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Laboratory Research

Failure Strengths of Composite
Additions and Repairs

D Tantbirojn ® C Fernando ® A Versluis

Clinical Relevance

Repair of defective composite restorations is a common practice, but few studies have
quantified the strength of various types of repair materials and techniques. This study
provides evidence that may help clinicians choose the most promising techniques and

materials.

SUMMARY

Purpose: When adding composite to a cured
composite restoration, the intent is to achieve
the same failure strength as the original re-
storative material. This study evaluated the
failure strengths of added or repaired compos-
ite using various chemical and/or mechanical
surface treatments.

Methods: Failure strengths were determined
using a four-point bending test. Beam-shaped
specimens were fabricated by adding new
composite to cured composite (Filtek Supreme
Ultra). The cured composites were either fresh
or aged seven days (N=10-14). The composite
surfaces were left unground or were ground
before treatment with various combinations of
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roughening, acid etching, silane, and dental
adhesives (conventional Adper SingleBond
Plus or new multimode Scotchbond Universal)
and/or tribochemistry (CodJet system). Mono-
lithic composite specimens were the control.
Failure strengths were statistically analyzed
using one-way analysis of variance and the
Fisher protected least significant difference
(¢=0.05).

Results: Failure strengths (mean = standard
deviation) when composite was added to un-
ground freshly cured composites (111+25 MPa)
and aged composites using a new multimode
adhesive with (10222 MPa) or without (98+22
MPa) tribochemical treatment were not signif-
icantly lower than the monolithic specimens
(12223 MPa). Grinding the surfaces of freshly
cured composite significantly reduced failure
strength, either with (8130 MPa) or without
(8631 MPa) use of conventional adhesive.
Failure strengths of aged composites were also
significantly lower (51+21 MPa with Single-
Bond Plus), even after tribochemical treat-
ment (7129 MPa with SingleBond Plus;
7335 MPa with Silane-Visiobond).

Conclusions: Using a new multimode adhesive
when adding composite to freshly cured or
aged composite substrates recovered the fail-
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ure strength to that of the original monolithic
composite.

INTRODUCTION

Composite repair for defective restorations is de-
parting from the traditional approach of removing
the whole existing restoration. Repair, rather than
total replacement, is one of the main concepts of
minimally invasive dentistry.! The main benefits of
composite repair are that it preserves tooth sub-
stance, reduces the risk of pulpal complications,
reduces costs for patients, and reduces treatment
time.?? Eighty-eight percent of dental schools in the
United States and Canada and 95% of dental schools
in Japan reported teaching repair of defective
composite restorations.®® Dental schools that did
not include composite repair in their curriculum
indicated poor experiences with restoration repairs
and viewed the repair procedure as subjective and
potentially increasing clinical risks.?

From a material point of view, adding fresh
composite to a cured composite in a repair procedure
raises questions about the adhesion and strength of
the restoration.*” To achieve chemical adhesion,
unreacted double bonds in cured resin-based com-
posites are essential when adding a new layer of
material.® Freshly cured composites usually have a
relatively high percentage of unreacted double
bonds. Methacrylate groups in restorative compos-
ites remain 25%-55% unreacted after polymeriza-
tion.? For aged composites, low bond strengths of
added layers have been attributed to a reduced
number of unreacted double bonds.*

Various surface treatment techniques have been
used to improve repair bond strength by increasing
surface roughness and/or chemically treating the
substrate surfaces. Examples are bonding agent
application, acid etching, surface abrasion, silica
coating, and silanization.'®* As more than half of
the components of composite restorative materials
are ceramic-based filler particles, surface treatment
and/or application of an adhesive that promotes
affinity to both the methacrylate-based resin and the
ceramic-based fillers should be advantageous. For
instance, a tribochemical system (Codet, 3SM ESPE,
St Paul, MN, USA) that combines sandblasting, a
proprietary silica coated sand, silanization, and
adhesive resin has been reported to increase repair
bond strengths.'?!® Moreover, a recently introduced
multimode adhesive (Scotchbond Universal, 3M
ESPE) combines methacryloxydecyl phosphate
monomer and silane to enable bonding to various
substrates, including metal, nonglass ceramic, and

glass ceramic.'® The indication for use of this new
universal adhesive includes intraoral repair of
existing composites.

