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INTRODUCTION

There is an increase in the number of young fe-
male patients seen at the orthodontic department.1 
The skeletal class II and class II molar relation being 
found more prevalent in Pakistani population allow us 
to better review and customize our treatment modal-
ities in that respect. 2 The technical advancements in 
orthodontic bonding have reduced the use of banding 
on posterior teeth. Currently bonding is preferred over 
banding as latter deteriorates the periodontal status 
of teeth.3 Plaque index, pocket depth and gingival 
changes all seem to worsen with banding as compared 
to bonding on tooth surfaces.4 Successful orthodontic 
treatment not only corrects the malocclusion but also 
help improve periodontal conditions of the patients.5 
Amalgam restorations are still preferred in adults 
having large cavities and located posteriorly requiring 

more isolation.6 Mostly patients undergoing orthodontic 
treatment have large amalgam restorations on their 
posterior teeth. This clinical predicament demands the 
requirement of different procedures to improve bonding 
between amalgam restoration and bracket by special 
surface preparation e.g. sandblasting, diamond bur 
roughening, use of intermediate resins and adhesive, 
Er,Cr:YSGG laser and Ga-Sn liquid application.7

Amalgam surfaces treated with laser produced 
higher shear bond strength compared to sandblasting 
technique.8 Use of different intermediate resins and 
adhesive does not increase the mean shear bond strength 
of orthodontic brackets as compared to etched enamel 
even with different surface treatments. However, tem-
perature variations were not affecting bond strength 
of composite to amalgam.7 Compared to green stone, 
sandblasting resulted in twofold increase in shear bond 
strength.9 It has been reported that 4-META used as 
primer increases the shear bond strength closer to 
etched enamel teeth with amalgam surfaces rough-
ened with air-borne particle abrasion.10 Sandblasting 
is used successfully to bond stainless steel brackets on 
porcelain surfaces being safe than hydrofluoric acid 
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In this in vitro study, it was concluded that the shear bond strength of sandblasted group on bonding 
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etching.11 Resin composite masking is said to give in-
creased shear bond strength with standard deviation 
of 15.54/6.41 with sandblasting of amalgam surface. 
Bur roughened amalgam surface showed shear bond 
strength with standard deviation of 15.26/3.90 in an 
aging amalgam with p<0.0001 showing significant 
difference.10 Insignificant difference was found with 
p>0.05 when shear bond strength between two amal-
gam bonding groups were observed. 7 While in another 
study, shear bond strength for diamond bur roughened 
group and sandblasted group was comparable and 
clinically significant

 Dearth of local data and variability in results sug-
gests the need to determine the best method for rough-
ening of amalgam surface to get maximum shear bond 
strength.7 Conditions like temperature be controlled and 
type of primer used can significantly increase the bond 
strength closer to those of etched enamel. Inferences 
may help clinicians for quality orthodontic practice 
with less bond failures on amalgam surfaces.

METHODOLOGY

The study design was randomized controlled trial. 
The study was carried out in Orthodontics department, 
FMH College of Medicine and Dentistry Lahore. The 
duration of study was six months (February 2014- 
August 2014). Sample size of 60 cases (30 each) was 
estimated using 95% confidence level, 80% power of 
test with expected mean bond strength 6.44±0.12 in 
diamond bur group and 6.01±0.02 in sandblast group.12 
The sampling technique was Non-probability purposive 
sampling. Sample selection was done through respective 
inclusion criteria: extracted premolar and molar teeth 
with intact buccal surfaces and exclusion criteria: 1) 
Extracted teeth with surface anomaly e.g. caries, enamel 
hypoplasia etc. 2) Extracted teeth with any conserva-
tive treatment. Extracted teeth were selected from the 
oral surgical OPD of Fatima Memorial dental hospital 
surgery outpatient department after taking the inform 
consent from the patients and were kept in 0.1% (wt/
vol) thymol solution. The buccal surfaces of teeth were 
then cleaned with pumice power and rubber cups. The 
teeth were then embedded in self cure acrylic moulds so 
that the buccal surfaces are kept perpendicular to the 
applied shear force. Teeth were randomly allocated into 
two groups following lottery method. A cavity (width 
6 mm, length 7 mm, axial depth 2 mm) with retention 
grooves at the base were prepared in sixty teeth. Thirty 
treated teeth were sandblasted with 50 micrometer 
alumina particles (Korkox 50; Bego, Bremen, Germa-
ny) and another thirty teeth were roughened with a 
diamond bur (MANI TF-12). Orthodontic brackets were 
bonded to each tooth with Transbond composite (3m 
unitek) and a metal primer (4-META, Reliance ortho-
dontic products). Whole sample was stored in normal 
saline for 72 hours, thermo cycled from 5 -55 degrees 

for 24 hours .The bonded teeth were then tested on 
universal testing machine AGS-J SHIMADZU 5 KN 
universal testing machine with cross head speed of 
1mm/min. The debonding blade of the machine was 
kept absolutely perpendicular to the buccal surface of 
each tooth. Before testing the teeth were secured firmly 
in the jig. The force at which the bracket dislodged was 
calculated and noted.

