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ABSTRACT 

The purposes of this study were to examine in vitro wear (volume loss) of 
three different sealants using a dual axis testing machine and to investigate the 
microleakage after wear test by dye penetration method.  Materials and Methods: Wear 
test:  forty five upper premolars, extracted for orthodontic reasons, were divided into  
three groups according to sealant materials: non-fluoride-containing resin sealant  
(Concise), fluoride-containing resin sealant (Clinpro), and glass ionomer sealant  
(FujiVII).  A dual axis testing machine was employed with a load of 50 N and a frequency 
at 1.25 Hz.  After testing at 2500, 5000, 7500 and 10000 cycles, the wear of the sealant  
was evaluated by 3-D (3 dimensional) laser scanner.  Microleakage test:  thirty upper 
premolars were allocated in three groups according to sealant materials. The specimens 
were processed for wear test at 2500 cycles, immersed in 20% methylene blue solution  
for 24 h and sectioned longitudinally in a buccolingual direction.  The sections were 
analyzed for leakage using a 100X polarizing microscope, and the percentage of 
microleakage was calculated.  Results:  No interaction between factor ‘cycle’ and ‘sealant 
material’ for wear was detected, the volume loss of each cycle was significantly different 
from the others (P=.000), and presented in a cycle dependent manner.  The glass ionomer 
sealant showed significantly more volume loss (P=.006 and P=.001) and microleakage 
(P=.01 and P=.031) than the fluoride and non-fluoride-containing resin sealant, 
respectively. There was no significant difference in volume loss and microleakage  
between fluoride and non-fluoride-containing resin sealants.     
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บทคัดยอ 
วัตถุประสงคของการศึกษาครั้งนี้เพื่อทําการศึกษาในหองทดลองเกี่ยวกับการสึกของวัสดุ

เคลือบหลุมรองฟนสามชนิดดวยเครื่องทดสอบการสึกแบบมีการเคลื่อนที่ใน 2 แกน และวัดการรั่วซึมตาม
ขอบหลังจากที่ทดสอบการสึกแลว  

การทดสอบการสึก: ฟนกรามนอยบนจํานวน 45 ซี่ ที่ถูกถอนเนื่องจากเหตุผลทาง 
ทันตกรรมจัดฟนถูกแบงเปน 3 กลุมเพื่อเคลือบดวยวัสดุเคลือบหลุมรองฟน 3 ชนิด ดังนี้ วัสดุเคลือบหลุม
รองฟนเรซินชนิดที่ไมมีฟลูออไรด วัสดุเคลือบหลุมรองฟนเรซินชนิดที่มีฟลูออไรด วัสดุเคลือบหลุมรอง
ชนิดฟนกลาสไอโอโนเมอร แลวจึงทําการทดสอบการสึกดวยเครื่องทดสอบการสึกแบบมีการเคลื่อนที่ใน  
2 แกน ดวยแรง  50 นิวตัน ความถี่ 1.25 เฮิรต หลังจากทดสอบจํานวน 2500 5000 7500  และ 10000 รอบ 
แลว ปริมาตรการสึกในแตละชวงถูกวัดโดยใชเครื่องวัดพื้นผิวแบบ  3 มิติ โดยใชเลเซอร   การทดสอบการ
ร่ัวซึมตามขอบ: ฟนกรามนอยบนจํานวน 30 ซี่ ถูกแบงเปน 3 กลุม เพื่อเคลือบดวยวัสดุเคลือบหลุมรองฟน
สามชนิด ฟนทั้งหมดผานการทดสอบการสึกจํานวน 2500 รอบ นําไปแชสารละลายเมทธิลีนบลูเปนเวลา  
24 ช่ัวโมง แลวจึงนํามาตัดแบงตามยาวแนวดานแกม-ลิ้นหลังจากนั้นจึงตรวจการรั่วซึมตามขอบดวยกลอง
จุลทรรศนโพลาไรซที่กําลังขยาย 100 เทา แลวคํานวนการรั่วซึมตามขอบเปนรอยละ จากผลการศึกษา 
พบวา ในการทดสอบการสึกไมพบความสัมพันธระหวางรอบทดสอบที่เพิ่มขึ้นกับชนิดของวัสดุเคลือบ
หลุมรองฟนที่สงผลตอปริมาตรของการสึก โดยปริมาตรของการสึกเพิ่มมากขึ้นตามรอบที่ทดสอบอยางมี
นัยสําคัญ (P=.000) วัสดุเคลือบหลุมรองฟนชนิดกลาสไอโอโนเมอร พบวามีปริมาตรการสึก (P=.006 และ 
P=.001) และการรั่วซึมตามขอบที่มากกวา (P=.01 และ P=.031) อยางมีนัยสําคัญเมื่อเทียบกับวัสดุเคลือบ
หลุมรองฟนเรซินชนิดที่มีฟลูออไรดและชนิดที่ไมมีฟลูออไรดตามลําดับ โดยวัสดุเคลือบหลุมรองฟนเรซิน
ชนิดที่มีฟลูออไรดและชนิดไมมีฟลูออไรดไมมีความแตกตางอยางมีนัยสําคัญทั้งในดานปริมาตรการสึก
และการรั่วซึมตามขอบ 
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CHAPTER I 

INTRODUCTION 

 

 
Pit and fissure sealant, a material applying on chewing surfaces of caries- 

susceptable teeth, can generate a micromechanically bonded protective layer 

preventing access of cariogenic bacteria to their source of nutrients(1). This 

conservative remedy of pit and fissure caries remains well-acceptable for most young 

patient and it is also a non invasive treatment (2). 
 Based on longitudinal studies (3-5) of only a single application. Sealant is 

proved to be remarkably effective in caries prevention. The effectiveness of caries 

prevention for sealed occlusal surfaces ranges from 81% after 2 years to 57% after 10 

years and 28% after 15 years.  However, caries still occurs in pits and fissures with 

sealant loss and in adjacent pits and fissures or along cuspal inclined enamel which 

were not initially sealed. According to the studies the annual incidence of caries 

development is approximately 2 to 4 % in sealed tooth.  

To empower the effectiveness of sealants, fluoride-containing resin 

sealant is introduced to enhance their caries protective ability.  Nonetheless, clinical 

studies have criticized on the less retention of conventional and resin-modified glass 

ionomer sealants when compared with resin-based sealants.  However, the criticism 

must considered that most studies of glass ionomer sealant wear were base on short-

term and too small number of observations (6). 

This research is aimed to scrutinize the wear and microleakage among 

three sealant materials. The material wear was carefully tested by a dual axis testing 

machine together with a three dimentional (3-D) surface laser scanner developed 

under the cooperation between Mahidol University and King Mongkut Institute of 

Technology Ladkrabang, while the microleakage was thoroughly examined by using 

dye penetrating protocol 
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CHAPTER II 

OBJECTIVES 

 

 

Objectives of the study 
1. To examine wear (volume loss) of sealant on enamel among three 

different sealants:  non-fluoride-containing sealant, fluoride-containing sealant, glass 

ionomer sealant using dual axis testing machine. 

2. To examine microleakage of the sealant on enamel among three 

different sealants:  non-fluoride-containing sealant, fluoride-containing sealant, glass 

ionomer sealant after wear test by dual axis testing machine.  
 

Expected benefits of the study 
Be able to select proper sealant which has minimal wear and 

microleakage for maximum result in prevention of occlusal dental caries. 
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CHAPTER III 

LITERATURE REVIEW 

 

 

Sealants 

The development of acid-etch technique to prevent occlusal caries was 

first established by Buonocore in 1955 (7).  The acid-etch technique as a means of 

bonding self-curing methylmethacrylate resin to the tooth structure.  The first sealant 

material used in clinical trial in 1965 was based on crynoacrylates, but was not 

marketed (8).  The first commercial sealant was available in 1970 by Bowen and co-

workers who had introduced “Bowen’s Resin” consisting of a difunctional epoxy 

molecule (Bis-GMA), which was the chemical reaction product of bisphenol A and 

glycidyl methacrylate.  This resin is employed commonly in most of sealants 

nowadays.  Alternative resins used in sealant materials are urethane dimethacrylate 

and other dimethacrylates (9). 

The basic sealant system is a combination of an organic matrix of a 

polymer resin and inorganic fillers.  The organic matrix of sealant consists of Bis-

GMA resin.  To obtain a low viscous sealant, usually three parts of the viscous Bis-

GMA are mixed with one part of methyl methacrylate (MMA) or other low viscous 

diluents such as triethyleneglycol dimethacrylate (TEGDMA).  The matrix portion 

may also contain a light sensitive photoinitiator such as camphoquinone which has 

peak sensitivity at a wavelength of approximately 460 nm (10). 

