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Effects of the Filler Contents and Dentifrice on the
Hardness of the Dental Sealant
Ho-ghil Kim, Ja-Won Cho
Department of Preventive Dentistry, School of Dentistry, Dankook University, Cheonan, Korea

Objective: To prevent dental caries, four-stage dental caries prevention methods, such as dental floss management, fluoride
application, pit and fissure sealant, and dietary control have been found effective. The purpose of this study was to investigate the effect of filler contents of filler materials for the dentin abrasion and tooth-brushing time on the hardness of the
sealant material.
Methods: Two kinds of sealants, 58% filler contents and no filler, were prepared. They were used by scrubbing with back
and forth movement of tooth-brushing using two types of dentifrice such as relative dentin abrasive 79 and 120 for three
months and a year. Eighty micro-hardness samples were prepared to compare the data for Vickers hardness test after horizontal scrub.
Results: Micro-hardness was slightly different from relative dentin abrasiveness but not statistically significant (p＞0.05).
However, micro-hardness was significantly different according to the filler contents (p＜0.05), but it wasn’t influenced by relative dentin abrasiveness of dentifrice or the duration of tooth-brushing periods (p＞0.05).
Conclusion: In order to increase fracture strength, it was recommended to use fillers containing dental sealants.
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Introduction

adults [1,2]. So, it has been well known that the best way to control dental caries is to prevent as well as treat them early [3,4].
The effective program for clinical preventive measures for
dental caries has been known as 4 steps of prevention program
including dental plaque control, fluoride application, pit and
fissure sealing, and dietary control. It was reported that more
than 90% of dental caries can be prevented effectively with
these 4 kinds of the prevention methods together mentioned
above [5,6].
The tooth of pit and fissure sealing has been generally known
as posterior tooth, the first and second molar with deep and narrow pit or fissure [7]. Sometimes, it can be premolar or deciduous posterior teeth when cingulum area in upper lateral incisor
has deep pit form [8].

Dental caries and periodontal disease are prevalent oral diseases like pandemic diseases. Especially, dental caries usually
occurs among children and periodontal disease does among
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It is suggested that fluoride application is performed for preventing caries in proximal area, and sealant focuses on preventing occlusal caries [9]. Contraindication of dental treatments is
posterior teeth whose caries was already progressed.
Phommavongsa et al. [10] insisted that pit and fissure sealing
wouldn’t be needed if the frequency of caries activity were low
according to analysis in incidence of caries, environmental, oral
micro-organism, and host factors. Also, they said that pit and
fissure sealing wasn’t necessary for primary teeth expected to
be eliminated physiologically within 6 months. Therefore, indication or contraindication tooth for pit and fissure sealing
should be distinguished considering theses several factors [11].
A common method to measure hardness of sealant surface
is Vicker’s micro-hardness test, which is to press sealant surface
with 500 g or 1 kg pressure for 15 seconds by using diamond
shaped small pin and calculate the hardness considering the inverse proportion of the size of the diamond shape trace [12].
The aims of this experiment is to find hardness of sealants
and variation and differences of tooth and sealant surface according to filler contents and relative dentin abrasive (RDA) depending on period of the tooth-brushing in order to prevent separation of broken sealant due to weak hardness.

the tip of the automatic tooth-brushing device, which was used
manually back and force with 150 to 200 g weight pressure. The
speed of the manual movement is one second per one
movement. The dentifrice used in the experiment was made by
mixing 15 g dentifrice with 40 ml of distilled water for 30 minutes according to the ISO standardization of the abrasiveness
of the tooth surface experiment.
Sealant samples and tooth-brush heads were fully soaked in
the emulsion of the dentifrice solution in the experimental case
and filled with the enough dentifrice. The horizontal toothbrushing was performed with pressure of about 200 g using the
automatic tooth-brushing machine 3,000 times for 3 months
and 10,000 times for a year. The speed was one movement a second, and the machine was controlled to stop automatically when
it reached the set number of times.
The micro-hardness was measured by using Vicker’s micro-hardness tester (Mitutoyo Co., Kawasaki, Japan) with pressure of 500 g for 15 seconds. The harness was decided by measuring the width and the length of the size of the trace mark on
the sealant surface after pressed with the diamond shaped pin.
For accuracy, after 3 parts of each sample were measured, the
average figure was used as the harness of the sample.

