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Airborne-particle Abrasion and
Dentin Bonding: Systematic Review
and Meta-analysis

VP Lima ¢ KDA Soares * VS Caldeira ¢ AL Faria-e-Silva ¢ BAC Loomans ¢ RR Moraes

Clinical Relevance

The literature reviewed suggests that airborne particle abrasion has no negative effects on
the bond strength of resin-based materials to dentin and that a positive influence on dentin
bond strength was only achieved in specific air-abrasion conditions.

SUMMARY

In this systematic review the authors investi-
gated how airborne-particle abrasion (APA)
using aluminum oxide affects the bond
strength of resin-based materials to dentin.
The search was performed in three databases.
In vitro studies (Type of study) comparing the
bond strength of resin-based materials (Out-
come) to air-abraded (Intervention) compared
with non-air-abraded (Comparison) human
dentin (Population) were included (the PICOT
elements are given parenthetically). From 5437
unique articles, 65 were read in full, 33 were
included in the qualitative synthesis, and 32
were included in the meta-analysis. Methodo-
logic quality and risk of bias were assessed.
Comparisons were performed between air-
abraded and control dentin groups by adopt-
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ing a random-effects model (¢=0.05). Addition-
al analyses were carried out for the different
parameters used in APA: type of surface treat-
ment in the control group, particle size, air
pressure, and APA duration. The bond
strength to air-abraded dentin was favored
only when the control surface was treated with
a hand excavator. For particle size, APA was
favored when the particle size was >30 pm and
the controls were no treatment or hand exca-
vator or when the particle size was < 30 pm and
the control was bur. In addition, the results
favored air-abraded groups only when the
pressure was > 5 bar and bur was used in the
control group. No significant differences were
observed for duration of APA. No comparison
on bond strength considering the presence of
aging conditions was possible in the included
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studies due to the low number of studies that
aged the specimens. In conclusion, APA had no
negative effects on the bond strength of resin-
based materials to dentin and was able to
improve the dentin bond strength only when
the particle size was > 30 pm and air pressure
was > 5 bar. PROSPERO registration protocol:
CRD42018096128

INTRODUCTION

Airborne-particle abrasion (APA) is a procedure used
for several applications in dentistry, with the first
report dating back to the 1940s.! Different air-
abrasion devices have been introduced to the market
for applications including cavity preparation,'
prophylaxis and removal of surface stains,' selective
caries removal,? tribochemical coating,® and surface
polishing or roughening.® APA involves propelling a
well-defined, sharply focused stream of particles
expelled from a small nozzle under high pressure
against a surface. The fluid used is usually com-
pressed air, and many particle types, such as sodium
bicarbonate, glycine, and aluminum oxide, can be
used depending on the intended goal of APA.”® The
particle size, pressure, and duration of APA may also
vary depending on the clinical application®'? and
affect the result of the abrasion process.

Depending on the abrasive particle, the kinetic
energy of the accelerated hard particles may result
in rapid substance removal on impact.'® Whereas
sodium bicarbonate is usually used for polishing
procedures, APA with aluminum oxide is commonly
used to prepare surfaces to enhance micromechan-
ical retention of restorative materials, such as glass
ceramics,'*!° oxide ceramics,'®!” and resin compos-
ites.’®19 The objective is usually to increase the area
for micromechanical interlocking of adhesive mate-
rials.2%?2 Despite a limited number of clinical
studies, clinical applications of APA of dental
substrates using aluminum oxide particles have
been reported as a cleaning method, a pretreatment
technique before adhesive luting of indirect restora-
tions, and surface treatment before resin composite
restorations.?325

Despite the potential benefits for bonding restor-
ative materials, APA has also been shown to produce
surface flaws and microcracks that can compromise
the strength of ceramic restorations.?®?” Thus,
evaluation of the effects of APA on human dentin is
warranted. In several in vitro studies, investigators
have examined the effect of APA on dentin'?-21-22-28-32
and have usually focused on applying air-abrasion to
improve the bond strength of adhesive materi-
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als. 10:17:24.33-38 1 ayoe variability exists among the
size of the abrasive particles used, as well as the time
duration and pressure used in APA. Pooled in vitro
data could help determine whether APA has a
positive effect on dentin and ascertain whether the
technique can be applied clinically to dentin surfaces
without major concerns. The aim of this systematic
review of in vitro studies, therefore, was to investi-
gate how APA using aluminum oxide particles affects
the bond strength of resin-based materials to human
dentin. The null hypothesis was that APA does not
have a negative effect on dentin bond strength.

METHODS AND MATERIALS

This systematic review adheres to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.?® The review proto-
col was registered with the international database
for systematic reviews — PROSPERO (protocol
CRD42018096128). The PICOT elements were as
follows: Population, human dentin; Intervention, air
abrasion considering a procedure in which dentin
surfaces were subjected to abrasive blasting by a
stream of aluminum oxide particles propelled under
high pressure with compressed air as the fluid,;
Comparison, non-air-abraded dentin; Outcome,
bond strength of resin-based materials to dentin;
and Type of study, in vitro tests.

Systematic Literature Search

The literature search aimed to identify all studies
that evaluated the effect of APA using aluminum
oxide particles on dentin. The search was systemat-
ically performed by two independent reviewers (VPL
and VSC) using three online international scientific
databases: The National Library of Medicine (MED-
LINE/PubMed), ISI Web of Science, and Scopus. The
search strategy used in PubMed is shown in Table 1.
The strategy was adapted to the other databases
accordingly. The final search was performed in
October 2018. After the articles were searched, all
were imported into Endnote X7 software (Thompson
Reuters, Philadelphia, PA, USA) to remove dupli-
cates.

Titles and abstracts were read to verify the
inclusion criteria: in vitro studies that reported
comparison between air-abraded and non-air-abrad-
ed dentin bond strengths. When the study did not
clearly define the control group, the non—air-abraded
group was considered the control. The following
terms were considered in the inclusion criteria: “air
abrasion,” “airborne particle abrasion,” “air polish-
ing,” or “sandblasting.” Aluminum oxide particles
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Table 1: Search Strategy Used in PubMed and Adapted to the Other Databases

Search Terms

#3 Search #1 AND #2

#2 Dentin* OR Dental

OR Sandblast* OR Air Polishing

#1 Air-Abrasion OR Air Abrasion OR Airborne Abrasion OR Airborne-Particle Abrasion OR Particle Abrasion OR Air Abrasion, Dental OR
Abrasion, Dental Air OR Abrasions, Dental Air OR Air Abrasions, Dental OR Dental Air Abrasion OR Dental Air Abrasion OR Prophylaxis

were the only abrasive eligible for this review. Only
studies that evaluated the bond strength of resin-
based materials to sound dentin from human teeth
exposed to APA were included. Studies that evalu-
ated bovine dentin and abrasive particles other than
aluminum oxide were excluded. Only articles pub-
lished in English were considered, with no restric-
tions on year of publication. Any disagreement
regarding the eligibility of the included studies was
resolved through discussion and consensus, or a
third reviewer (RRM) was consulted. Only studies
that fulfilled all eligibility criteria were included.
Whenever information relevant to eligibility was
unavailable in the abstract or the abstract itself was
unavailable, the article was selected for full-text
reading. The reviewers manually searched the
reference lists of the included articles for additional
relevant studies.