Many sealant materials include inorganic fillers which vary in percentage 

by weight, volume, particle size, or particle shape.  The fillers contribute to increasing 

strength, better wear resistance, and also decrease polymerization shrinkage.  

However, filled sealants penetrate poorly into the fissure system and will require 

occlusal adjustment, while unfilled sealant will abrade rapidly within 24 to 48 hours 

without occlusal adjustment (1). The polymer may contain some coloring agents and 

fluoride-releasing components may be present in the fillers. 
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Fillers, frequently used in sealants, are strontium glass, barium and 

lithium aluminum silicates, and zirconia. The amount of filler particle in sealant 

materials varies from 3% to 60% by weight.  Titanium dioxide is added to made 

sealant tinted and easily to visualize during placement and recall visit. 

 

Classification of sealant 

Sealant materials can classify by various properties, such as mode of 

polymerization, addition of filler particles, fluoride releasing, and visibility.  For 

fluoride releasing property, sealant can divided into 2 major groups, one is the non 

fluoride- containing sealant and the other is fluoride-containing sealant. 

 

1. Non-fluoride-containing sealants 

         Concise white sealant (3M ESPE) used in this study is an unfilled, 

opaque, and non-fluoride-releasing sealant. It is a type II sealant which is polymerized 

by visible-light curing, and has been accepted by the ADA’s Council on Scientific 

Affairs for the safety and effectiveness of commercially sealant (11).  

 

2. Fluoride-containing sealants 

Fluoride-containing sealants can divided into 2 subgroups  

 

2.1  Fluoride-containing resin sealants  

 The addition of fluoride into sealants is an attempt to improve caries 

prevention was considerated more than 25 years ago (12-13). There are two methods 

of fluoride incorporation into fissure sealants.  Firstly, in addition fluoride to 

unpolymerized resin in the form of a soluble fluoride salt which dissolves and fluoride 

ions are released after the sealant is applied to the tooth.  Secondly, an organic fluoride 

compound is chemically bound to the resin and the fluoride is released by exchange 

with other ions (anion exchange system).  The properties that a fluoride-containing 

resin sealant should have to replace a conventional one, are:  (a) better or at least 

comparable retention rates with the conventional sealant, (b) constant fluoride release 
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for a prolonged period of time and (c) a reservoir of fluoride ion to  enamel and 

promote fluorapatite formation in enamel (14). 

A fluoride-containing resin sealant is currently being marketed.  

Regarding physical and mechanical properties, the addition of fluoride to a fissure 

sealant does not affect mechanical bonding or clinical retention.  In a vitro study, no 

significant difference in microleakage and shear bond strength between non-fluoride-

containing resin sealant (PrismaShield) and  fluoride-containing resin sealant 

(FluroShield) (15). Furthermore, Cooley et al. reported that there was no significant 

difference in microleakage between non-fluoride-containing resin sealant (HelioSeal) 

and fluoride-containing resin sealant  (FluroShield) (16).  Clinical trials showed good 

retention rate of fluoride-containing resin sealants.  In a 2-year clinical study of 204 

children , 6 to 7 year-old patients with 431 sealants placed in first permanent molars, 

complete retention of 77% and partial loss of 22% were reported (17).  Another study 

of 48 months 162 teeth between fluoride-releasing filled sealant (Fluroshield) and non-

fluoride nonfilled one (Delton), 124 teeth (77%) in the first group and 144 (89%) in 

the second were fully sealed, and 23 (14%) compared to 9 (6%) were partly sealed.  

The caries development, 14 teeth (9%) had developed caries in the first group and 19 

(10%) in the second. However, total sealant loss and caries increment was similar in 

both groups (18). 

More recently, the product (Clinpro) is a light-cured, low viscosity, 

sealant with a unique patented color change feature. Clinpro sealant is pink when 

applied to the tooth surface, and changes to an opaque off white color when exposed to 

light. Clinpro sealant contains a patented soluble organic fluoride source. The fluoride 

is released from the sealant in a diffusion-limited process by exchange of hydroxide 

for the fluoride ion. 

Recent studies showed that the mean microleakage of Clinpro after 

enamel preparation with acid etching 0.12±0.41 mm (19).           

 

2.2 Glass-ionomer sealants 

The use of glass ionomers cements has become more common in 1990’s 

due to the introduction of light-cured or resin-modified glass ionomer.  Since glass 

ionomer would have the adventages of fluoride release, biocompatibility and bonding 
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especially with dentine, this material has been widely used as a base material and 

luting cement.  In particular, resin modified glass ionomer for restoration or fissure 

sealant, which are relative simpler and do not use acid etching and bonding agents in 

clinical procedures.    Since restorative and fissure sealant materials are directly 

affected by aspects of the intra environment such as saliva, food, tooth brushing and 

masticatory force, retentive longevity is also an important requirement. 

Many in vivo studies compared retention and caries prevention effect of 

glass ionomer sealants and resin-based fissure sealants. The results of the studies have 

so far been various. Forss et al. showed that during the first 2 years, 4.6% of sealed 

surface of both glass ionomer sealant (FujiIII) and resin-based fissure sealant (Delton) 

became carious.  However, the retention of  glass-ionomer sealant was  markedly 

inferior to the resin-based fissure sealant (20).  Other follow up study had mostly to 

show equally retention rates: 21-47% complete retention after 2 years (21-22). 0-35% 

after 3 years (23-26) and 10%  after 7 years (27). 

In spite of inferior retention, a cariostatic effect on occlusal surfaces after 

sealant loss has been revealed in some studies.  In a field study of Western Australia, 

glass  ionomer sealants showed a significantly better caries preventive effect than  

resin-based fissure sealant (relative risk of caries 0.19) (28).  In another field trial 

carried out in Thailand, a single application of glass ionomer sealants was compared 

with an application of resin-based fissure sealant, an application of 0.5% HF solution 

and a control with no treatment. The retention of glass ionomer sealants was very low 

but a 20-31% reduction in the increment of occlusal caries compared to no treatment 

over a 2-year period was reported (29).  Mejare  et al. found that although 61% of the 

glass ionomer sealant (FujiIII) have been lost after 1 year, but caries only occurred in 

teeth that had been sealed with resin-based sealant (Delton or Concise WS) (23). 

However, caries prevention benefit from the use of glass ionomer sealant 

compared with resin sealant is equivocal.  Poulsen et al. found that after 3 years the 

relative risk of the sealed tooth with glass ionomer over that of the tooth sealed with 

resin sealant was 3.38. Therefore, it was concluded that  the glass ionomer sealant 

(FujiIII) had poorer retention and less caries protective effect than the resin-based 

sealant (Delton) (30).  Forss  et al. found that after 7 years 23.5% of the occlusal 

surfaces sealed with  the glass ionomer sealant (FujiIII) and 16.6% of those sealed 

with the resin-based sealant (Delton) were carious or need filling (27).   
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Wear in dentistry 
Wear is a common phenomenon in dentistry that occurs when two 

surfaces undergo slipping or sliding movement as load is applied (31).  It is also a 

natural process that occurs whenever two or more surfaces move in contact with one 

another.  As the teeth move together with any restorations in contact with another, 

wear is inevitable.  Its progress will depend upon the structure of the surfaces, the 

activity of any lubricating layer, the temperature and duration of contact (32) 

Wear can be defined as “the ultimate consequence of interaction between 

surfaces, which is manifested in gradual removal of material”.  In general it is possible 

to distinguish to four main types of wear processes as follows (33) :- 

 

1. Adhesive wear 

 Adhesive wear occurs when surfaces slide against one another.  The 

effects of friction cause the asperities on one surface to become cold-welded to the 

other surface.  Therefore there is transfer of material from one surface to another 

(Figure 3.1 Adhesive wear).  The volume of material transferred is proportional to the 

real area of contact and the sliding distance. 

 

 

 

 

 

 

 

 

Figure 3.1 Adhesive wear 
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2. Abrasive wear 
 This is probably the most common type of wear.  It occurs when hard 

asperities plough into softer surfaces (Figure 3.2 Abrasive wear).  These asperities may be 

an integral part of one surface (e.g. the filler particles protruding from a dental composite), 

or they may be separated particles, which are enmeshed between the surfaces. 

 

 

 

 

 

 

 

 

Figure 3.2 Abrasive wear  
 

3. Fatigue wear 

When on surfaces slides over another, there is a zone of compression in 

the material ahead of the motion (Figure 3.3 Fatigue wear).  Plastic deformation of the 

material causes a zone of tension behind the motion.  Cracks nucleate in the 

subsurface and propagate as a result of repeated cycles at a depth governed by the 

material properties. 

