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Force and amount of resin composite paste used in
direct and indirect bonding

Takeshi Muguruma?®; Yoshitaka Yasuda®; Masahiro lijima°; Naohisa Kohda®; Itaru Mizoguchi¢

ABSTRACT

Objective: To investigate the relationship between the forces applied by the operator and the
amount of adhesive used in the direct and indirect bonding methods.

Materials and Methods: A system for measuring the force applied by operator was used to test
specimens prepared by 12 orthodontic specialists. To determine the proper amount of adhesive,
metal brackets were bonded to transparent resin teeth using composite resin paste and different
forces (100, 200, and 300 g); the area of the composite resin paste was then measured using
image-analysis software. The mean forces applied in direct and indirect bonding were compared by
Student’s t-test.

Results: Various values for force were obtained for the direct bonding (53-940 g) and indirect
bonding (150-870 g) techniques. Although in all cases the area of composite resin paste after the
application of constant force was greater than the area of the metal brackets, an insufficient
amount of composite resin paste on the bracket base was observed with forces of 100 and 200 g.
Conclusions: A force of greater than 200 g might be preferable for obtaining a thin composite
resin layer and for achieving sufficient spreading of the composite resin paste. (Angle Orthod.

2010;80:1089-1094.)
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INTRODUCTION

The direct bonding of a fixed appliance has been
widely used in clinical orthodontics over the past half
century. On the other hand, an indirect bonding
technique, which was first described in detail in 1972
by Silverman and Cohen,' has been developed over
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the last 38 years.®* Theoretically, indirect bonding
should permit more accurate bracket positioning,
although laboratory studies®® have shown various
results. Clinical trials have compared the bond-failure
rates of the direct and indirect bonding techniques, and
mixed results have been reported.”®" Previous stud-
ies'®'* on the bond strength of orthodontic adhesives
have shown that the adhesive thickness affected the
bond strength, but this depends on the type of bonding
material and the bonding test used (tensile vs shear
bond strength test). Although the force applied by the
operator and the amount of adhesive affect accurate
bracket positioning and the bond strength for both the
direct and indirect bonding techniques, optimal oper-
ator force for clinical use in both techniques is
unknown. Because a thick layer of adhesive might
cause inaccurate bracket positioning, a thin layer might
be preferable for the bracket bonding. In addition,
insufficient or excess adhesive might cause deminer-
alization of the enamel around the brackets.

The purposes of this study were to measure the
force applied by the operator in both the direct and
indirect bonding techniques and to investigate the
relationship between this force and the amount of
adhesive used.
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Small stress sensor

Figure 1. System for the measurement of force used in the present study. (a) Force-measuring system; (b) phantom model; and (c) custom-

made epoxy model.

MATERIALS AND METHODS

System for Measuring Force and the Selection
of Operators

The force-measuring system in this study consisted
of a custom-made epoxy model with a small force
sensor (PS-20KC, Kyowa, Tokyo, Japan) at the left
maxillary central incisor, a phantom model (DR-11,
Morita, Kyoto, Japan), and a sensor interface (PCD-
300A, Kyowa) connected to a PC with analysis
software (PCD-30A, Kyowa) (Figure 1). The stress
sensor was calibrated before the force was measured.
Twelve experienced orthodontic specialists (nine
males, three females) with a mean of 11 years of
experience (range, 4-23 years) participated in this
study. They were asked to bond preadjusted straight-
wire brackets (PRECI bracket, Shofu, Kyoto, Japan) to
the buccal surface of the left maxillary central incisor
using both the direct and indirect bonding techniques
at room temperature.

Direct Bonding Technique

The composite resin paste used in this study did not
contain a polymerization initiator (camphorquinone)
and was made by Shofu. Seven milligrams of
composite resin paste (Beauty Ortho Bond Paste,
Shofu) was placed on the bracket base. The bracket
was positioned on the epoxy model and then pressed
with an explorer for 10 seconds; the force was
measured during this procedure (Figure 2). This
procedure was repeated 10 times for all orthodontists.
Since the force was stable within a half second after
application of the force, the force after 3 seconds was
considered in this study (n = 10).

Indirect Bonding Technique—Laboratory Stage

A transfer tray (Shirasuka method'?) was composed
of three layers: incisal (occlusal) stopper, primary core,
and secondary core (Figure 3).

« An impression of the maxillary anterior region was
taken using a silicone rubber impression material
(DENT SILICON-V, Shofu). The casts were poured
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immediately with a vacuum spatulator and high-
quality stone and were allowed to dry overnight
(Figure 3a). The stone model was ground so that it
was no higher than 2 cm in order to allow easy use of
the vacuum-forming apparatus. The cast was paint-
ed with liquid foil and allowed to dry completely.

« An incisal stopper composed of thermoplastic resin

(Occlusal stopper, Shofu) was made to prevent
vertical deflection of the tray during the bonding
procedure (Figure 3b).

