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Abstract: Polymerization shrinkage is one of the most critical properties of esthetic
resin-based dental restorative materials and may have a negative impact on their clinical
performance. As the composite is adhesively bonded, contraction of composite material that
occurs during the polymerization causes stress and strain of hard dental tissues. Polymeri-
zation shrinkage also affects the maintenance of the bonded interface between the composi-
te resin and dental hard tissues. The aim of this study is to present holographic interferome-
try as a method for detecting and measuring strain of dental hard tissue caused by the
polymerization shrinkage of the dental composite. Materials and methods: Strain was mea-
sured experimentally, by real time holographic interferometry, on the maxillary teeth.
Strain of dental tissue was determined by counting the interferomentic fringes that appeared
during the polymerization process. Results: The deformation was recorded on the coronal
dental tissue from 2.25 um to 5.8 pm. The conclusion is that holographic interferometry is
a non-contact, non-destructive, very precise method for measuring deformation of hard den-

tal tissues that is caused by the polymerization shrinkage of dental composite.
Keywords: Resin based composites, polymerization shrinkage, holographic inter-

ferometry.

INTRODUCTION

In the last four decades, adhesive dentistry has
remarkably evolved, greatly due to the development
of BisGMA- based composites in the late 1950s. The
incorporation of new monomers (UEDMA, BisE-
MA), new initiation systems and filler technologies
have significantly improved the physical properties
of composite materials having expanded their use as
direct and indirect restoratives [1]. Their good mec-
hanical properties, modulus of elasticity that is simi-
lar to dentin modulus, the fact that they could be
strongly bonded to the sound dental tissue and good
transmission of loading and stresses in function, ma-
de the resin composites very frequently used mate-
rial in the restorative dentistry [2]. Also, they have
very good esthetical characteristics. Their color and
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appearance is tooth like. Resin composites do not
darken translucent, all-ceramic restorations thus they
are the material of choice when preparing the abut-
ment for all ceramic restorations as a core material,
as the material for the dental post or as a composite
cement [2]. One of the undesired characteristics of
resin composites is polymerization shrinkage.
Polymerization process of dental composites
is accompanied by a volumetric contraction, which
results in the development of internal stress [3]. The
stresses are a product of the non-yielding, or rigid
nature of the reinforced cross-linked polymer net-
work formed in the reaction. The stresses have been
implicated in the imperfect margins formed around
composite restorations, which may lead to a reduced
restoration life [3]. In the course of the polymeriza-
tion of resin composite, covalent bonds are created
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and molecular distances and free volume are reduced
[3]. Several factors contribute to the production of
the stresses in resin composite during the curing.
During the polymerization, the shrinkage occurs si-
multaneously with the material acquiring rigidity, as
the polymer chains lengthen and cross link amongst
themselves or with neighboring chains. Polymeriza-
tion stress and strain is influenced by the elastic mo-
dulus of the composite, by the flow capacity of the
composite at early stages of the curing reaction (vi-
scoelastic behavior) and by the level of confinement
imposed on the material, which is estimated as the
percentage of composite surface that is bonded to
the dental tissue in relation to the total surface area.

Numerous methods have been proposed for
measuring or estimating stress in the dental compo-
sites during polymerization contraction. The most
common method was the use of force transducer
uniaxial from a composite disk or a cylinder [4, 5, 6,
7], then photoelastic method [8, 9, 10] and finite ele-
ment analysis [11, 12].

Holographic interferometry, a non-destructive
full-field technique that measures small static or
dynamic deformations occurring in an object, is ba-
sed upon standard holographic principles [13]. Holo-
graphy was previously used to investigate various
deformations of dentures or dental implants [14, 15].
Holography is a method for recording three-dimensi-
onal information on a two-dimensional recording
medium (photographic emulsion, thermoplastics,
etc.) [16]. Unlike a photograph, the hologram conta-
ins all the information about the surface of the object
and the effects of parallax [17]. The hologram is an
interference pattern of coherent wave fronts scatte-
red from the object and recorded by the medium
[16]. The basic principles of holography underly the
technique in double-exposure holographic interfero-
metry [16]. Real-time holography is a dynamic met-
hod through which the deformations can be monito-
red during the entire experiment [17]. Detection and
recording of the interference pattern can be done
with CCD camera and computer [17].

