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Using a professional DSLR camera 
to measure total shrinkage of 
resin composites

Abstract: This study evaluated the optical method for measuring free 
total shrinkage using a Digital Single Lens Reflex (DSLR) camera. Eight 
composites were evaluated, conventional, bulk fill and low-shrinkage: 
Z100 (3M Oral Care), Gradia Direct Anterior (GC corporation), Spectra 
Smart (Dentsply), Filtek Z350 XT (3M Oral Care), Aura Bulk Fill (SDI), 
Vittra APS (FGM), Opus Bulk Fill APS (FGM), and Beautifil II LS (Shofu 
Inc.). The samples (6 mm diameter and 1.5 mm thick, n = 10) were placed 
on a polyvinylsiloxane impression material. An image of the uncured 
sample was captured using a DSLR camera with 105 mm macro lens 
and a ring flash. Samples were light cured with a 700 mW/cm2 LED 
light-cure unit for 40s. Post-polymerization images were captured at 2, 
10 and 60 min. Projected circumferential areas of the specimens were 
drawn using the ImageJ software. Volumetric total shrinkage was 
calculated from the ratio of the areas obtained from pre- and post-curing. 
Results were analyzed using One-way ANOVA (α = 0.05) and Tukey 
test. Volumetric total shrinkage values were significantly different 
among the composite materials (p < .001). The volumetric shrinkage 
(%) mean and results of Tukey test at 60 min were: Z100: 3.45±0.30 (A); 
Gradia Direct Anterior: 3.00 ± 0.23 (B); Spectra Smart 2.89 ± 0.35 (B); 
Filtek Z350 XT: 2.65 ± 0.37 (BC); Aura Bulk Fill: 2.42 ± 0.25 (CD); Vittra 
APS: 2.14 ± 0.35 (DE); Opus Bulk Fill APS: 1.91 ± 0.24 (E); Beautifil II LS: 
1.18 ± 0.16 (F). The optical method using a DSLR camera, was suitable for 
total shrinkage evaluation and will allow assessment of total shrinkage 
without the need for specialized equipment.

Keywords: Composite Resins; Polymerization; Image Processin, 
Computer-Assisted; Optical Phenomena.

Introduction

The constant improvement in restorative dentistry, aiming at more 
conservative, aesthetic and long-time treatments, has made the resin 
composite a remarkable treatment option.1-5 However, despite the advances 
in materials, studies still show the presence of microleakage, secondary 
caries, crack propagation in enamel and postoperative sensitivity, 
affecting the clinical longevity of restorations.3,6-14 Such factors are related 
to polymerization shrinkage and polymerization shrinkage stress, an 
inherent characteristic of resin-based materials.15
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This shrinkage occurs when monomers form a 
three-dimensional polymer network.16 Shrinkage 
values have been measured using various methods.17,18 
One common technique is to measure the displaced 
volume of a composite sample immersed in a liquid 
before and after curing.18 A shrinkage value obtained 
with this method is the total shrinkage because 
it measures the entire amount of dimensional 
change of the composite during polymerization. It 
is important to note that any method that restricts 
free contraction cannot measure all shrinkage because 
some of its contraction movement is prevented.17 
Total shrinkage is primarily a function of degree of 
conversion, and therefore can reflect the dynamics 
of a polymer network formation, type of monomer 
chosen for the formulation, and the nature of 
polymerization. Therefore, total shrinkage values can 
be very useful in improving/developing resin-based 
material formulations.16,17,18

When a resin composite cures, the material is 
transformed from a viscous paste to a solid material. 
In the viscous stage, the flow of the composite can 
relax any developing shrinkage stress (pre-gel 
shrinkage).3,8,17 However, when the material becomes 
more rigid such stress relieving flow is inhibited and 
further changes in volume can lead to irreversable 
stress (post-gel shrinkage).3,8,17 Therefore, residual 
shrinkage stresses are generated only during 
post-gel shrinkage, when the cured material has 
become unable to relieve stresses generated by the 
restraints imposed by external bonding conditions.8 
Although the post-gel shrinkage is more relevant 
for clinicians if polymerization shrinkage stress is 
their primary concern, total shrinkage (the sum of 
pre- and post-gel shrinkage) remains an important 
property when dimensional stability is important and 
for the understanding and development of new resin 
composites. A recent development in dentistry are bulk 
fill and low-shrinkage composites, for example, which 
have modifications in the dynamics of polymer chain 
formation that reduce polymerization shrinkage and, 
indirectly, may contribute to reduced residual stresses. 

