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Band Cementation Materials:
Solubility and Fluoride Release

Rafael Guerra Lunda/Adriana Fernandes da Silvab/Flávio Fernando Demarcob/
Francisco Augusto Burket Del-Pinoc/Evandro Pivab/Douver Michelond

Purpose: The aim of this study was to evaluate the solubility and the fluoride release of different materials used for
orthodontic band cementation in different solutions and at different times.

Materials and Methods: Three materials were selected: Ultra Band-Lok (UBL); RelyX (RLX) and Ketac-Cem (KTC). Sixteen
standard samples from each material were prepared, according to the manufacturers’ instructions. The samples were
stored in two different solutions (n = 8): 0.9% saline solution (pH 7.0) and 0.1 mol/l lactic acid (pH 4.0). The storage
solutions were changed after 24 h and after 7, 15 and 30 days. The fluoride release was determined with an ion-specific
electrode (Analion). For the solubility evaluation, the formula Wsl = (m1 � m2)/V was used to determine the loss of
mass. Data were submitted for statistical analysis using the non-parametric Kruskal–Wallis test.

Results: With respect to the solubility, immersion in lactic acid increased the solubility when compared with saline
solution (P < 0.01). In both the solutions, there were differences among materials (P < 0.01) with the following rankings:
UBL < RLX < KTC for lactic acid and UBL < RLX < KTC for saline solution. The ranking of fluoride release was
UBL < KTC < RLX. In the two tested solutions, RLX exhibited the highest fluoride release (P < 0.01), whereas KTC
showed more fluoride release than that of UBL (P < 0.05). Fluoride release decreased over time and the storage solution
influenced the fluoride-releasing capacity of some materials.

Conclusions: It was found that fluoride release was influenced by storage solution, materials and immersion time.
Materials and storage solution were the significant factors for solubility.
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CCurrently, glass-ionomer cements (GICs), resin-
modified glass-ionomer cements (RMGICs) and

compomers are available for band cementation

(Aggarwal et al, 2000; Matalon et al, 2005). Fluoride-
release capacity (Forsten, 1998; Gillgrass et al,
1999; Caves et al, 2003; Creanor et al, 2003;
Gorton and Featherstone, 2003; Osinaga et al,
2003), bonding to enamel, dentine and metal, and
antimicrobial activity (DeSchepper et al, 1989;
Weerheijm et al, 1993; Gillgrass et al, 1999;
Matalon et al, 2005) are some of the reasons for
the popularity of GICs among clinicians. The mechan-
ical resistance of the material can be reduced by
early moisture contamination (Wilson et al, 1979),
which also increases the degree of solubility (Anusa-
vice, 2003). The addition of resinous components
had significantly increased the application of
RMGICs (Caves et al, 2003). Besides fluoride-
release and bonding capacity (Millett et al, 2001),
RMGICs offer better manipulation control and
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working time; also, photoactivation improves the
early mechanical properties of the material (Ewold-
sen and Demke, 2001).

Recently, compomers have been specifically
designed for orthodontic purposes. The cure of the
material depends on light polymerisation and limited
acid–base reaction (McCabe, 1998). These mater-
ials have demonstrated a potential to inhibit enamel
demineralisation through fluoride release (Creanor
et al, 2003; Kuvvetli et al, 2006). In vitro study using
GICs has shown better antimicrobial properties and
higher fluoride release than that of compomers
(Gillgrass et al, 1999). Clinically, when used to
cement bands, compomers and conventional glass
ionomers had similar performances (Millett et al,
2001; Williams et al, 2005), and tensile resistance
was also equivalent between compomers and two
RMGICs (Aggarwal et al, 2000).

The lixiviation of certain components may impair
the mechanical properties of the material
(Soderholm, 1983). The marginal penetration of
water or acid can cause material degradation, result-
ing in band failure (Soderholm et al, 1984; Toledano
et al, 2006). The cement degradation can also facil-
itate bacterial penetration, allowing biofilm accumu-
lation that causes the establishment of white spot
lesions. The fluoride release from cement materials
could help prevent the occurrence of white spot
lesions. According to Arends and Rubens (1988),
the fluoride is released from GICs as a result of
material dissolution and ionic changes, whereas in
compomers such a release relies only on ionic
changes. Usually, the erosion of the material would
be tested in vitro, in which the specimens are
immersed in saline or lactic acid solution (Setchell
et al, 1985). The comparison of the solubility and
the fluoride release from RMGICs and compomers
that are used for band cementation is relevant for
orthodontists.

The aim of this study was to compare the fluoride
release and the solubility of three materials that are
used for band cementation in different solutions and
at different immersion times, and to test the null
hypothesis that the material composition, storage
solution and immersion time will not influence the
degree of solubility and fluoride release.

