
Introduction:

Bonding to dentin is far more challenging because dentin is

a composite of apatite crystal “fillers” embedded in a collagen

matrix. Usually the dentinal surface is covered with a smear

layer that adheres weakly to the underlying intact dentin.1

The mechanism of dentin adhesion, enhanced by hybrid

layer formation was proposed by Nakabayashi 2 in which

diffusion and impregnation of resin into partially

decalcified dentin followed by polymerization create a resin

reinforced layer or the hybrid layer. The penetration of

adhesive monomers into the superficially demineralised

dentin and subsequent polymerization into large molecular

weight resin polymers are indispensable for creating an

ideal hybrid layer. A durable interfacial adhesion between

tooth and biomaterial is essential for ideal restoration.3

Dental adhesives were developed to provide a strong

bonding interface between the tooth substrate and the

restorative material being using in restorative dentistry.4

Adhesive dentistry has advanced greatly over the last

decade.5 Generations of adhesives were developed to

obtain an effective bond at the dentin. Studies about

adhesive systems aim to provide well qualified and long

lasting adhesion, practical application and decrease of

the working time in order to decrease the technical

sensitivity of the adhesive. Bond strength measurement

in a laboratory last is one of the most effective methods of

characterizing commercial dentin bonding products. Using

a micro tensile test it is possible to evaluate the adhesive

system bonding strength on dentine. The micro tensile

test is increasingly used to evaluate the strength of such

tooth adhesive bond.3

 A tensile stress is cause by a load that tends to stretch or

elongate a body. Strength is the stress that is necessary

1. Dr. Munira Ferdousi, BDS, MS, Assistant Professor,

Department of Conservative Dentistry & Endodontics, Dhaka

Dental College, Dhaka.

2. Dr. Mst. Laila Akter Banu, BDS, MS, Assistant Professor,

Department of Conservative Dentistry & Endodontics, Dhaka

Dental College, Dhaka.

3. Dr. Tahmeena Ishrat Ahmed BDS, MS, Junior Consultant,

Department of Conservative Dentistry & Endodontics, Dhaka

Dental College & Hospital, Dhaka.

4. Dr. Mahenaz Munira, BDS, MS, Junior Consultant, Department

of Periodontology & Oral Pathology, Dhaka Dental College

& Hospital, Dhaka.

5. Dr. Raihana Nahar, BDS, MS, Assistant Professor, Department

of Conservative Dentistry & Endodontics, Dhaka Dental

College, Dhaka.

6. Dr. AKM Bashar, BDS, MS, FCPS, Associate Professor,

Department of Conservative Dentistry & Endodontics,

BSMMU, Dhaka.

Address of Correspondence: Dr. Munira Ferdousi, BDS, MS,

Assistant Professor, Department of Conservative Dentistry &

Endodontics, Dhaka Dental College, Dhaka.

Evaluation of tensile bond strength of fifth, sixth and seventh

generation bonding systems to dentin
Ferdousi  M 1 , Banu MLA 2,  Ahmed TI 3 , Munira M 4, Nahar R 5, Bashar AKM 6

Abstract:

Introduction: A durable interfacial adhesion between tooth and biomaterial is essential for an ideal

restoration .Dental adhesives were developed to provide a strong bonding interface between the tooth

substrate and the restorative material being using in restorative dentistry. Objective: The purpose of

this study was to evaluate the micro -tensile bond strength (ì TBS) of three generations bonding system.

Materials and Methods: 45 teeth were taken on the basis of inclusion and exclusion criteria and

randomly divided into 3 groups. Groupings were done according to three different generation bonding

system application. For µTBS measurement each part of tooth was serially sectioned to obtain stick

shape sample with 1± 0.2mm2 of bonding area. A universal testing machine Hounsfield, Germany (1

ton) was used to conduct µTBS test at a crosshead speed at 1mm/min. The tensile load at which fracture

occurred were recorded and results were transformed in Mega Pascal (MPa). Results: Differences in

ìTBS were found in all three samples groups. The tensile bond strength of fifth generation bonding

systems was higher than sixth and seventh bonding systems. There was almost no difference between

the tensile bond strength of sixth and seventh generation, but the difference was statistically significant

(p value: 0.001). Conclusion: Fifth generation bonding systems provide better tensile bond strength

than sixth and seventh generation bonding systems.

