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R E C H E R C H E A P P L I Q U É E

S ome manufacturers claim1,2 that their high viscosity con-
densable posterior composites can be successfully light-
cured in up to 5-mm-thick increments. The maximum rec-

ommended curing depth for a conventional composite (e.g.,
Z100, 3M Dental, St. Paul, MN]) is 2 mm to 2.5 mm.3 As light
passes through composite, the light is absorbed or scattered and
the light intensity is reduced as the composite thickness increases.
It has been previously reported4,5 that the composite-dentin bond
strength decreases as the amount of light energy decreases. Con-
sequently, if insufficient light passes through a 5-mm increment of
composite, then the composite-dentin bond may be reduced.
Single Bond (3M Dental, St. Paul, MN), Bond 1 (Jeneric/Pen-
tron, Wallingford, CT) and Solo (Kerr Corporation, Orange, CA)
dentin bonding systems (DBS) can generate 24-hour shear bond
strengths greater than 18 MPa,6-8 but the composite specimens
were not polymerized in a 5-mm increment. Also, gelatin capsules
were used, allowing additional light to reach the resin-dentin
interface from the sides of the capsule and thereby increasing the
bond strength.

The hardness at the bottom of 4 mm of conventional com-
posite has been reported to be less than the hardness at the top,9,10

and at 3 mm the degree of conversion at the bottom of the com-
posite is about 50% of that at the top of the composite.11 Inade-
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quate curing of the composite not only adversely affects its phys-
ical properties,12 but also increases its cytotoxicity.13 Conse-
quently, it is recommended that conventional composites be light-
polymerized in increments no greater than 2-mm thick.10,11,14

This study compared the 24-hour in-vitro shear bond
strengths of 2-mm and 5-mm increments of two condensable and
one conventional composite resin when bonded to dentin. The
hypotheses were that there would be no difference in the bond
strengths obtained from the 2-mm and 5-mm specimens of the
condensable composites and that the 5-mm specimens of con-
densable composites would have greater bond strengths than the
5-mm specimens of conventional composite.

Materials and Methods
Ninety extracted human molar teeth were collected and stored

in aqueous 0.5% w/v chloramine-T-hydrate7 (Lot # 07117AG,
Aldrich Chemical Co., Milwaukee, WI) at 4ºC to 6ºC. Before the
dentin surfaces were prepared, the teeth were thoroughly washed
under running water for 24 hours. The teeth were then mounted
in acrylic resin such that only about half of the tooth was embed-
ded in the resin and the buccal surfaces protruded well above the
resin. This positioning avoided any possible contamination of the
dentin surface by resin when the buccal surface was ground flat.
To produce consistent bonding conditions, the buccal surfaces of



the teeth were ground flat against a water-cooled abrasive wheel
using a sequence of fresh 120-, 240- and 400-grit silicon carbide
papers. Since dentin depth and tubule orientation have been
shown to affect bond strengths and resin penetration,15,16 the
teeth were ground to approximately the same depth halfway
between the dentoenamel junction and the pulp. This depth was
considered to most accurately represent the depth of a typical
cavity preparation and thus was a representative site to test resin-
dentin bond strengths. The teeth were inspected to ensure that
there was no enamel or pulpal exposure at the bonding site. The
teeth were then randomly coded and stored in water 4ºC to 6ºC.
Final finishing with fresh 600-grit silicon carbide paper was done
1 to 4 hours before bonding. The teeth were then stored in water
at 37ºC ± 1ºC. Each bonding system was used in accordance with
the manufacturer’s instructions.1-3 All of the bonding systems were
used on moist dentin, and excess surface water was removed by
blotting the edges of the tooth with a KimWipe. During the
bonding procedure, the teeth were kept at 34ºC ± 2ºC to mimic
the intraoral environment. Distilled water at 35ºC ± 2ºC was used
to thoroughly rinse off the gel etchant.

