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ABSTRACT
 

Aim of the study. The purpose of this study was to compare the bonding force made by three different 

orthodontic adhesives: Fuji Ortho LC, Ketac Cem conventional and Transbond Plus Color Change 

Adhesive between metal brackets and tooth enamel. Material and methods. The study was performed in 

vitro, on a group consisting of 30 maxillary and mandibular premolars extracted for orthodontic purposes. 

The research group was equally divided in three; on each of those three formed batches metal brackets 

were bonded, using one of the three different adhesive systems mentioned above. Then, a universal 

testing machine was used for debonding the brackets. We determined and compared the strength of those 

adhesive systems by statistical means. Results. The bond strength of Fuji Ortho LC group was greater 

than that created by using the other two adhesive systems, but clinically acceptable bond strengths were 

found even for the other two study groups. 
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INTRODUCTION 

Fixed orthodontics is an important and 

demanding field of the clinical practice. The 

clinician must think, besides the treatment 

plan, about the materials he will use: the 

type of brackets, the indicated arches, the 

elastic chains and modules, etc. Adhesion of 

the brackets is an important problem. Their 

collage is a test stone, the adhesive used 

must prevent the debonding of the brackets 

from the teeth under the action of the 

masticatory forces and of the orthodontic 

forces applied during the treatment [1]. 

Reynolds concluded in his study that the 

clinically acceptable bond strength ranges 

5.9–7.8 MPa [2]. Since the last three 

decades of the past century, the idea of 

comparing the adhesion made by bonding 

agents from different chemical classes has 

interested many researchers [3]. 

Besides, the use of brackets and bands 

can cause enamel decalcification. So, using 

a bonding agent that is fluor releasing is 

indicated for the patient’s long-term benefit. 

This is why we chose to study and compare 

the adhesion strength of three fluoride types 

of adhesives which have a carioprotective 

effect. 

Fuji Ortho LC is an light-curing adhesive 

producted by GC America, Inc., described 
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as a resin reinforced glass ionomer. In 

orthodontics it is frequently used for 

bonding bands and brackets. Fuji Ortho LC 

can be used with or without an etching 

technique [4]. Because it is a glass ionomer 

luting cement with the capacity to release 

fluoride, it prevents the decalcification and 

the appearance of “white spots” after 

debonding. In many studies the researchers 

have demonstrated that the use of the 

phosphoric acid before bonding improves 

the bond strength without influencing the 

long-term mineralization of the enamel 

because of the glass ionomers’ capacity to 

release mineral ions [5, 6, 7]. 

 

Transbond Plus Color Change Adhesive 

(3M) is a resin with ionized glass particles, a 

fluoride releasing one, which has the 

capacity to change color after light-curing. 

This adhesive has hydrophilic properties. Its 

pink indicator is activated by exposing to the 

natural light or by light-curing. The initial 

pink colour helps the orthodontist to remove 

the excess from the dental enamel before 

light-curing [8, 9]. During the 

polymerization, the initial colour fades and 

turns irreversibly into a colour close to that 

of the tooth enamel. The colour change 

makes the esthetic aspect of the bonding 

during the treatment phase. The restant 

adhesive may cause mechanical irritation of 

the gingiva and oral mucosa, at the same 

time it might become a site for the bacterial 

multiplication and demineralization of the 

tooth enamel [9]. It has been demonstrated 

that Transbond Plus used with Transbond 

self-etching primer (3M) gives a superior 

bond strength compared to that of the 

conventional Transbond XT used with the 

same primer, even under the conditions of 

saliva contamination; that's why we chose to 

use Transbond self-etching in our study 

[10]. Self-etching primers were 

manufactured to eliminate the etching step 

and reduce the working time and the 

salivary contamination of the bonding; they 

are combinations of acids and primers [10]. 

Being a glass ionomer cement, Ketac 

Cem (3M) bonds chemically to the dental 

enamel. Its high fluoride content makes 

enamel more resistant to caries [11]. Ketac 

Cem contains polyacrylic acid and alumino-

silicate. It is a liquid-powder self-curing 

cement; the setting occurs in the presence of 

water. We wanted to evaluate conventional 

Ketac Cem’s bond strength, when used for 

bonding brackets [12].  

