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The Effect of Subject Age
on the Microtensile Bond Strengths
of a Resin and a Resin-modified
Glass lonomer Adhesive
to Tooth Structure
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Clinical Relevance

For the materials tested, there was no difference in adhesion to young and aged tooth structure.

SUMMARY

In this study, the microtensile bond strengths of
an etch-and-rinse resin adhesive to dentin and
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enamel and a resin-modified glass ionomer adhe-
sive to dentin were determined on teeth known
to have originated from subjects over 60 years of
age. The same tests were repeated on teeth origi-
nating from young subjects. The resin adhesive
was Prime & Bond NT (Caulk/Dentsply), while
the resin-modified glass ionomer adhesive was
Fuji Bond LC (GC America). Both were paired
with the same hybrid resin composite, TPH?
(Caulk/Dentsply). Testing was performed after 48
hours using a “non-trimming” microtensile test
at a crosshead speed of 0.6 mm/minute. No signif-
icant differences were observed between the
young and aged teeth for any comparison
(»>0.05). SEM evaluation of the etched dentinal
surfaces demonstrated less depth of decalcifica-
tion in the intertubular areas of aged dentin, but
there was no observable difference within the
tubules of young and aged dentin.

INTRODUCTION

For many years, the application of resin to enamel that
has been etched with phosphoric acid has produced a
strong, well-sealed interface, while more recently, the
adhesion of resin to dentin has become feasible with the
advent of hydrophilic resins capable of infiltrating into
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and polymerizing within a moist decalcified dentinal
surface to form a hybrid layer.!

Whether these adhesive techniques are equally effec-
tive in young and older patients has not been estab-
lished. It has been repeatedly demonstrated in vitro
that most of the mechanical properties of dentin decline
with the increased age of subjects.** It has been stated
that aged dentin may be considered sclerotic, due to a
narrowing of the dentinal tubules,* but it has not been
established whether this narrowing is equivalent to
sclerotic root surface dentin, which has a hyperminer-
alized surface due to exposure to oral conditions.” The
laboratory bond strengths of resin adhesives to sclerot-
ic root surface dentin are lower than that observed with
normal dentin,*” although the clinical performance of
both resin and resin-modified glass ionomer adhesives
in restorations of non-carious Class V lesions is not
adversely affected by sclerosis.*"* Although it has been
established that resin/dentin hybrid layers are thinner
in teeth derived from aged subjects versus those of
young subjects,” only one study to date has addressed
the effect of the subject’s age on the bond strength of
adhesives to tooth structure. In 1993, Tagami and oth-
ers” found no difference in bond strength to young or
aged dentin of four dentin-adhesive resins of that time
period.

This study determined the effect of subject age
greater than 60 years on the microtensile bond
strengths of a current etch-and-rinse resin adhesive to
dentin and enamel and a resin-modified glass ionomer
adhesive to dentin.

METHODS AND MATERIALS

Extracted teeth were collected in accordance with the
human subjects’ regulations at the Medical College of
Georgia. Clinicians who harvested the teeth were
asked to segregate those extract-
ed from patients age 60 or more
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Buehler, Ltd, Lake Bluff, IL, USA) equipped with a
diamond-impregnated disk, followed by hand finishing
for 30 seconds on wet 320-grit silicon carbide paper, to
create a realistic smear layer on the surface of the
occlusal mid-coronal dentin. For enamel adhesion test-
ing, flat surfaces were prepared on the facial and lin-
gual surface enamel above the height of contour using
320-grit silicon carbide paper under running water at
60 rpm on a polishing machine (Ecomet 3, Buehler,
Ltd). These flat areas were prepared in a plane esti-
mated to be parallel to the underlying dentino-enamel
junction.

The etch-and-rinse resin adhesive chosen for the
study was Prime & Bond NT (Dentsply/Caulk, Milford,
DE, USA), while the resin-modified glass ionomer
adhesive chosen was Fuji Bond LC (GC America, Alsip,
IL, USA). Both adhesives have been effective in the
clinical trials of non-retentive Class V restorations,>'**
and both were paired with the hybrid resin composite
TPH? (Dentsply/Caulk). Each adhesive was applied
according to the manufacturer’s instructions, which
are listed in Table 1. Following application of the adhe-
sives, approximately 6 mm thick cores of the resin
composite were built incrementally on the flattened
dentin or enamel surfaces of each tooth. Increment
thickness was limited to 2 mm, and initial curing was
accomplished with the light directed perpendicular to
the flattened area of the tooth for 40 seconds per incre-
ment using a fast halogen light source (VIP, BISCO,
Inc, Schaumburg, IL, USA). Final curing was accom-
plished with the light directed perpendicular to the ini-
tial cure, with an additional 45 seconds curing at each
of four locations around the circumference of the core
build-up, for a total of five minutes of curing per spec-
imen. Light output was verified throughout the study
as 600 mW/cm?, using the unit’s built-in radiometer.

and, over approximately one

Table 1: Manufacturer, Resin Composite, Instructions/Technique for Adhesives

year, collected 15 caries-free

Technique

molars that had been extracted
for periodontal reasons. These
teeth were matched to an equal
number of molars collected over
the same period by the same cli-
nicians and which were judged
by appearance to have been
erupted and to have originated
from young adult patients. All of
the teeth were stored in water
saturated with thymol.

