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Prototype to measure bracket debonding force in vivo

Jéssika Lagni Tonus1, Fernanda Borguetti Manfroi2, Gilberto Antonio Borges3,

Eduardo Correa Grigolo4, Sérgio Helegda4, Ana Maria Spohr5

Introduction: Material biodegradation that occurs in the mouth may interfere in the bonding strength between the 

bracket and the enamel, causing lower bond strength values in vivo, in comparison with in vitro studies. 

Objective: To develop a prototype to measure bracket debonding force in vivo and to evaluate, in vitro, the bond strength 

obtained with the prototype. 

Methods: A original plier (3M Unitek) was modified by adding one strain gauge directly connected to its claw. An elec-

tronic circuit performed the reading of the strain gauge, and the software installed in a computer recorded the values of 

the bracket debonding force, in kgf. Orthodontic brackets were bonded to the facial surface of 30 bovine incisors with 

adhesive materials. In Group 1 (n = 15), debonding was carried out with the prototype, while tensile bond strength test-

ing was performed in Group 2 (n = 15). A universal testing machine was used for the second group. The adhesive remnant 

index (ARI) was recorded. 

Results: According to Student’s t test (α = 0.05), Group 1 (2.96 MPa) and Group 2 (3.08 MPa) were not significantly 

different. ARI score of 3 was predominant in the two groups. 

Conclusion: The prototype proved to be reliable for obtaining in vivo bond strength values for orthodontic brackets.
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INTRODUCTION

A stable interface between the bonding material 

and the bracket, as well as between the bonding ma-

terial and the enamel, is important to withstand the 

loads generated by an activated arch.1 

Using universal testing machines, direct bracket 

bonding to dental enamel and the forces required 

to debond the brackets have been studied, in vitro, 

by means of shear or tensile strength.2,3 Regardless 

of the precision obtained in the measurement of the 

debonding forces, the universal testing machines are 

expensive, large and complex to handle. Due to the 

proportions, it may be impossible to use it for in vivo 

studies. Furthermore, the complex interaction pro-

cesses that exist in the oral cavity cannot be com-

pletely reproduced by in vitro studies.4

The oral cavity is a challenging environment for 

dental materials, especially regarding the adhesion pro-

cess.5 The contact of adhesive systems and composite 

resins with the oral medium is associated with an age-

ing pattern, which may alter the composition and the 

mechanical properties of the polymers.6 Material bio-

degradation may interfere in the bonding between the 

bracket and the enamel,7 causing lower bond strength 

values in vivo, in comparison with in vitro values.8

Because in vitro bond strength cannot be corre-

lated with clinical failure indexes,9 and facing the 

necessity of creating a method to test the effects of 

the oral medium on the composite resins used in 

orthodontics, different devices have been developed 

to measure the bracket debonding force in vivo.10-12 

Usually, strain gauges are bonded to the handle10 or 

to the arm of the pliers.11,12 The force obtained is a 

measure of the deformation that occurs in the han-

dle or arm of the pliers during the bracket debond-

ing procedure, and the results can be influenced by 

the way pliers are holded.12 No study has developed 

a device using strain gauges connected directly to 

the part of the pliers where the bracket is attached 

for the debonding procedure. 

Thus, the aim of the present study was to develop 

a prototype to measure the bracket debonding force 

in vivo, using a strain gauge connected directly to the 

extremity of the pliers where the bracket debonding 

occurs. The bond strength obtained with the proto-

type was also compared in vitro by using the tensile 

bond strength test in a universal testing machine.

METHODS

Development of the prototype

A polypropylene plier (Debracketing Instrument 

- 444-761, Instrument kit – 3M/Unitek, Monrovia, 

CA, USA) was modified to develop the prototype 

(Fig 1A), which consists of three basic parts: 

1) Modified plier: the pliers have undergone 

changes from its original design. To install the 

strain gauge, the original pliers were cut to receive 

an intermediate part positioned between the active 

arm of the pliers and the claw (Fig 1B). One strain 

gauge (45% Ni; 55% Cu) with 10 mm of a sheet 

type grid and with temperature compensation for 

steel (Kyowa, Chofu, Tokyo, Japan) was directly 

connected to the claw. Another strain gauge served 

the sole purpose of performing compensation for 

ambient temperature changes. These strain gauges 

were maintained in place with adhesive. All parts 

used in the execution of this prototype were pro-

duced in polyacetal. Figure 1C shows a photograph 

of the prototype.