 

MATERIAL AND METHOD 

As a study material we used a total of 30 

maxillary and mandibular premolars 

extracted as a part of the orthodontic 

treatment plans. The donors gave us their 

written consent for the use of the extracted 

teeth in the study. In this in vitro study, the 

inclusion criteria for the teeth selection 

were: 

 the integrity of the crown, the 

absence of caries and cracks caused by 

the extraction procedures; 

 the absence of any structural or 

developmental defect; 

 the absence of crown restaurations 

[10]. 

All the 30 teeth were cleaned with 

Depural Neo, an abrasive paste used for 

professional brushing, fluoride-free and 

slightly abrasive. After that, we kept them 

for 24 hours in physiological serum.  We 
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separated the premolars’ crowns and roots at 

the enamel-cement jonction by using low 

speed diamond disks and water cooling [13]. 

All the teeth were then mounted in blocks of 

Duracrol, a self-curing acrylic resin, so that 

only their buccal surface would remain 

exposed for bonding the brackets. We took 

care that the surfaces to be investigated were 

not contaminated with acrylic resin. 

The prepared teeth were randomly 

divided into three groups (10 samples in 

each group) according to the material used 

for bonding: 

Group 1: Fuji Ortho LC in capsules (GC 

Corporation, Tokyo, Japan); 

Group 2: Transbond Plus Color Change 

Adhesive (3M); 

Group 3: Ketac Cem (3M). 

In the case of the group 1 and 3, the 

enamel surface on which the brackets were 

applied was pre-treated for 15 seconds with 

phosphoric acid 37%. [4, 5, 6]. 

For the group 2, we applied Transbond 

self-etching primer before bonding with 

Transbond Plus Color Change. 

All the materials used in this study were 

applied according to manufacturing 

companies’ instructions. 

We used for all the teeth in the study 

Discovery brackets from DENTAURUM 

GmbH & Co. After applying the adhesive 

agents, we pressed the brackets evenly on 

the enamel surface. Excessive bonding 

material was then removed gently by using a 

sealer around the bracket base. 

The light-curing for the groups 1 and 2 

was performed with X-CURE LED GUILIN 

lamp. 

We used than a universal testing machine 

to determine the force required to detach the 

brackets. 

The cervico-incisal dimension of the 

buccal surface was parallel with the vertical 

plane. 

We applied an occluso-cervical force to 

the bracket base, with a speed of 0,5 

mm/min. The force required to detach the 

brackets was recorded in megapascal (MPa). 

The results were statistically evaluated 

using ANOVA: Single factor for comparing 

the groups at the statistical significance of   

P   0.05. 

 

RESULTS 

Table 1. shows the values expressed in 

Megapascals (MPa) of the mean bond 

strength of the three groups. Fuji Ortho LC 

showed higher bond strength (13,53 MPa) 

than Transbond Plus Color Change (10,16 

MPa) and Ketac Cem (8,91 MPa). The 

statistical results showed statistically 

significant differences between the averages 

of the three studied groups. 

 

Tabel no. 1 

Groups Bonding agent Average (Mpa) Variance 

Group 1 Fuji Ortho LC 13,53  0,6428 

Group 2 Transbond Plus Color Change 10, 16  1,7109 

Group 3 Ketac Cem 8,91  0,9782 
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P-value between groups was 0,000000000604 0,05  

 

DISCUSSION 

All of the studied adhesive systems have 

been shown to have adequate adhesion for 

use as bonding agents for orthodontic 

brackets [2]. 

Other researchers, like Bishara and 

Feizbakhsh, found out the strong bonding 

capacity of Fuji Ortho LC GI on dry enamel 

and even on the enamel moistened with 

water [3, 4]. Adhesion significantly 

decreases when the enamel surface is 

contaminated with saliva or when no etching 

procedure is done [4]. It was demonstrated 

that the use of an acid on the enamel’s 

surface creates a rough, irregular area which 

is more suitable for the strong 

micromechanical adhesion of a flowable 

bonding material. At the same time, the 

enamel surface’s free energy increases [14]. 

