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The Effect of Enamel Sandblasting on Enhancing Bond 

Strength of Orthodontic Brackets: A Systematic Review 

and Meta-analysis

Stefan Baumgartnera / Despina Koletsib / Carlalberta Vernac / Theodore Eliadesd

Purpose: To critically appraise the evidence regarding the effect of enamel sandblasting on the bond strength of 

orthodontic brackets on either the labial or lingual tooth surface. 

Materials and Methods: An electronic database search of published and unpublished literature was performed. 

Search terms included sandblasting, enamel abrasion, tooth surface, bond strength, bond failure, and adhesive 

remnant; data were extracted in standardized piloted forms. Risk of bias was assessed using the Cochrane risk of 

bias tool, adapted for in vitro studies where necessary.

Results: Of the 81 articles initially retrieved, 13 were eligible for inclusion in the systematic review. All of the latter 

were in vitro studies with unclear risk of bias primarily due to unclear reporting of blinding of outcome assessors. 

Eight studies assessed the combined effect of enamel sandblasting and etching, while only five evaluated the iso-

lated effect of sandblasting on the buccal enamel surface. In view of the apparently heterogeneous study settings, 

intervention protocols, specimen preparation and storage sequences, only two studies were deemed eligible for 

quantitative synthesis. Random effects meta-analysis revealed no evidence to support sandblasting prior to etching 

over etching alone with regard to shear bond strength of orthodontic brackets bonded in vitro to lingual enamel sur-

faces of extracted premolars (standardized mean difference: 0.36; 95% CI: -0.21, 0.94; p = 0.22). 

Conclusions: The findings of the present study cannot support lingual enamel sandblasting prior to etching for aug-

mentation of the bond strength of orthodontic brackets. 
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Intraoral sandblasting was first introduced by Black in 

1945. The procedure involved alumina particles to abrade 

enamel.3 At that time, clinicians were in search of an effec-

tive method for enamel preparation as an alternative to the 

belt-driven, low-speed handpiece manual method which was 

widely used.30 In contrast, air-abrasion technology currently 

employs a high-speed stream of aluminum oxide particles 

propelled by air pressure. As the particles collide with 

enamel, the kinetic/mechanical energy of the particles is 

released, resulting in microscopic conditioning.4 The pro-

cedure creates roughness on the enamel surface and en-

hances the mechanical interlocking effect by increasing the 

surface area. There is evidence that the method also in-

creases the adhesive strength of bonded brackets to artifi-

cial surfaces such as amalgam, composites, ceramics and 

metals.6,21,22,29,37  

The use of acid etching to increase material bonding to 

enamel was initially described by Buonocore in 1955.8 Acid 

dissolution of the enamel surface creates microporosities, 

allowing a micromechanical bond. This technique is consid-

ered one of the milestones of clinical practice in all fields of 

dentistry, and in orthodontics, it resulted in significant treat-

ment improvement. Nearly a decade after the first clinical 

use of acid etching in dentistry, Newman espoused this 
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technique for enamel preparation before bonding orthodon-

tic brackets.28 Since then, with regard to the bond strength 

of materials on the enamel surface, research has been 

mainly directed towards evaluation of the effect of acid 

etching alone or compared to acid etching combined with 

air abrasion.35 

However, there is uncertainty in the existing literature 

whether sandblasting the enamel surface before or in-

stead of etching enhances bond strength. Considering 

orthodontic bracket bonding, bond strength is actually 

dependent on three factors: the retention mechanism of 

the bracket base, the adhesive material or bonding resin, 

and the preparation of the enamel surface.39 It is com-

monly accepted that bracket bonding to prismless1,16,17 

or hypermineralized23 enamel is suboptimal, and sand-

blasting has been recommended to increase bond 

strength.14,40 The method is routinely used by many clin-

icians. Research in the field has revealed either no im-

provement in bond strength when sandblasting is used 

before etching,6,34,38 or a statistically nonsignificant ten-

dency towards increased bond strength.5,31,33 Neverthe-

less, a number of studies showed significant improve-

ments in bond strength with sandblasting before 

etching,10,18,25,40 but the clinical relevance of findings 

and the methodology adopted in some of the studies still 

remain questionable. 

As a result, the net effect of sandblasting on bond 

strength has yet to be systematically, transparently eval-

uated given the evidence base. Therefore, the aim of this 

systematic review was to identify and describe this effect 

in comparison to other procedures in orthodontic pa-

tients. The null hypothesis was that the use of sandblast-

ing prior to orthodontic bonding, alone or in conjunction 

with other bonding procedures, did not improve bond 

strength.   