 The force was measured in Newton’s and then 
converted in Mpa using the formula: Shear strength 
(Mpa) = Debonding force (N)/bracket base area (mm 
2) and I N/mm.7 The bracket base area was (10.3 mm2) 
for all sample. Data collected was analyzed by using 
computer software SPSS version 17.0. The shear bond 
strength was presented in the form of mean, standard 
deviation and t-test was applied for comparison of 
shear bond strength between the two groups. p value 
less than and equal to 0.05 was considered significant.

RESULTS

The descriptive statistics, including the mean and 
standard deviation values for the shear bond strengths 
of sandblasted and diamond bur roughened group are 
presented in the Table I . The mean shear bond strength 
of sandblasted group is 16.30 Mpa, with a standard de-
viation of 6.01Mpa (table I). Meanwhile, the mean shear 
bond strength of the diamond bur roughened group is 
10.04Mpa with a standard deviation of 4.066Mpa (Ta-
ble I). The t-test comparison indicates that there is a 
significant difference between the two means (P<0.05). 
The sandblasted group has significantly higher shear 
bond strength than the diamond bur roughened group 
(Table II).

DISCUSSION

The study conducted assessed the shear bond 
strength of stainless steel brackets on bonding to 
amalgam surface treated with two different methods; 

TABLE 1: DESCRIPTIVE STATISTICS OF SHEAR 
BOND STRENGTH OF SANDBLASTED AND  

DIAMOND BUR ROUGHENED GROUP

Shear 
bond 

strength 
(Mpa) 

sandblast-
ed group

n* Mean Standard 
deviation

30 16.3073 6.01042

Shear 
bond 

strength 
(Mpa) 

sandblast-
ed group

n* Mean Standard 
deviation

30 10.0423 4.06625

- n*= number of teeth
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sandblasting and diamond bur roughening. The hy-
pothesis was supported as the shear bond strength 
of stainless steel brackets bonded with sandblasting 
was significantly higher than diamond bur roughened 
group. Results support the hypothesis. Results showed 
the sandblasting measurements is clinically acceptable 
and is the suggested method to bond stainless steel 
brackets to amalgam surface in clinical practice.

The cost of chair side sandblaster and its avail-
ability in dental practice is not common and clinicians 
might not find it easily accessible. The sandblasting 
also needs proper training and isolation to protect the 
surrounding tissue. But the results suggest it yields 
clinically significant Shear bond strength. Diamond 
bur is easily available in practice and may be the more 
preferable procedure by the clinicians. But the sand-
blasting is superior in terms of generating higher bond 
strength and it’s highly supported by the current study. 
Diamond bur roughening and sandblasting techniques 
are also used on surfaces like porcelain to increase the 
mechanical bond between the bracket and the surface.13 
In 2007, Machado et al studied the effect of different 
surface treatments like diamond bur roughening and 
sandblasting on amalgam-composite interface. Sand-
blasted group showed shear bond strength of 16.28 MPa 
and bur roughening showed Shear bond stregth of 9.27 
MPa.14 The shear bond strength results in our study 
is comparable to the study undertaken by Machado et 
al with sandblasted group showing 16.3 MPa of mean 
SBS and diamond bur roughening showing 10.02 MPa 
of mean shear bond strength. Shear bond strength 
(SBS) in this study was measured through stainless 
steel bracket interface with enamel rather than directly 
testing the amalgam-composite interface. Sandblasting 
was found superior to diamond bur roughening tech-
nique but results showed were clinically insignificant 
3.4-6.4 MPa less than that of the controls 13.2 MPa. 
In this study different metal bonding adhesives were 
used 4-Meta, Panavia and Geristone.15

 It was found that sandblasting amalgam surface 

TABLE 2: INDEPENDENT SAMPLE TEST

t-test for equality of Means

95% Confi-
dence inter-

val of the 
Difference

S
h

ea
r 

bo
n

d
 

st
re

n
gt

h
 in

 M
P

a t Sig.
(2-tailed)