MATERIALS AND METHODS

Material selection and sample preparation

Three materials were selected to be used in
this study (Table 1): conventional GIC (KTC –

Ketac-Cem�, 3M ESPE, MN, USA), RMGIC (RLX –
RelyXTM Luting, 3M ESPE) and compomer (UBL – Ultra
Band-LokTM, Reliance Orthodontic Products, IL, USA).

Sixteen samples for each material were prepared
with standard metal matrices. The samples had the
following dimensions: diameter, 7 mm; height,
2 mm; surface area, 1.2089 cm2 and total volume,
76.93 mm3. The materials were used following the
manufacturers’ protocols. The matrix was placed
over a glass plaque and then filled with the testing
cement. A histological glass slide was placed over
it and gently pressed. Excess material was removed
using a scalpel. The samples were kept undisturbed
for 10 min, before the matrix removal. For RLX and
UBL groups, the samples were photoactivated for
40 s, using a light-curing unit XL 3000 (3M ESPE)
with an energy > 450 mW/cm2.

Each group was randomly divided into two sub-
groups (n = 8) and these were immersed in two stor-
age solutions: 0.9% saline solution (pH 7.0) and
0.1 mol/l lactic acid (pH 4.0).

Solubility test

The samples were dried for 30 min on a stove at
70�C and then cooled to room temperature. They
were weighed in a digital high precision balance
(GEHAKA AG2000, São Paulo, Brazil) to obtain m1

(initial mass) and then immersed in the storage solu-
tions for 7 days. The samples were then washed with
water purified by a Milli-Q� ultrapure water purifica-
tion system (Millipore Corporation, MA, USA) and
then placed in a dissector for 22 h at 37�C (±1)
and then for 2 h at room temperature (23�C ± 1).
The samples were weighed until they showed a
constant weight, which was m2 (mass after solubili-
sation). The solubility degree at 7 days was calcu-
lated using the formula: Wsl = (m1 � m2)/V. During
storage, the samples remained at 37�C (ISO
7489: Dental Glass Polyalkenoate, 1986) and a sol-
ubility test was performed using ISO guidelines (ISO
4049: Dentistry – Resin Based Filling Materials,
1988). The storage solutions were changed daily.

Fluoride release

The samples were stored in both the solutions and
analysed for fluoride release after 24 h and after
7, 15 and 30 days; during which the samples were
removed from the solution and were washed with
Milli-Q water. The cumulative fluoride release was
evaluated between time intervals 0 and 24 h; 24 h
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and 7 days; 7 and 15 days; and 15 and 30 days. An
ion analyser Software 2.1.0048 was used for fluo-
ride analysis. This was done using a fluoride ion-
specific electrode coupled with a microprocessed
potentiometric appliance (Analion, model AN 2000,
São Paulo, Brazil). Fluoride values were expressed
in parts per million (ppm) and then converted to
lg/cm2. After sample removal from the storage solu-
tion, the solutions were homogenised by shaking
and were collected to evaluate the fluoride release
at each time period. For each fluoride determination,
9 ml of activated storage solution plus 1 ml of total
ionic strength adjustment buffer III (TISAB III) were
used and three readings were recorded for each
sample. The pots that contain the samples were
washed with Milli-Q water and dried with an absor-
bent paper. New storage solutions were then made
and the samples were again immersed. This process
was repeated until the final evaluation (30 days).

Statistical analysis

As a normal distribution was not found for fluoride
release or for solubility, data were submitted for sta-
tistical analysis with a non-parametric Kruskal–Wallis
test. GMC 8.2 Software (Ribeirão Preto Dental
School, University of São Paulo, Brazil) was used
for this analysis.

RESULTS

Solubility

The data in Table 2 present the solubility degree of
different materials in both the storage solutions.
Storage solutions and materials were the significant
factors for solubility (P < 0.001). Increased solubility
was observed for materials immersed in lactic acid,
when compared with those immersed in saline
(P < 0.001).

In saline solution, there were significant differ-
ences among all materials (P < 0.001). In the two
tested solutions, compomers exhibited the lowest

solubility degree (P < 0.001) and conventional
GICs represented higher solubility than RMGICs
(P < 0.001). Figure 1 shows that for all materials a
higher surface degradation was observed in acid
solution.

Fluoride release

The mean values of fluoride release (lgF/cm2) for
different materials in both the solutions and at differ-
ent time intervals evaluated are exhibited in Table 3.

