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Purpose: To investigate, via questionnaire, how protocols for adhesive luting workflows of dental restorations are applied in 
three German-speaking countries.

Material and Methods: A 47-item questionnaire gathered data on airborne particle abrasion (APA) unit characteristics, par-
ameters, operating procedures, pretreatments in adhesive luting workflows for restorations, and participant demographics. 
The survey was distributed via trade journals, expert associations, universities, technical schools, and social media. Marginal 
absolute and relative frequencies were analyzed (95% confidence intervals), with Chi-squared tests comparing observed and 
expected frequencies (P<0.05). Twenty-three experts voted on 23 recommendations regarding APA parameters and other 
pretreatments for bonding restorations.

Results: A total of 267 participants completed the survey. Access to an APA unit was linked to a higher likelihood of perform-
ing APA before placement. Approximately half of the participants used APA in their practice. For zirconia restorations, 47.2% 
applied alumina APA at 50 μm/0.1 MPa, while 36.7% used the same settings for polymer-based restorations. For alloys, 

(dental technician/dentist), prior instruction/training, and daily APA use. Adhesives with MDP were used for zirconia (63.8%) 
and those with silane for silicate-based ceramics (55.9%). Agreement on recommendations ranged between 52% and 100%, 
with 21/23 reaching an average of 93%.

Conclusion: Access to APA influenced clinical decisions and the feasibility of adhesive luting workflows. Adequate APA 
equipment in dental facilities is essential for quality care. Standardized protocols, training, and education across dental 
professions are necessary to enhance understanding and proper use of APA.
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A variety of dental materials undergo airborne particle abra-
sion (APA), conducted by dental technicians, dentists, and 

dental assistants. Most APA units allow dental professionals to 
set various parameters, such as adjusting the pressure up to 
1.2 MPa, and to vary the abrasion agent in terms of type and 
particle size. Users can furthermore alter the abrasion dur-
ation, the distance, and the angle between the nozzle and re-
storation. Among the available APA agents, alumina particles 
are particularly popular and come in sizes ranging from 25 μm 
to 250 μm. Depending on the particle size and applied pres-
sure, alumina air abrasion alters the substrate’s surface topog-
raphy, roughness profile, and surface tension.37,54 Beyond 
cleaning, the surface area is enlarged and the wettability of 
adhesives or luting materials is increased by the creation of mi-
cro-structures, thus improving retention and creating an ad-

equate bond strength.43 Tribochemical coating represents an-
other APA technique, offering both surface topography 
modification and chemical alteration. During APA with silicon 
oxide-coated alumina particles (CoJet, Rocatec), silicon oxides 
are propelled onto the substrate surface. These localized de-
posits of silica-coated alumina are created on parts of the sub-
strate, thereby introducing silica sites that subsequently bond 
to silane and enhance the overall bond strength.51 Glass pearls 
(sometimes referred to as “glass beads”) and nutshell abra-
sives are less common in general dental parlance but are used 
in certain abrasion applications to achieves very gentle surface 
modification or cleaning. Glass pearls (or beads), generally 
made from soda-lime or borosilicate glass in sizes from about 
25 to 250 μm, have a gentler effect due to their spherical shape 
and are primarily used for delicate cleaning or finishing, re-
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moving only light debris without creating deep roughness. 
Nutshell abrasives, often walnut shells, come in similar parti-
cle sizes and likewise offer a mild abrading action suited to re-
moving investment material or polishing polymer surfaces and 
dentures without causing substrate damage. Both media are 
softer than alumina, so they tend to be used for specialized, 
minimally invasive tasks rather than creating substantial 
roughness for enhanced bonding.

Zirconia, alloys, polyetheretherketone (PEEK), polymethyl-
methacrylate (PMMA), and indirect/semi-direct resin compos-
ites should be airborne-particle abraded prior to fixation to 
increase bond strength.28,30,37,44,46,47,49,55 It is essential to 
adapt the APA parameters, especially the pressure and the 
agent itself, to each material, as improper APA may compro-
mise the flexural strength of the restorative material91 due to 
microcracks and damage to the surface.90 In addition, the risk 
of microleakage and plaque accumulation due to surface 
roughness in the marginal area of the restoration may be in-
creased,65 potentially resulting in clinical failures.

