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ABSTRACT 

Caries at the interface of dental materials and mineralized tooth structure continues to 

be a significant issue in oral healthcare. A new approach to fight tooth decay incorporates 

microcapsules into dental materials that release remineralizing agents.  The objective of 

this study was to study the effect that microcapsules have on the flexural strength of pit 

and fissure sealant formulations. Pit and fissure sealants that contained microcapsules 

were incorporated into formulations at 5 w/w% of microcapsules (2 w/w% of 5.0 M Ca(NO3)2;

2 w/w% of 0.8 M NaF; 1 w/w% of 3.0 M K2HPO4) were added to pit and fissure sealant formulations. 

In this study, bisGMA, UDMA and UMMA were explored as the toughening monomers. TEGMA was 

always the diluent monomer. The ratio of “toughening monomer:diluent monomer” was explored over 

a range of 4:1 through 1:1. Barium boroaluminosilicate glass was loaded over a range of 3-60 w/w%, 

fumed silica was loaded over a range of 0.1-3.0 w/w%. The potential number of formulations exploring 

these variables is substantial. Therefore, a range of formulations was tested that explored these 

formulation variables. These four variables were simultaneously varied in order to gain a better 

understanding of the role of these ingredients in the presence of microcapsules on flexural strength. The 

flexural strength was looked at as a function of each variable individually, and then as a function of 

multiple variables.  
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CHAPTER 1

___________________________________________

INTRODUCTION
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1.1 Oral Environment 

Tooth decay, also known as dental caries is the second most common and 

widespread disease in the world [1]. Pit and fissure sealants are a preventative measure 

taken to help decrease the possibility of occlusal decay. Occlusal decay can happen for a

variety of reasons such as occlusal anatomy, oral hygiene, and diet. Dentistry has seen a 

shift from the surgical model which was mostly focused on the restorative treatments, to 

resemble more of a medical model of prevention and management of the disease itself. 

There are many devices that can aid in the early detection of the early formation of a cavity 

such as DIAGNOdent, digital fiber optic transillumination, fluorescent light, and electronic 

caries monitors.  Dental sealants are one of the most effective measurements that can be 

taken to prevent occlusal caries. One major downside to the placement of sealants is the 

possibility to have marginal leakage which can in turn lead to caries. In a sense, a sealant 

placed improperly or with an open margin could lead to a mode of decay similar to 

secondary decay (which would defeat the initial purpose of placing the sealant in the first 

place). Properly placed sealants have been shown to reduce the chance of occlusal decay 

by up to 86% on the permanent teeth of children and adolescents [2]. Another positive to a 

dental sealant or fissurotomy would be the amount of tooth structure saved in the process. 

Restorative procedures often remove a significant amount of the original tooth structure. 

This can compromise the integrity of the tooth and decrease its structural properties. 

1.2 Secondary Caries

Dental caries requires five key components which are the tooth itself, a susceptible 

host, cariogenic bacteria such as Streptococcus mutans or Lactobacillus, a diet high in 

refined carbohydrates, and time. There are many reasons for secondary decay in the oral 
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environment including overhangs, inadequate oral hygiene, and diet [3]. A susceptible host 

can include many things such as salivary content, pH, oral hygiene, anatomy of the tooth 

itself, medications being taken, and genetics. Streptoccocus Mutans is recognized as the 

primary cause for dental caries. Polymerization shrinkage leads to gaps and margins that 

create voids that can be occupied by bacteria which create an acidic environment. Plaque 

is a biofilm that adheres to the pellicle on the tooth via glycoproteins within in the pellicle 

itself. Streptococcus mutans and lactobacillus are two of the most proliferate bacteria in 

plaque. Through fermentation of carbohydrates, Streptococcus mutans release acids that 

demineralize the tooth and form the carious lesion that given enough time can break 

through the enamel into the dentin. At that point the tooth does not have the ability to 

remineralize or self heal the lesion. There are numerous treatments to combat the virulence 

of strep mutans such as antibiotics, fluoride, probiotic therapies, and hygiene. The enamel 

matrix is a hydroxyapatite crystalline structure made of calcium ions, phosphate ions, and 

