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bonding has become the most popular method and clinical 
standard for attaching orthodontic brackets. A common 
requirement for all resin-based composite adhesive systems 
is some form of  enamel etching due to which there is loss 
of  surface enamel and subsequent caries susceptibility. 
Because of  this glass ionomer has been suggested as an 
alternative due to their distinct advantage of  fluoride 
release. Despite this advantage, studies have reported 
poor bracket bond strength in the range of  2.4–5.4 MPa[3] 
and higher bracket detachment rate than composite resin 
systems. This was a major shortcoming. Addition of  
small amount of  light-activated resin to glass ionomer 
cements (GICs) was found to improve the physical and 
mechanical properties of  GICs. These came to be known 

INTRODUCTION

The introduction of  the acid etch technique by Buonocore[1] 
in 1955 and the development of  orthodontic resins by 
Newman et al.[2] in 1965 has replaced banding with bonding, 
marking a new era in orthodontic history. Today, direct 
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Abstract
Introduction: Decalcification of tooth enamel around orthodontic brackets continues to be a perennial problem in orthodontics. 
The success of fluoride as a cariostatic agent is attributed to two functions: (1) Bactericidal effect at higher concentrations and 
(2) remineralization of enamel to form fluorohydroxyapatite. Amorphous calcium phosphate (ACP)-filled methacrylate composites 
have demonstrated the potential to remineralize carious enamel lesions by releasing supersaturated levels of calcium and 
phosphate ions in proportions favorable for the formation of hydroxy apatite over an extended period of time. Aegis OrthoTM*, 
an ACP-containing adhesive, has been marketed for the use as a light-cured orthodontic adhesive with similar properties to 
previously used resins. However, to even be considered for clinical use, they must first provide satisfactory shear bond strength.

Purpose: The purpose of the study was to determine whether an ACP-containing adhesive (Aegis Ortho) provides an acceptable 
level of shear bond strength to function as an orthodontic adhesive.

Materials and Methods: Sixty extracted premolars were randomly divided into three groups for orthodontic bonding. Group 1 
used a composite resin adhesive (Transbond XT), Group 2 was bonded with an ACP-containing adhesive (Aegis Ortho), and 
Group 3 used a resin-modified glass ionomer (Fuji Ortho LC). All bonded teeth were stored in distilled water at 37°C for 24 h 
before debonding. Shear bond strength and adhesive remnant index (ARI) were recorded for each specimen.

Results: The mean shear bond strengths for the three test groups were as follows: Group 1 (10.83 ± 3.03 MPa), Group 2 
(4.04 ± 2.12 MPa), and Group 3 (10.99 ± 2.48 MPa). The statistical analysis showed that there was no statistically significant 
difference in bond strength between Group I and Group III. Groups II and III exhibited lower ARI scores than Group I, but a 
majority of specimens had greater than 50% of the cement removed along with the bracket during debonding except Group I.

Conclusion: Orthodontic resin containing ACP has significantly lesser shear bond strength to function as an orthodontic adhesive.
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as “resin-modified GICs” and were introduced to the 
dental profession in 1988. Studies in orthodontic literature 
reported improvement of  bond strength from 5.4 to 18.9 
MPa with these resin-modified GICs.[4,5]

Decalcification of  tooth enamel around orthodontic 
brackets continues to be a perennial problem in 
orthodontics. The success of  fluoride as a cariostatic agent 
is attributed to two functions:[6] (1) A bactericidal effect at 
higher concentrations and (2) remineralization of  enamel 
to form fluorohydroxyapatite which is less soluble in an 
acidic medium than hydroxy apatite.

Thus far, our specialty had focused mainly on protocols 
for fluoride intervention. However another mechanism 
can also favor remineralization dynamics: Amorphous 
calcium phosphate (ACP)-filled methacrylate composites 
have demonstrated the potential to remineralize carious 
enamel lesions by releasing supersaturated levels of  
calcium and phosphate ions in proportions favorable 
for the formation of  hydroxy apatite over an extended 
period of  time. This was considered a novel approach 
and a departure from the many fluoride-containing 
resin-based materials. The first commercially available 
ACP-containing orthodontic resin received FDA approval 
in February 2004.