For the adhesive luting of silicate-based ceramics, surface 
area enlargement is typically achieved by etching with 5–9% 
hydrofluoric acid.83 As hydrofluoric acid etching does, however, 
have noxious and irritating effects on the organism, it must be 
handled with extreme caution.57 For intraoral repair, buffered 
compositions have been developed.1 Previous investigations 
have indicated that alumina APA of the bonding surface of sili-
cate-based ceramic restorations can result in similar bonding 
effectiveness (8–23 MPa) as etching with 5–10% hydrofluoric 
acid (7–24 MPa).59,67,88 However, the biaxial flexural strength 
after bonding was decreased (134–147 MPa) compared to the 
pretreatment with hydrofluoric acid (146–154 MPa).70

In clinical practice, the bonding area of the restoration is 
commonly airborne-particle abraded by the dental technician 
before the restoration is delivered to the dentist. However, dur-
ing try-in before insertion, contamination with saliva and/or 
blood often occurs. This contamination can reduce the adhe-
sive strength of the restoration.53 Thus, either APA after try-in 
and/or a subsequent cleaning of the restoration by etching 
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with phosphoric acid or by specially produced cleaning agents 
(eg, Ivoclean, Katana Cleaner) is recommended before adhe-
sive luting, with the different cleaning protocols showing vary-
ing levels of success depending on the restoration material.8,20

In addition to a pretreatment with APA and/or hydrofluoric 
acid etching, the chemical composition of the adhesive system 
and/or luting material is equally important for the long-term 
success of the dental restoration. Adhesives can be applied fol-
lowing phosphoric acid etching on both enamel and dentin 
(“etch and rinse technique”), solely enamel (“selective etch 
technique”), and/or by using adhesives with self-etch proper-
ties. Additionally, new universal adhesives are available, al-
lowing for the pre-treatment of the tooth substrate as well as 
restorations. Scientific results indicate that with universal ad-
hesives containing 10-MDP (10-methacryloyloxydecyl dihydro-
gen phosphate) monomer,82,86 high bond strength to zirconia 
is achieved.4,41,89 For silicate-based ceramics, the latest inves-
tigations also report comparable bond strength values in vitro 
for universal adhesives in comparison with conventional adhe-
sives containing a monosilane.6,78

As current practices on the pretreatment of dental restor-
ations seem to vary widely among dental professionals, it was 
the aim of this study to conduct a survey in three German-
speaking countries investigating the clinical use of APA and 
pretreatments for adhesive placement of dental restorations. 
The tested scientific hypotheses stated that neither the partic-
ipants’ sex, age, experience, activity, profession nor their previ-
ous contact with APA (access to APA unit, prior experience with 
APA, frequency of APA, instruction/training) have an impact on 
their use of APA or workflow for bonding dental restorations. 
Moreover, an expert panel assessed the results of this survey 
and evaluated recommendations for general and material-spe-
cific adhesive luting workflows for dental restorations.

MATERIALS AND METHODS

Survey Design and Ethical Approval
The anonymous cross-sectional survey was designed by four 
experts in the field (FM, VL, IE, BS) and pre-tested with 20 par-
ticipants. Feedback from this group was collected and used to 
refine certain questions for improved clarity. The final ques-
tionnaire was created via GoogleForms (Google LLC, Mountain 
View, USA) and consisted of 37 multiple-choice and 10 multi-
ple-response questions (Table 1 and Table 2). The survey fol-
lowed the ethics of survey research by ensuring a maintenance 
of confidentiality and anonymity. The Research Ethics Com-
mittee of the Faculty of Medicine, LMU Munich previously ap-
proved the study (23-0276 KB).

Questionnaire Structure
The questionnaire was divided into five parts:

Part 1 (Questions 1–3): General characteristics of the APA 
unit.
Part 2 (Questions 4–24): General and material-specific APA 
parameters.
Part 3 (Questions 25–29): Operating procedures of the APA 
unit.

Part 4 (Questions 30–42): Pretreatments for bonding dental 
restorations.
Part 5 (Questions 43–47): Participant demographics (eg, 
gender, age, professional experience).

Participants had to answer each question in order to proceed 
and submit the survey, ensuring a complete dataset.

Survey Administration and Distribution
The online questionnaire, written in German, was adminis-
trated from April 5 to July 14, 2023 and distributed via trade 
journals and their online presences (Quintessence Publishing, 
ZWP Online, Teamwork Zahnmedizin, Dental dialogue), expert 
associations, universities and vocational schools and shared 
over social media (WhatsApp, Facebook, Instagram, LinkedIn) 
using a QR code in Germany, Austria, and Switzerland.

Statistical Analysis
All responses (n = 267) were exported to Excel (Microsoft, Red-
mond, WA, USA) and analyzed using SPSS (IBM SPSS Statistics 
27.0, IBM, Armonk, NY, USA).

