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As requi red by Chopter  80. l ,  Stotutes o l  1992,  the Denio l  Boord o{  Col i forn io hos prepored th is  foct  sheet  to summorize in formo-
tion on the most frequently used restorotive dentol moteriols. Informotion on this fod sheel is intended to encouroge discussion
between ihe potient ond dentist regording ihe selection of dentol moieriols best suited for the potient's dentol needs. lt is not iniended
to be o complete guide to dento l  moter io ls  sc ience.

The most frequently used moieriols in reslorotive dentistry ore omolgom, composile resin, gloss ionomer cemenl, resin-ionomer
cement ,  porcelo ln (ceromic) ,  porcelo in ( fused-to-metol ) ,  gold o l loys (noble)  ond n ickel  or  cobol t -chrome (bose-metol )  o l loys.  Eoch
moteriol hos its own odvontoges ond disodvontoges, benefits ond risks. These ond oiher relevonl {octors ore compored ln the
ottoched motrix t it led "Comporisons of Restorotive Deniol Moteriols." 'A Glossory of Terms" is olso ottoched to ossist the reoder in
understonding the ierms used.

The stotements mode ore supported by relevo4t, credible dentol reseorch published moinly between 1993 - 200.l. In some coses,
where contemporory reseorch is sporse, we hove indicoted our best perceptions bosed upon in{ormotion thot predotes i 993.

The reoder should be owore thot the outcome of dentol treoimenl or durobil itv o{ o restorotion is not solelv o function of the
moteriol from which the restorotion wos mode-

The durobil ity of ony restorotion is influenced by the dentist's technique when plocing the reslorolion, the oncil lory moteriols used
in the procedure, ond the potient's cooperotion during the procedure. Following restorolion of the leeth, the longevity of the resloro-
tion wil l be strongly influenced by the potient's complionce with deniol hygiene qnd home core, their diet ond chewing hobits.

Both the public ond the deniol profession ore concerned oboul the sofety of dentol treotmenl ond ony potentiol heolth risks thot
might be ossocioted with the moteriols used to reslore the teeth. All moleriols commonly used (ond listed in ihis foct sheet) hove been
shown - through loborotory ond clinicol reseorch, os well os ihrough extensive clinicol use - to be sofe ond effective {or the generol
populotion. The presence of these moteriols in the feeth does not couse odverse heolth problems for the moiority of the populotion.
There exist o diversity of vorious scienti{ic opinions regording ihe so{ety of mercury dentol omolgoms. The reseorch l i ieroture in peer-
reviewed scientif ic journols suggests thoi otherwise heolthy women/ children ond diobetics ore not ot increosed risk {or exposure to mer-
cury from dentol omolgoms. Although there ore vorious opinions with regord to mercury risk in pregnoncy, diobetes, ond children, these
opinions ore not scientif icolly conclusive ond therefore the dentist moy wont to discuss these opinions with their potients. There is no
reseorch evidence thot suggests pregnonl women, diobetics ond children ore.,ot increosed heolth risk from dentol omolgom fi l l ings ln
their mouth. A recent study reported in theJADAfoqtors in o reduced ioleronce (l/50th of the WHO sofe l imii)forexposure in colculo't-
ing the omounl of mercury thot might be token in {rom dentol f i l l ings. This level folls below the estoblished sofe l imits {or exposure to o
low concentrotion of mercury or ony other releosed component {rom o dentql restorotive moteriol. Thus, while these sub-populotions
moy be perceived to be ot increosed heolth risk from exposure to dentol reslorotive moleriols, the scientif ic evidence does not support
ihoi cloim. However, there ore individuols who moy be susceptible to sensitivity, ollergic or odverse reoctions to seleqied moteriols. As
wiih oll dentol moteriols, the risks ond bene{its should be discussed with the potient, especiolly with those in suscepiible populotions.

