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Evaluation of light transmission through different
esthetic posts and its influence on the degree of
polymerization of a dual cure resin cement
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Abstract

Aim: To measure the light transmission through different esthetic posts and to evaluate the degree of polymerization of dual
cure resin cement cured through these posts.

Materials and Methods: The posts were divided into two experimental groups i.e. Group A (D.T. Light post); Group B (D.T.
White post) and control i.e. Group C (metal post), each group having 10 samples. Posts of each group were illuminated with
curing light and photographs were taken keeping the parameters standardized to evaluate the intensity of light transmission
at different levels. The degree of polymerization of dual cure resin cement was evaluated using Fourier Transform Infrared
spectroscopy. The data obtained was subjected to statistical analysis.

Results: D.T. Light post showed highest light transmission and degree of polymerization. The light intensity decreased from
cervical to apical for both esthetic post but the decrease from middle to apical third was insignificant for D.T. White post group.
No light transmission was detected in metal post but the degree of polymerization decreased significantly from cervical to

middle third.

Conclusion: Cementation of fibre post with superior light transmitting ability using dual cured resin cement resulted in increased
degree of polymerization.

Keywords: Light transmitting post, dual cure resin cement, transmission of light, degree of polymerization, fourier transform

Infrared spectroscopy.

INTRODUCTION

The posts are commonly used to restore endodontically
treated teeth when the remaining coronal tissue is
insufficient or inadequate, to provide adequate support
and retention for the restoration.

Nowadays, translucent fiber posts in conjunction with dual
cured resin cement are preferred. The rationale of using dual
cured resin cement is to have a material with extended working
time, which is capable of polymerization by both chemical
and light activation. However, many studies have proved
that autopolymerizing alone does not provide the adequate
degree of conversion for the dual cure resin cement.* Some
dual cure resin cements are primarily dependent on light
activation, so an inadequate degree of conversion is expected
when light for initiation is not available.
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The property of translucency of light transmitting posts
proves favorable for luting purposes, as the transmission
of light through the post, into the depths of the root
canal, allows adequate polymerization of the dual cure
resin cement. However, light intensity declines rapidly as
the distance from the light source increases, because of
light scattering within the resin cement and shadowing
produced by both the tooth structure and post. Therefore,
light intensity may be insufficient for the complete curing
of resin cement at the apical end, which might lead to
inferior physical® and biological® properties.

There are very few studies that have evaluated the light
transmitting properties of fiber posts and the degree of
conversion of resin cements cured through these posts
simultaneously. Moreover the methodology is different and
the standardization of the shape and size of the posts has
not been taken into consideration.
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Therefore, this study was taken up to measure light
transmission through similar shaped DT Light and DT White
posts and also to evaluate the degree of polymerization of
al cure resin cement cured through these posts, by using
Fourier Transform Infrared Spectroscopy (FTIR).

MATERIALS AND METHODS

The translucent quartz fiber DT Light post (RTD, France)
and DT White post (RTD, France) were used in this study.
Both the fiber posts were 20 mm long, double tapered and
identical in shape and size, having a diameter of 2.2 mm
cervically and 1.2 mm apically. For the control group,
customized metal posts of identical shape and size were
fabricated. The posts were divided into two experimental
groups, that is, Group A (DT Light post), Group B (DT White
post), and control, that is, Group C (metal post).

Ten posts from each group were used for evaluating light
transmission and the same ten posts from each group were
used for evaluating the degree of polymerization of the
dual cure resin cement around different posts.

Evaluation of light transmission

A light box was constructed, to ensure light-proof
surroundings and to measure the intensity of the
transmitted light. All parameters of photography were
standardized. Posts of each group were placed in the light
box through a silicon stopper and were illuminated with
curing light (Mini L.E.D. Satelec). Pictures of all samples of
each group were taken with the camera (DSLR D80, Nikon
U.S.A), in a dark room. Transmission was documented in
the form of photographs. These photographs were first
converted to grayscale using the MATLAB 7 software.
Asstraight line was drawn in the center of the photograph of
each post and then 1200 values of intensity were obtained
from one end (coronal) to the other (apical), through each
photograph. The first 300 values corresponding to 5 mm,
which would be outside the post space, were not taken
into consideration. The remaining 900 values were divided
into three parts. The first 300 values were assigned to the
cervical, the next 300 to the middle, and the last 300 to
the apical third of the post. An average of 300 values was
calculated as intensities, at different levels for all the posts.