Table 2 Solubility degree of different materials in both
the storage solutions (lg/mm3)

Groups Saline solution
mean (±SD)

Lactic acid
mean (±SD)

UBL 3.41 (±1.23) 6.83 (±2.63)
A a A b

RLX 78.65 (±6.39) 106.75 (±13.05)
C a B b

KTC 129.50 (±11.87) 142.18 (±5.99)
D a C b

Different capital letters in columns indicate significant differences
between materials in each storage solution, and different lowercase
letters in rows indicate significant differences between each mate-
rial in both the solutions (non-parametric Kruskal–Wallis test –
confidence level (CL) 95%).
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UBL RLX KTC

Saline Solution Lactic acid

μg/mm3

Fig 1 Comparative degree of solubility for different mate-
rials in both the storage solutions. UBL, Ultra Band-Lok;
RLX, RelyX Luting; KTC, Ketac-Cem.

Table 1 Materials used in this study

Products Classification Manufacturer Batch number

Ultra Band-Lok Compomers Reliance Orthodontic Products, Itasca, IL, USA 208160
Reliance Orthodontic Products RMGIC 3M ESPE Dental Products, St. Paul, MN, USA EBEC – 3415A3
Ketac-Cem radiopaque GIC 3M ESPE Dental Products, St. Paul, MN, USA FW0065391
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The statistical analysis (non-parametric Kruskal–
Wallis test) demonstrates that significant differences
(P < 0.001) were observed among the materials. In
both the solutions, there was a similar ranking of the
materials: RMGICs > GICs > compomers. The fluo-
ride release had significantly decreased with ageing
(P < 0.001). RMGICs and compomers releasedmore
fluoride in saline solution than that in lactic acid. The
acid environment has significantly increased the fluo-
ride release of GICs. Figures2 and3are graphical rep-
resentations of the fluoride release in saline solution
and lactic acid, respectively. Both the figures show a
significant influence of time and materials on
fluoride-release patterns.

The findings from cumulative fluoride release
(lgF/cm2) are given in Table 4. The RMGICs exhibited
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Fig 2 Fluoride release (lgF/cm2) over time for different
materials immersed in saline solution. UBL, Ultra Band-Lok;
RLX, RelyX Luting; KTC, Ketac-Cem.
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Fig 3 Fluoride release (lgF/cm2) over time for different
materials immersed in lactic acid. UBL, Ultra Band-Lok; RLX,
RelyX Luting; KTC, Ketac-Cem.

Table 4 Cumulative fluoride release (0 h to 30 days)
from different materials in both the storage solutions
(lgF/cm2)

Groups Saline solution Lactic acid

UBL 15.4488 15.4004
B a A a

RLX 66.5547 55.6602
D b A a

KTC 32.9784 32.9185
C a A a

Different capital letters indicate significant differences between
materials in each storage solution and different lowercase letters
indicate significant differences between each material in both the
solutions (CL 95%).

Table 3 The mean value of fluoride release for different materials in both the solutions and at the different time intervals
evaluated (lgF/cm2)

Solutions Groups 0–24 h 24 h to 7 days 7–15 days 15–30 days

Saline
solution

UBL 12.5214 (±1.7873) 0.8336 (±0.0150) 0.7876 (±0.0280) 1.3062 (±0.0620)
B a C c C c B b

RLX 47.2767 (±1.1151) 9.5249 (±0.9319) 6.3278 (±0.2976) 3.4253 (±0.2031)
A a A b A c A d

KTC 11.1582 (±0.7874) 2.4766 (±0.1486) 2.3417 (±0.1002) 1.0254 (±0.0954)
B a B b B b B c

Lactic acid UBL 13.2830 (±3.5060) 0.8522 (±0.0855) 0.7478 (±0.075) 0.5174 (±0.0780)
C a C b C b C c

RLX 39.8672 (±1.2657) 7.7694 (±0.7770) 5.5646 (±0.2801) 2.4590 (±0.0970)
A a A b A c A d

KTC 23.3802 (±1.5558) 4.5245 (±0.4670) 3.2742 (±0.3509) 1.7396 (±0.0161)
B a B b B c B d

Different capital letters indicate significant differences between materials in each storage solution and different lowercase letters indicate signif-
icant differences between each material in different time intervals (CL 95%).
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the highest (P < 0.001) cumulative release of fluo-
ride in both the solutions. GICmaterial showed higher
cumulative release than that of compomer.

DISCUSSION

In the present study, two storage solutions were
used. The choice of saline was due to its inert char-
acteristic, without the buffering agents present in
artificial saliva. In contrast, lactic acid, which is pro-
duced in the cariogenic biofilm, plays an important
role in the demineralisation process in the oral
cavity.