2) Measurement and control circuit: corresponds 

to the electronic circuit that performs the reading of 

the strain gauge mounted on the intermediate part of 

the prototype and changes the obtained value into an 

8-bit binary number. The value 0 (zero) represents 

a strength of 0 kgf, and the value 255 (8 bits) is the 

maximum measured force of 6.8 kgf. This circuit is 

powered through a USB communication cable. Prior 

adjustments are necessary for the required perfor-

mance of the circuit (Wheatstone bridge, amplifier 

gain and the AD converter range). 

3) PC: A specific software was developed to re-

cord the values (in kgf) of the bracket debonding 

force. The software was programmed in C (pro-

gramming language) and was designed to enable ap-

propriate use in a research environment. The soft-

ware was installed on a notebook with a Windows 

operating system. The software has a calibration 

system, and calibration was performed with weights 

ranging from 0.5 kg to 6 kg. A known load (kg) was 

applied to the claw, and the measurements were re-

corded in  kgf. A  simple linear regression analysis 

was applied to adjust the data (R2 = 0.99). 

Figure 2 is an image of the prototype and the mea-

surement and control circuit. Figure 3 is a representa-

tive diagram of the parts of the prototype. 
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Figure 1 - A) Original plier. B) Exploded image of the intermediate part of the prototype (The arrow indicates the localization of the strain gauges). C) Prototype.

Figure 2 - A) Prototype after electronic instrumentation; B) Measure-

ment and control circuit; C) USB communication cable.

Figure 3 - Representative diagram of the parts of the prototype.
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Prototype gauging procedure 

To measure the accuracy and precision of the 

prototype, the following weights were used: 1, 2, 3, 

4, 5, and 6 kg. Each weight was connected to the 

claw of the prototype by a stainless steel wire, and 

the measurement was done by means of displacing 

the active arm and lifting the weight. The measure-

ments were undertaken by two examiners, who did 

not standardize the position of the hand on the pli-

ers. Twenty repetitions were performed for each 

weight. The numerical value recorded by the soft-

ware installed on the computer was noted, and the 

arithmetic mean was calculated. The mean tempera-

ture in the laboratory during the experiments was 

23 ± 2 oC and the humidity was 70%.

Bracket debonding trial

Coronary portions of 30 bovine incisor teeth 

were embedded in self-cured acrylic. The exposed 

enamel surface was lightly abraded with #600 grain 

silicon carbide abrasive paper in a polisher to obtain 

a flat enamel surface. The maxillary central incisor 

brackets (Eurodonto, Curitiba, PR, Brazil) were 

bonded to the enamel using the following procedure: 

a) prophylaxis with pumice stone and water; b) etch-

ing with phosphoric acid at 37% for 15 s, followed 

by washing and drying; c) application of Scotchbond 

Multi-Purpose adhesive (bond) (3M,  St. Paul, MN, 

USA) on the enamel; d) application of Z100 com-

posite resin (3M, St. Paul, MN, USA) at the base of 

the bracket and positioning on the tooth with light 

manual pressure, followed by removal of the excess 

with a periodontal scaler; e) light curing for 40 s (10 

seconds on each side) with the Optilight Plus appli-

ance (Gnatus, Ribeirão Preto, Brazil). All the bond-

ing was carried out by the same operator. The speci-

mens were stored in 100% relative humidity at 37 oC 

for 24 hours. After storage, specimens were divided 

into two equal groups:

Group 1 – Bracket debonding with the prototype: 

Each specimen was placed on a bench lathe. A single 

operator held the prototype, which was placed on 

the bracket with the supports aligned in an occlusal-

gingival direction in contact with the enamel. With 

the claw hitched onto one of the bracket wings, the 

prototype was activated by moving the active arm 

until bracket debonding occurred. The value of the 

force necessary to remove the bracket was recorded 

by the software in kgf, transformed into Newtons 

and divided by the bracket area (14.12 mm2), to ob-

tain resistance values in MPa. 

