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ARTICLEINFO ABSTRACT

Background and aim: This in-vitro study was conducted to evaluate and compare the shear bond strength (SBS)
Received 24 September 2022 of brackets bonded by indirect technique in labial and lingual fixed orthodontic appliance mechanotherapy using a
Received in revised form 23 November DT3C device.

2022 Material and methods: The sample of 240 humans extracted premolars were randomly divided into three groups
Accepted 03 December 2022 of 80 teeth each- Group-I(direct bonding of brackets on the labial surface), Group Il (Indirect bonding on the labial
Available online 08 December 2022 surface), and Group I1I (Indirect bonding on the lingual surface) and each group were etched with 3M etchants, and
for bonding, Transbond XT was used. For group I, direct bonding was done following standard protocol. For Group
11, indirect bonding was done using a customized transfer tray. For Group Ill, indirect bonding was done using a
DT3C device and a customized transfer tray to transfer brackets on to teeth surface. Instron universal testing machine
moving at a speed of 0.5 mm/min was used to measure SBS for the three groups. Data obtained were subjected to
statistical analysis using SPSS software (Windows version 17.0) statistical analysis.

Results: Highest shear bond strength was found in Group 111 (16.87 +0.39 MPa), followed by Group 11 (14.56 +0.48
MPa) and least for Group | (12.45+0.29 MPa). On comparison, a statistically significant difference (P<0.001) was
observed in the bond strengths of all the groups evaluated.

Conclusions: Shear bond strength was highest for indirect bonding on the lingual surface, indirect bonding on the
labial surface, and least for direct bonding on the labial surface.
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1. Introduction

The ideal placement of brackets and adequate bond strength is critical for
effectively meeting the treatment plan objectives in fixed Orthodontic
treatment. Bracket bonding to the enamel surface of the teeth is a clinical
procedure involving either direct bonding on the tooth surface or indirect
bonding, where brackets are bonded to the working model first and then
transferred to the tooth surface.™ Newman introduced the direct bonding of
orthodontics in 1965. Direct bonding was advantageous compared to banding
in terms of ease of manipulation, decreased patient discomfort, improved oral
hygiene at the gingival margin, and decreased soft tissue irritation. Despite
these advantages, placement of the bracket on individual teeth required time,
and there were chances of error in bracket positioning in the posterior segment
and malalignment due to poor accessibility.® Silverman et al. introduced the
indirect bonding procedure to overcome the problems associated with the
direct bonding procedure in 1972 to place the brackets more accurately and
efficiently on the tooth surface.l®! It comprised of the pre-positioning of
brackets on a working model after the application of separating medium,
making a transfer tray, and transferring the brackets to the patient's mouth at

* Corresponding author. Raghavendr Singh
E-mail address: manand1210@gmail.com

the orthodontist's convenience. The indirect bonding offered advantages such
as shorter clinical time as the laboratory part can be done before the
appointments, greater accuracy in positioning brackets, greater patient
comfort, and reduced physical stress for the operator.[

The disadvantages of Indirect Bonding include longer laboratory work
time, higher cost, a more significant number of stages, and required more
precision. Lingual orthodontics is indicated for patients who value aesthetics
and refuse traditional labial orthodontic treatment because of social
restrictions.® In the case of lingual orthodontics, there is limited access and
visibility with greater variation in lingual surface morphology. The lingual
surface of maxillary incisors displays a concave surface and steep curvature
related to the labial surface, and bonding on the lingual surface of mandibular
incisors is limited by tongue position, short lingual crown height, and wide
range of labiolingual thickness. All these factors contribute to inaccurate
bracket placement with direct bonding technique. Indirect bonding is
indicated in lingual orthodontics, where accurate bracket positioning in a
setup model is a must. If there is a mistake in bracket positioning, it has to be
compensated by giving bends in the archwire, which is time-consuming.!®
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The thickness of the composite pad in brackets bonded to the lingual surface
depends on tip and torque consideration for that particular tooth. Various
devices like torque angulation reference guide(TARG), Fillon's lingual
indirect bonding system(BEST), Customized Lingual Appliance Set up
Service system(CLASS), Slot machine, Ray set system, Lingual bracket jig,
Mushroom bracket positioner, HIRO set up, DT3C device, Orapix, have been
used to attain proper tip and torque by adding the variable thickness of
composite pad during bonding. The success of orthodontic treatment depends
upon adequate shear bond strength of brackets attached to the enamel of teeth.
The shear bond strength can be defined as the " amount of force required to
break the connection between a bonded (dental) restoration and the tooth
surface with the failure occurring in or near adhesive/adherence interface.
Reynolds stated that 5.9-7.8 MPa resistances could withstand masticatory
forces. Several studies'Y have been conducted to compare shear bond
strength between direct and indirect bonding techniques in labial
orthodontics. The results demonstrated a non-significant difference in shear
bond strength between the two techniques.