MATERIALS AND METHODS

The Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses24,27 were followed in reporting this system-

atic review. No protocol registration was implemented.

Eligibility Criteria 

The following selection criteria were applied:

 Study design: randomized controlled trials (RCTs), con-

trolled clinical trials (CCTs). In absence of these, in vitro 

studies using human teeth and including a comparison 

group were considered.

 Participants: Patients undergoing orthodontic treatment 

and/or extracted human teeth.

 Interventions: Tooth sandblasting alone or performed 

after other tooth preparation.

 Comparison: Tooth preparation other than sandblasting.

 Outcome measures: Difference in shear bond strength 

was the primary outcome of interest. In addition, adhe-

sive remnant index and other related indices were con-

sidered. 

 Exclusion criteria: Studies without a comparison group 

and animal studies were excluded. Studies concerning 

sandblasting of bracket surfaces or surfaces other than 

enamel were not considered.

Search Strategy 

An electronic search in the following databases was per-

formed on October 26, 2015 and updated on October 31, 

2016 for additional reports, while no language restrictions 

were applied: Medline via Pubmed, EMBASE, and Cochrane 

Central Register of Controlled Trials (CENTRAL). Moreover, 

unpublished literature was searched in www.clinicaltrials.

gov, the National Research Register (www.controlled-trials.

com), and Open Grey using the terms “sandblasting” AND 

“bond strength”. The reference lists of the retrieved full text 

articles were also hand searched. Authors of original stud-

ies were contacted for data clarification as necessary. The 

full search strategy employed in Medline via Pubmed is pre-

sented in Appendix 1.

Eligibility assessment, data extraction and Risk of Bias 

(RoB) assessment was implemented independently and in 

duplicate by two reviewers (SB and DK). Disagreements 

were resolved through discussion and after consultation 

with the last author (TE). 

Data Extraction 

Data were extracted on standardised piloted forms by two 

independently working reviewers (SB and DK) who were not 

blinded to author identity or study origin. Titles and ab-

stracts were examined first, followed by full text screening 

of articles potentially meeting the inclusion criteria. Informa-

tion was obtained from each included study on study de-

sign, participants (or number of teeth), interventions, com-

parisons, and outcomes. In addition, information on 

specimen preparation prior to intervention, storage solu-

tion, and timing were obtained for in vitro studies.

Risk of Bias Within Studies 

Risk of bias in individual studies was assessed in accor-

dance with the Cochrane Risk of Bias tool19 and appropri-

ately adapted for in vitro studies, as there is no existing spe-

cific tool developed for such studies. In particular, and 

specifically for in vitro reports, the following domains were 

considered: 1. comparability of experimental conditions (se-

lection bias); 2. blinding of assessors (performance bias); 3. 

losses or non-inclusion of specimens (attrition bias); 4. se-

lective reporting (reporting bias); 5. other bias. An overall 

assessment of the risk of bias was made for each included 

study (high, moderate, low). Studies with at least one item 

designated to be at high risk of bias were regarded as having 

an overall high risk of bias. Similarly, reports with a moderate 

risk of bias for one or more key domains were considered to 

be at moderate risk of bias, and studies with a low risk of 

bias in all domains were rated as low risk of bias. 

Summary Measures and Data Synthesis

Clinical heterogeneity of included studies was assessed 

through the examination of individual trial settings, eligibility 
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criteria, interventions, experimental conditions prior to inter-

vention assignment, and data collection methods. Statis-

tical heterogeneity was examined by visually inspecting the 

confidence intervals (CIs) for the estimated treatment ef-

fects on forest plots. Additionally, a chi-squared test was 

applied to assess heterogeneity; a p-value below the level 

of 10% (p < 0.1) was considered indicative of significant 

heterogeneity.20 The I2 test for homogeneity was also per-

formed to quantify the extent of heterogeneity.

Only studies with unclear or low risk of bias overall were 

intended to be included in meta-analyses. Random effects 

meta-analyses were conducted, as they were considered to 

better approximate expected variations in trial settings. 

Treatment effects were calculated through pooled standard-

ized mean differences (SMD) in bond-strength–related par-

ameters with associated 95% CIs and prediction intervals 

where applicable (at least 3 trials needed). 