ACP has the properties of  both preventive and restorative 
materials that justify its use in dental cements, sealants, 
composites, and more recently, orthodontic adhesives. 
ACP-filled composite resins have been shown to recover 
71% of  the lost mineral content of  decalcified teeth.[7] 
One ACP-containing adhesive, Aegis OrthoTM* has been 
marketed for use as a light-cured orthodontic adhesive with 
similar properties to previously used resins.

Studies have demonstrated there mineralization potential 
of  ACP-containing materials.[7-9] However, to even 
be considered for clinical use, they must first provide 
satisfactory shear bond strength. There are hardly any 
studies in orthodontic literature which investigates the 
bond strength of  ACP-containing materials. Therefore, 
the aim of  this study was to determine whether Aegis 
Ortho adhesive provides an acceptable level of  shear 
bond strength to function as an orthodontic adhesive. 
This product was compared with the commonly used 
orthodontic adhesives/cements, Transbond XTTM** and 
Fuji Ortho LCTM*** in India. Similar to the claims made by 
the ACP adhesive manufacturer, the use of  resin-modified 
GIC (Fuji Ortho LC) has been said to be more effective in 
preventing white spot lesions than conventional composite 
resins.[10] Using this cement as another comparative 
group allows comparison of  adhesives marketed for the 
purpose of  white spot prevention. The efficacy of  the 

ACP-containing adhesive in preventing demineralization 
was not the focus of  this study, but if  proven to have 
adequate bond strength, this feature will be explored in 
future research.
•	 *-Harry J Bosworth Company, Skokie, Illinois
•	 **-3M Unitek, 2724, South Peck Road, Monrovia, CA 

91016, USA
•	 ***-GC America Inc., Alsip, Ill.

MATERIALS AND METHODS

Sixty extracted human premolars, free of  visible caries, 
decalcification, fractures, peculiar morphology, fractures, 
and other defects were collected and stored in distilled 
water at room temperature and remained in distilled water 
at all times except when brackets were being bonded and 
debonded. The distilled water was changed periodically to 
inhibit bacterial growth.

The teeth were randomly divided into three groups – 
Group I, Group II, and Group III, all containing 20 
specimens.
•	 Group I – Samples were bonded using Transbond XT 

(3M/Unitek Corp, Monrovia, Calif.)
•	 Group II – Samples were bonded using Aegis Ortho 

(Harry J Bosworth Co., Skokie, Ill) [Figure 1], and
•	 Group III – Samples were bonded using Fuji Ortho 

LC (GC America Inc., Alsip, Ill).

Grooves were made on the root surface of  each sample 
and then embedded in a cylindrical colored acrylic block of  
polymethyl methacrylate so that only the coronal portion 
of  the specimen was exposed [Figure 2]. The crowns 
were oriented along the long axis of  the blocks and were 
stored in distilled water at room temperature in a closed 
airtight container. Sixty 022-MBT metal maxillary premolar 

Figure 1: Aegis OrthoTM amorphous calcium phosphate-
containing adhesive
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brackets were used (Gemini Series, 3M Unitek). The base 
area of  each bracket was calculated (mean = 10.12 mm2) 
using image analysis equipment.

Before bonding, all teeth were cleaned using coarse, oil free 
pumice with a rubber prophylaxis cup, rinsed with water, 
and dried for 10 s using an air-water syringe. The teeth were 
etched with 35% phosphoric acid gel (Harry J. Bosworth 
Co.) for 30 s and then thoroughly rinsed with sterile water 
from an air/water syringe and dried with oil free and 
moisture free air until enamel had a frosty appearance.

For Group I, a layer of  Transbond XT primer was applied 
to the tooth surface and photopolymerized for 10 s. Then, 
Transbond XT paste applied to the base of  the bracket 
which was then placed on the tooth with firm pressure. 
Excess adhesive was removed from around the base of  
the bracket and the adhesive was then light cured for 
40 s, positioning the light source on each interproximal 
side for 20 s with the help of  QHL75, Dentsply halogen 
curing light.

For Group II, a layer of  Aqua Bond was applied on the 
etched enamel and gently air dried for 5 s. Then, a thin layer 
of  ACP-containing orthodontic adhesive (Aegis OrthoTM, 
Harry J. Bosworth Co.) was applied to the orthodontic 
bracket and immediately pressed into the adhesive on 
the tooth surface. Excess adhesive was removed. For 
Group III instead of  frosty appearance, the tooth surface 
kept moist after acid etching. The powder and liquid were 
mixed. The mixed cement was applied to the bracket 
bases and immediately the brackets were pressed on to the 
prepared tooth surface. The excess cement was removed. 
The cement was photopolymerized using the same light 
and following the same protocol as the first group. The 
manufacturer’s instructions were followed throughout 
the procedure.

