
www.jdt.tums.ac.ir February 2015; Vol. 12, No. 2 1

Original Article

Comparison of Microleakage under Rebonded Stainless Steel

Orthodontic Brackets Using Two Methods of Adhesive

Removal: Sandblast and Laser

Mohamad Hossein Tudehzaeim1, Soghra Yassaei2, Shohreh Taherimoghadam3

1Associated Professor, Department of Orthodontics, Faculty of Dentistry, Shahid Sadoughi University of Medical Sciences, Yazd,
Iran
2Associate Professor, Department of Orthodontics, School of Dentistry, Yazd University of Medical Sciences, Yazd, Iran
3Assistant Professor, Department of Orthodontics, Faculty of Dentistry, Shahid Sadoughi University of Medical Sciences, Yazd,
Iran

 Corresponding author:
S. Taherimoghadam, epartment
of Orthodontics, Faculty of
Dentistry, Shahid Sadoughi
University of Medical Sciences,
Yazd, Iran

shohretm86@yahoo.com

Received: 5 August 2014
Accepted: 28 December 2014

Abstract
Objectives: Debonding is a common occurrence in orthodontic treatment and a con-
siderable number of orthodontists prefer to rebond the detached brackets because of
economic issues. The aim of this study was to compare the microleakage beneath re-
bonded stainless steel brackets using two methods of adhesive removal namely
sandblast and laser.
Materials and Methods: Sixty human premolar teeth were randomly divided into
three groups. Following bonding the brackets, group 1 served as the control group.
Brackets in groups 2 and 3 were debonded, and adhesive removal from the bracket
bases was done by means of sandblasting and Er-YAG laser, respectively. After re-
bonding, teeth in each group were stained with 2% methylene blue for 24 hours, sec-
tioned and examined under a stereomicroscope. Marginal microleakage at the adhe-
sive-enamel and bracket-adhesive interfaces in the occlusal and gingival margins was
determined. Statistical analysis was done using the Kruskal-Wallis test.
Results: Comparison of the microleakage scores among the three groups revealed no
statistically significant difference (P > 0.05). At the enamel-adhesive interface, the
gingival margins in all groups showed higher microleakage while in the adhesive-
bracket interface, the occlusal margin exhibited greater microleakage.
Conclusion: Er-YAG laser irradiation and sandblasting for adhesive removal from
the debonded brackets yielded clinically acceptable microleakage scores.
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INTRODUCTION
Debonding is a common occurrence in ortho-
dontic treatment [1,2]. Despite the improve-
ments in the quality of adhesive materials, the
prevalence of bracket detachment is still more

than 5-7% and rebonding of the detached
brackets is preferred by a large number of or-
thodontists [3,4]. Therefore, obtaining a relia-
ble adhesive bond between tooth enamel and
orthodontic bracket is essential [5].
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Economical issues are also important; the cost
factor is reduced if the debonded bracket can
be used again [6].
Regarding the shear bond strength of rebonded
brackets, literature reports inconsistent find-
ings. Some studies report lower bond strength,
while others report comparable or higher bond
strength values [7-11]. Various adhesive
clean-up methods have been reported in the
literature, among them sandblasting and
Er:YAG laser irradiation have been shown to
provide rebond strength comparable to that of
new brackets.
Using new brackets for rebonding has shown
reduction of 20 to 40% in bond strength in dif-
ferent studies, based on the methods of bond-
ing [12,13]. Microleakage allows for the pas-
sage of oral fluids and bacteria and thus white
spot lesions may form under the bracket sur-
face area [14-16]. In addition, when rebonding
brackets, the bracket bases are often not intact
[4], and the degree up to which we could clean
the base from residual adhesives affects the
microleakage. This may be attributed to the
fact that when the bracket base is altered by
the method of adhesive cleaning following
debonding, the composite adaptation to the
base would be different compared to what we
have in new bracket bases. In the process of
adhesive clean up, methods used can alter the
bracket base properties such as its mesh form
[2], which has been documented in previous
researches by scanning electron microscope
examination [4]. Therefore we hypothesized
that different methods of adhesive removal
may result in different microlaekage values.
Since higher microleakage score can gradually
lead to white spot formation and subsequent
esthetic problems, we believed that the com-
parison of microleakage between these two
methods of adhesive removal and a control
group was worth studying.
James et al. reported that microleakage around
orthodontic brackets increased the risk of de-
mineralization [15]. Arhun et al. found that
microleakage at the adhesive-bracket interface

with metal brackets was more than with ce-
ramic brackets, which may result in lower
shear bond strength and formation of white
spot lesions [17].
Arikan et al. assessed the microleakage be-
neath brackets with different light curing units
and bracket types and concluded that ceramic
brackets cured with diode units had the lowest
microleakage scores [18].
So far, to our knowledge, some studies have
assessed bond strength of rebonded brackets
but the literature is scarce on the microleakage
of rebonded brackets.
Considering the results of previous studies in
support of Er:YAG laser irradiation and
sandblasting as clinically acceptable methods
of adhesive removal for bracket rebonding
[19-21], the aim of this study was to compare
the in vitro microleakage of metal brackets
rebonded using Er:YAG laser and sandblast-
ing.