Risk of Bias Across Studies and Additional Analyses

If more than 10 studies were included in the meta-analysis, 

publication bias was explored through standard funnel 

plots.

Sensitivity analyses were planned to explore and isolate 

the effect of studies with unclear risk of bias on the overall 

treatment effect if both studies with low and unclear risk of 

bias were included.

RESULTS

Study Selection and Characteristics 

Eighty-one studies were initially identified after electronically 

and hand searching the databases. After duplicate exclu-

sion and abstract screening, 20 studies were left for full 

text evaluation. Finally, 13 studies were included in the 

qualitative synthesis,2,7,9-11,13,18,25,30,33,34,36,38 while only 

2 of those were appropriate for mathematical synthesis of 

their data9,34 (Fig 1). All included articles were in vitro stud-

ies on extracted human teeth.

Eight studies7,9,10,18,25,33,34,38 assessed the combined 

effect of enamel sandblasting and etching on either the 

buccal or lingual enamel surface, while only five2,11,13,30,36 

evaluated the isolated effect of sandblasting on the buccal 

enamel surface. The number of teeth assessed ranged 

from 39 to 212, the majority of studies used intact maxil-

lary or mandibular premolars, and only 3 studies involved 

molars.2,11,30 Table 1 shows the wide range of interven-

tions applied for all included study groups. In summary, 

enamel conditioning/etching with different concentrations 

of phosphoric acid, enamel sandblasting with different par-

ticle sizes of aluminum oxide, laser irradiation of the tooth 

surface, or combination of the above-mentioned interven-

tions were used. Outcomes of interest mainly involved 

mainly shear bond strength (SBS) assessment, while other 

outcomes were adhesive remnant indices (ARIs) or applica-

tion of descriptive methods, such as scanning electron mi-

croscopic (SEM) evaluation of the tooth surface after 

bracket debonding (Table 1). The potential for data synthe-

sis in meta-analyses was mainly based on individual study 

characteristics, pertaining to outcome-related information, 

the tooth surface evaluated, comparability of interventions, 

and the inherent risk of bias and quality evaluation of the 

studies.

Study ID Weight %

49.18

-1.3 1.3
etching

0
sandblasting plus etching

50.82

100.00

SMD (95% CI)

0.66 (0.03, 1.30)Cal-Neto 2011

Robles-Ruiz 2014

Overall (I-squared = 40.7%, p=0.194)

NOTE: Weights are from random effects analysis

0.07 (-0.55, 0.69)

0.36 (-0.21, 0.94)

Fig 1  Flow diagram 

of study selection.
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Table 1  Characteristics of included studies

Authors,  

year published,  

study design

Sample size and tooth type Number  

of groups

Interventions Storage solution  

and timing

Berk et al, 2008 

(in vitro) 

Sandblasting 

only, buccal

77 molars extracted for 

periodontal reasons; molar 

tubes bonded on buccal 

surfaces

7: 10 per 

group and 

7 for 

descriptive 

purposes

Group 1:  enamel irradiated with 

Er,Cr:YSGG laser with 0.5W 

power output. 

Group 2:  same with 0.75W power 

output.

Group 3:   same with 1W power output. 

Group 4:  same with 1.5W power 

output.  

Group 5: same with 2W power output. 

Group 6:  Enamel etched with 38% 

orthophosphoric acid. 

Group 7:  Enamel sandblasted with 

50-μm aluminium oxide

Teeth stored in distilled water 

for a maximum of 1 month 

prior to intervention. After 

intervention, specimens were 

stored in water at 37°C for 

24 h, thermocycled for a total 

of 500 cycles at 5–55°C with a 

dwell time of 30 s

Brosh et al, 2004 

(in vitro)

Sandblasting and 

etching, buccal 

and lingual

50 extracted noncarious 

premolars

2: 20 teeth 

each

Group A:  conditioning with viscous 

37% phosphoric acid gel

Group B:  microetching with 50-µm 

aluminum oxide using a 

Microetcher ER at 80 psi for 

5 s. Conditioning was imme-

diately carried out as de-

scribed in Group A. 

From the day of extraction 

until testing (ca 2 months), 

teeth were stored in saline 

solution at room temperature. 