Data Recorded From the Selected Studies

For each included study, the following data and
information were recorded using a standard form in
spreadsheet format (Excel for Mac version 16.31,
Microsoft Corporation, Redmond, WA, USA): control
group and its surface treatment, particle size, air-
abrasion distance, angle with the surface during air-
abrasion, air-abrasion pressure, air-abrasion dura-
tion, cleaning method or surface treatment after
APA, type of bond strength test, bond strength mean
values in MPa, standard deviations, and number of
specimens tested.

Data Analysis

Pooled effect estimates were obtained by comparing
the standardized mean difference between the air-
abraded and control groups within each study with
estimated 95% confidence intervals. The standard-
ized mean difference was used to minimize differ-
ences in bond strength values measured by different
methods, for example, shear or tensile tests. The
analyses were performed by adopting a random-
effects model using Review Manager version 5.1
(The Nordic Cochrane Centre, The Cochrane Collab-
oration, Copenhagen, Denmark). As the studies

adopted different surface treatments in the control
groups, a meta-analysis was carried out considering
the same intervention-control subgroups, that is, the
control groups were separated according to their
surface treatments: no treatment, bur, SiC abrasive
paper, hand excavator, or acid etching. Additional
analyses were carried considering the different air-
abrasion parameters adopted, that is, the abrasive
particle size (<30 um or >30 um), air pressure (<5
bar or >5 bar), APA duration (<10 seconds or >15
seconds) and presence of aging conditions (yes/no).
All meta-analyses considered the same combinations
of intervention-control groups. Statistical heteroge-
neity of the treatment effect among studies was
appraised using the Cochran Q test, in which values
>50% were considered to suggest substantial het-
erogeneity.* Multiple groups from the same study
were analyzed according to the Cochrane guidelines
formula for combining groups.*°

Quality Assessment and Risk of Bias

The methodologic quality and risk of bias of the
included studies was assessed according to Cochrane
guidelines*® and criteria adapted from previous
studies**? as follows: selection bias (random se-
quence generation), sample-size calculation, pres-
ence of a clearly defined control group, and perfor-
mance and detection bias (blinding of operator/
examiner). Each criterion was judged to have high,
low, or unclear risk of bias, which was also used for
quality assessment. The assessment of risk of bias
was performed using Review Manager version 5.1.

RESULTS

The search resulted in the retrieval of 7340 articles,
as shown in the study flowchart presented in Figure
1. After removing duplicates, 5437 unique publica-
tions were screened, of which 5372 were excluded
because they did not meet the eligibility criteria. A
total of 65 articles were assessed in full, including
two found in the manual search. From these 65
publications, 32 were excluded for reasons detailed
in Figure 1. The list of articles excluded after the
eligibility screening is provided as supplementary
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Studies identified by database:

g 7340 potentially relevant N o
:.g records identified from PubMed (l\l/ledLl.ne) 2806
3 database searches * Web of Science: 1700
= * Scopus: 2832
g [  Hand searching: 2
k] 5437 records after removal of
duplicates
° |
'qE, 5437 screened 5372 records excluded on the basis
o records of the title and/or abstract
o
@ \
65 full-text articles assessed 32 studies excluded:

2 for eligibility ¢ Absence of non-air-abraded
3 control group (n=10)
=) ‘ ¢ Substrate other than dentin (n=8)
w . ) ¢ Bovine dentin (n=10)

33 ST“d,'eS_ included 'rT the ¢ Full-text paper was not available

qualitative synthesis (n=2)
- | ¢ Language was not English (n=2)
3
% 32 studies included in the
£ quantitative synthesis
(meta-analysis) 1

Random sequence generation [N |

Sample size calculation . |

Clear control group [N ]

Blinding of operator/examiner | |

0% 25% 50% 75%  100%

| . Low risk of bias |:| Unclear risk of bias . High risk of bias 2 ‘

Figure 1. Flowchart of the systematic review.
Figure 2.  Risk of bias graph: proportion of studies with low, unclear,
or high risk of bias for each item.

material in the Appendix. A total of 33 studies were
included in the qualitative synthesis, and 32 were
included in the meta-analysis. One study that
evaluated bond strength?® was not included in the
quantitative analysis because the standard deviation
value was missing; nevertheless, this study reported
similar bond strengths between air-abraded and
control dentin.

Varied APA parameters were used across the
studies: 70% used aluminum oxide particles with
size >30 um, the air pressure most commonly used
was up to 5 bar (51.5%), and air-abrasion duration
was usually up to 10 seconds (54.5%). All studies
included in this review and the details of the air-
abrasive procedures are provided in the Appendix.
Only data that were within the scope of this study
are reported. Regarding quality assessment (Figure
2), most included studies presented low risk of bias
relative to random sequence generation, and the
majority of studies presented a clearly defined
control group. Sample-size calculation was reported
in two studies, and blinding of operator/examiner
was not reported in any of the included studies. The
risk of bias for each item judged in each included
study is shown in Figure 3.

Operative Dentistry

The meta-analysis on dentin bond strength values
considering the different combinations of interven-
tion-control comparisons is presented in Figure 4. A
significant difference was found between the groups
favoring dentin subjected to APA compared with
non-air-abraded dentin only when the control
surface was treated with a hand excavator (p=0.02,
12=67%). When the other control dentin surface
treatments were considered (no treatment, bur, SiC
paper, or acid etching), no significant differences
between air-abraded and non-air-abraded dentin
were detected.

Considering the APA parameter particle size
(Figure 5), the results favored APA when the particle
size was > 30 um and the controls were no treatment
(p=0.02, 1’=64%) and hand excavator (p<0.00001,
12=0%). APA was also favored when the particle size
was <30 pm and the control was bur (p=0.0004,
12=0%). For the other control surfaces no significant
differences between the experimental and control
groups were observed. When the parameter air-
abrasion pressure was considered in the meta-
analysis (Figure 6), the results favored air-abraded
groups only when the air pressure was >5 bar and
bur was used to treat the control surfaces (p=0.01,
12=0%), with no other significant differences. Two
studies***® did not report air pressure, thus were not
considered in the subgroup analysis. Regarding the
parameter APA duration (Figure 7), no significant
differences were observed in bond strength between
control and air-abraded dentin. Three studies did not
report the duration of air abrasion.*5*® and, in two
studies, air-abrasion duration was not standardized
since it depended on the removal of cement from the
surface?®* or tooth preparation.®5°

It was not possible to perform a meta-analysis
considering the presence of aging conditions in the
studies as only four articles reported dentin bond
strengths for immediate and aged groups.*?49-51:52
Each study had a different type of control, hindering
comparisons within the same combinations of inter-
vention-control groups.

