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Abstract: Fixed technique for applying brackets would be impossible without using
adhesives for their fixation to the tooth enamel. However, the use of adhesives entails a
number of problems which are a consequence of their imperfection, besides the fact that
they have been actually applied for a number of decades already.

The paper will analyze the debonding force values for bracket-tooth interface by us-
ing Con Tec LC and, Con Tec Duo.

For comparative analysis of the strength of bracket-tooth interface, with the applica-
tion of different types of adhesives, 80 extracted teeth of the frontal region were used (max-
illary and mandibular incisors and canines).

For the debonding process of applied orthodontics brackets, single-axial Stretch sys-
tem for examination of tissues was applied to determine the value of the force necessary to
separate the bracket from tooth surface, i.e. it was used to test debonding force. The direc-
tion of the used force for debonding was under angle of 90 degrees to the vertical axis of
the tooth.

By comparison of mean values of the strength of interface among the tested groups,
it was determined that the highest average value of bond strength was with the group of
teeth with which Con Tec Duo was used, a little lower mean value was recorded with the

use of Con Tec LC adhesive.
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1. INTRODUCTION

Orthodontics, as a science and practice, has
developed through its history depending on the de-
velopment of biology, medicine and technique. Ad-
vancement of technique in general and the know-
ledge derived from it made possible the use of that
information to design orthodontic devices with cer-
tain elements comprising orthodontic device itself:
bracket, screws, wires, rubber cups for traction, rub-
ber bands etc, with quite precisely defined characte-
ristics required by the therapy, all of which makes
work significantly easier and provides a safer thera-
py outcome [1,2].

One of the problems encountered relatively
frequently by an orthodontist in his everyday work
while using the fixed technique is the occurrence of
failure of brackets fixed to the tooth by adhesive.
This requires re-application of the bracket, implying
a waste of time both for the patient and the therapist,
and entails other consequences too. One of the con-
sequences is that if the bracket fails for the second
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time, it is not advisable to adhere it for the third
time.

Numerous studies of the material used for
bonding brackets have been undertaken because of
the reasons mentioned above. These materials differ
both by their chemical composition, the curing me-
thod, sensitivity to moist environment during bond-
ing of brackets etc., as well as by the existence of
extensive correlative dependence between these
elements. This additionally complicates the deriving
of absolutely safe conclusions as to “which is the
best adhesive agent for bonding brackets in every
specific case”, depending on the age of the patient
etc.

Taking into account the importance of the
mentioned problems and the views of these
processes and phenomena that are frequently contra-
dictory, we have chosen this study in order to exact-
ly determine the difference between the various
types of adhesives (bonding agents), in terms of
their adhesiveness, the course and comfort during
work, with an aim to precisely define the guidelines
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and operating instructions for specific types of adhe-
sives.

Nowadays, based on extensive research, there
is a belief that the strength of bracket-tooth interface
within the range 3—7 MPa is satisfactory for the clin-
ical work of an orthodontist [3—5], while the other
authors state a somewhat bigger range of values
2,8—10 MPa [6-7], whereas, according to Newman
[8] et al.,, an acceptable minimum of the bond
strength with regards to etched enamel ranges be-
tween 6—8 MPa. On the one hand, orthodontists re-
quire as safe (strong) adhesive bond as possible, thus
decreasing the possibility of undesired separation of
the bracket (bracket failure) during the therapy; on
the other hand, a stronger enamel-adhesive bond
increases the risk of damaging tooth enamel during
debonding [9-11]. It is a more fortunate circums-
tance if during debonding bracket is separated from
the adhesive, with adhesive remaining on the tooth,
rather than a situation where adhesive is bonded
more strongly to the bracket, thus, separating adhe-
sive together with the bracket may entail damage of
enamel if the enamel-adhesive bond is strong. In the
former case it is better to carefully remove the re-
maining part of the adhesive on the tooth with hard
polishing rubber cups, rather than with turbine and
diamond drill. This enamel damage that occurs rela-
tively frequently should be repaired according to
certain generally accepted principles that apply to
such cases and situations.

