Evaluation of Fluoride release from orthodontic acrylic resin
by using two different polymerizations techniques: An In-

Vitro Study
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Background and objectives: Oral hygiene is mandatory for patients with orthodontic
appliances and prevention of microbial biofilms in the oral environment. One method
for inhibiting the growth of micro-organisms is commonly by use fluoridated dental
material. The aim of this study was to evaluate releasing fluoride after addition into the
orthodontic acrylic resin with 40% hydroxyethyl methacrylate, and amount of fluoride
release from the orthodontic acrylic resin that was polymerized by Auto polymerization
and IVOMAT polymerization.

Materials and methods: Sixty disc-shaped samples measured 10 mm diameter and
1mm thickness of orthocryle were divided into two groups according to polymerization
technics, thirty samples for Auto polymerization and thirty samples for polymerization
by IVOMAT. Each of these groups was subdivided into three groups according to the
concentration of NaF. Group A 0% NaF, Group B 10%NaF, and Group C 20%NaF. For
testing fluoride release, samples stored for 28 days in deionized distilled water for
testing measurements for days 1,4,7,14,21, and day 28. Precision ion meter was used
to measure fluoride release. Repeated measure ANOVA was undertaken to compare
fluoride release in each group. Paired sample t-test was utilized to differentiate
between groups.

Results: Significant difference was observed in the fluoride-releasing of both groups
and within the subgroups (P<0.05). The highest amount of fluoride release is present in
20% NaF followed by 10% NaF for Auto polymerized acrylic resin in the first day. The
lowest fluoride release is presented in 10% on day 28 for IVOMAT polymerization. In
general, the Auto polymerized acrylic resin had higher fluoride release than IVOMAT
from all groups for 0%,10% and 20% NaF.

Conclusion: Orthodontic acrylic resin has the ability to release fluoride more than 28
days for both types of polymerization technics in different concentrations.

Keywords: Orthocryle, auto polymerization, IVOMAT, sodium fluoride, fluoride
release.
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Introduction

The demand for orthodontic services is increasing and about 25.4% of Children
in Kurdistan require some form of orthodontic treatment. Thus, there is an
increasing need for the use of orthodontic acrylic resins in removable appliances
and retainers.! Patients have to wear appliance made by acrylic resin all day
(orthodontic retainer or removable appliance). Oral hygiene control is essential
especially for dental issues such as caries in which the bacteria’s are the major
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cause for it> Removable orthodontic
appliances and dentures have usually been
fabricated from polymethyl methacrylates

(PMMAs) since the 1930s. Moreover,
polymethyl methacrylates are wused for
maxillary  orthopedic  appliances  for

newborn cleft lip and palate patients and
splints for orthognathic surgery patients.’®
This material continues to be used to
fabricate denture bases due to its various
advantages, including low cost,
biocompatibility, ease of processing,
stability in the oral environment, and
acceptable aesthetics.’ Removable
orthodontic appliances often promote the
accumulation and colonization of dental
plaque bacteria including Streptococcus
mutans and growth of biofilms on the
surface of these appliances may compromise
the oral health of patients, and threaten the
efficiency of orthodontic treatment.’
Porosities on the outer and inner surfaces of
orthodontic acrylic appliances also provide
favorable  conditions  for  microbial
colonization.® Therefore, good oral hygiene
is essential for the prevention of micro-
organism colonization and prevention of
oral diseases. Different anti-plaque agents
have been assessed for their ability to
decrease the adhesion of microorganisms to
dentures, by interfering with bacterial
co-aggregation or by reducing bacterial
vitality thereby minimizing bacterial growth

and biofilm formation.” Fluoride is the most
popular caries preventive agent, and there is
evidence that it can inhibit the growth of
micro-organisms.® Various methods shows
the ability of fluoride in controlling dental
caries by delivering fluoride into the oral
cavity, such as  fluoride-containing
dentifrices, fluoride mouth-rinses, varnishes,
and fluoride-releasing restorative
materials.”'®  Orthodontic removable
appliance wearers have a higher risk of
caries and biofilm formation and make a site
for bacterial adhesion to the tooth surface
and the demineralization processes, for this
resin this study has been done to evaluate
the beneficial amount of fluoride release
containing removable orthodontic base
acrylic resin.