 

 

 

 

 

 

 

 

 

 

Figure 3.3 Fatique wear 
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4. Corrosives wear  

If a chemical reaction layer forms on a surface, then it may be scraped 

away by contact with the counter face (Figure 3.4 Corrosive wear).  A fresh reaction 

layer forms on the exposed surface is subsequently removed on the next encounter 

between the surfaces.  The material which is removed results in debris which may 

agglomerate into larger particles. 

 

 

 

             

 

 

 

 

 

Figure 3.4 Corrosive wear  

 

In dental terminology, the term attrition, abrasion and erosion have been 

used to describe the wear of both dental materials and tooth tissue as follows:- 

 

1. Attrition describes surface loss at the sites of direct contact between 

the teeth.  The same term, is related to adhesive wear because it occurs when surfaces 

of tooth slide against one another so that the volume of material transferred to the real 

area of contact and the sliding distance, was adopted to describe the wear of 

restorations at sites of occlusal contact. 

 

 2. Erosion describes surface loss as a result from fluid flow.  However, 

it is recognized that the pH of the fluid is a highly significant variable.  Erosion has 

been subdivided into dietary, regurgitation and industrial erosion depending upon the 

source of acid.  The term of erosion was associated with corrosive wear because if a 

chemical reaction layer forms on a surface, then it may be scraped away by contact 

with the counterface.  
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 3. Abrasion describes wear of restoration at non-contacting sites of 

restorations.  This is defined as physical wear by objects other than another tooth.  It 

may occur, for example, as a result of toothbrushing, pipe smoking and other similar 

habits. The term of abrasion was associated with abrasive wear.  

 

 Several research centers developed wear testing devices of difference 

degree of complexity, with three-body wear simulators are trying to mimic the oral 

environment and biologic variables intending to rank restorative material according to 

the wear resistance in comparison to reference materials such as follows:- 

 

 1. ACTA wear machine (three body) was developed by De Gee and 

Pallav in 1986.  It can produce three-body abrasion of specimen by rotating two 

wheels in different directions.  The machine mainly consists of two wheels moving 

against each other through and artificial food (34).   In addition, there are reaction 

forces, which are normally 15 N, against each other.  The testing specimens are 

situated on the ridges of the first wheel whereas the antagonist specimens are situated 

in the second wheel.  When the wheels rotate, the surface of specimens will be worn 

out, which can be evaluated by tracing the specimen by profilometer.  However, the 

testing method cannot features localized attrition.  

  

2. University of Alabama Wear Simulator wear testing model, which 

was developed by Leinfelder et al. and extensively used to evaluate wear of resin 

composite  materials opposing polyacetal and hardened steel styli or human enamel 

(35-37).  It composed   of stylus, round or cone-shape that opposed a flat specimen.  A 

flat pin stylus stimulated generalized wear, whereas a round stylus used for localized 

wear evaluation. 

 

3. The OHSU:  Oregon Health Science Universities Oral Wear 

simulator is a new wear-testing device, which was developed by Condon and 

Ferracance (1994).  The result of this three-body machine is excellent because it can 

produce oral wear mechanisms both of attrition and abrasion simultaneously (38-39). 

The action of the machine is that an enamel cusp is forced into contact with a flat 
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surface ceramic specimen through a layer of food-like slurry. The cusps are sliding 

across the specimen surface over an 8 mm linear path delivering a 20 Newton load is 

applied to produce localized attrition wear.  This sequence is repeated at 1.0 Hz for 

50,000 cycles.  As such, the machine can perform both abrasion and attrition wear 

pattern at the same time.  However, each wear pattern has to be analyzed separately. 

For the previous studies (40-44) , there are mainly two methods for wear 

measurement as follows:- 

• Weight loss measurement:  The specimen is determined as weight 

loss between attributable to the drying procedures used to obtain constant weight 

inherent limitation including accurate remounting of specimen once removal.  The 

other is that repeated drying cycle may produce adverse effects, particularly cracking 

of the tooth structure. 

 

• Vertical height loss and volume loss measurement:  Restorative 

height loss comparing with and adjacent enamel margin is used both in vivo and in 

vitro test.  An area, volume, wears depth, and the diameter of wear facets will be 

reported in its results.  Two and three-dimensional computer image and profilometer 

are also used to measure area, volume, and height loss. 

In this study, we will simulate the wear mechanisms both of attrition and 

abrasion.  The action of the machine is that a puncture probe  is forced into contact 

with a premolar surface specimen and the probe is sliding across the specimen surface 

over an 7 mm linear path delivering a 50 Newton load is applied to produce localized 

attrition wear. This sequence is repeated at 1.25 Hz for 2500, 5000, 7500 and 10000. 

The volume loss of specimens are measured by using advanced 3-D laser displacement 

scanner controlled by an innovated software, which are developed by Medical & 

Environmental Research Laboratory King Mongkut Institute of Technology 

Lardkrabang. 
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Microleakage 
 Microleakage may be define as the passage of bacteria, fluids, molecules 
or ions between a cavity wall and the restorative material applied to it (45).  Many 
different techniques have been developed to study marginal permeability at the tooth 
and restorative interface.  These include the uses of bacteria, compressed air, chemical 
and radioactive tracers, electrochemical investigations, scanning electron microscopy 
and, most commonly of all, the use of dye penetration. 
 The use of colored agents allows the production of sections showing 
leakage in contrasting colors to both tooth and restoration without the need for further 
chemical reaction or exposure to hazardous radiation. 
 Dye materials used in dental research are provided as either solutions or 
particle suspension of different particle sizes.  They must be color stable under any 
conditions expected to arise during examination.  In general, their particle sizes must 
not greater than 1–4 microns which are the diameters of dentinal tubules that bacteria 
penetration is being investigation. Moreover, dye materials which show a tendency to 
bind tooth structure or restorative material during test should be avoided. Frequent dye 
materials that are used in penetration study are basic fuchsin, methylene blue, crystal 
violet, india ink, and eosin (46). 
 Regarding physical and mechanical properties, if the fissures are sealed 
completely with sealant and microleakage is prevented, they act as a physical barrier 
to external carious agents, thus preventing the onset of caries. 
 The properties required for an ideal fissure sealant include 
biocompatibility, retention capacity, and resistance to abrasion and wear. On the other 
hand, the key consideration to success is adequate bond, marginal integrity and 
microleakage which are very important factors in evaluating the clinical success of 
these materials. 
 Wear of sealant results from bonding between sealant and tooth enamel 
which in this study it is measured using a dual-axis testing machine. In addition, 
microleakage is defined as the passage of bacteria, fluids, molecules or ions between 
the teeth and the sealing material. In vitro microleakage studies make it possible to 
predict the marginal sealing capacity of different materials. 
 Therefore, the aim of this in vitro study was to conduct a comparative 
study of the wear and microleakage between two fluoride-containing pit and fissure 
sealants (Clinpro, FujiVII) and a non-fluoride-containing pit and fissure sealant 
(Concise). 
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CHAPTER IV 

MATERIALS AND METHODS 

 

 

Part 1 Wear test 
A.  Teeth Preparation  

 Forty five non-carious human upper first premolar extracted for 

orthodontic reason and stored at 4°C in physiologic saline were randomly divided into 

three experimental groups in equal number. Thus, there were fifteen teeth in each 

group. The three experimental groups were: 

Group 1: Concise, a resin-based, light-cured sealants, 3M ESPE, USA 

Group 2: Clinpro, a resin-based, light-cured, fluoride-containing pit and fissure 

sealant, 3M ESPE, USA 

Group 3: FujiVII, a glass ionomer sealant, GC 

The teeth were embedded and placed in auto polymerizing clear acrylic 

resin blocks made from silicone mold (inner dimension 18x24x25 mm3).  The occlusal 

surfaces of teeth in each group were thoroughly cleaned by rubber cup with water-base 

slurry pumice.  Teeth were rinsed and air dried with oil-free compressed air.  For each 

group, sealant material was applied according to manufacturer’s instructions (Table 

4.1) and light-cured for 20 second in three directions:  occlusal, buccal and lingual 

respectively by a visible-light curing unit (3M dental product Curing Light XL3000).  