Further studies compared the shear bond strength of brackets bonded
lingually using the indirect bonding technique to the conventional method.
None of these previous studies compared the bond strength of brackets
bonded in such a way using indirect bonding technique to brackets bonded

using conventional or direct bonding technique.?* Considering this the
present study was conducted to compare the shear bond strength of brackets
bonded by indirect technique in labial and lingual orthodontic fixed
orthodontic appliances.

2. Material and methods

In the study, the sample consisted of 240 human premolar teeth extracted
from patients undergoing fixed Orthodontic treatment and in whom first
premolar extraction was planned as a part of fixed Orthodontic treatment. The
sample size was decided based on the ongoing orthodontic cases in the
Orthodontics department, which led to the availability of premolars for the
research. The tooth was included, which had intact enamel, without
hypoplastic areas, caries, fractures, or cracks visible to the naked eye, and was
not subjected to any chemical agent. The study was conducted in the
Department of Orthodontics and Dentofacial Orthopaedics, Babu Banarasi
Das College of Dental Sciences, Lucknow, in collaboration with the Central
Institute of Plastic Engineering and Technology (CIPET), Lucknow. Before
bonding, the samples were randomly divided into groups: Group |, Group II,
and 111, with 80 specimens in each group. (Table 1) according to the surface
and method of bonding.

Table 1. Distribution of sample in groups.

Groups Sample Size (N= 240) Method of Bonding

Group | 80 Bonding on the labial surface of the tooth by a direct bonding technique.

Group Il 80 Bonding on the labial surface of the tooth by an indirect bonding technique.
Group 1l 80 Bonding on the lingual surface of the tooth by indirect bonding technique using a DT3C device.

For Group I, the MBT brackets of 3M brand with 0.022*0.028 with
10.61mm2 brackets surface were bonded on the labial surface of the mounted

|’

¥

—
—

premolars after etching with 37% phosphoric acid etchant of 3M company
and 3M Transbond XT adhesive (Fig. 1).

a

W

Fig. 1. Procedure of direct bonding on the labial surface of the tooth. (A) Horizontal and vertical pencil marks for ideal bracket positioning. (B)
Application of etchant gel. (C) White frosty appearance of the enamel surface after etching. (D) Application of Transbond adhesive and primer on the
bracket base. (E) Placement of bracket with bracket holding tweezer on the tooth. (F) Curing of the bracket on the tooth surface. (G) Sample ready
for testing.

In Group I, the brackets were bonded indirectly on the tooth, firstly
bonding the brackets on the tooth model, then making a transfer tray of the

vacuum press sheet and transferring this to the labial surface of the mounted
tooth (Fig. 2).
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Fig. 2. Procedure for fabrication of transfer tray for Indirect bonding on labial surface. (A)Taking an impression of mounted teeth with polysiloxane
impression material. (B) A model with mounted teeth and a working model. (C) Marking on a model for bracket placement. (D) Brackets placement
on model and removal of excess material. (E) Curing of adhesive. (F) A working model with brackets. (G) Application of separating media. (H)
Placement of working models in the lower compartment on easy vacuum press machine. (I) Adapted sheet on mounted model. (J) Trimming of the
transfer tray of each working model. (K) A working model and its tray. (L) Sandblasting of bracket bases.