The objectives of this study were to investigate
failure strength of added or repaired composite using
tribochemical pretreatment and/or the new multi-
mode adhesive and to compare the results with
traditional techniques of surface roughening, acid
etching, and bonding agent. Two types of substrates
were investigated: (1) freshly cured composite,
representing a clinical situation where composite is
added in the same visit as the restoration placement,
and (2) aged composite, representing a clinical
situation where composite is added (repaired) at a
later visit. Monolithic composite served as the
unrepaired control. The hypothesis was that with
an appropriate surface treatment, the failure
strength of added or repaired composite could be
the same as the cohesive strength of monolithic
composite.

METHODS AND MATERIALS

Beam-shaped composite specimens were fabricated
using Filtek Supreme Ultra (3M ESPE). The com-
position and application information for all materials
used is summarized in Table 1.

Monolithic Composite

Monolithic beam specimens (2 X 2.5 X 25 mm) were
fabricated by filling a stainless steel mold with a
restorative composite placed between two glass
slides. The composite beams were light-cured from
the top and the bottom (VIP junior light curing unit,
BISCO Inc, Schaumburg, IL, USA) through the glass
slides. The light tip was moved along the top (4 X 20
seconds) and bottom (4 X 20 seconds) to cover the
entire length of the beams. The intensity of the light
source was 600 mW/cm?, as indicated by a radiom-
eter (Model 100, Demetron Research Corp, Danbury,
CT, USA). After curing, the beams were taken out of
the mold, flash was removed, and the specimens
were finished by wet grinding with 600-grit silicon
carbide paper. The sample size of the monolithic
group was 6.

Adding to Freshly Cured Unground Composite

Half-length beam specimens (2 X 2.5 X 12.5 mm)
were made by filling half the stainless steel mold
(Figure 1A) with composite against a metal insert.
The half-beams were light-cured following the same
procedure as the full-length monolithic beams (2 X
20 seconds from the top and 2 X 20 seconds from the
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Table 1: Materials Used in the Study

Material

Composition

Application

Filtek Supreme Ultra Restorative
Composite? (A2 body shade), lot
N323761 and N367652

Silane treated ceramic 60%-80%; silane treated silica
1%-10%; UDMA 1%-10%; bisphenol A polyethylene
glycol diether dimethacrylate 1%-10%; Bis-GMA 1%-
10%; silane treated zirconia 1%-10%; polyethylene
glycol dimethacrylate <5%; TEGDMA <5%,; 2,6-di-
tert-butyl-p-cresol <0.5%

Light-cure 20 s

Scotchbond Universal Etchant,?
lot 476313

Water 50%-65%; phosphoric acid 30%-40%; synthetic
amorphous silica fumed, crystalline free 5%-10%;
polyethylene glycol 1%-5%; aluminum oxide <2%

Etch 15 s, rinse with water 10 s, blot dry

Adper Single Bond Plus
Adhesive,? lot 364852

Ethyl alcohol 25%-35%; Bis-GMA 10%-20%; silane
treated silica (nanofiller) 10%-20%; HEMA 5%-15%;
copolymer of acrylic and itaconic acid 5%-10%;
glycerol 1,3-dimethacrylate 5%-10%, water <5%,
UDMA 1%-5%; diphenyliodonium
hexafluorophosphate <0.5%; EDMAB <0.5%

