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ABSTRACT  

Aim:  The purpose of this study was to evaluate the polymerization shrinkage of four different light cured 

composite resins used for restorative purposes by measuring shrinkage strain.  

Materials and Method: Thirty composite samples were divided into three groups of ten each. An experimental 

design was made to record the shrinkage strain while curing the composite sample. The readings were recorded 

and statistical analysis was done.  

Results: Results showed samples in group II (fiber reinforced composite) had least polymerization shrinkage 

whereas group III (Nano filled composite) had the highest shrinkage.  

Conclusion: Resin matrix composition, filler volume, type of filler and lot of other factors has to be considered 

before selecting a composite resin for a successful restoration. 
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INTRODUCTION 

Caries continues as the most prevalent 

malady in dentistry despite remarkable advances in 

prevention over the past few decades.  Currently, 

the only treatment for carious lesions is tooth 

restoration by placement of an inert material that 

acts as a block to further decay. Modern composite 

restorations are composed of silane-coated 

inorganic filler particles and adhesive resins 

(reactive monomers and cross-linking agents).  

Composites are more aesthetic and lack undesirable 

metals, but may have shorter 

lifetime than amalgam 

especially in molar teeth. Much 

of this decreased performance 

is due to the physical realities 

of the polymerization process 

as the composite material sets into the prepared 

site in the tooth. For example, marginal leakage due 

to polymerization shrinkage has been cited as a 

major problem of resin composites.  Thus, while 

progress has been made on understanding the 

mechanisms that led to composite restoration 

failure, there has been little progress in solving the 

underlying problem(s).  Therefore, there is a need 

for research to develop the next generation of 

dental restorative materials that possess the 

combination of the mechanical properties of 

amalgam and the tooth-like esthetics.   

Composites contract about 1 to 5 volume % 

during the polymerization process1. Studies have 

shown that more bond failures have occurred in the 

tooth structure and composites during the post-gel 

polymerization stage2. Over the past few decades, 

lot of  efforts have been  centered on understanding 
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the chemistries within the composite, such as 

driving the polymerization reaction to completion, 

excluding water from the binding surface of the 

dentin and layering large restorations to dissipate 

heat and shrinkage stresses gradually3,4,5.  

The aim of the study is to evaluate the 

polymerization shrinkage of three different light 

curing composite resins. 

MATERIALS AND METHODS 

Thirty samples were divided into three 

groups each consisting of ten samples. The strain-

gauge method was used to measure the 

development of post-gel shrinkage of the light 

activated restorative composites.  

Group I – 3M Z 250 (Micro hybrid composite) 

Group II – Nulite F high strength (Fiber reinforced 

composite) 

Group III – 3M Z 350 (Nano filled Composite) 

 

Fig 1: Showing experimental design made for measuring the 

postgel shrinkage. 

An experimental design was made for 

measuring the post gel shrinkage (Figure 1). 

Shrinkage strains at the bottom of the composite 

samples were measured in two perpendicular 

directions using a biaxial stacked strain gauge (CEA-

06-032WT-120, Measurements Group). Uncured 

composite of 1mm thickness was placed on the 

strain gauge. The sample area attached to the 

strain-gauge backing was approximately 9 mm2, 

while the actual gauge area was 0.656 mm2. This 

ensured that the sample boundary artifacts would 

not affect the measurement area. The light intensity 

that reaches the composite from a light source 

diminishes with increasing distance from the light 

curing tip. In this shrinkage experiment, the 

distance of the curing light guide was standardized 

at 2mm above the sample. Samples were light cured 

for 40 seconds. The output of the photocell was 

placed next to the composite sample and was 

recorded with the strain outputs to register the 

exact beginning and duration of the light cure. The 

shrinkage strain was recorded for 10 minutes after 

initial light activation. The relationship between 

shrinkage strain and time was obtained by 

averaging the two perpendicular strain 

components. Postgel shrinkage values at 40 

seconds, 10 minutes and 30 minutes were used for 

statistical analysis. 

Table 1: mean and the standard deviation values were 

compared by students paired t-test. 

Time Group I Group II Group III 

40 sec 18.7 ± 10.2 29.2 ± 7.2 48.2 ± 10.6 

10 min 74.4 ± 21.78 18.6 ± 4.3 161.1± 30.43 

30 min 91.7± 20.2 14.21 ± 3.5 213.8 ± 52.4 

 

 

Graph 1: Mean Value of Micro strain Value for 

Groups I, II and III at 40 sec, 10 min and 30 min. 

RESULTS 

The mean and the standard deviation 

values were compared by students paired t-test. 