The mounted teeth were 

stored in an incubator in 100% 

humidity at 37°C

Cal-Neto et al, 

2011 (in vitro)

Sandblasting and 

etching, lingual

40 human maxillary premolars 

free from caries, cracks, and 

restorations

2: 20 teeth 

each

Group I (control): phosphoric acid and 

indirect bonding of lingual brackets 

with maximum cure and phase II

Group II: sandblasting with 50-µm 

aluminum oxide (Microetcher) prior to 

etching and indirect bonding

The teeth were washed in 

water and stored in a 0.1% 

thymol solution, for no longer 

than 6 weeks before use

Canay et al, 

2000 (in vitro) 

Sandblasting and 

etching, buccal

Eighty freshly extracted 

noncarious human premolars

4: 20 teeth 

each

(1)  Acid etched with 37% phosphoric 

acid for 15 s 

(2)  Sandblasted with 50-μm 

aluminum oxide by a microetcher 

(3)  Polished with pumice followed by 

acid etched with 37% phosphoric 

acid for 15 s 

(4)  Sandblasted with 50-μm 

aluminum oxide by a microetcher 

followed by acid etched with 37% 

phosphoric acid for 15 s

Stored in distilled water

Chung et al, 

2001 (in vitro)

Sandblasting only 

buccal

39 human right maxillary first 

molar teeth similar in size, 

extracted for periodontal 

reasons

5: 13 teeth 

each

Tooth: control 

Tooth: etching 

Tooth: sandblasting 

Metal: sandblasting 

Porcelain: sandblasting

Stored in sterilized, normal 

saline solution before testing

Elnafar et al, 

2014 (in vitro) 

Sandblasting only 

buccal

144 healthy human premolars 4: 36 teeth 

each

Group 1:  37% phosphoric acid 

(conventional) 

Group 2:  sandblasting

Group 3:  sodium hypochlorite and 

37% phosphoric acid

Group 4:  sodium hypochlorite and 

sandblasting

The teeth were cleaned with 

periodontal curettes, and then 

stored in distilled water

Halpern et al, 

2009 (in vitro) 

Sandblasting and 

etching, buccal

212 mandibular human 

premolars with buccal surfaces 

being free of attrition, caries, 

and restorations.

4: 30 teeth 

each

Group 1:  no air abrasion

Group 2:  25-µm aluminium oxide 

particles

Group 3: 50-µm particles

Group 4: 100-µm particles

From the time of extraction, 

the teeth were stored in 

formaldehyde 
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Specimen preparation  

before intervention

Outcomes Comments on intervention  

procedure

Comments on outcome  

evaluation

Embedded in self-curing acrylic 

resin blocks

Shear Bond 

strength (SBS)

Adhesive 

Remnant Index 

(ARI)

SEM also 

conducted in 7 of 

the teeth for 

descriptive 

reasons

All laser irradiation was performed for 

15 s. Etching for 15 s was followed by 

15 s of rinsing with air-water spray. 

The buccal surfaces of the teeth were 

sandblasted at a distance of 1 mm at 

65–70 psi for 10 s with 50-µm 

aluminum oxide. The sandblasted 

specimens were rinsed for 15 s

Sandblasting alone was not a good 

alternative to acid etching.

ARI scores ranged from 0 to 3

Mounted vertically in a self-curing 

acrylic cylinder parallel to the long 

axis of the cylinder so that buccal 

and lingual surfaces were exposed

Debonding 

strength (DS) 

ARI 

Ca remnant index 

(CRI)

Metal brackets (Victory, 3M Unitek; 

Monrovia, CA, USA) were used for all 

experiments. Brackets were bonded to 

the buccal and lingual enamel surface 

of each tooth with Transbond XT 

bonding agent

Debonding strength and tooth 

damage were dependent on the 

surface to which the bracket was 

bonded. Conditioning and storage 

duration did not influence these 

parameters

The specimens were mounted in 

plastic rings with acrylic

SBS 

ARI

The lingual surfaces were sandblasted 

at 65 to 70 psi for 3 s at a distance of 

5 mm with 50-µm aluminum oxide 

powder using a Microetcher (Danville 

Engineering, Danville, CA, USA), 

followed by acid etching for 30 s. The 

brackets were bonded with Maximum 

Cure Sealant as in group I

In sandblasting group II, there was a 

higher frequency of ARI scores of 2, 

which indicated that more composite 

remained on the teeth compared 

with control group I

Each tooth was mounted 

horizontally in a self-curing acrylic 

so that buccal surfaces were 

exposed. Before tensile bond 

testing, the specimens were stored 

in distilled water at 37°C in an 

incubator for 48 h to imitate 

humidity conditions of the oral 

cavity

Tensile bond 

strength

Mean bond 

strength

In all groups steel brackets 

(Dentaurum, Standard Edgewise) were 

bonded to the buccal surface of each 

tooth with no-mix adhesive

Application of the Scheffé’s post-hoc 

test showed that the sandblasted 

and sandblasted plus acid-etched 

groups differed significantly from the 

others

Mounted with epoxy resin, storage 

in water at 37°C for 24 h

Surface 

roughness (Ra)                         