MATERIALS AND METHODS
Sixty fresh human premolar teeth extracted for
orthodontic purposes were used in this study.
The teeth were free of caries, cracks or gross
irregularities of the enamel structure. The teeth
were stored in distilled water at room tempera-
ture until the experiment.
Before bonding, the teeth were polished with
fluoride-free pumice powder. The teeth were
randomly divided into three groups of 20
namely the control group (C), laser group (L),
and sandblast group (S).
Bonding procedure:
Premolar metal edgewise brackets (MBT,
American Orthodontics, USA) were used.
Etching was done with 37% phosphoric acid
gel (Ormco, Italy) applied to the buccal sur-
face of teeth for 30 seconds. The teeth were
then sprayed with water for 20 seconds and
dried with oil-free air spray for 20 seconds
until the buccal surfaces of the teeth appeared
frosty. A thin coat of light cure primer (Orm-
co, Italy) was applied to the etched surfaces
and the base of brackets using a microbrush.
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The light cure adhesive (Greenglue, Italy) was
applied to each bracket base.
The brackets were placed with tweezers with
optimum pressure and then cured with quartz
tungsten halogen light curing unit (Faraz Den-
tin, Iran) for 40 seconds (10 seconds for each
bracket side). One operator performed all the
procedures.
Debonding procedure:
Debonding was done with a bracket removing
plier (Dentaurum, Germany) in L group and S
group with caution not to distort the brackets.
After removal of brackets, the remnant adhe-
sive on enamel surfaces was removed with
tungsten carbide bur until no composite was
detectable by the naked eye under unit lamp.
Adhesive removal procedure:
Group L: Adhesive on the back of the brackets
was removed with Er:YAG laser device (Fon-
tana, 1210 Ljubljana, Slovenia)  at a wave-
length of 2,940 nm, spot size of 0.9 mm and
RO2-C headpiece. The laser operated in pulse
mode (medium short pulse) at a distance of 5
mm perpendicular to the bracket bases. The
mean power output was 5.5 W and the laser
was used at 225 mJ and 15 Hz for 10 seconds
with air and water coolant [17].
Group S: Sandblasting was done using alumi-
num oxide abrasion unit model II (Danville
Engineering Co, USA) using 50–μm alumi-
num oxide abrasive powder at a distance of
3mm from bracket base for 5 seconds [23],
with the nozzle tip sweeping in a mesiodistal
direction and the base of each debonded
bracket was etched under 50 PSI pressure
[24]. Micro etching was stopped when the
metal base appeared roughened and no resin
remnants were detectable on visual inspection
[25].
Rebonding procedure:
Teeth conditioning with 37% phosphoric acid
was done as mentioned earlier, except no rub-
ber cup prophylaxis of the enamel surfaces
was performed prior to the etching process.
Rebonding of the recycled brackets was done
as initial bonding in groups L and S.

Microleakage evaluation:
Before dye penetration, the apex of each sam-
ple was sealed with sticky wax, then nail var-
nish was applied to the entire surfaces of the
teeth except for 1 millimeter around the brack-
ets. After that, the teeth were immersed in 2%
methylene blue solution for 24 hours at room
temperature. After being removed from the
solution, samples were rinsed under tap water
and brushed to remove the superficial dye;
then teeth were mounted vertically in acrylic
blocks.
Two parallel longitudinal sections were made
with a diamond disk in a sectioning machine
(safaei, Iran) in buccolingual direction.
Evaluation of dye penetration was done under
a stereomicroscope (×20 magnification) (SZ
40, Olympus, Tokyo, Japan). Dye penetration
at both gingival and occlusal margins of the
brackets at the enamel-adhesive and the adhe-
sive-bracket interfaces in each section was
measured using an electronic digital gauge
(Shoka Golf, Japan) and the data were record-
ed to the nearest 0.05 mm value.