After bracket bonding, all the samples were stored in 
distilled water at 37°C for 24 h.

Method of Shear Bond Strength Evaluation
The shear strength of  bonded teeth was tested using an 
Instron Universal Testing Machine (UTM) Model No: 
1195-5500R [Figure 3]. The sample testing was carried 
out using a sensitive load cell value of  5000 Newton. This 
technique of  testing shear bond strength has been widely 
reported in the literature.

Each tooth was oriented with the testing device as a guide 
and held firmly between the lower cross head of  the 
UTM [Figure 4] so that its labial surface would be parallel 
to the applied force during the shear bond strength tests. 
A gingivo-occlusal load that produced a shear force at 

the bracket-tooth interface was applied to the bracket 
by means of  a looped soft stainless steel wire of  size 21 
gauge attached to the upper cross head of  the machine. 
The results of  each test were recorded in Newton (N) on 
a graphic plotter. Shear bond strengths were measured at a 
crosshead speed of  0.5 mm/min. The bond strength was 
calculated in megapascals.

Figure 2: Acrylic blocks with teeth embedded

Figure 4: Shear bond strength jig mounted on universal testing 
machine

Figure 3: Instron universal testing machine
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After debonding, each tooth was examined under 
stereomicroscope named Carl Zeiss Jena to determine the 
amount of  adhesive remaining on each tooth according to 
adhesive remnant index (ARI).[11]

OBSERVATIONS AND RESULTS

The values obtained on testing the shear bond strength 
of  samples in Groups I, II, and III were recorded in 
Newton and then converted into MPa (megapascal). 
Routine statistical analysis such as mean, maximum and 
minimum, range, and standard deviation was calculated 
for each group.

Data were analyzed using computer software, Statistical 
Package for the Social Sciences (SPSS) version 10. Data 
are expressed in its mean, median, and standard deviation. 
Analysis of  variance (one-way ANOVA) was performed 
as parametric test to compare different groups. Duncan’s 
multiple range (DMR) test was used as post hoc analysis to 
elucidate individual comparisons between groups. For all 
statistical evaluations, a two-tailed P < 0.05 was considered 
statistically significant.

The shear bond strength for brackets bonded with 
Transbond XTTM in Group I was 10.83 ± 3.03 MPa, for 
Aegis OrthoTM in Group II was 4.04 ± 2.12 MPa, and 
for Fuji Ortho LC in Group III was 10.99 ± 2.48 MPa. 
Fuji Ortho LC was found to have the highest and Aegis 
OrthoTM the lowest shear bond strength. Post hoc DMR test 
for individual group showed that there was no statistically 
significant difference in bond strength between Group I 
and Group III. One-way ANOVA showed that Group II 
(Aegis Ortho) has significantly lower bond strength than 
both Group I (Transbond XT) and Group III (Fuji Ortho 
LC) [Table 1], [Figure 5].

ARI
After debonding, the enamel surface of  each tooth 
was examined with a stereomicroscope under ×10 to 
determine the amounts of  residual adhesive remaining 
on each tooth. A modified ARI suggested by Artun and 
Bergland[11] was used to quantify the amount of  remaining 
adhesive using the following scale: 0, no composite left 
on enamel surface; 1, less than half  of  composite left on 
enamel surface; 2, more than half  of  composite left 
on enamel surface; and 3, all composite left on enamel 
surface [Table 2].

The mean ARI score for Transbond XT was 1.4 in Group I, 
for Aegis Ortho, it was 0.67 in Group II, and for Fuji Ortho 
LC, it was 0.87 in Group III. Kruskal–Wallis ANOVA 
was used as non-parametric tool to compare ARI scores 

between different groups [Table 3], [Figure 6]. It showed 
that there was statistically significant difference between 
the mean ARI values of  Group I and Groups II and III. 
For all statistical evaluations, a two-tailed P < 0.05 was 
considered statistically significant.