Mean bond 

strength

Bondable molar tubes The bracket bond strengths of 

sandblasted tooth surface group 

were signifiicantly lower than those 

of the etched-surface group 

(p < 0.05)

After storing teeth for 24 h in 

distilled water at 37°C to simulate 

oral conditions, the brackets were 

tested for SBS in a universal 

testing machine

SBS, ARI, Ra In all four groups, the brackets were 

bonded to the enamel surface with 

RMGIC in accordance with the 

manufacturer’s recommendations

Group 1 had significantly higher SBS 

than groups 2 to 4

Teeth were mounted in a 2.54 x 

2.54 cm square aluminum block 

and held upright in fast-setting 

mounting plaster

SBS All groups were treated with a self-

etching primer before bonding of an 

orthodontic bracket (buccal)

The orthodontic bracket bonding 

methods that produced the highest 

bond strengths, listed in decreasing 

order, were a) 100-µm aluminum 

oxide air abrasion, b) 50-µm 

aluminum oxide air abrasion, c) 

25-µm aluminum oxide air abrasion, 

d) no air abrasion treatment
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Authors,  

year published,  

study design

Sample size and tooth type Number  

of groups

Interventions Storage solution  

and timing

Mati et al, 2012 

(in vitro) 

Sandblasting and 

etching, buccal 

and lingual

60 freshly-extracted human 

premolars (first, second, 

maxillary and mandibular) with 

intact buccal and lingual 

enamel, no use of previous 

preconditioners or chemical 

agents such as hydrogen 

peroxide, no cracks caused by 

extraction forceps, and absence 

of caries, hypoplasia, white 

spots, abrasion or colorations

4: 30 teeth 

each

Group 1:  buccal self-etching only 

Group 2:  buccal sandblasting and 

self-etching 

Group 3:  lingual self-etching only, 

Group 4:  lingual sandblasting and 

self-etching

Cleaned of calculus and soft 

tissue, stored in a solution of 

0.1% thymol

Olsen et al, 1997 

(in vitro)

Sandblasting only 

buccal

60 extracted human third 

molars, intact buccal enamel, 

not subjected to any 

pretreatment chemical agents, 

such as hydrogen peroxide, and 

no caries or cracks. The teeth 

were cleaned and then pumiced 

with a rubber prophylactic cup 

for 30 s and rinsed

3: 20 teeth 

each

Group 1: acid etching

Group 2: sandblasting 50-µm alumina 

Group 3: sandblasting 90-µm alumina 

Stored in a 0.1% (wt/vol) 

thymol solution

Reisner et al, 

1997 (in vitro) 

Sandblasting and 

etching, buccal

Part 1: 20 teeth Part 2: 67 

teeth, extracted premolars that 

did not have any gross calculus 

or restorations larger than an 

occlusal amalgam

Part 1: 4 

(5 teeth 

each)

Part 2: 4 

(15-18 

teeth each)

Group A:  sandblasting only

Group B:  sandblasting and acid 

etching

Group C:  buffing with 1172 fluted bur 

and acid etching

Group D: pumicing and acid etching

Stored in distilled water

Roblez-Ruis et al, 

2014 (in vitro) 

Sandblasting and 

etching, lingual

80 maxillary premolars without 

caries, wear, fractures, or any 

other visible defects

4: 20 teeth 

each

Group 1 (control): etching with 37% 

phosphoric acid 

Groups 2, 3 and 4 were sandblasted 

with 27-, 50-, and 90-µm aluminum 

oxide particles, resp., prior to acid 

etching

Stored in distilled water at 

room temperature until 

needed

Sargison et al, 

1991 (in vitro)

Sandblasting only

60 sound extracted human 

premolars

2: 30 teeth 

each, each 

comprising 

15 

mandibular 

and 15 

maxillary 

premolars

Group 1: etching

Group 2: sandblasting

Stored in distilled water in a 

refrigerator following 

decontamination in formalin. 