After curing, the specimens were stored in deionized water at 37+1°C for 24 hours in 

an incubator.  After the storage period, the teeth were thermocycled between 5+2°C 

and 55+2°C for 500 cycles with a dwell time of 30 seconds for each bath and a 5 

second dwell time at room temperature between bath.                 
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Figure 4.1 Silicone mold        Figure 4.2 Tooth embedded in 

autopolymerizing clear acrylic resin 

Figure 4.3 Stainless steel puncture probe with 

cone shaped at one-end has 2 mm in height 

and 6 mm in diameter 
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B.  Teeth testing Machine 

 The testing machine was built like figure 4.4 for this study. It comprised 

of upper and lower parts. The upper part (Figure 4.5) was used for holding antagonist.  

It consisted of an electrically driven motor (A) connecting through a coupling motor 

(B), ball screw rod (C), two guiding rods (D) and a coil spring (E) used as increasing 

pressure. The guiding rod was attached to the basement of the upper part (F) to 

strengthen and stabilize the machine frame while operating stylus.  For the puncture 

probe (G), stainless steel with cone-shaped at one end was fabricated according to the 

measurement of angle and distance of intercuspal of 20 premoalrs for antagonist tip of 

the test machine was inserted and tighten by screws to attach with vertical rod (H), 

which was part of the upper part of basement.  Of the upper specimen holder (a 

rectangular stainless steel box) (I).  The top was connected to vertical rod whereas the 

bottom was designed to match with the antagonist specimen box (the sample shape as 

lower specimen holder).  All parts were connected and tighten with screws.  

Furthermore, the tip of stainless steel could be adjusted automatically or manually in 

vertical axis in order to set reference point or zero position, which was the first contact 

point between upper antagonist and lower specimens.  The machine recognized 

position and then started over the looping cycles.  The reaching forced to a specimen 

could be measured by using physical formula 

 

F = K x 

(F=forces; K=spring constant property; x=spring contracting distance) 

 

 

          

 

 

 

 

 

 

Copyright by Mahidol University



Lalida Asattapruk  Materials and Methods / 16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4 The machine front:  A= electrically driven motor,  

B= coupling motor, C= ball screw rod, D= two guiding rod,  

E= coil spring, F= basement of the upper part, N= force sensor  
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On the upper part of this machine, the loading cell was set by adjustable 

coil spring in order to give the force 40-90 Newton.  For the lower of the machine 

(Figure 4.6), it was used for placing tooth specimens.  The lower specimen holder (J), 

which was 60x60x34 mm3 plastic chamber (K) was sealed by rubber (L) at the bottom.  

It was placed on the stainless steel horizontal basement (M), which had four guiding 

knobs at each angle to interlock each specimen holder by using screw.  On the bottom 

of the horizontal basement, force sensor (N) was used to find the zero position at time 

of the start beginning of every cycle. 

 Prior to testing, all specimens from Concise group, Clinpro group and 

FujiVII group were measured surface roughness by using a surface profile measuring 

system. 

 

 Figure 4.5 The machine upper part:  

G= puncture probe, H= vertical rod,  

I= upper specimen holder 

Figure 4.6 The machine lower part: 

J= specimen holder, K= plastic 

chamber, L= sealing rubber, M= 

horizontal basement  

G

H

I

J

K

L

M
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C. Wear test procedure for tooth against stainless steel puncture probe 

 Each specimen was placed in an auto polymerizing clear acrylic resin 

block and positioned by holder of wear machine.  The puncture probe tips were set 

perpendicularly to mesial marginal ridge of all specimens.  

 The machine provided impact action force and followed by sliding 

horizontal motion 3 mm under constant load to the tooth surface at 2500, 5000, 7500, 

10000 cycles in each specimen (50 Newton at 75 cycles per minutes), the tooth 

specimens were immersed in water at constant level and volume (50 ml).  This water 

was used to cleansing debris, rinsing and changed every 2500 cycles.  

 

D. Tooth were measurement  

 Volume loss of sealant material was measured by 3–D scanner (Figure 

4.7) at 2500, 5000, 7500, 10000 cycles.  The chamber of lower testing specimen 

holder (A) was placed on the stand basement (B) and holding by screw.  The laser 

displaced sensor (C) (LC-2440, KEYENCE, America) was vertically fixed above the 

specimen (stand Z) while a chamber of lower testing specimen moved in X and Y 

direction (on stand X and Y).  The depth of the specimen surface (Z-direction) was 

measured by comparison of the difference of reflection of laser and its reference point 

during the movement of the stand. 

                   

  

 

 

 

 

 

 

 

 

                        

  

 

 Figure 4.7 Laser scanner     

C

A 

B 
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Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.  M.Sc. (Pediatric dentistry) / 19 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 Analogue signal output was converted to digital signal by the converter 

and uploaded to the Personal Computer (D).  Then, it was complied to be 3-D 

computer graphic and the volume loss of each specimen was computerized by 

MATLAB software. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 4.8 PC for scanner controller 

D Z-
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Figure 4.9 Laser scan program showed status of the machine ready to function 

  

 Controlling program of the sensor was configured as figure 4.9 above, 3 

mm in width, 6 mm in length, 60x120 dots in solution and 200 milliseconds in delay 

time. 

 The scanner was used to determine the amount of volume loss of sealant 

materials surface by measuring them before and after placed in the wear testing 

machine at 2500, 5000, 7500, 10000 cycles in order to compare the volume loss.  The 

maximum depth that could be measurement is 20 µm for depth surface measurement.  

All measurement processes was recorded by one operator.    

 

                      

 

 

 

 

3 60 

6 120 
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Part 2 Microleakage test 
 Thirty non-carious and unrestored human upper premolar teeth extracted 

for orthodontic reason were stored at 4°C in physiologic saline. The teeth were 

randomly divided into three experimental groups in equal number. Thus, there were 

ten teeth in each group. The three experimental groups were: 

Group 1: Concise, a resin-based, light-cured sealants, 3M ESPE, USA 

Group 2: Clinpro, a resin-based, light-cured, fluoride-containing pit and fissure 

sealant, 3M ESPE, USA 

Group 3: FujiVII, a glass ionomer sealant, GC 

 The teeth were embedded and placed in auto polymerizing clear acrylic 

resin blocks made from silicone mold (inner dimension 18x24x25 mm3).  The occlusal 

surfaces of teeth in each group were thoroughly cleaned by rubber cup with water-base 

slurry pumice.  Teeth were rinsed and air dried with oil-free compressed air.  For each 

group, sealant material was applied according to manufacturer’s instructions (Table 

4.1) and light-cured for three directions: occlusal, buccal and lingual respectively of 20 

second exposure using a visible-light curing unit (3M dental product Curing Light 

XL3000).  After curing, the specimens were stored in deionized water at 37+1°C for 

24 hours in an incubator.  After the storage period, the teeth were thermocycled 

between 5+2 °C and 55+2°C for 500 cycles with a dwell time of 30 seconds for each 

bath and a 5 second dwell time at room temperature between baths. 

 Following thermocycling process and wear testing 2500 cycles in each 

specimen.   The teeth were covered with 2 layers of nail varnish up to approximately 1 

mm from the sealing margins.  After the nail varnish completely dried, the coated teeth 

were immersed in 2% methylene blue solution for 24 hours to allow dye penetration 

into possible gaps between the tooth substance and the sealant.  Then the teeth were 

rinsed thoroughly with tab water and dried. 

 For further examination, then the teeth were sectioned into 4 fragments 
with 3 parallel cuts in the bucco-lingual direction with a slow speed saw.  Due to the 
thickness of diamond saw blade was rather thin (0.3 mm), two adjacent surfaces might 
be dependent on each other.  Consequently, only one surface in each cutting was 
evaluated, obtaining 2 surfaces per tooth, and 20 surfaces in each experiment group for 
analysis. After sectioning, the microleakage between the enamel and the sealant was 
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evaluated using a light microscope (Nikon Eclipse E400POL, JAPAN) connecting 
with camera (Nikon Coolpix 990, JAPAN), at magnification of x100. The picture of 
each surface was captured.  The distance of dye penetration (mm) and the enamel-
sealant interface (mm) was measured by computerized-calculated method (Image Pro 
Plus program).  Due to the variation of fissure system, the microleakge was calculated 
by using proportion of microleakage following Zyskind et al as shown in Figure 4.10. 
 
 

 

 

. 

 

 

 

 

Figure 4.10 Scoring system employed for the evaluation of microleakage 
 

Statistical analysis 
  
Wear test 
 Wear of the sealant materials was characterized by mixed or split plot 
design ANOVA because this study had a mixture of between-subjects and within-
subject factors. Homogeneity of Variance for a mixed design was necessary to check 
in variety of difference ways:  Box’s M for overall, Mauchly’s W for within subject, 
Levene’s test for between groups, followed by a Tukey post-hoc test in parametric 
data at P < .05. 
  