Group 2 – Bracket debonding by tensile testing 

in a universal testing machine: The specimen was 

fixed in a metal sleeve on the bottom part of the 

EMIC-DL 2000 universal testing machine (São 

José dos Pinhais, Paraná, Brazil). For tensile test-

ing, a claw made of stainless steel wire, 0.40 mm 

in diameter and 5 cm in length, was connected to 

one of the bracket wings. At the top part of the 

claw, a 2 mm thick and 20 mm long wire segment 

was welded, which was hitched onto the top part of 

the universal testing machine. The crosshead speed 

was 0.5 mm/min until bracket debonding occurred. 

The  resistance value was obtained in MPa, as de-

scribed for Group 1.

All specimens were examined with a stereomi-

croscope (Olympus Corp., Tokyo, Japan) at 10x 

magnification to assess the Adhesive Remnant In-

dex (ARI): Score 0 = no composite resin left on the 

tooth; Score 1 = less than half of the composite resin 

left on the tooth; Score 2 = more than half of the 

composite resin left on the tooth; Score 3 = all com-

posite resin left on the tooth, with a distinct impres-

sion of the bracket mesh.

Statistical analysis

Student’s t test (α = 0.05) for paired samples was 

used for comparison between the examiners. Stu-

dent’s t test (α = 0.05) was performed to compare 

the groups. 

RESULTS

Table 1 compares the mean values obtained by 

the two examiners, with each weight, during the 

gauging procedure of the prototype. According to 

Student’s t test for paired samples, there were no sig-

nificant differences (p < 0.05) between the examin-

ers at any weight. 

According to Student’s t test, the mean bond 

strength obtained in Group 1 (2.96 MPa) and in 

Group 2 (3.08 MPa) were statistically similar (Ta-

ble 2).

Adhesive Remnant Index score 3 was predomi-

nant in the two groups (Table 3).
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Comparison n Mean (Kgf) Standard deviation p value

A - 1 kg 20 1.04 0.08
0.30

B - 1 kg 20 1.07 0.08

A - 2 kg 20 2.03 0.07
0.20

B - 2 kg 20 2.06 0.09

A - 3 kg 20 2.95 0.06
0.08

B - 3 kg 20 3.01 0.09

A - 4 kg 20 4.08 0.08
0.44

B - 4 kg 20 4.04 0.09

A - 5 kg 20 5.01 0.09
0.16

B - 5 kg 20 5.05 0.07

A - 6 kg 20 6.08 0.08
0.32

B - 6 kg 20 6.05 0.09

Table 1 - Comparison between the examiners in each weight.

*p > 0.05 indicates no significant difference between the examiners 

A – examiner A.

B – examiner B.

DISCUSSION

The prototype of the present study was an evolu-

tion of a device which had two strain gauges bonded 

to the anterior and posterior 2/3 surfaces of the active 

arm of the pliers.12 Because the strain gauges were 

placed in the active arm of the pliers, they suffered 

from the influence of the operator’s hand. The pres-

ent prototype has been developed in order to con-

trol this problem by placing the strain gauge near the 

claw, and not in the active arm of the pliers. 

Strain gauges are defined as localized mechanical 

deformation sensors, since all and any phenomenon 

responsible for mechanical deformation can be ana-

lyzed. Therefore, strain gauges are transducers that 

convert mechanical displacement into a range of elec-

trical resistance.13

Strain gauges are very sensitive and temperature 

alterations are able to inluence the measurements.14 

To compensate for any possible temperature altera-

tions, the following procedures were adopted: a) use of 

an electrical resistance strain gauge with temperature 

compensation for steel that self-compensates eventual 

temperature variations, and; b) control of the labora-

tory mean temperature during the experiments. 

In the present study, the strain gauges were bond-

ed in the intermediate part positioned between the 

active arm of the plier and the claw. One strain gauge 

was directly connected to the claw. When the plier 

was used to debond the brackets, the strain gauge 

metal grid resistance generated a tension (mV). 

