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Introduction 

Composite resin has been introduced since the late 1950s and is widely used as 

a restorative material in dentistry (Schneider et al., 2010). It has several 

advantages over amalgam such as better aesthetic properties, ability to bond to 

the tooth structure, and allowing for better conservation of tooth structure 

(Kaisarly and Gezawi., 2016). Due to all these advantages, the use of composite 

resin has increased drastically in modern preventive and restorative dentistry. 

Despite the continuous advancements in composite resins, it still suffers from 

polymerization shrinkage that ranges from 2 to 5% (Braga et al., 2005). 

Polymerization shrinkage of composite resins occurs mostly due to the 

conversion of monomer into polymer chain in which the van der Waals forces 

are replaced by covalent bonds that pull the particles closer (Kaisarly and 

Gezawi., 2016). This leads to interfacial polymerization stresses, causing gap 

formation at the dentine-bond interface, increasing the risk of recurrent caries 

and consequently restoration failures (Al Sunbul et al., 2016).  

Possible causes of marginal gap development are polymerization shrinkage, 

effect of configuration factor (C-factor), differences in coefficients of thermal 

expansion between the tooth and restorative materials, and water 

sorption,(Subbiya, Venkatesh et al. 2020) 

Many techniques were suggested to reduce the adverse effects of shrinkage 

stress, among these suggestions are: altered light curing cycles (intensity and 

time curing), thiol-ene photo polymerization, preheating , vibration, stress 

absorbing layers with low elastic modulus liners and diverse composite layering 

techniques (Deliperi and Bardwell 2002) 

Different placement techniques of posterior composite were adopted to reduce 

polymerization shrinkage. Among these techniques, a widely used method 

named Incremental Technique which rely on applying composite in 2mm 
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increment in different suggested ways such as: horizontal technique, oblique 

successive cusp build-up technique, centripetal incremental technique, split 

horizontal technique and three-site technique. (Chandrasekhar, Rudrapati et al. 

2017).  

Although polymerization shrinkage has been reduced by incremental technique, 

researches documented some drawback such as voids, cuspal deflection and 

time consuming. Bulkfill composite which allow 4-5mm bulk placement, has 

been developed to overcome some of these shortenings (Boaro, Lopes et al. 

2019) . Some authers advocated the use of flowable composite underneath the 

bulkfill to improve the adaptation of composite and help in increase relaxation 

stress (Kaisarly, Meierhofer et al. 2021). 

In addition to traditional technique in the application of composite, two 

advanced methods has been suggested. A snowplow technique is one of these 

techniques, which involves the placement of a layer of flowable composite on 

the pulpal floor and the gingival margin of the proximal box of a posterior 

composite resin restoration. However, the layer of flowable composite is not 

cured, followed by application of packable composite and curing the 2 layers 

simultaneously (Doustfateme, Khosravi et al. 2018) While another technique 

was suggested by David Clark named injection molding technique, which 

proposed the use of one layer of adhesive followed by flowable composite then 

finally injecting the paste composite. The resin-flowable-paste mass is 

polymerized together in a single (Clark 2010). 

The development of new resinous materials and the inevitable clinical signs and 

symptoms associated with polymerization shrinkage make this topic an 

important issue for clinicians and researchers. Therefore, this review article will 

focus on polymerization shrinkage, polymerization stress, their consequences 

and strategies used by companies and clinicians to minimize the effects.  
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1- Polymerization Shrinkage and Stress 

A polymer occupies less volume than the monomers, the effect of which is well 

known as polymerization shrinkage (Kim et al., 2015). During the process of 

polymerization, the weak physical van der waals attraction between the 

monomer molecules are replaced by a stronger covalent bond and thus 

development of shrinkage (Pratap et al., 2019). 

Unfortunately, almost all composite resins currently available in the dental 

market exhibit shrinkage during transforming monomers into polymers, ranging 

from 2 to 7% volumetrically (Hassan and Khier 2019). Composite 

polymerization could well be split into two phases: the pre gel phase and the 

post gel phase. Prior to gelation, the reactive species exhibit sufficient mobility 

to reorganize and adjust for volumetric shrinkage without producing substantial 

quantities of internal and interfacial stresses (Perdigão et al., 2012; Sezinando, 

2014). Polymerization shrinkage occurs after the gel point, causing strain on the 

network and the attachment region to the bonding system after the gel point. 

This stress condition is known as polymerization shrinkage stress (Hilton, 

2002a, 2002b). 

2- Polymerization mechanism 

A dental composite comprises a system of mono-, di- or trifunctional 

monomers. BIS-GMA (bisphenol A–diglycidyl ether methacrylate) and 

urethane dimethacrylate are the most popular and widely used dimethacrylates 

(Rueggeberg, 2011).  