All of the dentin surface was treated with the DBS, but the
dentin bonding adhesives were light-cured only within the metal
mould over the dentin to which the composite was
subsequently bonded. One conventional composite (Z100, Lot #
19981105 & 19980702) and two condensable composites (Prodigy
Condensable [Lot # 810876, Kerr Corporation, Orange, CA] and
Alert [Lot # 17020, Jeneric/Pentron, Wallingford, CT]) were used
with their respective bonding systems (Single Bond, Lot # 7AD,
7BA; Solo, Lot # 810578; and Bond 1, Lot # 811931). The com-
posite was packed into either a 2-mm-high or a 5-mm-high split
metal mould (Fig. 1) and bulk-cured from the top of the mould
for 40 seconds using a Demetron 401 (Serial # 4732765,
Demetron/Kerr, Danbury, CT) curing light. This light had an 80-
watt bulb and an 11-mm curing light tip. The power output from
the curing light was monitored every 20 samples to ensure ade-
quate power output. In accordance with manufacturer’s instruc-
tions,1 a 0.5-mm-thick layer of Flow It Shade A1 (Jeneric/Pen-
tron, Wallingford, CT) was applied to the dentin within the
mould and light-cured for 40 seconds before the Alert composite
was placed in the mould.

Immediately after the composite had been light-cured for 40
seconds, the mould was carefully removed and the specimen placed
in 37ºC ± 1ºC water. When one 2-mm and one 5-mm specimen
had been made with one composite, two specimens were made
with the next composite. This sequence was repeated until 15
specimens had been made for all six combinations of 2-mm-thick
and 5-mm-thick composites, a total of 90 specimens.

24-Hour Shear Bond Strength Testing
After bonding, the samples were stored in 37ºC ± 1ºC dis-

tilled water for at least 16 hours before and 2 hours after thermo-
cycling. The teeth were thermocycled 100 times17 from 5ºC to 55ºC
with a 30-second dwell time and a 30-second intermediate time at
ambient temperature of 21ºC, a total of 200 minutes. They were
debonded in a water bath at 37ºC ± 1ºC using an Instron 1000
(Instron, Canton, MA) in a shear bond strength test mode in the
same sequence in which they were made. A measured crosshead
speed of 2.8 mm/min. was used, which was within the 1 mm/min.
to 5 mm/min. range used by other researchers.4-8,15,16,18

Journal de l’Association dentaire canadienne36 Janvier 2000, Vol. 66, No 1

Price, Doyle, Murphy

pin or
hole

Light Tip

Light Tip

GrooveGroove

Cross-section 5-mm metal mould Cross-section 2-mm metal mould

TOP VIEW BOTTOM VIEW
Locking

Ring

Light Tip

DentinDentin

..............................

..............................

......

............

Tight contact
between halves

Figure 1: Schematic of the metal moulds used to produce 2- and
5-mm-thick composite resin cylinders.

Figure 2: Example of an adhesive failure between the dentin and the
composite.

Figure 3: Example of a mixed failure with composite left on the
dentin.



The effects of the three different bonding systems, the differ-
ent composites and the different composite thicknesses were com-
pared for bond strength using ANOVA and a pairwise t-test on
differences between least squares means, with levels adjusted
according to SIDAK’s inequality for all main effect least squares
means.19

Examination of Debonded Specimens
The debonded dentin surfaces were coded and examined in a

random sequence using a light microscope at 40X magnification.
The mode of failure of the DBS was recorded as either “adhesive,”
meaning none or very little (< 30%) composite still remaining on
the dentin surface (Fig. 2), or “mixed,” meaning composite
remaining on > 30% of the dentin surface (Fig. 3), or “dentin
fracture,” meaning dentin fractured with composite resin
attached to a portion of the fractured dentin.

Results
The mean light intensity output for the Demetron 401 curing

light was 700 mW/cm2. The composite buttons were 4.22 mm
in diameter, with a mean height of 2.01 ± 0.12 mm and 4.98 ±
0.15 mm.

ANOVA showed that the composite and composite thickness
had a significant effect on the bond strength results (p < 0.0001)
(Table 1). Of the 5-mm-thick specimens, the pairwise t-test on
differences between least squares means showed that the Alert
(3.9 MPa) and Prodigy Condensable (6.5 MPa) had the lowest
bond strengths and Z100 had the greatest bond strength (16.8
MPa) (Table 2). Of the 2-mm-thick specimens, Z100 (21.3 MPa)
and Prodigy Condensable (22.2 MPa) had the greatest bond

strengths. All the 2-mm specimens produced greater bond
strengths than the 5-mm specimens made using the same materi-
als (p ≤ 0.0005). The hypotheses of this study were therefore
rejected, because the shear bond strengths of the 5-mm specimens
were significantly lower than those of the 2-mm specimens, and
the shear bond strengths of the condensable composites were not
greater than those of the conventional composite.