Prime & Bond NT
Lot 051211

Lot 0507252

Fuji Bond LC
Lot 0501111

Cavity Conditioner
For dentin adhesion testing, Lot 0412281
the occlusal enamel of each tooth
was removed using a slow-speed TPH3

water-cooled saw  (Isomet, Lot 0301281

Caulk 34% Tooth Conditioner Gel

(GC America, Alsip, IL, USA)

Etch 15 seconds, rinse, blot dry
Apply, keeping surface wet, for 20 seconds
Air dry, light cure for 10 seconds

(phosphoric acid etchant)

(Caulk/Dentsply, Milford, DE USA)

Condition 10 seconds, rinse, lightly air dry
Mix two scoops powder, 1 drop liquid
Apply, light cure for 20 seconds

(polyacrylic acid 20-25% + aluminum chloride
hexahydrate 1-5% conditioner)

(Resin Composite for Both Adhesives)

(Caulk/Dentsply, Milford, DE, USA)

$S900E 931} BIA 20-60-G20¢ 1e /wod Aioyoeignd-poid-swud-yiewlsrem-jpd-awndy/:sdiy woly papeojumoq



284

Operative Dentistry

After storage in distilled water at 37°C for 24

Table 2: Mean Fuji Bond LC/Dentin Microtensile Bond Strengths

hours, the restored teeth were sectioned facio-lin-
gually into serial slabs approximately 0.8 mm

thick using a slow-speed water-cooled diamond
saw (Isomet, Buehler, Ltd). Each slab was then
sectioned perpendicular to the flat-ground enamel

MPa (SD)

Substrate n Bond Strengths

Young Teeth 5 22.3 (6.2) a
Aged Teeth 5 25.6 (7.8) a

or dentin into resin composite and tooth structure

Groups with same letters not significantly different, two-sample t-test, p=0.48.

beams approximately 0.8 x 0.8 mm in cross sec-

tion, according to the “non-trimming” version of
the microtensile test.’® Each tooth yielded 10 to 12

Table 3: Mean Prime & Bond NT/Dentin Microtensile Bond Strengths

beams. After an additional 24 hours of storage in MPa (SD)

distilled water at 37°C, seven beams per tooth Substrate n Bond Strengths

were selected at random and the dimensions of Young Teeth 5 55.4 (7.0) a
each beam were measured with a digital caliper Aged Teeth 5 60.2 (4.5) a
(AbSOIute Dlglmatlc Model CD 6" CS’ Mitutoyo Groups with same letters not significantly different, two-sample t-test, p=0.24.

Corp, Kanagawa, Japan) accu-

rate to =+ 5 uym. The beams were

then affixed to a Ciucchi device |Table 4: Mean Prime & Bond NT/Enamel Microtensile Bond Strengths

(Kuraray Co, Ltd, Osaka, Japan), MPa (SD)

using cyanoacrylate glue (Zapit, Substrate n Bond Strengths failure type
Dental Ventures of America, (n=35 beams)
Corona, CA, USA) and tested to a m-e c-d
failure under tension in a univer- Young Teeth 5 149.6 (5.9) a 13 0 22
sal testing machine (Vitrodyne Aged Teeth 5 47.3 (3.6) a 14 0 21
VIOOO, Chatillon, LargO, FL, Groups with same letters not significantly different, two-sample t-test, p=0.24.

USA) at a crosshead speed of 0.6
mm/minute. The type of failure
was observed at 2.5x magnification and was catego-
rized as adhesive, cohesive or mixed.

In addition to the microtensile testing, dentin from a
young and from an aged tooth were etched for 15 sec-
onds with the same phosphoric acid etchant used for
the microtensile specimens. This dentin was then
dehydrated in alcohol and sputter-coated. The surfaces
were examined in a SEM (Model XL30 FEG, Philips
Electronics, Eindhoven, The Netherlands), operated at
5kV.