3,7,8,17 These new material developments were designed 
to improve the performance of restorative procedures. 
In addition, bulk fill composites aim to simplify 
the placement procedure. This is accomplished 

by improving their ability to polymerize deeper, 
reaching up to 4 mm, which allows larger (thicker) 
increments.6,19,20,21 Reducing the number of increments 
is also beneficial for shrinkage stress reduction. In 
addition, bulk fill resins have demonstrated lower 
post-gel shrinkage values and, consequently, reduced 
stresses and cuspal deflection.6,19,20,21

Various methods have been used to measure 
spatial/volumetric shrinkage (dilatometers,22,23,24 
video-imaging,26 optical method,17 microcomputed 
tomography27) or linear shrinkage (linometers,25 strain 
gauge method28). Despite shrinkage being a simple and 
well-established concept, most shrinkage measurement 
methods require specialized costly equipment.17,27,30,31,32 
Moreover, not all these experimental methods measure 
the same shrinkage because testing setups affect 
the ratio of pre- and post-gel shrinkage they will 
register.29 True total shrinkage requires free shrinkage. 
Many methods need to fix the tested specimens to 
a substrate, and consequently free-shrinkage is not 
actually achieved.

A simplified optical method for evaluating total 
shrinkage in restorative composites was introduced 
in 2015.17 Specimens of non-polymerized composite 
resins were positioned on a slick silicone base. 
Under a stereomicroscope with an attached 
charge-coupled device camera, images were taken 
pre- and post-polymerization. The projected area 
of each specimen was then measured using public 
domain software ImageJ (http://imagej.nih.gov/
ij/). The authors emphasize the importance in the 
selection of silicone color, since, when evaluated in 
the software, the images should present adequate 
contrast between the specimen and the silicone 
base. However, a stereomicroscope with adequate 
charge-coupled device camera may not always be 
available. Therefore, the present study proposes the 
use of a digital DSLR (Digital Single Lens Reflex) 
camera, with 105 mm macro lens and ring flash, 
which is a common equipment in dental clinics and 
research centers, instead of a stereomicroscope.

DSLR cameras use a set of mirrors and a pentaprism 
that allow the image to be viewed through the optical 
viewfinder. This image enters the lens and is later 
captured by the mirror, responsible for transferring it 
to a digital sensor that, in turn, stores the photograph. 
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Thus, the viewfinder image is exactly like that captured 
by the lenses, making the DSLR camera a high 
precision equipment that provides details suitable 
for the optical evaluation of shrinkage.

The present study introduced and evaluated a 
new approach to optically measure free shrinkage 
of different brands of conventional, bulk fill, and 
low-shrinkage restorative composites using a DSLR 
camera with 105 mm macro lens and a ring flash. 
The tested null hypothesis was that there would be 
no difference in volumetric total shrinkage values 
between conventional, bulk fill, and low-shrinkage 
composites evaluated by the DSLR optical method.

Methodology

A DLSR Camera (Nikon D5200, Nikon Corporation, 
Japan Optical Industries Co., Tokyo, Japan) attached 
to a ring flash (EM-140DG, Sigma, Ronkonkoma, EUA) 
was fixed to a mounted camera monopod desk (Figure 
1) 15 cm above the sample. A 105 mm macro lens was 
attached to the camera body (AF-S VR Micro-Nikkor 
105 mm f/2.8G IF-ED, Nikon Corporation, Japan 
Optical Industries Co.). The exposure was adjusted 
using the following camera set-up: Aperture: (f29); 
ISO: (100); and shutter speed: (1/125). The manual 
mode was selected. The ring flash intensity was set 
to 1/16 in manual mode. The camera live mode was 

turned on in order to see the specimen (Figures 1A 
and 1B). A polymerized composite sample was placed 
on a silicone platform and the focus of the camera 
was adjusted. Camera/lens autofocus function was 
used and the largest magnification that showed the 
entire was used. Focus of the camera was not changed 
until the experiment was completed.