An increased solubility of materials was observed
in lactic acid when compared with that of saline solu-
tion. This finding could reinforce the deleterious effect
of acid produced by bacteria over dental materials
placed in the oral cavity. The GICs showed higher sol-
ubility than the RMGICs, and minimal solubility was
observed for the compomer. In a recent study (Eisen-
burgeret al, 2003), researcherscompared thesolubil-
ity pattern of different dental cements in an acid
environment. They observed higher degradation for
conventional GIC in comparison to resin cement,
which did not exhibit degradation even after 7 days.
The main reason in explaining the different solubility
patterns observed is the setting reaction of the sam-
ples. TheconventionalGIChasanacid–base reaction,
whereas the RMGIC has its initial setting provided by
photopolymerisation, followed by acid–base reaction.
The compomer material achieves its setting reaction
through photopolymerisation. The inclusion of
resinous components in the ionomeric materials
decreased thesolubility and improved themechanical
properties (Burgess et al, 1996; Toledano et al,
2006). In the continuum between the GICs and the
resin composites, the compomers are located close
to the resin composite and exhibit similar properties.
In this research, the compomer demonstrated a very
low degree of solubility in saline solution, confirming
the high resistance of resinous materials to
degradation in the oral cavity (Eisenburger et al,
2003).

It was verified that GICs significantly reduced the
demineralisation of enamel in vitro (Gorton and
Featherstone, 2003). Scientific literature has shown
that fluoride from some band cementation materials
can inhibit the enamel demineralisation around the
cementation (Erickson and Glasspoole, 1995;
Glasspoole et al, 2001).

Generally, the studies regarding fluoride release
of dental materials show that conventional GICs
have similar or superior values compared with

RMGICs, which have superior performance in com-
parison to compomers (Monteith et al, 1999; Attar
and Onen, 2002; Xu and Burgess, 2003). The
results of this study demonstrate that the RMGIC
has the highest fluoride release, and this result
can be corroborated by the previous findings
(Dionysopoulos et al, 2003; Pedrini et al, 2003;
Hayacibara et al, 2004; Matalon et al, 2005). This
fluoride-release pattern for the RMGIC is explained
as a consequence of a more homogeneous compo-
sition (Hayacibara et al, 2004).

The fluoride release is related to the ionic
changes within the oral environment and the acid–
base reaction that takes place between the material
and the solubility of glass fillers. The conventional
GICs have shown greater fluoride release than the
compomers (Gillgrass et al, 1999, 2001; Caves
et al, 2003; Kuvvetli et al, 2006).

While fluoride release of the GIC is attributed
to the chemical composition of the material, the
fluoride release of the compomer depends on the
aluminium silicate fillers, which can be increased in
an acid environment (Ewoldsen and Demke, 2001).
In this study, compomers and RMGICs have exhib-
ited more fluoride release in saline solution than in
lactic acid. The low fluoride release of the compomer
may be due to its proximity to resin composite,
instead of the GICs (Itota et al, 1999). It is appropri-
ate to note that a clinical trial is needed to study car-
ies prevention (Eichmiller and Marjenhoff, 1998;
Montanaro et al, 2004). Thus, fluoride release from
luting agents could be an advantage as an auxiliary
method for caries prevention (Donly and Segura,
2002).

The immersion time has significantly influenced
the pattern of fluoride release. More fluoride was
released in the first period of time evaluated and this
value later decreased over time. Several reports in
the literature have demonstrated that fluoride is
mostly released in the first 24 h to 7 days (Forsten,
1998; Bertacchini et al, 1999; Dionysopoulos et al,
2003; Kuvvetli et al, 2006). If another fluoride
source is provided, the glass ionomer materials
may serve as a fluoride reservoir and increase the
level of fluoride released after the application of
one of these sources (gel, dentifrice or solution con-
tainingfluoride) (AttarandOnen,2002;Dionysopoulos
et al, 2003; Xu and Burgess, 2003).

The fluoride-releasing capacity has been related to
the degree of solubility of the material (Bertacchini
et al, 1999). This relationship was not observed in
this study for glass ionomeric materials, as conven-
tional GICs had a higher degree of solubility and
lower fluoride release than RMGICs. Similarly, other
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studies found a negative correlation between the
mechanical properties and fluoride release or the
recharge ability of different fluoride-releasing mater-
ials (Xu and Burgess, 2003). In this study, compom-
er exhibited the lowest degree of solubility and the
lowest fluoride release value.

This was an in vitro test and the limiting factor
was the ability to accurately produce oral cavity con-
ditions. In situ or in vivo studies are more relevant to
demonstrate the real performance of the materials.
However, ethical concerns have limited the possibil-
ity of these studies. In addition in vivo studies are
more time-consuming.

The null hypotheses tested in this study were
rejected, as materials, storage solutions and immer-
sion times influenced the properties evaluated.

CONCLUSIONS

Within the limitations of this study, it can be con-
cluded that:

1. the materials tested and the storage solutions
have influenced the solubility and the fluoride
release

2. generally, the immersion in lactic acid increased
the solubility degree and the fluoride release
when compared with that in the saline solution

3. RMGICs and GICs demonstrated higher fluoride
release, which decreased with material ageing

4. the material with higher resinous composition
(compomer) demonstrated the lowest degree of
solubility.
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