Discrete explanatory variables included: Access to an APA 
unit, experience with APA, frequency of APA use, training (in-
struction) in APA, gender, age, years of experience in the dental 
field, current activity (eg, technician, dentist, assistant), and 
profession.

Discrete primary outcome variables comprised: Perform-
ing APA prior to restoration fixation, surface preparation ap-
proach, APA use for specific materials (zirconia, polymer-based 
resins, alloys), nozzle distance and duration for APA, parameter 
adjustments, restoration cleaning procedure, working pos-
ition, glove use, cleaning of the APA unit, and negative experi-
ences with APA.

For luting-related outcome variables (eg, use of eugen-
ol-containing cement, phosphoric acid, or cleaning products 
for different materials, re-abrading previously abraded restor-
ations after try-in, and adhesives), only dentists (n = 127) were 
included in the analysis.

Marginal absolute and relative frequencies were calculated 
for all discrete variables and supplemented by 95% confidence 
intervals (CI) using the Wilson method85 where appropriate. 
Associations between discrete variables were tested with the 
Chi-squared test (significance at P <0.05). For significant Chi-
squared results, observed and expected frequencies were 
compared to assess effect relevance.

Expert Panel Evaluation
A panel of 23 experts subsequently reviewed the survey find-
ings. Based on these results, 23 recommendations regarding 
general and material-specific adhesive luting workflows were 
formulated. Each recommendation was evaluated by the ex-
pert panel using a 5-point Likert scale (strongly agree, agree, 
uncertain, disagree, strongly disagree). The “level of agree-
ment” for any given recommendation was defined as the com-
bined percentage of “strongly agree” and “agree” responses 
(Table 3).
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Table 1 A questionnaire showing the first four sections consisting of 42 questions

Question Answer options
Part 1: General characteristics of the airborne particle abrasion unit
1.  Is there an airborne particle abrasion unit in your 

laboratory or dental practice?
yes
no

2.  How many cartridges for different abrasion particles 
does your airborne particle abrasion unit have?

0
1
2
3
4

3.  What abrasion particles do you airborne particle 
abrade with? (multiple responses possible)

alumina
glass pearls
zirconia
nutshells

Part 2: General and material-specific airborne particle abrasion parameters
4.  Have you previously performed alumina airborne 

particle abrasion in your daily work? 
yes
no

5.  How often do you perform airborne particle 
abrasion? 

1–3 times daily
more than 4 times daily
1–3 times weekly
not applicable

6.  Did you have an instruction or training on alumina 
airborne particle abrasion?

yes
no

7.  Which materials are alumina airborne particle 
abraded in your laboratory or dental practice? 
(multiple responses possible)

silicate-based ceramics
lithium silicate ceramics
zirconia
polymer infiltrated ceramic 
networks
polymethylmethacrylate- 
based resin
composites
alloys

8.  Do you perform alumina airborne particle abrasion 
prior to the fixation of a restoration (if this is 
necessary for the material)?

yes
no

9.  If airborne particle abrasion is performed before the 
fixation, this is conducted by the: (multiple responses 
possible)

dental technicians
dentists
dental assistants

10.  How do you prepare the surface that is going to be 
airborne particle abraded?

with a pencil/felt-tip pen
water steaming
no pretreatment

11.  Do dental technicians, dentists or dental assistants 
in your working environment communicate with 
each other about airborne particle abrasion?

yes
no

12.  Which parameter(s) do you consider when 
performing alumina airborne particle abrasion? 
(multiple responses possible)

type of abrasion particles
applied pressure
airborne particle abrasion 
duration
distance between nozzle and 
restoration
angle between nozzle and 
restoration
none of these parameters

13.  With what parameters do you alumina airborne 
particle abrade zirconia?

50 μm and 0.1 MPa
50 μm and 0.3 MPa
110 μm and 0.4 MPa
250 μm and 0.05 MPa
unclear

14.  With what parameters do you alumina airborne 
particle abrade polymer-based resins?

50 μm and 0.1 MPa
50 μm and 0.3 MPa
110 μm and 0.4 MPa
250 μm and 0.05 MPa
unclear

15.  With what parameters do you alumina airborne 
particle abrade alloys?

50 μm and 0.05 MPa
50 μm and 0.3 MPa
110 μm and 0.2 MPa
250 μm and 0.05 MPa
unclear 

16.  What distance do you maintain between the 
airborne particle abrasion nozzle and the 
restoration when performing alumina airborne 
particle abrasion?