Eight commercially available restorative composites 
were evaluated, consisting of five conventional 
composites (Z100, 3M Oral Care, St Paul, USA; Gradia 
Direct Anterior, GC Corporation, Tokyo, Japan; Spectra 
Smart, Dentsply Sirona, York, USA; Filtek Z350 XT, 
3M Oral Care, St Paul, USA; Vittra APS, FGM Dental 
Products, Joinville, Brasil), two bulk fill composites 
(Opus Bulk Fill APS, FGM Dental Products, Joinville, 
Brasil; Aura Bulk Fill, SDI, Bayswater, Victoria, Australia) 
and one low-shrinkage composite resin Beautifil II LS 
(Shofu Inc., Kyoto, Japan) according to Table 1.

An amount of composite was determined with a 
6 x 1.5 mm spacer, molded into a round dome shape 
by a single operator to standardize the samples. After 
that, the sample was placed on the silicone platform 
(Figure 2A). An uncured composite sample was placed 
on the smooth green surface of the silicone platform, 
made from polyvinylsiloxane impression material 
(Scan Regular, Yller Biomateriais, Pelotas, Brazil). This 
color was selected after testing the contrast of different 
impression material colors for image analysis in a 

Figure 1. Experimental setup of the optical method using a DSLR camera, 105 mm macro lens and a ring flash. Frontal view (A); 
Side view (B).

A B
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previous study.17 This material surface imposed no 
restrictions on the movements of the composite samples. 
No adhesive system was used. The uncured sample 
was placed below the camera (live mode) and an image 
was captured (uncured stage, 0 min). A 700 mW/cm2 
LED light-curing unit (Radii Cal, Bayswater, Perth, 
Australia) was fixed approximately 1 mm above the 
composite sample. An adjustable support was used 
to standardize this distance and thus the amount of 
energy (radiant exitance) for all samples while avoiding 
contact of the light curing unit tip with the sample. 
The composite was polymerized for 40 seconds. 
Post-polymerization images were captured after 2, 
10 and 60 minutes. Sample size was 10 per group. All 
experiments were conducted at room temperature 
and by a single trained operator.

The pre- and post-polymerization images (*.JPEG) 
were opened in a public-domain image analysis 

software (ImageJ, http://imagej.nih.gov/ij/) (Figure 
2). Sample outlines were traced by a trained blinded 
operator using the Polygon selection (Figure 2B). 
The researcher who traced the samples was not the 
same as the one who carried-out the experiments 
to avoid bias. Sample outlines can also be traced 
using the Wand tracing tool (Figure 2C). Percentage 
volumetric shrinkage (S) was calculated with the 
following equation:

S = 1 - 100 (%)x[( ) ]Acured
3

Auncured
2

where Acured is the projected surface area after curing 
and Auncured is the projected uncured surface area. 
After polymerization, specimens were weighed on 
a precision digital balance (HR-200, A&D Company 
Limited, Tokyo, Japan) (Table 2).

The volumetric total shrinkage (%) data at 60 min 
were tested for homogeneity. Once the homogeneity 

Table 1. Material information.