Microleakage test 
 Means and standard deviations of the proportion of microleakage were 
calculated for each group.  The Kolmogorov Smirnov test (KS test) was used to test 
the distribution of the data.  The differences between different sealant materials were 
analysed by using  one-way analysis of variance (one-way ANOVA), followed by a 
Tukey post-hoc test in parametric data, or a Kruskal-Wallis test, followed by Mann-
Whitney U test in nonparametric data, at P < .05. 
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Figure 4.11 Diagram of Wear Test 
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Figure 4.12 Diagram of Microleakage Test 
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Table 4.1 Materials and techniques were used in the study 

 

Materials Compositions Procedures 

Concise 
(a resin-based, 
light-cured 
sealants, 3M 
ESPE, USA ) 

-Triethylene glycol 
dimethacrylate 
-Bisphenol A diglycidylether 
-dimethacrylate  
-Silica  
-Titanium dioxide 

1. Applied etchant (35% 
phosphoric acid) 15 seconds 

2. Thoroughly rinsed teeth with 
air/water spray to removed 
etchant 15 seconds 

3. Thoroughly dried the 
etchanted surface 

4. Applied sealant with a brush 
and sterring the sealant with 
an explorer after placement 
would help eliminate any 
possible bubbles 

5. Applied light cure 20 
seconds 

Clinpro 

(a resin-based, 
light-cured, 
fluoride-
containing pit 
and fissure  
sealants, 3M 
ESPE, USA) 

 
 

-Triethylene glycol 
dimethacrylate 
-Bisphenol A diglycidyl 
methacrylate  
-Ethyl4-
(dimethylamino)benzoate  
-Diphenyliodonium 
hexafluorophosphate 
-DL Camphorquinone 
-Buthylated hydroxytoulene, 
-Dichorodimethylsilane 
reaction product withsilica 
-Tetrabutylammonium  
tetrafluoroborate  
-atitranium dioxide 
-Rose bengal sodium 

1. Applied etchant (35% 
phosphoric acid) 15 seconds 

2. Thoroughly rinsed teeth with 
air/water spray to removed 
etchant 15 seconds 

3. Thoroughly dried the 
etchanted surface  

4. Applied sealant with a brush 
and sterring the sealant with 
an explorer after placement 
would help eliminate any 
possible bubbles 

5. Applied  light cure 20 
seconds 
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Table 4.1 Materials and techniques were used in the study (cont.) 

Materials Compositions Procedures 

FujiVII 

(a glass 

ionomer 

sealant, GC) 

-Fluoroaluminosilicate glass 

-Polyacrylic acid 

1. Applied GC cavity 

Conditioner  20 seconds 

2. Thoroughly rinsed teeth with 

water 20 seconds 

3. Dried by blotting with a 

cotton pellet or gently 

blowing with an air syringe. 

Best result was obtained 

when prepared surfaces 

appear moist 

(glistening) 

4. Took the mixed material 

(power / liquid dispensing 

and mixing according 

manufacturer) using a 

suitable placement 

instrument or brush and 

apply to the tooth surface. 

Then used a ball burnisher to 

spread a thin film of GC Fuji 

VII directly over the occlusal 

surface and into the pit and 

fissures. 

5. Applied light cure 20 

seconds 

6. Applied GC Fuji varnish 

(blow dry) or GC Fuji coated 

LC (light cure) to the sealed 

area and the margins using a 

cotton pellet. 
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CHAPTER V 

RESULTS 

 

 

Part 1: Wear test 
 The means and standard deviations for wear of sealant in 3 groups were 

presented in Table 5.1. It was clearly demonstrated that FujiVII had the highest wear 

in every cycle which contrary to Concise that showed the lowest. 

  Split plot or mixed design ANOVA was used to evaluate the differences 

among ‘cycle’ groups and also among ‘sealant material’ groups.  

 The statistic analyses revealed that no interaction between factor ‘cycle’ 

and ‘sealant material’ for wear was detected.  Consequently, the two factors could be 

analyzed separately. 

 The differences within ‘cycle’ groups as well as within ‘sealant material’ 

groups wear found.  Also, it was worthy to note that FujiVII was clearly demonstrated 

the highest wear.  

 

Comparison between Cycles 

 The means and standard deviation for each cycle of sealant materials 

were exhibited in Table 5.1.  The statistic interpretation revealed that the volume loss 

of each cycle was significantly different from the others (P=.000), and presented in a 

cycle dependent manner.  The highest volume loss was observed in 10000 cycle-group 

while the lowest volume loss was seen in 2500 cycle-group.     

 

Comparison between types of sealant materials  

 The mean and standard deviation of wear for each sealant material were 

shown in Table 5.1.  With considering only types of sealant material, the statistic 

evaluation elucidated that no statistically significant difference between Concise and 

Clinpro had been found whilst FujiVII had more volume loss significantly than the 

other two sealants Concise and Clinpro (P=.001 and P=.006 respectively) (Figure 5.1).  
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Table 5.1 Mean wear (mm3) and standard deviations of sealant materials after 2500, 

5000, 7500 and 10000 cycles (N=15) 

 

Sealant 
Cycle 

2500§ 5000§ 7500§ 10000§ 

Concise 
0.640 

(±0.190) 

0.801 

(±0.254) 

1.008 

(±0.318) 

1.134 

(±0.319) 

Clinpro 
0.726 

(±0.244) 

0.907 

(±0.304) 

1.008 

(±0.285) 

1.143 

(±0.291) 

Fuji VII* 
1.010 

(±0.302) 

1.139 

(±0.259) 

1.254 

(±0.273) 

1.407 

(±0.284) 

 

* Indicates a significant difference between sealant materials (P< .05) 

§ Indicates a significant difference between cycles (P< .05) 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1 Mean wear (volume loss) of three sealant materials 

 after 2500, 5000, 7500 and 10000 cycles 
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Table 5.2 The retention of three sealant materials after 10000 cycles (N=15) 

  

* Scale for evaluation 1. Complete retention :  no crevice detected by explorer 

   2. Partial retention :  partial exposure of fissure 

   3. Total loss  :  complete loss of sealant   

 

Table 5.2 clearly indicated that after 10000 cycle-wear test all of Concise 

and Clinpro samples were complete retention on occlusal surfaces whereas 6 of 15 

teeth applying with FujiVII were partially exposed of the fissures.  No total loss of 

sealant material was found in this study.  

 

 

  
 

 

 
 

 
 

 
 

 
 
 

 
 

 

Sealant Retention*  

Complete retention Partial retention Total loss 

Concise 15 0 0 

Clinpro 15 0 0 

Fuji VII 9 6 0 

Copyright by Mahidol University



Lalida Asattapruk Results / 30 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 5.2a 3-D mesh of scanned tooth surface of Concise at 0 cycle 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2b 3-D mesh of scanned tooth surface of Concise after 2500 cycles 
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Figure 5.2c 3-D mesh of scanned tooth surface of Concise after 5000 cycles 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2d 3-D mesh of scanned tooth surface of Concise after 7500 cycles 
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Figure 5.2e 3-D mesh of scanned tooth surface of Concise after 10000 cycles 
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Figure 5.3a 3-D mesh of scanned tooth surface of Clinpro at 0 cycle 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3b 3-D mesh of scanned tooth surface of Clinpro after 2500 cycles
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Figure 5.3c 3-D mesh of scanned tooth surface of Clinpro after 5000 cycles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3d 3-D mesh of scanned tooth surface of Clinpro after 7500 cycles 
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Figure 5.3e 3-D mesh of scanned tooth surface of Clinpro after 10000 cycles 

Copyright by Mahidol University



Lalida Asattapruk Results / 36 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.4a 3-D mesh of scanned tooth surface of FujiVII at 0 cycle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.4b 3-D mesh of scanned tooth surface of FujiVII after 2500 cycles 
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Figure 5.4c 3-D mesh of scanned tooth surface of FujiVII after 5000 cycles 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

                    

Figure 5.4d 3-D mesh of scanned tooth surface of FujiVII after 7500 cycles 
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Figure 5.4e 3-D mesh of scanned tooth surface of FujiVII after 10000 cycles 
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Part 2:  Microleakage test 
Intra-examination reliability 

 Results from the duplicate examination showed that the intra-

examination reliability of the percentage of microleakage tested by Pearson’s 

correlation coefficient was .930, which showed good reliability. 