DISCUSSION

The null hypothesis tested was accepted since
application of APA with aluminum oxide particles
had no detrimental effect on the bond strength of
resin-based materials to dentin in any of the meta-
analyses. Previous studies have reported possible
negative effects of APA on dentin characteristics.
These studies showed that APA may result in more
irregular!®12:26:53-55 1. pougher dentin surfaces
compared with non—air-abraded dentin.?®*° How-
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Figure 3.  Risk of bias for each item judged as low, unclear or high in
each included study.

ever, findings of the present investigation suggest
that those irregular surface aspects may not
negatively interfere with the bonding of resin-based
materials to dentin. In fact, increasing dentin
surface roughness and producing a more irregular
surface texture are the goals of APA in many
clinical cases. Propelling aluminum oxide particles
to dentin may result in substance removal from the
surface because of the kinetic energy of the
accelerated particles and differences in hardness
between the abrasive and the dentin tissue. Alumi-
num oxide particles have a Vickers hardness of
approximately 1200 kg/mm?, whereas the Vickers
hardness of dentin is approximately 57-60
kg/mm?.5° The rougher dentin surfaces may im-
prove micromechanical interlocking between adhe-
sive agents and restorative materials or improve
the wettability of dentin surfaces. This may explain
the findings showing that APA was able to improve
the dentin bond strength, although only in a few
cases and only in the short term.

The improved bond strength to air-abraded dentin
was dependent on particle size and pressure of the
air stream used.2%*”%! Aluminum oxide particles
>30 pum in size generally yielded better bond
strength, although the same effect was observed for
particles <30 pum when the control was bur.
Application of any particle size could potentially
increase surface roughness and, thus, the interac-
tion of adhesive agents with dentin. The differences
observed for the distinct particle sizes could be
explained by their distinct ability in generating
morphologic changes for micromechanical keying
on dentin surfaces. In addition, air pressures >5
bar, which are in the range of air pressures produced
by dental turbines, also led to improved dentin bond
strength in a few cases, whereas lower pressures did
not yield the same result. In contrast, APA duration
was not particularly important for the bond strength
to dentin. Therefore, it appears reasonable to
suggest that in cases of use of APA in dentin as
surface pretreatment seeking for improved bond-
ing,?*>2® aluminum oxide particle sizes >30 pum and
air pressure >5 bar should be preferred, although
further analyses in this regard are warranted. In
case the dentist intends to apply APA to the dentin
for other clinical purposes, such as surface cleaning,
any particle size or air pressure could be used. It
should be highlighted, however, that the actual
ability of APA in cleaning the dentin was not
investigated here.

Variability in methods used among studies for
air-abrading the dentin surfaces was observed,
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Air abrasion Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Control: No treatment
Abo-Hamar*® 2667 817 10 291 96 10 12.6% -0.26 [-1.14, 0.62] —
Abo-Hamar4® 1213 407 10 138 4.16 10 12.5% -0.39[-1.28, 0.50] - 1
Dilber™! 246 1.1 15 201 1.51 15  15.3% 0.33 [-0.39, 1.05] 1T
Flury3e 152 46 15 1185 4.8 15 15.0% 0.69 [-0.05, 1.43] |
Flury38 13.73 441 16 713 62 15 14.1% 1.22[0.43, 2.01] e
Freeman®? 15.05 3.93 8 175 536 8 10.9% -0.49 [-1.49, 0.51] - 1
Moritz 5.84 11.21 60 15 044 20 19.7% 0.44 [-0.07, 0.95] T
Subtotal (95% CI) 133 93 100.0% 0.28 [-0.15, 0.70] -

Heterogeneity: Tau? = 0.17; Chi? = 12.87, df = 6 (P = 0.05); 1> = 53%
Test for overall effect: Z = 1.29 (P = 0.20)

1.1.2 Control: Hand excavator

Chaiyabutr 854 64 16 386 1.15 8 51.5% 0.85 [-0.04, 1.74]

Santos® 13 1.7 13 774 172 13 485% 2.02[1.04, 2.99]

Subtotal (95% CI) 29 21 100.0% 1.42[0.27, 2.56] ——
Heterogeneity: Tau? = 0.46; Chi = 3.02, df = 1 (P = 0.08); I> = 67%

Test for overall effect: Z = 2.43 (P = 0.02)

1.1.3 Control: SiC paper

Anja® 358 135 84 353 128 64 42% 0.04 [-0.29, 0.36] T

Chaves® 14 36 3 128 42 3 21% -0.29 [1.91, 1.34] —

Chaves® 257 44 3 211 43 3 1.9% 0.88 [-0.93, 2.69] R B —
Chaves® 386 123 3 402 6.1 3 21% -0.13 [1.74, 1.47] —

Coli® 605 362 15 839 46 15 36% -0.55 [-1.28, 0.18] r

Coli™® 41 154 15 609 434 15 3.6% -0.59 [1.33, 0.14] r

D'Amario®' 28.73 7.06 5 1447 575 5  20% 2.00[0.33, 3.68] e —
D'Amario®' 3551 8.41 5 1831 672 5  20% 2.04[0.35,3.73] e —
D'Amario®' 326 7.31 5 16.49 461 5 18% 2.38[0.56, 4.21] ——
D'Amario?! 33.36 9.98 5 2768 4.98 5 26% 0.65 [-0.64, 1.94] —

de Oliveira® 301 86 6 204 6.4 6 26% 1.18 [-0.09, 2.45] —

de Oliveira®? 285 13 6 339 47 6 25%  -145[-278,-011] —

de Oliveira®? 212 27 6 299 45 6 22%  -216[-3.71,-062] ¢

de Oliveira® 33 5 6 415 29 6 23%  -192[-3.39,-045) ¢

Franga® 27 72 36 318 75 41 41%  -0.65[1.11,-0.19] e

Franga® 282 83 36 294 79 36 41% -0.15[-0.61, 0.32] T

liday 38 1655 6.47 16 13.81 6.05 8  34% 0.42 [-0.44, 1.28] B —

liday 38 1712 742 16 11.96 537 8  33% 0.75[-0.13, 1.63] —

Los* 207 16 10 204 2 10 33% 0.16 [-0.72, 1.04] e p—

Los*® 193 26 10 157 38 10 32% 1.06 [0.11, 2.01] —_—

Los*® 174 12 10 182 16 10 3.3% -0.74 [-1.66, 0.17] r

Manhart®! 23 26 10 202 19 10 32% 1.18[0.21, 2.14]