2. MATERIALS AND METHODS

80 extracted teeth of the frontal region (cen-
tral, lateral incisors and molars of upper and lower
dental arch) were used for comparative analysis of
bracket-tooth bond strength for application of Con
Tec LC and Con Tec Duo adhesives. The criteria for
teeth selection for the study were the following: no
caries on labial surface, no cracks of enamel that can
be caused by the pressure of forceps during tooth
extraction, no hypoplastic macroscopically visible
areas, and no decalcification caused by any reason.

The common procedure of tooth preparation
for bonding brackets (regardless of adhesive type)
was in accordance with the procedure that is most
commonly used for in vitro studies [12—14].

The procedure consisted of storing the freshly ex-
tracted human teeth in a solution of 0.1%
(weight/volume) thymol. Teeth were cleansed and po-
lished. The procedure of bonding brackets to teeth was
done only after finishing the preparation (Figure 1).

Figure 1. Bracket bonded on a molar (prepared for expe-
rimental analysis).

During bonding brackets, a protocol was ap-
plied determined by the requirements, i.e. manufac-
turer’s instructions for each of the mentioned adhe-
sives used in the study, i.e. the adhesives tested for
the purpose of comparative analysis of bracket-tooth
bond strength.

The study was done in vitro as this was done
by many other investigators before [15-20] who
tested certain characteristics of adhesive types in
order to understand their specific properties, advan-
tages and shortcomings compared to each other. An
in vitro study of adhesives is more favorable com-
pared to in vivo study, because it eliminates the fac-
tor of speed of work depending on researcher’s dex-
terity, thus reducing the possibility of contamination
of the working area with saliva, (which in turn re-
duces the adhesive strength of the bonding agent),
having in mind that most adhesives are sensitive to
moist as “one of the most common causes for brack-
et failure”. Besides, laboratory study may indicate a
potential clinical success in certain conditions [21].

In order to avoid the influence of type of the
bracket on bracket-tooth bond strength, the same
type of metal bracket Discovery Slot 0,56 x 0,76 mm
/22 x 30 inch, Cuspid brackets with hooks was used
with tested adhesives.

Con Tec LC adhesives were used with the first
group, in which curing was done by chemical activa-
tion, while in the second group Con Tec Duo adhe-
sives were used which are chemically and light-
cured.

The process of debonding of placed orthodon-
tic brackets aimed at determining the size of force
necessary to separate the bracket from tooth surface
was measured in the Centre for Bioengineering of
Kragujevac University. For the purpose of this
study, the Centre for Bioengineering modified its
device, a single-axial Stretch system for tissue test-
ing [22—24], so that a new sensor for force of 300 N
was mounted and used to test the force of separation
of bracket from the tooth. The device on which test-
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ing was done is presented in Fig. 2, and the position
of the tooth before starting debonding is presented in
Fig. 3. The direction of application of debonding
force was at a 90 degree angle at the vertical axis of
tooth.

Tensile force was accomplished at constant
speed of 1 mm/min. The device automatically rec-
orded the force with 0.3 N accuracy. The graph
presents the forces in the function of time with 0.15
second intervals.

Figure 2. Device on which study was performed (Stretch
system)

¥

Figure 3. Position of tooth in the device Stretch system,
before starting debonding

3. RESULTS

The values of debonding force on the upper
and lower dental arches are presented in Table 1 for
each tooth separately. The table presents the ob-
tained values for all teeth within the groups (sample
40) tested with Con Tec LC and Con Tec Duo adhe-
sives, whereas Table 2 presents the results of statis-
tical analysis of debonding force for adhesive Con
Tec LC and Table 3 the results for adhesive Con Tec
Duo.