Materials and Methods

Results

1. Materials

1. The comparison of micro-hardness of sealants
containing fillers and different relative dentin
abrasiveness according to the period of using
dentifrice

Two kinds of the sealant were prepared as 58% of the weight
filler contained sealant with 1.5 m sized diameter granule included and no filler included sealant. Two kinds of the dentifrice
as the week abrasive dentifrice of RDA 79 with potassium nitrate and sodium fluoride and hard abrasive dentifrice of RDA
120 with dental typed silica were prepared.

2. Method
This study was implemented based on International
Organization for Standardization (ISO) 11609 for sample production, abrasiveness test, measurement, and process of the
experiment.
The samples were divided according to classification of conditions for experiment. Eighty cylinders with 4 mm of diameter
and 6 mm height were prepared in order to fill the cylinders with
two kinds of sealant materials. And then, visual light with 470
nm of visible light wave was illuminated using dental light gun
(Visilux; 3M, Co., St. Paul, MN, USA) for 20 seconds at each
sample for light curing. The 80 samples’ different conditions
were shown in Table 1.
The head of tooth-brush head with medium hardness for elasticity (Butler 409; Butler Co., Tokyo, Japan) was attached on
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The comparison of micro-hardness of sealants containing
fillers and different Relative Dentin Abrasiveness according to
the period of using dentifrice was shown in Table 2. There was
no statistically meaningful difference in different relative den-

Table 1. Distribution of the sample condition
Tooth-brushing
period
3 mo

Filler
Yes (58%)
No

12 mo

Yes (58%)
No

Total
RDA: relative dentin abrasive.

Dentifrice RDA
RDA 79
RDA 120
RDA 79
RDA 120
RDA 79
RDA 120
RDA 79
RDA 120
80 samples

Sample (n)
3Y79 (10)
3Y120 (10)
3N79 (10)
3N120 (10)
12Y79 (10)
12Y120 (10)
12N79 (10)
12N120 (10)
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tin abrasiveness regardless of the period of using the dentifrice
(p>0.05).

3. The comparison of micro-hardness according
to the period of using RDA 79

2. The comparison of micro-hardness of sealants
without fillers and different relative dentin
abrasiveness according to the period of using
dentifrice

The comparison of micro-hardness according to the period
of using RDA 79 was sown in Table 4. Regardless of including
and excluding fillers, there was no difference before and after
using RDA 79 (p>0.05). However, there was statistically meaningful difference in the hardness of using the sealant containing
and not containing the fillers (p<0.05).

The comparison of micro-hardness of sealants without fillers
and different relative dentin abrasiveness according to the period of using dentifrice was shown in Table 3.
There was no statistically meaningful difference in different
relative dentin abrasiveness between both groups using the two
types of dentifrice for 3 months and a year respectively
(p>0.05).

4. The comparison of micro-hardness according
to the period of using RDA 120
The comparison of micro-hardness according to the period
of using RDA 120 was shown in Table 5. Regardless of including and excluding fillers, there was no difference before and after using RDA 120 (p>0.05). However, there was statistically

Table 2. The comparison of micro-hardness of sealants containing fillers and different relative dentin abrasiveness according to using the period of
dentifrice
Dentifrice with
different RDA
RDA 79
RDA 120
b
P

3 mo
Before

After

44.93±2.31
44.22±1.83

44.55±2.28
43.66±2.40

12 mo
a

P

Before

After

43.18±1.43
44.90±1.77

42.81±1.54
44.23±1.93

a

P

Values are presented as mean±standard deviation. RDA: relative dentin abrasive. ap＜0.05 by Mann-Whitney test. bp＜0.05 by Wilcoxon signed
ranks test.