After interventions teeth were 

then immersed in distilled 

water in a humidifier at 37°C 

for 24 h

Türköz et al, 

2012 (in vitro) 

Sandblasting and 

etching, buccal

90 human premolars extracted 

for orthodontic reasons with no 

caries, restorations, or surface 

abnormalities 

6: 15 teeth 

each

Group 1: etching 

Group 2: self-etching

Group 3: sandblasting only

Group 4: sandblasting and etching 

Group 5: laser

Group 6: laser and etching

After extraction, the teeth were 

stored at room temperature in 

distilled water containing 

thymol crystals (1% wt/vol) to 

inhibit bacterial growth. The 

teeth were cleaned and pol-

ished with a fluoride-free pum-

ice slurry and rubber cups for 

10 s, thoroughly washed, and 

dried with a stream of oil-free 

air. They were then examined 

under a light stereomicro-

scope at 10X magnification. 

After interventions all speci-

mens were stored in water at 

37°C for 24 h

Table 1  Characteristics of included studies (cont.)
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Specimen preparation  

before intervention

Outcomes Comments on intervention  

procedure

Comments on outcome  

evaluation

Embedded longitudinally in cold-

curing acrylic resin with the buccal 

or lingual surfaces available for 

bonding, depending on the surface 

to be tested (the buccal or lingual 

surface of each tooth was 

monitored for alignment with the 

force vector of the universal testing 

machine)

SBS, ARI Buccal and lingual sandblasting with 

50-µm aluminum oxide, self-etching 

Transbond

Statistically significantly higher SBS 

only for group 2 (buccal 

sandblasting), but not lingual

Mounted in acrylic in a phenolic 

ring up to the cementoenamel 

junction. The buccal surface was 

aligned perpendicular to the bottom 

of the acrylic mold with a mounting 

jig. The teeth were stored in 

deionized water for 48 h at 37°C

SBS, ARI Molar stainless steel orthodontic 

brackets bonded to the buccal surface 

of each tooth with the Transbond XT 

bonding system (3M Unitek)

ANOVA indicated a significant 

difference in shear bond strength 

between the acid-etch, 50-µm, and 

90-µm groups

Mounted horizontally in yellow 

dental stone inside a modified 

disposable cup

Ra

Mean debonding 

strength

Particle size 50-µm size in groups A 

and B

No statistically significant difference 

between groups A and B was found

Embedded separately in type IV 

dental plaster formed in an 

industrial silicone mold, so that the 

lingual surfaces remained above 

the plaster 

SBS, ARI Premolar lingual brackets STB, 

Transbond XT adhesive, adhesive 

Sondhi Rapid Set

No statistically significant 

differences between any groups were 

found 

The shear force required to debond 

the brackets was measured in 

Newtons using a crosshead speed 

of 10 mm/min. A close-fitting 

stainless steel wire loop was 

placed around the gingival tie wings 

and connected to the load cell of 

an Instron testing machine

Mean debonding 

force

Bonded with a mesh-backed, premolar 

stainless steel bracket uing a self-

cured, lightly filled dimethacrylate 

resin

A t-test showed that the debonding 

force for etching was significantly 

higher (p < 0.001)

The shear bond test was performed 

using a universal testing machine

SBS, ARI Sandblasting: 50-μm aluminum oxide, 

buccal

Since the sandblasting method alone 

did not afford sufficient bond 

strength, this technique must be 

accompanied by acid etching in order 

to achieve better results
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Risk of Bias Within Studies 

Details on the reporting of random assignment of interven-

tions between groups were insufficient in all of the included 

studies, although experimental conditions were compara-

ble. Similarly, blinding/masking of the personnel involved in 

outcome assessment was not reported in any of the stud-

ies.2,7,9-11,13,18,25,30,33,34,36,38 No losses to follow-up were 

detected, indicating teeth or specimens destroyed or not 

assessed for other reasons. Selective reporting of results 

was rated as low risk of bias in all studies, since sufficient 

details were included to allow assessment and determina-

tion of study outcomes a priori; nevertheless, none of the 

included studies reported any pre-registration of a trial pro-

tocol (Table 2). 