Composite Composition Type Batch# Manufacturer 

Z100 
Treated silanized ceramics,TEGDMA, bis-GMA, 

2-Benzotriazolyl-4-methylphenol Conventional 
composite 

1820900228
3M Oral Care, 

St Paul, USA
Filler loading: 66 vol (%)

Gradia Direct 
Anterior 

Methacrylate monomers 27 wt%. Silica (particle size 0.85 µm) 
38 wt%, prepolymerized filler 35 wt%

Conventional 
composite 

1607072
GC Corporation, 

Tokyo, Japan 

Spectra Smart

Glass Powder, Silica, Colloidal Hydrophobic, Dimethacrylate, 
Benzophenone III, EDAB, FluBlau Concentrate, 

Camphorquinone, BHT Butylated Hydroxytoluene, Yellow Iron 
Oxide, Red Iron Oxide, Black Iron Oxide and Titanium Dioxide

Conventional 
composite 

237450I
Dentsply Sirona, 

York, USA

Filler loading: 57-60 vol(%)

Filtek 
Z350 XT

Treated silanized ceramics, Silane treated silica, UDMA; 
bis- EMA (6), bis-GMA, Zirconia ceramic (66402-68-4), 

modifed surface with 3-methacrylonoxypropyltrimetoxy silane 
(2530-85-0), bulk material, PEGDMA, TEGDMA

Conventional 
composite 

652583
3M Oral Care, 

St Paul, USA

Filler loading: 60 vol (%)

Aura Bulk Fill
 Silica, Barium, UDMA, Bis-EMA, Bis-GMA Single increment 

composite (Bulk fill)
151148

SDI, Bayswater, Perth, 
AustraliaFiller loading: 65 vol (%)

Vittra APS 
UDMA,TEGDMA, photoinitiating composition, co-starters, 

zirconia charge, silica and pigments Conventional 
composite 

181017
FGM Dental 

Products, Joinville, BR
Filler loading: 52–60 vol (%)

Opus Bulk Fill 
APS

Methacrylic urethane monomers, stabilizers, camphorquinone, 
co-initiator, saline silicon dioxide, stabilizers and pigments.  Single increment 

composite (Bulk fill) 
220218

FGM Dental 
Products, Joinville, 

BrasilFiller loading: 67,1 vol (%)

Beautifil II LS
Glass powder, Urethane diacrylate, Bis-MPEPP, Bis-GMA, 
TEGDMA, Polymerization initiator, Pigments and others. Low Shrinkage 21925

Shofu Inc., Kyoto, 
Japan

Filler loading: 83 vol (%)

Sources: Product’s Safety Data Sheet, Product Profiles, Product website, Product Technical Manual.
bis-GMA, bisphenol A diglycidyl ether dimethacrylate; UDMA, diurethane dimethacrylate; TEGDMA, triethylene glycol dimethacrylate; 
bis- EMA(6), bisphenol A polyethylene glycol diether dimethacrylate; PEGDMA, polyethylene glycol dimethacrylate; Bis-MPEPP, Bisphenol A 
polyethoxy methacrylate.
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was verified, results were analyzed using One-way 
ANOVA (α = 0.05) and Tukey test (IBM SPSS statistics 
24.0, IBM Corp., Armonk, USA).

Results

Mean volumetric total shrinkage of each composite 
captured at three intervals (2, 10, 60 min) were plotted 
in Figure 3. The 60-min volumetric shrinkage values 
(mean ± standard deviation) and statistical results 
comparing the eight composites are shown in Table 3. 

Shrinkage values were significantly different among 
the composite materials tested (one-way ANOVA; 
p < 0.001). Z100 showed the highest values, followed by 
Gradia Direct Anterior, statistically similar to Spectra 
Smart (p = 0.993) and Filtek Z350 XT (p = 0.164). Aura 
Bulk Fill presented intermediate values, statistically 
similar to Vittra APS (p = 0.423). The lowest values 
found were for Beautifil II LS, followed by Opus Bulk 
Fill APS, which was statistically similar to Vittra 
APS (p = 0.652).

Discussion

During the polymerization process of resin 
composites a network of crosslinked polymers 
is developed that gives the material a hardened 
and rigid denser structure causing the volumetric 
shrinkage.16 Volume shrinkage is thus an intrinsic 
characteristic of these materials that reflects the 
nature of polymer network formation.16,17 Different 
types of volumetric shrinkage can be measured 
(total, pre-, and/or post-gel shrinkage) depending 
on the research method. Our study describes a new 
approach to optically measure free total shrinkage 
with a DSLR camera. Many different methods 

Figure 2. Analysis in the image analysis software (Image J) of the pre- and post-polymerization sample. Pre-polymerization image 
(A); the contours of the samples drawn on the captured images with Polygon Selections tool (B); Brightness adjustment for better 
outline visualization with the Wand Tool (C).

