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Becoming the most widely accepted material of choice by dentists and patients
because of their esthetic qualities and new advances in their strength
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Composito Dentale: miscuglio di pavticelle di
vetyo silicatico iwg\obaée WUV IMovomex o
acilico che viene Po\ime‘(iiia-(:o Aura\ane

\ aPP\icaaowe
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COMPOSITE CHEMISTRY

Dental compostte Ls composed of a resin matrix and filler materials.

Coupling agents are used to improve adherence of resin to filler surfaces.

Actlvation systems including heat, chemical and photochemical initiate poly mertzation.

Plasticizers are solvents that contain catalysts for mixture into resin.

Mowower, a single molecule, is joined together to form a polywer, a long chain of monomers.

Physteal characteristics tmprove by combining more than one type of monowmer and are referred to as a copolymer.
Cross Linking monomers join long chain polymers together along the chain and improve strength.
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FASE ORGANICA  FASE INTERMEDIA FASE DISPERSA
(matrice) (agente legante) (filler o riempitivo)
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FASE ORGANICA
(matrice)

Bie-GMA bigfenolo A glicidilmetacrilato
Big-GMA moditicato
TEG-DMA (trietilen-glicoldimetacrilato)
Uretano-dimetacrilato




Bie-CMA

<>

ESTREMAMENTEVISCOSO

L ee———— ———

<~

ridotta dall'aggiunta di TEGDMA

maggior scorrimento
aumentata conversione
aumentati legami crociati
aumentata contrazione

L —
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Tab.l Classification of composites according to matrix components

Matrix
Conventional matrix

Inorganic matrix

Acid modified methacrylate
Ring opening epoxide

Chemical system
Pure methacrylate

Inorganic polycondensate

Polar groups
Cationic polymerisation

Group

Hybrid composite
Nano composite
Omocers

Compomers
Silorans

Example of material
Tetric EvoCeram®

Filtek supreme XT*

Admira®
Definite®

Dyract eXtra®
Filtek Silorane®
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FASE INTERMEDIA
(agente legante)

molecole bipolari che fungono da anello di congiunzione, in grado
di legarai a gruppi ogsidrilici (ailice) e di copolimerizzare con i
doppi legami dei monomeri
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FASE INTERMEDIA
(agente legante)

CH, off
Bis-GMA (3 CH,-C-C-0-CH,-CH,-CH,-Si-OF —

Bonds with filler
O . OH
Silane

Bonds with resin

The stable bond between the $iller and wmatvrix Suvrtheyr
Wiluences the wmateridl propevties. The quality of the
bond a$fects the abrasion vesistance of the
vestovative wmiatevidl (Manhavt et 3l. 2000)

e — e

Stlanisation of the filler 1§ important fov
watevriadl Strength (lkejima et al. 2003)

S — ——————
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FASE DISPERSA
(filler o riempitivo)

inibiece la deformazione della matrice
riduce il coefficiente di dilatazione termica
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TIPO DI RIEMPITIVO

PRYSICAL PROFPEKITIES OF CONPOSITE ARE INPROVED BY FILLEERS,
HOWEVER, COMPOSITE CHRARACTERISTIOS CHANGE BASED ON FILLER
MATERIAL, SURFACE, SIZE, LOAD, SHAPE, SURFACE NMOUIFIERS, OFTICAL
INDEX, FILLER LOAD AND SIZE DISTRIBUTION.

joni di Litio e di Alluminio
Bario, Zinco, Boro, Zirconio, cvistalli & quarzs

[ HriO vetyo bovosilicato
vetyo di bavio

Par-l;i colloidals
silicato di bar:o’ di stronzio e alluminio

Huovuvo di ecaleio
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TIPO DI RIEMPITIVO

classificazione

$FILLERS ARE CLASSIFIED BY MATERIAL, SHAPE AND SIZE.

$FILLERS ARE [RREGULAR OR SPHERICAL IN SHAPE DEPENDING ON THE MOUDE
OF MANUFACTURE.

$SPHERICAL PARTICLES ARE EASIER TO INCORPORATE INTO A RESIN MIX AND TO
FILL MORE SPACE LEAVING LESS RESIN.

SONE SIZE SPHERICAL PARTICLE OCCOUPIES A CERTAIN SPACE.

