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Abstract
Purpose: Enamel demineralization adjacent to orthodontic

brackets is one of the risks associated with orthodontic treatment.
Glass ionomer cements have been shown to decrease enamel dem-
ineralization adjacent to brackets and bands but do not exhibit
bond strengths comparable to resin composites. The purpose of this
in vitro study was to compare a fluoride-releasing resin composite
versus a resin-modified glass ionomer cement for inhibition of
enamel demineralization surrounding orthodontic brackets.

Methods: Forty-five teeth were randomly assigned to 3 groups
of 15 teeth. Fifteen were bonded with Concise (3M), a non-fluo-
ride-releasing resin composite (control); 15 teeth were bonded with
Light Bond (Reliance), a fluoride-releasing resin composite; and
15 teeth were bonded with Fuji Ortho LC (GC Corporation), a
resin-modified glass ionomer cement. The teeth were placed in an
artificial caries solution to create lesions. Following sectioning of
the teeth in a buccolingual direction, polarized light microscopy
was utilized to evaluate enamel demineralization adjacent to the
orthodontic bracket. The area of the lesion was measured 100 µm
from the orthodontic bracket and bonding agent.

Results: MANOVA (P<.0001) and Duncan’s test (P<.05)
indicated the resin-modified glass ionomer cement (Fuji Ortho
LC®) and the fluoride-releasing resin composite (Light Bond®) had
significantly less adjacent enamel demineralization than the non-
fluoride-releasing resin composite control. However, there was no
significant difference between the resin-modified glass ionomer
cement and the fluoride-releasing resin composite.

Conclusions: Based on the results of this in vitro study, it can
be concluded that Fuji Ortho LC® and Light Bond® exhibit sig-
nificant inhibition of adjacent demineralization compared to the
non-fluoride-releasing control. (Pediatr Dent 23:255-259, 2001)

Enamel demineralization adjacent to orthodontic bands
and brackets remains a concern to the practitioner. Re-
ports of these “white spot lesions” have been made by

several investigators and have been documented as early as one
month after the start of treatment. 1-3 Increased difficulty of
plaque removal around orthodontic brackets, increased bacte-
rial adhesion to resin bonding materials, and increased oral
bacteria during orthodontic treatment all contribute to dem-
ineralization adjacent to orthodontic brackets.3-6

The prevention of demineralization has become a critical
concern during orthodontic therapy. Meticulous oral hygiene
maintenance, fluoride rinses, and topical fluoride applications
have been recommended.7-9 Patient compliance is relied upon
for these preventive therapies to be effective. Unfortunately,
those patients who are at highest risk for demineralization are
the least likely to follow a preventive regimen. One might ex-
pect that a cementing agent that releases fluoride might inhibit
caries on tooth structure adjacent to the orthodontic bands or
brackets.

Glass ionomer cements have demonstrated caries inhibition,
as well as enamel remineralization, when utilized as a cement-
ing agent for orthodontic bands.10 Unfortunately, these cements
did not provide the tensile strength necessary for bracket re-
tention on anterior teeth.11-14 The introduction of glass ionomer
cements within a photopolymerized resin matrix has shown its
ability to provide a better enamel bond strength, which makes
this agent more appropriate for use in bracket retention.15 The
material has demonstrated caries inhibition when used as a base/
liner, restoration, or bracket bonding agent.16-20 Additional
advantages of resin-modified glass ionomer cements for use as
an orthodontic bonding agent are that acid etching or tooth
preparation, other than cleansing with pumice, is not required,
and bonding may occur in the presence of moisture.21,22

It has been reported that the average force transmitted to a
bracket during mastication ranges between 40 and 120 new-
tons.23,24 Certain patients may be more demanding on bonding
agents for retention of fixed orthodontic appliances. Many
studies have shown the bracket debonding force of resin-modi-
fied glass ionomer cements to be significantly lower than that
of the conventional resins.11-14 Underwood, Rawls, and
Zimmerman found a significant reduction in the progression
of early demineralization with the use of fluoride-exchanging
adhesive for bonding orthodontic brackets.25 Bynum and
Donly demonstrated that fluoridated resin composite restora-
tions in direct interproximal contact with adjacent teeth may
inhibit enamel demineralization and even promote incipient
caries remineralization.26

When dental materials are selected for bonding orthodon-
tic brackets, it is important to consider both bond strength and
inhibition of demineralization. Therefore, a comprehensive
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evaluation of these factors would be indicated. Numerous stud-
ies comparing bond strengths of resin-modified glass ionomer
cements versus conventional resin composites have been well
documented.21-24 It would be beneficial to the orthodontic pa-
tient to find a bracket bonding agent with both sustained
fluoride release and adequate bond strength.

The purpose of this in vitro study was to compare a fluo-
ride-releasing resin composite versus a resin-modified glass
ionomer cement for inhibition of enamel demineralization
surrounding orthodontic brackets.