Keywords: Bonding system, µ TBS.

(Bangladesh Dental Journal 2016; 32: 13-18)



to cause fracture or a specified amount of plastic

deformation. In a tensile test, the bond is broken by a

force working at a 90°angle (perpendicular) to the tooth

surface. 6, 7

The study was undertaken to investigate the degree of

tensile bond strength produced by three generations

bonding agents. Fifth generation (total etch): Prime and

Bond NT (Dentsply, USA), sixth generation (self etch): FL

Bond II (Shofu, Japan) and seventh generation(self etch):

G-Bond (GC, Japan) were examined in this study.

Fifth generation -Prime & Bond NT is a self-priming, light-

cured bonding agent that contains nanofillers of

amorphous silicone dioxide. Sixth generation -FL-BOND

II, is a radiopaque, fluoride releasing adhesive system

features a unique primer and bonding agent to provide an

excellent bond to both enamel and dentin with a secure

marginal seal. Seventh generation - G-Bond has been

developed to enable fast-and-easy bonding procedures:

one step and provide a bonding agent that does not

contain HEMA (2-hydroxyethyl methyl meth acrylate).

Several studies were done to compare between the

generations, between different techniques such as total

etch versus self etch, between different manufacturer

products of same generation, between enamel and dentin,

between different dentinal areas but researcher still not

concluded in any suitable results.

The purpose of this study is to evaluate the micro tensile

bond strength of three generation bonding materials to

dentin and to find which generation produces greater

tensile bond strength.

Materials and methods:

This is a prospective comparative in-vitro study.  The

duration of study is from January 07 to December 08.

The sample size of this study was forty five. After

application of bonding material and composite restorative

materials on teeth, stick samples were prepared for

measurement of bond strength. Only freshly extracted

human mandibular and maxillary premolars that are

extracted due to orthodontic purpose are included in the

study, collected from Department of Orthodontics,

Faculty of Dentistry, BSMMU. Sample tooth were fix in a

low speed diamond saw, occlusal enamels were removed.

Sectioning of tooth was done perpendicular to its long

axis for creating a flat dentine surface. The dentin surfaces

were thoroughly rinsed with water and the selected

bonding systems were applied according to each

manufacturer’s directions.

45 teeth were randomly divided into 3 groups. Each group

contains 15 teeth. Groupings were done according to three

different generation bonding system application.

Group A: Fifth Generation Bonding System -Prime & Bond

NT, Dentsply, USA

Group B: Sixth Generation Bonding System- F L Bond II,

Shofu, Japan

Group C: Seventh Generation Bonding System- G Bond,

GC Corporation, Japan

Group A: Application of fifth generation (Prime Bond NT

Dentsply) bonding system: Etching gels (Dentamerica)

were applied for 15 sec on the prepared tooth surfaces.

Removal of etching gels was done with vigorous water

spray. Rinsing of the conditioned areas was done

thoroughly for at least 10 sec. Blot drying of the

conditioned areas were done with moist cotton pellets.

Using applicator tips, application of generous amount of

Prime and Bond NT bonding material were done to

thoroughly wet all the tooth surfaces. These surfaces were

kept wet for 20 sec and additional applications of adhesive

materials were done as necessary. Removing of excess

solvents was done by gently drying with clean, dry air

from a dental syringe for at least 5 sec. Surfaces had a

uniform glossy appearance after application. Curing was

done using Selector Light Curing machine for 10 sec.