Apply 15 s, air dry 5 s, light-cure 10 s

CoJet Sand Blast-Coating Agent
30 mm,” Lot 471342

Aluminum oxide >97%; amorphous silica 3%

Sand blast 3 s

ESPE Sil Silane Coupling
Agent,? lot 470876

Ethyl alcohol >97%; 3-methacryloxypropyl
trimethoxysilane <3%; methyl ethyl ketone <2%

Apply, allow to dry 30 s

Visio Bond Light-curing Bonding
Agent,° lot 464854

2-propenoic acid, 2-methyl-, [(3-
methoxypropyl)imino]di-2,1-ethanediyl ester 1%-5%;
2,2-dimethoxy-2-phenylacetophenone <0.3%;
dicyclopentyldimethylene diacrylate >95%; 2-
propenoic acid, 2-methyl-, 2-[(2-hydroxyethyl)(3-
methoxyproply)amino]ethyl ester <0.8%

Apply 10 s, air thin 5 s, light-cure 20 s

Scotchbond Universal Adhesive,?
lot 475230

Bis-GMA 15%-25%; 2-hydroxyethyl methacrylate
15%-25%; decamethylene dimethacrylate 5%-15%;
ethanol 10%-15%; water 10%-15%; silane treated
silica 5%-15%; 2-propenoic acid, 2-methyl-, reaction
products with 1,10-decanediol and phosphorous oxide
1%-10%; copolymer of acrylic and itaconic acid 1%-
5%; dimethylaminobenzoat <2%; camphorquinone
<2%; (dimethylamino)ethyl methacrylate <2%,;
methyl ethyl ketone <0.5%

Apply 20 s, air dry 5 s, light-cure 10 s

MicroEtcher Il Intraoral
Sandblaster,® Lot 23131-9

Equipment

Sand blast 3 s

Abbreviations: Bis-GMA, bisphenol A diglycidyl ether dimethacrylate; EDMAB, ethyl 4-dimethyl aminobenzoate; HEMA, 2-hydroxyethyl methacrylate; TEGDMA,

triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate

a 3M ESPE, St Paul, MN, USA.
b 3M ESPE AG, Seefeld, Germany.

¢ Danville Materials, San Ramon, CA, USA

bottom). After the half-beams were cured, the metal
insert was removed and composite was inserted into
the other half of the mold (Figure 1B), which was
then light-cured (2 X 20 seconds from top and 2 X 20
seconds from bottom). The final full-length beams
were removed from the molds and finished using the
same procedures as described for the monolithic
beams. The sample size of the freshly cured
composite group was 10.

Fabrication of Half-Beams

Half-length beam specimens (2 X 2.5 X 12.5 mm)
were made by filling half the stainless steel mold
with composite against the metal insert and light-
cured following the same procedure as described
previously. After curing, the half-length beams were

removed from the molds and flash was removed. All
surfaces, including the surface where composite
would be added, were finished by wet grinding with
600-grit silicon carbide paper. Composite was added
to the half-beam specimens either immediately
(freshly cured) or after being stored dry for 7 days
at room temperature (aged).

Adding to Freshly Cured Composite

The freshly cured half-beam specimens were (1)
ground wet using 600-grit silicon carbide paper; or
(2) ground wet using 600-grit silicon carbide paper
etched with phosphoric acid gel (Scotchbond Univer-
sal Etchant, 3M ESPE) for 15 seconds, rinsed with
water, and blotted dry. After adhesive was applied
for 15 seconds (Adper SingleBond Plus, 3M ESPE),
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the specimens were air dried for 5 seconds and light-
cured for 10 seconds. The surface-treated half-beam
specimens were placed back into the mold, and the
new composite was added to fabricate a full-length
beam. The added composite was light-cured (2 X 20
seconds from top and bottom). The full-length beams
were removed from the molds and finished using the
same procedures as described for the monolithic
beams. Sample size of the freshly cured composite
groups was 10.