« A small amount of composite resin paste was placed

on the bracket base (PRECI bracket, Shofu), and the
bracket was placed in its correct position. The
bracket was then firmly pressed against the tooth
surface, and any excess composite resin paste was
removed with an explorer. The paste was allowed to
light-cure for 20 seconds (10 seconds from each
proximal side) (Figure 3c).

» The primary core was made with a highly elastic

silicone material (Emiluma, Shofu; Ultradent, South
Jordan, Utah) (Figure 3d).

« A sheet of mouth-guard material measuring 2 mm

thick (Mouth-guard material, Shofu) was softened
with a thermo-forming vacuum machine to fabricate
the secondary core (Figure 3e).

Figure 2. The direct bonding technique.
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Figure 3. The indirect bonding technique. (a) The high-quality stone model. (b) Incisal (occlusal) stopper. (c) The bracket placed at the correct
position. (d) Primary core. (e) Secondary core. (f) The tray was seated against the tooth surface.

Indirect Bonding Technique—Clinical Stage

Seven milligrams of composite resin paste was
placed on the bracket bases of an indirect bonding
tray. The tray was seated against the tooth surfaces
and was not only held in place with the fingers but was
also subjected to light pressure on its labial surface for
10 seconds (Figure 3f). The force used during this
procedure was measured, and this measurement was
repeated 10 times for each of the orthodontists. Since
the force was stable within a half second of application
of the force, the force after 3 seconds was considered
in this study (n = 10).

Measurement of Insufficient and Excess
Composite Resin Paste Under a Constant Force

Metal brackets (PRECI bracket, Shofu) were
bonded to transparent teeth (upper central incisor,
upper lateral incisor, and upper canine) made with
epoxy resin (Epofix, Struers, Copenhagen, Denmark)
using a custom-made jig that could be used to apply
constant forces to the buccal surface of a tooth
(Figure 4). The amount of composite resin paste
(Beauty Ortho Bond Paste, Shofu) used for the
bonding brackets was 5—-7 mg for the central incisor,
4-6 mg for the lateral incisor, and 7-9 mg for the
canine, as measured with a precision digital balance
(ER-182A, A&D, Tokyo, Japan). Forces of 100, 200,
and 300 g were used for bracket bonding (n = 5). The
transparent teeth were then observed from the
opposite side with a stereoscopic microscope to
measure the area of the composite resin paste using
image-analysis software (Win ROOF, Mitani, Tokyo,
Japan).

Statistical Analysis

Statistical analysis was performed using the Statis-
tical Package for Social Science (version 16.0J for
Windows, SPSS Inc, Chicago, lll). The mean forces
associated with the direct and indirect bonding
techniques were compared by Student’s t-test.

RESULTS

Forces with the Direct and Indirect
Bonding Techniques

The forces in the direct and indirect bonding
techniques for the 12 orthodontists are shown in

Weight

Bracket

Figure 4. A custom-made jig to apply constant force to the buccal
surface of the teeth.
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Table 1. Mean Bonding Force Obtained from 12 Experienced
Orthodontic Specialists (A-L)?

Direct Bonding Indirect Bonding

Mean SD Mean SD
A 452.31 71.42 684.22 87.03
B 225.59 22.58 229.44 49.65
C 812.17 92.93 265.99 37.02
D 186.15 23.52 256.38 18.53
E 733.29 64.15 626.5 85.43
F 82.97 18.33 518.52 122.88
G 223.67 23.78 382.88 61.56
H 364.6 27 599.57 106.07
| 431.22 38.9 595 119.35
J 263.11 61.86 206.83 31.79
K 174.61 29.96 367.49 22.92
L 120.97 18 293.41 47.28
Mean 339.22 25.04 418.85 37.25

2 The mean forces in the direct and indirect bonding technique
were compared by Student’s t-test; #(238) = —2.98, P = .003. SD
indicates standard deviation.

Table 1. Various values for the force were obtained
using both techniques. The average force for the
indirect bonding technique (420 g) was significantly
greater than that for the direct bonding technique
(340 g) (P = .003).

Measurement of the Area of the Composite Resin
Paste After the Application of Force

The surface areas of the metal brackets used in this
study were 12.6 mm? for the central incisor, 10.0 mm?
for the lateral incisor, and 13.3 mm? for the canine. The
mean areas of the composite resin paste after the
application of force are shown in Table 2, and the
number of specimens for which insufficient composite
resin paste was observed at the edge of the bracket
base is shown in Table 3. In all cases, the surface area
of the composite resin paste after the application of
force had a greater value than did the areas of the
metal brackets (Table 2). However, an insufficient
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amount of paste to fill the entire bracket base area
was observed for some combinations of amount of
composite resin paste and force (Table 3).