Group B: Application of sixth generation (F L Bond II,

Shofu, Japan) bonding system: Applications of FL primers

were done onto the restorative surfaces with micro

applicators and after 10 sec drying were done thoroughly

with air. Air blowing was not done after applying bonding

material. Light-curing of the bonding agent immediately

was done using Selector Light Curing machine and light

curing was done for 10 sec.

Group C: Application of seventh generation (G Bond, GC,

Japan) bonding system: Prepared tooth surfaces were

dried by gently blowing with and air syringe. G Bond

bonding materials were applied on tooth surfaces with

applicator tips after shaking the bottle and leave

undisturbed for 5-10 sec. Air drying was done thoroughly

for 5 sec. The final result were a thin, rough, adhesive film

with the appearance of frosted glass and which did not

visibly move under further air pressure. Light curing was

done for 10 sec.

Method of preparing samples for µµµµµTBS measurement:

A resin block using 3M ESPE Z100TMLight cured

composite restorative materials were fabricated using a

layered technique in the occlusal direction up to a final
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height of 4mm. Each layer was light cured for 40 sec using

Selector light curing machine.

Roots were cut off at their middle third using a diamond

disc. The teeth were then individually fixed in acrylic resin

block. For tensile strength measurement each tooth were

serially sectioned by slow speed diamond saw in the

occluso-gingival direction to produce 1mm thick slabs.

The block were then rotated 90 degrees and serial section

were repeated using a diamond disc under water irrigation

to obtain stick shape sample with 1± 0.2mm2 of bonding

area. Five to six standardized sticks will be made from each

tooth, but only three suitable dentine composite sticks

per tooth were chosen for bonding test use. The sticks

were kept moist during preparation for the micro tensile

test (maximum 20 min).

The tensile load at which fracture occurred were recorded

and results were transformed in Mega Pascal (MPa).

Fig.-1: Stick samples

Fig.-2: Attachments of samples on acrylic plates

Both end of the specimen were attached to acrylic plates

with cyanoacrylate glue for micro-tensile strength test. A

universal testing machine Hounsfield (1 ton), Germany

was used to conduct ìTBS test at a crosshead speed at

1mm/min.

Fig.-3: Insertion of sample

Fig.-4: After de bonding of samples

Fig.-5: Bond strength messurement
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The results were tabulated and mean tensile strength

values were evaluated for Group-A, Group-B and Group-

C. Data collections were done from all sample groups for

measurement of bond strength (Mpa).

Results:

The present study was under taken to evaluate the tensile

bond strength of fifth, sixth and seventh generation

bonding system. Tensile bond strength (MPa) differences

were found in all three samples groups (Table-I). The tensile

bond strengths of fifth generation bonding systems was

significantly different, and was higher than sixth and

seventh bonding systems. There was no significant

difference between the tensile bond strength of sixth and

seventh generation. Tensile Bond strength measurements

of different generations were recorded on data collection

sheet. The summarized data were then presented in form

of tables and line charts.

Statistical analysis:

All the relevant collected data were compiled on a master

chart first. Statistical analysis of the results was done by

computer software device as statistical packages for social

science (SPSS ver. 16.0). The results were presented in

tables, figures, diagrams etc. The significant data were

tested for multiple comparisons by Bonferroni multiple

comparison tests. For significant of differences, ANOVA

was performed. A ‘p’ value <0.05 was considered as

significant.

In present study, group A shows highest tensile bond

strength. Group C shows lowest tensile bond strength.

Tensile bond strength of group B and C was not

significantly differing from each other. Significant mean

tensile bond strength differences were found among three

groups in ANOVA test.

Multiple Comparison (Bonferroni‘t’) test was done as the

test of significance.

Group A vs. Group B p=0.001, Group A vs. Group C p=0.001

Group B vs. Group C p=0.001

Tensile bond strength (MPa) differences were found in all

three samples groups.