hydroxide ions [4,5]. The dissolution of the hydroxyapatite ions calcium ions, phosphate 

ions and hydroxide ions is what is known as demineralization. This can only happen in the 

oral environment the pH is below 5.5 for hydroxyapatite and 4.5 for fluorapatite. When the 

oral environment is exposed to carbohydrates or sugars, pH drops below the critical point 

for roughly 30 to 45 minutes. Each meal or snack eaten throughout the day lowers the pH in 

the oral cavity to a pH conducive to demineralization [6]. When high sugar diets are 

introduced, these bacteria metabolize the sugars creating an acidic environment in the 

plaque.
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1.3 Current Treatments

With the shift to a treatment or preventative medical model has come research into 

preventative bioactive dental materials. One possible way this is done is from the use of 

bioactive glasses being incorporated into the resin, Glass Ionomer cement resins are an 

example of this approach where fluoride is released. There are many applications for 

bioactive glasses in the dental field such as coatings on implants, bone grafts, as well as 

incorporating them into composite fillings. Bioactive glasses are different from a 

traditional glass because they have the ability to release ions such as calcium, phosphate, 

and fluoride into the tooth restoration interface. However, Bioactive glasses can have 

negative effects on the mechanical properties of the resin or composite [7-10].  Another 

bioactive component to a dental composite is through ion permeable microcapsules. These 

microcapsules are formed from different polymers and have a permeable membrane to 

allow for fluoride, calcium, and phosphate ions to be released into the tooth. The 

membranes showed the ability to control the release of ions over extended periods of time 

[11]. Falbo, et al. extended this study by incorporating these microcapsules into rosin 

varnishes and resin glazes [12]. This study showed some of the key variables of controlling 

ion release rates over extended periods of time [13].  Inclusion of microcapsules into dental 

materials requires an understanding of how they affect the mechanical properties. 

1.4 Mechanical Property Testing

Mechanical properties such as adhesion and flexural strength are critical to the 

success and longevity of the dental resin. When dealing with the oral environment as well 

as masticatory forces on the teeth it is important to not compromise the integrity of the 
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material. Flexural strength is not a basic material property. It is a combination of tensile, 

compressive and shear properties. Flexural strength, also known as modulus of rupture,

bend strength, or fracture strength is a material property, defined as the stress in a material 

just before it yields in a flexure test [14-17].  The transverse bending test is most frequently 

employed, in which a specimen having either a circular or rectangular cross-section is bent 

until fracture or yielding using a three point flexural test technique. The flexural strength 

represents the highest stress experienced within the material at its moment of rupture.

Currently the FDA requires a minimum flexural strength of a pit and fissure sealant of 50

MPa. In this study ion permeable microcapsules were incorporated into a dental sealant in 

order to see the effects on mechanical properties. 



  6 

CHAPTER 2

_____________________________________

Materials and Methods



  7 

2.1 Prepolymer synthesis 

Microcapsules were prepared with a polyurethane shell via a prepolymer synthesis in an 

inert environment at 70 C. A cyclohexanone solvent was used to react ethylene glycol 

(Fisher, New Jersey) with isophorone diisocyanate (Sigma–Aldrich, Steinheim) and left 

overnight. The prepolymer was then dried by vacuum. 

2.2 Microcapsule synthesis 

The prepolymer, after being dried, was added to an emulsifying agent and methyl benzoate 

(Acros Organics, New Jersey). Aqueous salt solutions of 6.0 M potassium phosphate 

dibasic (Fisher Scientific, New Jersey), 5.0 M calcium nitrate tetrahydrate (Alfa Aesar, 

Massachusetts) and 0.8 M sodium fluoride (MP Biomedicals, Ohio) were prepared. These 

were introduced to the prepolymer during synthesis after having prepared a reverse 

emulsion. 

