Is in vitro research in restorative dentistry useless?

It started with a few doubts.

e In 1989, a paper was published in the Journal of
Dentistry criticizing bond strength measurements
(van Noort et al, 1989).

* A couple of years ago, a prominent member of a Den-
tal Materials department told everyone at the IADR
meeting that the microtensile test was very problem-
atic, due to inhomogeneous load distribution in the
sample. His conclusion: Microtensile testing is bad.

* A meta-analysis on the reliability of dye penetration
tests came to the conclusion that the results cannot
be compared due to the huge variability of different
test parameters (Raskin et al, 2001).

¢ Clinical studies that placed fillings in teeth that were
extracted after some months and subjected to dye
penetration revealed no correlation of dye penetra-
tion to post-operative sensitivity or other clinical pa-
rameters (Opdam et al, 1998).

¢ | recall endless discussions with my group of re-
searchers as to which tests should be performed to
offer good prediction of clinical behavior of dental
restorative materials.

In other words, the value of in vitro research on restor-
ative dental materials is being questioned. This trend
has increased dramatically within the last years. In
2010, the Academy of Dental Materials devoted their
annual meeting to the question of how to best test for
adhesion. Sdéderholm et al (2012) have just published
a paper in which finite element analysis (FEA) showed
that the main stress does not occur at the interface in
a microtensile bond strength test. They thus concluded
that the “bond strength” values determined with the
microtensile test do not represent the true situation.
In an editorial, Soderholm reinforced his view that mi-
crotensile bond strength tests should not be performed
(Soéderholm, 2012). Kelly et al (2012) have recently
published an article critically questioning shear bond
tests, wear testing, and load to failure testing, based
on analyses of published data. Their conclusion is that
the actual tests do not represent the clinical reality at
all, and they even recommend that “editors of dental
materials and prosthodontics journals should take a
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similar ethical stand against the publication of studies
using ‘crunch the crown’ protocols in particular and
take a more critical look at the value of publishing bond
strength research.” The trigger for this recommendation
is not only the data presented in the paper, but the in-
formation that the Journal of Endodontics has stopped
accepting papers using microleakage protocols.

This, of course, has prompted me to write an editorial
myself. First, just a comment on the endodontic problem:
Years ago we were well aware of the fact that dye tracers
do not represent the truth when it comes to looking at
the functionality of root canal sealers. Therefore, my co-
workers at the time decided to examine whether a root
canal filling is able to prevent bacterial penetration (Bar-
thel et al, 2000). This makes sense, since bacteria are
supposed to be the main reason for failure of root canal
treatment. Therefore, a bacterial penetration test was
designed and used. To our astonishment, it was just a
matter of time until the bacteria had reached the chamber
beyond the apex. Out of curiosity, my co-workers applied
the test to a solid bar of dentin without a root canal at all,
and ... surprise surprise, the bacteria found their way to
the test chamber as well. This anecdote underlines that
reality is much more complex than we want to believe.
Now back to adhesion, wear and strength tests. The
common line in all papers that criticize this type of in
vitro research is that there is no reproducibility within
and among different methods, that the results are con-
tradictory, the results do not represent the reality of the
failure mechanism (eg, if looked at with FEA), and that
there is no correlation to clinical behavior. It's easy to
criticize. |1 can go on: Most of these in vitro tests are
very difficult and complex, and the outcome is often
“operator sensitive”. In the clinical correlations, usu-
ally only material classes are compared, but never the
same material (product), similar wear procedures are
used for all materials, and the authors usually do not
consider batch to batch differences. Do the authors
who conduct meta analyses or use data from the litera-
ture know whether the data used are reliable? In other
words, were the machines used in these publications
suitable and the processes validated according to GLP
(good laboratory practice)? How sound were the clinical
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outcome data used for correlations? Then | must ask:
Have the new methods used to explain what is really
going on been validated? How do you know that the
FEA models used really represent reality? Are you sure
you were able to model the very complex interface den-
tin/adhesive/composite accordingly and in sufficient
resolution? Or provocatively asked: are the models
used representative or just an assumption as well (of
course much better that what we had in the past)?
Besides a better understanding of the failure mecha-
nism, do FEA or fracture mechanics tests predict the
clinical behavior of restorations in order to predict their
longevity? And if yes, it this prediction validated with
clinical data? Here is another anecdote (I know its
value): The only in vitro wear method praised as clin-
ically relevant in the Kelly et al (2012) paper was never
able to yield reproducible results when we applied it.
So one could conclude that we must employ clinical
testing only. But then we end up with the same dilemma
of having to decide what is better: randomized controlled
prospective clinical studies or practice-based research?
How can the dentist be standarized? Are patients ever
standardizable? We know from the “battles of the bonds”
of my late colleague Michel Degrange that the influence of
the dentist is far greater than the influence of the material
(maybe this is related to the wrong test). When it comes to
patients, my common sense tells me that patients change
their behavior (diet, stress, medication, oral hygiene etc.)
over time and therefore results of clinical tests necessar-
ily vary considerably. Furthermore, consider the time in-
volved. Today’s restorative materials are excellent, which
means that in the hands of good dentists, it takes a long
time (years) until differences between different materials
can be observed in clinical application. Moreover, clinical
failure is not limited to fractures of the restorations. There
are many other factors that can lead to a clinical problem.
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Criticism is the motor of progress, but this is only half
of the truth. Criticism is just the initiator. of the process
of progress. Therefore, my plea to my fellow researchers
is to not just say no, no, no, but to come up with some
yes, yes, yes! In other words, your critique.is much: more
valid if you also formulate positive recommendations
for in vitro testing. | know, this is a great challenge, but
we definitely need valid in vitro data before we initiate
clinical studies. This is an ethical requirement we are
obliged to fulfill.

TN

Sincerely yours,
Jean-Francois Roulet

REFERENCES

Barthel CR, Zimmer S, West G, Roulet JF. Bacterial leakage in obturated root
canals following the use of different intracanal medicaments. Endod
Dent Traumatol 2000;16:282-286.

FDA, Good Laboratory Practice (GLP). (PART 58 52 FR 33780, 1978, last
revision 2004).

Kelly R, Benetti R Rungruanganunt R Della Bona A. The slippery slope —
Critical perspectives on in vitro research methodologies. Dent Mater
2012;28:41-51.

Opdam NJ, Feilzer AJ, Roeters JJ, Smale I. Class | occlusal composite resin
restorations: in vivo post-operative sensitivity, wall adaptation, and mi-
croleakage. Am J Dent 1998;11:229-234.

Opdam NJ, Roeters FJ, Feilzer AJ, Verdonschot EH. Marginal integrity and
postoperative sensitivity in Class 2 resin composite restorations in
vivo. J Dent 1998;26:555-562.

Raskin A, D’Hoore W, Gonthier S, Degrange M, Dejou J. Reliability of in vitro
microleakage tests: a literature review. J Adhes Dent 2001;3:295-308.
Soderholm K-J. Time to abandon traditional bond strength testing?.J
Adhes Dent 2012; 14: 3-4

Sdderholm K-J, Geraldeli S, Shen C. What do microtensile bond strength
values of adhesives mean?. J Adhes Dent. 2012; 14: Jan 24. doi:
10.3290/j.jad.a22767 (Epup ahead of print)

Van Noort R, Noroozi S, Howard IC, Cardew G. A critique of bond strength
measurements. J Dent 1989; 17: 61-67

The Journal of Adhesive Dentistry



