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Antibacterial properties of 4 orthodontic
cements
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Background: White spot lesions are observed in nearly 50% of patients undergoing orthodontic treatment.
Long-lasting antibacterial properties of orthodontic cements can reduce this phenomenon. Methods: The
antibacterial properties of 4 orthodontic cements were evaluated by direct contact test (DCT) and agar
diffusion test (ADT). With the DCT technique, octet specimens of glass ionomer (CX-Plus; Shofu, Kyoto,
Japan), reinforced glass ionomer (GC Fuji ORTHO LC; GC Corporation, Tokyo, Japan), and 2 composite
(Transbond XT and Transbond Plus; 3M Unitek, Monrovia, Calif) orthodontic cements were placed on the
sidewalls of wells of a 96-microtiter plate. Streptococcus mutans cells (ca. 1 � 106) were placed on the
surface of each specimen for 1 hour at 37°C. Then, fresh media was added to each well, and bacterial growth
was monitored for 16 hours with a temperature-controlled spectrophotometer. This was repeated on
specimens aged in phosphate-buffered saline for 1 day, 1 week, and 1 month. The ADT was performed by
placing specimens in wells punched in agar plates. Results: Measurement of the halo in bacterial lawn after
48 hours showed that only the glass ionomer cement (CX-Plus) produced an inhibition zone (1.2 mm around
the sample). Results at the DCT showed that only the reinforced glass ionomer cement (GC Fuji ORTHO LC)
exhibited potent antibacterial activity, which lasted 1 week and diminished over the next 3 weeks.
Conclusions: The reinforced glass ionomer cement possessed the most potent and long-lasting antibac-

terial activity. (Am J Orthod Dentofacial Orthop 2005;127:56–63)
Fixed orthodontic appliances predispose teeth to
accumulate plaque, mainly at the cervical mar-
gins of bands and brackets.1 These devices are

attached to the teeth by various dental cements, adhe-
sive resins, and hybrid cement–resin combinations that
offer improved physical properties and clinical bene-
fits.2 Glass ionomer cements possess low-strength
chemical binding to enamel, are brittle, and fracture
cohesively, whereas the technique-sensitive resin adhe-
sives provide higher mechanical retention to etched
enamel. Hybrid materials combine the advantages of
cements and resins without overcoming certain disad-
vantages, including solubility and shrinkage.3 Most
currently available orthodontic cements are not ideal in
their handling, manipulation, or clinical performance.
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Initial caries, in the form of white spot lesions, is a
negative treatment sequela observed in 50% of patients
undergoing orthodontic treatment.4

This enamel demineralization is principally Strep-
tococcus mutans–associated disease. Therefore, it is
important to evaluate the interaction of orthodontic
cements with these bacteria, including effect on adhe-
sion, bacterial viability, and biofilm formation.5-9

Agar diffusion test (ADT) was the popular assay for
antibacterial properties used in most of these studies,
despite its acknowledged limitations, which include its
semiquantitative nature, ability to measure only the
activity of soluble components, and difficulties in
controlling some variables (ie, density of bacterial
inocula, growth medium, agar viscosity, storage condi-
tions of agar plates, size and number of specimens per
plate, contact between specimens and adjacent agar,
and incubation time and temperature).10

The direct contact test (DCT) measures quantita-
tively the effect of direct and close contact between the
test microorganism and the tested materials, regardless
of the solubility and diffusibility of their components.11

We evaluated the antibacterial properties of 4 dif-
ferent orthodontic cements, using both the ADT and the
DCT. The cement–bacteria interaction was evaluated

in fresh and aged specimens.
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MATERIAL AND METHODS

The following orthodontic cements were tested in
this study: reinforced glass ionomer cement (GC Fuji
ORTHO LC; GC Corporation, Tokyo, Japan); conven-
tional glass ionomer cement (CX-Plus; Shofu, Kyoto,
Japan); and 2 composite resin cements (Transbond XT
and Transbond Plus; 3M Unitek Dental Products,
Monrovia, Calif). S. mutans, the primary etiologic
agent of caries and a frequent caries-lesion isolate, was
used as the test microorganism. S. mutans has been
used widely for testing antimicrobial activity of restor-
ative materials.12

S. mutans 23571M was grown aerobically from
frozen stock cultures in brain heart infusion (BHI) broth
containing 0.5% bacitracin at 37°C. Bacteria were used
at their late-logarithmic to early-stationary phase.