The  small amount of tension generated was multi-

plied by an amplifier circuit in the electronic circuit, 

Table 2 - Comparison of mean bond strength (MPa) obtained in each group. Table 3 - Analysis of Adhesive Remnant Index (ARI).

Group 1: prototype.

Group 2: tensile test in a universal testing machine.

Group 1: prototype.

Group 2: tensile test in a universal testing machine.

Group n Mean SD p

Group 1 15 2.96 0.32
> 0.05

Group 2 15 3.08 0.40

Score 0 Score 1 Score 2 Score 3

Group 1 - 1 (7%) 1 (7%) 13 (86%)

Group 2 - - 2 (13%) 13 (86%)
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which performed the reading of the strain gauge, into 

binary numbers that were converted into kgf. 

Weights from 1 to 6 kg were used to gauge the proto-

type. The mode of holding the prototype was not stan-

dardized between the two examiners, and there was no 

statistically signiicant diference in the values obtained 

between the examiners at any weight. This means that 

the prototype was not inluenced by the way that it was 

held — as in another study12  —, conirming that the 

new prototype is superior to the previous one. 

Ater gauging the prototype, in vitro orthodontic 

bracket debonding was performed. Since the bracket 

debonding performed with a universal testing ma-

chine is not dependent on operator variation, the val-

ues obtained with this method were compared to the 

values obtained with the prototype to evaluate its re-

liability. The tensile test on the universal testing ma-

chine (Group 2) tried to reproduce the same conditions 

as debonding with the prototype. For this purpose, a 

0.40 mm in diameter stainless steel wire claw was made 

reproducing the same thickness as the prototype claw 

(Group 1). Along with that, the claw made for the test 

machine was also connected on a single wing of the 

bracket at the testing time, reproducing the same posi-

tion used by the prototype claw at the debonding mo-

ment. Although it is named tensile test, it is known that 

not only tensile forces occur at the debonding moment 

of the bracket, but that there is also an interaction of 

tensile, shear and compressive forces.15

Debonding of the bracket was performed under a 

constant crosshead speed of 0.5 mm/min in the univer-

sal testing machine. This load speed is generally used 

in spite of not corresponding to clinical conditions due 

to the fact that in vivo debonding occurs at a higher 

speed.1 Therefore, when the prototype was applied, a 

speed higher than 0.5 mm/min was probably used for 

bracket removal. Despite the fact that diferences ex-

isted between the methodologies used for debonding, 

the bond strength did not difer statistically between the 

prototype (2.96 MPa) and the tensile test on the univer-

sal testing machine (3.08 MPa). This suggests that the 

prototype might be a useful tool for measuring bond 

strength in vivo. 

Orthodontic bracket bonding to teeth requires that 

the bond system applied must provide suicient bond 

strength to withstand the forces that occur during the 

orthodontic mechanics and chewing. For clinical situ-

ations, some authors suggest that values between 6 and 

8 MPa are appropriate.16,17 Bond strength values above 

10 MPa are potentially dangerous since they may cause 

enamel fractures during bracket debonding.18 However, 

it is diicult to establish a numerical value because these 

values depend on several factors, such as the condition 

of the substrate,19 the material involved,20 the devices 

chosen for the test,21 cure time,22 and the location where 

force is applied to the bracket.23

Due to the diiculty of comparing and extrapolating 

the results obtained from in vitro studies to the clini-

cal situation, it remains unknown what minimum bond 

strength values are required for safe clinical performance 

of orthodontic bonding procedures. Thus, it would be 

useful to determine the bracket bond strength values in 

vivo, by using a device to measure the bracket debond-

ing force directly in the oral cavity.

The ARI scores showed that the fracture pattern was 

predominantly score 3 in both groups. The composite 

resin remained completely bonded to the enamel ater 

bracket debonding, which is advantageous since score 

3 has the least probability of harming the enamel.24,25 

Therefore, debonding with the prototype was shown to 

be a safe method for preserving the enamel surface.

CONCLUSIONS

The prototype developed proved to be reliable for 

measuring bracket debonding force in vivo.
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