There ore differences between denlol moteriols ond the individuol elements or components lhot compose these moteriols. For
exomple, deniol omolgom fi l l ing moteriol is composed moinly of mercury g3-54%l ond vorying percentoges of silver, t in, ond copper
(46-57%1.lt should be noted thol elemenlol mercury is l isted on the Proposition 65 l isi of known toxins ond corcinogens. Like oll
moieriols In our environment, eoch of these elemenis by themselves is toxic of some level of concentrotion if they ore token into the
body. When they ore mixed together, lhey reoct chemicolly to form o crystoll ine metol olloy. Smoll omounts ol free mercury moy be
releosed from omolgom fi l l ings over time ond con be deteded in bodily f luids ond expired oir. The importont queslion is wheiher ony
free mercury is present in sufficient levels to pose o heolth risk. Toxici\ ol ony substonce is reloted to dose, ond doses of mercury or
ony other element thot moy be releosed from dentol omolgom fi l l ings folls for below the esloblished sofe levels os stoted in the 1999
US Heohh ond Humon Service Toxicologicol Pro{ile for Mercury Updote.



Al l  denio l  restorot ive moter io ls  (os wel l  os o l l  moler io ls  iho i  we come in contqct  wi ih  in  our  doi ly  l i fe)  hove the pofent io l  to  e l ic i i
o l lerg ic  reoct ions. in  hypersensi i ive indiv iduols. l  These must  be ossessed on o cose-by-cose bosis ,  ond suscepi ib le indiv iduols shoul ,J
ovoid contoct  wi lh  o l lergenic moter io ls .  Documented repor ts  of  o l lerg ic  reoci ions to denio l  omolgom exis t  (usuol ly  moni fested by t ron-
s ient  sk in roshes in  indiv iduqls who hove come into conioct  wi th the moter io l ) ,  but  they ore otypicol .  Documenied repor ts  of  tox ic i \  to
dento l  omolgom exis l ,  but  they ore rore.  There hove been onecdoto l  repor ts  o{  tox ic i ty  to  denio l  omolgom ond os wi th o l l  dento l
moter io l  r isks ond benef i ts  of  dento l  omolgom should be d iscussed wi th the pot ient ,  especio l ly  wi th those in suscept ib le populo i ions.

Composi te res ins ore the preferred o l ternoJive to omolgom in mony coses.  They hove o long h is tory of  b iocompol ib i l i ty  ond sofety
Composi te res ins ore composed o{  o vor iety  of  complex inorgonic ond orgonic compounds,  ony of  which might  provoke o l lerg ic
response in suscept ib le indiv iduols.  Reports  o{  such sensi t iv i ty  ore otypicol .  However,  ihere ore indiv iduols who moy be suscept ib le to
sensi t iv i iy ,  o l lerg ic  or  odverse reoct ions io  composi ie  res in restoro i ions.  The r isks ond benef i ts  of  o l l  dento l  moter lo ls  should be d is
cussed wi th the pol ient ,  especio l ly  wi th those in suscepl ib le populot ions.

Other  dento l  moter io is  ihot  hove e l ic i ted s igni f icont  concern omong dent is ts  ore n ickel -chromium-bery l l ium ol loys used predomi-
non t l y  f o r  c rowns  ond  b r i dges .  App rox imo te l y  10% o {  t he  f emo le  popu lo i i on  o re  o l l eged  to  be  o l l e rg i c  t o  n i cke l . 2  The  i nc idence  o f
o l lerg ic  response to dento l  res loro l ions mode { rom nickel  o l loys is  surpr is ingly  rore.  However,  when o pot ient  hos o posi t ive h is tory o{
con{ i rmed n ickel  o l lergy,  or  when such hypersensi t iv i ty  to  dento l  res iorot ions is  suspecied,  o l ternol ive metol  o l loys moy be used.
D iscuss ion  w i th  t he  po t i en l  o {  t he  r i sks  ond  bene f i t s  o f  t hese  mo te r i o l s  i s  i nd i co ted .