Manhart® 154 36 10 164 46 10 3.3% -0.23 [-1.11, 0.65] . m—

Manhart 13 1995 115 40 154 21 20 39% 0.47 [-0.07, 1.02] —

Manhart 13 16.35 7.24 40 83 47 20 39% 1.22[0.64, 1.80] —
Roeder*® 21 94 20 241 8 10 35% -0.34[-1.10, 0.43] e

Santos® 1421 488 12 11.74 401 12 34% 0.53 [-0.28, 1.35] -

Santos® 1103 415 12 1383 644 12 35% -0.50 [-1.31, 0.32] —_—

Santos® 2268 955 12 17.24 703 12 3.4% 0.63 [-0.20, 1.45] b

Soares® 16.67 237 10 2682 455 10 26%  -2.68[-3.96,-1.40] ¢

Soares®® 135 23 10 2208 241 10 23%  -349[4.98,-200]

Sutil® 5238 11 16 3292 6.19 8  3.0% 1.93[0.89, 2.97] E—
Yazici®® 1409 594 14 1444 623 14 36% -0.06 [-0.80, 0.69] —T

Subtotal (95% Cl) 507 418 100.0% 0.05 [-0.28, 0.37] L 4

Heterogeneity: Tau? = 0.62; Chi? = 148.08, df = 32 (P < 0.00001); I2 = 78%
Test for overall effect: Z=0.29 (P = 0.78)

1.1.4 Control: Bur

Burnett? 1752 201 15 1583 151 15 125% 0.92[0.17, 1.68] e —
Motisuki'2 532 3246 20 40.34 1485 10 12.3% 0.45[-0.32, 1.22] o
Pahlavan® 1498 398 10 2086 676 10 9.2% -1.02 [-1.96, -0.07] e —

Souza-Zaroni % 317 81 20 2851 629 20 15.8% 0.43 [-0.20, 1.06] T

Van Meerbeek & 54.1 13 3 377 105 3 27% 1.11[-0.82, 3.04] >
Van Meerbeek ™ 549 163 3 596 16.8 3 37% -0.23 [-1.84, 1.39] EE—

Van Meerbeek 246 176 3 273 136 3 38% -0.14 [-1.74, 1.47) E—

Zimmerli *® 425 105 31 388 121 31 20.0% 0.32[-0.18, 0.82] T

Zimmerli *° 395 116 31 346 118 31 19.9% 0.41[-0.09, 0.92] T

Subtotal (95% CI) 136 126 100.0% 0.31[-0.02, 0.64] L

Heterogeneity: Tau? = 0.08; Chi? = 11.87, df = 8 (P = 0.16); I =33%

Test for overall effect: Z = 1.84 (P = 0.07)

1.1.5 Control: Acid etching

Ahid** 41 93 5 292 83 5 36% 1.21[-0.21, 2.62] I R —
Ahid ** 481 142 5 43 161 5 44% 0.30 [-0.95, 1.55] —

Chimello® 16.47 473 5 16.93 2.56 5  44% -0.11 [-1.35, 1.13] —

Chimello® 18.21 561 5 961 296 5 3.0% 1.73[0.15,3.31] —_—
Dilber"" 453 123 15 461 147 15 97% -0.06 [-0.77, 0.66] —

Flury® 52 1923 58 15 1578 47 15  9.3% 0.64 [-0.10, 1.37] T

Freeman 17.96  5.99 8 16.15 4.64 8  6.3% 0.32[-0.67, 1.31] e

Geitel” 868 17.06 80 1276 3.8 20 14.0% -0.26 [-0.75, 0.23] —

Geitel™” 391 1353 80 81 436 20 14.0% -0.34 [-0.83, 0.15] —

Manhart'® 1995 115 40 154 21 20 12.8% 0.47 [-0.07, 1.02] —

Pilo® 994 605 15 997 697 15 97% -0.00 [-0.72, 0.71] e —

Pilo® 954 493 14 118 434 13  89% -0.47 [-1.24, 0.30] —

Subtotal (95% CI) 287 146 100.0% 0.11 [-0.18, 0.40] L 4

Heterogeneity: Tau? = 0.09; Chi? = 18.03, df = 11 (P = 0.08); I = 39%
Test for overall effect: Z = 0.75 (P = 0.45)

2 0 1 2
Control Air abrasion
Test for subgroup differences: Chi> = 6.10, df = 4 (P = 0.19), I*=34.4%

Figure 4. Meta-analysis on dentin bond strength values considering the different combinations of intervention-control comparisons. Statistically
significant difference was observed when the control surface was treated with a hand excavator (p=0.02).
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Lima & Others: Airborne-particle Abrasion and Dentin Bonding

Air abrasion Control Std. Mean Difference Std. Mean Difference
Study or Subgroup _Mean _ SD Total Mean _ SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

2.1.1 Control: No treatment (Particle size < 30 ym)

Abo-Hamar 1213 407 10 138 416 10 331%  -0.39[-1.28,0.50] —

Abo-Hamar 40 2667 817 10 291 96 10 331%  -0.26[-1.14,0.62] —

Moritz#? 474 24 20 15 044 20 33.8% 200 [1.31, 2.88] —
Subtotal (95% CI) 40 40 100.0%  0.49[1.15,2.13] e —
Heterogeneity: Tau? = 1.91; Chi? = 22.31, df = 2 (P < 0.0001); I = 91%

Test for overall effect: Z = 0.59 (P = 0.56)

2.1.2 Control: No treatment (Particle size > 30 ym)

Dilber'! 246 111 15 201 151 15 20.8% 0.33[-0.39, 1.05] —1

Flury 36 13.73 4.1 15 713 6.2 15 19.4% 1.22[0.43,2.01] D —
Flury % 152 46 15 1185 48 15 204% 0.69[-0.05, 1.43] —
Freeman52 1505 393 8 175 536 8 157%  -049[149,051] P

Moritz47 637 484 40 15 044 20 237% 1.21[0.63, 1.79] —
Subtotal (95% CI) 93 73 100.0% 0.66[0.10, 1.21] e
Heterogeneity: Tau? = 0.25; Chi* = 11.03, df = 4 (P = 0.03); I* = 64%

Test for overall effect: Z = 2.31 (P = 0.02)