Effects of Interventions, Meta-analyses and 

Additional Analyses 

Random effects meta-analysis was undertaken based on the 

assumption that different standardized mean differences in 

the shear bond strength (SBS) prevailed in different experi-

mental settings. Figure 1 presents the forest plot with the 

results from random effects meta-analysis with regard to 

Table 2  Risk of bias adapted for in vitro studies

Study Experimental conditions 

comparable between 

groups and random as-

signment of interventions 

(selection bias)

Blinding of  

assessors per-

forming the tests 

(performance 

bias)

Losses or  

non-inclusion  

of specimens  

(attrition bias)

Selective  

reporting of  

results  

(reporting bias)

Other 

bias

Sandblasting only

Berk et al, 2008 (in vitro)

Sandblasting only, buccal
unclear unclear low low low

Chung et al, 2001 (in vitro)

Sandblasting only,  buccal
unclear unclear low low low

Elnafar et al, 2014 (in vitro) 

Sandblasting only, buccal
unclear unclear low low low

Olsen et al, 1997 (in vitro)

Sandblasting only, buccal
unclear unclear low low low

Sargison et al, 1991 (in vitro)

Sandblasting only, buccal
unclear unclear low low low

Buccal

Canay et al, 2000 (in vitro) 

Sandblasting and etching, buccal
unclear unclear low low low

Halpern et al, 2009 (in vitro)

Sandblasting and etching, buccal
unclear unclear low low low

Reisner et al, 1997 (in vitro)

Sanblasting and etching, buccal
unclear unclear low low low

Türköz et al, 2012 (in vitro)

Sandblasting and etching, buccal
unclear unclear low low low

Buccal and lingual

Brosh et al, 2004 (in vitro)

Sandblasting and etching, buccal 

and lingual

unclear unclear low low low

Mati et al, 2012 (in vitro) 

Sandblasting and etching, buccal 

and lingual

unclear unclear low low low

Lingual

Cal-Neto et al, 2011 (in vitro)

Sandblasting and etching, lingual
unclear unclear low low low

Roblez-Ruis et al, 2014 (in vitro),

Sandblasting and etching, lingual
unclear unclear low low low
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SBS of orthodontic brackets bonded in vitro on lingual 

enamel surfaces of extracted premolars. There was no evi-

dence to support sandblasting prior to etching over etching 

alone with regard to the shear bond strength of orthodontic 

brackets (standardized mean difference: 0.36; 95% CI: 

-0.21, 0.94; p = 0.22). Statistical heterogeneity remained at 

an acceptable level (I2 = 40.7%; chi-squared test: p = 0.19).

No sensitivity or other additional analyses were under-

taken, as only unclear risk of bias trials were included in 

the syntheses. 

Risk of Bias Across Studies 

Publication bias was not explored either statistically or 

graphically, as no more than 3 studies were included in an 

individual meta-analysis. 

DISCUSSION

Sandblasting uses a high-speed stream of aluminum oxide 

particles propelled by compressed air to remove oxides and 

contaminants from tooth surfaces, and to increase the 

bonding surface area as well as the surface roughness. In 

orthodontics, sandblasting has been mainly employed on 

the bracket base surface to improve bond strength or re-

move adhesive remnants from debonded/loose brackets 

prior to rebonding.26 The technique has also been imple-

mented directly on the tooth enamel as an alternative or 

adjunct to conventional acid-etching techniques. It is con-

sidered a form of macro-etching, in contrast to the micro-

etching provided by the standard acid-etching technique.33 

Bracket failure during the course of orthodontic treatment 

is a commonly encountered complication in daily practice, 

and it is associated with emergency visits, prolonging of 

treatment time, and dissatisfied patients. Any bonding strat-

egy that ensured enhanced bond strength would help admit-

tedly overcome the above-mentioned complications. Sand-

blasting with alumina particles has been shown to create 

greater roughness on the enamel than dissolution by conven-

tional acid etching. However, the combination of sandblast-

ing and acid etching has demonstrated a stronger treatment 

effect on the thus-produced bonding surface area.32
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Full-text articles excluded, 
with reasons (ie, not  

involved conditioning of 
enamel surface)  

(n = 7 )

Full-text articles assessed  
for eligibility  

(n = 20 )

Studies included in  
qualitative synthesis  

(n = 13)

Studies included in  
quantitative synthesis  

(meta-analysis)  
(n = 2 )

Records after duplicates removed  
(n = 72 )

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). 

Preferred Reporting Items for Systematic Reviews and Meta-

Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/

journal.pmed1000097

For more information, visit www.prisma-statement.org.

Fig 2  Random effects meta-analysis for shear bond strength of orthodontic brackets bonded in vitro on lingual enamel premolar surfaces 

prepared with either sandblasting plus etching or etching alone. 
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A limited number of studies have been conducted with 

regard to sandblasting as a means of improving the bond 

strength of orthodontic brackets on either labial or lingual 

surfaces of enamel. Only in vitro studies on extracted 

human teeth were identified and included in this review, 

highlighting the necessity for future clinical trials on intra-

oral sandblasting in an attempt to incorporate patient-re-

lated parameters when estimating the intervention effect.    