Repair of Aged Composite

After wet grinding with 600-grit silicon carbide
paper, the interfaces of the aged composite half-
beam specimens were treated using one of the
following protocols:

¢ Etch/SingleBond Plus: Etched with Scotchbond
Universal Etchant for 15 seconds, rinsed with
water, blotted dry, applied Adper SingleBond Plus
adhesive for 15 seconds, air dried 5 seconds, and
light-cured 20 seconds.

¢ Cojet/SingleBond Plus: Tribochemical treatment
(Codet sand-blast) for 3 seconds, applied Adper
SingleBond Plus adhesive for 15 seconds, air dried
5 seconds, and light-cured 20 seconds.

¢ Cojet/Silane/Visiobond: Tribochemical treatment
(Codet sand-blast) for 3 seconds, applied ESPE
Sil Silane Coupling Agent and allowed to dry 30
seconds, applied Visio Bond for 10 seconds, air-
thinned 5 seconds, and light-cured 20 seconds.

¢ Etch/Universal: etched with Scotchbond Universal
Etchant for 15 seconds, rinsed with water, blotted
dry, applied Scotchbond Universal Adhesive for 20
seconds, air dried 5 seconds, and light-cured 20
seconds.

¢ Cojet/Universal: Tribochemical treatment (CodJet
sand-blast) for 3 seconds, applied Scotchbond
Universal Adhesive for 20 seconds, air dried 5
seconds, and light-cured 20 seconds.

Figure 1. Specimen fabrication. (A):
Half-beam composite specimens (2
X 2.5 X 125 mm) were made in a
stainless-steel mold. The metal insert
was removed after curing. (B): Com-
posite was added to repair the half-
beam to full-length (2 X 2.5 X 25
mm).

The treated half-beam specimens were placed
back into the mold, and new composite was
inserted into the other half of the mold to fabricate
a full-length beam. The added composite was light-
cured (2 X 20 seconds from top and bottom). The
repaired full-length composite beams were removed
from the molds and finished using the same
procedures as described for the monolithic beams.
Sample sizes of the repaired aged composite groups
were 10-14.

Flexural Failure Strength Test

All specimens were stored dry at room temperature
for 24 hours before testing. Before they were tested,
the dimensions (length, height, and width) of each
beam specimen were measured with a digital caliper.
Width and height were determined as the average of
three locations along each beam length. These
dimensions were used in the failure strength
calculations of each tested beam. Failure strengths
were determined using a four-point bending test
(Figure 2). Specimens were loaded until failure in a
universal testing machine (Instron Electromechani-
cal Testing System, Series 5567, Instron, Norwood,
MA, USA) at a rate of 0.5 mm/min. Load at failure
(N) was recorded. Failure strength (MPa) was
calculated from the relationship: 3 FL/(4BH?), where
F was the load at failure, L was the distance between
the lower supports (20 mm), B was the beam width,
and H was the beam height.'® Failure strength
comparisons between the tested groups were statis-
tically analyzed with one-way analysis of variance
followed by the Fisher protected least significant
difference (0=0.05).

RESULTS

Failure strengths and sample sizes are shown in
Table 2. It was observed that specimens with lower
failure loads usually fractured along the interface of
the repair, whereas specimens with higher failure
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Figure 2. Four-point bending test
setup and diagram of the specimen
dimensions and loading points.

loads often failed cohesively. Monolithic beams,
representing the strength of the original unrepaired
composite, had the highest failure strength values of
122 = 23 MPa (mean * standard deviation). When
new composite was added to unground freshly cured
composite, the failure strength (111+25 MPa) was
not significantly different from the values found for
the monolithic specimens.

When the freshly cured composite surface had
been ground and new composite material was added,
the failure strength significantly decreased by about
25%, regardless of whether adhesive was used
(86+31 MPa without adhesive; 8130 MPa with
Adper SingleBond Plus).