DISCUSSION

Until recently, most of  the attention has been on 
fluoride, either placed topically in various concentrations 
or incorporated into restorative materials with varying 

Table 2: Number of samples and their distribution 
according to adhesive remnant index
Group Adhesive remnant index scores

0 1 2 3
I 2 5 9 4
II 5 10 3 2
III 5 9 3 3
ARI scores: 0 – no composite left on enamel surface; 1 – less than half of composite 
left on enamel surface; 2 – more than half of composite left; and 3 – all composite left

Table 3: Kruskal–Wallis ANOVA comparing adhesive 
remnant index scores between different groups

Group Mean Median ±SD H value p value
I 1.40 2.00 0.74 9.841 < 0.05
II 0.67 1.00 0.49
III 0.87 1.00 0.52

Table 1: Analysis of variance (one-way ANOVA) 
of shear bond strength (MPa) comparing different 
groups
Group Mean ±SD F value p value
I 10.83b 3.03 71.389 <0.001
II 4.04a 2.12
III 10.99b 2.48
a,bMeans with same superscript do not differ each other (Duncan’s multiple range test)

Figure 5: Comparison of mean shear bond strength



Sahoo and Sahoo: Shear Bond Strength of an “Amorphous Calcium Phosphate”-Containing Orthodontic Adhesive

2727 International Journal of Scientific Study | August 2020 | Vol 8 | Issue 5

degrees of  fluoride release, but the development and 
incorporation of  ACP materials in dentistry is a different 
approach to reverse the effects of  demineralization on 
enamel surfaces. There is no doubt that fluoroapatite is 
less soluble than hydroxyapatite, but exactly how much 
fluoride released from a restorative material to inhibit caries 
is still unknown.[6]

ACP-containing materials are a new class of  “smart” 
materials which get self-activated in low pH oral 
environments and return to a dormant state when the 
pH returns to normal. Skrtic et al.[9] demonstrated that 
ACP accelerates the tooth’s natural calcium phosphate 
remineralization process to prevent demineralization that 
could be due to microleakage or poor oral hygiene.

It is one of  the first “smart” materials in dentistry to 
receive lukewarm reviews. Ariston pHcTM (Vivadent, 
Schaan, Lichtenstein) was marketed in Europe as a 
restorative material that released calcium, hydroxyl, 
and fluoride ions, but little scientific information was 
generated about its actual ion-release effects.[12] Again, 
van Dijken[13] reported a clinically unacceptable failure 
rate using Ariston pHcTM, which contained a calcium 
source but no phosphate. The calcium release was largely 
ineffective because the resin chemistry did not favor 
continuous release.

The first commercially available ACP-containing materials 
were a sugar-free chewing gum containing casein 
phosphopeptide-ACP (CPP-ACP) known as RecaldentTM 
(Recaldent Pty. Ltd., Melbourne, Australia) and an ACP-
containing toothpaste, EnamelonTM (Enamel, Cranbury, 
NJ).[14] Studies showed that CPP-ACP chewing gum 
resulted in a dose-related increase in enamel subsurface 
remineralization. This increased enamel remineralization 
was consistent with the previous studies showing the 
anticariogenic and remineralization potential of  CPP-
ACP in solution.[15,16] Although there is a growing body 

of  evidence to support ACPs remineralizing potential, 
there is concern over the mechanical properties of  ACP-
containing materials.

In the early 1990s, the first bioactive mineral ion-
releasing composites were developed, based on a 
polymer matrix phase and a filler phase of  ACP.[8] The 
ACP had to be stabilized by pyrophosphate ions to retard 
conversion of  ACP back to apatite, and because of  
ACPs high solubility, a substantial release of  calcium and 
phosphate ions was possible. These levels were found 
to be sustainable and could promote remineralization 
in tooth enamel.

Unfortunately, pyrophosphate-stabilized ACP-filled 
composites are mechanically weak because ACP does not 
reinforce the composite like silanized fillers do in most 
resin-based composites. Previous investigators suggested 
that ACP-containing dental materials should be limited to 
situations when mechanical demands are less, such as in 
pit and fissure sealants or bases and liners.[17] Skrtic et al.[9] 
demonstrated that ACP-containing composites can be 
made stronger by the addition of  glass-forming agents 
and with silica or zirconia-hybridized ACP in Bis-GMA/
TEGDMA/HEMA/ZrDMA-based composites.