Statistical analysis
Both the adhesive–bracket and the enamel–
adhesive interfaces were evaluated at the gin-
gival and occlusal margins in the three groups.
Statistical analysis was done using SPSS ver-
sion 17. Since the Kolmogorov- Smirnoff test
showed that the data distribution was not nor-
mal, a non- parametric test (Kruskal- Wallis)
was used. Statistical significance was set at P<
0.05.

RESULTS
The results of Kruskal- Wallis test revealed no
significant differences in microleakage scores
among the groups (P=0.157). Thus, no more
tests were done for multiple comparisons.
Microleakage was observed in all groups.
Comparison of the microleakage scores be-
tween the occlusal and gingival margins at the
enamel – adhesive and adhesive – bracket in-
terfaces is shown in Table 1.

120



Journal of Dentistry, Tehran University of Medical Sciences Tudehzaeim et. al

www.jdt.tums.ac.ir February 2015; Vol. 12, No. 2
4

In all groups, the gingival margin of enamel –
adhesive interfaces showed higher microlea-
kage while at the adhesive-bracket interfaces,
the occlusal margin exhibited higher micro-
leakage; however, the differences were not
statistically significant.
Comparisons among the three groups at the
occlusal margin, gingival margin and both
showed no statistically significant difference.
The mean microleakage scores in the C group,
S group and L group were 0.343, 0.502 and
0.496, respectively (Table 2).
Thus, the mean microleakage score was the
highest in S group and the lowest in C group;
however the differences were not statistically
significant.

DISCUSSION
Today, a large number of orthodontists prefer
to rebond the debonded brackets. According to
the results of the current study, sandblasting
and Er-YAG laser for adhesive removal from
the back of debonded brackets can affect the
microleakage scores at the occlusal and gin-
gival margins of enamel-adhesive and adhe-
sive-bracket interfaces; although the differ-
ence was not statistically significant. The
overall microleakage score was the highest in
S group followed by L group and C group,
respectively. In the bracket –adhesive inter-
faces, the microleakage scores were greater in
the occlusal margin, while the gingival margin
at the enamel-adhesive interface had higher

Interface Groups N
Occlusal

Mean    SD
Median

Gingival
Mean    SD

Median
P value

Enamel –
adhesive
inter face

1. Control
2. Sandblast
3. Laser

30
29
31

0.243    0.252   0.190
0.494    0.433   0.357
0.362    0.269 0.310

0.320    0.316    0.235
0.573    0.453    0.430
0.589    0.579    0.400

0.101           NS
0.689           NS
0.104           NS

Adhesive
–bracket
interface

1. Control
2. Sandblast
3. Laser

30
29
31

0.598    0.475    0.505
0.555    0.421 0.540
0.575    0.478    0.534

0.427    0.373     0.400
0.416    0.368     0.285
0.396    0.435     0.288

0.079            NS
0.136            NS
0.092            NS

N indicates sample size, SD:  standard deviation, NS: not significant (P <0.05 was significant)

Group

Occlusal
(enamel adhesive

+adhesive
bracket)

Mean        SD

Gingival (enamel
adhesive +adhesive

bracket)
Mean          SD

Total
Mean         SD

P value

Control 0.341       0.255 0.347          0.595 0.343          0.26 0.247            NS

Sandblast 0.532       0.339 0.468          0.541 0.502        0.247 0.552            NS

Laser 0.489        0.327 0.446          0.821 0.467           0.310 0.496 NS

SD = standard deviation, NS: not significant  (P< 0.05 was significant)

Table 2. Comparison of total microleakage scores

Table 1. Comparison of the microleakage scores between the occlusal and gingival margins at the ena-
mel-adhesive and adhesive-bracket interfaces.
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microleakage scores.
Since we used dual contour brackets, it can be
claimed that adhesive thickness was uniformly
even at the occlusal and gingival levels.
Therefore, different surface curvatures could
not influence the microleakage scores. Yassaei
et al. investigated the shear bond strength of
brackets recycled with different methods of
resin removal (including sandblast and
Er:YAG laser) and concluded that sandblast-
ing and Er:YAG laser were efficient in-office
methods of reconditioning debonded brackets,
with minimal damage to the bracket base [19].
Ishida et al. conducted a study on shear bond
strength of rebonded brackets in which adhe-
sive remnants of the debonded brackets were
removed with different methods such as
sandblast and Er,Cr:YSGG laser, and they
found that using sandblast and Er,Cr:YSGG
laser for adhesive removal can certainly en-
hance the use of recycled orthodontic brackets
[20]. According to previous studies, sandblast
and Er laser are suitable methods of resin re-
moval for rebonding brackets [19, 20, 21].
With respect to the critical role of microlea-
kage in white spot formation and reducing the
shear bond strength, and the importance of
rebonding in clinical orthodontics, we decided
to conduct the present study to compare the
microleakage beneath the base of brackets re-
bonded after sandblasting and Er: YAG laser
irradiation. Yagci et al.  found that when direct
and indirect bonding methods were used at the
enamel–adhesive and adhesive–bracket inter-
faces, microleakage scores at the gingival
margins were greater than at the occlusal mar-
gins [26]. Arhun et al. observed that microlea-
kage scores at the incisal and gingival margins
of brackets showed significant differences,
implying increased microleakage at the gin-
gival margin. They attributed these differences
to the curvature of the tooth morphology,
which can result in thicker composite at the
gingival margin [17].
Uysal et al. [28] and Ulker et al. [27] had the
same findings as those of Arhun et al. But the