Multiple range tests by Tukey – HSD procedure was 
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used to identify the significant group if p value was 

significant. Group I showed less polymerization 

shrinkage at 40 secs compared to group II and 

group III. Group II showed least polymerization 

shrinkage compared to group I and Group III at 10 

and 30 minutes. Among all the groups Group III 

showed high polymerization shrinkage at all the 

time intervals (Table 1 and Graph 1).  

DISCUSSION 

Inspite of various advantages of 

composites, in order to overcome the main 

drawback that is, the   polymerization shrinkage, 

lots of efforts are made by improving the 

formulation of these materials1,6,7. The setting 

reaction is accomplished by volumetric shrinkage of 

varying magnitude, depending on the resin 

formulation8,9. The debonding stresses resulting 

from the shrinkage can cause post-operative 

sensitivity10,11, opening of the restoration margins 

leading to microleakage and secondary 

caries3,12,13,14. Many methods and techniques have 

been employed to minimize polymerization 

shrinkage with varying degree of success. Use of 

sandwich technique5, low viscosity composites as 

first increment8, incremental insertion of 

composites3 light transmitting wedges9, soft-start 

polymerization10,11 have been used to minimize the 

shrinkage. But by varying the resin matrix 

composition, type of filler, filler particle size and the 

filler volume15,16, new composites have been 

developed such as the fiber reinforced composite 

and nano composite. The dimensional change due to 

polymerization starts from the beginning of 

polymerization and continues over a period of time 

and hence the shrinkage was studied at 40 secs, 10 

min and 30 min intervals. 

In this study, the resin matrix of group I 

and Group III are similar except that group III 

consists TEGDMA apart from Bis-GMA, UDMA and 

Bis-EMA. UDMA and Bis-EMA have high molecular 

weight than TEGDMA which is known to reduce 

polymerization shrinkage17. The resin matrix of 

group II has only Bis-GMA. All Bis-GMA resins 

shrink to some extent, but the contraction can be 

reduced by adding monomers of low molecular 

weight where as high percentage of low molecular 

weight monomers such as TEGDMA exhibit high 

volumetric shrinkage and hence high contraction 

stress18, 19, 20.  

 Apart from the resin matrix, stiffness and 

flow ability of the composites are also important 

factors affecting the development of stresses which 

are related to the filler content21. Among all the 

groups, Group II had the highest filler content 

(71%) which showed least polymerization 

shrinkage. Group I (60%) and group III (59.5%) had 

same filler volume content but yet shrinkage was 

more in group III which can be attributed to the 

filler particle size which may also play a role in the 

polymerization shrinkage17. Even though the size of 

filler particles was least in group III with a mean 

particle size of 5 to 20 nm, it showed high 

polymerization shrinkage which may be due to the 

presence of nano particles as well as clusters with a 

mean size of 0.6 to 1.4 microns along with resin 

matrix composition. On the contrary group II had a 

filler size of 0.04 to 16 microns but showed least 

polymerization shrinkage.  

From the above discussion, it can be 

concluded that shrinkage stress does not depend on 

one single factor. According to the manufacturer, 

fiber reinforced composites (Group II) are 

incorporated with polyethylene fibers, Bis-GMA 

resin matrix and the mean filler size range of 0.04 to 

16 microns with a filler volume percentage of 71%   

which could have been the reason behind the low 

polymerization shrinkage when compared to group 

I and Group III. But any how the exact mechanism is 

still elusive and further in vivo studies are required 

to study the same. 

CONCLUSION 

When placing a white composite filling into 

a decayed tooth, the devil is always in the 

polymerization process.  That’s when dentists shine 

a high-energy light onto the dough-like filling 

packed into the cavity, prompting small unbound 

molecules or monomers within the material to link 

into polymer chains.  But as the chains assemble 

and produce the cross-linked matrix of what will be 

in a matter of seconds a hard white filling, dentists 

also confront a basic law of chemistry.  The chemical 

reaction that enjoins the monomers also causes 

them to shrink slightly.  If too much shrinkage 

occurs during the polymerization process, the 
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chances increase that the composite will fail 

prematurely.  

Therefore within the limitations of this 

study it revealed that all composite resins do shrink 

but the filler volume, filler size, resin matrix play a 

vital role in the polymerization shrinkage apart 

from the clinical technique of insertion and curing 

of the composite resin. Since addition of micro rod 

fillers in the resin matrix showed least 

polymerization shrinkage, this study supports the 

use of fiber reinforced composites. Clinical 

significance of these findings must be verified with 

parallel clinical studies.  
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