Blue light activates Camphorquinone photoinitiator (CQ) and transforms it 

chemically into an excited triplet state which reacts with the amine to produce 

free radicals (Stansbury JW. 2000). This reaction also stimulates the 

accelerators to produce larger amounts of free radicals which begin the 

polymerization process. The generated free radicals react with the monomer 
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molecules in the resin (Braem M., et al., 1989), forming active centers for 

polymerization. Following this, propagation of the polymerization process 

continues by sequential addition of the monomers to the active centers to 

produce long cross-linking polymer chains. This reaction brings the individual 

monomer molecules closer together to form covalent bonds. 

Monomer molecules are held together by van der Waals forces where the 

intermolecular distance is 0.3 nm - 0.4 nm. After their polymerization, these 

molecules are held by covalent bond where the intermolecular distance is 

reduced to 0.15 nm. This reduction in the intermolecular distance produces 

volumetric polymerization shrinkage (Peutzfeldt A.,1997). 

3- Factors involved in the development of polymerization shrinkage stress 

in dental composite 

3.1 Volumetric Shrinkage 

When the monomers react to form a covalent link, the distance and the free 

volume between the two groups of atoms are reduced, both of which result in 

volumetric shrinkage of the polymer structure. The amount of volumetric 

shrinkage experienced by a composite is governed by the volume fraction of 

filler used, the composition of the resin matrix, and the degree of conversion 

experienced by the resin matrix (Braga et al., 2005) 

3.2 Configuration factor (C factor): 

The C-factor is the ratio of bonded surfaces to the un-bonded, or free surfaces in 

a tooth preparation. 

The higher the C-factor, the greater is the potential for bond disruption from 

polymerization effects (Ikemi and Nemoto., 1994). 

Class I and class V cavity exhibit greatest stress because the restoration is 

bonded to five walls of the cavity. High C – factor results in de bonding of the 
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restoration. Lowest stress is seen in class IV cavity because it has enough un 

bonded surfaces providing stress relief. Hence it is important to have lower 

configuration cavity (Combe et al., 1999). 

 

Figure 1 Configuration factors (C-factors) associated with polymerization shrinkage for different 

situations using dental restorative materials. 

 

3.3 Composition of resin matrix: 

In case of methacrylate monomers, it is impossible to avoid shrinkage, which 

ranges up to 10% 16% by volume (Jakubiak J and Linden LA., 2001). The main 

part of organic matrix in composite is the high viscosity methacrylate monomer 

BIS-GMA. It has lower polymerization shrinkage than other monomers because 

its high viscosity results in less degree of freedom, which in turn, results in 

kinetically low degree of conversion (Kilambi H., et al., 2009). Composite 

resins with silorane monomer have lower polymerization shrinkage than 

methacrylate-based composites (Son SA., et al.,2014). 

3.4 Degree of conversion: 

The degree of conversion (DC) can be defined as the extent to which monomers 

react to form polymers or as the ratio of C=C double bonds that are converted 

into C-C single bonds (Iile and Hickel., 2011). 
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There is a direct relationship between degree of conversion and shrinkage 

(Silikas et al., 2000). For a given composite, a reduction in the final degree of 

conversion will lead to lower shrinkage and lower contraction stress. However, 

a low degree of conversion might compromise some of the materials 

mechanical properties. In contrast, small increases in the degree of conversion 

will produce substantial increases in stress but will improve the mechanical 

properties of the material (Braga and Ferracane., 2002). 

3.5 Filler volume fraction 

Filler volume fraction has an inverse relation to volumetric shrinkage (Wang 

Zand Chiang MY., 2016). As the volume of filler content increases, the volume 

of resin matrix decreases and hence volumetric shrinkage reduces 

proportionately. The shrinkage values for BIS-GMA and TEGDMA (trieth- 

ylene glycol dimethacrylate) are 5.2% and 12.5%, respectively (Gonçalves F., et 

al. , 2011), but the shrinkage value for composites is only 2% -3% because of 

the filler content. 