The ADT was performed on mitis salivarius agar
plates. Each plate was inoculated with 200 �L of
freshly grown S. mutans (OD 0.6 at 650 nm). Eight
4-mm-diameter holes were punched in the agar surface
of each plate, and the respective orthodontic cement
was introduced and polymerized immediately. The
plates were incubated at 37°C for 48 hours and then
visually inspected for the presence of inhibition zones
in the bacterial lawn. Bacterial inhibition zone halo was
measured in 2 perpendicular locations and expressed in
millimeters. The ADT for each material was repeated 4
times.

The DCT11 was based on turbidometric determina-
tion of bacterial growth in 96-well microtiter plates
(96-well, flat-bottom Nunclon; Nunc, Copenhagen,
Denmark). In 8 wells, the sidewall was coated evenly
with a measured amount of the tested material while the
plate was held vertically (ie, the plate’s surface was
perpendicular to the floor). A thin coat was applied with
a small, flat-ended dental spatula. The material was
allowed to set, or it was light polymerized in strict
compliance with the manufacturers’ recommendations.
Special care was taken to prevent the material’s flow to
the bottom of the well, which would interfere with the
light path through the microplate well. A 10-�L bac-
terial suspension (0.9-1.1 � 106 colony-forming units,
calculated from viable counts performed separately for
each experiment) was placed on the test material while
the plate remained vertical. Evaporation of the suspen-
sion’s liquid ensured direct contact between the bacte-
ria and the tested materials; this usually occurred within
1 hour at 37°C. Then, BHI broth with 25 �g/mL
bacitracin (220 �L) was added to each of the wells and
gently mixed for 2 minutes. Eight uncoated wells in the
same microtiter plate served as positive control (ie,

identical bacterial inoculum was placed on the sidewall
of the uncoated wells and processed as in the experi-
ment wells). The negative control consisted of a set of
wells coated with the tested materials, containing equal
volumes of uninoculated medium. The kinetics of the
outgrowth in each well was recorded at 650 nm every
30 minutes for 16 hours with a temperature-controlled
spectrophotometer set at 37°C (VERSAmax; Molecular
Device Corporation, Menlo Park, Calif). Auto-mixing
before each reading ensured a homogeneous bacterial
cell suspension. The experimental setup is shown in
Figure 1. The linear portion of the growth curve, which
correlates with bacterial growth rate, was expressed as
a linear mathematical formula. Analysis of variance
(ANOVA) and Tukey multiple comparison procedures
(SPSS for Windows version 11.0; SPSS, Chicago, Ill)
were applied on the slopes of these linear formulas.13

Similar experiments were performed in which the
tested materials were aged for 1 day, 1 week, and 1
month. Aging was performed with phosphate-buffered
saline (PBS) containing 25 �g/mL bacitracin, which
was replaced every 48 hours.

Parallel to the experimental setup, calibration ex-
periments were performed in each plate to establish the
bacterial growth rate for each experiment; this allowed
the comparison of data between plates. For this pur-
pose, 10 �L of bacterial suspension (ca. 106cells) was
placed on each sidewall of 3 wells in a 96-well
microtiter plate, as in the experimental setup. Then, 275
�L of fresh medium was added and the plate gently
mixed for 2 minutes. From each well, 55 �L were
transferred to an adjacent set of wells that contained
220 �L of fresh medium. This procedure was repeated
8 times.

RESULTS

Performance of the ADT on 8 specimens of CX-
Plus showed an inhibitory halo in the bacterial lawn of
6.4 � 0.51 mm; no inhibitory halos around specimens
of the 3 other cements were observed.

To maintain the quantitative nature of the DCT, a
calibration growth curve was performed in each exper-
iment. For this purpose, bacteria were diluted by a
factor of 5 (Fig 2); each point on the curve is the
average of 3 wells measured at the same time.

DCT was performed on 8 specimens of each of the
4 materials tested. A regression line was performed on
the linear segment of the curve, which represents the
logarithmic phase of growth. The R2 of all growth
curves ranged from 0.99 to 0.94. Two-way ANOVA,
performed on all experiments, indicated a significant
difference in bacterial growth rate (slope) between the
cements in a combination of time and material (P �

.001).
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Immediately after polymerization, GC Fuji
ORTHO LC and Transbond Plus had the most potent
antibacterial properties (Fig 3). An elevation in the
measured optical density of GC Fuji ORTHO LC was
observed in the fresh-material experiment (Fig 3). This
elevation was identical to that observed in the negative
control wells, where no bacteria were present (not
shown). We observed a slight turbidity in the wells,
which was interpreted as the material’s solubility in its
immediate post-polymerization stage.

CX-Plus had little (1.66 � 0.06) antibacterial ef-
fect, and Transbond XT had none (Fig 3, Table).