When the prepolymer oil solution is agitated and the aqueous salt solution is introduced, a 

reverse emulsion forms. The oil solution was agitated in a custom made reactor at 70 C

while the aqueous salt solution was added slowly. The reaction was then quenched using 

ethylene glycol to drive the reaction to the desired product. These microcapsules were 

centrifuged in a Fisher Centrific 288 centrifuge using a diluent, rinsed and prepared for 

formulation into the dental materials. 
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2.3 Mechanical Testing

Twelve bar shaped specimens were made of each resin pit and fissure sealant, using 

a Teflon mold with the dimensions specified by the ISO 4049/2000 specification (25 mm 

x 2 mm x 2 mm). The mold was positioned over a glass slide and a mylar strip and filled 

with the formulation, which was inserted in a single increment. Excess formulation was 

removed from the mold before polymerization. A light-curing unit with (Optilux 501) was 

used. The light intensity was measured prior to use. The composite was cured for 30 

seconds in three evenly spaced out locations along the bar shaped specimen and then turned 

over to do the same to the bottom side. The excess of material in the corner was carefully 

removed with a scalpel blade and the specimens were stored in distilled water at 37 degrees 

celcius for 7 days. Afterwards, they were submitted to a three point bend test with a 

universal testing machine (MTS Insight Electromechanical - 1 kN standard length) with a

crosshead speed of 1 mm/min. The maximum loads were obtained and the flexural strength 

3FL/(2BH2) 

where F is the maximum load (in newtons); L is the distance between the supports (in 

millimeters); B is the width of the specimen (in millimeters) and H, the height (also in 

millimeters). The modulus of elasticity (GPa) was determined as: E = FL3/4BH3d where 

F is the maximum load; L is the distance between the supports; B is the width of the 

specimen, H is the height of the specimen, and d is the deflexion (in millimeters) 

corresponding to the load F.
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CHAPTER 3

_________________________________

Results
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3.1 Introduction

The incorporation of microcapsules that release remineralizing ions is a new 

approach in the development of bioactive dental materials.  In this study 5 w/w% of 

microcapsules (2 w/w% of 5.0 M Ca(NO3)2; 2 w/w% of 0.8 M NaF; 1 w/w% of 3.0 M 

K2HPO4) were added to pit and fissure sealant formulations.  An important aspect for 

incorporation of microcapsules into a dental sealant is to understand how this potentially 

impacts the flexural strength of the sealant.  Pit and fissure sealant formulations have a 

number of variable ingredients.  This includes the choice of toughening monomer, the ratio 

of the toughening monomer to diluent monomer, the loading of glass and the loading of 

fumed silica.  In this study, bisGMA, UDMA and UMMA were explored as the toughening 

monomers.  TEGMA was always the diluent monomer.  The ratio of “toughening 

monomer:diluent monomer” was explored over a range of 4:1 through 1:1.  Barium 

boroaluminosilicate glass was loaded over a range of 3-60 w/w%, fumed silica was loaded 

over a range of 0.1-3.0 w/w%.  The potential number of formulations exploring these 

variables is substantial.  Therefore, a range of formulations was tested that explored these 

formulation variables.  

These four variables were simultaneously varied in order to gain a better 

understanding of the role of these ingredients in the presence of microcapsules on flexural 

strength.  While there are multiple things changing in each formulation, the flexural 

strength was looked at as a function of each variable individually.  For example, the flexural 

strength was examined as a function of the toughening monomer by itself at first in this 

analysis. While the glass loading and fumed silica loading will also be changing in some 

of these comparisons, it was decided to see if the group of one toughening monomer overall 
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performed better than a different toughening monomer group.  From there, further analysis 

looked into whether specific combinations of the variables lead to improved flexural 

strength.   For example, was there a benefit of high, medium or low glass loading in the 

presence of a specific toughening monomer.  The following sections are divided into these 

analyses.