Polygon selections

Wand (tracing) tool

A B C

Table 2. Specimens weight (mean ± standard deviation).

Composite resin Specimens weight (g)

Z100 0.13 ± 0.005

Gradia Direct Anterior 0.11 ± 0.005 

Spectra Smart 0.13 ± 0.006 

Filtek Z350 XT 0.11 ± 0.006

Aura Bulk Fill 0.10 ± 0.008

Vittra APS 0.11 ± 0.005

Opus Bulk Fill APS 0.12 ± 0.006

Beautifil II LS 0.12 ± 0.005
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have been used in the literature for measuring 
polymerization shrinkage. However, most of 
these methods require specialized equipment 
and software that may not be available in every 
dental research laboratory or are costly. Among the 
various methods for evaluating total shrinkage, the 
AccuVol method, computerized microtomography 
and dilatometers may be the most common. Each 
method has advantages and disadvantages. 
For example, the dilatometer technique allows 
real-time measurement, showing the polymerization 
process, while the scanning time of high-resolution 
microtomography does not allow shrinkage 

determination until the polymerization rate has 
slowed down significantly. One drawback of all three 
techniques is the requirement to hold the composite 
sample in place during the test. This means that 
shrinkage is restricted and therefore the measured 
value does not represent all free shrinkage.17

A simple and inexpensive method for evaluating 
total shrinkage of the composites was developed to 
address the equipment availability and free shrinkage 
issues.17 This method used a stereomicroscope 
and public-domain image analysis software. 
The present study further simplified the optical 
shrinkage measurement technique by replacing 
the stereomicroscope/CCD system with a DSLR 
camera. DLSR cameras are widely used in clinical 
departments and dental research laboratories, thus 
are a very practical option.

To determine the projected surface area, the 
polygon selection tool was used in Image J software. 
Through this tool, specimen outlines were obtained 
at uncured stage, and at 2, 10 and 60 minutes 
post-polymerization. In this methodology, the use 
of a silicone platform with a contrasting color helps 
the manual tracing of the composite specimen’s 
outlines. Filtek Z350 XT composite resin (3M 
Oral Care) was used for calibrating the values 
obtained by the DSLR camera. Filtek Z350 XT 
(Filtek Supreme Ultra) allows consistent comparison 
because it was previously tested.17 A study using a 

Figure 3. Total shrinkage (volume %) for the eight restorative composites against time (0–60 min).
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Table 3. Percentage volumetric shrinkage (mean ± standard 
deviation) at 60 min.

Composite resin Volumetric Shrinkage (%) Tukey HSD

Z100 3.45 ± 0.30 A

Gradia Direct Anterior 3.00 ± 0.23 B

Spectra Smart 2.89 ± 0.35 B

Filtek Z350 XT 2.65 ± 0.37 BC

Aura Bulk Fill 2.42 ± 0.25 CD

Vittra APS 2.14 ± 0.35 DE

Opus Bulk Fill APS 1.91 ± 0.24 E

Beautifil II LS 1.18 ± 0.16 F

Different capital letters indicate significant differences between materials.
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stereomicroscope showed a similar value (2.68%) to 
the one found in this study (2.65%).17 These results 
can be compared because similar methodology 
was used except for the image capture. Specimens 
had the same dimensions, 6 mm in diameter and 
1.5 mm thick. The light curing units were not the 
same, but both had similar irradiance values and 
the time of light activation was 40 seconds in both 
studies. Note that fully cured resin composites 
should have the same free total shrinkage, regardless 
of testing conditions such as curing light, curing 
time, tip distance, etc, because unlike post-gel 
shrinkage, total shrinkage is determined by the 
degree of conversion.

