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Efficacy of delay in self-etching primer application time on
shear bond strength of stainless steel brackets
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Abstract:

This study assessed the effects of delay in application time of selfFetching

primer (3M Unitek, Monrovia, California, USA) on shear bonding strength of
stainless steel brackets, A sample of 42 extracted upper first premolars included in
this work. They were divided into & groups, each of 7 teeth. In the first group, the
self—etching primer is applied on the middle third of the buccal surface of teeth for 3
seconds accoerding to manufecturer’s instruction, followed by gentle stream of air,
then brackets positioned and the adhesive polymerized by light cure system. In groups
2,3, 4, 5 and 6, the seli~etching primer was delayed in tooth surface for 2, 5, 10, 15
and 20 minutes, respectively; then the same procedures as in the first group were
carried out. Shear bond strength was measured in megapascal (MPa). The results
indicated significant increase of bonding force accompanicd to the increase in delay
of application time (p=< 0.03), as the mean forces were 8.17, 8.26, 8.34, 8.48 and 8.61
MPa, for the first group with 3 seconds, group 2 with 2 minutes, group 3 with 5
minutes, group 4 with 10 minutes, group 5 with 15 minutes, but it began to decrease
at the sixth group with 20 minutes as the mean value was 8.27 MPa. Beside that, there
is positive significant correlation between the bonding strength and the delay in
application time with r = 0.373 at p=< 0.05. The adhesive remnant index presented a
decrease in failure rate at the adhesive / tooth interface with the increase of shear band
strenpth. Most of the readings fall in score 1 but for the fifth group (15 minutes) they
were at score 2, and in the sixth group (20 minutes), here the failure rate was returned
back to the score | again,
From this in vitro study, it can be concluded that the delay of self—etching primer
application time up to 15 minutes has significant effects on bonding strength but this
increase to be within the normal limited orthodontic force, So, this delay in time
sppeared to be very important to the clinician to use it in the other bracket bonding
procedunes.
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Intreduction:

Mamy efforts have been taken to reduce
the number of steps involved with
bonding. The researchers  and
manufacturers  developed  simplitied
systems by combining the etchant and

primer or the primer and adhesive
(1} These so—called FAfth-generation
bonding  systems, which  have
demonstrated similar restorative bond
strength in vitro and in vive (2, 3).To
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simplify things further, all-inclusive
bonding systems have been developed
that incorporaie elchant, primer and
adhesive in 1 bottle, commonly known
in restorative dentistry as the sixth-
generation of dentin honding agents(1).
The active ingredient in self—etching
primer is the methacrylated phosphoric
acid ester. Phosphoric acid and
methacrylate group are combined in a
molecule  that etches and  primes
simultaneously (4). Ome  of the
advantages of it is that the primer
penctrates into the entire depth of the
etch, ensuring an excellent mechanical
interlock, then the phosphate group
dissolves the calcium and removes it
from the hydroxyapatite rather than
being rinsed away. The caleium forms
complex with the phosphate group and
is incorporated into network; in this
manner the acid is newtralized (4).
Several studies (5=7) were carried out
to assess the brackets bonding strength
that attached by self-etching primer
adhesives in comparison with the
conventional  ome  {which  used
phosphoric  acid and  primer
separately). Many of them(8, ¥} were
recorded  that  self-etching primer
pdhesives gave lower but acceptable
bonding strength, but their claims of
significantly reduced application times
might have been premaiure, However,
there is unresolved question about the
manipulation of the material. Some
manufacturer’s instructions state thal
bonding cen be delayed for up to 2
minutes after primer application if
there is no salivary contamination, but
clinically it is impossible that dentition
from premolar to premolar could be
bonded in only 2 minutes of time. This
is not discussed in  the current
literatures, except Arnold et al, (10}
who recorded that 10 minute delay in
bonding after application of the self-
etching primer might not be deleterious
i adheston in vitro.