I  'Dentol  Amolgom: A scient i { ic  review ond recommended publ ic  heol th serv ice stro legy {or  reseorch,  educol ion ond regulot ion,  Dept.  o{  Heol th ond Humon Services,
Pub l r c  Heo i t h  5e ru i ce ,  Jonuo ry  ) 993 .

2  .  Me rck  I ndex  1983 .  Ten th  Ed i t i on ,  M  No rsho  W indho i  z ,  ( ed ) .

Gf ossq ry of Terms

Generol  descr ipt ion -  Br ie{  s lotement  of  the composi t ion ond behovior  of  the dento l  moter io l

Pr i r rc ipol  uses -  The types o{  denio l  restoro l ions thot  ore mode f rom th is  moter iq l .

Resis lonce to fur lher  decoy -  The generol  obi l l ty  of  the moter io l  to  prevent  decoy oround i i .

Longevi ty /durobi l i ty  -  The proboble overoge length of  t ime be{ore the moter io l  wi l l  hove to be reploced.  (This wi l l  depend upon
mony {oc iors unre loted to ihe moler io l  such os b i i ing hobi ls  of  the poi leni ,  the i r  d iet ,  ihe st rength of  thei r  b i ie ,  oro l  hygiene,  etc . )

Conservolion of footh structure - A generol meosure of how much tooth needs to be removed in order to ploce ond reioin the
moler io l .

Surfoce weor,/frocture resisfonce - A generol meosure oi how well the moteriql holds up over time under the {orces o{ bit ing,
g r i nd ing ,  c l ench ing ,  e t c .

Morginol integrity (leokoge) - An indicotion of the obil ity of the moteriol to seol the interfoce between the restoroiion ond the tooth,
thereby help ing 1o prevent  sensi t iv i ty  ond new decoy.

Resislonce to occlusol slress - The obil ity of the moteriol to survive heovy biting {orces over time.

Biocompotibil i ty - The effect, if ony, of the moteriol on ihe generol overoll heolth of the potient.

Al lerg ic  or  odverse reoct ions -  Possib le systemic or  locol ized reoct ions of  the sk in,  gums ond other  i issues to the moter io l .

Toxicity - An indicotion o{ the obil ity o{ the moieriol to interfere with normol physiologic processes beyond the mouth.

Susceptibil i ty to sensitivity - An indicotion of ihe probobil ity ihot the restored teeih moy be sensitive to stimuli (heot, cold, sweei,
pressure)  of ter  the moter io l  is  p loced in them.

Eslhetics - An indicotion of the degree to which the moieriol resembles noturol teeth.

Frequency of repoir or replocemenl - An indicotion of the expected longevity of the restorotion mode irom this moteriol.

Relotive cosl - A quolitolive indicotion o{ whot one would poy for q restorotion mode {rom this mqteriol compored io oll the rest.

Number of visits required - How mony iimes o potient would usuolly hove to go to the dentist's office in order to get o restorotion
mode {rom th is  moier io l .

Dento l  omolgom -  F i l l ing moter io l  which is  composed moin ly  o{  mercury V3-54yo) ond vory ing percenioges o{  s i lver ,  t in ,  ond cop-
pe r  (46 -57%) .



Comporisons of Direct Restorotive Dentql'Moteriols
TYPES OF DIRECT RESTORATIVEDENTAL MATERIALTI

COMPARATIVE
FACTORS AMALGAII

COMPOSITE RESIN
(orRECT AND tNOtRECT
RESTORATIoNS)

GI,.ASS IONOMER
CEIIENT

RESIN{ONOMER
CEMENT

General
Descnptron

Self-hardening mixture in
varying percentager of e liquid
mercury and silver-tin alloy
oov/oer.

Mixture of poudered glasr and
plastic resin; self*terdening or
hardened by sxposur€ to bluc light.