Table 1. Debonding forces for upper and lower dental arches for Con Tec LC and Con Tec Duo adhesives

ConTec LC Debonding force Tooth Type of ConTec Debonding force Tooth Type of
(N) arch tooth Duo (N) arch tooth
18. 42,43 L 1,2 8. 48,78 L 1,2
8. 42,52 L 1,2 18. 48,95 L 1,2
28. 42,61 L 1,2 38. 51,86 L 1,2
38. 4291 L 1,2 13. 55,45 L 1,2
3. 49,03 L 1,2 3. 56,23 L 1,2
23. 49,13 L 1,2 28. 56,32 L 1,2
33. 49,81 L 1,2 23. 56,83 L 1,2
13. 50,08 L 1,2 17. 58,73 L 1,2
17. 54,89 L 1,2 33. 59,64 L 1,2
7. 55,25 L 1,2 15. 60,78 L 1,2
27. 55,28 L 1,2 7. 61,12 L 1,2
37. 55,81 L 1,2 27. 61,12 L 1,2
15. 57,96 L 1,2 37. 61,83 L 1,2
5. 58,21 L 1,2 5. 63,27 L 3
25. 58,46 L 3 25. 63,75 L 3
35. 58,81 L 3 35. 68,52 L 3
22. 63,73 L 3 22. 68,98 L 3
2. 63,84 L 3 2. 70,08 L 3
12. 64,18 L 3 12. 70,14 L 3
32. 64,81 L 3 32. 71,47 L 1,2
30. 82,98 U 2 20. 90,89 U 2
10. 83,08 U 2 30. 92,34 U 2
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ConTec LC Debonding force Tooth Type of ConTec Debonding force Tooth Type of
(N) arch tooth Duo (N) arch tooth
40. 83,11 U 2 10. 94,09 U 2
20. 83,15 U 2 40. 94,48 U 2
6. 90,49 U 2 26. 98,79 U 2
26. 90,51 U 2 6. 99,74 U 2
36. 90,59 U 2 36. 99,87 U 2
16. 91,05 U 2 16. 102,87 U 3
9. 104,11 U 3 9. 111,78 U 3
19. 105,06 U 3 29. 116,67 U 2
209. 105,13 U 3 39. 116,67 U 3
39. 105,81 U 3 19. 120,43 U 3
14. 113,98 U 3 24, 124,25 U 3
4, 114,77 U 3 14. 124,34 U 3
24, 114,96 U 1 34, 127,43 U 1
34, 115,07 U 1 21. 128,67 U 1
11. 117,13 U 1 31. 128,69 U 1
21. 118,21 U 1 4, 128,97 U 1
1. 118,32 U 1 1. 130,12 U 1
31. 118,57 U 1 11. 137,76 U 1
Table 2. Results of statistical analysis of debonding force for adhesive ConTec LC
Descriptive parameter (Debonding force (N) — adhesive Dental arch Total
ConTecLC) Upper Lower
N 20 20 40
MIN 82,98 42,43 42,43
MAX 118,6 64,81 118,57
I 35,59 22,38 76,14
Mo - - -
Me 105,1 55,27 73,90
Xsr 102,3 53,99 78,15
SD 13,88 7,59 26,84
(Y% 13,57 14,06 34,35
Table 3. Results of statistical analysis of the bond strength obtained with ConTec Duo adhesive
Descriptive parameter (Debonding force (N) — adhesive Dental arch
ConTec Duo) Upper Lower Total
N 20 20 40
MIN 90,89 48,78 48,78
MAX 137,76 71,47 137,76
I 46,87 22,69 88,98
Mo 116,67 61,12 61,12
Me 116,67 60,95 81,18
Xsr 113,44 60,69 87,07
SD 15,33 6,83 29,17
CV 13,51 11,25 33,50

Table 4 presents comparative results of statis-
tical analysis for debonding force with the applica-
tion of Con Tec LC i.e. Con Tec Duo adhesives.

The obtained total results for debonding force
of teeth of the upper and lower dental arch show that

the biggest average value X, =

87,07 N was ob-

tained with the group of teeth in which Con Tec Duo
adhesive was used for bonding brackets, whereas a
somewhat lower average value X, = 78,15 N was
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obtained with the group of teeth in which Con Tec
LC was used.

The results of testing of significance of differ-
ences by t-test show that there is no statistically sig-

nificant difference between the mean values of de-
bonding forces for brackets fixed with Con Tec LC
and Con Tec Duo adhesives ( p= 0,158601 ).

