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2 2 
DEVELOPMENTSS IN SHRINKAGE CONTROL OF 

ADHESIVEE RESTORATIVES 

Basedd on the article: 
Dauvillierr BS, Aarnts MP, Feilzer AJ (2000): Developments in shrinkage 

controll of adhesive restoratives, J Esthet Dent 12:291 -299. 

Abstract t 

Thiss chapter reviews material properties and application techniques impor-
tantt in minimizing effects of polymerization shrinkage during the setting reaction 
off direct restorative resin composites used in adhesive dentistry. Since it was 
recognizedd that shrinkage, which takes place during the setting reaction of 
restorativee composites, may cause severe problems in adhesive dentistry, 
considerablee effort has been put into reducing the negative effects. The most 
importantt problem is the debonding of the restoration-tooth interface, resulting 
inn increased microleakage and, ultimately, in secondary caries. Despite all 
efforts,, there is still no material or general application method that guarantees 
aa leak-proof and durable restoration. It is of the utmost importance that dental 
practitionerss know how to deal with the problems related to resin composite 
shrinkage,, so that they can choose the material and procedure most likely to 
producee a leak-proof and durable restoration, maximizing the potential for 
clinicall success. 



In t roduct io n n 

Directt restorative resin composites have gained a permanent position 
onn the dental market. Their superior esthetics and consecutive 
preparationn requirements (less destructive than amalgam) have been 
instrumentall  in this commercial success. The ideal restoration has a 
tightt seal with remaining tooth structure, since otherwise, bacteria and 
toxinss produced by bacteria can invade and grow in the gap formed, 
resultingg in pulp irritation and even secondary caries (Fig. 1.2) [1, 2]. This 
perfectt adaptation must be obtained during setting and then main-
tainedd during thermal and mechanical cycling for the lifetime of the 
restorationn or the patient. Currently, no commercially available resin 
compositee guarantees an intact seal. Because the resin has no anti-
microbiologicall  activity, it is important that a restoration must be placed 
inn such a way that the best possible marginal seal is obtained. 

Theree are, however, many side effects that frustrate the goal of a 
perfectlyy sealed restoration. Most of these effects are related to poly-
merizationn shrinkage of the restoration during the setting process. 
Commerciallyy available composites still undergo a volumetric shrinkage 
off  2 to 9 % [3-6]. Therefore, a major portion of this chapter is devoted to 
whatt the practitioner can do to minimize the negative effects of poly-
merizationn shrinkage. 

Resinn compos i t es 

Dentall  restorative composites comprise a blend of hard, inorganic 
particless bound together by a soft, resin phase. The resin contains: (i) a 
monomerr system, (ii) an initiator system for free radical polymerization, 
(iii )) inhibitor for maximizing the storage stability of the unpolymerized 
composite,, and (iv) color pigments for maximizing the chemical stability 
off  the polymerized composite. The inorganic filler consists of particulates 
suchh as glass, quartz, zirconia, and/or fused silica. The coupling agent, 
usuallyy an organo-silane, bonds chemically the reinforcing filler to the 
resinn phase. 

Thee resin phase of a dental composite is a polymeric matrix. The major 
partt of the resin, the monomer system, consists of a mixture of a high 
molecularr monomer with a less viscous (usually low molecular) 
monomerr as viscosity controller. The process by which these two types 
off  monomers are joined together into a polymer network is called 
polymerization.. As monomers used in dental composites are liquids, 
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Thee initiation reaction for chemically activated (two paste) composites [9] and 
light-activatedd (single paste) composites [11] is included in detailin this scheme. 
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polymerizationn of the resin system converts the soft composite to a 
solidd composite. Therefore, polymerization of dental composites is 
oftenn denoted as the setting or curing process. 

Commerciallyy available dental composites are assigned to two groups 
accordingg to the high molecular monomer type: 

 Conventional Bowen (bisGMA1) composite; 
 Urethane dimethacrylate (UEDMA2) composite. 

qjj  BisGMA finds widespread use in current commercially available dental 
|jj  composites (Z100, 3M; Silux Plus, 3M; Clearfil F2, Kuraray). The high 
**  viscous monomer is mixed with low molecular dimethacrylate 
Joo monomers, such as EGDMA and TEGDMA, to achieve a viscosity 

suitablee for incorporating fillers. UEDMA has been used alone (Isocap, 
Vivadent;; Isopast, Vivadent; Isomolar, Vivadent) or in combination 