Materials and methods

In the current study, the sodium fluoride
(NaF) (Central Drug House-India) was
added in to orthodontic acrylic resin
(Orthocryl EQ, Dentaurum, Germany) for
60 samples, 30 samples for Auto
polymerization and other 30 samples for
IVOMAT polymerization, the samples were
prepared as shown in study design scheme
(Fig. 1) and each group had three subgroups
of control 0% NaF,10%NaF, and 20% NaF.
For testing fluoride releasing measurements.
Metal discs with 10 mm diameter and 1 mm
thickness, for making acrylic samples.'**

Figure 1: Distribution of the samples in the study groups.
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Proportioning of materials. Table 1 shows
the percentages and amounts of  polymer,

monomer, and NaF powder used in the
study.

Table 1: Percentages and amounts of a polymethyl methacrylate, sodium fluoride, methyl methacrylate,
and 2-hydroxyethyl methacrylate.

POWDER LIQUID
POLYMERIZATION GROUP PMMA NAF MMA HEMA
% % % %
A 100 0 100 0
-AUTO
- IVOMAT B 90 10 60 40
C 80 20 60 40

Preparing the powder and liquid. Prior to
mixing powder and liquid together 3
different ratios from the powder (NaF,
PMMA) were prepared according to the
grouping of the samples and weighted by
Electronic balance (KERN, Germany)
(Table 1). The overall ratio of MMA
(Orthocryl-  Dentaurum, Germany) to
HEMA (Beijing Solarbio) in the liquid
component of the experimental materials
was 60wt% to 40wt%. According to the
table 1 Where required, the MMA will be
added and mixed using magnetic stirring.
(Snijders-Holland)  for 30  minutes.’
Immediately after all the proportions are
ready and dissolving NaF in the prepared
liquid, acrylic (powder) was mixed with
prepared liquid to decrease the possibility of
particle aggregation and phase separation *°.
Sodium fluoride powder NaF will be
weighed by Electronic balance and added to
the monomer According to the
concentration in this study:0%, 10%, 20%,
For 10% concentration 10gram of NaF
powder was dissolved in 100 ml prepared
liquid, for 20% concentration 20 gram of
NaF powder was dissolved in 100 ml ~ pre-
pared liquid, then mixed with prepared lig-
uid, the mixing was done by a stirrer. The
suspension of the monomer with NaF was
immediately mixed with Orthocryl EQ
powder according to the manufacturer’s in-
structions.

Polymerization. For this experimental
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study, the polymerization of the (Orthocryl
EQ) was done in two ways:

Auto: Auto polymerized resin represent
chemically cured PMMA, in which the
reaction starts as soon as the powder and
liquid are mixed together at room tempera-
ture.

IVOMAT: Acrylic resin was cured by
water under air pressure and constant
heating. (IVOMAT). Deionized distillated
water was used. The curing time and air
pressure as manufacture recommended for
(Orthocryl EQ) were 15 minutes at
45C° under a pressure of 2.2 bar. After the
samples had been set, removed from the
mold, excesses removed, during finishing
and polishing the diameter and thickness of
the samples were measured intermittently
using digital Vernier caliper. After that
samples were placed into a plastic
cylindrical vial with 5 ml distilled deionized
water and stored in an incubator at 37°C 24
hours before fluoride release measurement.
The water in the containers was changed a
day before the measurement, days 1,4,7,14,
21, and day 28"

Fluoride release measurements tests. An
acetic buffer solution total ionic strength ad-
justing buffer (TISAB III-Germany) of 0.5
ml will be added to provide a back-
ground of constant ionic strength for fluo-
ride measurement. to each storage solu-
tion *'. Fluoride concentration measured us-
ing a calibrated ion selective electrode at-
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tached to an ion meter (Precision ion meter
931, China). Standard fluoride solution, with
different concentrations (0.01,0.1,1,10,100
ppm F-) was prepared from a 1000 ppm
standard solution and used for calibration.
All readings in a (ppm), the readings record
from the (ppm) converted to (pug/cm2) by
dividing it by the surface area of the sample.
Therefore, the results were presented as the
rate of fluoride released per unit surface area
of the sample per day (ng/cm?).

Statistical analysis. All data were
analyzed using statistical software (SPSS 22
for Windows, IBM SPSS Inc., USA). The
Shapiro-Wilk test was used to test the
normality of the data. The fluoride releasing
data were normally distributed. Parametric
tests were used to investigate the statistical

difference between groups. Repeated
measure ANOVA was used to find
significant differences in the fluoride release
for each fluoride group for each day. Paired
sample t-tests were used to demonstrate the
differences between auto and IVOMAT
polymerization at (£<0.05).