Fig.-6: Results of bond strength in graph

Table-I

Mean distribution of bond strength and resin tags length of the studied samples group:

                     Group A                     Group B                          Group C P value

(mean ±SD) (mean ±SD) (mean ±SD)

Tensile Bond strength 38.4 ±1.8 21.7 ±2.2  29.0 ±2.5  0.001

(MPa)

Group A= Fifth Generation Bonding System

Group B= Sixth Generation Bonding System

Group C= Seventh Generation Bonding System

Fig.-7:  Bar diagram showing mean distribution of tensile bond strength length of the studied samples
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Discussion:

The micro tensile bond strength of three generation

adhesive systems to dentin is evaluated in this study. The

bonding materials tested in this study revealed

considerable variations in the micro tensile bond strength

in different generations.

Several studies were done to evaluate bond strength:

tensile and shear bond strength. Bond strength

measurements have become a well-recognized method to

analyze an important part of the in vitro performance of

dental adhesives it permits testing of a very small area and

have supported the development of improved bonding

systems and techniques. The highest bonding strength

was found in fifth generation bonding system. But

technique sensitivity and application time is still a problem

in fifth generation. Sixth and seventh (Self etch) adhesive

systems were produced as an alternative for total-etch

systems to reduce the technique sensitivity and application

time.

Self-etching adhesive systems offer reduced application

time and lower technique. There is a possibility for chemical

interaction between functional monomers of some self-

etching systems and tooth tissue compared with etch-

and-rinse systems. 8 Several studies regarding the efficacy

of new adhesive systems can be found in the literature

showing promising results. Due to the complexity of dentin,

such as the high percentage of organic components, the

variability in surface moisture, varied regional tubule

orientation differences in permeability and presence of

sclerotic dentin, a wide range of results are seen among

different studies.9

The µTBS of nine dentin adhesive systems to dentin

substrate’s peripheral and centre regions were evaluated

in this study .For both bonding areas, the highest bonding

strength was found for Prime & Bond NT the lowest

bonding strength was found for Promt L Pop. 3

A trend in adhesive dentistry is to provide simpler and

faster adhesives. Therefore, many manufacturers have

launched an ‘all in- one’ adhesive. None of the

contemporary ‘all-in-one’ adhesives, however, can

compete with the more traditional multi-step adhesives.

Further studies can be done regarding durability of

bonding systems.

The ultimate goal is to develop self-adhesive restorative

biomaterials that no longer need an adhesive for bonding

to tooth tissue. Although glass ionomers and their

derivatives can be considered as self-adhering

restoratives, they lack other clinically relevant properties,

such as sufficient mechanical strength, wear resistance,

polish ability and thus aesthetics. In brief, the concept of

‘minimally invasive dentistry’ may require a different set

of restorative materials with physical and chemical

properties adapted to the biomechanical needs of these

new techniques .10 Among several factors that may

interfere with the quality of bonding, the type of adhesive

systems used is of great importance. Systems employing

a separate acid etching step are apparently more sensitive

to dentin characteristic depth than are self-etching

systems.11

Table-II

Comparison of tensile bond strength among the three samples groups

Variables Groups Mean Difference P value

Tensile bond strength (MPa) Group A Vs Group B 16.6 0.001

Group A Vs Group C 9.4 0.001

Group B Vs Group C 7.2 0.001

Group A: Fifth Generation Bonding System

Group B: Sixth Generation Bonding System

Group C: Seventh Generation Bonding System

Fig.-8: Bar diagram showing comparison of tensile

bond strength among the three samples groups
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Dental adhesive developments shortened the etching time

and enabled etching and bonding of dentin as well as

enamel. Today, clinicians have a variety of esthetic and

functional materials to choose from when faced with the

need to perform cosmetic dentistry. As dentists, we are

always looking for products that are quick and simple to

use yet high-performing and effective. Laboratory studies

have shown an overall downward trend in bond strengths;

especially with the one-step version.12 Caution is advised

with new bonding systems until controlled clinical studies

are available.

Conclusion:

Fifth generation bonding systems provide better tensile

bond strength than sixth and seventh generation bonding

systems.
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