
Although composite resins generally have a
low incidence of bond failures, they increase

the likelihood of plaque accumulation, and thus
the risk of demineralization of the surrounding
enamel.1-3 Indeed, it has been reported that 50%
of orthodontic patients with bonded or banded
appliances have experienced enamel demineral-
ization or “white spots” on at least one tooth.4

White spots are not only unesthetic, but they
remineralize poorly and therefore may increase
the risk of developing carious lesions several
years after debonding.5,6

The effect of fluoride in caries prevention
has been well documented.7,8 Daily brushing
with a fluoridated dentifrice and daily rinsing
with a fluoride mouthrinse have been reported to
inhibit the formation of white spots during ortho-
dontic treatment.9 Because patient compliance is
often inadequate,10 however, fluoride-supple-
mented composite resins, which have the ability
to release a constant low dosage of fluoride, have
become widely used for orthodontic bonding.

Recent studies have shown that a fluoride-
releasing composite resin can reduce white spot
formation,11-13 although some authors have found
no difference compared to non-fluoride-releasing
composites.14-16

The release of fluoride incorporated in the
composite resin is probably due to two different
mechanisms. First, fluoride diffuses into the oral
cavity through material dissolution (for example,
of NaF), which may have the effect of weaken-
ing the structure of the composite resin and thus
decreasing its bond strength.17,18 Second, fluoride
may leach out of the material by ion exchange
with other anions in the oral environment, as pro-
posed by Rawls and Zimmerman.19 According to
them, this type of fluoride-exchanging resin
should maintain its physical properties, since the
fluoride is given up in exchange for other anions.

The purpose of this study was to compare
the clinical bond strength of an ion-exchange flu-
oride-releasing composite resin, Phase II,* with
that of the same composite without fluoride.

Materials and Methods

Twenty-three subjects (six male and 17
female) were randomly selected from among
patients who required fixed appliance therapy at
the Orthodontic Clinic of the University of Penn-
sylvania. The average age at the beginning of
treatment was 14, with a range from 11 years to
21 years, 2 months.

For each patient, one quadrant in each arch
was randomly assigned to the fluoride-releasing
Phase II group, and the contralateral quadrants
were bonded with the non-fluoride-releasing
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Phase II. Molars were banded and therefore were
not included in the study.

All brackets** were bonded by one opera-
tor (Dr. Piatti). Among the 23 patients, 15 had
brackets on both arches; seven had brackets on
the mandibular arch only, and one received only
maxillary brackets. Out of a total of 370 brack-
ets, 186 (77 maxillary and 109 mandibular) were
bonded with the fluoride-releasing Phase II, and
184 brackets (75 maxillary and 109 mandibular)
were bonded with the non-fluoride-releasing
Phase II.

The bonding procedure was as follows:
1. The tooth surface was cleaned with non-fluo-
ride-containing, oil-free pumice paste in a pro-
phy cup on a slow-speed handpiece, rinsed thor-
oughly with water, and dried.
2. The tooth surface was etched with 37% phos-
phoric acid for 60 seconds, rinsed with water,
and dried thoroughly.
3. A drop of sealant A and a drop of sealant B
were mixed and applied in a thin coat to the
enamel surface. Equal amounts of paste A and
paste B of the Phase II were mixed and applied
to the base of the bracket and the tooth surface.
4. Excess adhesive was removed carefully with
an explorer, taking care not to disturb the brack-
et placement.
5. After 10 minutes of setting, all bonded brack-
ets were checked to make sure there were no
occlusal interferences. Archwires were then
placed.

Any bond failures were recorded at one,
three, and six months after bonding. New brack-
ets were bonded after failures, but were not
included in the analysis. The chi-square test was
used to determine the significance of differences
between groups, at a level of p < .05.

Results

Seven of the 23 patients had at least one
bond failure within six months (Table 1). Only
two failures (one for each composite) occurred
within one month. Four more (two for each adhe-
sive) were found between one and three months.
Ten bond failures (six with the fluoride-releasing

Phase II and four with the non-fluoride-releasing
Phase II) occurred between three and six months
after bonding. Statistical analysis showed no sig-
nificant difference in the bond failure rates
between the fluoride-releasing and non-fluoride-
releasing groups.