Results

The descriptive statistics including mean,
standard deviation, amount of fluoride
release from all tested orthodontic acrylic
samples measured by calibrated ion
selective  electrode for both (Auto
polymerized & IVOMAT) for (0%,10% and
20% NaF) containing orthodontic acrylic
resin at days 1,4,7,14,21 and 28 are listed in
tables 2 and 3.

Table 2: Mean and standard deviation of fluoride release for Auto and IVOMAT polymerized acrylic resin of
Group B 10% NaF, at day 1,4,7,14,21and 28.

AUTO POLYMERIZATION GROUP B POLYMERIZATION BY IVOMAT GROUP B

DAY Mean SD ANOVA Day Mean SD ANOVA
1 132.72 20.44 1 99.40 15.92
4 54 12.0 4 22.07 4.93
7 29.92 8.26 7 9.68 2.44

<0.001 <0.001
14 10.07 1.10 14 2.96 1.23
21 6.40 0.87 21 1.58 0.71
28 3.8 0.89 28 0.87 0.23

e Mean fluoride release in (ug/cm?2).

Table 3: Mean and standard deviation of fluoride release for Auto and IVOMAT polymerized acrylic resin of
Group C 20% NaF, at day 1,4,7,14,21 and 28.

Auto Polymerization Group C Polymerization by IVOMAT Group C
Day Mean SD ANOVA Day Mean SD ANOVA
1 457.97 50.83 1 179.56 44.95
4 167.35 18.05 4 39.02 10.38
7 39.12 10.32 <0.001 7 17.00 5.38 <0.001
14 14.63 4.13 14 5.85 2.46
21 12.83 2.31 21 2.53 1.43
28 5.44 1.71 28 1.21 0.23

e Mean fluoride release in (pug/cm2).
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Figure 2: Mean of fluoride release for Auto and IVOMAT polymerized acrylic resin of Groups B10% and C
20% NaF, at day 1,4,7,14,21and 28.

Group A (0% NaF) auto polymerized had
the highest fluoride release on day 1 which
was 0.12 + 0.88 pg/cm” and lowest fluoride
release at day 1 for IVOMAT which was 0.8
+ (.3. the fluoride release for this group had
only at day 1, followed by a negligible
amount of fluoride release.

Group B (10% NaF) auto polymerized
acrylic samples showed highest amount
fluoride release was 132.72+20.44 pg/cm? at
1 day and the lowest arnount fluoride release
was 3.8 +0.89 pg/em?® at day 28. Fluoride
release for Group B (10% NaF) that was
polymerized by IVOMAT similar as auto
polymerized, the highest amount of ﬂuorlde
release at 1 day was 99.40 = 15.92 ug/cm
and lowest amount was 0.87+ 0.23 pg/cm®.

There were highly significant differences
found between means Group B (10% NaF)
auto polymerization at all days tested
samples and further major differences
between means I[IVOMAT polymerization
(Repeated measure ANOVA F<0.05, Table
2).

Group C (20% NaF) was in line with Group
B outcome, (10% NaF) the highest mean
amount fluoride release was 457.97 + 50.83
pg/cm?® at 1 day and the lowest amount
fluoride release was 1.21 + 0.23 pg/em? at
day 28 (Table 3).

The Auto Polymerization Group B (10%,
20% NaF) and IVOMAT Group B (10%,
20% NaF), are shows significant
differences. (paired samples t-test P<0.05,
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Tables 2 and 3).

The pattern of fluoride release for all
samples was decrease daily. The greatest
amount of fluoride release was observed
during the first days, then followed by a
sharp decrease on the second day, and
gradually diminished over the next days
(Figure 3).

Discussion

Children in treatment with removable
orthodontic appliances (ROA) have a higher
risk for proximal caries, gingivitis, and
halitosis than children without ROA. 2 The
most effective way to prevent dental carles
is by using fluoridated dental materials.'
The released fluoride will be helpful for
controlling dental cerise for patients who
receive  orthodontic  treatment  with
removable or fixed appliance followed by
wearing retainers produced from acrylic
resin, This study shows that adding sodium
fluoride to orthodontic acrylic samples can
act as a fluoride delivery in the oral cavity

more than 28 days by different
concentration and tow polymerization
technics. The source of fluoride used in this

study was Sodium fluoride (NaF) as its very
soluble salt and 1t is easily dissolved to free
Na-+ and F- ions.?