The question, then, must the
manufacturer's time limit be followed
restrictedly in order to avoid any
unfavorable bonding results? And does
the 10 minutes of time s a red line can
not overcome?

This study is undertaken to find that
the delay of up to manufacturer’s
instruction time after application of
self-etching primer and before bonding
have any significant effect on shear
bond stremgth  of stainless  steel
brackets o cnamel.

Materials and methods:

In this study, 42 freshly extracied
human upper first premolars were
collected and stored in solution of 70%
ethyl alcohol. The criteria of tooth
selection included intact buccal enamel
with no cracks caused by extraction, no
caries or hypocalcification, and teeth
not subjected to any pre—treatment
apents, Before bonding esch tooth was
cleaned from any tissue remnants and
cmbedded in  plastic ring.  The
parallelism and uprighting position of
gach tooth was oriented by analyzing
rod of the dental surveyor (Quayle
Dental Mfg. Ceo., England) after and
before cold-cure acrylic resin pouring
around the tooth (Medicus cold cure,
DMP Ltd., E.LL), so as to get a correct
parallelism with shearing force. Each
woth  was  polished  with  non—
fluoridated  pumice and  rubber
prophylactic cup (JTC=Full Dent S.A.,
Swiss) for 10 seconds (7, 8, 10) by
conventional  handpicce  (Belmont
PNEL-MARI), then washed and dried
by air and water stream for 30 seconds.
Ome operator bonded 42 maxillary first
premolar brackets with 0.0227 slots, O
torque and angulation, double wing,
mesh-back with basal surface area of
32.58 cm2 (Ulramintum Dentaurum
Co., Germany). Before bonding they
were randomly divided into 6 groups.
They were received the same protocol
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a5 in group 1 (control group) with a
difference in time at which the self—
elching primer was left (delay) on the
buccal surface of each tooth al each
Eroup.

Seven teeth at each of the & groups
were received the self=elching primer
(28 Unitek Co., Menrovia, California)
but for & different application times. In
the first group (control group) the
middle thind of buccal surface of each
toath received directly and only drop
of self=etching primer. The material
was rubbed on tooth surface and left
for 3 seconds according o
manufacturer’s insirections. A gentle
air burst is applied, then the adhesive
(3N Unitek Co., Menrovia, California)
was applied on bracket base and the
bracket was positioned and pressed
firmly on tooth surface gently remove
excess from  around  bracket base
without disturbing bracket Each side
of bracket {mesial, distal, occlusal and
gingival) was light cured by light cure
unit {(Quavle Dental Co., England) for
10 seconds per side according to
manufacturer’s instructions.
Meanwhile, in group 2 the delay in
application time was 2 minules; in
group 3 was 5 minutes; group 4 was 10
minutes; group 5 was 15 minutes and
in the last group the delay in
application time of self-etching primer
was 20 minutes,

To achieve reproducible conditions,
cach bracker was subjected 1o 300 gm
of compressive force for 10 seconds (7,
110} by using dental surveyor amn. The
load was placed over the arm and the
rod was positioned (o be perpendicular
o the brackei slor. All teeth were
stored in distilled water at 37 for 48
hours before debonding procedures (7,
10) .

The sample then tested in shear mode
on & universal testing machine
{Electric Unconfined Compression
Apparatus, 50il Test Co). The
specimen was secured in a position that

the bonded bracket base was parallel to
the shear force which applied in
occluso—gingival direction by a steel
rod with flatted end. The rod was
parallel 1o the middle third of the
buccal surface of twoth and crush at
interface between bracket and tooth.
The cross head speed was | mm/min
{10).The maximum load necessary to
inifiate bracket fracture was recorded
in MWewtonm and then converted into

megapascal.
Afler bond failure, the bracket bases
and  the enamel swiacss  were

examined under an oplical microscope
at 10= magnification, The adhesive
remnant index (ARI) was used 1o
assess the smount of adhesive left on
the enamel surface (11).

