T ey Assessment of the surface roughness and...  Vol. 19 : No.2 : 12/2023
W };. DOI: https://doi.org/ 10.32828/mdj.v19i2.934

Assessment of the surface roughness and hardness of acrylic
resin after incorporation of sodium fluoride salts (An In-vitro
Study)

Marwah Hussein Abdulsattar*

*Assistant lecturer. Department of Prosthetic Dental techniques, College of
Health and Medical techniques, Middle Technical  University, Iraq,
E-mail; marwah.hussein@mtu.edu.ig, ORCID: https://orcid.org/0000-0002-7774-2550.

Abstract

The control of oral hygiene is of great importance, particularly in dental work, to prevent
caries caused by bacteria. One method to inhibit bacterial growth is usually by using
fluoridated dental materials. The objectives are to assess the effect of sodium fluoride
powder (NaF) inclusion with different concentrations on the surface roughness and
hardness of heat-cured acrylic resins. A total of forty disc-shaped samples with a diameter
of (12+0.1) mm and a thickness of (2+0.1) mm have been fabricated from heat cure
acrylic resin. They were grouped into four subgroups according to different
concentrations of NaF with 10 specimens for each group. Sodium fluoride powder (NaF)
was incorporated into the monomer in concentrations of 0% (control group), 1%, 3%, and
5%. Then mixing was done with polymer according to manufacturer instructions and the
conventional flasking, and packing procedures were used. Finally, the specimens are
subjected to hardness and surface roughness tests. The results of this study revealed that
the lowest mean value surface roughness (Ra) was with the (5%) group of NaF (7828).
While, for the surface hardness test, the group (5%) of Naf showed the highest mean
value among their subgroups (82.30). According to the results of the current study,
sodium fluoride powder (NaF) has a positive effect on both the surface roughness and
hardness of acrylic resin.

Keywords: heat acrylic resin, sodium fluoride (NaF), hardness, roughness, deionized
liquid.
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Introduction

Dental caries is known as the result of tooth
surface dissolution caused by dental plaque
which produces acid when exposed to sugars
many times. " In addition to Periodontal
diseases (gingivitis and periodontitis) which
are inflammatory diseases of microbial
origin. Dental biofilm that accumulates at
and below the cervical line of the teeth is
considered the highest risk factor for dental
caries. Besides that, destructive and bad
inflammatory immune response. . They
are considered the most common diseases
that affect humans worldwide if they are
untreated ®. On the other hand, there is an
increase in the prevalence of root caries
associated with gingival recessions ). The
most likely affected teeth by carriers and
periodontal diseases more than other teeth
are the abutment teeth. The prevention of
root caries in such teeth is critical because

they are anchoring removable partial
dentures and tend to be insufficiently
cleaned ©®. Fluoride application is the

treatment of choice for prevention of caries
development and gingivitis ©. It's used to
prevent dental caries and may be used to
increase bone density in osteoporosis. Also,
it may render the enamel of teeth more
resistant to acid, promote demineralization,
or reduce microbial acid production .
Different sources can convey fluoride to the
oral cavity, such as fluoride dentifrices,
fluoride mouth rinses, topical fluorides as
well and fluoride-releasing restorative
material, which are all effective in root
caries prevention and recurrent caries
suppression " In the current study sodium
fluoride (NaF) which is a white, odorless
powder has been used. since it is the most
increased fluoride compound release than
other fluoride types followed by Caf, then
amine fluorides. This can be associated with
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the compound’s solubility, and its easily
dissolving to free Na+ & F- ions &9

Jasim BS & Ismail., 2014, Abdulsattar MH
(2023) and Abdul-Latif Rashid A & Mousa
Ouda L %12 ysed various sodium fluoride
concentrations. They studied high fluoride
concentrations e.g. 10% and 20%; however,
the maximum NaF concentration was 20%
since the dough stage did not reach 25% or
more. Following two months of immersion
in deionized water, the surface roughness
and hardness increased; this can be
attributed to fluoride’s release, and this
agreed with the finding of )

The wearing removable partial or complete
dentures by geriatric patients has increased
in proportion ™). Thus, different
concentrations (1%, 3%, and 5%) of sodium
fluoride have been mixed with acrylic resin
which is used in the fabrication of
removable prostheses to assess the effects of
these different concentrations on the
surface’s roughness and hardness of the
acrylic resin.