For Group Ill, the Stb 7th generation lingual brackets of surface area lingual surface after sandblasting the bracket bases(Figs. 4 and 5). After that,
10.50 mm2 were firstly bonded on the plaster model using a DT3C Device all the groups were subjected to Universal Instron Testing Machine to
caliper (Fig. 3). Then, a vacuum press sheet transfer tray; was bonded on the measure the Shear bond strength.

Fig. 3. DT3C Device. (1) Lingual arm. (2) Lingual arrow blade. (3) Labial arm. (4) Labial arm blade. (5) Vertical stop. (6) depth lock. (7) Lingual
arm lock. (8) vertical stop lock. (9) Guiding screw & nut. (10) Horizontal scale.
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Fig. 4. Placement of brackets on the working model. (A) Lingual and labial attachments are fitted in the DT3C device. (B) The bracket was attached
to the DT3C device with the help of the module. (C) Tightening of the screw of the DT3C device on the working model, (D) Adhesive and primer were

applied over the bracket base and cured. (E) A working model with bonded brackets.

Fig 5. Procedure involved in Indirect bonding on the lingual surface of teeth. (A) working model with bonded brackets. (B) Fabrication of transfer
tray. (C) Sandblasting of the bracket base. (D) Preparation of the tooth surface by pumicing. (E) Application of etchant on teeth surface. (F) The
frosty white appearance of the teeth’ surface. (G) Application of the adhesive and primer on the bracket base. (H) Curing of brackets over the

occlusal tray. (1) Transfer tray with brackets. (J) Indirectly bonded brackets on the lingual surface of the mounted teeth.

3. Results
SBS was calculated for all the groups. The force required to debond the get SBS values of all the groups, as shown in Table 2. Table 2 shows
brackets was measured using Instron and divided by bracket surface area to debonding force and Shear bond strength of all three groups. For debonding
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force, it was found highest for group 111 (177.105 N), followed by Group |1
(154.7425N) and then Group | (132.0925 N), where the bracket surface area
was 10.61 mm? for Group I and 1l and 10.5 mm2 for Group IIl. When we
observed the mean value of Shear bond strength, it was found to be highest

for Group Il ( 16.87+0.39 MPa), followed by Group Il (14.56+0.48 MPa)
and then Group | (12.45+0.29 MPa). The difference in SBS among the groups
was compared using ANOVA (Table 3) and between the groups using the
Tukey test (Table 4).

Table 2. Shear bond strength (Mpa) of three groups.

Group Debonding Force(N) Bri:rlzj(::;:?ce N Shear Bond Strength(Mpa)= Force/ Bracket Surface Area Mean + SD
Group | 132.0925 10.61 80 12.45+0.29

Group Il 154.7425 10.61 80 14.56 + 0.48
Group I 177.105 10.5 80 16.87 £ 0.39

Table 3. Comparison of mean shear bond strength among the groups by ANOVA.

s £ variati Sum of square Degrees of freedom Mean square
ource of variation q F-Value P_Value
Groups 781.00 2 390.50
<0.001™"
Residual 37.07 237 0.16 2496.0
Total 818.10 239 390.66

P > 0.05 -Not significant (ns), P <0.05-Just significant (*),P <0.01- Moderate significant (**), P <0.001-Highly significant (***).The shear bond strength was
differenced significantly among the groups(P<0.001).

Table 4. Comparison of the difference in mean shear bond strength between groups by Tukey test.

Comparison Mean Difference g-value P-value 95% CI of Diff.
Group | vs. Group Il -2.11 47.74 P< 0.001*** -2.260 to -1.963
Group | vs. Group 111 -4.42 99.89 P< 0.001*** -4.566 to -4.269
Group Il vs. Group 11l -2.31 52.15 P <0.001*** -2.454 t0 -2.158

P > 0.05 -Not significant (ns), P <0.05-Just significant (*), P <0.01- Moderate significant (**), P <0.001-Highly significant (***).