«« with other monomers, e.g., bisGMA and TEGDMA (Heliomolar, 
aa Vivadent; Estic Microfil l Composite, Kulzer; Estilux Microfill , Kulzer; 

Durafilll  Light-curing Composite, Kulzer) 

Thee start of the setting process of resin composites requires activation of 
thee initiator system. The initiator system consists of two compounds, 
whichh generates free radicals for the polymerization reaction of the 
monomerr system at ambient temperature (Fig. 2.1). Based on the initiator 
system,, direct restorative dental composites are supplied as a single 
pastee or as a pair of pastes. For the two - paste or chemically activated 
composites,, one paste contains an accelerator, usually N,N-bis(2-
hydroxyethyl)-p-toluidinee (DHEPT), and the other an initiator, 
commonlyy benzoyl peroxide (BPO) [12]. When the two pastes are mixed, 
thee amine reacts with the peroxide to form free radicals. 

Thee single paste or light-activated composites remain the standard for 
clinicall  use, whereas chemically activated composites are proposed for 
somee specific applications, such as core build-ups or Class II restorations. 
Singlee paste composites employ photosensitized compounds. 
Traditionally,, l,7,7-trimethylbicyclo(2,2,l)heptane-2,3-dione (camphor-
quinone)) and N,N-dimethylaminoethyl methacryiate (DMAEMA) have 
beenn the standard in dental composites [14]. When this initiator system 
iss exposed to visible light in the spectral light region of 400-500 nm, the 
diketonee (initiator) reacts with the amine (co-initiator) to form an exci-
plex,, which breaks down to yield free radicals (Fig. 2.1). The kinetics of 
thee light induced polymerization reaction, and the factors affecting the 
polymerizationn process of light activated composites are described in 
detaill  by Watts [15] and Stansbury [16] respectively. 

'bisGMAA = 2,2-bis[4-(2-hydroxy-3-methacrylyloxypropoxy)phenyl]propane [7] 
2UEDMAA = UDMA = 1,6-bis(methacry1yloxy-2-ethoxycarbonylamino)-2,4,4-trimethylhexan [8] 
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Adequatee shelf lif e of dental composites is essential. To inhibit 
prematuree polymerization of the monomer system under ordinary 
storagee conditions, an inhibitor is added to the matrix phase. The most 
widelyy used inhibitors in dental composites are butylated hydroxy-
toluenee and monomethyl ether of hydroquinone [17]. Finally, color 
pigmentss are incorporated in the matrix phase, to give the hardened 
compositee its desired color and shade. 

Fillerr is mixed in the matrix phase to reinforce the restorative material 
andd to reduce volumetric shrinkage. Dental composites are classified on 
basiss of the particle size and size distribution: (i) traditional macro-
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Figur ee 2.2 Deposition of silane coupling agent (TPM = y-methacryloxypropyl-
trimethoxysilane)) on a filler surface [13]. Hydrolyzed TPM oligomer chemisorb 
onn the filler surface and condense with surface silanol and neighbour oligomers. 
Duringg the setting reaction of the composite, the vinyl (-C=C-) group in the R-
groupp of TPM undergoes a radical polymerization reaction with the growing 
dimethacrylatee polymer in the resin (Fig. 2.1). 

filledd (mean diameter 5-30 ^m), (ii ) microfilled (mean diameter 0.04 
jim),jim), and (iii ) hybrid composites. Hybrid composites combine the 
characteristicss of macrofilled and microfilled composites [18]. 

Thee filler particles are coated with an interfacial phase, the so-called 



couplingg agent, to enhance wetability of the filler surface by the 
monomerr and to promote an adhesive bond between filler and polymer 
matrix.. A common silane coupling agent for dental glass particles is y-
methacryloxypropyltrimethoxysilanee (MPS) [19]. The silane coupling 
layerr is obtained either by dry-blending the filler particles and the 
couplingg agent, or by deposition the coupling agent from solution on the 

§>> filler surface (Fig. 2.2). 
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Ass mentioned previously, the matrix of most contemporary 
compositess consists of methacrylate-based monomers [20]. Volume 

1§§ reduction during setting results from closer packing of monomer 
.££ molecules in the polymerized resin matrix, as depicted in Figure 2.2, and 
-22 the better packing efficiency of the polymer network [21, 22]. Thus, 
«JJ dimensional stability of the restoration is poor in the early stages of 
Q.. setting, whereas the density of the material increases. To prevent 
"55 shrinkage, it is important to minimize the density difference between the 
«« polymerized and the unpolymerized composite. 
Q Q 