3.6 Water sorption 

The quantity of water absorbed by a material via the exposed surface and into 

the substance's body is referred to as water absorption by the material. Two 

opposing processes occur as a result of the diffusion of water into the matrix. In 

certain composites, water will leak away free unreacted monomers and ions that 

have not yet been reacted. This outward migration of ions leads to additional 

shrinkage and weight loss of the material as a result of the process. Hygroscopic 

absorption of water, on the other hand, results in a swelling of the material as 

well as an increase in weight. This process may allow for a degree of relaxation 

of the tensions that are created inside the matrix during polymerization 

shrinkage if the matrix is sufficiently flexible (Shalan and Yasin, 2011). 
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3.7 Intensity of curing light 

There exists a linear relationship between polymerization shrinkage and light 

intensity, which means that higher light intensity produced greater 

polymerization shrinkage when exposure time is constant.(Sakaguchi RL, 

1998). The reason for higher shrinkage with higher intensity is due to greater 

degree of conversion. The slower polymerization delays the gel point, which 

provides for stress relaxation in the resin and the interface. (Giachetti L, 

Scaminaci Russo D, Bambi C, Grandini R, 2006) Polymerization shrinkage is 

highest with ramp curing modes and high intensity modes, whereas it is lesser 

with step-curing and low intensity modes . (Watts DC, Silikas N, 2005). 

3.8 Thickness of composite resin: 

Incremental curing produces lesser polymerization shrinkage stress than bulk 

curing (Giachetti et al., 2006). 

 

4- Techniques to reduce shrinkage stress 

4.1 Intensity of curing light 

There exists a linear relationship between polymerization shrinkage and light 

intensity, which means that higher light intensity produced greater 

polymerization shrinkage when exposure time is constant. (Sakaguchi RL, 

1998) The reason for higher shrinkage with higher intensity is due to greater 

degree of conversion. The slower polymerization delays the gel point, which 

provides for stress relaxation in the resin and the interface. (Giachetti L, 

Scaminaci Russo D, Bambi C, Grandini R, 2006) Polymerization shrinkage is 

highest with ramp curing modes and high intensity modes, whereas it is lesser 

with step-curing and low intensity modes. (Watts DC, Silikas N, 2005). 
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There are many types of alternative light-curing methods: 

4.1.1 Pulse delay: 

In this method, each exposure is separated by a dark interval. During this phase 

the polymerization reaction takes place at a slow rate. The greatest reduction in 

the shrinkage is accomplished with the delay of 3 to 5 minutes. 

Curing done for 10 seconds at 1-cm distance with a time gap of 10 seconds 

followed by 20 seconds curing in contact with the tooth surface proves to be a 

suitable technique to reduce the polymerization shrinkage without 

compromising the degree of conversion (Subbiya et al., 2015). 

4.1.2 Ramped curing: 

The intensity is gradually increased during the polymerization process. It is 

achieved by increasing the intensity with every 30 seconds either by bringing 

the light closer to the tooth or using a curing light designed to change its 

intensity. This allows the light curing material to have a prolonged gel phase 

during which the polymerization stresses are distributed readily (Schneider et 

al., 2008). 

4.1.3 Staged curing / delayed curing: 

The restoration is initially cured at lower intensity until the contour and shape of 

the restoration is achieved. The second exposure with high intensity is applied 

to cure the final restoration. This provides substantial stress relaxation period. 

The longer the relaxation period, lower the stress generated (Bassi et al., 2016). 

4.2 Incremental Curing of Composites-Layering Techniques 

The reason for using multilayer methods is to decrease overall polymerization 

stress by increasing the number of increments and providing them an optimum 
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shape to increase the total free surface area of the polymerization product (Park 

et al., 2008). 

4.3 Stress Absorbing Layers with Low Elastic Modulus Liners 

In the case of resin-based composites, liners such as flowable composite and 

resin-modified glass ionomer cement are used (Kwon et al, 2010) .The lower 

filler content and lower elastic modulus of these materials suggest that they may 

be used as a "stress breaker," absorbing the forces of shrinkage during 

polymerization and loading under cyclic conditions. Using a flowable resin 

composite as an intermediary thin layer to overcome polymerization shrinkage 

stress has been proposed as a means of overcoming polymerization shrinkage 

stress. This is based on the idea of an "elastic cavity wall" previously proposed 

for filled adhesives ( Braga et al., 2005). 

Under the "elastic cavity wall concept," the shrinkage stress produced by the 

following layer of greater modulus resin composite may be absorbed by an 

elastic intermediate layer, decreasing the tension at the tooth-restoration 

interface (Unterbrink & Liebenberg, 1999). Restorative materials, on the other 

hand, come in a broad range of shrinkage and elastic modulus values. 