4. Discussion

The ideal placement of brackets and adequate bond strength is critical for
effectively meeting the treatment plan objectives in fixed Orthodontic
treatment. Orthodontics experienced remarkable progress as bonding of the
teeth replaced banding during fixed orthodontic treatmentl. It also made the
period of fixed mechanotherapy esthetically acceptable to the patient. Direct
bonding provides manual positioning of the brackets using gauges. It was
advantageous compared to banding in terms of ease of manipulation,
decreased patient discomfort, permitted better oral hygiene at the gingival
margin, and decreased soft tissue irritation.! In contrast, indirect bonding
offered advantages such as shorter clinical time as the laboratory part can be
done before the appointments, greater accuracy in positioning of brackets,
greater patient comfort, and reduced physical stress for the operator. Adequate
shear bond strength of brackets attached to the enamel of teeth is the key to
successful Orthodontic treatment. The bond strength of the Orthodontic
bracket must withstand the forces applied during the Orthodontic treatment
and mastication18. Reynolds stated that Shear bond strength in the range of
5.9-7.8 MPa is sufficient to withstand masticatory forces.*% Shear bond
strength is highly affected by cleaning the enamel surface before bonding,

enamel conditioning, bonding material, the thickness of adhesive material,
bracket design, isolation of bonding surface, type of technique used (direct or
indirect), and different curing light systems.l'®! The present study was
conducted to compare the shear bond strength of brackets bonded by indirect
technique in the labial and using DT3C device in lingual fixed Orthodontic
appliances to direct bonding on the labial surface of teeth using the same
adhesive for all the groups.?® The result of the study was discussed under the
following headings concerning the comparison of direct bonding vs. indirect
bonding on the labial surface of teeth ( Group I vs. Group 1), direct bonding
on the labial surface vs. indirect bonding on the lingual surface of teeth
(Group I vs. Group I11) and indirect bonding on the labial surface vs. indirect
bonding on the lingual surface of teeth (Group Il vs. Group Ill). The mean
value of shear bond strength obtained for group | was 12.45+0.29MPa, and
for group Il was 14.56 + 0.48 MPa, and the difference between them was
statistically significant (P<0.001)(Fig. 6).
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Fig. 6. Bar diagram depicting comparisons of difference in mean shear bond strength between two groups(Group | and I1).

Similar findings were reported by Shwetha M3, Li Y et al.,®'who showed
higher value in the indirect bonding group compared to the direct bonding
group on the labial surface. Shwetha et al. compared the shear bond strength
of the brackets bonded by the conventional direct technique (Group I) and the
Indirect Thomas technique (Group Il). They found that the mean shear bond
strength for Group 1l bonded indirectly (15.65+4.18 Mpa ) was higher than
Group | bonded directly (15.11+ 3.98 MPa ), and the difference was
statistically non-significant. In a study by Oztiirk et al.," they compared the
shear bond strength (SBS) of brackets and microleakage of a tooth-adhesive-
bracket complex bonded with a direct and an indirect bonding technique after
thermocycling on the labial surface of the teeth. The mean bond strength in
the direct bonding group was higher(12.69 + 3.53 MPa ) compared to the
indirect-bonding Group (11.43 + 3.63 MPa) with no statistical differences.
Nandini et al.,”? and Borsatto et al.,**! compared the SBS value after different
enamel surface treatments. They concluded that the Group that used a
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P<0.001- as compared to Group II.

combination of acid etching and air abrasion had higher bond strength than
the only acid etching or air abrasion treatment. Very few studies are available
in the literature using a similar method as in our study for the comparison of
direct bonding on the labial surface vs. indirect bonding on the lingual surface
of the tooth (Group | vs. Group I11) and indirect bonding on the labial surface
vs. indirect bonding on the lingual surface (Group Il vs. Group IlI. None of
the studies have compared indirect bonding techniques in labial and lingual
orthodontics. Hence direct comparison of results was not possible. The mean
SBS obtained for Group Ill was 16.87 +0.39 MPa, and for Group | was
12.45+0.29 MPa. The difference between the groups was statistically highly
significant (Group Il vs. Group |, P<0.001) (Fig. 7). Similarly, the mean SBS
obtained for Group Il was 14.56 + 0.48 MPa, and for Group IlI was 16.87
+0.39 MPa, and the difference among them was statistically highly significant
(Group 111 > Group II') (Fig. 8).

m Group | m Group Il

Fig. 7. Bar diagram depicting comparisons of difference in mean shear bond strength between two groups (Group | and I11).
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Fig. 8. Bar diagram depicting comparisons of difference in mean shear bond strength between two groups.