1–5 mm
5–10 mm
>10 mm
10 cm 

17.  What angle do you use between the airborne 
particle abrasion nozzle and the restoration when 
performing alumina airborne particle abrasion? 
(multiple responses possible)

approx 45°
approx 90°
is not considered

18.  Where do you get specifications for the airborne 
particle abrasion parameters? (multiple responses 
possible)

manufacturers’ instructions
internal work instructions
internal training
experience
scientific evidence

19.  Can you imagine performing airborne particle 
abrasion on silicate-based ceramics instead of 
etching them?

yes
no

Question Answer options
20.  How long do you airborne particle abrade a 

polymer-based crown?
o< 20 s
> 60 s

21.  Which parameter do you material-specifically 
primarily adjust at the airborne particle abrasion 
unit?

type of abrasion particles
applied pressure
airborne particle abrasion 
duration
distance between nozzle and 
restoration
angle between nozzle and 
restoration 

22.  How do you clean the object from remaining 
abrasion particles after alumina airborne particle 
abrasion?

in an ultrasonic bath
by compressed air
by water steaming
by disinfection
no additional cleaning

23.  Why do you airborne particle abrade a surface? 
(multiple responses possible)

for cleaning
for divesting
for enlarging the surface
for increasing the wettability

24.  Airborne particle abrasion is important for: 
(multiple responses possible)

cleaning the surface
improving the wettability
enlarging the surface
increasing the stability of the 
restoration

Part 3: Operating procedures for the airborne particle abrasion unit
25.  How do you work with an airborne particle 

abrasion unit?
sitting
standing

26.  Do you use gloves when performing airborne 
particle abrasion?

yes
no

27.  Do you regularly clean your airborne particle 
abrasion unit?

yes
no

28.  How high is your current cleaning effort? high
moderate
low

29.  How do you clean your airborne particle abrasion 
unit? (multiple responses possible)

by suction
by wiping
using disinfectant wipes
no cleaning of the unit

Part 4: Pretreatments for placement dental restorations
30.  If a zirconia crown is provisionally fixed with an 

eugenol containing cement, it can subsequently 
only be:

luted using conventional 
adhesives
luted using self-adhesive luting 
composites
luted using universal adhesives
cemented 

31.  Do you additionally clean a silicate-based ceramic 
crown etched with hydrofluoric acid with 
phosphoric acid?

yes
no

32.  Do you additionally clean an airborne particle 
abraded zirconia crown with phosphoric acid?

yes
no

33.  Do you use special cleaning products (eg, Ivoclean 
or KATANA Cleaner) after surface pretreatment?

yes
no

34.  Do you use universal adhesives for luting a zirconia 
restoration?

yes
no
unclear

35.  Do you use universal adhesives for luting a silicate-
based ceramic restoration?

yes
no
unclear

36.  For luting a zirconia restoration, do you use 
adhesives with

silanes
MDP monomers
unclear

37.  For luting a silicate-based ceramic restoration, do 
you use adhesives with

silanes
MDP monomers
unclear

38.  Working with hydrofluoric acid etching is harmless
is something I would like to 
avoid

39.  What do you do after trying-in the restoration if it 
has already been alumina airborne particle 
abraded?

I do not airborne particle 
abrade again
after trying-in the restoration, 
I airborne particle abrade again 
for cleaning

40.  What do you do when the restoration has 
debonded?

I do not airborne particle 
abrade again
I airborne particle abrade again

41.  Has it already happened that the restoration was no 
longer insertable after performing airborne particle 
abrasion?

yes
no

42.  Would you like more information regarding the 
airborne particle abrasion process as part of your 
training, studies or further education?

yes
no
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RESULTS

In total, 267 participants completed the survey. The partici-
pants’ characteristics are summarized in Table 2.

General Characteristics of the Airborne Particle 
Abrasion Unit
The majority of the participants (95.9% [95% confidence inter-
val [CI]: 0.93; 0.98]) indicated that an APA unit was part of their 
laboratory or dental practice. Participants specified the num-
ber of cartridges available in their units as follows: 0 (3.7% [CI: 
0.02; 0.07]), 1 (10.9% [CI: 0.08; 0.15]), 2 (27.3% [CI: 0.22; 0.33]), 
3 (24.0% [CI: 0.19; 0.29]) or 4 (34.1% [CI: 0.29; 0.40]). Regarding 
the used material, 93.6% [CI: 0.90; 0.96] of the participants 
used alumina, 54.7% [CI: 0.49; 0.61] glass pearls, 7.5% [CI: 0.05; 
0.11] zirconia, and 5.6% [CI: 0.03; 0.09] nutshells (Fig 1).