Selt-hard6ning mixtur€ of
glas end organic ecid.

Mixturo of glasg snd resin
polymer and organic acjd; 36lf
hardoning by exposure to blue
l ioht

Principal
Uses

Fi l l ings;  somet imes tor
replacing portions of broken
teeth.

Fillings, inlays, vaneers. partial snd
complete crowns; sometimer for
replacing portlons of brokon t6sth.

Small fillings; cementing
metal & porcelairy'metal
crownr, liners, tomporary
r€storetion3.

Small fillings; cementing metal &
porcolairy'metal crowns, and
liners.

Resistanc€ to
Further Decay

High; selt-seahng characterist ic
helps resist recurrent decay;
but recurrent decay around
amalgam is difficult to detect in
i ts earlv staoes.

Moderate: recurrBnt decay i9 oasily
detocted in early stages.

LOW-MOOAratO: SOmS
resistanco to decay may
be impartad through
fluorirle releaso.

Low.Moderate; some resistance
lo decay may be imparled
through fl uoride release.

Est imated
Durability

Durable Strong,  durable Non-str€ss bearing crown
cem€nt.

Non-stress bearing crown
c€ment.

Relatrve Amount ot
Tooth Preserved

Fair ;  Requires removal  of
healthy tooth to be
mechanical ly  reta ined;  No
adhesive bond of amalgam to
the tooth.

Excellent: bonds aclhesrvoly to
healthy enamel and dentjn.

Excellont; bond8
adhesively to healthy
enamel and Uentin.

Excollent; bonds adhesively lo
healthy onamel and dentin.

Reststanc€ to
Surface Wear

Low Similar to dental enamel:
brittle motal.

May wear slighUy faster than dontal
enamel.

Poor in rtress-bearing
epplicationr. Fair in non-
rtrosr b€aring
annl inr l innr

Poor in stress-b€aring
applications; Good in non- stress
bearing applications.

Resistanc2 to
Fracture

Amalgam may fracture unctor
stress; tooth around filling may
fracture before th€ amalgam
does.

Good resistanca lo lrac{ure. tsrrrue; low resistanco to
fracture but not
rocommonded tor gtress-
bearino restorations.

Tougher than glass ionomer;
recommended for stress-bearing
restoration! in edults.

Resislanc€ to
LeaKa9e

Good; sellsealing by surface
corrosion: margins may chip
over t ime.

Good if bonded to enamel; may
rhow leakage ovar tim€ whon
bondod to dentin;
Doo3 not corrode

Moderate: tends to crack
over tim€.

Good; aclhosively bonds
to rosin, cnamel, dentino/ post-
in3€rtion expansion may help
raal the maroins

Resislance to
Occlusal Stress

High;  but  lack of  adhesion may
weaken the remaining tooth.

L

Good to Excellent dsponding upon
producl used.

Pgon not recommond€d
for rlrcrt+oaring
rcstorations.

Moderetc; not recommonded to
rcrtore biUng rurfaces of adults;
ruiteblc for rhort-term primary
teath restorstions.

I 
roxioV

Generally safe; occasional
allergic reaction3 to metal
comgonentS. Hou€ver
amalgams conlain mercury.
Mercury in its elemental form ir
toxic and as such is listed on
n r n n  A (

Concerns about trac€ ch€mical
rolease are not rupported by
research studiet. Safe: no known
toxicjty documented. Conlainr
rom6 compoundr listed on prop 65.

No known
incompatibilitier. Safe: no
known toxicity
documentod.

No known incornpatibilities.
Safe; no knou'n toxicity
docum€nted.

Allergic or Adverse
Reactions

Rare; recommend that dentlsl
evaluate patient to rule oul
metal allergres.

N0 documentatlon tor.allergic
reactions was found.

No documontation tor
allorgic reactionr war
found, Progresivc
roughoning of the rurface
msy prsdi3poio to plaqu€
eccumuletion and
nrrlrHnnlql r{iraaa.