$ADDING SMALLER PARTICLES FILLS THE SPACE BETWEEN THE LARGER
PARTICLES TO TAKE UP MOKE SPACE.

$THERE IS LESS RESIN RENAINING AND THEREFORE, LESS SHRINKAGE ON
CURING THE NORE SIZE PARTICLES USED IN PROPER DISTRIBUTION.
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TIPO DI RIEMPITIVO

Fracture Toughness of Experimental Dental
Composites Aged in Ethanol

J.L. Ferracane and H.X. Berge

Department of Biomaterials and Biomechanics, Oregon Health Sciences University, 611 SW Campus Drive, Portland, Oregon 97201

Table 2. Composition and degree of conversion of composites with

variable filler volumes

Composite Filler Volume Degree of Conversion (%)
C62VOL 62 63.2 + 0.8¢4
C53VOL 53 668 + 1.5¢
C48VOL 48 689 + 2.2°
C37VOL 37 717 = 1.1*
C28VOL 28 689 + 1.6°
RESIN 0 703 + 1.12®

Mean values (+ 1 s.d.) for degree of conversion (n = 6) with the

same superscript were not significantly different.
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COMPOSITE

Figure 2. Histogram showing the change in K, for the composites
with varied filler volumes as a result of being aged in the ethanol
solvent. Means connected by bars were not significantly different (p
< 0.05). D = C62VOL; F = C53VOL; G = C48VOL; H = C37VOL; 1 =
C28VOL.
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PERCENTUALE DI RIEMPITIVO

% Ir Yy O LI\

con ['aumentare dell’area quperficiale del riempitivo diminuisce la
fluidita del materiale
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PERCENTUALE DI RIEMPITIVO

% Ir Yy O LI\

Il riempitivo a base di silice ha una densita pari a circa 3
volte quella del monomero
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PERCENTUALE DI RIEMPITIVO

% Ir Yy O LI\

Il riempitivo a base di silice ha una densita pari a circa 3
volte quella del monomero
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DIMENSIONI DELLE PARTICELLE

Nanofillers and nanoclusters enhance the long-tevm stability
and the Polishing properties of wmicro-filler composites ave
wade possible by the use of nanoparticles and nanoclusters,

- -
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DIMENSIONI DELLE PARTICELLE

The wechanical stability achieved i hybvid composites 1S due to lavgevr §iller
Pavticles ov “wanoclusters’. Super§icial filler pavticles ave lost due +o
abrasion. The nanoclusters of the nano- composites ave heveby broken down
Wto wanoparticles. These pavticles are swallev than the wavelengths of visible
light. |t has been showwn that suv§ace polish 1S preserved longev aftev weavr
tests ww composites with filler particles <o0.4 L (Mitva et 3l. 2003).
Nawnopavticles can be tncovpovated wnto cells but their toxic potential is still

|avgely unknown (koenewman et 3l. 2009).
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FILLER
QUANTITY

VISCOSITY




With the incredsing §$iller content the Polywerisation Shvinkage, the
linedr expansion coefficient and water absorption ave vreduced. own
the otherhand with incredsSing filler content, the compressive and
tewsyle'strength, the wodulus of elasticity and wear resistance ave
gevnerally incredsed (kim et 3| 2002)
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COMPOSITESSWITHIEOWERIFILLERICONTENTTAND EOWEST:
FLEXURASSTRENGTHANDIHARDNESS

COMPOSITESIWITHIHIGHESTEILLER' C QAEANNAA PRI GH EL
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FILLER SHAPE
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Clin Oral Invest (2009) 13:427-438
DOI 10.1007/s00784-009-0258-4

Investigations on mechanical behaviour of dental composites

Nicoleta Ilie « Reinhard Hickel

-

AN
~ Table 3 Influence of fillers—volume and weight—and material
- categories on the mechanical properties

Variables Vol.%  Wt%  Material
type

Flexural Modulus of Elasticity (FM) 439 253 037
Flexural Strength (FS) 345 172 016
Compressive Strength (CS) 229 074 065
Diametral Tensile Strength (DTS) 129 067 023

The higher the partial 7° values, the higher is the influence of the
selected variables on the mechanical properties

e

ve the highest Sl
nwaximum FS and M 3

m"%
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CLASSIFICAZIONE

METODO DI POLIMERIZZAZIONE

H e a t C atalwy et
O h ot oechemical C atalwy gt
L ight=-¢curing
C hemical C atalwy et




CLASSIFICAZIONE

METODO DI POLIMERIZZAZIONE
H e a f C ataly gt

La polimerizzazione della resina richiede iniziazione da parte di un radicale Libero.
Liniziazione induce propagazione o continua unione i molecole a doppl legami fino alla
conclusione della reazione.

