vacuum firing 361

Value 22

van der Waas forces 5

Veneer 352

Vicat needle 88

Viscosity 20

Visible light cured polyether ure-
thane dimethacrylate 80

Vulcanite 99



Wax 49, 274
Young's modulus
chemical nature

genera  properties
Zinc oxide eugenol
residual  stress

thermal  expansion
biological considerations

dimensional  stability

laser and plasma rigidity and strength

Zinc oxide pastes 44

Wet field technique

manipulation

Wrought base meta dloys
two paste system
Wrought gold alloys

film thickness

optical 232
solubility  and
disintegration 231
thermal 231
setting  reaction
setting time 230
structure of set cement 230
Zinc oxide-eugenol products 235
Zinc oxide/zinc sulphate tempo-
rary restorations 235
Zinc phosphate cement 28, 222
applications 222
classification 222
composition 223
manipulation 227
manufacture 223
properties 224
adhesion 227
biologica 227
compressive strength 224
film thickness 225
modulus of elasticity 225
optical 227
pulp protection 227
solubility  and
disintegration 225
tensile strength 225
thermal 226
setting  reaction
control of setting time 224
setting time 224
structure of set cement 224
Zinc  polycarboxylate  cement
applications 249
commercial names 249
composition 250
manipulation 252
manufacture 250
properties 251
setting reaction 251
Zinc silicophosphate cement 253
Zirconates 151
Zirconium silicate 401
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