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The possible interaction between dentin and a proprietary dentin bonding agent (DBA), Gluma, was
studied by Phase Photoacoustic FTIR. The determination of the existence and nature of a chemical
bond between the DBA and the substrate can be of great importance in explaining the performance of
these agents. Human dentin was treated by solutions of 2-hydroxyethyl methacrylate (HEMA), glutaral-
dehyde and a combination of both (Gluma Primer). Spectra of dentin samples treated with 35% and
100% HEMA as well as Gluma Primer show loss of both the hydroxyl (O—H stretch) and methylene
(CHj; stretches) peaks from HEMA while other peaks are retained, even after thorough washing. This
indicates a reaction between HEMA and the collagenous fraction of dentin.

KEY WORDS dentin adhesives; vibrational spectroscopy; photoacoustic spectroscopy; HEMA (hy-
droxyethyl methacrylate); transesterification; chemical bonding.

INTRODUCTION

Achieving a strong and durable bond to dentin through the use of dentin bond-
ing agents (DBA) is of great importance in dental restorative techniques. In recent
years, there has been much debate as to how such a bond may be obtained. Bonding
is believed to occur through either mechanical or chemical interaction, or possibly
a combination of both.!23%3 Although bonding between dentin and a bonding agent
is sometimes suggested to be of a chemical nature, for which several reactions have
been proposed,®’ there is littie direct proof of its existence.

Chemical bonding to dentin is believed to occur from a reaction between the ad-
hesive and functional groups present in collagen (carboxylate, hydroxyl, amido or

*Presented at the Sixteenth Annual Meeting of The Adhesion Society, Inc., Williamsburg, Virginia,
U.S.A., February 21-26, 1993.
**Corresponding author.
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amino groups) and/or by complexation with Ca?* ions from hydroxyapatite (HAP).
In the case of the Gluma system, it has been suggested that a first reaction occurs
between glutaraldehyde and amino groups present in collagen, followed by the
reaction of HEMA with the collagen-bonded glutaraldehyde.”® Others have sug-
gested that the effect of glutaraldehyde may not be as obvious.” No reaction is sug-
gested to take place between the bonding agent and HAP.

The optical technique best suited for the study of chemical structures is infrared
(IR) spectroscopy. It measures characteristic vibrations of bonds present in the
chemical groups of molecules. This study uses Phase Photoacoustic FTIR (PHAS-
FTIR/PAS)," a surface sensitive IR technique, to probe the effect of the DBA
Gluma and its components (glutaraldehyde, HEMA) on dentin and calcium
hydroxyapatite. PHAS-FTIR/PAS is a photoacoustic spectroscopic technique
adapted to surface studies based on the measurement of pressure changes in a
coupling gas above the sample. These pressure changes are caused by heat released
by the sample upon absorption of IR radiation. Since only radiation absorbed close
to the surface reaches the coupling gas, it is possible to obtain spectra containing
the surface signal. This technique offers two main advantages; the first is that spectra
of normally-opaque samples (such as dentin) can be obtained. The second is that
PAS is a null technique, meaning no absorption, no signal; this permits minor peaks
and variations to be more easily seen. The variant of the photoacoustic technique
used in this experiment utilizes phase separation, allowing us to overcome some
photoacoustic artifacts often found in heterogeneous samples such as dentin.
Previous studies using a similar technique have either failed to prove the existence
of any chemical bonds in the systems used* or have shown that chemical bonding is
a possibility .2

In this study, PHAS-FTIR/PAS is used to follow specific changes in the chemistry
of dentin and HAP following the application of Gluma and its individual chemical
components. The ultimate goal is to elicit any reaction (or reactions) between den-
tin and bonding agent. Such an understanding will be helpful in directing future
research aimed at improving the performance of these agents.

EXPERIMENTAL

The materials used were the following: 2-hydroxyethyl methacrylate was obtained
from Sigma Chemicals (St. Louis, MO, USA); glutaraldehyde (25%) was obtained
from the Aldrich Chemical Company (Milwaukee, WI, USA); calcium hydroxyapa-
tite was supplied by Calcitek (San Diego, CA, USA); dentin samples were obtained
from freshly-extracted human molars, sectioned parallel to the occlusal surface to
obtain dentin disks. The disks were stored in a desiccator for no more than two
weeks. Commercial Gluma was obtained from Bayer (Dormagen, Germany).
Dentin was treated by dipping the disks in freshly-prepared solutions of either
5% glutaraldehyde, 35% HEMA or 5% glutaraldehyde and 35% HEMA (Gluma
Primer) in deionized water for 10 minutes, following which they were thoroughly
rinsed and dried under an air jet. HAP powder was added to test tubes filled with
solutions prepared as mentioned above and occasionally stirred in a thermostated
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bath at 37.5°C for 10 minutes, filtered, thoroughly washed in deionized water and
dried under vacuum for 2 days. A standard was prepared using the same procedure
but by replacing the solutions with deionized water.

Spectra were obtained on a Bomem DA-3 FTIR spectrometer, in the range of
750 to 4000 cm ! at a resolution of 8 cm~'. The photoacoustic cell was specially
designed to increase the ease of sample mounting and reduce thermal loss. Helium
was used as the coupling gas. A high sensitivity miniaturized Knowles EK-3103
microphone was used to detect the pressure changes. To increase S/N, one thousand
scans were co-added for dentin and four hundred for HAP, at a mirror speed of 0.1
cm/sec. Unless otherwise noted, all spectra have their standard already subtracted.