IL calore applicato all’iniziatore induce una rottura della struttura chimica per produrve radicali
Liberi; tuttavia, L monomert possono polimerizzare gquando si applica calore anche senza
tnilziatort.

Resine richiedono stabilizzatori per evitare polimerizzazione spontanea. Stabilizzatort sono
usati anche per controllare La reazione di attivatort e miscele di resina.
ldrochinone & plix comunemente utilizzato come stabilizzatore.
niziatori di calore comuni sono a base di perossidi, per esempio:
benzotlperossido
t-butilperossido
t-cumythydroxyperoxide
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CLASSIFICAZIONE

METODO DI POLIMERIZZAZIONE
O h ot oechemical C atalwy gt

Priml sisteml fotochimict utilizzati erano Lestere di metil-benzoile, che € sensibile a lunghezze
d'onda UV a 265 nim. | sisteml ULV hanno avuto un uso limitato perché ridotta profondita oi
polimerizzazione. Attivazione oa parte di Luce visibile dei dichetoni sono L sistemi fotochimict piic
utilizzatt. tdichetont attivatt da Luce visibile per produrve reaziont lente. Le ammine sono
aggiunte per accelerare Ll tempo di polimerizzazione.

Attualimente, compositl diverst utilizzano diversi sistemt fotochimict. @uesti sistemi sono
attivati da differentt lunghezze d'onda. twoltre, Le Lampade da polimerizzazione diverse
producono diverse gamme di lunghezze d'onda che nown potrebbero corrispondere lunghezze
d'onda di attivazione oel composttl. Ruesto pud portare a nessuna o parziale polimerizzazione. |
materialt compositl devono corrispondere alle Luct polimerizzazione.

Comunl iniziatort fotochimicl sono:
canforochinone
Acenaphthene
’Bewzgl,

Leucerina TPO
Fenilpropadentone
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CLASSIFICAZIONE

METODO DI POLIMERIZZAZIONE
L i ght-¢curing

Light curing can be accomplished with:-

1) uartz-Tungsten-Halogen
2) Plasma Arc Curing
3) Light Emitting Dlode
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CLASSIFICAZIONE

METODO DI POLIMERIZZAZIONE
C hemical C atalwy gt

Attivazione chimica di perossioi produce radicali Liberi. Acceleratori chimict spesso non sono
stabili nel colore e sono stati migliorati per questo motivo.

IL termine self-cure o polimerizzazione duale (in combinazione con La tniziazione fotochimica)
definisce questi materiali.

Compositi chimict derivano dal mix di wnwa pasta base e wna pasta catalizzatrice per La self-cure.

collanti mescolano i due Ligutdi.
Miscelazione di due paste tncorpora aria wel compostto.
Ossigeno intbisce polimerizzazione, risultando in wn restawro piie debole.
Acceleratort chimict sono:
Dimetil-p toludine
N, N-bis (itdrossi-inferiore-alchile) -3,5-xilidina

martedi 4 dicembre 12



CLASSIFICAZIONE

DIMENSIONE DEL RIEMPITIVO

M acrofillerge (1 O-100)
Midifillerge (1 -10)
Minifillerge (O .1-1)
icrofillere (O.O01I1l -0.1)

ofillere (O.005 - 0O0.01)




CLASSIFICAZIONE

DIMENSIONE DEL RIEMPITIVO




Lutz & Philipe (1983)
l l l

MNACROFILLEDY  MICROFILLED HIBRID

l l l

5% 6%

Lutz F, Phillips RW. A classification and evaluation of composite resin
083 Oct:50(4):480-1§