DISCUSSION

In this study, various force values obtained with the
direct bonding (53-940 g) and indirect bonding (150-
870 g) techniques and the average values of the 12
orthodontists were 340 g and 420 g respectively.
Although this study used a limited number of orthodon-
tists, no difference in force was seen between gender or
the years of experience as an orthodontist. The average
values for the force were higher than we expected. The
median values were 245 g for direct bonding and 360 g
forindirect bonding. Accordingly, we used forces of 100,
200, and 300 g to measure the area of composite resin
paste. During the indirect bonding procedure in the
present study, light pressure was applied to the labial
surface of the tray. To generate sufficient force, it may
be necessary to apply pressure from the labial side as
an indirect bonding technique. In addition, an indirect
bonding tray might be preferable to divide into an incisor
and canine region and a molar region to achieve
appropriate force.

The clear transfer tray has been popular for the
indirect bonding technique because it enables the use
of light-cured composite adhesives. The clear transfer
tray used in this study (Shirasuka method') consisted
of the dual-layered structure: clear soft inner and clear
hard outer combination. The soft inner facilitates the
removal of the tray from the brackets. On the other
hand, other materials, such as clear impression
compound and polyvinylsiloxane, are also popular for
the clear tray for the indirect bonding technique. Since
these materials might have a greater degree of
hardness and elastic modulus than Emiluma, a
different level of force might be obtained for the
indirect bonding. Further study comparing different
materials for the transfer tray is required.

Table 2. Mean Area of Composite Resin Paste after the Application of Force (mm?)2

Force
Amount of Composite 1009 2009 800g

Resin, mg Mean SD Mean SD Mean SD

Central incisor 5 12.92 0.63 13.96 0.32 14.48 0.91
6 14.76 1.3 16.11 1.51 16.32 1.19

7 16.39 1.33 17.88 0.94 18.51 0.95

Lateral incisor 4 11.22 1.9 12.22 1.9 12.71 1.71
5 13.21 1.41 14.06 1.07 14.45 0.79

6 13.09 0.79 14.24 0.8 14.83 0.69

Canine 7 15.23 0.4 15.75 0.73 16.08 0.67
8 16.6 1.43 17.78 1.07 18.3 1.05

9 16.92 0.29 18.53 0.22 18.83 0.57

2 SD indicates standard deviation.
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Table 3. Number of Specimens that Showed Insufficient
Composite Resin Paste at the Edge of the Bracket Base

Amount of Composite Force
Resin, mg 100 g 200 g 300 g
Central incisor 5 4 3 3
6 3 0 0
7 0 0 0
Lateral incisor 4 4 3 2
5 1 0 0
6 0 0 0
Canine 7 4 2 1
8 3 0 0
9 0 0 0

The appropriate force and the amount of adhesive
might vary according to the adhesive product used as
a result of differences in flow properties. The flow of a
composite resin adhesive paste should be mainly
influenced by the properties of the fillers, such as the
amount, grain size, and shape. In addition, the
temperature of the environment (of the room or oral
temperature) influences the flow property. A recent
study'® showed that Beauty Ortho Bond paste con-
tained a variety of irregular particles ranging from
approximately 0.5 um to 10 um in size, with some
larger (10-15 um) irregular particles. Enlight Cure
adhesive (Ormco) and Kurasper F Light Cure adhesive
paste (Kuraray Medical) had similar features. In
addition, Beauty Ortho Bond paste had a filler content
of 70%, which was comparable to the values of other
composite resin adhesive products. Where a compos-
ite paste is placed before the application of force is
also an important consideration. In the present study,
the composite paste was placed at the center of the
bracket base. Cooper et al.”” described the benefits of
the precoated brackets, such as the consistency of
coating, ease of clean up, and elimination of waste,
associated with indirect bonding. The use of precoated
brackets might be worthwhile in the case of the indirect
bonding technique to avoid problems caused by an
improper amount of composite resin paste.

Previous studies''* that compared the bond
strength of orthodontic adhesives have shown that
the adhesive thickness affected the bond strength. A
thick layer of adhesive might cause inaccurate bracket
positioning. In addition, since either an insufficient
amount or an excess amount of adhesive might cause
demineralization around orthodontic brackets,’® the
amount of bonding adhesive is an important factor in
clinical orthodontics. Although in this study in all cases
the area of composite resin paste after the application
of force was greater than the area of the metal bracket
(Table 2), an insufficient amount of composite resin
paste on the bracket base was observed with forces of
100 g and 200 g (Table 3). The results clearly
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demonstrate that a force greater than 200 g might be
preferable for achieving a thin composite resin layer
and for avoiding an insufficient amount of composite
resin paste on the bracket base.

CONCLUSIONS

« Based on the results with 12 orthodontists and an in
vitro model, various values of force were obtained
with the direct bonding (53-940 g) and indirect
bonding (150-870 g) techniques.

« A force of greater than 200 g might be preferable for
achieving a thin composite resin layer and for
avoiding insufficient composite resin paste on the
bracket base.
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