Material and method

Samples preparation:

Forty-disc shapes of heat-cured samples
of acrylic resins have been prepared by
conventional methods. A silicon mold with a
diameter of (12+0.1) mm and a thickness of
2(+0.1) mm @ was used for the waxing of
specimens that have been flasked Fig. (1, 2).
Then, the metal flasks technique is used by
coating them with a separating medium
(cold mold seal). The lower half is filled
with dental stone then the disc shape wax is
fixed on it, after the stone sets, a separation
medium is applied and left to dry. Following
that, the upper half of the flask was filled
with stone and vibrated to prevent air being
entrapped. Then, wax elimination is
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accomplished according to instructions, and
the two halves of flasks are opened and

coated with the separation medium to be
packed later.

Mixing proportion of acrylic resins:

The mixing ratio of acrylic resins was 2.5/1 by weight (P/L). The guidelines of the manufacturer
were followed regarding mixing and manipulation. For the controls, 40ml of monomers was
mixed with 100gm of powder. For 1% Naf, 1g of Naf powder was dissolved in 40 ml of
monomers and mixed with 99gm of polymers. For 3% Naf, 3g of Naf powder was dissolved in
40ml of monomers and mixed with 97gm of polymer. For 5% Naf, 5g Naf powder was dissolved

in 40ml of monomers and mixed with 95g polymer as shown in (Table. 1).

NaF percentage Amount Amount Amount
of NaF of polymer of monomer
0% Og 100g 40ml
1% 19 99¢g 40ml
3% 39 979 40ml
5% 5¢ 95¢g 40ml

Table 1: Mixing ratio of acrylic resin

Packing and polymerization

The glass stirrer has been used for mixing.
The monomer with NaF suspension has been
directly mixed with the acrylic powder,
following the guidelines of the manufacturer
to decrease particle aggregations and phase
separations. Then, the mixture is left until
the dough stage is reached. The packing
stage was done after the resin reached the
dough phase. The acrylic was removed from
a glass container and packed in a flask
which was coated with a separation medium
and left to dry. Then, nylon sheets were used
to aid in the separation of the two halves of
the flask and remove or add another amount
of resin. The flask’s two halves are closed
tightly and put at a hydraulic press. (85-90
bars for 1 minute). The pressure was applied
at a slow rate on the flask and the flow of
the dough was evenly done via the space of
the flask. Then, the pressure is released and
opened, then the excessive material is
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removed by using a sharp knife. Then, the
closure for another time was done and a
nylon sheet was removed. Finally, the
flask’s two halves were closed tightly and
clamped to transfer to the water bath for
curing. The water bath (rapid procedure)
was used to polymerize specimens from
heat-cured acrylic. The polymerization was
performed via putting the clamped flask in a
water bath and processing by heating the
specimens at 74°C for 1, 1/2 an hour,
followed by increasing the temperature to
the boiling point for 30 minutes in
accordance with ADAS No.12 @, After the
acrylic resin specimens were polymerized
and cured, they were removed carefully
from the stone molds. The conventional
method was used to complete the acrylic
resin specimens and to remove any excess
flash of acrylic. The final specimens were
immersed for 2 months in the daily changed
deionized water.
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Testing methods

Two months ago, all immersed specimens
were subjected to a surface roughness test
due to after this period deionizer liquid will
increase the release of sodium fluoride salts
() using a profilometer device supplied with
the diamond-made surface analyzer (sharp
style). The profilometer records all the
recesses and peaks that characterize the test
surfaces by their scales. The acrylic samples
were put on their stable stages and the
position of the test areas was chosen then the
analyzer passed in the correct direction
along the surface of the samples as shown in
Fig. 3 Then, they were subjected to a
hardness test by using the duromter hardness
devices, (shore D) scale type. The testing
loads were applied equally to 50 N, and the
specimens were located under the indenter
area with a depressing time of measuring
equal to 10 sec. The indicator of the digital
shore-D device measures 0.8mm in diameter
and tapers to a 1.6mm cylinder. After a firm
pressing down of the indicator, the readings
were recorded from the digital scales. Each
scale results in a value between (0 and
t0100) hardness numbers, with higher a
value indicating a harder material as shown
in Fig.4.