The aim of this study is to promote the new
methodology for detection and measurement analysis
of strain and stress generation, in the course of prepa-
ration of the abutment tooth with resin composite core
build up. Investigation is a combination of the experi-
mental method and computational analyses.

MATERIALS AND METHODS

In the Figure 1, it is shown a holographic se-
tup for real time holography. Highly coherent, 532
nm wavelength laser was used in the experiment.

Laser beam was split in order to produce reference
and object wave-fronts. Object beam illuminated a
tooth under investigation, while the reference beam
illuminated a holographic plate (silver halide emul-
sion, manufactured by “Slavich”, Russia). Referen-
ce-to-object beam intensity was adjusted by variable
filter, enabling high diffraction efficiency of a final
hologram. A plate was positioned in a liquid gate
(container with glass walls), so that chemical proces-
sing could be done without moving the hologram.
Composite polymerization was initiated by specially
designed blue LED lamp (with spectrum centered at
480 nm).

Figure 1. Real time holographic setup. L - laser, BS -
beam splitter, C - CCD camera, PC computer, LE - LED
lamp, LG - liquid gate for real time hologram processing,

T - tooth, V - variable attenuator, M - mirror, LS - lens,
IF- 532 nm interference filter.

Experimental LED source was used to cure
the composite. It had 42 LEDs that produced 2 cm
diameter spot with 80 mW/cm? irradiance. Construc-
tion was hemispherical [17]. The lamp is placed di-
rectly above the tooth so that composite polymeriza-
tion can be performed without contacting a tooth and
with appropriate energy density, which should be 12
- 24 J/cm?® [18]. Exposure time was 200 s and conse-
quently, energy density was 16 J/cm” - quite suitable
for successful polymerization. A CCD camera with
532 nm interference filter was used to record the in-
terference pattern.

Intact maxillary second premolar, extracted
for periodontal reasons, was selected for the study.
The ethics board of the Dental clinic approved the
research. The tooth was examined under a magnifier
to ensure the absence of carious lesions, cracks and
micro fractures. The tooth was stored in distilled wa-
ter and 0.2% thymol solution at 37°C. The standard
endodontic procedure included canal preparation and
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opturation. The tooth was prepared with water-coo-
led diamond and carbide burs for the all-ceramic re-
storation, as a standard procedure [19]. A one milli-
meter wide rounded shoulder margin was formed
one millimeter coronally from the cemento-enamel
junction [19]. Subsequently the coronal cavity was
prepared, so that the two coronal walls were preser-
ved. Tooth was prepared with a ferule of 2 mm he-
ight and fixed with dental gypsum to an appropriate
aluminum holder. After a short period of drying, a
good mechanical contact between tooth and gypsum
was obtained, enabling the stability during holograp-
hic measurements. The cavities were treated with
self etched adhesive system AdheSE (Ivoclar Viva-
dent AG F1-9494 Schaan/Liechtenstein) according to
the manufacturers instructions, light cured, filled
with composite core buid up (Tetric Evo Ceram,
Ivoclar Vivadent AG F1-9494 Schaan/Liechtenstein)
and placed in the holographic setup.

The tooth had to be painted with silver paint.
Otherwise, interference fringes would be barely visi-
ble [17]. The tooth was placed in the holographic se-
tup, and a photosensitive plate was inserted into the
liquid gate. The plate was soaked for several minutes
(letting emulsion to swell). Consequently, it was ex-
posed and developed in a fine grain developer. The
resulting hologram was washed and left in water.

RESULTS

Dental composite was illuminated continuo-
usly for 200 seconds and pictures of holographic in-
terferograms were recorded. The photograph of the
interference pattern seen on the abuttment surface at
the end of illumination is shown at the Figure 3.

Figure 2. Photograph of the abutment before the
polymerization of the core with two remaining cavity
walls.

Figure 3. Photograph of the abutment after the
polymerization of the core with two remaining cavity
walls.

The first fringe appeared at the top of the
abutment tooth and started traveling down, towards
the root. Other fringes followed with increasing
speed up to the moment when the process began to
slow down.

The tooth interferogram was analyzed by coun-
ting fringes that appeared during illumination. The
maximum deformation during our recording was atta-
ined at the end of the illumination process (after 200
s). When the tooth was restored with composite core
build up restoration, 11 fringes appeared. One fringe
is equivalent to approximately 532 nm deformation.
That means that the deformation was 5.8 pm.