Lutz & Philipe (1983)
l

MACROFILLED

l

contengono Pavrticelle di viemPpitivo ?‘W\’ g\ravxc\‘\‘, Possiedowno

durezzd elevata, wa superficie vuvida ed irvegolave.
B3ssa vesistenza all'usura,

Lutz F, Phillips RW. A classification and evaluation of composite resin

em PO NE Den vke 0 *50(4):480-1
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Lutz & Philipe (1983)
l

MICEOFILLED

l

Miglior estetica e lucidabilita’
Auwmentato potenzidle di fvattura

Ridotta vadiopacitd’

usurad clinica lineare

Lutz F, Phillips RW. A classification and evaluation of composite resin

em PO NE Den vke 0 *50(4):480-1
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Lutz & Philipe (1983)
l

HIBRID

Pavticelle di dimensione diversa consentowno di wmasSimizzave
il “Cillev \oad‘(hg". Le wicvropavticelle wnwoltve wﬁg\'\ovamo |3

W\avxe%evo\eaza e viducowo \’3???00‘(003'\1;3’

Lutz F, Phillips RW. A classification and evaluation of composite resin

em PO NE Den vke 0 *50(4):480-1
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Lutz & Dhilipe (1983)

Tab.ll Classification of composites according to filler particles (Lutz & PHILIPS 1983)

Filler Macro-filler (>10 pm) Micro-filler (0.01-0.1 pm) Micro-filler complexes
Composite type Macro-filler composite Hybrid composite Homogenic Micro-filler Inhomogenic Micro-filler
composite composite
Properties + physical properties + radiopacity + polishability + polishability
+ radiopacity + polishability — wear resistance + aesthetics
— polishability + physical properties — water absorption — physical properties
— wear resistance — polymerisation shrinkage  — radiopacity
— polymerisation shrinkage
Purpose Core build-up material All classes of restoration Small anterior restorations Small anterior restorations
under indirect restoration? Class V Class V
No longer indicated
Example Prisma-Fil® Tetric Ceram® Palfique® Filtek A110*
+: positive property, performance acceptable —: negative property, performance unacceptable

Lutz F, Phillips RW. A classification and evaluation of composite resin
systems. J Prosthet Dent. 1983 Oct;50(4):480-8.
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Small

Property Traditional Microfilled Particle Hybrid
Compressive strength 250-300 250-300 350-400 300-350
(MPa)
Tensile strength (MPa) 50-65 30-50 75-90 70-90
Elastic Modulus (GPa) 8-15 3-6 15-20 7-12
Coefficient of Thermal
Expansion (10-6/°C) 25-35 50-60 19-26 30-40
Knoop Hardness 95 5-30 50-60 50-60
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87| SILIGATZ molto solubili, proprieta meccaniche scarge

948 rESINE ACRILIGHE glta contrazione da polimerizzazione

962 Bis-gmA  regine pil recictents N | |
— migliorate proprieta meccaniche

9609  resINE composITE rIEMPITE MNOT COnfrazione
sigtemi pagta/pagta

1970’ MORDENZATURA & MICRORIENPITL
1080’a FOTOPOLINERIZZAZIONE & IBRIDI
1000 q COMPOSITL FLUIDL E MICROIBRIDI

2000’2 NanORIEMPITL

2010°a  LOW-sHRINKAGE

Rueggeberg F, J Prosthet Dent 2002
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f ';luoriclejRelease Com;

NO,

:>osit¢s

First fluovide salts (N3F kF SrFz

SnFz ) weve

added to the wmatvix (Swartz et 3al. 1976)

NO,
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__Muoride-Release Composites

While these salts velease fluovide at §ivst, this effect
decvreases quickly. Furtherwove the $luovide salts ac\\/e\rse\\j
affect the wechawnical propevties of the vestovative
watevial.

Latevr $iller wwatevrials
contdining $luovide

weve used

($luovodluminiumsilicat
e-glass, YbF3) (Xu % P
Burgess 2003),

— T
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*‘luoridea-Rclease Composites

Available online at www.sciencedirect.com
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o e dses b oo hon esa/ T wisasorials

Compressive strength, fluoride release and recharge

of fluoride-releasing materials

Xiaoming Xu*, John O. Burgess

Department of Operative Dencixtry and Biomaterials, School of Dentixery, Lowistana State Univerxity Health Sclence Center,
J100 PMlorida Ave., New Oricans, I.A 70119, USNA