The means and standard deviations of microleakage in 3 groups are 

presented in Table 5.3. It was clearly demonstrated that the FujiVII, with highest 

microleakage value. 
The Kruskal-Wallis test followed by the Mann-Whitney test indicated 

that FujiVII showed significant difference more microleakage than Concise and 

Clinpro (P=.031 and P=.01 respectively).  Although the Clinpro showed lower 

microleakage than Concise but no significant differences were found in microleakage 

between these two groups. 

 

Table 5.3 The percentage of microleakage means and standard deviation for three 

sealant groups (N=20) 

 

Group Mean Standard Deviation 

Concise 

Clinpro 

FujiVII 

65.443 

63.165 
91.421 

45.208 

41.666 

26.804 

   

*Indicates a significant difference (P< .05) 

 

 ٭
 ٭

Copyright by Mahidol University



Lalida Asattapruk Results / 40 

 
 

 

 

 

 

 

 

 

 

 

Figure 5.5a Photograph from polarizing light microscope of Concise 

after 2500 cycles revealed no leakage.  (S= Concise, E=Enamel) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5b Photograph from polarizing light microscope of Concise  

after 2500 cycles exhibited complete dye penetration.   

(S=Concise, E=Enamel, A+C=length of dye penetration,  

B+D=length of sealant-tooth interface)
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Figure 5.6a Photograph from polarizing light microscope of Clinpro 

after 2500 cycles revealed no leakage.  (S=Clinpro, E=Enamel) 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.6b Photograph from polarizing light microscope of Clinpro 

after 2500 cycles exhibited small area of microleakage. 

(S=Clinpro, E=Enamel, A+C=length of dye penetration, 

B+D=length of sealant-tooth interface) 

 

S

E

B

A

D

S
E

Copyright by Mahidol University



Lalida Asattapruk Results / 42 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.7a Photograph from polarizing light microscope of FujiVII 

after 2500 cycles revealed no leakage.  (S= FujiVII, E=Enamel) 

 

 

 

 

 

 

 

 

 

 

Figure 5.7b Photograph from polarizing light microscope of FujiVII 

after 2500 cycles showed complete dye penetration. 

(S=FujiVII, E=Enamel, A+C=length of dye penetration, 

B+D=length of sealant-tooth interface) 

A,B C,D 
S

E

S

E

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.  M.Sc. (Pediatric dentistry) / 43 

 

CHAPTER VI 

DISCUSSION 

 

 
Part I: Wear test 

 Wear played a major role in restricting the use of dental material 

especially in posterior teeth such as Cl.I and Cl.II restorations, in which they were 

subjected to greater occlusal loads and abrasive action during mastication. 

 Various kinds of wear tests had been created in vitro for evaluating the 

property of material prior to clinical performance (6, 34-37, 41, 47).  To mimic the 

chewing cycle, the machine was constructed for moving in 2 axes concurrently, 

impacting and sliding movement, according to previous reports (31, 48-49).  This 

experiment was conducted correspond to 15 days of clinical service by setting the 

static loading 50 N and 10000 cycles with operating frequency of 1.25 Hz that 

simulated the human mastication (50).  This 2 axes moving machine could evaluate 

the wear mechanism and compare the property of material in a short period of time.  

This apparatus could create the chewing movement in both horizontal and vertical 

axes concomitantly whereas other methods could measure only one direction.  

Moreover, the methods in this study were designed to simulate the clinical condition 

by applying sealant on the pits and fissures on the occlusal surface of tooth. 

   
 Even though, every specimens were received a constant 50 N loading, the 

roughness of testing surface might affected during puncture probe movement resulting 

in the alteration of loading force.  To solve this problem, the sensor was set to refocus 

itself and the program analyzed its initial point every times the tip of puncture probe 

contacted specimen surface. 

 Based on the result of this study, sealant volume loss could be classified 

into 2 patterns, the partial loss: slight crack and wear of sealant on the surface in direct 

contact with puncture probe, and the total loss or bulk displacement that presented the 

destruction of bond between sealant and tooth surface. The primary loss of sealant was 
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occurred when two surfaces, the puncture probe of machine and sealant, undergo 

slipping and sliding movement as load was applied, most of this kind of wear would 

be found in the beginning of the test and frequently be partially lost. After some 

amounts of surface sealant were disappeared, the puncture probe was not touch the 

sealant directly. Consequently, the loss was continued by two hypotheses.  First, the 

force from puncture probe was conducted the vibration through enamel to the sealant. 

This vibrating force gradually broke interface bonding between tooth surface and 

sealant resulting in the bulk displacement. Second, tooth wear might occurred when 

puncture probe loading in higher cycles until the puncture probe became contacting to 

the sealant again. The force from puncture probe, then, transferred directly to the 

sealant prolonging the sealant partial loss. Moreover considering the force between 

puncture probe-sealant interfaces, according to The Newton’s third law of force, when 

the action force from puncture probe loaded on the sealant, the reaction force must 

generate on sealant surface antiparallelly with the same magnitude of the action force. 

This could make microcracking in sealant every time loading were applied eventually 

displacement of sealant were found.       

 From the result, both volume loss and retention had no statistically 

significant difference between Concise (non-fluoride-containing resin sealant) and 

Clinpro (fluoride- containing resin sealant) which was partially supported by clinical 

studies of other investigators.  Jensen et al. (51) evaluated the retention rates of 

fluoride sealant (Fluroshield) with its non-fluoride analogue (Prismashield) after 1-

year follow up and  no significant difference between those material was found.  In 

addition, Morphis et al. (52) compared retention between Delton (non-fluoride-

containing resin sealant) and Delton Plus (fluoride-containing resin sealant) after 3, 6, 

12 months follow up and no significant difference between materials was seen. All in 

all, from previous and present studies, it could be concluded that adding fluoride in the 

sealant was not influenced to sealant wear and retention properties.    

FujiVII (glass ionomer sealant) had the highest volume loss among other 

two sealants. This finding was consistent with the investigation done by Futatsuki  et 

al. (6) They found that FujiIII (glass ionomer sealant) had 154 µm in wear value while 

Concise (resin-base sealant) was only 25 µm., thus partly because the enamel/dentine 

bonding of glass ionomer was inferior to those of resin-base materials. Furthermore, 
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Correr et al. (47) and Peutzfeldt et al. (53)   confirmed that wear resistance of both 

conventional glass ionomer cement (such as Fuji II, Fuji XI) and resin modified 

analogue (such as Fuji II LC,Vitremer) was significantly lower than  resin composite 

(resin-base material). This consequence was relied on the diameter and amount of 

pores in glass ionomer material. During setting of glass ionomer, the carboxylic acid 

monomer reacted together forming the polymer matrix. Concurrently, the bonding 

between matrix and aluminum and/or calcium cations of the glass particles was 

created.  The glass particles play major roles in salt bridge formation, while the remain 

constituents function as reinforce materials. However, these unpolymerized polymer 

matrix might serve as the weakest link of the glass ionomer resulting in the areas of 

lower wear resistance (54, 55).  
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Part II: Microleakage test 

  The marginal sealing ability of sealant played a pivotal role in the success 

of pit and fissure preventive treatment.  Loss of sealing ability permitted the incident 

of marginal leakage resulting in the presences of the passage of bacteria, saliva fluid, 

molecules and ions through the tooth-sealant interface leading to caries progression 

underneath sealant material.  

  Microleakage could be evaluated in vitro by several methods.  However, 

in this study the percentage of proportion between length of dye penetration and  

length of sealant-tooth interface according to the study of  Zyskind et al. (56) was 

employed because of its simplicity and non-toxic technique.          

   Nevertheless, most of previous reports (56-58) determined microleakage 

after applying sealant immediately, this might not imitate the clinical situation because 

the sealant applying in the oral cavity must be experienced with chewing cycle for a 

period yielding in the marginal crack and more leakage.  Consequently, this 

experiment was undergone the wear test using dial axis testing machine prior 

evaluated the microleakage for simulating the oral environment.                 

 From the result of this study, it was demonstrated that microleakage of 

FujiVII (glass ionomer sealant) was significantly higher than Concise (non-fluoride- 

containing resin sealant) and Clinpro (fluoride-containing resin sealant) while no 

significant differences between Concise and Clinpro were found. This result consistent 

with the  in vitro study by Park et al. (15) that fluoride-containing resin sealant 

(Fluoroshield) had no significant microleakage from non-fluoride-containing resin 

sealant (Delton) because both sealants were bonded to etched enamel by polymer tag 

formations creating micromechanical adhesion between sealant and enamel surface.  