2.1.3 Control: Hand excavator (Particle size > 30 ym)

Chaiyabutr 2 847 334 8 38 115 8 395% 1.74[0.54, 2.95] ——
Santos® M3 17 13 774 172 13 605% 202104, 2.99] ——
Subtotal (95% CI) 21 21 100.0% 1.91[1.15, 2.66] e
Heterogenelty: Tau? = 0.00; Chiz = 0.12, df = 1 (P = 0.73); = 0%

Test for overall effect: Z = 4.95 (P < 0.00001)

2.1.4 Control: Sic Paper (Particle size < 30 ym)

de Oliveira®? 212 27 6 299 45 6 10.3% -216[-3.71,-062) ¢

de Oliveira® 33 5 6 415 29 6 107%  -1.92[3.39,-045

de Oliveira® 301 06 6 204 64 6 106% 1.97 [0.48, 3.45] —_—
de Oliveira® 285 13 6 339 47 6 115%  -145[-278,-0.11] ¢

Iiday38 1565 434 8 1381 605 8 137% 0.33[-0.66, 1.32) e
Iiday38 1438 348 8 1196 537 8 136% 0.51[-0.49, 1.51] e e —
Roeder 218 7 10 241 8 10 144%  -0.29[1.18,059] —_—T

Yazici 1409 594 14 1444 623 14 152%  -0.06 [0.80,0.69] —

Subtotal (95% CI) 64 64 100.0%  -0.32[1.08, 0.44] i

Heterogeneity: Tau? = 0.85; Chi* = 26.20, df = 7 (P = 0.0005); I* = 73%

Test for overall effect: Z = 0.83 (P = 0.41)

2.1.5 Control: Sic Paper (Particle size > 30 ym)

Anja® 358 135 84 353 128 64  46% 0.04-0.29,0.36]

Chaves® 386 123 3 402 61 3 20%  -0.13[-1.74,147]

Chaves® 257 41 3 214 43 3 17% 0.88 [-0.93, 2.69]

Chaves® 14 36 3 128 42 3 19%  -029[-1.91,134]

Coli1® 41 154 15 609 434 15 37%  -059[133,0.14]

Colit0 605 362 15 41 154 15 37% 0.68 [0.06, 1.42]

D'Amario?' 3551 841 5 1831 672 5 1.8% 2.04[0.35,3.73]

D'Amario?! 326 7.31 5 1649 461 5 1.7% 2.38[0.56, 4.21]

D'Amario?! 3336 998 5 2768 498 5 25% 0.65 [-0.64, 1.94]

D'Amario?! 2873 706 5 1447 575 5 1.9% 2.00[0.33, 3.68]

Frangast 21 6 38 178 68 37 44% 049 [0.03,0.95]

Franga$! 269 84 40 242 87 42 44% 031[-0.12,0.75]

Frangast 27 72 36 318 75 41 44%  -065[1.11,-0.19]

Frangast 282 83 36 294 79 36 44%  -0.15[-061,0.32]

Franga5t 267 94 39 198 106 40 44% 068023, 1.14]

FrangaSt 207 75 36 199 62 35  44% 0.11[-0.35,0.58]

Iiday3s 1745 28 8 1381 605 8 3.1% 0.73[-0.29, 1.75]

Iiday3s 1565 434 8 1196 537 8 3.1% 071031, 1.74]

Los®® 207 16 10 204 2 10 34% 0.16 [0.72, 1.04]

Los*® 174 12 10 182 16 10 33%  -0.74[-1.66,0.17]

Los*® 193 26 10 157 38 10 32% 1.06 [0.11,2.01]

Manhart &' 154 36 10 164 46 10 34%  -023[1.11,065]

Manhart 8! 23 26 10 202 19 10 32% 1.48[0.21,2.14]

Manhart 13 1635 724 40 83 47 20 41% 1.22[0.64, 1.80]

Roeder 202 3 10 241 8 10 33%  -062[152028

Santos 1103 415 12 1383 644 12 35%  -0.50[1.31,0.32]

Santos *® 2268 9.55 12 1724 7.03 12 3.5% 0.63 [-0.20, 1.45]

Santos 1421 488 12 1174 401 12 35% 053 [0.28, 1.35]

Soares ® 1667 237 10 2682 455 10 25%  -2.68[-3.96,-1.40]

Soares 135 23 10 2208 241 10 21%  -349[4.98,-2.00]

Sutil® 5238 11 16 3292 619 8 3.0% 1.93(0.89, 2.97)

Subtotal (95% CI) 556 514 100.0%  0.24[-0.06,0.53]

Heterogeneity: Tau® = 0.45; Chi? = 131.82, df = 30 (P < 0.00001); I> = 77%
Test for overall effect: Z = 1.59 (P = 0.11)

2.1.6 Control: Bur (Particle size < 30 ym)

Burmett2 1762 201 15 1583 151 15 121%
Motisuki'2 56.44 18.1 10 40.34 14.85 10 8.0%
Souza-Zaroni 50 317 8.1 20 2851 6.29 20 17.6%
Van Meerbeek 7 246 176 3 273 136 3 27%
Van Meerbeek & 54.1 13 3 377 105 3 1.9%
Van Meerbeek 87 549 163 3 596 168 3 27%
Zimmerli 45 395 116 31 346 118 31 274%
Zimmerli 45 425 105 31 388 121 31 27.7%
Subtotal (95% CI) 116 116 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 4.40, df = 7 (P = 0.73); = 0%
Test for overall effect: Z = 3.54 (P = 0.0004)

2.7 Control: Bur (Particle size > 30 um)

Motisuki2 49.95 1894 10 40.34 1485 10 50.5%
Pahlavan®? 1498 398 10 208 676 10 49.5%
Subtotal (95% CI) 20 20 100.0%

Heterogeneity: Tau? = 0.97; Chi? = 5.42, df = 1 (P = 0.02); I2 = 82%
Test for overall effect: Z = 0.29 (P = 0.77)

2.1.8 Control: Acid etching (Particle size < 30 ym)

Ahid 4 41 93 5 292 83 5 115%
Ahid 4 481 142 5 43 161 5 13.4%
Chimello® 1647 473 5 1693 256 5 13.6%
Chimello® 1821 561 5 961 296 5 100%
Geitel 37 903 739 40 1276 38 20 257%
Geitel & 666 82 40 81 436 20 259%
Subtotal (95% CI) 100 60 100.0%
Heterogeneity: Tau? = 0.28; Chi = 11.83, df = 5 (P = 0.04); I* = 58%

Test for overall effect: Z = 0.46 (P = 0.65)