3.2.1 Toughening Monomer 

The effect of the microcapsule loading with respect to the individual toughening monomers 

is reported in Table 1. The 3 toughening monomers used in the formulations are reported 

with an average flexural strength and standard deviation.
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Monomer BIS GMA UMMA UDMA
Flexural Strength 84.91 MPa 84.17 MPa 86.92 MPa

Standard 
Deviation

10.57 MPa 11.81 MPa 4.84 MPa

Table 1. The average flexural strength for sealant formulations as a function of 

toughening monomer.
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Figure 1. The role of toughening monomer on the flexural strength was measured. Three 

different toughening monomers were used and were mixed in different ratios with 

TEGMA.  Multiple variations in the continuous phase existed in regards to glass and 

fumed silica loading across these formulations, but this data considers only the 

toughening monomer as the variable in these formulations 
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3.2.2 Toughening monomer and glass loading

Once the formulation data was divided into toughening monomer, the data was further 

analyzed as a function of glass loading.  Glass loading was divided into three categories 

reported as high (50 and up), medium (20-49.9), and low (0.1-19.9).  Each of these three 

glass loading categories was paired with each of the three individual toughening monomers 

creating 9 potential variables total for this analysis. Not every permutation was measured, 

but 6 of the relationships are reported in Table 2 below.
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Glass Loading BIS GMA UMMA UDMA
High 86.74 +/- 9.97 MPa 101.24+/- 7.38 

MPa
NA

Medium NA 80.06 +/- 3.12 
MPa

NA

Low 82.63 +/- 12.36 MPa 81.50 +/- 11.56 
MPa

86.92 +/- 4.84 MPa

Table 2.  The average flexural strength for sealant formulations as a function of 

toughening monomer at different levels of glass loading.



16

Figure 2. The role of toughening monomer was further studied as a function of the glass 

loading used in the formulation.  The trend for glass loading was showed a trend for the 

UMMA monomer. 
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3.2.3 Toughening Monomer and Fumed silica loading

Once the formulation data was divided into toughening monomer, the data was also further 

analyzed as a function of fumed silica loading.  Fumed silica loading was divided into three 

categories reported as high (2.1-3.0 w/w%), medium (1.1-2.0 w/w%), and low (0-1.0 

w/w%). Each of these three fumed silica loading categories was paired with each of the 

three individual toughening monomers creating 9 potential variables total for this analysis. 

Not every permutation was measured, but seven of the relationships are reported in Table 

3 below.
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TOUGHENING 
MONOMER

LOW FUMED 
SILICA

MEDIUM 
FUMED SILICA

HIGH FUMED 
SILICA

BISGMA 85.4 +/- 10.98 MPa 92.1 MPa 82.36 +/-12.36 
MPa

UDMA NA NA 86.92 +/- 4.84 MPa
UMMA 101.24 +/- 7.38 

MPa
91.96 +/- 11.63 

MPa
80.36 +/- 7.62 MPa

Table 3.  The average flexural strength for sealant formulations as a function of 

toughening monomer at different levels of fumed silica loading.
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Figure 3.  The role of toughening monomer was further studied as a function of the 

fumed silica loading used in the formulation.  



  20 

3.2.4 UMMA Toughening monomer with glass and fumed silica.

The effect of the microcapsule loading with respect to toughening monomer UMMA with 

fumed silica and glass loading is reported in Table 4. The fumed silica loading is reported 

as 3 loading levels used in the formulations.  These are high (2.1-3.0 w/w%), medium (1.1-

2.0 w/w%) and low (0-1.0 w/w%). Glass loading was divided into three categories reported 

as high (50-58 w/w%), medium (20-49.9 w/w%), and low (3-19.9 w/w%).  The average 

flexural strength and standard deviation for each category is reported.
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High
(2.1-3.0 w/w%)

Medium
(1.1-2.0 w/w%)

Low
(0-1.0 w/w%)

High 
(50-58 w/w%)

NA NA 101.24 MPa 
+/- 7.38

Medium
(20-49.9 w/w% )

80.06 MPa
+/- 3.11

NA NA

Low 
(3-19.9 w/w% )

80.2 MPa 
+/- 8.92

97.63 MPa 
+/- 3.30

NA

Table 4. The average flexural strength for sealant formulations as a function of glass 

loading at different levels of fumed silica loading using UMMA as the toughening 

monomer.
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3.3.1 Glass loading 

The effect of the microcapsule loading with respect to glass loading is reported in Table 5. 

