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Abstract

The purpose of this study was to evaluate the effect of an APF gel treatment on the shear bond strength of a resin composite
to enamel. A total of 45 noncarious human extracted permanent molars were used. A flat enamel surface was obtained with
600 grit silicon carbide paper and cleansed with a rubber cup and a water slurry of fine flour of pumice. The teeth were randomly
distributed into three groups of 15 teeth each: Group 1: Etched for 30 sec with 37% orthophosphoric acid gel (control); Group
2: APF treatment (Topex gel--Sultan Dental Products, Englewood, N]) for 1 min and then etched as in Group 1; Group 3: APF
gel treatment for 4 min and then etched as in Group 1. After etching, rinsing, and drying, an unfilled resin (XR-Bond--Kerr
Manufacturing Co., Romulus, MI) was applied thinly with a brush and cured for 20 sec. A nylon ring (internal diameter: 6.69
mm2) was placed over the area and filled with a light-cured composite resin (Herculite XR~---Kerr Manufacturing Co.,
Romulus, MI). The teeth were thermocycled (x500), mounted in plastic cups and plaster, and sheared with a knife-edged blade
in an Instron® Testing Machine (Instron Engineering Corp., Canton, MA) running at a crosshead speed of O.5 mm/min. The
results in MPa were as follows: Group 1: 24.88 + 6.16; Group 2:23.20 + 5.11; Group 3:21.29 +_ 8.44. An ANOVA and S tudent-
Newman-Keuls procedure revealed no statistically significant difference among the groups. Enamel fracture (enamel cohesive
failure) occurred in all specimens in groups 1 and2, and in 14 of 15 in Group 3. (Pediatr Dent 15:272-74, 1993)

Introduction

Treating enamel with fluoride for caries prevention has
been advocated widely. Fluorides react with the enamel,
forming calcium fluoride and fluoroapatite, which act as
slow releasing agents, enhancing remineralization of
enamel and making it more resistant to acid dissolution.1

However, the formation of reaction products (mainly cal-
cium fluoride~, 3) has been reported to reduce resin bond
strength to enamel.4, s

Topical application of an acidulated phosphate fluoride
(APF) gel remains an important strategy for caries preven-
tion, and it has been reported to affect bonding of fissure
sealants.6 However, short exposure of enamel to fluori-
dated agents such as prophylaxis pastes, dentifrices, and
etching gels or solutions had no significant effect on the
bonding of sealants, composites, and orthodontic brack-
ets.Y-IS

The results reported almost two decades ago may not
necessarily apply to the newer APF gels, etching times and
agents, and resin composites.

The purpose of this study was to evaluate the effect of
an APF gel treatment on the shear bond strength of a resin
composite to enamel.

Methods and materials

A total of 45 noncarious human extracted permanent
molars stored in distilled water were used. A flat enamel
surface was obtained on the buccal surface with 600 grit
silicon carbide paper. The teeth then were distributed
randomly into three groups of 15 teeth each:

Group 1: Rubber cup pumice prophylaxis
Group 2: APF gel treatment (Topex gel--Sultan Den-

tal Products, Englewood, NJ) for 1 min
Group 3: APF gel treatment (Topex gel) for 4 min.

After each tooth was cleansed with pumice, rinsed,
and dried, for groups 2 and 3 the APF gel was applied
directly over the enamel with a plastic spatula so as to
avoid touching the surface. After the required time, the
gel was rinsed off with distilled water for 15 sec, and the
enamel dried with oil-free compressed air for 20 sec.

In all groups, the enamel surface was etched for 30 sec
with 37% phosphoric acid (Kerr Gel Etchant--Kerr Manu-
facturing Co., Romulus, MI) and then washed thoroughly
for 15 sec with water. After drying each specimen with
oil-free compressed air for 20 sec, XR-Bond (Kerr Manu-
facturing Co., Romulus, MI) bonding agent was applied.
Immediately, Herculite XR® (Kerr Manufacturing Co.,
Romulus, MI) (Kerr, light yellow) resin composite 
placed in a nylon cylinder and held with finger pressure
over the flattened enamel surface. The resin was then
cured for three 40-sec intervals, one from the top and two
from the sides. After 15 min at room temperature, they
were placed in deionized water for 24 hr.

The specimens were thermocycled x500 in deionized
water ranging in temperature from 5-55°C at 30-sec inter-
vals, embedded in dental stone, and sheared with a knife-
edged blade on the Instron testing machine at a crosshead
speed of 0.5 mm/min. The blade was placed at the ring-
tooth interface. The force required to break the resin-
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Table 1. Shear bond strength (in MPa) for the different groups

Group Number Mean (MPa)

Pumice prophylaxis 15 24.88

APF for I min 15 23.20

APF for 4 min 15 21.29

Table 2. Debonding failure site for the different groups

Debonding Failure Site

that the bond strength of orth-
odontic brackets placed after

SD Range etching with a sodium fluo-

6.16 15.40- 35.12 ride-containing phosphoric
acid gel was significantly

5.11 15.55- 30.94
higher than that of brackets

8.44 8.23 - 39.34 placed after etching with a
conventional nonfluoridated
phosphoric acid gel.
Brannstrom et al.17 reported
that enamel pretreatment

Total with a fluoride varnish had
no negative effect on the etch-
ing patterns.