When new composite was added to aged speci-
mens, failure strength decreased more than 50%
when a conventional etch-and-bond technique had
been used (51+21 MPa). Codet sandblasting slight-
ly increased the failure strength (7129 MPa), but

Table 2: Sample Size and Failure Strengths (Mean =
Standard Deviation)?
Group Sample Failure
size strength
(MPa)
Aged: Grind, Etch/SingleBond Plus 12 51 £ 21a
Aged: Grind, CoJet/SingleBond Plus 11 71 £29ab
Aged: Grind, CoJet/silane/Visiobond 14 73+£35b
Fresh: Grind, Etch/SingleBond Plus 10 81 = 30 b,c
Fresh: Grind 10 86 * 31 b,c
Aged: Grind, Etch/Universal 11 98 + 22 ¢c,d
Aged: Grind, CoJet/Universal 10 102 = 22 ¢c,d
Fresh: No grinding 10 111 £ 25d
Monolithic 6 122 = 23d
2 Same letters denote values not significantly different (one-way analysis of
O\firga.uovgi followed by the Fisher protected least significant different test,

it was still about 35% lower than the original
strength, even after application of silane coupling
agent (73+35 MPa). Repairs using the universal
adhesive, however, recovered about 80% of the
original strength, yielding failure strengths that
were not significantly different from those of the
monolithic specimens regardless of whether CoJet
sand-blast treatment was used (98+22 MPa with-
out Codet sand-blast; 102+22 MPa with Codet
sand-blast).

DISCUSSION

This study examined different techniques and
adhesive materials for adding or repairing composite
restorations. The effectiveness of the addition or
repair techniques was evaluated 24 hours after a
repair was made by measuring the maximum
flexural strength in composite beams fabricated by
adding new composite to a cured composite. Flexure
was chosen to test the strength of the composite
beams because bending involves both tensile and
compressive stress conditions and thus can be
argued to be more inclusive than a uniaxial tensile
test.'? Shear tests have also been used to evaluate
repair strength,'® but stress conditions in shear tests
are not well defined.!” Furthermore, the choice of a
four-point instead of a three-point loading condition
provided a wider failure area with the same stress
conditions (because the longitudinal stress is con-
stant between the two upper supports) and thus
accommodated both cohesive and interfacial failures.
The significance of this choice was evident during
the testing, where specimens that failed at lower
load values were more likely to fail along the
interface, while specimens with relatively high
failure loads tended to fail cohesively (ie, away from
the repair interface).
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The sample sizes among the groups varied be-
tween 6 and 14. The International Standard ISO
4049 for dental resin-based filling materials specifies
at least five specimens for the flexural strength
test.'® The monolithic composite group had a sample
size of six. Sample-size number was increased for
specimens in groups with added or repaired compos-
ite because they had higher variation in failure
strengths than the monolithic beams. Because a
sample size of 9 has 95% confidence to detect a mean
difference of 2/3 of the standard deviation between
groups, sample size was increased to 10.!° Some
specimens in the aged composite groups had failure
loads substantially lower than the group means. As
these low values may represent actual repair
complications, extra samples were added for each
substantially lower value instead of excluding those
samples. The final sample sizes are shown in Table
2.

Two clinical conditions were simulated in this in
vitro study: (1) adding composite to a freshly cured
composite to represent adding composite to a
restoration within the same visit, and (2) adding
composite to an aged composite to represent adding
composite in a subsequent visit after the composite
restoration reached its maximum possible conver-
sion.

Freshly cured composite can be expected to have
the highest number of unreacted double bonds for
chemical adhesion of added composite. Failure
strength did not decrease significantly compared
with the monolithic specimens when composite was
added directly to freshly cured composite. When the
attachment surface was ground, which simulates
finishing of a restoration within the same visit, the
failure strength reduced significantly even when
the surface was re-etched and a conventional
bonding agent was applied. Other in vitro studies
reported mixed results for bonding agent applica-
tion on repair strength.*1%!® Under clinical condi-
tions, re-etching and application of a bonding agent
cleans the surface of contamination and provides
better adaptation of the added composite. Never-
theless, clinicians should be aware that adding a
new layer of composite within the same visit to
correct inadequate contact, contour, surface voids,
or shade mismatch may reduce the strength of a
restoration.