•MM Upon polymerization, unfilled resins containing mainly bisGMA and 
™™ TEGDMA undergo a volumetric shrinkage of approximately 7 to 14 % 

[3],, However, the presence of filler particles considerably reduces that 
shrinkagee [23, 24]. As discussed in the next paragraph, an increase in the 

^^ percentage of filler loading is also accompanied by a significant draw
err back. The present generation of flowable chemically and light-activated 

resinn composites undergo a free volumetric shrinkage of 4 to 9 %. For 
non-flowablee or condensable composites, this value ranges from 2 to 5 
vol%,, with most values near 3.5 vol% [4-6, 23]. 

Severall variables are known to influence polymerization shrinkage. 
Onee variable is the size of the monomer molecule undergoing 
polymerization.. The larger the molecule before polymerization, the 
lowerr the polymerization shrinkage for a given volume of monomer. [22, 
25-27].. Another variable is the volume fraction of the inorganic filler, 
includingg prepolymerized resin powder, within the composite. High 
fillerr loading results in lower polymerization shrinkage [23]. This rela
tionn holds true until the point where a relatively high level of filler 
resultss in a clay-like paste, owing to increased viscosity. At high filler 
loading,, the proportion of diluents (small monomers) in the resin system 
mustt increase to ensure acceptable handling properties. However, this 
additionn may negate the effect of the high filler loading on polymer
izationn shrinkage. Moreover, composite with high filler loading results 
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inn a high degree of stiffness, which ultimately causes high shrinkage 
stress.. Finally, the nature of the resin undergoing polymerization plays 
ann important role in shrinkage. Several research groups are currently 
attemptingg to develop new resins that undergo less polymerization 
shrinkagee [28, 29]. Commercial development of these resins may be 
manyy years away, as the process of gaining acceptance by the Food 
andd Drug Administration (FDA) is time-consuming and expensive. 
However,, if such resins ultimately are developed, they wil l largely 
eliminatee the clinical consequences of polymerization shrinkage and 
wil ll  allow simple bulk placement of the material. 

Stress s 

Itt should now be clear that shrinkage of resin composites, which up 
too now has been regarded as inevitable, must be controlled and directed 
towardd the preparation walls, to prevent gap formation. However, as a 
resultt of adhesion to preparation walls, volumetric shrinkage is 
constrained.. This constraint, in combination with an increasing modulus 
off  elasticity, inevitably leads to development of stress. Although loss of 
adhesionn from the tooth structure can occur at any time, the most likely 
momentt is when the magnitude of shrinkage stress exceeds the strength 
off  the developing restoration-tooth bond. 

Inn principle, a shrinking material pulls away from the weakest bond. In 
dentall  practice, the weakest bond is generally the free, unbonded surface 
off  the restoration, provided that good adhesion between the restoration 
andd the tooth is achieved. Adhesion to dentin is usually enhanced by the 
usee of etching techniques, conditioners, bonding systems, and other 
meanss [30]. Although of crucial importance, the subject of bonding 
systemss is beyond the scope of this review, and in the remainder of the 
chapterr an optimal adhesion between the tooth and restoration is 
assumed. . 

AA large portion of shrinkage occurs in the early stage of the setting 
reaction:: after about 15 minutes for chemically activated materials, and 
afterr about 60 seconds for light-activated materials (Fig. 2.3). Thus, 
problemss associated with adhesion loss often start during this early 
stagee of setting, occasionally even before the patient has left the dentist's 
chair. . 

Voidss or microcracks in the restoration are formed during polymeriza-
tion,, when local stress exceeds polymer network strength. These voids 
andd microcracks, as well as poor interfacial adhesion between filler 



andd matrix, can induce cohesive restoration fractures [31]. 
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Figur ee 2.3 Relation between axial shrinkage stress (y-axis) and axial shrinkage 
strainn (x-axis) of a chemically activated resin composite (Silar, 3M) and an 
analogouss light-activated resin composite (Silux Plus, 3M) during setting at room 
temperaturee for 1 hour. The chemically activated composite (C=0.5) was mixed 
1:11 w/w and the light-activated composite (C=1.0) was exposed for 40 seconds 
withh a light unit (Elipar Highlight, standard mode, ESPE) at the distance of 4 mm. 
Thee light intensity at the light exit tip was 600 mW/cm2 (radiometer, model 100, 
Demetron).. Note temperature effect after light exposure and difference in 
onsett shrinkage strain. 