RESULTS

A spectrum of Gluma Primer (GP) solution can be found in Figure 1. It was obtained
by depositing and partially drying the solution on a metal support. Peaks can be
seen at 1165, 1298, 1319, 1720 and ~2950 cm ! as well as a broad band centered
around 3450 cm ™!, The broad band is due to hydrogen bonding from the water and
hydroxyl groups in HEMA present in the solution; the other peaks are commonly
the most intense peaks found on spectra of pure HEMA." By comparison, the
treated dentin spectrum (Figure 2) has peaks only at 1170, 1298, 1320 and 1720
cm™!, There is no evidence of the bands at ~2950 cm ™! (CH, symmetric and asym-
metric stretches) nor of the hydroxyl group (~3500 cm !, the O—H stretching vi-
bration), hydrogen bonded or not, usually found for HEMA. Note that the peak that

Photoacoustic Signal

—— . T v
4000. 3edo. 2500. 1780.
Wavenumbers (cm-!)

FIGURE 1 Spectrum of Gluma Primer.
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FIGURE 2 Subtraction spectrum of dentin treated with Gluma Primer.

appears at ~2300 cm ™! in many of the spectra is due to gas-phase CO, stretch-

ing; since it is difficult to remove all the air from the photoacoustic cell, this peak
is often present.

Treating dentin with either a 35% solution of HEMA in water or 100% HEMA
results in spectra (Figures 3 and 4, respectively) having peaks at ~1170, ~1300 and
~1720 em™!. These characteristic peaks match those found above; yet again, there
is no evidence of either the CH, or O—H stretching peaks.

After subtraction of the apatite standard (clean and untreated HAP), the calcium
hydroxyapatite spectrum resulted in a flat, clean baseline. HAP treatments showed
neither new peak formation nor loss.

Dentin samples treated with glutaraldehyde showed no significant changes in
chemical structure except for a very weak peak at around 1700 cm~'. As this peak
could not be reproduced in all experiments, it may be a contaminant left from the
washing.

DISCUSSION

Vibrational spectroscopy is a useful tool to help understand the interaction between
dentin and DBA. If any significant modification to either DBA or substrate occurs,
certain vibrational peaks should be modified; peaks may have shifted in position,
they may disappear and/or new peaks may be formed. Any one of these modifica-
tions indicates a chemical change in the region observed. These modifications may
help us determine the reaction that is occurring.
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FIGURE 3 Subtraction spectrum of dentin treated with 35% HEMA.
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FIGURE 4 Subtraction spectrum of dentin treated with 100% HEMA.,

119



12:59 22 January 2011

Downl oaded At:

120 M. DI RENZO et al.

As previously noted, all the peaks found in the spectra of dentin treated with
either the Gluma Primer or a HEMA solution are commonly found in the spectrum
of pure HEMA, with the noted exceptions being the region around 2950 cm ™' and
the broad band centered at 3450 cm~! (found only in the Gluma Primer solution
itself). As can be seen from these results, the peaks situated at ~1170, ~1300 and
~1720 cm~! are present in pure hydroxyethyl methacrylate, thus indicating that
at least some fraction of the molecule is present at or near the interface. These
peaks are consistent with the ones commonly assigned to esters with double bonds,
such as methacrylates. The strong peak close to 1720 cm™! is assigned to the
C=0 stretching frequency, the peak at 1170 cm ! is assigned to the C—O stretching
of the ester group and, finally the peak close to 1300 cm ™', which can often be
resolved into a doublet (Figures 1, 2 and 4), is assigned to a C=CH, rocking vibra-
tion (1300 cm™!) and a C=CH, deformation (1325 cm™!)."

The disappearance of the hydroxyl group of HEMA (~3500 cm ') as well as
the bands around 2950 cm~! (R-CH,-R’, symmetric and asymmetric stretching
vibrations) indicates that a reaction has occurred at the ester linkage. The latter
reaction may involve a trans-esterification and/or -amidization with groups present
in the collagen. This evidence clearly indicates a significant change in the chemical
structure of HEMA upon contact with collagen.

Given the similarity between spectra of samples treated with HEMA and those
treated with Gluma Primer, the effect of glutaraldehyde seems unclear. The only
effect detected at very high magnification in some spectra, following glutaraldehyde
solution treatment, was a weak peak at 1700 cm ™! and is probably a contaminant
left from the washing. Our experiments have failed to detect a definite presence of
glutaraldehyde; therefore, we are unable to conclude if its presence is necessary for
a reaction to occur. The lack of any effect of glutaraldehyde has previously been
reported.’

As originally thought, the Gluma system leaves HAP untouched, as no new peaks
were detected on any of the treatments. This is to be expected, as none of the com-
ponents of Gluma Primer have any affinity to form complexes with calcium hydroxy-
apatite.

CONCLUSION

Evidence shown in this study indicates that 2-hydroxyethyl methacrylate is capable
of chemically bonding to the collagenous fraction of dentin. This bond does not
depend on the presence of glutaraldehyde. This latter component of the Gluma
Primer solution has an effect which is unknown or undetectable with respect to the
bond created between dentin and DBA. Calcium hydroxyapatite is untouched by
Gluma, as expected.
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