The glass loading is reported as 3 loading levels used in the formulations.  These are high 

(50-58 w/w%), medium (20-49.9 w/w%) and low (3-19.9 w/w%).   The average flexural 

strength and standard deviation for each category is reported. There are different 

toughening monomers grouped together, but this data considers the flexural strength only 

as a function of glass loading. 
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Glass Loading High
50-58 w/w%)

Medium
(20-49.9 w/w% )

Low
(3-19.9 w/w% )

Flexural Strength 82.82 MPa 78.95 MPa 93.99 MPa 
Standard 
Deviation

10.38 2.18 11.26

Table 5.  The average flexural strength for sealant formulations as a function of 

glass loading.
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Figure 4 The role of glass on the flexural strength was measured.  Across all the 

formulations prepared, glass loading was divided into three categories.  These 

categorizations were labeled  High Glass Loading (50-60 w/w% of the formulation), 

Medium Glass Loading (20-49 w/w%),  and Low Glass Loading (3- 19 w/w%).   

Multiple variations in the continuous phase existed and fumed silica loading across these 

formulations, but this data considers only the glass loading variable in these formulations.
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3.3.2 Glass Loading and Fumed Silica

Once the formulation data was divided into glass loading levels, the data was further 

analyzed as a function of fumed silica loading.  Glass loading was divided into three 

categories reported as high (50-99.9), medium (20-49.9), and low (0.1-19.9).  Each of these 

three glass loading categories was paired with three levels of fumed silica loading creating 

9 potential variables total for this analysis. The data is reported in Table 6 below.
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FUMED SILICA 
LOADING

Low Glass 
Loading 

(3-19.9 w/w% )

Medium Glass 
Loading

(20-49.9 w/w% )

High Glass 
Loading

(50-58 w/w%)
LOW

(0-1.0 w/w%)
NA NA 101.24 +/- 7.38 

MPa
MEDIUM

(1.1-2.0 w/w%)
97.63 +/- 3.30 MPa NA 92.1 MPa

HIGH
(2.1-3.0 w/w%)

81.46 +/- 7.58 MPa 86.74 +/-9.97 MPa NA

Table 6. The average flexural strength for sealant formulations as a function of glass 

loading at different levels of fumed silica loading.
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3.4.1 Fumed Silica Loading

The effect of the microcapsule loading with respect to fumed silica loading is reported in 

Table 7. The fumed silica loading is reported as 3 loading levels used in the formulations.  

These are high (2.1-3.0 w/w%), medium (1.1-2.0 w/w%) and low (0-1.0 w/w%).   The 

average flexural strength and standard deviation for each category is reported.

Fumed Silica 
Loading

High
(2.1-3.0 w/w%)

Medium
(1.1-2.0 w/w%)

Low
(0-1.0 w/w%)

Flexural Strength 80.88 MPa 92 MPa 90.27 MPa
Standard 
Deviation

8.96 10.07 10.39

Table 7.   The average flexural strength for sealant formulations as a function of 

fumed silica loading.
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Figure 5.

The role of fumed silica on the flexural strength was measured.  Across all the 

formulations prepared, fumed silica loading was divided into three categories.  These are 

high (2.1-3.0 w/w%), medium (1.1-2.0 w/w%) and low (0-1.0 w/w%).   Multiple 

variations in the continuous phase existed and glass loading across these formulations, 

but this data considers only the fumed silica variable in these formulations.



  29 

3.5.1 TEGMA content

The effect of the microcapsule loading with respect to only the TEGMA content in each 

formulation is reported in Table 8. The TEGMA content is reported as high (40.1-55% of 

the continuous phase), medium 30.1-40 % of the continuous phase), and low (20-30% of

the continuous phase) used in the formulations. The average flexural strength and standard 

deviation for each category is reported in Table 8.

TEGMA Content Flexural strength and 
Standard Dev.

Low 90.95  MPa +/- 11.85
Medium 82.38 MPa +/- 10.60

High 79.65 MPa +/- 6.12

Table 8. The average flexural strength for sealant formulations as a function of 

TEGMA content. 
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Figure 6.  The role of TEGMA content in the continuous phase on the flexural strength 

was measured. Across all the formulations prepared, TEGMA content was divided into 

three categories.  These categorizations were labeled High TEGMA content (41-55% of 

the continuous phase), Medium TEGMA content (31-40%), and Low TEGMA content (20-

30%).  Multiple variations in the continuous phase existed with regard to fumed silica and 

glass loading across these formulations, but this data considers only the TEGMA content 

variable in these formulations. 