Stresss re l ief 

Twoo factors have a major impact on the ultimate stress level of the 
restoration:: the chemical and physical properties of a material, and the 
wayy a material is handled during its application. The material properties 
aree largely determined by the manufacturer, although a practitioner 
cann influence those properties to some extent. For example, a dentistt can 
alterr the ratio of a two-paste system or use special curing lights and light-
curingg procedures that affect polymerization rate and degree of conver-
sionn [32-35]. Obviously, this manipulation wil l also influence the final 
materiall  properties. The choice of a specific material, application method, 
orr type of restoration can also have an impact on the ultimate quality of 
thee restoration. This statement implies that practitioners must have 
considerablee material expertise if they are to make a well-informed 
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decisionn in favor of a particular material or application method. 

Chemicall  and physical propert ies 

Forr minimal impact on the integrity of a restored tooth, stress 
developmentt must be minimized. One possible solution would be a 
reductionn in the amount of polymerization shrinkage. Changing the 
chemicall  and physical properties of composite materials in such a way 
thatt shrinkage stress is no longer a problem is primarily the concern of 
thosee developing new resin composites. The development of non-
shrinkingg materials (shrinkage lower than 0.4 % of volume) might be a 
solution,, but unfortunately there is no nonshrinking material on the 
dentall  market that can compete on all levels with conventional 
compositess [29, 36-38]. Moreover, the solution of one problem might very 
welll  create a new one (e.g., water sorption after setting might frustrate 
thee high expectations of a nonshrinking material). 

Anotherr approach to reduce shrinkage stress is to modify the resin 
compositionn so that the polymerization rate is lowered without 
influencingg the degree of conversion. A slow polymerization rate may be 
expectedd to increase the ability of the material to flow without damaging 
itss internal structure. In a restorative material with increased flow 
capacity,, the volume change attributable to shrinkage is compensated by 
materiall  flow from the unbonded, outer surface, ultimately resulting in 
lowerr stress. Resin composites can be chemically modified to reduce the 
polymerizationn rate in various ways. Use of less reactive resins is one 
possibility,, but this method may have a negative effect on degree of 
conversion,, resulting in more residual, unreacted monomer remaining 
inn the polymerized composite [39]. Addition of retardative agents 
requiress a careful choice of biocompatible chemicals [40]. Reducing the 
amountt of initiator system components requires no other chemicals 
thann those already used in current systems 141-42]. However, a balance 
mustt be found between a low reaction rate, on the one hand, and 
adequatee conversion of the monomers, on the other hand. In all 
probability,, the best way to obtain a lower polymerization rate in light-
activatedd resin composites, together with a sufficiently high conversion, 
iss by wil l developing new initiator systems. 

Floww / viscoelastic behavior 

Thee solutions to stress reduction previously mentioned are mainly of 
interestt to researchers and manufacturers of composites. However, the 
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dentistt has to deal with a wide variety of commercial products. Although 
materialss differ in monomer composition, concentration of initiating 
system,, filler type, size, loading, and coating, resin composites can be 
dividedd into two general groups on the basis of the initiation system: 
light-activatedd and chemically activated composites. Light-activated 
resinn composites are popular among dentists because they can be "cured 
onn command". However, it has been demonstrated that, under the same 
conditions,, light-activated composites generate higher polymerization 
shrinkagee stress and more exothermic heat than the analogous 
chemicallyy activated composites [43-44]. Dental literature has given 
considerablee attention to a variety of methods designed specifically for 
light-activatedd resin composites, to reduce internal stresses in the 
restoredd tooth [45]. 
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Figur ee 2.4 Setting of dimethacrylate (resin) phase in dental composites. The 
restorativee composite is transformed from a viscoelastic liquid, in which the 
viscouss flow predominates over the elastic behavior, into a viscoelastic solid, 
wheree the elastic behavior predominates over the viscous flow behavior. 