Evaluation of the degree of polymerization
Thirty molds (10 for each group), with a simulated post
space 15 mm long and a diameter of 2.5 mm, were prepared
in a separable hollow metal jig using polyvinyl siloxane
impression material.

Dual cure resin cement (Relyx Unicem, 3M ESPE, Germany)
was mixed according to the manufacturer’s instruction
and placed in the prepared post space of the mold with
the help of a capsule applier. The post of the respective
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group was placed in the center of the prepared post space
using the centring hole of the lid of the jig as the guide.
The resin cement was light cured for a standardized time
of 40 seconds, with the tip of the light curing unit (Mini
L.E.D, Satelec) touching the extruded post. The output
intensity of the curing unit was consistent throughout the
experiment, as measured by the radiometer. After light
curing, the molds with cemented posts were kept in a
light proof container for 24 hours to allow for complete
polymerization.

The top extruded 5 mm of every post was discarded, and
the remaining 15 mm of cured cement, along with the post,
was sectioned into three equal parts of 5 mm each (coronal,
middle, apical). The post was removed from the sectioned
segment. The cured cement was pulverized in a mortar and
pestle. The powdered sample was mixed with potassium
bromide powder in a ratio of 1:100. This sample was put
into a hydraulic press model, to make pellets of 13 mm
diameter under a seven-ton hydraulic pressure. Spectra
of the cured and uncured resin cements were obtained by
using FTIR. The degree of conversion% (DC) was calculated
according to the following formula:

R cured resin cement DC% = (1- ----------------==-o---- ) x 100
R uncured resin cement

where R is the peak height at 1,638 cmpeak height at
1,608 cm. The mean value of DC% was calculated as a
mean of ten readings corresponding to ten samples.

The data obtained was subjected to statistical analysis using
One-Way Analysis of Variance (ANOVA) with Post Hoc analysis
(Bonferroni), for comparison of the means. The Pearson
correlation test was applied to see the correlation between
the transmission of light and degree of polymerization.

RESULTS

The DT Light post showed the maximum light transmission.
The light intensity decreased from cervical to apical for
both the DT light post and the DT White post, but there
was insignificant difference between the middle and apical
third of the DT White post group. No light transmission
was detected in the metal post [Figure 1].

The highest degree of polymerization was shown by the DT
Light post group. The degree of polymerization decreased
significantly from the cervical to the apical for the DT light
post group, but the DT White post and metal post group
showed insignificant difference between the middle and
apical third [Figure 2].

Significant positive correlation was found between the
transmission of light and degree of polymerization.

Journal of Conservative Dentistry | Jan-Feb 2013 | Vol 16 | Issue 1 33



[PDF Purchased from http://www.jcd.org.in on Sunday, January 27, 2013]abce

Taneja, et al.: Effect of light transmission on degree of polymerization

N
@
=]

N
Q)
S

-
@
<]

=
o
S

%]
o

Transmission of light in mW/cm?

| M cervical
H middle

)  apical

y Lﬁ .

DT. Light

o

D.T. White Metal
Group

Figure 1: Graphic representation of mean light transmission
of a different post at the cervical, middle and apical third

DISCUSSION

In this study there was no light transmission at any level of
the metal post in the control group because of its non-light
transmitting property. The light transmission for DT Light post
was found to be significantly greater (P < 0.05) than that of the
DT White post at all levels. This could be due to the difference
in the chemical composition of the posts. The quantity of light
that would be absorbed, reflected, and transmitted seemed to
depend on the resin matrix and on the fiber composition of
each post. The light transmission of the DT White post was
extremely low due to its opaque nature and the presence of
a large number of white quartz fibers embedded in an epoxy
resin matrix. The difference was in the agreement of the results
of Kim, who showed that the DT Light (translucent) and FRC
Postec (translucent) posts revealed higher light transmission
than Snowpost (opaque) post.