  31 

3.5.2 TEGMA Content as a function of Toughening Monomer

The effect of the microcapsule loading with respect to the TEGMA content sorted by the 

identity of the toughening monomer is reported in Table 9. The TEGMA content is reported 

as high (40.1-55% of the continuous phase), medium 30.1-40 % of the continuous phase), 

and low (20-30% of the continuous phase) used in the formulations.  The toughening 

monomers used in the formulations were bisGMA, UDMA and UMMA.

Toughening 
Monomer

Low TEGMA Medium
TEGMA

High TEGMA

bisGMA 86.74 MPa
+/- 9.97

79.2 MPa 79.15 MPa
+/- 17.75

UMMA 93.59 MPa
+/- 12.77

83.83 MPa
+/- 11.57

79.74 MPa
+/- 3.66

UDMA 87 MPa
+/- 2.68

86.87 MPa
+/- 6.58

NA

Table 9. Average flexural strength as a function of TEGMA content, separated by the 

toughening monomer used in the formulation. 
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3.5.3 TEGMA Content as a function of glass loading 

The effect of the microcapsule loading with respect to the TEGMA content sorted by the 

glass loading in the formulation is reported in Table 10. The TEGMA content is reported 

as high (40.1-55% of the continuous phase), medium (30.1-40 % of the continuous phase), 

and low (20-30% of the continuous phase) used in the formulations.  The glass loading 

categorizations are high (50-58 w/w%), medium (20-49.9 w/w%) and low (3-19.9 w/w%).

Glass Loading Low TEGMA Medium
TEGMA

High TEGMA

High Glass
(50-58 w/w%)

93.99 MPa
+/- 11.26

NONE NONE

Medium Glass
(20-49.9 w/w% )

NONE 75 79.74 MPa

+/- 1.11
Low Glass

(3-19.9 w/w% )
80.83 MPa

+/- 8.48
82.91 MPa
+/- 10.79

79.58 MPa
+/- 7.97

Table 10. Average flexural strength as a function of TEGMA content, separated by 

the glass loading used in the formulation. 
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CHAPTER 4

_____________________________________

Discussion
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Considering the delicate balance of demineralization and remineralization of the 

enamel in the oral environment, the purpose of this study was to develop a new approach 

to promote remineralization using polyurethane based microcapsules as a filler in a pit and 

fissure sealant. To promote remineralization, the sealant would ideally release 

remineralizing ions (e.g. calcium, phosphate, fluoride) contained within the microcapsules. 

Furthermore, if inclusion of microcapsules in a pit and fissure sealant enhanced the uptake 

and release of additional fluoride ions due to tooth brushing while not adversely effecting 

flexural strength, an improvement could potentially be achieved. Changing the variables 

of glass, fumed silica, toughening monomer, and TEGMA can have a multitude of effects 

on the physical properties on a pit and fissure sealant.  These variables were varied in many 

formulations and the flexural strength measured. Over 100 formulations were prepared for 

analysis of the flexural strength.  While it is understood that the formulation variables effect 

one another, the data was systematically analyzed one variable at a time at first. 

Consequently, some variables were considered together to see if a trend between different 

variables existed. 

The first variable considered was the identity of the toughening monomer.  In this 

study, bisGMA, UDMA, and UMMA were used as toughening monomers.   The role of 

toughening monomer on the flexural strength was measured. Three different toughening 

monomers were used and were mixed in different ratios with TEGMA.  Multiple variations 

in the continuous phase existed in regards to glass and fumed silica loading across these 

formulations, but this data considers only the toughening monomer as the variable in these 

formulations.  As seen in Table 1 and Figure 1, the choice of toughening monomer did not 

have a noticeable effect on the flexural strength when considered as the only variable.  At 
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this point, the toughening monomer data was separated into other variables.  Specifically, 

as seen in Table 2 and Figure 2, the flexural strength was measured for each toughening 

monomer in view of the glass loading.  In this data table, one trend did emerge.  It appeared 