Magno et al.,” evaluated the bond strength of lingual brackets bonded
indirectly using different light sources. They used Plasma arc light for 6
seconds(Group I), LED for 10 seconds (Group I1), and Halogen light for 40
seconds(Group Il1). For indirect bonding, they used TARG to incorporate tip
and torque in the bracket base, resulting in a variable thickness of the
composite base. It is similar to what was done in our study with the device
DT3C. The result of Group 11 (indirectly bonding on the lingual surface) of
the present study could be compared to Group Il of their study, and it could
be seen that mean SBS was comparable. Imakami et al.,[® evaluated the SBS
of lingual metal brackets bonded to ceramic veneers. Firstly, resin-based
bases were made by bonding the bracket indirectly on the lingual surface of
the premolar on the stone model. To get proper tip and torque, they inserted
17x25 stainless steel wire into the tube on the first molar and bracket on the
first premolar. Brackets with customized resin bases were then bonded on
ceramic veneer using four methods. They found the highest SBS in which
brackets were sandblasted by aluminum oxide and bonded with Transbond
XT. Aksu B et al.,'investigated the shear bond strength of indirectly bonded
Ormco lingual brackets using different composite bracket base preparation.
They used a Imm composite pad after different enamel surface treatments.
They concluded that the mean bond strength of sandblasted Group bonded
lingually was higher (12.1+0.82 MPa) than the non-treated Group ( 9.46+0.78
MPa). The overall conclusion was that indirect bonding had better SBS than
the direct bonding group. Also, the SBS of indirect bonding on the lingual
surface was significantly higher than indirect bonding on the labial surface.
Various studies conducted by Polat et al.,”! Miles et al.,”® Thiyagarajah et
al.,?and Deahl et al.,?® compared direct and indirect bonding techniques in
labial Orthodontics by conducting a clinical trial or using a split-mouth study
design. They found that the bond failure rate was lesser in the indirect bonding
group than in the direct bonding group, but the differences were insignificant.
Other in vitro studies evaluated bracket position accuracy in labial
Orthodontics between direct and indirect bonding techniques. Demirovic et
al.,” did a similar study using direct and indirect bonding technique
comparison and found that No statistically significant difference in the shear
bond strength was found in direct (7.48+1.61 MPa) and indirect labial
bonding methods (7.8.2+1.61 MPa). Both methods produced a similar amount
of adhesive remnant on the tooth surface. Other studies like Sharifi N et al.,*!
and Shaik J A et al.,®Y compared the shear bond strength of different
orthodontic adhesives, which showed similar strength as our study, i.e.,
Transbond XT has adequate bond strength to withstand the orthodontic
forces.

5. Conclusion

The conclusions drawn from the present study conducted to evaluate and
compare the shear bond strength of brackets bonded by indirect technique in
the labial and lingual fixed orthodontic appliances are:

e  The shear bond strength of all three groups was above the clinically
acceptable limits proposed by Reynolds et al. ( 5-8 MPa).

. Indirectly bonded brackets had higher shear bond strength than the
direct bonding group.

e  Shear bond strength was highest for indirect bonding on the lingual
surface, indirect bonding on the labial surface, and least for direct
bonding on the labial surface.

Clinically, the Indirect bonding technique is a better method for
accurately placing brackets in both lingual and labial Orthodontics. Indirect
bonding is essential in lingual Orthodontics. However, it can also be preferred
in labial Orthodontics, when teeth must be subjected to additional orthodontic
forces as a part of treatment mechanics.
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