The intensity of light decreased from cervical to apical
for both the DT Light post and the DT White post. The
difference was significant for the DT Light post at all the
three levels (P < 0.05). This difference in light transmission
at the three levels could be attributed to the decrease
in intensity of light as the distance from the light source
increased. It was found by Felix and Price” that light
intensity decreased as the distance increased for all types of
light, and this effect was due to the dispersion of light. Our
results were consistent with the findings of other studies,
which reported a decrease in light transmission in the fiber
post from the coronal to the apical.®'” For the DT White
post, the light transmission at the middle third was not
significantly different from that in the apical third, which
showed negligible light transmission. This finding was in
agreement with Friedrich and Patyk,"""! who demonstrated
that the Para Post Fiber White (opaque) post resulted in
total lack of light emission in the middle and apical thirds.

This study demonstrated that there was a positive
correlation between the extent of light transmission and
the degree of polymerization of resin cement.
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Figure 2: Graphic representation of the mean percentage
of the degree of polymerization of dual cure cement at the
cervical, middle, and apical third of different posts

The highest degree of polymerization was shown by the DT
Light post group at all levels as compared to the DT White
and metal post groups. This difference could be attributed
to the capacity of DT Light post to transmit light to the
deeper depths, to activate the light cured component of the
polymerization system, as shown by the results of this study.
Several studies have reported greater depth of cure with
light transmitting posts, as compared to opaque posts.1213l

The DT White post showed a better degree of polymerization
at the cervical third as compared to the metal post, but the
difference at the middle and apical third was statistically
insignificant. This was because the DT White post
transmitted light in the cervical third only, thus both the DT
White and Metal groups relied on the self-curing component
of the polymerization system at the middle and apical thirds.
This finding concurred with the results of Sigemori and
others,!" who demonstrated that the self-curing mode alone
was unable to provide the optimal hardness value of RelyxX
ARC. Several studies have reported superior mechanical
properties of resin cements cured through dual curing
compared to self-curing alone.l'*1!

The degree of polymerization decreases from cervical to
apical for all the groups. This difference in the degree of
polymerization at different levels may be attributed to
the difference in light transmission of the post at different
levels. The more intense the light source, the more are the
photons accordingly available for absorption by the photo
sensitizers. This help to form free radicals, to initiate and
propagate the polymerization process. Also, at the surface
of the resin, polymerization is more efficient because of
the ample number of photons provided directly from the
light source. The decrease in the degree of conversion
of dual cure resin cement from coronal to apical is
in agreement with the other studies.”'® Teixera and
others!'”! have found that Vickers hardness number, which
indirectly reflects the degree of polymerization of dual
cure resin cement and cures through a translucent fiber
post (DT Light) is highest in the coronal third, followed
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by the middle, and then by the apical third regions of the
root canal.

The mean values of the degree of conversion obtained in
the current study ranged from 26.01 to 62.3%, which was in
accordance with the results of Kumbuloglu and others.""8 They
reported a higher degree of polymerization of RelyxX Unicem
for the dual cured (56%), as compared to the autopolymerized
(26%), using FTIR. However, the results of our study showed
slightly higher polymerization values. The difference in
values could be because of the method of FTIR, that is,
the KBr method used in our study, as compared to the film
technique used by Kumbuloglu and others. Ferracane and
Greener compared the methods of FTIR and suggested that
the KBr method gave slightly greater values for a degree of
polymerization than those obtained by the film technique."”!

An important finding of our study was the fact that although
the mean degree of polymerization achieved in DT Light at
the apical third (38.96%) was greater than the DT White and
metal, it was still not adequate for the optimum mechanical
properties.

The difference in the diameter of the post at three levels
resulted in a different thickness of cement around it. This was
one of the limitations of our study. Caughman and others,?
in their study, found a maximum degree of conversion of dual
cure cement when the thickness of composite restoration
above it was 3 mm. In our study the maximum thickness
of dual cure resin cement was 1.3 mm and it was in direct
contact with the post. Thus, it is expected that a difference
in thickness of 1 mm of dual cure cement will not have any
impact on the degree of polymerization.

As only one dual cured resin cement was evaluated in this
study, these results cannot be extended to other dual cured
cements. Although there is a relationship between the
extent of resin cement, degree of polymerization of resin
cement, and physical property improvement, care must be
taken not to attribute clinical success to conversion values.
Further clinical studies are required to substantiate the
findings of this study.

CONCLUSION

The degree of polymerization of dual cure cement around
the esthetic post is dependent on the intensity of light
transmitted through these posts.
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