that in the presence of microcapsules, the flexural strength was greatest for formulations 

prepared with UMMA as the toughening monomer with high glass loadings.  The flexural 

strength for the toughening monomers was also considered in view of the fumed silica 

loading levels.  Another trend emerged when considering the data this way.  The 

formulations prepared with low fumed silica appear to have greater flexural strength as 

seen in Table 3 and Figure 3.  The role of glass loading and fumed silica loading were 

further studied as a function of the toughening monomer used in the formulation.  The trend 

for glass loading was consistent across the three toughening monomers. While the trends 

were similar for fumed silica loading for all three toughening monomers, the UMMA 

showed significant statistical differences (p=.06) for the trend of decreasing flexural 

strength with increasing fumed silica.  Finally, the UMMA toughening monomer was 

studied as a function of both glass and fumed silica loading as seen in Table 4.  Statistically, 

the high glass-low fumed silica and the low-glass-medium fumed silica appeared to have 

statistically higher flexural strengths than any of the formulations with high fumed silica 

loading.  Perhaps, this suggests in the presence of microcaspules that higher fumed silica 

loadings may reduce the flexural strength of a sealant formulation.

The next variable considered was the glass loading.  The glass loading is reported 

as 3 loading levels used in the formulations.  These are high (50-58 w/w%), medium (20-

49.9 w/w%) and low (3-19.9 w/w%).   The average flexural strength and standard deviation 

for each category is reported in Table 5 and Figure 4. There are different toughening 
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monomers grouped together, but this data considers the flexural strength only as a function 

of glass loading.  Overall, the formulations appeared to have a higher flexural strength at 

higher glass loadings in the presence of the microcapsules.  This effect will be looked at in 

greater detail in the future.  The glass loading was further looked at in view of the fumed 

silica loadings in Table 6.  Here it is hard to discern a noticeable trend when not considering 

which toughening monomer is being used.  

Fumed silica was the next variable considered.  The effect of the microcapsule 

loading with respect to fumed silica loading is reported in Table 7. The fumed silica loading 

is reported as 3 loading levels used in the formulations.  These are high (2.1-3.0 w/w%), 

medium (1.1-2.0 w/w%) and low (0-1.0 w/w%).   The average flexural strength and 

standard deviation for each category is reported. As seen in Table 7 and Figure 5, the 

flexural strength as a function of the fumed silica loading was lower at the highest silica 

loading levels.  While this trend is observed regardless of toughening monomer and glass 

loading, as seen in Figure 3, it appears the data measured with UMMA as the toughening 

monomer most significantly effects the observed trend for fumed silica loading.

The final variable considered was the content of the diluent monomer in the 

formulations.  TEGMA was the only diluent monomer used in this study. The effect of the 

microcapsule loading with respect to only the TEGMA content in each formulation is 

reported in Table 8. The TEGMA content is reported as high (40.1-55% of the continuous 

phase), medium 30.1-40 % of the continuous phase), and low (20-30% of the continuous 

phase) used in the formulations. Note that this considers only the relative content of the 

continuous phase as the glass loadings and fumed silica loadings can change significantly 

between formulations.  The average flexural strength and standard deviation for each 
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category is reported in Table 8 and Figure 6. While the combination of different 

components leads to complex relationships in regards to the flexural strength, a couple of 

trends emerged in terms of continuous phase content. The flexural strength of the sealant 

was greatest at lowest TEGMA content.  This trend was observed across all continuous 

phases as seen in Table 9.  Finally, looking at the glass loading in view of the TEGMA 

content, a potential trend exists where the flexural strength might be greatest for 

formulations with high glass loading at low TEGMA content as seen in Table 10.  

However, clearly more formulations with medium and low glass loadings would need to 

be prepared and measured to confirm that trend. 

In conclusion, the incorporation of microcapsules into pit and fissure sealant 

formulations is a promising method for preventing tooth decay.  Understanding how the 

incorporation of microcapsules effects the physical properties of dental materials is of great

concern.  This study analyzed a significant number of variables and identified the potential 

for creating pit and fissure sealants with microcapsules that have acceptable flexural 

strength for use in the oral environment.
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