Methods
Forty-five caries-free human molars and premolars, which had
been stored for three months in formalin solution, were ob-
tained, debrided of any remaining soft tissue, and randomly
separated into three groups of 15. A power test from data ob-
tained in previous studies indicated 15 specimens per group
should provide statistically significant data at the 95% confi-
dence level. All teeth were painted with an acid-protective
varnish, excluding 2 x 4 mm windows on the buccal surfaces.
Orthodontic brackets were then bonded to the exposed enamel.
Ormesh Bicuspid/Cuspid Universal Stainless Steel Bonds
(Ormco Corporation, Glendora, California) twin brackets were
used in this study.

The following bonding agents were selected for compari-
son: 1) Fuji Ortho LC®, a resin-modified glass ionomer cement
(GC Corporation, Scottsdale, AZ); 2) Light Bond®, a fluoride-
releasing resin composite combined with the manufacturer’s
fluoride-releasing light cure sealant (Reliance Orthodontic
Products Incorporation, Itasca; IL); and 3) Concise®, a non-
fluoride-releasing resin composite (3M Dental Products
Division, St. Paul, MN) as a control. The exposed enamel was
etched with GC Ortho® Conditioner (10% polyacrylic acid)
for group 1 and 37% phosphoric acid for groups two and three.

Since only the area of enamel where the brackets were to be
bonded to was exposed, there was no etching of enamel adja-
cent to the bracket, which could prematurely initiate
demineralization. Groups 2 and 3 required placement of a thin
layer of unfilled resin prior to bonding of the bracket to the
tooth surface. For group 1, the powder and liquid was mixed
according to the manufacturers instructions. For each group,
the bonding agents were applied to the mesh pad of each
bracket, which was then positioned on the tooth, and the ex-
cess was removed.

To evaluate inhibition of enamel demineralization adjacent
to the orthodontic bracket, the varnish was removed from a 1
X 4 mm window directly adjacent to the bracket. Artificial
caries-like lesions were created in the exposed enamel by sus-
pending the teeth in an artificial caries solution consisting of

Fig 1. A representative example of the resin-modified glass ionomer cement,
Fuji Ortho LC®, in which the location of the lesion (1) was greater than
100µm from the bracket base/residual bonding agent (b).

Fig 2. A representative example of the fluoride-releasing resin composite,
Light Bond®, in which the location of the lesion (1) was noted to be greater
than 100µm from the bracket base/residual bonding agent (b).

Fig 3. A representative example of the control group, Concise®, a non-
fluoride-releasing resin composite, in which the location of the lesion (1) was
directly adjacent to the bracket base/residual bonding agent (b).
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2.2 mM Ca+2, 2.2 mM PO
4
-3, and 50 mM acetic acid at pH

4.527 for 5 days. The presence of demineralization was visually
confirmed by the presence of chalky white enamel. The teeth
were then rinsed and stored in deionized water until section-
ing.

The brackets were removed, leaving residual bonding agent
on the tooth surface. The teeth were sectioned in a buccolingual
direction parallel to the long axis of the tooth with a hard tis-
sue microtome to obtain 100 µm sections through the residual
bonding agent and adjacent artificial carious lesion.

The sections were photographed under polarized light mi-
croscopy in a water imbibition medium which has a refractive
index of 1.33 compared to the sound enamel refractive index
of 1.62. Water imbibtion represents greater than 5% pore vol-
ume in enamel. The area of the lesion was measured 100 µm
from the residual bonding agent with a computerized imaging
system.

Results
The results demonstrated the mean (± S.D.) area (µm2) of dem-
ineralization 100 µm from the bracket to be: Fuji Ortho LC®

(0±0); Light Bond® (3869±4895); and Concise®

(11,636±4157). Analysis of variance (MANOVA, P<.0001)
and Duncan’s Multiple range test (P<.05) indicated the resin-
modified glass ionomer cement (Fuji Ortho LC®) and the
fluoride-releasing resin composite (Light Bond®) had signifi-
cantly less adjacent enamel demineralization than the
non-fluoride-releasing resin composite (Concise®) control.
However, there was no significant difference between the resin-
modified glass ionomer cement and fluoride-releasing resin
composite.

Discussion
The results of this study suggest that both resin-modified glass
ionomer cement and fluoride-releasing resin composite have
the ability to inhibit demineralization of enamel adjacent to
fixed orthodontic appliances. This is consistent with previous
studies.25,28 Applied clinically, this is of considerable benefit to
the orthodontic patient who exhibits less than optimal oral
hygiene and is difficult to motivate. Use of topical fluoride has
been shown to decrease decalcification,29,30 but this also depends
on patient compliance. Donly, et al, demonstrated a mean
remineralization effect produced by a fluoridated resin and a

resin-modified glass ionomer cement brushed with a fluoridated
dentifrice.31

Although there was no statistically significant difference in
inhibition of demineralization between Fuji Ortho LC® and
Light Bond®, the area of lesions 100 µm from the residual
bonding agent/bracket base was slightly greater with Light
Bond®. This may be attributed to the amount of fluoride re-
leased by the different bonding agents. Vieira, et al, found the
resin-modified glass ionomer cement to release a significantly
greater amount of fluoride than the fluoride-containing resin
composite.32 Strother, et al, demonstrated similar results.33