2.1.9 Control: Acid etching (Particle size > 30 um)

Chimello® 1647 473 5 1693 256 5 7.4%
Chimello® 1821 561 5 961 296 5 54%
Dilber 11 35 276 30 201 151 15 11.3%
Flury % 1923 58 15 1578 47 15 106%
Freeman 52 17.96 599 8 1615 464 8 87%
Geitel 37 834 473 40 1276 38 20 118%
Geitel &7 4 531 40 81 436 20 11.9%
Manhart 18 1995 115 40 154 21 20 120%
Pilo 31 994 605 15 997 697 15 107%
Pilo 3! 954 493 14 118 434 13 103%
Subtotal (95% CI) 212 136 100.0%

Heterogeneity: Tau? = 0.3
Test for overall effect:

hiz = 35.03, df = 9 (P < 0.0001); I = 74%
.19 (P = 0.85)

Test for subgroup differences: Chi* = 24.61, df = 8 (P = 0.002), I* = 67.5%

0.92[0.17, 1.68]
0.93-0.00, 1.87]
0.43 [-0.20, 1.06]

0.14 [-1.74, 1.47)
1.11[-0.82, 3.04]
0.23[1.84, 1.39]
0.41[-0.09,092]
032[-0.18,082]
0.48 [0.21, 0.74]

0.54 [0.36, 1.44]
-1.00 [-1.95, -0.06]
-0.22 [1.74,1.29]

1.21[-0.21,2.62]
0.30 [-0.95, 1.55]
-0.11[-1.35, 1.13]
1.73[0.15,3.31]
057 [-1.12,-0.02]
-0.20 [-0.74, 0.34]
0.14 [-0.46, 0.74]

0.1 [-1.35, 1.13]
1.73[0.15,3.31]
0.601-0.03, 1.24]
0.64[-0.10,1.37]
0.32[-0.67,1.31]
-0.98 [-1.55,-0.41]
-0.81[-1.36, -0.25]
047 [0.07,1.02]
-0.00 [-0.72, 0.71]
-0.47 [-1.24, 0.30]
0.05 [-0.42, 0.51]

-1 1
Control ~ Air abrasion

E27

Figure 5. Meta-analysis for particle
size (<30 um or >30 um) with same
intervention-control groups. Statisti-
cally significant differences were ob-
served when the particle size was
>30 um and the controls were no
treatment (p=0.02) or hand excavator
(p<<0.00001). Considering particle
size <30 um, a statistically significant
difference was observed when the
control was bur (p=0.0004).
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E28 Operative Dentistry

Air abrasion Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 Control: No treatment (Air pressure < 5 bar)
Abo-Hamar* 1213 4.07 10 138 4.16 10 19.6% -0.39 [-1.28, 0.50] I
Abo-Hamar* 26.67 8.17 10 291 9.6 10 19.7% -0.26 [-1.14, 0.62] e
Flury® 13.73 4.1 15 713 6.2 15 21.0% 1.22[0.43, 2.01] -
Flury®® 15.2 4.6 15 11.85 4.8 15 21.8% 0.69 [-0.05, 1.43] - -
Freeman® 15.05 3.93 8 175 536 8 17.9% -0.49 [-1.49, 0.51] I
Subtotal (95% CI) 58 58 100.0% 0.19 [-0.48, 0.87] -
Heterogeneity: Tau? = 0.40; Chi? = 12.60, df =4 (P = 0.01); I = 68%
Test for overall effect: Z = 0.56 (P = 0.58)
3.1.2 Control: Sic paper (Air pressure < 5 bar)
Chaves® 257 441 3 211 4.3 3 33% 0.88 [-0.93, 2.69] -
Chaves® 1.4 3.6 3 128 4.2 3 3.6% -0.29 [-1.91, 1.34]
Chaves?® 386 123 3 402 6.1 3 3.6% -0.13 [-1.74, 1.47]
Coli"® 6.05 3.62 15 41 154 15 5.3% 0.68 [-0.06, 1.42] —
Coli" 41 154 15 6.09 4.34 15 5.3% -0.59 [-1.33, 0.14] I
D'Amario® 326 7.31 5 1649 4.61 5 32% 2.38[0.56, 4.21] S —
D'Amario® 33.36 9.98 5 27.68 4.98 5 4.2% 0.65 [-0.64, 1.94] I
D'Amario? 28.73 7.06 5 1447 575 5 35% 2.00[0.33, 3.68] -
D'Amario® 3551 8.41 5 1831 6.72 5 3.5% 2.0410.35, 3.73] —_—
de Oliveira® 33 5 6 415 29 6 3.9% -1.92[-3.39,-045] &
de Oliveira®? 30.1 0.6 6 204 64 6 3.8% 1.97 [0.48, 3.45] e —
de Oliveira® 28.5 1.3 6 33.9 4.7 6 4.1% -1.45[-2.78, -0.11]
de Oliveira® 212 27 6 299 4.5 6 3.7% 2.16[3.71,-062] ¢
Franga®' 28.2 8.3 36 294 7.9 36 5.7% -0.15[-0.61, 0.32] I
Franga®' 27 7.2 36 31.8 7.5 41 5.7% -0.65 [-1.11, -0.19] I
liday3® 15.02 6.84 16 19.05 10.83 16 53% -0.43[-1.14,0.27] I
liday®® 19.85 2.31 8 2122 6.39 8 4.8% -0.27 [-1.26, 0.72] —
Los* 171 1.2 10 18.2 1.6 10 4.9% -0.74 [-1.66, 0.17] -
Los*® 193 26 10 157 38 10  4.9% 1.06 [0.11, 2.01] E
Los4 20.7 1.6 10 204 2 10 5.0% 0.16 [-0.72, 1.04] -1
Soares® 16.67 2.37 10 26.82 455 10  4.2% -2.68[-3.96,-1.40) €
Soares®® 13.5 23 10 22.08 2.41 10 3.8% -3.49[-4.98,-2.00]
Sutil® 52.38 1 16 3292 6.19 8 47% 1.93[0.89, 2.97] -
Subtotal (95% Cl) 245 242 100.0% -0.09 [-0.58, 0.40] -
Heterogeneity: Tau® = 1.02; Chi* = 115.89, df = 22 (P < 0.00001); I> = 81%
Test for overall effect: Z = 0.36 (P = 0.72)
3.1.3 Control: SiC paper (Air pressure > 5 bar)
Anja® 358 135 84 353 128 64  15.9% 0.04 [-0.29, 0.36] T
Manhart® 23 2.6 10 20.2 1.9 10 8.8% 1.18[0.21, 2.14] -
Manhart®' 154 3.6 10 164 46 10  9.6% -0.23 [-1.11, 0.65] e
Manhart? 16.35 7.24 40 8.3 4.7 20 13.0% 1.22[0.64, 1.80] -
Roeder* 21 9.4 20 241 8 10 10.8% -0.34 [-1.10, 0.43] - 1
Santos® 2268 9.55 12 1724 7.03 12 10.2% 0.63 [-0.20, 1.45] T
Santos® 1421 4.88 12 11.74 4.01 12 10.3% 0.53 [-0.28, 1.35] -1
Santos®® 11.03 4.15 12 13.83 6.44 12 10.3% -0.50 [-1.31, 0.32] -1
Yazici®® 14.09 5.94 14 1444 6.23 14 11.1% -0.06 [-0.80, 0.69] - 1
Subtotal (95% Cl) 214 164 100.0% 0.27 [-0.13, 0.67] o
Heterogeneity: Tau? = 0.24; Chi? = 24.35, df = 8 (P = 0.002); I> = 67%
Test for overall effect: Z=1.31 (P =0.19)
3.1.4 Control: Bur (Air pressure < 5 bar)
Pahlavan® 14.98 3.98 10 20.86 6.76 10  26.0% -1.02 [-1.96, -0.07] I
Souza-Zaroni* 317 81 20 2851 6.29 20 34.1% 0.43[-0.20, 1.06] T
Van Meerbeek® 549 16.3 3 596 16.8 3 143% -0.23 [-1.84, 1.39] .
Van Meerbeek® 54.1 13 3 377 105 3 11.1% 1.11[-0.82, 3.04]
Van Meerbeek® 246 176 3 273 136 3 14.4% -0.14 [-1.74, 1.47] - ]
Subtotal (95% Cl) 39 39 100.0% -0.05 [-0.79, 0.69] ‘
Heterogeneity: Tau? = 0.32; Chi?=7.62, df =4 (P = 0.11); 1> =48%
Test for overall effect: Z = 0.12 (P = 0.90)
3.1.5 Control: Bur (Air pressure > 5 bar)
Burnett® 1752  2.01 15 15.83 1.51 15 50.7% 0.9210.17, 1.68] ——
Motisuki'? 53.2 3246 20 40.34 1485 10 49.3% 0.45[-0.32, 1.22] T
Subtotal (95% CI) 35 25 100.0% 0.69 [0.15, 1.23] ‘
Heterogeneity: Tau? = 0.00; Chi? = 0.75, df = 1 (P = 0.38); 12 = 0%
Test for overall effect: Z = 2.50 (P = 0.01)
3.1.6 Control: Acid etching (Air pressure > 5 bar)
Dilber™ 35 276 30 201 151 15 16.2% 0.60 [-0.03, 1.24] -
Geitel ™ 8.69 10.98 80 1276 3.8 20 18.7% -0.40 [-0.90, 0.09] -7
Geitel™ 461 5.66 80 8.1 4.36 20 18.6% -0.64 [-1.14, -0.14] e
Manhart™® 1995 115 40 154 21 20 17.8% 0.47 [-0.07, 1.02] I
Pilo® 954 493 14 118 434 13 13.9% -0.47 [-1.24, 0.30] I
Pilo®! 9.94 6.05 15 997 6.97 15 14.8% -0.00 [-0.72, 0.71] -1
Subtotal (95% ClI) 259 103 100.0% -0.08 [-0.51, 0.35] <@
Heterogeneity: Tau? = 0.20; Chi? = 15.89, df = 5 (P = 0.007); 1> = 69%
Test for overall effect: Z=0.36 (P = 0.72)