Owingg to the presence of the polymer matrix, dental resin composites 
exhibitt viscous as well as elastic characteristics. The combination of 
thesee effects is called viscoelasticy. The molecular origin of the viscous 
floww property is the sliding of polymer-polymer segments or filler-
polymerr segment along one another. For elasticity, it is the 
elongation/compressionn of the filler and polymer segment. Elastic 
deformationn of a polymer segment occurs by rotations along the polymer 
backbone.. In this situation, the polymer has high local mobility, while 
thee overall mobility of the chain is blocked (Fig. 2.5). The energy spent to 
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producee elastic deformation is recoverable, whereas that for viscous 
floww is permanent. 

Figur ee 2.5 The elastic deformation of a polymer subchain within the specimen 
(brokenn line), (a) indicates an unstretched specimen, and (b) the same spec-
imenn after elongation in the z direction . Assuming that no volume 
changee accompanies the deformation, the x and y dimensions of the volume 
elementt (solid line) as well as the specimen are decreased by 1/a l/2 compared 
too the original dimensions (subscript 0) [21]. 

Duringg the early stage of polymerization, monomers are mainly 
convertedd into polymeric chains. After a certain degree of conversion has 
beenn attained, the predominant reaction is the cross-linking of the poly-
mericc chains, resulting in a strong polymeric network [46]. Although 
duringg the chain-growing period material viscosity rapidly increases, the 
polymericc chains can still slide along one another to relieve stress (Fig. 
2.4).. When the cross-linking reaction becomes predominant, there is 
lesss ability of individual polymer chains to slide. At this stage, usually 
denotedd as the post-gel phase, the polymeric chains reach sufficient 
moduluss of elasticity to develop a strong, rigid viscoelastic material. Any 
furtherr composite shrinkage wil l generate mechanical stress in the 
restoration.. When adhesion survives the stress, microcracks or, in severe 
cases,, voids can be generated in the viscoelastic material. 
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Reductionn of the negative effects of shrinkage stress can be controlled 
byy practitioners; it involves the design of the preparation and the 
methodss used to apply a restoration. The relation between the shape of 
aa preparation and shrinkage stress development in composites has been 
demonstratedd by Feilzer et al. [47]. In this context, the shape of the 
preparationn is often described by means of the configuration factor (C-
factor). . 
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Figur ee 2.6 (a) The relation between different schematic, rectangular restora-
tions,, the corresponding configuration (C) factor values, and standard Class II, 
IV,, and V restorations [47]. (b) Time-axial shrinkage stress relation of a chem-
icallyy activated resin composite (Silar, 3M) during setting at room temperature 
forr various C-factor values. 

Thee C-factor denotes the ratio between the bonded and the free area of 
thee restoration. It should be noted that the term "bonded area" means 
bondedd to a rigid surface. In general, more bonded area leads to higher 
shrinkagee stress, since composite flow is largely restricted to the small, 
freee area of the material. This factor explains why the adhesive Class IV 
restorationn has proved to be so successful, whereas other classes, in 
whichh the restoration is bordered by preparation walls (i.e., a high C-
factor),, often display marginal defects. The practitioner is in full control 
off  preparation design; however, there are many other factors that influ-
encee the actual shape of the preparation, including some with an unde-
sirablyy high C-factor. The next section reviews several methods by 
whichh practitioners can reduce the impact of shrinkage stress on the 
qualityy of a restoration with a high C-factor. 
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Layers,, liners and porosities 

Thee methods described in this section to reduce the effects of 
shrinkagee stress are all based upon a reduction of the effective C-factor. 
Forr preparations with a large C-factor (Class I and V), the dentist can 
applyy a restorative material in several layers or increments. The 
advantagee of this technique is twofold: (1) the C-factor for a small incre-
mentt is lower than for bulk filling ; and (2) small-increment light-acti-
vatedd composites can be more thoroughly polymerized, since light 
intensityy diminishes with the fourth power of light penetration [48]. Off 
course,, the main disadvantage of this method is that it is a time-
consumingg procedure [49-50]. 

Itt is thought that, when the walls of a preparation with an unfavorable 
(i.e.,(i.e., high) C-factor are covered with a relatively thick layer of a low 
elasticc modulus material, the bulk shrinkage of the main restoration 
acquiress some freedom of movement from the adhesive liner [51-52]. 
Thiss concept is feasible when the liner extends to the cavosurface 
margin.. Additionally, the elastic liner between the tooth and composite 
iss often less wear-resistant at the restoration surface, resulting in surface 
pitting,, which may provide a site for bacteria growth [53]. 