One of the primary differences of resin-modified glass
ionomer cements versus fluoride-releasing resin composites is
the process by which fluoride is released. Glass ionomer ce-
ments will release fluoride through passive diffusion and surface
dissolution, whereas fluoridated resin composite will release
fluoride through passive diffusion.34 The main component of
Fuji Ortho LC® is a fine fluoraluminum glass powder, the liq-
uid being polyacrylic acid, water, and a monomer as an
activator. The resin compound is a mixture of three monomers,
mainly 2-hydroxyethylmethacrylate (HEMA), which enhances
the polymerization reaction. In addition, a small amount
of camphorquinone functions as an activator for
photopolymerization.35

Glass ionomer cements have been shown to have a burst
effect, releasing considerably more fluoride in vitro soon after
placement,36-38 which may be of benefit over the fluoride-re-
leasing resin composites.

Fluoride may be added to resin composites as a part of the
opaqueing agent, associated with the glass filler of the resin
composite, or merely added as a fluoride compound. Light
Bond® has sodium fluoride associated with the glass filler. An
interesting difference in this study compared with previous
similar studies is that a fluoride-releasing adhesive was used in
combination with the fluoride-releasing resin composite. A
previous study has shown the ability of fluoride-releasing resin
composites and hybrid glass ionomer cements to remineralize
enamel that is demineralized at restoration margins.28 Addition-
ally, studies have confirmed both types of materials to exhibit
uptake of fluoride delivered by dentifrices and topical fluoride
treatments at the material surface and then slowly release this
fluoride.26,34 The bonding materials themselves or another type
of fluoride-releasing reservoir attached to the orthodontic ap-
pliances could act as an additional preventive measure.

Fluoride release from Light Bond® is one of the benefits of
this resin composite. Another advantage is the considerable
bond strength. Historically, studies have shown glass ionomer
cements to exhibit significantly lower bond strengths than resin
composites for bonding orthodontic brackets.21-24 In contrast
to these studies, Lippitz, et al, concluded that Fuji Ortho LC®

Fig 4. The area (µm2) of demineralization 100µm from the bracket base/
residual bonding agent margin.

•Indicates significant difference from other groups (P<0.05).

Bonding Agent Mean area (± S.D.) demineralization
(µm 2 ) 100µm adjacent to bonding agent

Fuji Ortho LC® 0 (± 0)

Light Bond® 3869 (± 4895)

Concise® (control) 11,636 (± 4157)•

Table 1. Mean Area (µm2 ) Demineralization 100µm
Adjacent to Bracket Base/Residual Bonding Agent Margin
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had 24-hour and 30-day shear bond strengths that were statis-
tically equivalent to those of the resin composite when used to
bond mesh-backed stainless-steel brackets to etched enamel
surfaces of extracted human premolars. They also determined
shear bond strengths to be significantly lower in magnitude in
the absence of etching with polyacrylic acid prior to bonding
the brackets.39

It is important to consider the following criteria when se-
lecting an orthodontic bonding agent: fluoride release, bond
strength, ease of handling the material during bracket place-
ment, ability to achieve adequate isolation, oral hygiene, and
patient compliance with diet and use of topical fluoride.

Conclusions
Based on the results of this in vitro study, it can be concluded
that Fuji Ortho LC® and Light Bond® exhibit significant in-
hibition of demineralization compared to the
non-fluoride-releasing control. This quality makes either bond-
ing agent a potential improvement for use as an adjunctive
preventive dentistry measure. Future clinical investigation is
needed to adequately and comprehensively evaluate the effec-
tive release of fluoride from the different bonding agents as well
as adequacy of bond strength.
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␣  THE EFFECTIVENESS OF THE VARICELLA VACCINE IN CLINICAL PRACTICE

ABSTRACT OF THE SCIENTIFIC LITERATURE

␣ A live attenuated  varicella vaccine was approved for use in 1995 and is recommended for all susceptible persons 12
months of age or older.  The study is a case control one that examined two controls for each child with chickenpox.  The
children were matched with both age and the pediatric practice where they were followed.  The children were assessed for
severity of disease at day 3, 4 and 5 of the illness.  The lesions were also tested for varicella-zoster virus by polymerase chain
reaction (PCR).  Of the 56 vaccinated children with chickenpox, 86% had mild disease whereas only 48% of unvaccinated
children with chickenpox had mild disease.  Among the 202 children with PCR confirmed varicella zoster infection and
their 398  matched controls,  23% of the children with chickenpox and 61% of the matched controls had received the
vaccine (vaccine effectiveness 85%; 95% confidence interval, 78 to 90%; p=0.001).  Against moderately severe and severe
disease the vaccine was 97 percent effective.  The authors concluded that varicella vaccine is highly effective in clinical prac-
tice.

Comments:  One of the more disturbing trends in modern parenting is a reluctance to allow children to be immunized.
Immunization has been a major factor in reducing serious childhood infectious diseases.    As this study of the  varicella
vaccine  illustrates, vaccination can help lessen the risk of disease as well as influence its clinical course. CH
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