As a result, certain combinations may have worse overall effectiveness when 

compared to the typical restorative substance used alone. Some author stateded 

that the shrinkage stress of flowable resin composites was found to be 

comparable to that of conventional resin composites, confirming the hypothesis 

that the use of flowable materials does not result in a significant stress reduction 

and that the risk of debonding at the adhesive interface as a result of 

polymerization contraction is the same for both types of material. (Cadenaro et 

al., 2009). 
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4.4 Preheating 

Preheating resin composites have found to reduce the polymerization shrinkage 

because the increased temperature reduces the viscosity of the material and 

increases radical mobility. This would result in increased polymerization and 

higher degree of conversion. (Baroudi K, Mahmoud S, 2015) 

If shrinkage stress in composite resin is minimized, the success and survival 

rates of the restorations can be improved. So a prudent practitioner should be 

aware of all the updates taking place in the field of composite resin to minimize 

the shrinkage stress. 

4.5 Material aspect 

A new monomer system named silorane was synthesized by reacting oxirane 

and siloxane molecules. The novel silorane-based resin is claimed to have the 

advantages of low polymerization shrinkage due to the ring-opening oxirane 

monomer which resulted in low shrink- age composite resins (Moosavi H., et 

al., 2012). These monomers produce local volumetric expansion because of the 

opening of ring structure (Figure 2). which compensate for the volumetric 

shrinkage from CaC polymerization (Weinmann W., et al., 2005). 

Modification of photoinitiator and inhibitor system can affect the 

polymerization reaction and shrinkage. Increasing the concentration of inhibitor 

reduced the rate of polymerization and shrinkage stress (Braga RR and 

Ferracane JL., 2002). The rate of polymerization stress is reduced when 

camphorqui - none content was substituted partly by phenylpropanedione 

(Schneider LF., et al., 2008), the addition of thiourethane oligomers has proven 

to reduce polymer- ization stress (Bacchi A., et al., 2018) and addition of up to 

20% phene (new monomer) into BIS-GMA/TEGDMA (He J., et al., 2016). The 

development of low shrinkage and bulk fill materials showed promising 
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improvement in the reduction of polymerization shrinkage stress (Meereis 

CTW., et al., 2018). 

 

Figure 2: Volumetric polymerization shrinkage due to opening of ring structure (bottom) compared to 

aliphatic one (Top). 

 

4.6 Vibration 

Based on the premise that vibration reduces the viscosity of the composite, 

enabling the material to flow and readily adapt to the cavity walls without voids, 

this method is comparable to flowable composites in its performance 

characteristics. So instead of having to deal with the drawbacks of large 

polymerization shrinkage and poor mechanical characteristics of a flowable 

composite, a condensable material with a higher viscosity may be utilized in a 

similar manner two examples are Sonicfill composite and Compothixo 

instrument (Iovan et al., 2011). 

 

Figure 3 Sonicfill composite and Compothixo instrument 
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5- Composite Placement Techniques 

5.1 Incremental Technique 

The incremental technique has been widely accepted as a standard method for 

resin composites placement because it depends on layering thickness of 2mm or 

less than allows enough light penetration for adequate polymerization. This will 

enhance the physical properties, marginal adaptation, reduce cytotoxicity, and 

minimized polymerization shrinkage of composite restoration by reducing the 

volume of material and C-factor (Costa et al., 2017). 

When the incremental technique was used for insertion of the composite, there 

was a reduction in microleakage, which could be due to the reduced volume of 

the resin and the stress generated on the cavity walls, as well as to more uniform 

and efficient polymerization of the resin composite throughout its entire 

thickness (Pfeifer et al., 2006). The followings are some examples of variations 

associated with different stratifications (Nadig et al, 2011). 

5.1.1 Horizontal Technique 

This is an occlusogingival layering technique that is usually utilized less than 2 

mm thickness of composite restorative material against the prepared cavity 

surface is done and cured. But the primary disadvantage is that there is an 

increase of the C-factor, which in turn increase the shrinkage (Reis et al., 2003) 

(Figure 4) 

 

Figure 4 A: Horizontal Technique (Reis et al., 2003) 
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5.1.2 Oblique technique 

The concept of the oblique technique was first introduced by Lutz et al., (1986) 

to improve resin flow and therefore reduce polymerization shrinkage stress by 

increasing adhesive-free surface area. In this method, wedge-shaped composite 

increments are inserted and polymerized just from the occlusal surface, rather 

than the whole surface. Because the form of the increment in the oblique 

method covers less cavity wall surface than the horizontal technique does, it 

may have resulted in less stress being applied to the wall (Mereuţă et al., 2012). 