-2 -1 0 1 2
Control  Air abrasion
Test for subgroup differences: Chi? = 6.47, df = 5 (P = 0.26), 1> =22.7%

Figure 6. Meta-analysis for air pressure (<5 bar or >5 bar) with same intervention-control groups. Statistically significant difference was observed
when the air pressure was >5 bar and bur was used to treat the control surfaces (p=0.01).
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Lima & Others: Airborne-particle Abrasion and Dentin Bonding E29

Air abrasion Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
4.1.1 Control: No treatment (Air abrasion duration < 10s)
Dilber 11 246 1.1 15 2.01 1.51 15 27.2% 0.33[-0.39, 1.05] I
Flury 36 13.73 4.1 15 7.13 6.2 15 25.5% 1.220.43, 2.01] e
Flury 38 15.2 4.6 15 11.85 4.8 15 26.7% 0.69 [-0.05, 1.43] T
Freeman®? 15.05 3.93 8 175 536 8 20.6% -0.49 [-1.49, 0.51] I
Subtotal (95% CI) 53 53 100.0% 0.49 [-0.15, 1.12] <

Heterogeneity: Tau? = 0.25; Chi? = 7.46, df = 3 (P = 0.06); I> = 60%
Test for overall effect: Z = 1.50 (P = 0.13)

4.1.2 Control: SiC paper (Air abrasion duration < 10s)

Chaves 30 386 123 3 402 6.1 3 37% -0.13[-1.74, 1.47]

Chaves 30 257 41 3 211 43 3 33% 0.88 [-0.93, 2.69] »
Chaves % 114 36 3 128 42 3 37% -0.29[-1.91, 1.34]

D'Amario 2! 33.36 9.98 5 27.68 4.98 5  44% 0.65 [-0.64, 1.94] I e —
D'Amario ! 3551 8.41 5 1831 6.72 5 35% 2.04[0.35, 3.73] —_—
D'Amario 2! 326 7.31 5 16.49 4.61 5 3.3% 2.38[0.56, 4.21] —
D'Amario 2! 28.73 7.06 5 1447 575 5 36% 2.00 [0.33, 3.68] —_—
Franga %' 27 72 36 318 75 41 61% -0.65[-1.11,-0.19] E—

Franga %' 282 83 36 294 79 36 6.1% -0.15[-0.61, 0.32] T

liday 38 1712 712 16 11.96 5.37 8 53% 0.75[-0.13, 1.63] D

liday 38 16.55 647 16 13.81 6.05 8 54% 0.42 [-0.44, 1.28] S E—

Manhart 6! 23 26 10 202 19 10 51% 1.18[0.21, 2.14] e —
Manhart 61 154 36 10 164 46 10 53% -0.23[-1.11, 0.65] I E—

Manhart 13 1635 7.24 40 83 47 20 59% 1.22[0.64, 1.80] I
Santos % 2268 955 12 1724 7.03 12 54% 0.63 [-0.20, 1.45] i —

Santos 1421 488 12 11.74 401 12 54% 0.53[-0.28, 1.35] N B —

Santos 65 11.03 415 12 1383 644 12 55% -0.50 [-1.31, 0.32] e —

Soares % 135 23 10 2208 241 10 3.9% -3.49[-4.98,-2.00] ¢

Soares %¢ 16.67 237 10 26.82 455 10 4.4% -2.68[-3.96,-1.40] +———

Sutil® 5238 11 16 3292 6.19 8  4.9% 1.93[0.89, 2.97] EEE—
Yazici®® 1409 594 14 1444 623 14 56% -0.06 [-0.80, 0.69] [ —