Different values were observed among commercial 
composites tested in this study. Conventional resin 
composite, Z100, showed the highest values (3.47%), 
followed by Gradia Direct Anterior (3.00%), Spectra 
Smart (2.89%) and Filtek Z350 XT (2.65%). The lowest 
values found were for Beautifil II LS (1.18%), followed 
by Opus Bulk Fill APS (1.91%) and Vittra APS (2.14%). 
Aura Bulk Fill (2.42%) presented intermediate values. 
Therefore, the tested null hypothesis that there would 
be no difference in volumetric total shrinkage values 
between conventional, bulk fill and low-shrinkage 
composites was rejected.

Other studies evaluated total shrinkage of 
Z350 XT using mercury dilatometer or used an 
electromagnetic balance for 640 s.33,34 They reported 
volumetric shrinkage values of 2.0% and 2.4%, 
respectively. For Z100, lower total shrinkage values 
were reported in studies using video-image (2.8%), 
mercury dilatometer (2.7%), and a drop shape 
analysis (2.26%) when compared to this study 
(3.47%).26,35 Compared to traditional methods, the 
optical method thus acquired higher values of total 
shrinkage because no restrictions were imposed on 
the samples by the silicone base that allowed free 
movement of the material.17 Many other methods, 
such as the mercury dilatometer, require silanization 
and bonding to prevent sample displacement, a 
factor that hinders free shrinkage and inevitably 
results in lower shrinkage values.

Current composites have polymeric matrices 
composed of high molecular weight monomers. 
Increasing molecular weight of its monomers 

can help reduce the polymerization shrinkage, 
such as has been done in some bulk fill resins.36,37 
Bulk fill materials also use an organic matrix of 
high translucency and/or have an initiator system 
designed for better polymerization in depth, allowing 
the use of restoration increments of 4 to 5 mm in 
thickness.38,39 With the purpose of reducing the 
polymerization shrinkage, manufacturers developed 
composites called low-shrinkage, like Beautifil II 
LS (Shofu), with shrinkage value of 1.18% found 
in this study. Although most of these products are 
still based on bis-GMA, strategies such as higher 
filler loadings and changes in the composition of 
the organic matrix are used by manufacturers.40 
Beautifil II LS is a low-shrinkage composite based on 
urethane-diacrylate, Bis-MPEPP, Bis-GMA, TEGDMA 
and a high filler loading, 83 vol %. According to the 
manufacturer, it has polymerization shrinkage of 
0.85 percent by volume, however the measurement 
method is not mentioned.

According to the World Dental Federation (FDI) 
recurrent dental caries, enamel crack formation, 
marginal discoloration, and adaptation (GAPs) are 
all considered important clinical issues (evaluated 
criteria) that may influence the longevity of resin 
composite restorations.41 All these issues have 
been associated with polymerization shrinkage 
stress. Therefore, clinicians should be familiar with 
polymerization shrinkage and know how to control 
it when placing restorations.

Considering the use of a DSLR instead of a 
stereomicroscope, this method was simple to 
achieve and made it possible to obtain data for 
the evaluation of total shrinkage. The weakness 
of total shrinkage is that it has no correlation 
with shrinkage stresses generated in restored 
dental structures.42 Nevertheless, volumetric 
total shrinkage contributes to understanding the 
three-dimensional polymeric network formation 
during the polymerization process.17 Therefore, total 
shrinkage is a part of the comprehensive approach 
to study polymerization shrinkage of restorative 
composite materials,  while polymerizat ion 
shrinkage stress needs to studied using post-gel 
shrinkage and elastic modulus. The proposed 
method could measure total shrinkage at different 
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times, demonstrating that changes in formulations 
of bulk fill and low-shrinkage resins differentiate 
them from conventional composites.

Conclusion

An optical method using a DSLR camera with a 
105 mm macro lens and ring flash was proposed and 

found suitable for free total shrinkage evaluation. The 
results showed lower total shrinkage values for bulk 
fill and low-shrinkage resin composites.
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