In experiments with 1-day-old specimens, GC Fuji
ORTHO LC was the only material with no bacterial
growth on the surface (Fig 4). Transbond Plus and
CX-Plus demonstrated some antibacterial potency.
Transbond XT was similar to the control (Table).

In the 1-week-old specimens, GC Fuji ORTHO LC
still maintained its antibacterial activity (Fig 5). The 3
other materials showed no antibacterial activity and
were similar to the control (Fig 5, Table).

None of the tested materials maintained its antibac-

Fig 1. Schematic representation of DCT ex
flat-bottom microtiter plate. Plate is held vertica
material. Bacterial suspension (10 �L) is placed
(1 hour at 37°C) ensured direct contact betwe
horizontally, and growth medium is added to
Plate is incubated at 37°C in microplate phot
tored.
terial property after aging for 1 month (Fig 6, Table).
DISCUSSION

It is accepted that by changing the microenviron-
ment around bonded orthodontic devices, enamel demi-
neralization can be better controlled.14-16 In this study,
we used 2 methods for evaluating the antibacterial
properties of 4 commonly used orthodontic cements.

The conventional glass ionomer cement, CX-Plus,
was the only one exhibiting antibacterial activity ac-
cording to the ADT. Different results were obtained
with the DCT. Two materials, GC Fuji ORTHO LC and
Transbond Plus, exhibited significant antibacterial
property when tested immediately after polymerization.

The DCT is a relatively new method that provides
information on bacterial viability and growth rate.11

The DCT was designed to measure the effect of direct
contact between a monolayer of microorganism and the
tested materials, regardless of the solubility and diffus-
ibility of the antimicrobial components.

With the temperature-controlled spectrophotometer
and the appropriate software, the DCT allows estima-
tion of the number of viable bacteria at the end of the

ental setup. Test is performed in 96-well,
d sidewall of well is evenly coated with tested
st material. Evaporation of suspension’s liquid
cteria and tested materials. Plate is then held
well, followed by gentle mixing for 2 minutes.
trometer, where bacterial outgrowth is moni-
perim
lly, an
on te

en ba
each
ospec
direct contact incubation period according to calibra-
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tion growth curves. For example, starting with wells
containing 106 viable bacteria, the consequent curves
represent outgrowth of 200,000, 40,000, 8000, 1600,
320, 64, and 12.8 viable bacteria per well, respectively,
in Figure 2. It follows that experimental wells showing
no growth under the experimental conditions in this
study had virtually no viable bacteria at time 0. The
curves also demonstrated that the gradual decrease in
viable bacteria due to serial dilution at time 0 had no
effect on the growth rate (the slope of the linear portion
of the growth curve) and no effect on the final density
of bacteria at the stationary phase in this system.
Changes in the slope of a growth curve, relative to the
control, can be attributed solely to the bacteria–material
interaction. An experimental specimen tested by the
DCT for its antibacterial effects might generate the
following results: (1) decrease in the slope, (2) delay
lag time in the growth, or (3) no bacterial growth.

Interestingly, freshly polymerized GC Fuji ORTHO
LC and Transbond Plus had potent antibacterial effects
in the DCT but no inhibition zone in ADT. This

Fig 2. Parallel to experimental setup depicted
in each plate to establish bacterial growth un
curve is average of optical densities (OD) m
inoculums for each growth curve shown here
Gradual decrease in bacteria due to serial dilu
density of bacteria at stationary phase.
discrepancy might be attributed to very low solubility
of the polymerized materials minimizing the diffusion
of antibacterial components into the surrounding agar.
Conversely, the significant inhibitory zone around the
CX-Plus specimens in ADT might be due to some
degree of solubility of its antibacterial components in
aqueous medium, which might be useful in specific
clinical applications.

These examples stress the importance of using more
than 1 method to evaluate the antibacterial properties of
a dental material. Furthermore, results obtained from
various in vitro tests should be carefully evaluated for
the methodology used before the findings are inter-
preted.

Aged specimens cannot be reliably tested by ADT.
This is not the case with DCT, whereby specimens aged
in PBS can be quantitatively evaluated. GC Fuji OR-
THO LC aged for 1 day maintained its potent antibac-
terial activity, whereas Transbond Plus and CX-Plus
lost most of their antibacterial activities. After the
specimens aged in PBS for 1 week, GC Fuji ORTHO

ure 1, calibration experiments were performed
perimental conditions. Each point on growth
ed in triplicate wells at same time. Starting
5-fold serially diluted from original inoculum.
as no effect on bacterial growth rate or final
in Fig
der ex
easur
were
tion h
LC was the only material to completely inhibit bacterial
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Fig 4. Bacterial growth after direct contact with 1-day-aged material. Each point on curve is
Fig 3. Bacterial growth after direct contact with fresh material. Each point on curve is average of
average of optical densities (OD) measured in 8 separate wells at same time.
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growth. This potent antibacterial effect faded when the
specimens were allowed to age for 1 month.