The studies in the the present systematic review showed 

clear heterogeneity with regard to the intervention protocols 

followed. This could have been avoided if more standardized 

methodological approaches had been adopted by the original 

studies. A number of parameters to consider are tooth type 

and surface, enamel etching prior to sandblasting, size of 

aluminum oxide particles, duration of sandblasting proced-

ure, and bonding materials/adhesives. In addition, specimen 

preparation techniques, tooth storage solution, and timing 

varied between the studies included and contributed to over-

all heterogeneity. In contrast, outcome measures to estimate 

the efficacy of sandblasting as a preparation technique were 

more homogeneous, as the the basic core outcomes used 

were the shear bond strength of bonded brackets and the 

adhesive remnant index, which is a measure of bonding ma-

terial remnants on tooth enamel.9 However, it cannot be 

overlooked that there is a remarkable lack of consensus re-

garding bond strengths, and no reliable method for the as-

sessment of in vitro bond strength of orthodontic brackets 

has yet been described.12 In theory, in vitro studies deter-

mine the real strength of a tested system to enamel. Never-

theless, several factors are likely to affect bond strength, 

such as the technique used to debond brackets (shearing, 

torsion, and traction), the crosshead speed, and the type of 

brackets used.15 Second, it was only possible to combine 

the results of two studies9,34 using lingual brackets bonded 

on premolar lingual enamel; it is notable that even those two 

studies used different types of lingual brackets (Generation 7 

and STB), although both from the same manufacturer 

(ORMCO; Orange, CA, USA). However, it was not possible to 

provide a synthesis for the commonly used labial orthodontic 

systems due to the lack of eligible studies.

The risk of bias of eligible original studies was assessed 

with a customized risk of bias tool based on the Cochrane 

risk of bias tool19 for randomized controlled trials, adapted 

appropriately in the absence of a validated approach for in 

vitro research. According to this, none of the included stud-

ies suffered from high risk of bias, but it was not clear how 

important domains of risk of bias, such as selection bias or 

performance bias, were dealt with. This makes the validity 

of the original studies rather questionable, since there was 

not enough information to enable unambiguous assess-

ment of reporting on the methodology of these studies. 

Blinding the outcome assessors with regard to bond 

strength or random assignment of interventions in conjunc-

tion with experimental conditions in in vitro research are 

high-level priorities during the design stage. 

Finally, the generalizability of the findings of this review 

is limited to shear bond strength of brackets bonded to the 

lingual, curved enamel surface of posterior teeth. 

CONCLUSIONS

Evidence is lacking that would support lingual enamel sand-

blasting prior to and in conjunction with etching for achiev-

ing higher levels of bond strength of orthodontic brackets. 

Research on the in vivo, clinical efficacy of intraoral sand-

blasting is deemed necessary, as a combination of the me-

chanical properties of the bracket-adhesive-tooth interface 

and patient-related parameters are known to contribute to 

the overall reduction in bracket failure rates during orth-

odontic treatment with either lingual or labial appliances.  
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APPENDIX 1

 MEDLINE search

 Limits: no language restriction applied

 Publication date: no restriction

 Search Builder: ‘All Fields’

 Four consecutive searches combined with “AND” Bool-

ean operator, using “OR” between free text terms or key-

words:

 1. sandblasting

 2. sandblasted

 3. sandblast*

 4. enamel sandblast*

 5. enamel microabrasion

 6. enamel abrasion

 7. abrasion

 8. 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 

 9. lingual surface

 10. lingual treatment

 11. labial surface

 12. labial treatment

 13. lingual treat*

 14. labial treat*

 15. tooth surface

 16. teeth surface

 17. 9 OR 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16

 18. bond strength

 19. shear bond strength

 20. bond failure

 21. bond fail*

 22. failure rate

 23. adhesive remnant index

 24. ARI

 25. adhesive remnant

 26. 18 OR 19 OR 20 OR 21 OR 22 OR 23 OR 24 OR 25

 27. bracket 

 28. brackets

 29. orthodontic

 30. fixed appliance

 31. retainer

 32. 27 OR 28 OR 29 OR 30 OR 31

 33. 8 AND 17 AND 26 AND 32