The most clinically relevant property of  an adhesive system 
is its bond strength as it determines the clinical longevity 
of  the bonded attachments. In the current study, the mean 
shear bond strength of  Group I (Transbond XT), Group 
II (Aegis Ortho), and Group III (Fuji Ortho LC) was 10.83 
± 3.03, 4.04 ± 2.12, and 10.99 ± 2.48 MPa, respectively. 
One-way ANOVA was done to evaluate for significant 
difference at P < 0.05 in the mean shear bond strengths 
of  three groups and post hoc DMR test for individual group 
comparison.

One-way ANOVA analysis showed that there is a 
statistically significant difference in shear bond strength 
between Group II and the other two groups (Groups I 
and III) (P < 0.001). However, a post hoc Duncan’s analysis 
revealed no statistically significant difference between 
Groups I and III. Group III showed highest shear bond 
strength among three groups and Group II showed lowest 
shear bond strength.

It has been reported that clinically adequate shear bond 
strengths for metal orthodontic brackets to enamel should 
range from 5.9 to 7.8 MPa in terms of  clinical and 4.9 MPa 
in terms of  laboratory performances as suggested by 
Reynolds.[18]

The bond strength (10.83 MPa) at which failure was 
observed for the brackets in the Transbond XT control 

Figure 6: Comparison of adhesive remnant index
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group falls within acceptable limits reported in the 
orthodontic literature.[3-5] The corresponding value for 
shear bond strength of  the Aegis Ortho group was only 
4.04 MPa, which is just below the range in terms of  
laboratory performances as suggested by Reynolds.[18] Fuji 
Ortho LC exhibited sufficient bond strength to be used as 
an orthodontic adhesive.

Only a few articles have investigated the incorporation of  
calcium phosphates into orthodontic adhesives. Dunn[19] 
examined the bond strength of  the same ACP adhesive 
used in this study and observed that brackets failed at a 
significantly lower force level (14.2 N) when compared 
to a traditional composite resin adhesive, as was found 
in the current study. Kawabata et al.[20] investigated the 
bond strength of  a resin cement containing varying 
amounts of  α-tricalcium phosphate and concluded 
the formulations possessed a clinically acceptable bond 
strength.

On examining the enamel surfaces of  the debonded 
samples, it was found 45% of  Group II brackets and 50% 
of  Group III brackets gave an ARI score of  1 (<50% of  
adhesive remained on the enamel surface) while 45% of  
Group I brackets gave ARI score of  2 (more than 50% 
of  adhesive remained on the enamel). This implies in both 
Groups II and III the bond failure occurred at enamel-
adhesive interface and for Group I at adhesive-bracket 
interface.

Less resin on the enamel surface after debonding 
corresponds to less work and time spent by the orthodontist 
to remove the resin. Hence, a lower ARI score is favorable 
in this situation. Group II did have a significantly (P < 
0.05) lower ARI score compared to the other two groups. 
Therefore, the clinician would have to spend very little time 
removing the ACP-containing adhesive from the tooth. In 
addition, this difference in ARI scores suggests the ACP-
containing adhesive exhibited more of  a cohesive failure 
compared to the composite resin and resin-modified glass 
ionomer adhesives.

No clinical studies have examined the survival rate of  
brackets bonded with ACP-containing adhesives. It should 
be stressed. This study suggests that, if  this adhesive is 
found to have remineralization capabilities, it may be 
acceptable to some clinicians and patients who have higher 
caries susceptibility if  it prevents white spots. However, 
as per this study, from the viewpoint of  bond strength, 
Aegis OrthoTM cannot be recommended, as the mean shear 
bond strength obtained for this material was only 4.04 MPa 
(±2.12) which is well below the accepted range suggested 
by Reynolds.[18]

Being an in vitro bond strength study, caution is advised 
in extrapolating the results of  the present study to the 
clinical situation.

CONCLUSION

The result of  the present study showed that orthodontic 
resin containing ACP has significantly lesser shear 
bond strength as compared to conventional resin-based 
composite and resin-modified GICs (P < 0.001). This 
would suggest greater tendency for earlier debonding which 
would be clinically unacceptable.

Fuji Ortho LC displayed acceptable bond strength similar 
to Transbond XT. Both these groups showed significantly 
higher bond strength than Aegis Ortho.

Aegis Ortho and Fuji Ortho LC displayed lower value of  
ARI score compared to Transbond XT.

The complete characterization of  this adhesive system will 
be incomplete without an in vivo evaluation.
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