Mean 
Dif-
fer-

ence

Std. 
Error 
Dif-
fer-

ence

Low-
er

Up-
per

4.729 .000 6.26600 1.32488 3.61296 8.91704

generated superior SBS than green stone. Scotch 
bond 1 or All-Bond 2 and Amalgam bond were the 
different adhesives used. Instron Universal testing 
machine was used with a cross head speed of 1mm/
minute to test shear bond strength. Scotch bond 1 
showed the highest shear bond strength with sand-
blasting technique.16 It was previously studied that 
water storage has deleterious effects on SBS with a 
mean of 10.7 MPa and cross head speed increased the 
SBS by 0.77 and 1.3 MPa respectively. 17 The samples 
in our study were not stored in water after bonding 
brackets to amalgam and might have decreased the 
measurments in our study. In another study the shear 
bond strength of mandibular incisor bracket bond to 
amalgam surface using different intermediate resins 
and dental adhesives. No significant difference was 
found in amalgam bonded groups p>0.05. 7 In present 
study the sandblasted amalgam surface group showed 
mean shear bond strength of 16.3±6.01 S.D which is 
clinically acceptable and significant p<0.05. In 2012, 
Er,Cr:YSGG LASER and sandblasting technique was 
used to bond stainless steel brackets on amalgam. Laser 
group showed higher shear bonds strength on debonding 
(6.30 MPa) than sandblasting group.8 Sandblasting was 
found superior to diamond bur roughening on bonding 
to amalgam surfaces in a previous study.18 This study 
also supports our hypothesis and infers strong evidence 
towards sandblasting as the method to use for bonding 
orthodontic brackets to amalgam.

In previous literature the use of dual cure resin 
when bonding to metal surfaces was done. It was found 
a new universal bonding agent Scotch bond Universal 
providing clinically significant bond strength on all 
the bonding surfaces (metal, composite, porcelain) 19. 
In was found recently that Assure plus resin produced 
clinically significant (7.70, 7.97) MPa bond strength on 
amalgam surface with pretreatment sandblasting.20 
On the contrary, Transbond XT performed better than 
Assure Universal Bonding resin in terms of shear bond 
strength after amalgam surface treatment (7.2-10.12) 
MPa 21. It should be noted that this study was conducted 
in vitro and factors like salivary contamination should be 
kept in mind when evaluating the results of the study. 
The effect of saliva and moisture on bond strength has 
been discussed and is detrimental to the bond between 
interface of composite and amalgam. The predictable 
size and form of amalgam filling might not be possible 
clinically. In vivo studies in future should be carried 
out to give more accurate results. The availability 
of sandblaster for clinical use inside the oral cavity 
should be valued more and its application should be 
enlightened more in clinical practice.

CONCLUSION

The study made a comparison between sandblast-
ed and diamond bur roughened amalgam surfaces on 



210Pakistan Oral & Dental Journal Vol 38, No. 2 (April-June 2018)

Strength of brackets on treated amalgam surfaces

11 Grewal Bach GK, Torrealba Y, Lagravere MO. Orthodontic 
bonding to porcelain: A systemic review. Angle Orthod. 2014; 
84(3):555-60.

12 Hammad SM, El Banna MS. Effects of cyclic loading on the 
shear bond strength of metal orthodontic brackets bonded to 
resin composite veneer surface using different conditioning 
protocols. Progress in Orthodontics. 2013; 14:14.

13 Kocadereli I, Canay S, Akca K. Tensile bond strength of ceramic 
orthodontic brackets bonded to porcelain surfaces. Am J Orthod 
Dentofacial Orthop. 2001; 119(6):617–620.

14 Machado C, Sanchez E, Alapati S, Seghi R, Johnston W. Shear 
bond strength of the amalgam-resin composite interface. Oper 
Dent. 2007, 32(4):341-346

15 Zachrisson BU, Buyukyilmaz T, Zachrisson YO. Improved ortho-
dontic bonding to silver amalgam. Angle Orthod. 1995;65:35-42

16 Portugal J, Marqes P, Jardim L, Leitcio J. Shear Bond Strength 
of Aged Dental Amalgam Repaired with Composite. Rev Port 
Estomatol Cir Maxilofac. 2008;49:69-74

17 Katrina JF, Mutlu OZ, Wendy J. Post YR, Pieter UG. In-vitro 
orthodontic bond strength testing: A systematic review and 
meta-analysis. Am J Orthod dentofacial Orthop. 2010;137:615-22

18 Skilton JW, Tyas MJ, Woods MG. Effect of surface treatment on 
orthodontic bonding to amalgam. Aus Orthod J. 2006; 22:59-66.

19 Helak A, Ebeling J, Schauseil M, Stein S, Roggendorf M, Korb-
macher-Steiner H. Shear Bond Strength of Three Orthodontic 
Bonding Systems on Enamel and Restorative Materials. BioMed 
Res Int. 2016; 10 .

20 Toodehzaeim MH, Haerian A, Safari I, Arjmandi R. The effect 
of assure plus resin on the shear bond strength of metal brack-
ets bonded to enamel and surface of porcelain and amalgam 
restorations. Biosci. Biotech. Res. Comm. 2017; 10(2): 82-87.

21 Amirabadi GE, Shirazi M, Shirazi Z. Microshear Bond Strength of 
Transbond XT and Assure Universal Bonding Resin to Stainless 
Steel Brackets, Amalgam and Porcelain. J Islam Dent Assoc 
Iran. Winter 2015; 27(1).

bonding stainless steel brackets and shear bond strength 
was tested. The results inferred by this in vitro study 
with its limitations are concluded as follows:

The shear bond strength of sandblasted amalgam 
group is higher than the diamond bur roughened groups 
on bonding stainless steel brackets. 
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