However, Colley et al. (16) disagreed with the previous results, they found that 

fluoride-containing sealant (Fluoroshield) showed significantly more leakage than 

non-fluoride-containing sealant (Helioseal) (P<.05) owing to the  higher viscosity of 

fluoride-containing sealant  that was higher than non- fluoride-containing sealant.  The 

reason why glass ionomer had more microleakage than other sealant might relied on 

its high viscosity that made it hard to flow and adapt well into the fissure.  
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 Moreover, the thermal stress or dehydration of glass ionomer, such as the 

process of drying nail varnish could affect the dimentional change of material, since 

excessive change could debond sealant from enamel surface (57). 

 In addition from result of present study was clearly demonstrated FujiVII 

showed significantly more extensive microleakage than Concise and Clinpro.  This 

result was supported by in vivo and in vitro studies by Övrebö et al. (58)  They found 

that the microleakage of glass ionomer sealant (FujiIII) was higher than resin sealant 

(Concise), due to the hydrophilic and porosity properties of glass ionomer sealant, 

which allowing dye to penetrate into material itself and the interface between cement 

and enamel, this phenomenon could show a false positive result.  However the 

controversy was demonstrate by an in vitro study by Pardi et al. (59) their result 

reported resin modified glass ionomer (Vitremer) had similar marginal leakage as 

resin sealant (Delton).  The inconsistent result with this study might due to the 

different method because they applied acid-etched prior glass ionomer application 

enhanced bonding to enamel but only cavity conditioner was applied in this present 

study according to the manufacturer’s instructions.   

  Regarding two basic properties (wear and microleakage) that investigated 

in this study, it might assume that, in normal condition of tooth surface, Concise and  

Clinpro sealant should be recommended to cover pit and fissure of tooth surface. 

FujiVII was a sealant of choices only in particular condition such as demineralization 

of enamel surface or minimal isolation of saliva fluid.  Additionally further laboratory 

and clinical evaluation will be required for evaluating the effect of higher cycles than 

10000 cycles on volume loss and marginal leakage as well as the fluoride releasing 

ability of fluoride-containing materials after wear testing.  
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CHAPTER VII 

CONCLUSION 

 

 
 The null hypotheses that different sealant materials would not affect wear 

and microleakage were rejected 

  Within the limitation of this in vitro study, it could be concluded that 

  1. Glass ionomer sealant (FujiVII) revealed significantly more wear 

(volume loss) and microleakage than non-fluoride-containing resin sealant (Concise) 

and fluoride-containing resin sealant (Clinpro). 

  2. No significant difference was found in wear and microleakage between 

non-fluoride-containing resin sealant (Concise) and fluoride-containing resin sealant 

(Clinpro). 

  3.  Wear of each material was presented in a cycle dependent manner. 
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APPENDIX A 

WEAR TEST 

 

 
Table A.  Wear of three sealants materials 
 
 

Sealant 
Cycle 

2500 5000 7500 10000 

Concise 

    .93600    1.11800    1.01400    1.57400 

    .66300     .78400    1.60800    1.64800 

    .70000    1.33400    1.31000    1.26200 

    .51200     .41200     .54800     .71200 

    .66200     .72800    1.09400    1.26000 

    .83400     .94100    1.21100    1.19900 

    .63900     .68400     .86800     .85500 

    .94200     .92700    1.16300    1.23100 

    .41700     .69200     .78100     .88600 

    .47100     .95700    1.48300    1.58700 

    .39900     .84400    1.05300    1.20500 

    .63300     .72600     .84000    1.09500 

    .65800     .71100     .62500     .66900 

    .32300     .29300     .55500     .71500 

    .81500     .86400     .96600    1.11000 
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Table A.  Wear of three sealants materials (cont.) 
 
 

Sealant 
Cycle 

2500 5000 7500 10000 

Clinpro 

   1.04600 

    .43100 

    .83400 

    .40800 

   1.00500 

    .74200 

    .88500 

    .76500 

    .81100 

   1.05200 

    .32800 

    .95000 

    .55300 

    .60100 

    .48400 

    .78700     .62300     .76600 

   1.00200     .94800    1.34000 

   1.06900    1.15700    1.23200 

    .55000     .76300     .84300 

   1.22500    1.28800    1.52600 

    .70200     .95700    1.09100 

    .96100    1.24900    1.22500 

   1.47000    1.60000    1.76600 

   1.34800    1.23400    1.42300 

    .98500     .94600    1.06900 

    .40000     .49900     .75000 

    .90500    1.18200    1.23000 

    .99100     .87400    1.01400 

    .62700     .78500     .84000 

    .57700    1.01000    1.03300 
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Table A. Wear of three sealants materials (cont.) 
 
 

Sealant 
Cycle 

2500 5000 7500 10000 

FujiVII 

   1.13700    1.07600    1.15700    1.35500 

   1.36800    1.36200    1.52500    1.23800 

   1.03700    1.33900    1.40300    1.54800 

    .73800     .81700     .94500    1.15700 

    .93700    1.06800    1.00900    1.24600 

    .93200    1.25000    1.34300    1.59900 

    .75300    1.00700    1.60900    1.93700 

    .58500     .59500     .80500     .91500 

   1.66600    1.62600    1.69700    1.81200 

   1.09800    1.00700    1.11500    1.14600 

    .55100    1.08800    1.03300    1.41200 

   1.35700    1.32300    1.29200    1.58400 

    .85000     .89700     .95000    1.05500 

   1.07300    1.32100    1.44800    1.57300 

   1.06800    1.30200    1.48000    1.52600 
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Data Analysis: Wear test 
Within-Subjects Factors                                        Between-Subjects Factors 
 
 

Cycle Dependent 
Variable 

1 
2 

C2500 
C5000 

3 C7500 
4 C_10000 

 
 
Descriptive Statistics 
 
  sealant Mean Std. Deviation N 

C2500 clinpro .7263333 .24397150 15

  concise .6402667 .18998326 15

  fujiVII 1.0100000 .30227660 15

  Total .7922000 .29157492 45

C5000 clinpro .9066000 .30380017 15

  concise .8010000 .25418019 15

  fujiVII 1.1385333 .25876185 15

  Total .9487111 .30257994 45

C7500 clinpro 1.0076667 .28480085 15

  concise 1.0079333 .31804480 15

  fujiVII 1.2540667 .27295826 15

  Total 1.0898889 .30900340 45

C_10000 clinpro 1.1432000 .29149227 15

  concise 1.1338667 .31906691 15

  fujiVII 1.4068667 .28391595 15

  Total 1.2279778 .31851919 45

 
 
 
 
 
 
 
 
 
 

 N 
sealant clinpro 15 

  concise 15 
  fujiVII 15 
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Box's Test of Equality of Covariance Matrices (a) 
 
Box's M 21.696 
F .933 
df1 20 
df2 6.332E3 
Sig. .544 

                    
Tests the null hypothesis that the observed covariance matrices of the dependent 

variables are equal across groups. 

a  Design: Intercept+Sealant  

 Within Subjects Design: Cycle 

 
 
  

 
 
 
 
 
 
 
 
 
 
 
 

Mauchly's Test of Sphericityb  
    

Within 
Subjects 
Effect 

Mauchly'
s W 

Approx. Chi-
Square 

df Sig. 

Epsilona 

Greenhouse
-Geisser 

Huynh-
Feldt 

Lower-
bound 

Cycle .386 38.766 5 .000 .616 .673 .333

 
Tests the null hypothesis that the error covariance matrix of the orthonormalized 
transformed dependent variables is proportional to an identity matrix. 
a. May be used to adjust the degrees of freedom for the averaged tests of 
significance. Corrected tests are displayed in the Tests of Within-Subjects Effects 
table. 
b. Design: Intercept + Sealant  
 Within Subjects Design: Cycle 
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Tests of Within-Subjects Effects  

      

Source 
Type III 
Sum of 
Squares 

df Mean Square F Sig. 

Cycle Sphericity 
Assumed 

4.725 3 1.575 58.052 .000

Greenhouse-
Geisser 

4.725 1.847 2.559 58.052 .000

Huynh-Feldt 4.725 2.020 2.339 58.052 .000

Lower-
bound 

4.725 1.000 4.725 58.052 .000

Cycle * sealant Sphericity 
Assumed 

.099 6 .016 .608 .724

Greenhouse-
Geisser 

.099 3.694 .027 .608 .645

Huynh-Feldt .099 4.040 .025 .608 .660

Lower-
bound 

.099 2.000 .049 .608 .549

Error(Cycle) Sphericity 
Assumed 

3.419 126 .027 
  

Greenhouse-
Geisser 

3.419 77.564 .044 
  

Huynh-Feldt 3.419 84.834 .040   

Lower-
bound 

3.419 42.000 .081 
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Levene's Test of Equality of Error Variancesa 

 

 F df1 df2 Sig. 
C2500 1.401 2 42 .258
C5000 .445 2 42 .644
C7500 .109 2 42 .897
C_10000 .079 2 42 .925
 
Tests the null hypothesis that the error variance of the 
dependent variable is equal across groups. 
a. Design: Intercept + Sealant  
 Within Subjects Design: Cycle 

 

Tests of Between-Subjects Effects 
 

Transformed Variable:Average 
 

   

Source 
Type III Sum 

of Squares 
df Mean Square F Sig. 