Because multiple beams derived from the same tooth
may not be independent samples, bond strengths were
calculated for each beam, then the mean of the beams
for each tooth were used as the five samples per group.
Data for each of the three adhesive/substrate combina-
tions were analyzed statistically using a two-sample ¢-
test, at a significance level of 5% to compare young ver-
sus aged teeth. Since there were only two groups in
each comparison and since the number of beams was
the same for each tooth, this approach was equivalent
to exact statistical methods for comparing two groups
that incorporate the intra-class correlation among the
beams within each age group."” At a significance level
of 5%, the sample size of five teeth per group of this
study, which was dictated by a lack of sufficiently aged
teeth, provided 80% power for detecting a 20% differ-
ence in mean bond strength, assuming a coefficient of
variation of no more than 10%.

RESULTS

Data for each subgroup were found to be normally dis-
tributed. No significant differences were found
between bond strengths to dentin from young versus
aged teeth for either the resin (p=0.24) or the glass
ionomer (p=0.48) adhesive, and none were found
between enamel bond strengths for the resin adhesive
(p=0.49). There were no pretest failures in any group.
Failures between both adhesives and dentin were
entirely adhesive, while failures along the dentino-
enamel junction occurred in approximately 60% of the
specimens in both groups of enamel bond strength
specimens. Complete results are presented in Tables 2
through 4.

Dentin derived from teeth of aged subjects was uni-
formly darker in color and more translucent than that
derived from young teeth. The SEM analysis of etched
dentin from the aged teeth showed tubule patency and
density very similar to young dentin. Etching topogra-
phy was largely the same as for young dentin, except
for the presence of some calcified plate-like structures,
which could not be identified (Figure 1).

DISCUSSION

The authors regret that more aged teeth were not
available to provide an increased sample size for this
study, but they felt fortunate to locate 15 intact molars
from older subjects over the course of a year. This grad-
ual collection of teeth over a one-year period produced
a range of storage times within the subject teeth,
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Figure 1A. Etching pattern for young dentin, with decalcified col-
lagen matrix evident between and within tubules. Collagen mesh
of intertubular etched dentin is partially obscured by residual sil-
ica viscosity modifiers from the etchant used. (Original magnifi-
cation = 13000x).

although this was the same in both the experimental
and control groups. Since obtaining a larger sample of
aged teeth would further lengthen the storage inter-
vals, the authors determined that a sufficient number
of teeth were available for a small study and proceeded.

Although many previous studies of this type have
been based on the assumption that microtensile speci-
mens are independent, that approach does not take
into account the possible correlation among the sam-
ples within each tooth (the intra-class correlation),
which can result in variance estimates that are too
small, thereby inflating the probability of falsely
rejecting the null hypothesis that there was no differ-
ence between comparison groups. The statistical
approach used in this article, while appearing to be
simplistic, is mathematically equivalent to exact meth-
ods that incorporate the intra-class correlation direct-
ly into the comparison of two groups, as long as there
are equal numbers of specimens with complete data for
each tooth in each group.”

The relatively high incidence of failures through
tooth structure in the enamel bond strength specimens
observed in this study for both ages of teeth is proba-
bly attributable to the long interval between extraction
and testing, an effect observed previously by the
authors with teeth that have been stored for longer
intervals. The dentin evaluated for bond strength in
this study was relatively superficial and would be
expected to produce thin resin/dentin hybrid layers,
according to previous work by Prati and others," espe-
cially in older teeth. The observation by those authors,
that thinner hybrid layers do not necessarily translate
into reduced bond strength of resin to dentin, and also
the finding of no difference in bond strengths between
young and aged dentin by Tagami and others,*”
appears to be supported by this study.
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Figure 1B. Etching pattern for older dentin showing decalcifica-
tion pattern similar to young dentin, except for the presence of
plate-like calcified structures of intertubular dentin (arrows).
(Original magnification = 15000x).

Although it is well known that the permeability of
aged dentin is much lower than that of young dentin,*
microscopic examination did not show occluded
tubules in the level of dentin evaluated in this study. It
also seemed to confirm a slightly thicker collar of cal-
cification of intertubular dentin of older teeth,
although the overall appearance of the etched dentin
was relatively similar in both young and older teeth. A
recent study has reported that total-etch adhesive sys-
tems bonded to hydrated dentin exhibit large reduc-
tions in polymerization contraction stresses due to
water movement from dentin into the bonded inter-
face.” Although this study seems to support the fact
that this also occurs in older dentin, it should be con-
firmed in future studies.