When composite restorations chip, wear down,
develop defective margins or have confined areas of
recurrent decay, while large portions of the resto-
rations remain intact and radiographically sound,
adding new composite to the old (aged) restorations

is highly desirable within the concepts of minimal
intervention and preservation of tooth structure.
Although partial removal of composite restoration
is conservative and avoids potential pulp injuries,
the bonding to tooth structure when the whole
restoration is removed can be better ensured than
bonding to old composite. Therefore, composite
repair techniques are sometimes viewed as unreli-
able and potentially increasing clinical risks.?
Indeed, the current study found that adding new
composite to aged composite could result in a
substantial (37% to 54%) reduction in failure
strength compared with repair of fresh composite.
This strength reduction may be attributed to the
more complete polymerization of aged composites,
which should have fewer remaining unreacted
double bonds for chemical adhesion of the new
layer.*®

To improve bond strength of repairs made to aged
composites, mechanical and/or chemical surface
treatments are often recommended.’®** It has been
shown that surface roughening by aluminum oxide
sandblasting increased composite repair strength
more than roughening with a diamond bur.!* A
tribochemical system, like the Codet Sand Blast, is a
step further than just sandblasting. The CodJet
system blasts proprietary silica-coated sand with
high energy to leave a ceramic coating (silicatized)
on the surface to enhance chemical bonding by
subsequent silanization.?’ Previous studies achieved
good repair strengths with this tribochemical sys-
tem.'?13 The same tribochemical system was used in
the present study and significantly increased the
failure strengths of the repairs to aged composite by
40% compared with surface roughening with silicon
carbide paper. Interestingly, no additional improve-
ment in failure strength was found when a silane
coupling agent was subsequently used to silanize the
interface after Cojet Sand Blast.

Besides the conventional bonding agents, a new
generation of multimode adhesive was tested for
repairing aged composites, which combines meth-
acryloxydecyl phosphate monomers for adhesion to
nonglass ceramic substrates and silane for adhesion
to glass-ceramic surfaces.'® Surfaces that are ground
in preparation of composite repair are likely to have
a high fraction of exposed ceramic fillers. This may
explain why the new multimode adhesive yielded the
highest failure strengths for repair of the aged
composites, regardless of tribochemical treatment.
The failure strength values that were found with
this new generation of adhesive were not signifi-
cantly lower than the monolithic strength. This
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confirmed the hypothesis that it is possible to repair
composite without a significant reduction in failure
strength, depending on the treatment of the attach-
ment surface, in this case treatment with a multi-
mode adhesive.

Ultimately, the durability of repaired composite
restorations must be proven under clinical condi-
tions. However, clinical studies cannot quantify the
strength of repairs, which requires in vitro studies.
Despite its limitations, an in vitro study can thus
provide important insight about repair procedures
and indicate the most promising techniques. The
results of the current study indicate promising
strength values with a new multimode adhesive.
The multimode adhesive, which is already part of
the enamel/dentin bonding procedure, is simple to
use and does not require extra armamentarium,
such as a tribochemical system. The ability to make
additions or repairs to composite restorations
without lowering the failure strength will contrib-
ute to the longevity of the dentition and thus oral
health.

CONCLUSION

¢ Adding new composite to aged or ground freshly
cured composite significantly reduced composite
failure strength when using a conventional bond-
ing agent, regardless of surface treatment.

* Repair of aged composite using a new multimode
adhesive, with or without tribochemical treatment,
achieved failure strengths that were not signifi-
cantly lower than those of additions to freshly
cured unground composite or monolithic unre-
paired composite.

e Tribochemical treatment alone increased repair
strength but was not as effective as the multimode
adhesive.
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