interpretation was different. They observed
that lower or no microleakage scores at the
occlusal compared to the gingival margin can
be related to the curing method; because of
lighting from the occlusal direction.
Ulker et al. investigated the microleakage un-
der orthodontic brackets using high intensity
curing lights and concluded that gingival mar-
gins in all groups had higher microleakage
scores compared to occlusal margins at both
adhesive interfaces [27]. Uysal et al. observed
the microleakage under metallic and ceramic
brackets bonded with orthodontic self-etching
primer systems and found that gingival mar-
gins in all groups had higher microleakage
scores in comparison with occlusal margins
for both adhesive interfaces; and enamel-
adhesive interfaces exhibited more microlea-
kage than did the adhesive-bracket interfaces
[28]. Literature reports contradictory results
regarding the bond strength of rebonded
brackets; some researchers concluded that
reusing the brackets did not affect the bond
strength significantly, while others concluded
that rebonding led to lower bond strength.
To our knowledge, some studies have assessed
bond strength of rebonded brackets but no lite-
rature has reported the effect of rebonding on
microleakage.

CONCLUSION
Comparison of the microleakage scores among
the three groups showed that they had no sta-
tistically significant difference (P > 0.05), al-
though the mean microleakage scores were the
highest in the sandblast group and the lowest
in the control group.
Er-YAG laser irradiation and sandblasting for
removing the adhesive from the back of the
debonded brackets prior to rebonding  had no
significant effect on microleakage scores; the-
refor the microleakage scores were clinically
acceptable using these methods prior to re-
bonding the brackets. Microleakage score was
higher in bracket –adhesive interfaces in all
groups except for the sandblast group.
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Microleakage score was higher in gingival
margin at the enamel-adhesive interfaces and
in occlusal margin at the adhesive–bracket in-
terfaces.

ACKNOWLEDGMENTS
This project was supported by the Faculty of
Fentistry, Yazd University of Medical
Sciences.

REFERENCES
1- Gaffey PG, Major PW, Glover K, Grace
M, Koehler JR . Shear/peel bond strength of
repositioned ceramic brackets. Angle Or-
thod. 1995;65(5):351-7.
2- Mui B, Rossouw PE, Kulkarni GV. Opti-
mizing of a procedure for rebonding dislodged
orthodontic brackets. Angle Orthod. 1999
Jun;69(3):276-81.
3- O'Brien KD, Read MJ, Sandison RJ, Ro-
berts CT. A visible light-actived direct-
bonding material an in vivo comparative
study. Am J Orthod Dentofacial Orthop. 1989
Apr;95(4):348-51.
4- Bahnasi FI, Abd-Rahman AN, Abu-Hassan
MI. Effects of recycling and bonding agent
application on bond strength of stainless
steel orthodontic brackets. J Clin Exp Dent.
2013 Oct 1;5(4):e197-202.
5- Kim MJ, Lim BS, Chang WG, Lee YK,
Rhee SH, Yang HC. Phosphoric acid incorpo-
rated with acidulated phosphate fluoride gel
etchant effects on bracket bonding. Angle Or-
thod. 2005 Jul;75(4):678-84.
6- Montero MM, Vicente A, Alfonso-
Hernández N, Jiménez-López M, Bravo-
González LA. Comparison of shear bond
strength of brackets recycled using mi-
cro sandblasting and industrial methods. An-
gle Orthod. 2014 , Sep 17.
7- Wright Wl, Powers JM. In vitro tensile
bond strength of reconditioned brackets. Am J
Orthod. 1985 Mar;87(3):247-52.
8- Jassem HA, Retief DH, Jamison HC. Ten-
sile and shear strengths of bonded and re-