The modes of failure are shown in Table 3. Nine dentinal frac-
tures occurred with the 2-mm increment of Z100 and four dentin
fractures occurred with 2 mm of Prodigy Condensable. The mean
bond strength at which all the observed adhesive failures, mixed
failures and dentin fractures occurred were 4.9 ± 5.6 MPa, 13.2 ±
7.0 MPa and 23.1 ± 3.9 MPa, respectively.

Discussion
This study attempted to standardize the testing conditions and

wherever possible mimic the intraoral environment, because in
vitro laboratory testing under normal conditions does not always
reflect what happens intraorally. For example, changing the in
vitro test temperature and humidity from 23ºC/52% relative
humidity (RH) to 37ºC/95% RH has been shown to decrease the
bond strength of Scotchbond Multipurpose to dentin.20 Realizing
that the intraoral temperature varies depending on the location of
the tooth in the mouth and the use of a rubber dam, all bonding
procedures were conducted at 34ºC ± 2ºC, which was estimated
to be the temperature of teeth intraorally when bonded using a
rubber dam,21 and the specimens were debonded at 37ºC.
Although many dentin bonding studies do not thermal cycle22 the
specimens, it has been shown that thermocycling may affect bond
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Table 1 Two-way ANOVA table for the effect of composite and thickness on bond strength

DF Sum of Mean ƒ Value p Value Power
Squares Square

Composite 2 1242.68 621.34 79.12 < 0.0001 1.0

Thickness (mm) 1 2592.42 2592.42 330.10 < 0.0001 1.0

Composite * Thickness (mm) 2 483.99 242.00 30.81 < 0.0001 1.0

Residual 84 659.69 7.85

Table 2 Mean (± SD) 24-hour shear bond 
strength (MPa) for 2- and 5-mm thick 
bulk polymerized composites

Bonding System/Composite Thickness MPa ± SD

Solo/Prodigy Condensable 2 mm 22.2 ± 2.9

Single Bond/Z100 2 mm 21.3 ± 3.1

Single Bond/Z100 5 mm 16.8 ± 3.1

Bond 1/Alert 2 mm 16.0 ± 2.5

Solo/Prodigy Condensable 5 mm 6.5 ± 2.0

Bond 1/Alert 5 mm 3.9 ± 3.1

n = 15 teeth per group, thermocycled 100x, 5º-55ºC

= Not significantly different (p = 0.01)  Pairwise t-test: SIDAK

Table 3 Mode of failure
Mean

Number of Failures MPa

Composite/Thickness Adhesive Mixed Dentin 
Fracture

Prodigy Condensable 2 mm 11 4 22

Z100 2 mm 6 9 21

Z100 5 mm 2 13 17

Alert 2 mm 15 16

Prodigy Condensable 5 mm 1 14 7

Alert 5 mm 1 14 4

n = 15 samples per group



strength.23,24 Therefore, this study used thermocycling to mimic
the 24-hour intraoral environment. The specimens were thermo-
cycled 100 times (a total of 200 minutes), since more than 100
cycles have been shown to be unnecessary.25

In some previous studies,4,6,7,18,26 the entire dentin surface was
treated with the DBS and light-cured before the composite was
bonded to the dentin. This technique has been reported to artifi-
cially increase bond strength values.27 Therefore, in this study, the
DBS on the dentin surface was light-cured only within the metal
mould positioned over the dentin to which the composite was
subsequently bonded.

The manufacturers of Solo, Bond 1 and Single Bond recom-
mend that after the dentin is etched and washed, the dentin
should be left moist or blot dried. Some bonding systems have
been shown to have increased bond strength with wet, moist or
physiologically hydrated etched dentin26,28 compared to air-dried
dentin. Even a brief three-second period of air drying has been
shown to have a detrimental effect on the bond strength com-
pared to the use of hydrophilic cotton pellets or KimWipes.26,28

Therefore, the dentin specimens were blot dried using KimWipes
before applying the DBS. Z100 was chosen as the representative
control composite, as it was the most popular composite used in
dental schools in North America in 1997.29