The primary investigator scored the
teeth as follows:

0= no adhesive remaining on the tooth
int the bonding area.

1= less than half of adhesive remaining
on the tooth in the bonding arca,

2= more than half of adhesive
remaining on the twoth in the bonding
area.

3= all adhesive remaining on the tooth,
with distinet impression of the bracket
mesh,

ARl scores were used as a more
complex method of defining bond
failure sitc among the enamel, adhesive
and the bracket hase,

Results:

The descriptive statistics for shear
bonding strength are preseated in
Table (1). Here, the numerical values
are mereased gradually by increasing
of the application time of the self-
etching primer, until group 6 as there
was a decrease in bonding strength in
spite of the increasing in the
application time which was 20 minutes
at this group. The largest shear
bonding strength was 8.60 MPa which
refated to group 5 (15 minutes). This
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change in shear bonding strength (ANOVA) give F ratio = |0695 alp <
appetred to be significant one, and the 0.001.
One-Way Amnalysis of Yariance

Table (1): Descriptive analysis of shear bonding stren pth values in MPa according to
the delay in application time of seli-etching primer

Group | | Group 2 | Group 3

Delay in Application 3 2 5 L} 15 20
Time Seconds | Minutes | Minutes hinutes Minutes | Minutes
Mean B.17 §.26 R34 £4E B.Gi 2.27

0.12

+5D 0.1% 0.023 | 0.057

==

= 7 fpr cach grad

Rample 11E|¢f p S0 Stancard devistion.

The Duncan’s 1est was carried groups 4 and 3 carricd the main
out to explore deeply the results of the responsibility  about the significant
ANOVA test which indicated that results a3 shown 0 Table® 2.

Table (2): Results of Duncan’s test among the study groups

Delay in .ftpp!ﬁcati::-n Mean Value D'I::ll.l'l:EI]t'l:’E

Time [est*

3 Seconds 8.17 -

2 Minutes 8.26 BC

20 Minutcs g.27 BC

5 Minutes £.34 B

[0 Minuies B.45 A

15 Minutes §.61 A

T} {Terent letiers mean significant difference s p = 005,

In this study, @ significant application time, = 0.373 at p < 0.03.
positive comelation was found between The diagram of correlation is in Figure
the shear bonding strength and the {1).

Bt 1
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Fig. (1): Scatter diagram of shear bonding strength and its delay in application time
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The frequency distribution of
ARl scores is illustrated by a bar
diagram at Figure (2). We noficed that
the samples of groups 1, 2, 3 and 6 arc
concentrated at score | where a less
than half of the adhesive are remaining

on tooth surface, while in group 4 the
sample is distributed between scores 1
and 2. Meamwhile, group 5 teeth are
located in score 2 in highly manner;
only 2 samples of group 1 fall in score
0, and | sample of group 5 at score 3.

[W Grotip 18 Group 2 = Goup 3] Group 4 ElGiroup 58 Group 6

i o
E“

Bracket Mumber
Lk
[

0 1

Fig. (2): Frequency distribution of adhesive remnant index seore for the study groups

The mean values and
percentage  distribution sccording to
their scoring and groups are presented
in Table (3). Again, the ANOVA

among means of AR of the group
showed significant difference with F
ratic = 5238 at p < 005

Table (3): Percentages and mean values for the adhesive remnant index according to
the groups and delay in application time of the seli—eiching primer

Caci App!jcatlnn Adhesive Remnant Index Scores T ¥

Time 0 I 3 | 3 an 1 SIx
l 3 Seconds | 28.57% | 7142 % 0 %h 0 % 0.71 | 0.50
2 2 Minutes 0 % 71.42% |[2857T% | 0% 1.28 | 0.50
3 5 Minutes 0% 85.71% | 1428% | 0% 1.42 | 0.73
4 10 Minutes (1% 4285% | 57.14% | 0% 1.57 | 0.54
5 15 Minutas 1 % 0 %o §5.71% | 14.28% | 2.14 | D38
& 20 Minutes 0 %o T142% | 28.57% | 0% 1228 | 0.50

503 Standand devaation,
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Discussion:
The direct bonding of

orthodontic brackets has revolutionized
and advanced the clinical practice of
orthadontics. However, there is a nead
to improve bonding procedures by
saving time and minimizing enamel
loss without jeopardizing a clinically
useful bond strength .