bonded orthodontic attachments. Am J Orthod.
1981 Jun;79(6):661-8.
9- Leas TJ, Hondrum S. The effect of rebond-
ing on the shear bond strength of orthodontic
brackets—a comparison of two clinical tech-
niques. Am J Orthod Dentofacial Orthop.
1998,114(4):452-460.
10- Bishara SE, Vonwald L, Laffoon JF, War-
ren JJ. The effect of repeated bonding on the
shear bond strength of a composite resin or-
thodontic adhesive. Angle Orthod. 2000
Dec;70(6):435-41.
11- Bishara SE, Laffoon JF, Vonwald L,
Warren JJ. The effect of repeated bonding on
the shear bond strength of different orthodon-
tic adhesives. Am J Orthod Dentofacial Or-
thop. 2002 May;121(5):521-5.
12- Regan D, Le Masney B, Van Noort. The
Eur J Orthod. 1993 Apr;15(2):125-35.
13- Liu JK, Tsai MY, Huang PH. Tensile
bond strength of reused orthodontic metal
brackets. Zhonghua Ya Yi Xue Hui Za Zhi.
1991 Mar;10(1):30-5.
14- Eliades T, Eliades G, Brantley WA,
Johnston WM. Polymerization efficiency of
chemically cured and visible lightcured ortho-
dontic adhesives: degree of cure. Am J Orthod
Dentofacial Orthop. 1995 Sep;108(3):294-301.
15- James JW, Miller BH, English JD, Tad-
lock LP, Buschang PH. Effects of high speed
curing devices on shear bond strength and mi-
croleakage of orthodontic brackets. Am J Or-
thod Dentofacial Orthop. 2003
May;123(5):555-61.
16- St Georges AJ, Wilder AD Jr, Perdigao J,
Swift EJ Jr. Microleakage of Class V compo-
sites using different placement and curing
techniques: an in vitro study. Am J Dent. 2002
Aug;15(4):244-7.
17- Arhun N, Arman A, Cehreli SB, Arikan S,
Karabulut E, GulsahiK. Microleakage beneath
ceramic and metal bracket sbonded with a
conventional and an antibacterial adhesive
system. Angle Orthod. 2006 Nov;76(6):1028-
34.

123



Tudehzaeim et. al Comparison of Microleakage under Rebonded Stainless Steel …

www.jdt.tums.ac.ir February 2015; Vol. 12, No. 2 7

18- Arikan S, Arhun N, Arman A, Cehreli SB.
Microleakage beneath ceramic and metal
brackets photopolymerized with LED or con-
ventional light curing units. Angle Orthod.
2006 Nov;76(6):1035-40.
19- Yassaei S, Aghili H, Khanpayeh E, Gol-
danimoghaddam M. Comparison of shear
bond strength of rebounded brackets with four
methods of adhesive removal. Lasers Med Sci.
2014 Sep;29(5):1563-8.
20- Ishida K, Endo T, Shinkai K, Katoh Y.
Shear bond strength of rebonded brackets after
removal of adhesive with Er,Cr: YSGG laser.
Odontology. 2011 Jul;99(2):129-34.
21- Ahrari F, Basafa M, Fekrazad R, Mokar-
ram M, Akbari M. The efficacy of of Er,
Cr:YSGG Inreconditioning of metallic ortho-
dontic brackets. Photomed Laser Surg. 2012
Jan;30(1):41-6.
22- Gonçalves M, Corona SA, Pécora JD,
Dibb RG .Influence of the frequency of
Er:YAG laser on the bond strength of dental
enamel . J Clin Laser Med Surg ,2003; 21( 2):
105-8 .

23- Seema K, rossouw P, Gajanan V, Keith C.
The influence of orthodontic bracket base de-
sign on shear bond strength. Am J Orthod
Dentofacial Orthop. 2003 Jul;124(1):74-82.
24- Coley-Smith A, Rock WP. Bracket recy-
cling – who does what . Br J Orthod. 1997
May;24(2):172-4.
25- James K, Robert N, Jane R. The effect of
Am J Orthod Dentofacial Orthop. 1998
Oct;114(4):452-60.
26- Yagci A, Uysal T, Ulker M, Ramoglu SI.
Microleakage under orthodontic brackets
bonded with the custom base indirect bonding
technique. Eur J Orthod. 2010 Jun;32(3):259-
63.
27- Ulker M, Uysal T, Ramoglu SI, Ertasd H.
Microleakage under Orthodontic Brackets Us-
ing High-Intensity Curing Lights. Angle Or-
thod. 2009 Jan;79(1):144-9.
28- Uysal T, Ulker M,  Ramoglu SI, Ertasd
H. Microleakage under Metallic and Ceramic
Brackets Bonded with Orthodontic Self-
Etching Primer Systems. Angle Orthod. 2008
Nov;78(6):1089-94.

124