It is well known that the adhesion of glass 

ionomer cements to enamel is one of a 

chemical nature. Other studies, like that of 

Cook & all, demonstrate that “etching the 

tooth surface with phosphoric acid produced 

a significantly poorer bond to the enamel” 

[15]. Cacciafesta and Toledano concluded 

that Fuji Ortho LC bounded without any 

enamel conditioning produces a significant 

low bond strength comparatively with that 

realized by the same bonding agent with the 

etched enamel, using 37% phosphoric acid 

[5, 16]. 

In another study conducted by 

Trimpeneers, Ketac Cem produced the 

lowest adhesion of all the investigated 

adhesives when used for bonding brackets, 

even when an acid has previously been 

applied [11]. This widely used cement 

contains polyacrylic acid mixed with 

aluminium silicate; the setting occurs in the 

presence of water. It was described that the 

bond strength of glass ionomers to enamel is 

about 35-40 per cent of that made by 

composite resins (Klockowski, Cook) [12, 

15,]. Soon after bonding, Ketac Cem is 

vulnerable to fluids in the oral environment 

and after a long period it can be dehydrated. 

But Ketac Cem has still the important 

characteristic of releasing fluoride ions, by 

that preventing demineralization. In vitro it 

has also been demonstrated that 

glassionomer luting cements have 

antimicrobial effects, especially on 

Streptococcus mutans [17]. All this 

properties and the bond strength we 

determined recommend both Ketac Cem and 

Fuji Ortho LC for bonding orthodontic 

brackets. 

Sara Ekhlassi and her collaborators 

demonstate the higher adhesion of the 

Transbond Plus adhesive compared to that 

of the other two resins, using in a manner 

similar to our study the self-etching primer 

Transbond™ Plus for conditioning the 

enamel before bonding for all three studied 

groups [8]. Maurya conducted a study in 

which he demonstrated that Transbond Plus 

used together with Transbond Plus self-

etching primer proves significantly greater 

bond strength than Fuji Ortho LC GI [9]. 

This result is exactly the opposite of what 

we demonstrated in our study; we explain 

this difference by the fact that in the other 

study no demineralizing acid was used 

before applying Fuji Ortho LC GI, as we did 

in ours. We have already explained that the 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Feizbakhsh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28413593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ekhlassi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23674913
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use of phosphoric acid to increase the 

adhesion of Fuji was demonstrated by 

numerous authors, that is why we have used 

this way of applying this adhesive in our 

study as well. 

Other authors demonstrate that the bond 

strength of Fuji Ortho LC is significantly 

lower than of the conventional resins 

(Transbond XT), but its value (Fuji Ortho 

LC = 13.57 MPa) is very close to the 

average we found [18]. In theirs study, the 

enamel surface was conditioned for 20 

seconds with 10% polyacrilic acid, that 

might be an explanation for our similar 

results. 

Ortendahl and Thilander found out in 

their study that Ketac Cem has a higher 

bond strength then Fuji. They used the 

polyacrylic acid in order to raise the bond 

strength of all the seven studied luting 

cemens [19]. 

 

CONCLUSIONS 

1. In our study, Fuji Ortho LC has proven 

that under the studied conditions it can 

produce a greater bonding force than 

Transbond Plus Color Change and Ketac 

Cem, 

2. The results indicated that Ketac Cem 

produces the lowest bond strength of the 

three studied bonding materials under the 

studied conditions. The preparation, the 

application and the setting time of Ketac 

Cem extend the chairside working time 

which is not an advantage compared to 

the other two studied bonding materials. 

3. All three studied adhesive systems have 

been proved to have adequate adhesion 

for use as bonding agents for orthodontic 

brackets. 

4. It is very important for the future research 

to investigate the influence of different 

methods of pretreating the enamel before 

bonding brackets on the bond strength. 
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