Traditionally, using of
phosphoric acid followed by primer is
essetial  part  of the bonding

procedures of composite adhesive. A
thought to simplify the clinical
handling of adhesive system was done
by combining the etchant and the
primer into | application. The use of
these systems for orthodontic pmxﬂses
has not been fully understood "' The
manufacturers indicated a specific
delay in application time of the self-
etching primer during  bonding
procedures. Some clinicians prefer 1w
apply the self-etching primer on all of
involved teeth, and then they put the
adhesive on bracket base and complete
the other procedure, for cach bracket,
one by onc. By painting the primer in
gll of the teeth at same lime and
leaving it to finish other step on the
other bracket we will preserve chair
time. The second point of view is that
the teeth with high fluoride
concentration in some populations are
considered to be more resistant o self~
etching and need longer application
fime"™ Also, when the self-etching
adhesive were bonded to unground,
intact enamel the bonading strength
values considerably lower than in the
ground enamel" ™" In orthodontics,
most of bonding procedures are
performed on intact unground enamel.

In this work, there is an
apparent tendency for increasing shear
bond strength by increasing the delay
in application time of the self-etching
primer, This change appears to be &
statistically  significant, but the

recording mean values arc within
numerical that required to withstand
normal orthodontic forces which are
thought to be between 8-9 MPa 118,
These  rmesults djsnﬁ:n:: with the
available literamures’", because the
available one indicated a mnon—
significant difference between the
study groups in spite of the gradual
increase in shear bonding strength
beside the increase of delay in
application time as the applied self-
etching primer was delayed for 2
minutes and for 10 minutes on the
other group until the curing carried out
and gave 8.4 and 9.8 MPa shear bond
strength, but in our work we extended
the delay in application time for 15 and
20 minutes and here we noticed
different results. in accompanied to
that, & significant correlation was
found between delay in application
time and shear bond strength. This will
give more opportunity for the clinician
to do histher job with a better result
that could be obtained by saving chair
time and increasing bonding strength
within the normal limits,

Usually, the laboratory
assessment of bond strenpth can not
predict  clinical performance  but,

rather, i5 & wvaluable screcning tool.
Most of bonding strength studies,
including the present one; uses the
bracket base area in calculating stress.
This will not allow Interpretation
across other studies because brackets
differ in desipn, size and base
morphology “*. These limitations are
inherent in  all laboratory studies
concemning  bonding  strength  of
brackets, but the results still serve as
valuable resources of information.

The ARI indicated that with the
longer delay time the smaller adhesive
failure rate, until the 20 minutes group
the index started to give different
numerical change. Here, the adhesive
failure mode begins to increase. These
are in accordance with the reductive
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change that occurred in bond strength.
This previous increase in ARl may
have some adverse effects, mainly in
group 5 (15 minutes), like socme
difficuliies in bracket debonding and
enamel cleaning at the end of treatment
sleps.

Conclusions:

Under the conditions of this in
vitro study, the results suggested a
significant increase in shear bond
strength of stainless steel brackets that
bonded by seli-etching  primer
adhesive. This change accompanied
with the increase in the delay of
application time from 3 seconds, 2
minutes, 10 minutes and 15 minutes
until 20 minutes; here there was a
reduction in the bonding strength.
sdoreover, a significant correlation was
found berween shear bond strength and
the delay in application time, The ARI
reported a decrease of bracket failure
rate &t the tooth / adhesive interface
accompanied  the  increase  of
application time wntil 20 minutes as
reverse results were recorded.