Results
Surface roughness results

The lowest mean value of surface roughness
(Ra) was in the 5% group, whereas the
higher mean value of surface roughness was
in the group 3%. On the other hand, a non-
significant difference was found between the
control and 1% groups. A one-way ANOVA
test for the (Ra) group demonstrated highly
significant  differences  between their
subgroups. Finally, the LSD test revealed
highly significant differences between most
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of the groups. While there is non-significant
difference among control, 1% and 5% in
addition between 1% and 3%. Table. 2,
Fig.5

Surface hardness results

The higher mean value for the surface
hardness (IU) was respectively in their
groups 5%, 3%, and 1% in comparison to a
control group. One-way ANOVA and LSD
tests represent there are high- significant
differences among their groups in Tables. 3,
Fig.6.

Discussion

The use of fluoridated dental material is the
most effective manner for the prevention of
dental caries “®. It was demonstrated that
fluorides containing dental acrylic resins are
highly effective for suitable denture hygiene
promotion, especially for old age people
who require nursing care or have low
abilities for performing normal daily living
activities and children wearing acrylic
appliances ®”. Fluorides which contain
dental acrylic resin materials can improve
acrylic resin properties 9.

Our study demonstrated that the addition of
different concentration of NaF improve the
hardness of acrylic resin and there is a
highly significant difference between treated
groups when compared with the control
group as shown in Tables (4, 5, and 6),
which may be attributed to the increasing of
crystals per unit area due to the elevation in
NaF concentration in acrylic resins because
the crystals of NaF may be harder than
acrylic polymers thus, more resistance will
be provided to indenter penetrations with
more hardness values will be acquired, and
this result is consistent with %),
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Nevertheless, the results in the current study
revealed a highly significant difference in
roughness value for most groups which is
considered an undesirable property, that may
be due to interference of NaF in the
polymerization process. This can occur by
the polymer bead exposures which result in
increased porosity and roughness “®. The
inclusions of fluorides in dental resins are
inherently incompatibilities due to great
differences in polarity between ionic
fluorides and low-polarity dental resins.
Such incompatibilities usually cause phase
separations with the resin thus, fluorides are
released within time 9. while the 5%
concentration group represents the lowest
mean values of roughness this may be
because of the reaction’s exothermic heat
that increases the resin dough’s temperature
higher than the monomer’s boiling point
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Conclusions

In the present study, sodium fluoride salts
with concentrations of (1%, 3%, and 5%)
represent one of the most effective ways for
enhancing the mechanical and physical
properties of acrylic resin denture bases.
Since it increases their surface hardness and
decreases their surface roughness.
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Figures & tables:

Figure.l:silicon mold Figure.2: flasked specimens

Figure.3: D_ shore device Figure.4: profilometer device
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Control Group A | 1.7997£0.519 | 2.32 1.22
1% Group B | 1.9187+ 2.57 1.43
3% Group C | 2.0773+£0.555 | 2.71 1.44
5% 0.7828+0.507

11.515 0.0001<

B -.11900 .

C -27767 264 (NS)
D 1.01689* 000 (HS)
C -15867 520 (NS)
D 1.13589* 2000 (HS)
D -1.29456* 000 (HS)

Table 2: Descriptive Statistics, ANOVA, and LSD of surface roughness among groups.

roughness (Ra)

£.5 \

2
15
1
0.5
0
GROUP A GROUP B GROUP C GROUP D
CONTROL 1% 3% 5%

Figure 5: Bar chart of surface roughness (Ra) among the studied group
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Control Group A | 63.4£2.503 67.0 61.0
1% Group B | 71.6+0.966 73.0 70.0
183.161 <0.0001
3% Group C | 76.4+1.234 78.0 74.5 83.16 <0.000
5% Group D | 82.30+2.287 | 85.0 79.0

B -8.2000
C -13.0500" .000 (HS)
D -18.9000 .000 (HS)
C -4.8500 000 (HS)
D -10.7000 000 (HS)
D -5.8500 .000 (HS)

Table .3: Descriptive Statistics, ANOVA, LSD of surface hardness among groups.
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Figure .6: Bar Chart of surface hardness (IU) among the studied group.
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