Subtotal (95% CI) 279 240 100.0% 0.27 [-0.20, 0.74] e

Heterogeneity: Tau? = 0.89; Chi? = 108.04, df = 20 (P < 0.00001); I = 81%

Test for overall effect: Z = 1.13 (P = 0.26)

4.1.3 Control: Acid etching (Air abrasion duration < 10s)

Ahid# 481 142 5 43 16.1 5  47% 0.30 [-0.95, 1.55] ——

Ahid 44 41 93 5 292 83 5 3.9% 1.21[-0.21, 2.62]

Dilber " 35 276 30 201 151 15 11.8% 0.60 [-0.03, 1.24] —

Flury 36 1923 58 15 1578 47 15 10.0% 0.64 [-0.10, 1.37] T

Freeman %2 17.96 5.99 8 16.15 4.64 8 6.8% 0.32[-0.67, 1.31] e B —

Geitel ¥ 391 1353 80 81 436 20 14.7% -0.34[-0.83, 0.15] —

Geitel 3 8.68 17.06 80 1276 38 20 14.8% -0.26 [-0.75, 0.23] —

Manhart 13 19.95 115 40 154 21 20 13.6% 0.47 [-0.07, 1.02] T

Pilo 31 954 493 14 118 434 13  95% -0.47 [-1.24, 0.30] —

Pilo 31 994 605 15 997 697 15 10.3% -0.00 [-0.72, 0.71] —

Subtotal (95% CI) 292 136 100.0% 0.15 [-0.16, 0.45] -

Heterogeneity: Tau? = 0.10; Chi? = 16.26, df = 9 (P = 0.06); I1> = 45%
Test for overall effect: Z = 0.95 (P = 0.34)

4.1.4 Control: SiC paper (Air abrasion duration > 15s)

Anja 33 358 135 84 353 128 64 17.7% 0.04 [-0.29, 0.36] -

Coli1® 6.05 3.62 15 41 154 15 15.0% 0.68 [-0.06, 1.42] T

Coli1® 8.39 4.6 15 6.09 4.34 15 15.1% 0.50 [-0.23, 1.23] -

de Oliveira®? 33 5 6 415 2.9 6  97% -1.92[-3.39,-045] ¥

de Oliveira%? 30.1 0.6 6 204 6.4 6  9.6% 1.97 [0.48, 3.45] ———
de Oliveira 62 28.5 1.3 6 339 4.7 6 10.6% -145[-2.78,-0.11] &

de Oliveira 62 21.2 2.7 6 299 4.5 6  92% -216[-3.71,-062] ¥

liday 38 19.85 2.31 8 2122 6.39 8 13.1% -0.27 [-1.26, 0.72] - 1

Subtotal (95% CI) 146 126 100.0% -0.20 [-0.86, 0.46] i

Heterogeneity: Tau? = 0.62; Chi? = 30.69, df = 7 (P < 0.0001); 1> = 77%
Test for overall effect: Z = 0.59 (P = 0.55)

4.1.5 Control: Bur (Air abrasion duration > 15s)

Motisuki 12 532 3246 20 40.34 1485 10 21.9% 0.45[-0.32, 1.22] —1——
Pahlavan & 1498 398 10 2086 676 10 17.5%  -1.02[-1.96, -0.07] —_—
Zimmerli4s 395 116 31 346 118 31 30.3% 0.41[-0.09, 0.92] T
Zimmerli* 425 105 31 388 121 31 304% 0.321]-0.18, 0.82] T
Subtotal (95% Cl) 92 82 100.0% 0.14 [-0.37, 0.66] .

Heterogeneity: Tau? = 0.16; Chi? = 7.63, df = 3 (P = 0.05); 1= 61%
Test for overall effect: Z = 0.54 (P = 0.59)

-2 -1 0 1 2
Control Air abrasion

Test for subgroup differences: Chi? = 2.36, df = 4 (P = 0.67), I? = 0%

Figure 7. Meta-analysis for airborne-particle abrasion duration (<10 seconds or > 15 seconds) with same intervention-control groups. No significant
differences were observed in bond strength between control and air-abraded dentin.

$S800B 98] BIA |£-80-GZ0Z 18 /w0 Alojoeignd-poid-swd-yiewlsiem-jpd-swiid//:sdny woly papeojumoq



E30

including particle sizes, distances, angulations,
cleaning methods after abrasion, and air pressures.
Analyses according to the parameters employed
were used to aid in minimizing those heterogene-
ities. The surface treatments applied to the dentin
specimens before the bond strength tests were not
homogeneous either. Therefore, to minimize the
clinical heterogeneity regarding surface conditions,
the extracted data were separated according to
same intervention-control subgroups, that is, the
dentin surface treatments: no treatment, bur, SiC
abrasive paper, hand excavator, or acid etching.
Comparisons were restricted to same intervention-
control conditions. The in vitro literature is known
for having problems regarding good reporting
practices, especially because no guidelines are
available for reporting the results of the numerous
types of in vitro tests used in dentistry. In addition,
the extracted data were limited to sound dentin to
reduce structural and morphologic variability re-
garding the dentin substrate; thus, the conclusions
should not be extrapolated to caries-affected or
sclerotic dentin.

Most studies included in this review tested only
immediate bond strengths to dentin; that is, there
was no evaluation of the effects of water degradation
or other aging method on the dentin bonds. In vitro
studies are urged to always include a storage group
when testing adhesive bond strengths. Previous
studies showed that differences reported between
treatments in the short term were not observed
when the bonded specimens were stored in water for
some time before testing.*®*® This finding is of
particular importance for APA enthusiasts: the
positive effects of the treatment may not persist in
the long term. Therefore, it seems that the decision
to apply APA to dentin should be made by the
dentists, taking into account their own clinical
experience; the literature cannot give a definitive
answer on whether APA may effectively generate
dentin bonds that last longer than non-air-abraded
dentin. However, no negative effects for APA applied
to dentin were observed either; thus, the treatment
seems to be safe with respect to bonding to dentin.

CONCLUSION

Within the limitations of this study, the following

conclusions can be drawn:

e APA with aluminum oxide particles had no
negative effects on the bond strength of resin-
based materials to dentin.

¢ In a few subgroup analyses, air abrasion was able

to improve the immediate bond strength to dentin

Operative Dentistry

when the particle size was >30 pum and air
pressure was >5 bar.

¢ APA duration had no significant effect on immedi-
ate dentin bond strengths.
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