This new bonding agent is
simple, universal, easy to use; also the
high values of shear bond strength that
recorded in this study still near the
required normal orthodontic force.
More laboratory investigations are
indicated about the point of delaying in
application time to find the accurate
time that should not overcome, This
investigation must be followed by &
clinical trial to explore it's benefits for
the patients and clinicians,

Referavces:

§. Mishida K, ¥Yamauchi 1, Wada T, Hosoda H:
Development of new boading system. J Deat
Res 1993 720 1537,

2. Fortin D, Swift EJ, Denchy GE, Reinhards
I%: Band. sirength and microleakage of
current dentin adbesives. 1 Dent Mater P95,
10: 253-258,

1. Van Meerbeek B, Peutnans M, Verschueren
M, Clady S, Brueen M, Lambrechis P:

Clinkcal siutss of ten dentin  adhesive
sysiems J Dent Res 1994; 73: 1601 7.

4. Cinpder [ Chemical processes  and
performance comparisons of Transband™
Plus selfcuring peimer, Senior. Froduct
Development  Engincer, 3M  Unitek  Co
Benrovia, California, USA, 2002,

%, Bishare SE, Gordan VU, Yon Wald L, Olsen
ME: Effect of an acidic primer on shear
bond strength of orthodentic brackets. Am J
Orthod Pestofac Orthop 1998 114: 243-
47,

6, Bishars SE, Oonsombat CH, Ajlouni R,
Laffoon JF: Comparigon of the shear bond
strength of 2 sell-esch primer | adhesive
systems. Am J Ortbod Demtofac Crthop
;125 348250

7.Bishara SE, Yon Wald L, Olsen ME,
Laffoon JF, Jacobsen JR; Efféct of fime on
shear bondd strenpth of gless jonomer and
composite orthodontic  adhesives, Am J
Dirthed Dentofioc Orkop 1999; 116: 16-20,

F.Bishara SE, ¥Won Wald L, Lalfoen JE,
Warren J; Effect of a self-ewch primer ¢
adhesive on the shesr boed strength of
orihodontie besckets. Am 1 Orthod Dentofac
Oribop 2001 119; 621624,

9 Larmoey C. Strrups DR An ex wivo
pasessment of a bonding technigque wsing a
sell—tching primer, J Orthod 2003 30(%)
2Z5-208,

[hAmaid RW, Combe EC, Wardord [H:
Bonding of stainless brackets 1o enamel with
a new seif-piching primer. Am 1 Orihod
Demiofac Orthop 2002; 123 274-276

1 1.0liver RG: The effect of different methods
of hrocket repoval on the amaut of residunl
gdhesive. Am 1 Orthed Deniofac Ortbop
| QEE: 932 196200,

12.¥amadn B, Hagakawa T, Kasai K: Effect of
using self-ctehing primer for  bonding
orthodontic brackets. Angle Orthod I002;
Ty S5E-564,

13 Kimura T, Dunn W1, Taloumis LI; Efect
of fluoride vomish on the in wite bund
strength of orthadontic brackess using a seli—
elching primer  system. Am ] Oethed
Drentolsc Othop 2004; 125: 35]-354,

14 Kanemura M, Sane H, Tagami I: Tensile
bond sirength o and SEM evaluathon of
ground and imact enamel surfaces. J Dent
1999, 27; 513-530.

15 Eliades T, Lekka M, Elindes O, Brantley
Wa: Surfsce charscteri-galisn of coramic
brackels; A multifechnique approach, Am ]
Oirthised Drentofae Oirthep 1004; 103 10-18,

16.5urna 5, Rock WP Clinical performance of
prthodantic Brackets and adhesive systems:
A randormized cliviesl tisl. Br [ Orhod
1558; 15: 283-287,

79