The authors would not expect a different result had
this study been conducted with an alcohol-based resin
adhesive, rather than the acetone-based adhesive cho-
sen, as acetone-based adhesives are probably more
technique sensitive in terms of requiring a hydrated
etched dentin surface for adequate infiltration and for-
mation of hybrid layers. Also, the authors do not agree
with the manufacturer’s instructions for use of Fuji
Bond LC as the adhesive for resin composite restora-
tive materials along enamel margins. Although effec-
tive in the previously cited clinical trials of Class V
restorations, the use of a glass ionomer as an enamel
adhesive prevents the formation of a very strong
micromechanical bond of resin to etched enamel. It
seems preferable to finish away any glass ionomer
material from enamel margins and to proceed with
conventional enamel etching with phosphoric acid,
especially in restorations that will receive significant
occlusal stresses. For this reason, along with the lack
of available teeth, the bond strength of the glass
ionomer adhesive to enamel was not tested in this
study.
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Many clinicians have based their choice of glass
ionomer adhesives or restorative materials for older
patients on the expectation that the increased calcifi-
cation of dentinal tubules would be less disruptive to
the adhesion of these materials than to resin-based
adhesives. While this is likely true for sclerotic root
surface dentin, it may not be true on all dentin in aged
teeth, if the results of this study are representative.
The results of this study also raise questions about the
validity of equating aged dentin with the sclerotic
dentin of non-carious cervical lesions in terms of affin-
ity for adhesive resins.

Despite the lack of statistical power, given the small
differences in the observed means within this study,
the authors are confident that the findings of no sig-
nificant differences are clinically relevant for the con-
ditions evaluated in this study.

CONCLUSIONS

Within the limitations of this study, no significant dif-
ferences in the adhesion of resin to enamel or dentin, or
the adhesion of glass ionomer to dentin, were found for
aged versus young teeth.

(Received 19 April 2007)
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Southern Illinois University
Department of Restorative Dentistry
Tenure or Clinical Track Faculty Position

Southern Illinois University is seeking applications for
a full-time tenure or clinical track faculty position in
the Department of Restorative Dentistry. This position
will be available July 2008. Responsibilities include
didactic, pre-clinical and clinical teaching in Operative
Dentistry at the pre-doctoral level, with some teaching
at advanced levels and service to the University.

For tenure track appointments, independent
research and scholarly activities are also expected.
Applicants must have a DDS/DMD degree from an
accredited U.S. or Canadian dental school and either
possess or be eligible for a dental license in the State of
Illinois.

Candidates should have clinical expertise or
advanced training in Operative Dentistry. Prior expe-
rience in dental education or private practice is highly
desirable. The Department is responsible for the disci-
plines of Operative Dentistry, Fixed and Removable
Prosthodontics, Oral Morphology & Occlusion and
Dental Materials. Excellence in teaching is integral to
the mission of Southern Illinois University and the
School of Dental Medicine. Salary and rank are com-
mensurate with qualifications and experience.
Opportunity for extramural private practice is avail-
able. Review of applications will begin immediately
and continue until the position is filled.

Submit a letter of intent, curriculum vitae and three
references to Dr Ann M Boyle, Dean, Southern Illinois
University School of Dental Medicine, 2800 College
Avenue, Alton, IL 62002, USA. SIU-SDM is an
EEO/AA employer. Women and minorities are encour-
aged to apply. SIUE is a state university—benefits
under state-sponsored plans will not be available to
holders of F-1 or J-1 visas.

For further information, contact Dr Mark Belcher,
Chair, Search Committee, at mbelche@siue.edu.

Operative Dentistry
Home Page

We hope all our readers will take

advantage of the information available by accessing
our Internet home page. Our address is:
http://www.jopdent.org/

The home page contains buttons that will lead you to
answers to questions you may have related to
Operative Dentistry. These are:

Journal: leads to information on the Editorial Staff
and Editorial Board; a complete index of journal vol-
umes; a compilation of direct gold references; highlights
of the current issues, as well as a more detailed look at
published Editorials.

Subscribe: leads to a secure online subscription site,
complete information on subscription rates; purchas-
ing back issues, reprints, and bound volumes; and sub-
scription and change of address forms.

Links: provides links to the American Academy of
Gold Foil Operators, the Academy of Operative
Dentistry, the AADS-Operative Section, and our
Corporate Sponsors. In addition, membership applica-
tions for the journal’s parent academies are available
for downloading.

Interest: announcements of interest to our readers,
including meeting information, advertised faculty posi-
tions, and upcoming CE courses.

Authors: complete instructions for contributors to the
journal and an online submission page.

Reviewers: Link for our Editorial Board to submit
manuscript reviews electronically.

ERRATUM

In Operative Dentistry 33(3), the study “The Effect of
Subject Age on the Microtensile Bond Strengths of a
Resin and a Resin-modified Glass Ionomer Adhesive
to Tooth Structure,” pgs 282-286, has a typographical
error in Table 4, which appears on page 284. The
microtensile bond strength of Prime & Bond NT to
enamel in young teeth should be listed as 49.5 MPa
instead of 149.5 MPa.
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