No loowl documented allorgic
roactions; Surface may roughen
rlightly ovor time; predisposing
to plaque accumulation and
poriodontrl db€aEc it thc
met6ri.l cont ctr thc gingival
tisruc.

Susc€ptibility to
Post€perative
Sensitivity

Minimal; High thermal
conductivity may promote
temporary sensitivity to hot and
cold; Contact with othor metalc
may cause occasional and
transi€nt galvanic ro3pons6.

Modonte: Matorhl b 3€nsllJvo to
dentjst'r techniquo: Matorial
shrink! slighlly when hardened,
.nd a poor seal may lead.to
b.ctarial leakagc; recurrcnt decay
.nd tooth hypenenriUvity.

Low: m.torl.l rcalr r!€||
8nd doot not irritato pulp.

Low; material 3oal3 n/oll and
do€3 not initate pulp.

Esthetrcs
(Appearance)

Very poor. Not tooth colored:
initially siivergray, gets darksr,
becoming black as it corrodes.
May stain teeh dark brown or
black over t ime.

Excellent ; often indistinguishabl.
From natural tooth. '  '  

' r ' ! ' Gmd; tooth colorod,
vsries in transluccncy .

Very gqoO: more translucency
than glass lonomer.

Frequency of
Repair
or Replacernent

Low; replacement is usually
due to tracture of the tilling or
the surrounding tooth.

LoY+Moderate: durable meterial
hardens rapidly; rome compo3ite
materials show more rspid w€ar
lhan amalgam. Replacoment ir
usual{y due to marqinal leakaoe.

MOoerats; Ulowly
dirgolver in mouth; easily
dislodged.

Moderato: more resistant to
disrolving than glasr ionomer,
but hss than cornoosite resin.

Relative Costs
to Patrent

Low, relatively inexpenslve;
bctual cost of fill ings depondg
uoon their  s ize.

Modorate; higher than t nalgam
fillingr; actual cott ot fillingl
depends upon thair siza; vsn€ort &
CTOVTTI! CoSt mor€.

Moderato: rimilar to
composito resin (not used
for veneen 8nd crowns).

Moderats: Simrlar to cornposite
rssin (not used for vene€rs and
crovrns).

Number of Msits
Required

Single v is i t  (pol ishing may
require a second visit)

Single visit for fillings;
2+ v'sits for indirect inlays, veneerr
and crowns.

Single visit. 5rngKt vlsrl.



Comporisons of lndirect Restorotive Dentol Moteriols' I
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TYPES OF INOIRECT RESTORATIVE OENTAL MATERIALS

COMPARA
FACTORS

PORCET.AIN
(cERAMrc)

PORCELAIN
(FUSEO-TO-METAL)

GOLD ALLOYS
(NO8LE)

NICKEL OR COBALT€HROME
(BASE.METAL) ALLOYS

General
Description

Glass-like material formed into
fillings and crovms using
models of the prepared teeth.

Glass-like material that ig'enameled' onto metal shells.
Used for crowns and flxed-bridges.

Mi:dures of gold, copper
and other metals used
mainly for crowns and
fued bridoes.

Mixtures of nickel. chromiunr.

Principal Inlays, veneors, crowns and
fixed-bridges.

lrowns and lixecl-bridg69. . uast crowns ano rueo
bridges; som€ partial
denture framerrorks.

Crowns and fixed bridges; most
partial denture frameu'orks.

Resistance to
Furlher Decay

Good, if the restoration fits
well.

Good, if the r€storation fits \./ell. Good il the resloration fits
v/elf,.

Good il the rostoration fits u€ll.

Es t imated
Ourabil i ty
(permanent te€th)

Moderate, Bri t t le material that
may fracture under high bit ing
forces. Not recommended for
posterior (mola4 teeth.

Very good. Less susceptible to
fracture due to the m€tal
substructu16.