More failures were noted in the mandibular
arch than in the maxillary arch, but there was no
significant difference between the two compos-
ites (Table 2). There were more premolar bond
failures than incisor or canine bond failures in
both groups, with no significant differences
among the failure locations.

Discussion

Our data clearly showed that at one, three,
and six months after bonding, there was no sta-
tistical difference in failure rates between the
fluoride-releasing Phase II and the non-fluoride-
releasing Phase II. Both composites had bond
failure rates of less than 1% at one month, less
than 2% at three months, and less than 5% at six
months. Similar results were reported by Under-
wood and colleagues,11 who found the clinical
failure rates at 12 months for a fluoride-exchang-
ing resin and non-fluoride-releasing Concise***
were 10.8% and 7.3%, respectively, with no sta-
tistical difference between them.

Among the seven patients with bond fail-
ures within six months, five had two or fewer
failures, one had three failures, and one had five
failures. This last patient was found to have more
careless eating habits (for example, eating hard
food) than would be considered acceptable. Still,
the failure distributions over time were similar
between the fluoride-releasing and non-fluoride-
releasing groups.

Most of the bond failures for both materials
occurred between three and six months. This
contradicts the findings of Sonis and colleagues12

and Turner,15 who found that more than 80% of
their failures occurred within the first month
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after bonding. It should be noted, however, that
Sonis used a light-cured composite resin, which
is more technique-sensitive than the chemically
cured resin used in our study. Although Turner
used chemically cured Concise, the data were
collected from several operators practicing in
three different treatment centers, which could
affect their reliability. In our study, only one
operator placed all the brackets, and we removed

any potential occlusal interferences after bracket
placement. This may also help explain our low
bond failure rate within the first month.

As in studies by Zachrisson20 and by
Trimpeneers and Dermaut,21 we found that more
bond failures occurred on premolars than on
incisors and canines. The differences were not
statistically significant in our study, which may
be related to a smaller sample size.
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TABLE 1
DISTRIBUTION OF BOND FAILURES AMONG PATIENTS USING

FLUORIDE-RELEASING (F) AND NON-FLUORIDE-RELEASING (NF) PHASE II

1 Month 1-3 Months 3-6 Months Total at 6 Months
Patient No. F NF F NF F NF F NF

2 UL4 LR5 2 0
4 LR5 LL5 1 1
5 UL1, 0 2

LR5
10 UR5 0 1
13 LR2 0 1
17 LR5 LL4 UR1, UL1 3 2

UR5
22 LR5 UL1, 3 0

LR1

TOTAL 1 1 2 2 6 4 9 7

Note: The other 16 patients did not have any lost brackets at 6 months.

TABLE 2
BOND FAILURE RATE BY TOOTH TYPE USING FLUORIDE-RELEASING

AND NON-FLUORIDE-RELEASING PHASE II

Fluoride-Releasing Non-Fluoride-Releasing
No. No. Failed No. No. Failed

Placed 1 month 3 months 6 months Placed 1 month 3 months 6 months

Overall 186 1 (0.5%) 3 (1.6%) 9 (4.8%) 184 1 (0.5%) 3 (1.6%) 7 (3.8%)
Maxillary 77 1 (1.3%) 1 (1.3%) 3 (3.9%) 75 0 1 (1.3%) 3 (4.0%)
Mandibular 109 0 2 (1.8%) 6 (5.5%) 109 1 (0.9%) 2 (1.8%) 4 (3.7%)
Premolars 72 1 (1.4%) 3 (4.2%) 6 (8.3%) 72 1 (1.4%) 2 (2.8%) 4 (5.6%)
Canines 38 0 0 0 36 0 0 0
Incisors 76 0 0 3 (4.0%) 76 0 1 (1.3%) 3 (4.0%)



Dubroc and colleagues found that fluoride-
releasing Phase II reduced demineralization at
the site of application and at distant sites in the
experimental rat model.22 The amount and dura-
tion of this fluoride release remain to be precise-
ly quantified. Nevertheless, our study demon-
strates that a fluoride-exchanging composite
resin such as Phase II is clinically strong enough
for use as an orthodontic bonding adhesive.
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