Transbond XT and Transbond Plus are composite
resin-based cements from the same manufacturer (3M
Unitek). Transbond XT did not exhibit any antibacterial
phenomena, similar to other composite resin materials
tested by the same methodology.17 However, Trans-
bond Plus had antibacterial capabilities for at least 24
hours. This might be attributed to components added to
the material by the manufacturer, such as fluoride,
which is absent in Transbond XT. The fluoride-con-
taining, resin-modified glass ionomer cement Fuji
ORTHO LC was the only material that showed com-

Table. Bacterial growth rate, as demonstrated by slope

Tested material Fresh material

GC Fuji ORTHO LC 2.618 � 0.6
Transbond Plus 0.186 � 0.01
CX-Plus 1.66 � 0.06
Transbond XT 3.031 � 0.7
Control 3.927 � 0.7
1-way ANOVA P � .0001

Each number in table is average ([�10�2] � standard deviation [�1
plate. Vertical lines connect values that do not differ significantly (T

Fig 5. Bacterial growth after direct contact w
average of optical densities (OD) measured in
plete bacterial elimination for at least 1 week. The
antibacterial activity measured in this study does not
correlate entirely with the fluoride content of the
cements. For example, the glass ionomer cement did
not exhibit a long-lasting antibacterial property, indi-
cating that other components might also be involved in
the measurable effect.

Incorporation of fluorides into dental materials, as
well as into orthodontic cements, is based on the notion
that fluoride will be released gradually from the set
material in vivo, thus providing continuous long-acting
anticariogenic effect.18 This effect is due primarily to
changes in enamel solubility. Although not its most
important property, fluoride released from conventional

ear portion of growth curve

ay 1 week 1 month

� 0.5 0.575 � 0.3 3.57 � 0.2
� 0.3 5.019 � 0.4 3.869 � 0.2
� 2.5 4.304 � 0.3 4.139 � 0.1
� 1.1 3.664 � 0.6 4.11 � 0.2
� 0.08 4.637 � 0.7 3.943 � 0.06
001 P � .0001 Not significant

f the slope of bacterial growth in 8 separate wells in same microtiter
comparison).

week-aged material. Each point on curve is
arate wells at same time.
of lin

1 d

0.143
2.388
2.26

3.929
4.47

P � .0

0�3]) o
ith 1-
glass ionomer and resin-modified glass ionomer is
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believed to contribute to antibacterial activity.19 Fluo-
ride ions might have a bacteriostatic effect on S.
mutans.20-28 Orthodontic cements based on glass iono-
mer and reinforced glass ionomer have been shown to
release fluoride.29-30 The availability of the fluoride and
its release into the immediate microenvironment in vivo
are not well defined in most novel fluoride-containing
dental materials, including orthodontic cements. The
fluoride concentration in a specific dental material’s
composition does not reflect its rate of release. Thus,
the antibacterial properties due to fluoride concentra-
tion are expected to vary from 1 material to another.
The true glass ionomer cement CX-Plus showed an
effective antibacterial capability in the ADT but was far
less effective in the DCT, relative to other cements. A
high and immediate release rate of fluoride from glass
ionomer cements might explain the different outcome
in ADT compared with DCT.

A material’s ability to be recharged with fluoride or
other antibacterial components might extend the anti-
bacterial activity for the duration of the orthodontic
treatment, thus providing a superior preventive measure
to orthodontic treatment. Our data suggest that the
further development of orthodontic cements to exhibit

Fig 6. Bacterial growth after direct contact w
average of optical densities (OD) measured in
long-lasting antibacterial properties together with fluo-
ride release will minimize the risk for white spot lesions
around orthodontic appliances.

CONCLUSIONS

1. Of the 4 materials tested, only the conventional
glass ionomer cement, CX-Plus, exhibited in vitro
antibacterial activity that diffused to the surround-
ing media. This property lasted for a very short
time.

2. Complete in vitro elimination of S. mutans was
observed only with the resin-modified glass iono-
mer cement Fuji ORTHO LC; this lasted for at least
1 week.
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Estate Planning: The AAO Foundation offers information on estate planning to AAO
members and their advisors on a complimentary basis and at no obligation.

Planned giving: Persons who are contemplating a gift to the AAO Foundation through their
estates are asked to contact the AAOF before to proceeding. Please call (800) 424-2481,
extension 246.

Please remember the AAO Foundation in your estate planning.
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