15 15 The results of this study
15 15 provide further evidence that
14 15 the presence of fluoride does

not always adversely affect
the bonding of resin compos-

ite to enamel. From a clinical standpoint, the APF gel
treatment before resin bonding could prove beneficial
over time, and because of the potential resistance to solu-
bility provided to enamel. This must be proven clinically.

In this study, all specimens were thermocycled. Tem-
perature cycling was performed to allow water sorpfion
by the resin and to evaluate the effect of disparities in the
coefficients of thermal expansion/contraction of the re-
storative system and tooth structure. 18 The number of
cycles during thermal stress is not significant. Crim and
Garcia-Godoy19 have shown no difference in microleakage
of resins thermocycled for 100 or 1500 cycles, and Burger
et al. 2° reported no significant difference in the shear bond
strength of resins thermocycled for 100 or 4000 cycles.

Another interesting variable is etching time. Studies of
this parameter have shown no statistically significant dif-
ference in bond strength of resin composite to enamel or
retention of fissure sealants using a reduced etching time
or gel or solutions.21-2~ These results, coupled with those
obtained with the 30-sec etch in this study, clearly indicate
that a 30-sec etch is as effective as a 60-sec etch. The
reduced etching time effectiveness also has been demon-
strated in primary teeth.29 Perhaps the lower etching time
accounts for the results obtained. Increasing the enamel
etching time produces greater loss of substance.3° Although
this substance loss produces a more pronounced
micromorphological etch effect, it could weaken the enamel
prisms rendering them more fragile to resist shear forces.

A similar proportion of specimens fractured the enamel
(enamel cohesive failure) whether the enamel was treated
or not with APF gel for I min. However, when the APF gel
was applied for 4 min, 14 of 15 specimens fractured the
enamel (enamel cohesive failure); the other specimen failed
within the resin (resin cohesive failure), which may have
been because of some type of testing error. These results
reveal that a stronger force than the one actually reported
is necessary to debond the resin from the enamel. With
advancing resin bonding technology, reporting the bond

Group Within Composite-Enamel
Composite Interface

Enamel
Fracture

Pumice 0 0

APF for 1 min 0 0

APF for 4 min 1 0

enamel bond was recorded in MPa.
After shearing the specimens, each tooth and compos-

ite interface was examined visually and with a stereomi-
croscope (x40) to record the failure mode, i.e., within the
composite (composite cohesive failure), at the composite-
enamel interface or within the enamel (enamel cohesive
failure). Selected samples also were evaluated with 
scanning electron microscope.

The data were statistically analyzed using the analysis
of variance (ANOVA) at the 0.01 level of significance and
the Student-Newman-Keuls procedure.

Results

The mean shear bond strength values for the different
groups are displayed in Table 1. The statistical analyses
revealed that there was no significant difference among
the shear bond strength values for the different groups.
Table 1 also shows that as the fluoride application time
increased, so did the standard deviation. In Group 3 (4-
min fluoride application) the lowest and highest bond
strengths were recorded.

While debonding, all specimens in groups I and 2 frac-
tured the enamel (enamel cohesive failure) while 14 of 
samples in Group 3 fractured the enamel. The sample not
fracturing the enamel in Group 3 displayed a resin frac-
ture (resin cohesive failure) (Table 

Discussion

Fluoride has been negatively associated with resin bond-
ing. This study, however, shows that resin composite
shear bond strength to enamel previously treated for I or
4 min with the APF gel used in this study was not affected
significantly.

Other studies have shown that even incorporating small
amounts of fluoride to phosphoric acid agents,is, 16 or ap-
plying fluoride after acid etching before placing the resin,s

did not significantly influence the bond strength of resin
composite to enamel. Garcia-Godoy et al. 7 have shown
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strength figure alone does not provide the real value of
bond testing--therefore the failure site must be reported.

The significance of "bond strength" values would then be

superfluous if all the samples display enamel and/or resin
cohesive failure, a common finding with the recent resin-
adhesive combinations.

Further studies should be conducted to analyze the
different APF gels.

Dr. Garcia-Godoy is professor and director, Predoctoral Division,
Department of Pediatric Dentistry, and professor, Department of
Restorative Dentistry, University of Texas Health Science Center at
San Antonio, Texas.
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