Intercept 185.329 1 185.329 804.824 .000 
Sealant 3.245 2 1.623 7.047 .002 
Error 9.671 42 .230   
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Estimated Marginal Means 
 
1. Sealant  
 

 

sealant Mean Std. Error
95% Confidence Interval 

Lower Bound Upper Bound
Clinpro .946 .062 .821 1.071
Concise .896 .062 .771 1.021
FujiVII 1.202 .062 1.077 1.327

 
 
Pairwise Comparisons 
     

(I) sealant (J) sealant 
Mean 

Difference 
(I-J) 

Std. Error Sig.a 

95% Confidence Interval for 
Differencea 

Lower Bound Upper Bound

Clinpro 
Concise .050 .088 .570 -.127 .227

FujiVII -.256* .088 .006 -.433 -.080

Concise 
Clinpro -.050 .088 .570 -.227 .127

FujiVII -.307* .088 .001 -.483 -.130

FujiVII 
Clinpro .256* .088 .006 .080 .433

Concise .307* .088 .001 .130 .483

 
Based on estimated marginal means 

   

a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to 
no adjustments). 
*. The mean difference is significant at the .05 level.   
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2. Cycle 
 
 

Cycle Mean Std. Error
95% Confidence Interval 

Lower Bound Upper Bound
1 .792 .037 .717 .867
2 .949 .041 .867 1.031
3 1.090 .044 1.002 1.178
4 1.228 .045 1.138 1.318
 
Pairwise Comparisons 

     

(I) 
Cycle 

(J) 
Cycle 

Mean 
Difference (I-J)

Std. Error Sig.a 
95% Confidence Interval for 

Differencea 

Lower Bound Upper Bound 

1 2 -.157* .033 .000 -.224 -.089

3 -.298* .042 .000 -.382 -.213

4 -.436* .047 .000 -.530 -.341

2 1 .157* .033 .000 .089 .224

3 -.141* .029 .000 -.199 -.083

4 -.279* .030 .000 -.341 -.218

3 1 .298* .042 .000 .213 .382

2 .141* .029 .000 .083 .199

4 -.138* .021 .000 -.180 -.097

4 1 .436* .047 .000 .341 .530

2 .279* .030 .000 .218 .341

3 .138* .021 .000 .097 .180

 
Based on estimated marginal means 

   

*. The mean difference is significant at the .05 level.   
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to 
no adjustments). 
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3. Sealant * Cycle 
 

Sealant Cycle Mean Std. Error
95% Confidence Interval 

Lower Bound Upper Bound 

Clinpro 1 .726 .064 .596 .856 

2 .907 .071 .764 1.049 

3 1.008 .076 .855 1.160 

4 1.143 .077 .988 1.299 

Concise 1 .640 .064 .510 .770 

2 .801 .071 .659 .943 

3 1.008 .076 .855 1.160 

4 1.134 .077 .978 1.289 

FujiVII 1 1.010 .064 .880 1.140 

2 1.139 .071 .996 1.281 

3 1.254 .076 1.102 1.407 

4 1.407 .077 1.251 1.562 
 
 
Post Hoc Tests 
 
Sealant:  Multiple Comparisons 

Tukey HSD 
 

     

(I) sealant (J) sealant 
Mean 

Difference 
(I-J) 

Std. Error Sig. 
95% Confidence Interval 

Lower Bound Upper Bound 

Clinpro 
Concise .0501833 .08761134 .835 -.1626679 .2630345

FujiVII -.2564167* .08761134 .015 -.4692679 -.0435655

Concise 
Clinpro 
FujiVII 

-.0501833 .08761134 .835 -.2630345 .1626679

-.3066000* .08761134 .003 -.5194512 -.0937488

FujiVII 
Clinpro .2564167* .08761134 .015 .0435655 .4692679

Concise .3066000* .08761134 .003 .0937488 .5194512

 
Based on observed means. 
 The error term is Mean Square(Error) = .058. 

  

*. The mean difference is significant at the .05 level.   
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APPENDIX B 

MICROLEAKAGE TEST 

 

 
Table B. Percentage of microleakage for three sealants material  

 

Sample 
Microleakage (%) 

Concise Clinpro FujiVII 

1 100.0000 100.0000 100.0000 

2 100.0000 100.0000 100.0000 

3 100.0000 100.0000 100.0000 

4 .000000 4.244700 100.0000 

5 19.13438 100.0000 100.0000 

6 .000000 16.72300 100.0000 

7 100.0000 15.12260 100.0000 

8 100.0000 .000000 100.0000 

9 100.0000 100.0000 100.0000 

10 51.79266 38.93460 100.0000 

11 100.0000 21.41950 100.0000 

12 .000000 81.24048 100.0000 

13 100.0000 24.34210 100.0000 

14 .000000 55.23200 100.0000 

15 100.0000 100.0000 100.0000 

16 100.0000 100.0000 100.0000 

17 .000000 6.040500 100.0000 

18 37.94317 100.0000 100.0000 

19 100.0000 100.0000 .000000 

20 100.0000 100.0000 28.42800 
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Data Analysis: Microleakage test 

 
Correlations 

 

  length1 length2 
length1 Pearson Correlation 1 .930**

Sig. (2-tailed)  .000

N 48 48
length2 Pearson Correlation .930** 1

Sig. (2-tailed) .000  

N 48 48
 
**. Correlation is significant at the 0.01 level (2-tailed).

 
 
 
One-Sample Kolmogorov-Smirnov Test 
 
  Group Leakage 
N 60 60
Normal Parametersa,,b Mean 2.0000 73.34329475

Std. Deviation .82339 4.019503055E1
Most Extreme 
Differences 

Absolute .221 .413
Positive .221 .254
Negative -.221 -.413

Kolmogorov-Smirnov Z 1.712 3.200
Asymp. Sig. (2-tailed) .006 .000
 
a. Test distribution is Normal. 
b. Calculated from data. 
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Kruskal-Wallis Test 
 
Ranks 
 
 

Group N 
Mean 
Rank 

Leakage Concise 20 27.60

Clinpro 20 26.50

FujiVII 20 37.40

Total 60  

 
 
 
Mann-Whitney Test: Concise  V.S. Clinpro 
 
Ranks 
 
 Group N Mean Rank Sum of Ranks
Leakage Concise 20 20.63 412.50

Clinpro 20 20.38 407.50

Total 40   

 
Test Statisticsb 

 
 Leakage 
Mann-Whitney U 197.500
Wilcoxon W 407.500
Z -.074
Asymp. Sig. (2-tailed) .941
Exact Sig. [2*(1-tailed 
Sig.)] 

.947a

 
a. Not corrected for ties. 
b. Grouping Variable: Group 

 
 
 

Test Statisticsa,b 

 
 Leakage 
Chi-Square 6.725
df 2
Asymp. Sig. .035
 
a. Kruskal Wallis Test 
b. Grouping Variable: Group 
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Mann-Whitney Test: Concise  V.S. FujiVII 

 
Ranks 
 
 Group N Mean Rank Sum of Ranks
Leakage Concise 20 17.48 349.50

FujiVII 20 23.53 470.50

Total 40   

 
Test Statisticsb 

 
 Leakage 
Mann-Whitney U 139.500
Wilcoxon W 349.500
Z -2.158
Asymp. Sig. (2-tailed) .031
Exact Sig. [2*(1-tailed 
Sig.)] 

.102a

 
a. Not corrected for ties. 
b. Grouping Variable: Group 
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Mann-Whitney Test : Clinpro V.S. FujiVII 
 
Ranks 
 
 Group N Mean Rank Sum of Ranks
Leakage clinpro 20 16.63 332.50

Fuji VII 20 24.38 487.50

Total 40   

 
Test Statisticsb 

 
 Leakage 
Mann-Whitney U 122.500
Wilcoxon W 332.500
Z -2.586
Asymp. Sig. (2-tailed) .010
Exact Sig. [2*(1-tailed 
Sig.)] 

.035a

 
a. Not corrected for ties. 
b. Grouping Variable: Group 
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