The obtained results in this study showed
that Group A that contained 0% sodium
fluoride release small amount fluoride for
three days for auto polymerized orthocryle
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and only for two days for polymerization by
IVOMAT. The probable reason is due to
contamination of the metal moulds and
instruments that were used for the
preparation of the samples. The other cause
would be due to the accumulation of
fluoride ions around the electrode
membrane. This was similar to the results of
Ismail in which he had detected the small
amount of fluoride ion release on day one
from group 10:0.'* Also same as Zahroon in
which fluoride was detected from the
samples that containing free-fluoride during
the first four days of fluoride ion
measurement.”> The pattern of fluoride
release was similar for all orthodontic
acrylic samples containing sodium fluoride
in which the maximum amount of fluoride
release was observed on the first day,
because the fluoride firstly released from the
initial surface (wash-off) of the exposed
surface of the material'>'*'¢ than followed
by a sharp decrease on the second day, and
gradually diminished over next days the
results of present study are in accordance
with study by Srithongsuk et al 2011. They
mixed NaF with orthodontic acrylic resin in
three different amount of fluoride 5%,10%
and 20% They detected that high level of
fluoride release on the day 1, and fluoride
level decreased greatly at day 2 in every
concentration. The similar results “burst
effect” was also reported by Upadhyay et al
2013" and Prapansilp et al 2017."

The mechanism by which fluoride release
into an aqueous environment from all
experimental materials supported the two-
phase diffusion theory. Phase one relates to
initially accelerated surface elution of
short-term fluoride release. phase two is
more gradual elution and long-term release
from the subsurface layers of the fluoride-
releasing materials.'>?' The burst effect is
probably associated with the initial surface
‘wash-off” of the exposed surface of the
material.'>'* The burst effect of fluoride
release is crucial for inhibiting enamel and
dentin demineralization as well as for the
reduction of viability of bacteria that ma
have been left in the inner carious dentine."”
The fluoride release is higher in 20% NaF
than 10% for both polymerization type this
is due to a higher amount of NaF that
dissolved to fluoride ions. NaF is a very
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soluble salt and it is easily dissolved to free
Na and F ions this is in agreement with
previous study.'®*

Fluoride release in auto is higher in
IVOMAT polymerization. When
orthodontic acrylic resin cured in IVOMAT
in water temperature of (45°C) and under
pressure of (2.2 bar) for (15 minutes)
fluoride release is lower than in auto
polymerized orthodontic samples for both
groups 10%and 20% NaF this is explained
that initial surface ‘wash-off” of the exposed
surface of the material happens inside
IVOMAT which contains deionized
distilled water and remain for 15
minutes.'>'*'® Which means some amount
of fluoride is lost during polymerization in
IVOMAT, during sample preparation we
take 5ml deionized distillated water that we
used for polymerization in IVOMAT for
each concentration 10% and 20% we
detected that 61 ppm and 121 ppm of
fluoride was presented in 10% and 20 %
respectively. Another cause may be related
to a temperature that was used in IVOMAT
curing device during polymerization
processes for 15 minutes with (45 °C).In the
study that is done by Yan et al 2007 they
study the effects of environmental
temperature on the fluoride release and
recharging ability of glass ionomers, the
fluoride release of each material was
measured at 4°C, 37°C and 55°C they
concluded that fluoride release signiﬁcanﬂ?/
increased as the temperature increased.”
Also in the study by Madhyastha et al 2013,
they evaluated the effect of temperature,
time interval and storage condition on glass
ionomer cement they showed that the
amount of fluoride release depends on
temperature, time interval, and storage
condition, as the temperature increases the
fluoride release increase.”’in another way we
can say more fluoride release in IVOMAT
than auto because some amount of fluoride
were lost during polymerization.

The concentration of fluoride powder
mixed in acrylic resin powder and hydroxy-
ethyl methacrylate with methyl methacrylate
for orthodontic base must consider the level
of fluoride release. In the current article, the
amount of fluoride released from
orthodontic  acrylic resin in  auto
polymerized samples is greater than fluoride
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released by IVOMAT. Which means the
more fluoride concentration the more fluo-
ride release. The results of this study may
be used as a guide to conduct further re-
search in the future.

Conclusion

Fluoride release was observed from ortho-
dontic acrylic base mixed with NaF, and
HEMA. The level of fluoride release was
different among mode of polymerization
and concentrations (0%, 10%, and 20%).
Orthocryle has the ability to release fluoride
for both types of polymerization technic but
the amount of fluoride release by the auto-
polymerization is higher than polymeriza-
tion by IVOMAT.
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