Table 3. The comparison of micro-hardness of sealants without fillers and different relative dentin abrasiveness according to the period of using
dentifrice
Dentifrice with
different RDA
RDA 79
RDA 120
b
P

3 mo
Before

After

35.13±2.55
35.64±1.88

34.75±2.30
35.83±1.92

12 mo
a

P

Before

After

35.65±1.17
34.95±1.51

35.38±1.21
34.57±1.91

Pa

Values are presented as mean±standard deviation. RDA: relative dentin abrasive. ap＜0.05 by Mann-Whitney test. bp＜0.05 by Wilcoxon signed
ranks test.

Table 4. The comparison of micro-hardness according to the period of using relative dentin abrasive 79
Filler contained
sealant
Yes
No
b
P

3 mo
Before

After

44.93±2.31
35.13±2.55

44.55±2.28
34.75±2.30

12 mo
a

P

a

Before

After

P

43.18±1.43
35.65±1.17

42.81±1.54
35.38±1.21

Values are presented as mean±standard deviation. ap<0.05 by Mann-Whitney test. bp＜0.05 by Wilcoxon signed ranks test.
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12 months was shown in Table 7. The hardness was meaningful
only when RDA 79 and 120 containing the filler was used
(p<0.05), and the hardness was high when RDA 120 was used
for 12 months. However, regardless of the difference in relative
dentin abrasiveness, there was no statistical significance in micro-hardness in both groups when sealant didn’t include filler
(p>0.05).

meaningful difference in the hardness of using the sealant containing and not containing the fillers (p<0.05).

5. The comparison of micro-hardness according
to using the dentifrice with and without the
fillers for 3 months
The difference in micro-hardness according to both using the
dentifrice containing and not containing the fillers and using the
dentifrice with different relative dentin abrasiveness for 3
months was shown in Table 6. There was no statistically significant difference in relative dentin abrasiveness regardless of
both containing and not containing filler (p>0.05).

Discussion
The hardness of the dental sealant is very important enough
to influence removal and fracture of sealant, and depends on the
amount of the filler components [8].
Yun et al. [13] reported that the compressive strength of sealant varied according to bonding agent and types of filler. Also,
they said that the more filler was included, the less possibility
of the sealant fracture was. Jung et al. [8] presented electro-microscopic findings on sealant surface according to seal-

6. The comparison of micro-hardness according
to using the dentifrice containing and not
containing fillers for 12 months
The comparison of micro-hardness according to using the
dentifrice with sealant containing and not containing fillers for

Table 5. The comparison of micro-hardness according to the period of using relative dentin abrasive 120
Filler contained
sealant
Yes
No
b
P

3 mo
Before

After

44.22±1.83
35.64±1.88

43.66±2.40
35.83±1.92

12 mo
a

P

Before

After

44.9±1.77
34.95±1.51

44.23±1.93
34.57±1.91

a

P

Values are presented as mean±standard deviation. ap＜0.05 by Mann-Whitney test. bp＜0.05 by Wilcoxon signed ranks test.

Table 6. The comparison of micro-hardness according to using the dentifrice with and without the fillers for 3 months
Relative dentin
abrasiveness
RDA 79
RDA 120
b
P

Filler contained: Yes
Before

After

44.93±2.31
44.22±1.83

44.55±2.28
43.66±2.40

Filler contained: No
a

P

Before

After

35.13±2.54
35.64±1.88

34.75±2.30
35.83±1.92

a

P

Values are presented as mean±standard deviation. RDA: relative dentin abrasive. ap＜0.05 by Mann-Whitney test. bp＜0.05 by Wilcoxon signed
ranks test.