Excellent. Does not
fracture under stress:
does not.corrode in the
mouth.

Exc€llent. Does not fracture
undor stress: does not corrode
in the mouth.

Relatrve Amount of
Tooth Preserved

Good - Moderate. Little
removal of natural looth is
necessary for vgneers; more
for crowns since strength is
related to i ts bulk.

Moderate-High. More tooth musl
be removed to permit the mgtal to
accompany the porcelain, ,

Good. A strong matorial
.that requires rsmoval of a
thin outsid€ layor of the
tooth. t

Good. A strong material that
requifes removal of a thin
outsido lay-er of the tooth.

Resistance to
Sudace Wear

Resistant to surface wear: but
abrasive to opposing teeth.

Resistant to surfacs wear; permits
either metal or porcelain on the
biting surface of crowns and
hrlrlnac

Similar hardness to
natural en8m€l; doog nol
abrade opposing toeth.

Harder than natural snamel but
mlnimally abrasivs to opposing
natural toeth. does not fracture
in bulk-

Resistance to
Fracture

Poor resistance to f racture. |,orc€taln may Iractura. Do€s not fracture in bulk. Do€s not fraclure in bulk.

Resistance to
LeaKa9€

Very good. Can b€ fabricated
for vory accurat€ tit of the
margins of the crowns.

Good - Very good depending upon
design of th€ margins of the
crowns.

Vory goo'd - Excellent.
Can be formed with great.
precision and can bo
tighUy Adapted to the
lDoth

Good-Very good - Stitfer than
gold; less adaptable, but can b€
formod with great precision.

Resistanc€ to
Occlusal Stress

Moderats; brinle matsrial
susceptible to fracture under
biting forces.

Very good. M€tal substructure
gives high resistanco to fraclure.

trxogltent

Toxic i ty

Excellent. No khown adverse
effects.

Very Good to Excellent.
OccasionaUrare allergy to molal
alloys us6d.

Exc€llont; Rare allorgy lo
some alloys.

Good; Nickel allergies are
common among \i'om€n,
although rarely manifested in
dental restorations.

Al lergic or  Adverse
React ions

None Rare. Occasional allergy to motal
substructur€s.

Rare: occasional allergic
reactions soen in
ct rqnanl lhla indiwidr rqlc 

'

Occasional: infrequent 16actions
to niclel.

Susceptibility to
Post-Op€rat ivg
Sensitivitv

Not material dependent: does
not conduct heat and cold r,vell.

Not matorial dependent; dios not
conduct heat and cold well.

Conduct8 heal and cold;
may irrltate s€nsitive
tooth.

Conducts h€at and cold: mav
irritata B€nsitlvo te€th.

Esthetics Exc€llent Good to Excellent Poor - yellow metal Poor - dark silver metal

Frequency of
Repair
or Replacemenl

Varies; depends upon biting
forc€s; fractures ol molar teeth
are mors likely than anterior
teeth: Dorcelain fracture may

lnfroquent; porcelain fracture can
often be repaired with composite
res in .  . . . -

Intrequent; replac€mont is
usually due to (ecur€nt
decay around margina

,  . l

.  ) -

Inlraqu€nt; replac€menl is
usually due to rocunent decay
around margins.

oft€n be repaired with
comoos i ta  res in -

Ke la t tve  (

to  Pat ien t
Hlgh; requires al l€ast two
otfic€ visits and laboratory
servtces.

Hlgh; requires at least h,r,o offico
vtsits and laboratory sorvicos. ...

Hlgh; requires at least t\,to
ofnc€ vlsits and laboratory
sAruidr

High; roquiros at l€ast tu/o offic€
vlsils and laboratory services.

Number of Visi ls
j  Required

Two - minimum: matching
€sthetics of to6th may require
more visi ts.

Two - minimum; matching estheUcs
of t€eth may require more viqits. ,
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