Thee real effect of a low modulus lining material is probably its 
contributionn to a more equal distribution of tensile and shear stresses 
overr the adhesive interface. This material could dissipate the shear 
peakk stress and generate no high polymerization shrinkage stress on the 
adhesivee layer. Thus the adhesive, which is oftenly often not properly 
polymerized,, owing to oxygen inhibition, is given time to polymerize 
beforee the high-bulk shrinkage stresses of the overlying higher filler-
loadedd composite begin to act on it. Although the mechanisms are not 
clear,, layering and low modulus liners are now generally accepted as 
meanss of reducing polymerization shrinkage stress. Both methods have 
thee disadvantage of additional time-consuming steps during restoration. 
Thee literature provides no clarity with respect to the "sandwich tech-
nique",, in which glass ionomer cements are used as liner [54]. 

Deliberatelyy admixing small air bubbles into a composite prior to use 
resultss in porosities in the polymerized composite. These porosities 
cann be considered as unbonded areas, and they lead to a lower effective 
C-factorr and, thus, lower shrinkage stress [43-55]. However, it should be 
keptt in mind that porosities can have a negative effect on other 
compositee properties (i.e., water sorption, Young's modulus, wear etc.). 
[56-58].. For this reason, the practice of deliberately inducing porosities 
inn a composite should be discouraged. 



Light-sources s 

w> > 

AA recent method designed to reduce the polymerization rate of light-
activatedd resin-based materials involves varying light intensity on the 
restoration,, either by reducing the output of the curing light or by 
increasingg the distance between the light exit tip and the composite 

«>> [32, 59, 60]. A significant problem presented by the use of low light 
§§ intensities is a reduced curing depth, which further declines when the 
oo quality of the light source in the curing unit deteriorates with age [61-64]. 
^^ A predictive model for depth-of-cure devised by Rueggeberg et al. 
q,, suggests that the duration of setting compensates for the lower intensity 

[65].. Although present-day conventional light-activated composites 
weree developed for traditional procedures with a conventional halogen 
lightt source (40-60 s exposure with light intensity 600 mW/ cm2), many 
studiess report significantly lower exposure durations involving new 
lightt units [33, 59, 66-68]. However, a valid comparison between light 

**  units requires that the spot diameter, intensity, wavelength distribution, 
Q.. exposure duration, and distance between light exit tip and composite 
55 must be specified. Failure to specify these parameters makes comparison 
«« between light units impossible. The physical and mechanical properties 

off  composites are greatly influenced by the extent to which the resin has 
beenn polymerized [34, 69, 70]. As polymerization efficiency and a lower 
polymerizationn rate may be diametrically opposed to each other, a 
balancee must be found between low shrinkage stress, on the one hand, 
andd a adequate monomer conversion level, on the other [71]. 

c c 
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Waterr Hygroscopic expansion 

Thee hygroscopic properties of a composite, although difficult to 
determine,, can influence ultimate shrinkage stress [72-78]. Hygroscopic 
expansionn (swelling) due to water sorption from saliva may, after 
setting,, substantially relieve shrinkage stress [79]. Unfortunately, 
swellingg is much more marked for restorations with a low C-factor, in 
whichh shrinkage stress is not as great a problem. In the case of high C-
factorr restorations, the surface of the restoration, which is exposed to the 
orall  cavity, wil l initially gain in volume. This gain produces a gradient 
fromm the outer surface to the bulk of the restoration, thus adding 
additionall  stress. Finally, owing to the slow process of water sorption 
fromm saliva, stress relief may come too late, after fractures have already 
formed.. Although water sorption in generally recognized as a stress-
relievingg mechanism, there are few quantitative data available to assess 
itss true impact. After a prolonged period of swelling, nonshrinking 
compositess may encounter major problems related to expansion stress in 
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somee types of restorations (e.g., mesio-occlusodistal (MOD) restorations). 

Conc lus ion n 

Inn the past 10 years, a great deal of effort has been made toward the 
developmentt of nonshrinking and even expanding composite materials 
forr dental appl icat ions. However, at present, the dental pract i t ioner 
stilll  has to deal with shrinking resin composites and the accompanying 
problems.. Because there is as yet no easy, general solut ion to these 
prob lems,, a p roper unde rs tand ing of the mechan isms causing the 
problemss and the methods that can be used to reduce their impact on the 
qual i tyy of a res tora t ion is of crucial impor tance. The in format ion 
presentedd is in tended to help the pract ioner obtain maximum benefit 
fromm the selection and appl icat ion of resin composites. 
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