Table 7. The comparison of micro-hardness according to using the dentifrice containing and not containing fillers for 12 months
Abrasiveness of
the dentifrice
RDA 79
RDA 120
b
P

Filler contained: Yes
Before

After

43.18±1.42
44.90±1.77

42.81±1.54
44.23±1.93

Filler contained: No
a

P

Before

After

35.65±1.17
34.95±1.51

35.38±1.21
34.57±1.91

Pa

Values are presented as mean±standard deviation. RDA: relative dentin abrasive. ap＜0.05 by Mann-Whitney test. bp＜0.05 by Wilcoxon signed
ranks test.
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ing methods and materials. Kweom et al. [14] introduced physical and chemical properties of dental sealants produced and
sold in recent years in order to help select the proper sealant in
clinical. Kim and Jung [15] suggested that the hardness was
high, and removal and fracture could be prevented when dental
sealants were sealed more deeply after measuring the hardness
of sealant with Vicker’s micro hardness tester according to the
depth.
Asmussen [16] reported that the hardness and strength of
plastic materials were related with double adaptation method,
and recommended to use the sealant with double sealing technique in clinical. Wright et al. [17] recommended the light curing
technique rather than self-curing method because it had more
merits in clinical. Brooks et al. [18] and Trairatvorakul et al. [19]
insisted that sealant without fillers had its flow ability which was
merits, but the sealant was so weak that it was vulnerable to hardness, fracture, and removal, which was the findings of the experiment for analyzing the contents and composition of several
sealants.
In this study, micro-hardness was compared between two
groups using sealants both containing and excluding fillers in
order to find out how micro-hardness and roughness changed
by abrading teeth for 3 and 12 months. Horizontally scrubbing
method was used with RDA 79 and RDA 120 as abrasive
dentifrice. It was found that there was no significant difference
in micro-hardness between the two groups who used RDA 79
and RDA 120 as abrasive dentifrice for 3 months and a year respectively regardless of containing fillers as shown in Table 2
and 3 (p>0.05). However, when dentifrice which contained
both high and average relative dentin abrasiveness was used for
3 and 12 months, relative dentin abrasive was strong in both
groups. On the contrary, sealant without fillers was weak. This
finding shows that micro-hardness of sealant is more related to
the existence, property, and amount of fillers in the sealant regardless of the period of tooth brushing, which is similar to the
study conducted by Kim and Jung [15].
It is thought that sealant without fillers would be better due
to flow ability and better for attachment to tooth surface, but
fracture or detachment owing to its weakness should be
considered. Accordingly, sealant containing a small quantity of
fillers can be preferred in clinical [20].
Micro-hardness data 3 months after brushing teeth was
shown in Table 6, which showed no statistically significant difference in both groups who used both RDA 79 which was less
abrasive and RDA 120 which was more abrasive. In addition,
there was also no difference in the two groups who used dentifrice for 3 months regardless containing fillers (p>0.05). But,
in case of tooth-brushing for 12 months, hardness appeared
more in the group who used the dental sealant containing filler

with the high relative dentin abrasive (RDA 120) dentifrice than
using sealant containing no filler with low RDA (RDA 79) abrasive dentifrice (p<0.05). This phenomenon reflected that dentifrice containing weak abrasive helped remove scratch on teeth
and make the surface on teeth sleek and that dentifrice with
strong abrasive caused more scratch and abrasion on teeth.

Conclusion
The author experimented sealant hardness according to the
amount of filler, relative dentin abrasiveness of the dentifrice
for tooth-brushing, and the period of tooth-brushing in order to
compare the hardness of each group to suggest for preventing
fracture or removal of sealant in clinical. Vicker’s micro-hardness was used for 80 samples of sealant surface with each condition such as filler contents, RDA 79 or 120 of the dentifrice
and tooth-brushing for 3 months and a year. Micro-hardness
was measured and compared with each other. The obtained results were as followings.
1 Micro-hardness was a little bit higher in the group who used
high RDA dentifrice and long term tooth-brushing with horizontal scrub than low RDA and short term tooth-brushing period, but there was no statistically significant difference (p>0.05).
2, Micro-hardness of the sealant was the higher in the group
who used dentifrice containing filler than the other group who
used dentifrice with no filler (p<0.05), and RDA of the dentifrice or the period of the tooth-brushing didn’t matter.
Sealant containing filler was recommended to use in clinical
in order to prevent fracture or removal of the dental sealant.