(Figure 5) 

 

Figure 5 B: Oblique Method (Reis et al., 2003) 

 

5.1.3 Centripetal Incremental Technique: 

was developed by Bicho in 1994. It included the creation of a thin composite 

proximal wall before filling the whole preparation with horizontal increments, 

resulting in greater adaptability of the composite to cavity walls (Nadig et al., 

2011). (Figure 6) 

 

 

 

 

Figure 6 C: Centripetal Incremental Technique (Szep 

et al., 2001) 
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5.1.4 Split Horizontal Technique: 

A variation of the centripetal and horizontal incremental methods, the split 

horizontal incremental approach has been suggested, in which, after 

constructing the proximal wall, the horizontal increments put to fill the class I 

cavity thus created are divided to further decrease the C factor (Iovan et al., 

2011). (Figure 7) 

 

Figure 7 D: Split Horizontal Technique (Nadig et al., 2011) 

 

5.1.5 Three-Site Technique: 

For many years, it was thought that contraction in light-curing resin composites 

always occurred toward the light source. However, this was shown incorrect 

(Lutz et al., 1986). This method is linked with the employment of a reflecting 

wedge and a modified transparent matrix, among other components. To begin, 

the curing light is directed through the matrix and wedges in an attempt to guide 

the polymerization vectors toward the gingival margin. This has resulted in a 

reduction in the intensity of the light, a reduction in contraction stresses, and an 

improvement in the adaptation ((Lindberg et al., 2007); Karthick et al,. 2011) 

(Figure 8) . 
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Figure 8 E: Three-Site Technique (Karthick et al., 2011) 

 

5.1.6 Successive cusp build-up Technique: 

In this method, the initial composite increment is placed to a single dentin 

surface without coming into touch with the opposing cavity walls, and then the 

restoration is built up by putting a succession of wedge-shaped composite 

increments to reduce the C-factor. (Giachetti et al. (2006)) describe the process 

of building up each cusp one at a time (Figure 9). 

 

Figure 9 F: Successive cusp build-up Technique (Giachetti et al., 2006) 
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5.2 Bulk Technique 

This technique refers to the use of a regular consistency bulk-fill composite in 

one increment up to 4-5mm without an additional capping layer as shown in 

Figure (10) (Hirata et al., 2015). This helps to decrease curing time and 

controlled polymerization shrinkage that leads to time-saving for the dentist and 

patient and produces more comfortable restoration (Ilie et al,. 2013) 

 

Figure 10;  Bulkfill Technique 

Bulk fill receives Innovative modifications in monomer chemistry, initiation 

system, and filler content, as well as developing novel polymerization strategies 

(Elshazly et al., 2020). 

5.3 Snow plow technique 

The snowplow technique involves the placement of a layer of flowable 

composite on the pulpal floor and the gingival margin of the proximal box of a 

posterior composite resin restoration. However, the layer of flowable composite 

is not cured before the placement of a denser-filled composite resin restorative 

material. In this way, the flowable is pushed into a very thin layer, and the 

excess is pushed out of the preparation. Reportedly, this will leave a very thin 

film of the high-shrinking flowable composite (Opdam et al., 2003). The 

flowable and the initial heavier-filled composite layer are light-cured as one 

increment. In contrast, a flowable composite cured in the traditional manner 
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prior to subsequent incremental placement has been shown to increase the 

polymerization stress at the adhesive interface leading to a possible adhesive 

failure (Oliveira et al., 2010).(Figure 11). 

 

Figure 11: Snowplow technique 1:uncured flowable composite ,2: packable composite ,the two layers 

cured simultaneously. 

 

5.4 Injection molding technique 

The injection-molded composite technique was firstly suggested by David J. 

Clark in 2010, who proposed using one layer of adhesive followed by flowable 

composite then finally injecting the paste composite. The resinflowable paste 

mass is polymerized together in a single light cure. The concept of injection-

molded composite dentistry can be compared to impressioning, in which the 

low-viscosity, light-body material is syringed into subgingival areas, and then 

followed and partially displaced by a heavier, high-viscosity impression 

material that has appropriate physical characteristics. In this technique, 

successively higher-viscosity materials are applied in sequence, and the bonding 

resin and flowable composite act as wetting agents, which are subsequently 

displaced by the heavier pastecomposite material. (Clark, 2010) (Figure 12). 
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Figure 12: Injection molding technique 1:uncured adhesive ,2:uncured flowable, 3:packable 

composite ,the three layers cured simultaneously. 
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Conclusion 

The use of composite restorations is increasing because of the benefits accrued 

from adhesive bonding to tooth structure, esthetic qualities, and almost 

universal clinical use. When done properly, a composite restoration can provide 

excellent service for many years. 

Though shrinkage cannot be eliminated completely, there are numerous 

methods to reduce it. Therefore, the clinician should implement any of these 

methods to improve the success rate and longevity of the composite resin 

restorations. 
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