Received 29 Novembar 2002 ¥ 2 17 D bor 2002

Table |

Fluoride releasing restorative matenals used m this study

Materials Manufacturer  Resin or liquid Filler composition Filler Filler Mecan filler  Classification
composition (wi%) (vol%%) sze (um)

Fuji 1X GC America PAA. HO Ca-Al-F-silicate glass 74 44 Glass jonomer

Miracle Max GC Amenca PAA, H,0 Ca-Al-F-shcate glass, 83 44,23 Glass jonomer

AgSaCu alloy (metal)

Ketac-Molar 3M ESPE Poly{co-acrylic acd) Ca-Al-F-shcate glass 7374 23-24 2-3 Glass jonomer

Aplicap maleic acid),
tartanc acid, H:O

Ketac-Stlver 3M ESPE Poly(co-acrylic acd/ Ca-Al-F-slicate glass, 78-79 17-19 4.5 Cermet glass

Aplicap maleic acid), sintered Ag ionomer
tartanc acid, H.0

Vitremer 3M ESPE polv(acrylic-itacon Fluoroaluminosilicatle ! si 3 Resin-
acid) with pendent glass, mod:ified glass
methacrylate, HO microencapsulated ionomer
HEMA, tartanc aad, redox catalysts

Photac-Fil 3M ESPE Poly(co-acrylic acd/ Fluoroaluminositicate 76-77 2526 -7 Resin-

Quick Aplxcap maleic acid), HEMA, glass modified glass
H.,0, GI compatible ionomer
monomers

Fuji 11 LC GC Amenica PAA, HEMA, HO Ca-Al-F-slicate glass 76 18 Resin-

Improved TEGDMA modified glass

ionomer

Compoglass Vivadent DCDMA, P-BsGMA,  Ba-Al-F-silicate glass, 79 56 0.2-1.6 Compomer
UDMA, TEGDMA Ybls, muxed oxades

F2000 3M ESPE CDMA oligomer Al-F-silicate glass 84 3 Compomer
GDMA

Dyract AP Densply/ TCB, UDMA Sr-F-silicate glass, 73 47 08 Compomer

Cllllk SI‘!::

Hytac 3M ESPE MPAE, UDMA Zn-Ca-Al-F-sibcate L} ) Compomer

glass, YbF,

Anstorn pHc Vivadent BisGMA, UDMA, Alkaline glass, L 59 13 Composite
TEGDMA Ba-Al-F-silicate glass,

Ybi,, S10:
Surefil Caulk/ Urcthane-modified Ba-B-Al-F-silkate, 82 66 0.8 Composite
Densply BisGMA glass, Ti0,, fumed SiO,
Solitaire Kulrer Bis-GA, TEGDMA Porous Si0;, 9% 68 2-20 Composite
Ba-B-Al-F-silxale
glass,
Al-F-silxate glass,
Sl’lr:
Tetric Ceram  Vivadent P-BsGMA, UDMA, Ba-Al-F-silicate glass, 78 60 0.6 Composite

TEGDMA

Ba-glass, Si0;, Ybl,

BisGMA, bisphenol A glyadyl dimethacrylate; BisGA, bisphenol A glycidyl diacrvlate; CDMA, dimethacrylate functional oligomer of citric acd;
DCDMA, cycloaliphatic dicarboxylic acid dimethacrylate; GDMA, glyceryl dimethacrylate; HEMA, hydroxyl ethyl methacrylate; MPAE,
methacrylated phosphone aad esters; PAA, polyacrylic acd; P-BisGMA, propoxylated BsGMA; TCB, a reaction product of butane tetracarboxylic
acid and hydroxyl methyl methacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate,
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Fluoride-Release Composites

m -
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Fig. 9. Fluoride recharge profile of compomers and composite resins.
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__Muoride-Release Composites

The use of fluoride containing fillers n
addition to tetrabutylammonium fluovide
(TRAF) W the wionomer matvrix has lead
to an improved veledse and Stovage of
fluovide n the £illing waterial in in-vitro
tests (Xu et al. 2006). In addition the
wechanica|l and Physical properties of the
vestovative wmidterial dve dcceptable
wheveas the solely addition of TBAF to
the watvix vesults iw deteviovation of
these properties (&lassyole et al. zool Xu
et 3al. zoo().