When DBS fail mainly because of dentin fractures or cohesive
composite failures, this may indicate good adhesion between the
dentin and the composite.22,23 The 5-mm-thick specimens exhib-
ited only adhesive failures and their bond strengths were signifi-
cantly lower than the 2-mm results. There were more dentin frac-
tures and mixed failures for the systems with the higher bond
strengths (Table 3), and the mean overall bond strength at which
all the dentin fractures occurred was 23.1 MPa. This result sup-
ports the view that bond strength and mode of failure may be
related.22,23

The top of the 5-mm Alert and the Prodigy Condensable com-
posite samples appeared to be harder than the bottom when the
specimens were scraped with a sharp blade, indicating that the
Alert and Prodigy Condensable composites were not adequately
polymerized at the bottom. This finding supports previous reports
that there is a marked decrease in hardness and degree of conver-
sion when the composite is more than 3 mm thick.9-11,30 It may
explain why the bond strengths of the 5-mm-thick condensable
composites (Table 2) were surprisingly low compared to the
2-mm-specimen results, which were obtained using exactly the
same materials and bonding procedure.

The manufacturer of Alert recommends1 that the composite be
polymerized for 40 seconds with a light intensity greater than 
400 mW/cm2 to ensure that the composite is polymerized. The
curing light used in this study delivered almost twice the amount of
light energy than is produced by the curing lights of about half of
dental offices.31 Each composite specimen received approximately
28,000 mJ/cm2 of light energy (40s X 700 mW/cm2) from an
11-mm light tip that completely covered the 4-mm diameter
composite specimen. This amount of light energy was much more
than the minimum recommended and should have been adequate
for all the bonding procedures, since it has been reported that
there was no significant increase in top or bottom hardness when
a 3.5-mm-thick specimen of Pertac (ESPE, Norristown, PA) was
exposed to more than 17,000 mJ/cm2 of energy.32 However, the

present research shows that considerably more light energy may be
required to polymerize the bottom of a 5-mm-thick specimen of
composite.

When composite in a tooth is being polymerized, some addi-
tional light may be transmitted through the tooth to polymerize
the composite, but the amount of light will vary according to the
tooth thickness, the tooth colour, the presence or absence of a
metal matrix band and the presence or absence of metallic restora-
tions. The 2- and 5-mm metal moulds used in this study did not
allow light to penetrate the composite from the side and allowed
light to enter the specimen only from the top. This provided a
true test of the manufacturer’s claims1,2 that the composite can be
polymerized in a 5-mm-thick increment, for it is known that the
depth of cure is significantly greater when a white mould that
allows light penetration from the sides is used compared to a
stainless steel or a black mould.33 To maximize light penetration
through 5 mm of composite, lighter shades of composite were
used (A1 for Z100, A1 for Prodigy Condensable and A2 for Alert)
since it has been reported that darker shades require increased
light exposure.14,30,33,34 Since inadequate light intensity adversely
affects bond strength,4,5 the bond strengths may be even lower
when darker shades are used (e.g. A3.5 for Alert or A3 for Prodigy
Condensable). Further research is required to determine the rela-
tionship between shade, filler content, light transmission through
the composite, hardness, degree of conversion and bond strength,
because the bottom of the 5-mm Z100 conventional composite
appeared to be harder than the condensable composites, and this
product had the greatest 5-mm bond strength.

Although it could be suggested that the composite resin will
eventually polymerize at the base of the restoration, the initial low
bond strength may be inadequate to resist the polymerization
shrinkage of the composite and thus prevent failure of the bond
to the dentin when the patient chews on the restoration. Bond
failure may cause increased microleakage at the bottom of a 5-mm
bulk polymerized Class II proximal box and increased cytotoxic-
ity13 from the inadequately polymerized composite resin. 

Because the shear bond strengths of the 5-mm specimens were
significantly lower than those of the 2-mm specimens and the
shear bond strengths of the condensable composites were not
greater than those of the conventional composite, clinicians
should not try to bond 5-mm increments of composite to dentin.

Conclusions
Two conclusions were drawn. First, the shear bond strengths to

dentin of Z100, Alert and Prodigy composites tested were much
lower when cured in a 5-mm increment than when cured in a 2-
mm increment of composite (p ≤ 0.0005). Second, the condens-
able composites tested did not have a greater bond strength to
dentin than the  conventional composite when polymerized in a
5-mm bulk increment (p ≤ 0.01). a
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