Table 4. Comparative results of statistical analysis for parameter F (debonding force) with tested adhesives — total re-
sults (summary for all tested teeth of the upper and lower tooth arch)

Analysed statistical elements for parameter F (debonding force) ConTec LC ConTec Duo

N 40 40

MIN 42,43 48,78

MAX 118,57 137,76

I 76,14 88,98

Mo 61,12

Me 73,90 81,18

Xsr 78,15 87,07

SD 26,84 29,17

CvV 34,35 33,50

4. CONCLUSIONS

Based on a comparative analysis of the results
of the debonding force with tested adhesives for fix-
ing brackets to tooth enamel, the following conclu-
sions may be drawn:

The comparison of mean values of debonding
forces between tested adhesives showed that the
highest average value of debonding force was with
the group of teeth in which adhesive Con Tec Duo
was used, whereas somewhat lower value was ob-
tained by use of Con Tec LC adhesive.

The results that gave a clear insight in the
bracket-tooth bond strength achieved by the tested
adhesives that are nowadays most commonly used in
practice have the following clinical-theoretical im-
plications.

If the degree of tooth dislocation is bigger,
which requires higher activation of arch, i.e. stronger
force to move the tooth, it is necessary to use the
adhesive by which the strongest tooth-bracket bond
is achieved, in order to avoid undesirable failure of
the bracket (Con Tec Duo).

If the degree of disruption of tooth position is
smaller, adhesives that achieve a lower bracket-tooth
bond may be used too (Con Tec LC).
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FTOR

[TIOPEBEILE CUJIE 3A IEBOH/IUPATLE BPABUIIA KOJT IBA AIXE3UBA:
CON TEC LC ¥ CON TEC DUO

Caxkerak: OukcHa TeXHHKA 3a IPUMjeHy OpaBuiia Ou Ousa Hemoryha 6e3 ymorpede
aJXe3uBa 3a HUXOBO (UKCUparbe 3a 3yOHy riiel). Melhytum, ynoTpeda aaxe3uBa MoBIavu
HEKOJIMKO Mpo0iieMa KOju Cy MOCJbe/InIa HBHXOBE HECaBPIIEHOCTH, NMPUCYTHE 0e3 003upa
Ha TO IITO CE€ OHHM NPAKTHYKHU MPUM]jeryjy Beh HEKOIMKO AeleHu]a.

VY pany ce aHanm3upajy BpHjefHOCTH cuie neOoHaMpama 3a Besy OpaBuIia—3yo

kopututesseM Con Tec LC u Con Tec Duo.

Y cBpXy KOMIapaTHBHE aHaJHW3€ jauWHe Be3e OpaBmma-3zyd, ca ymorpebom
pa3IMYNTUX BpCTa anxesmBa, kopuimreHo je 80 m3Bahermx 3yba (poHTamHE peruje
(cjekyTuhu v KyTHALU Y TOPH0] U JOH0] BHJIHILIH).

VY mnoctynky neOoHAMpama CTaBJLEHMX OPTOJOHTCKHX OpaBHIA, NPUMUjEHEH je
jeanoocHu Stretch system 3a UCIHMTHBaIe TKHBA, KAKO OM Ce OJIpe[uiia BPHjEIHOCT CHJIC
noTpeOHe 3a OfBajame OpaBHIlC OJ MOBpIIKMHE 3y0a, OJH. OBAj CUCTEM je ynoTpeOJbeH 3a
TeCTHpame cuie JcOOHaupara. [IpaBal] NmpUMHjeHCHE CUie JeOOHAMpama je OHO IMoJ
yriom o1 90 cTerneHu y 0THOCY Ha BEpTHKaIHY OCy 3y0a.

[Topehemem cpenmux BpHjEAHOCTH jaynHE Be3e u3Melhy TecTHpaHHX Tpyna,
onpeheHo je na je HajBUINA IPOCjeyHa BPHjEAHOCT jaulHe Be3e KOJ IpyIle 3y0a Ko Koje je
ynotpedspaeH Con Tec Duo, a HEImITO HWXKA Cpelba BPHjSTHOCT CBHICHTHUPAHA je KOI

ynotpedbe Con Tec LC agxe3uBa.
Kibyuyne pwujeun: amxes3usw,
pacTesama.

OpPTOJOHTCKa OpaBuIla, [IeOOHIMpameE,

CHCTEM



