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Today I'm delighted to welcome Natalie Rosenthal, a dental student at the
University of Manitoba. Natalie recently took first place in the CDA Dentsply
Sirona Student Clinician Research Competition. First of all, congratulations
Natalie.

Thank you, John.
Tell us, what was your project about?

So, my project was a study on the universal adhesive and how to improve their
properties by manipulating it differently than what the manufacturers
recommend.

Now, what's the significance of the project and the results to me as a general
dentist?

The degree of conversion is all about bond strength, having a higher degree of
conversion has a higher bond strength. So ultimately, if we can find a way to
have a higher degree of conversion and above longer lasting composites, then
patients will be happier. And the greatest finding was that we can increase the
degree of conversion by curing it for 20 seconds instead of the recommended
10 seconds.

Well, we certainly want happy patients don't we. So, let's go and have a look at
your project.

Welcome to my presentation on the factors affecting the degree of conversion
of universal adhesives. Now, to break down that title, the degree of conversion
is how much monomer gets converted into polymer upon curing. And the
significance of this is that a higher degree of conversion is correlated to a higher
bond strength. And we know from the literature that composites, the majority
of the time they fracture at the adhesive composite interface not the adhesive
dentin or enamel interface, so therefore finding ways to increase this degree of
conversion will ultimately increase a greater longevity for composite
restorations. And universal adhesives, they are the latest generation of
adhesives on the market currently, and it is advertised as a simple one-step
application adhesive where all the different components are combined into one
bottle. The purpose of this study was to see how manipulating the factors that
can influence the degree of conversion, specifically solvent evaporation, light
curing time, and the oxygen-inhibition layer, and how manipulating those
factors would have an effect on the degree of conversion.
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We know from previous studies with different adhesives, different generation of
adhesives, that letting the solvent evaporate longer brings the monomers closer
together, therefore increases the degree of conversion. We know that when
more light upon curing is provided to the monomers, that more of that gets
converted into polymers and we also know that when oxygen is present, it
creates an oxygen-inhibition layer on the most superficial layer of the adhesive
and this layer inhibits polymerization. The null hypothesis for this project is that
manipulating these factors differently than what the manufacturers recommend
would ultimately have no effect on the degree of conversion. The materials |
studied are as follows: It is four universal adhesives and one 7th generation
adhesive, one Coat 7.0, and the purpose of that was just to compare the
monomers. I'd like to point out that the monomers are listed in red, the solvent
in blue, and the photo initiator molecules in purple.

Also, they have very different chemical compositions, yet the manufacturers all
give the exact same mode of application. It is to agitate or rub in the sample
onto the substrate for 20 seconds, air dry with the air syringe for five seconds,
and then light-cure it for 10 seconds. So what | did was challenged that protocol
that the manufacturers recommend. | took an adhesive, put a drop on a glass
slide, | followed the manufacturer's instructions and rubbed it for 20 seconds.
Then for one group | had this five second solvent evaporation, the other group,
40 second solvent evaporation. And then to create the anaerobic scenario, |
placed [inaudible] over that adhesive and then cured it for 10, 20 or 40 seconds,
and then did the same thing with a separate group, but without the [inaudible]
strips. So, the adhesive was exposed to the air but then cured for 10, 20 or 40
seconds. This yielded over 140 samples.

Now once the sample was polymerized, | analyzed it using Fourier Transformed
Infra-Red analysis, which yields a graph as follows on the screen. Now the height
of the peaks is what we're looking at here, and each peak corresponds to a
specific bond within the molecule. So, having higher peaks show a higher
amount of those bonds present in the sample. So, we compared the spectrum
from a non-polymerized sample and the spectrum from it being polymerized,
and seeing the difference of that peak, of those peaks height, and we plugged
those numbers into the following equation down here, and that yielded the
degree of conversion. Now here are the results from the aerobic conditions,
which is the clinical scenario. I'd like to point out that the manufacturers'
instructions are all the columns with the asterisks above them and in literature
we know that to have ideal properties with an adhesive the degree of
conversion you want is 65 percent and these adhesives the majority of the time
did not reach 65 percent degree of conversion. And depending on the adhesive
we see, sometimes for some of the adhesives, increasing the solvent
evaporation, increasing the light-curing time had no effect. But then other ones
we see very interesting results where increasing the degree of conversion
significantly increased the degree of conversion past that 65 percent, which is
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very favorable and would result in a greater bond strength and longer longevity
for the composite restoration.

Now these are the results for the anaerobic scenario and we see a much
different results here where all the adhesives have much higher degree of
conversion. | would like to point out that the following manufacturers'
instructions are the columns with the asterisks, and it's still rather low, and we
see patterns that weren't there before, such as this adhesive. We see now
increasing the curing time significantly increased the degree of conversion.
Meanwhile, back in the aerobic results we didn't see that pattern. Solvent
evaporation overall did not really yield significant results, especially in the
anaerobic conditions. We see that curing time for certain adhesives did actually
increase the degree of conversion. For the oxygen inhibition layer we saw that
had the greatest effect. All the adhesives had a higher degree of conversion
when the oxygen inhibition layer was removed.

We see that patterns that weren't there in the aerobic condition were now
there and adhesives benefited more from having a prolonged curing time when
previously with the oxygen inhibition [inaudible] present, there was no
difference. So overall, increasing the solvent evaporation when analyzed
statistically, independently from the other factors, it was significant for certain
adhesives, but when analyzed in the big picture, it wasn't significant. For curing
under anaerobic conditions we saw that the overall degree of conversion was
significant greater, and we saw that curing time was, for certain adhesives, a
prolonged curing time yielded a much higher of conversion compared when we
cured it for the recommended 10 seconds. So therefore the null hypothesis that
manipulating the differently than what the manufacturers recommend would
have no effect has been rejected because we have proved that we can increase
the degree of conversion by applying the adhesive differently than what the
manufacturers recommend. I'd like to acknowledge the University of Manitoba,
Dr. Gerald Niznick College of Dentistry research grant for making this research
possible on a financial level, and for the manufacturers for providing the
samples.

Natalie, thank you very much for that presentation. The one thing that hits me is
that somehow the manufacturer's instructions seem to be out of sync with what
you found. Should there be some updating of manufacturer's instructions?

Well, | do agree that maybe the manufacturer's instructions should be updated,
but | the first step would be to do further research to guarantee that these
findings are the best mode of application for the materials and perhaps to look
at the materials individually instead of providing a standardized way of applying
each material because each material has a different chemical composition. So it
makes sense that there should be an individual consideration for each material
application. So yes, maybe the manufacturers could look into updating the
mode of recommendations.
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John O'Keefe: Well, once again, congratulations on winning this very prestigious award, and
we'll be keeping an eye on your career as it progresses.

Ms. Rosenthal: Thank you.