Numerical calculation of internal stress was
performed, based on holographic deformation meas-
urement. Mechanical model for the abutment with
the prepared cavity was done according to the liter-
ature data describing the size and morphological ch-
aracteristics of teeth. The model was made as a solid
model with complex geometry in the program for s-
olid modeling SolidWorks (Solid Works Corpor-
ation, USA) (Figure 4.). Geometry of the model is
made according to the geometry of the abutment t-
eeth, prepared for the all-ceramic crown [19]. Chara-
cteristics of the model are given in Table 1.

Table 1. Number of edges, solid faces and vertices on the
model of the abutment with cavity.

Model 1
Solid faces 30
Edges 80
Vertices 54
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Model 1
Figure 4. Mechanical model of the abutment teeth
with cavity.

The desired cavity has been formed, then the
Solid model was transfered into the program for Fi-
nite Element Analysis (FEA) Abaqus (SIMULIA,
Dissault Systems S.A., USA) and meshed with line-
ar tetrahedral elements (Figure 5). Number of nodes
and elements are given in Table 2.

Table 2. Number of nodes and elements of the meshed
model.

Model 2
Number of nodes 144101
Number of elements 29176

The mechanical properties (Young’s modulus
of elasticity and Poisson’s ratio) for materials used
in building the mechanical model and FE analysis
are given in the Table 3.

Table 3. Mechanical properties of dental tissue and used
dental materials

Materials Young's Poisson's ratio
modulus of
elasticity (MPa)
Dentin 18600 0,31
Tetric Evo 17000 0,28
ceram

") Data from the manufacturer (Ivoklar-Vivadent,
Liechtenstein)

Model 2
Figure 5. Meshed model of the abutment.

It was assumed that the contraction forces
exerted uniform pressure on cavity sides. Dental tis-
sues were modeled as linear and isotropic. It was po-
sible to calculate the internal stress at any stage of
the composite contraction. First, the deformation
was determined from the holographic interferogram,
by taking into account experimental geometry (de-
formation direction is almost collinear with the line
of sight, while the object beam deviates 45 degrees
from the line of sight). Based on the deformation
measurement, the internal stress was calculated [17].

Experimentally measured deformations are
presented on the mathematical model (Figure 6.)
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Figure 6. Experimentally measured deformations
presented on the mathematical model.

The stress was calculated by using Abacus. It
is presented as Von Mises stress (Figure 7.).
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Figure 7. Calculated Von Mises stress

DISCUSSION

The roots of holography lie in the work of
Wolfke and Braga and then Gabor, having promoted
the idea of improving the resolution in the electron
microscopy, by recording the reflected field of the
object that is illuminated with electron beam. Practi-
cally, the introduction of lasers in holography, in
1962, enabled the introduction of holography as a
methodology in the scientific work. 1971. Gabor re-
ceived the Nobel price for his inventions, almost half
a century after his first experiments.

A hologram is a photographic emulsion in
which information about a scene is recorded in a
special way. When the hologram is properly illumi-
nated, the viewer sees a realistic 3D representation
of the scene. Unique characteristic of holography is
that optical information about the object is recorded
(intensity, frequency, wave length and amplitude).

Laser produce highly coherent beam that is
only a few millimeters in diameter. It is divergent
through the divergent lens, so it could illuminate the
object. Laser beam should be split, so one beam illu-
minates the object and reflects on the holographic
plate and the other illuminates the object after reflec-
tion from the series of mirrors. When the two wave
fronts are in interference, there are light and dark
strips on the object, which are known as interfero-
metric fringes.

Unlike methods with strain gauge [4, 5, 6, 7]
that can measure strain only in one point of the inve-
stigated object, holographic interferometry enables
recording and measurement of deformation of the
whole investigated object. It is very accurate met-
hod. Precision is half of the wavelength of the laser
beam that is used in the experiment (nanometer sca-
le). In the presented investigation, 532 nm wave-
length Nd Yag laser was used.

Also, if real time holographic interferometry
1s used, the deformation could be noticed, measured

and recorded during the whole investigated period in
every part of the object. Holography is a nondestruc-
tive methodology, so it does not include problems
connected with the destruction of a specimen.

Photoelastic investigations [8, 9, 10] have li-
mitations because of inevitable usage of transparent
materials. FEA [11, 12] has limitations that lie in
simplifications of models and existing boundary
conditions that must be made. Polymerization shrin-
kage of resin based dental composites is influenced
by numerous factors, so it is very difficult to simula-
te the whole process by computational analyses.