References
1. Lee JC. Perventive approach to early childhood caries. Int J Clin
Prev Dent 2006;2:124-32.
2. Kim DH, Kim SH, Mun YH, Cho JW. Co-relation co-efficient
between PFRI and caries activity. Int J Clin Prev Dent 2009;5:
15-22.
3. Kim HJ. Caries prediction model according to influencing factors on dental caries. Int J Clin Prev Dent 2009;5:177-95.
4. Chang YS. Oral environmental factors influence to the dental caries and periodontal status. Int J Clin Prev Dent 2011;7:159-66.
5. Baek KW, Kong EK. Prevention and treatment of oral diseases
for the disabled. Int J Clin Prev Dent 2011;7:51-6.
6. Kwon HS, Moon KG. The development and utilization of the
computer program for dietary control on the prevention of dental
caries for the children. Int J Clin Prev Dent 2016;12:73-80.
7. Na EJ, Lim JH, Park WR, Cho JW. The effect of 2 years pit and
fissure sealant program on Laos children. Int J Clin Prev Dent
2015;11:225-32.
8. Jung HY, Nam IS, Bok HJ, Kim HJ. SEM finding on the pit &
fissure sealants method and sealants material. Int J Clin Prev
www.ijcpd.org

207

International Journal of Clinical Preventive Dentistry

Dent 2008;4:156-67.
9. Kweon HJ, Shin SC, Lee YJ, Nam IS. Physical properties of various sealants with tooth components. Int J Clin Prev Dent 2009;5:
103-15.
10. Phommavongsa N, Park WR, Kim NY, Na EJ, Yun MH, Shin SC,
et al. Effects of application of sealant and fluoride gel application
program for elementary school children in Laos for 3 years. Int
J Clin Prev Dent 2018;14:81-8.
11. Ham MY, Shin SC, Park KS, Cho JW. Caries prevention effect
on fluoride topical application and mouth rinsing. Int J Cin Prev
Dent 2006;2:7-17.
12. Park KS, Jung MA. The strength and hardness of the sealant containing the filler component. Int J Clin Prev Dent 2007;3:69-80.
13. Yun SW, Cho JW, Shin SC, Kim JS, Lee CH, Bok SB, et al.
Compressive strength of the sealant according to use of the bonding agent and filler contained. Int J Clin Prev Dent 2007;3:16271.
14. Kweom AV, Shin SC, Lee YJ, Nam IS. Physical properties of various sealants with tooth components. Int J Clin Prev Dent 2009;5:

208 Vol. 14, No. 3, September 2018

103-15.
15. Kim JW, Jung IH. Change of Vickers hardness by cavity depth
by kind of visible light-curing units and composite resins. Int J
Clin Prev Dent 2010;6:47-54.
16. Asmussen E. Restorative resins: hardness and strength vs. quantity of remaining double bonds. Scand J Dent Res 1982;90:
484-9.
17. Wright GZ, Friedman CS, Plotzke O, Feasby WH. A comparison
between autopolymerizing and visible-light-activated sealants.
Clin Prev Dent 1988;10:14-7.
18. Brooks JD, Azhdari S, Ashrafi MH. A comparative study of three
tinted, unfilled pit & fissure sealants. Eleven-month results in
Milwaukee, Wisconsin. Clin Prev Dent 1985;7:4-10.
19. Trairatvorakul C, Itsaraviriyakul S, Wiboonchan W. Effect of
glass-ionomer cement on the progression of proximal caries. J
Dent Res 2011;90:99-103.
20. Kim SY, Kim MS, Nam SY, Lim JH. A comparative study on the
abrasiveness of the denture use of the denture cleaner. Int J Clin
Prev Dent 2017;13:95-100.