uwto E
Yi-Core A
1‘7."0':.:» o ;';-"'1%}/

pe
——
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Anti-Microbial Composites

negative efSect on the wvechawnical
L O R ESXSLID | INFA Propevties of the waterial

very gqood protective effect 3g3anst
IONI DA RGEINIRE
S. wwutans (Yoshida et al. 1999)

However Silver has an un§avourable wmSluence on the
colour of the vestovative watevidl which w turn wmust
be waasked by othev substawnces,

R —
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In contrast to conventiondl composites the ovwocer matyrix
1S wot ownly orgawnic but 3lso hworganic. Therefore monomers ave
better embedded w the matvrix what veduces the velease of

wonoweys,

» elasticity * toughness / flexibility
* surface energy « functionalization
* gas permeability + processability

b _‘ /(=) . h

| organic \
organiz

| network (Siz) |

* hardness N X-
« chemical / tharmal stability network
 transparency

= inorganic

A o e e e -~
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lur'qanic matrix
Eincur'qanic Matris
3 NoliSUIOR3Nes

1. The organic polymers influence the polaricy, the 3abilicy o Cross
iNk, Nardness and opCical benauiour.
2. The Qiass and ceramic components (norganic constituents) are
responsible cor thermal expansion 3and chemical sc3aoility,
3. The polusioxanes influence the elasticity, incercace properties ano
processing.
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Clin Oral Invest (2004) 8:123-129
DOI 10.1007/s00784-004-0274-3

ORIGINAL ARTICLE

N. Kournetas - M. Chakmakchi - A. Kakaboura -
C. Rahiotis * J. Geis-Gerstorfer

Marginal and internal adaptation of Class Il ormocer
and hybrid resin composite restorations before and after load cycling

their Performwance (cevrvical and occlusal w\argivxa\ adaptation) was
Significantly worse when compared to todasj’ S hybvid comyposites,
aStev cyclical \oac\’ms W a \abovatom test (kouvwetas et 3al. zoo4)

Table 2 Results from the marginal adaptation evaluation (n =8) .

Subgroups Occlusal margins Cervical margins n ©o
Excellent Excellent ?

ADa* 4 (50%) ® 2 (25%)

ADb" 2 (25%) 0 (0%)

DFa 4 (50%) 2 (25%)

DFb 2 (25%) 2 (25%)

SPa 8 (100%) 8 (100%)

SPb 8 (100%) 7 (87.5%)

* a unloaded, b loaded
® Numbers in parenthesis show the percentage of restorations
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Chin Oral Invest (2004) 8:123-129
DO 10.1007/s007 84-004-0274-3

ORIGINAL ARTICLE

N. Kournetas - M. Chakmakchi - A. Kakaboura -
C. Rahiotis * J. Geis-Gerstorfer

Marginal and internal adap ¢ M-~~s || ormocer

HOWEVER, NO SIGNIFICANT
DIFFERENCES WERE FOUND IN A
FIVE-YEAR CLINICAL COMPARISON

OF ADMIRA® (ORMOCER) AND
TETRIC CERAM® (HYBRID

COMPOSITE) (BOTTENBERG ET AL.
Table 2 R 2009) .

Subgroups

the
Sig
as

Excellent Excellent

ADa® 4 (50%) ® 2 (25%)
ADb* 2 (25%) 0 (0%)
DFa 4 (50%) 2 (25%)
DFb 2 (25%) 2 (25%)
SPa 8 (100%) 8 (100%)
SPb 8 (100%) 7 (87.5%)

* a unloaded, b loaded
® Numbers in parenthesis show the percentage of restorations

Y
\
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At the sawme filler content, ovwmocers have 3 veduced polymerisation
Shvinkage compaved to hybvid composites (Yap & Soh 2004) ov at 3 lower
§iller content of the ovwmocer the polymerisation shrinkage 1S equal to

that of 3 conventionadl composite (cattani-Lovente et al. 2ool).

«- - -
‘in-vivo” quality of ovwmocer

Rosin et 3l. (2003, 2007) nvestigated the
vestovations in 3 clinical tvidl over one and two yeavrs. The clinical
application was acceptable but there were concerns about the W\a\(g‘ma\

adaptation and the indication Sor class v restorations due to poov adhesiown,
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