Holographic interferometry, as an experimen-
tal method, takes into account all real factors that
exist in the experiment and enables detecting and
measuring of the real strain. Due to the above stated,
holographic interferometry is superior to all mentio-
ned methodologies for detecting and measuring
strain. In combination with FEA gives great oppor-
tunities for analysis of stress distribution.

According to the present knowledge [20, 21]
measured strain and calculated stress that appeare
during the polymerization of the composite core bu-
ild up could not cause damage to the hard dental tis-
sue. Maximum Von Misses stress was 8 MPa, which
represents the value many times smaller than the lo-
west value found in the literature that could cause
damage of the dental tissue [20, 21].

Combination of experimentally measured
strain and computationally calculated stress gives
the most realistic information of stress distribution in
the dental tissue caused by the polymerization shrin-
kage of the dental composite.

CONCLUSION

Holographic interferometry is a non-contact,
non-destructive, very precise method for measuring
deformation of hard dental tissues that is caused by
the polymerization shrinkage of dental composite.
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TOR

XOJIOTPA®CKA UHTEPOEPOMETPIJA KAO METO/] 3A MEPEISE
JIE®@OPMALINIJA HACTAJIMX KAO TTOCJIEJMLIA TTIOJIUMEPU3ALIMOHE
KOHTPAKLIMJE IEHTAJIHUX KOMITO3UTA

Casxkerak: [lonuMmepur3aiinoHa KOHTpaKIFja jeIHa je O] HajJIOIINjuX 0COOMHA JICH-
TaJIHUX KOMIO3UTHUX MaTepHjaya Ha 0a3u cMoja ¥ OHA MOXKE MMATH HEraTHBaH yTHIAj Ha
KJIMHUYKY yCIIeX Teparije ASHTATHUM KOMIOo3UTHMa. [1omTo je KOMITO3UT aaxe3uBHO Be-
3aH, KOHTpaKIHja KOMIIO3UTHOT MaTepujaia, Koja ce jaBjba y TOKY MOJIMMEpHU3alje, 10BO-
I 10 TojaBe AedopMalivja u HalmoHa TBPAUX 3yOHHX TKuBa. [lommMepu3annoHa KOHTpaK-
IIMja Takole yTHue Ha OCTBapHBamkE Be3e M3Mel)y KOMITO3UTHOT MaTepHjalia U TBPAUX 3y0-
HUX TKuBa. {1 pama je mpeseHTOBame Xonorpadcke mHTEpdepoMeTpHje Kao MeToae 3a
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JETEKIHjy U Mepeme nedopmanuja TBpAUX 3yOHHX TKHBA, HACTAIMX Kao MOCIIEIHLA TTOJIH-
MepHU3alMOHe KOHTPAKIKje ISHTATHOT KoMIio3uTa. Marepujan u Metox: nedopmaliyje TBp-
Je 3yOHe CyICTaHIe MepeHe Cy eKCIEPUMEHTAIHO, X0Iorpad)cKoM HHTEP(HEPOMETPH]OM Y
pearHOM BpeMeHy Ha 3yOmMma ropme Buuimie. Bemnunna aedopmarije m3padyHara je Ha
OCHOBY Opoja HHTEeppEepOMETPHjCKUX TIpyTa KOje Cy Ce I0jaBUIIe ¥ TOKY Ipolieca MoInMe-
puzanmje. Pesynraru: nedopmaruje cy 3abenexeHe Ha KPYHHIHOM Jeny 3y0a y pacroHy
on 2,25 um mo 5,8 um. 3akipydak je Ja je xonorpadcka HHTeppepoMeTprja HEKOHTAKTHA,
HEJeCTPYKTHBHA, BEOMa IpeL3Ha METO0IOTHja 3a Mepeme AedopManija TBpAUX 3yOHNX
TKHBa KOj€ Cy HACTaJle Kao IOCIeANIa ONUMEpU3aMOHe KOHTPAKIMje IEHTAIHOT KOMIIO-
3UTA.

Kbyune peun: KOMIIO3UTHH MaTepHjai Ha 0a3M cMoJa, NOJIMMEpPHU3aLMOHa KOHT-
pakiuja, xosorpadcka uHTephepomeTpuja.
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