General and Material-Specific Airborne Particle 
Abrasion Parameters
A majority of 86.5% [CI: 0.82; 0.90] reported previous experience 
with alumina APA. Frequency of use was reported as more than 
four times per day (24.3% [CI: 0.20; 0.30]), 1–3 times daily (29.6% 
[CI: 0.24; 0.35]), and 1–3 times per week (32.2% [CI: 0.27; 0.38]). 
Two-thirds (65.6% [CI: 0.60; 0.71]) of the participants had not re-
ceived any formal instruction or training on using alumina APA. 
Most participants (82.8% [CI: 0.78; 0.87]) indicated that they use 
APA on zirconia. Airborne particle abrasion was applied to 
polymethylmethacrylate-based resins by 56.2% [CI: 0.50; 0.62], 
followed by alloys (55.4% [CI: 0.49; 0.61]), indirect/semi-direct 
resin composites (53.6% [CI: 0.48; 0.59]), lithium-disili-
cate-glass-ceramics (43.1% [CI: 0.37; 0.49]), silicate-based ce-
ramics (28.1% [CI: 0.23; 0.34]), and polymer infiltrated ceramic 
networks (23.6% [CI: 0.19; 0.29]) (Fig 2). If necessary for the ma-
terial, the majority (89.1% [CI: 0.85; 0.92]) likewise performed 
alumina APA prior to the luting of a restoration.

Access to an APA unit was associated with a higher number 
of participants performing alumina APA prior to luting than 
was expected (236 vs 228.2; P <0.001). APA was, according to 
all participants, primarily performed by dental technicians 
(70% [CI: 0.64; 0.75]), followed by dentists (49.8% [CI: 0.44; 
0.56]), and dental assistants (16.5% [CI: 0.13; 0.21]). The analy-
ses of the professional subgroups showed slightly different 
numbers, with dentists and dental technicians reporting APA 
to be performed by dental technicians (66.7% vs 73.7%, re-
spectively), followed by dentists (60.5% vs 43.2%), or dental 
assistants (13.8% vs 21.1%) (Fig 3).

The majority of the participants (154/267 [CI: 0.52; 0.63]) 
did not use a pretreatment of the surface prior to APA, while 
one-third used water steaming (81/267 [CI: 0.25; 0.36]) and 
12% (32/267 [CI: 0.09; 0.16]) employed a pencil/felt-tip pen. 
Just over half of the participants (54.7% [CI: 0.49; 0.61]) re-
ported communicating about APA in their working environ-
ment. Key parameters considered by participants included 
applied pressure (89.1% [CI: 0.85; 0.92]), type of abrasion parti-
cles (88.0% [CI: 0.84; 0.91]), nozzle distance to the restoration 
(72.3% [CI: 0.67; 0.77]), duration (55.4% [CI: 0.49; 0.61]), and 
angle between nozzle and restoration (50.2% [CI: 0.44; 0.56]) 
(Fig 4).

Nearly half of the participants (47.2% [CI: 0.41; 0.53]) re-
ported alumina airborne particle abrading zirconia with 50 μm 
and 0.1 MPa. Being a dental technician or dentist and having 
10 years or more of experience were associated with a higher 
number of participants choosing this surface pretreatment 
than was expected (51 vs 44.9, 65 vs 59.5, 91 vs 81.5; P = 0.002- 
0.44) (Fig 5).

For polymer-based restorations, 36.7% [CI: 0.31; 0.43] used 
the same settings. An age of 30 or above and an experience of 
10 years or more were associated with a higher number of par-
ticipants employing these parameters for polymer-based res-
torations (78 vs. 68.6, 73 vs. 63.9; p=0.032-0.045). For alloys, 
37.5% [CI: 0.32; 0.43] used 110 μm and 0.2 MPa. Instruction/
training, an age of 30 or above, an experience of 10 years or 
more or being a dental technician were associated with a 
higher number of participants than was expected choosing 
this surface pretreatment (42 vs. 33.7, 78 vs. 69.3, 79 vs. 64.5, 59 
vs. 35.6; p<0.001–0.043). Furthermore, daily APA was associ-
ated with a higher number of participants (70 vs. 53.4) using 
these APA parameters than observed for participants who per-
form airborne particle abrasion weekly (25 vs. 31.9; p<0.001).

For APA of zirconia, polymer-based restorations, or alloys, 
respectively 19.9% [CI: 0.16; 0.25], 26.2% [CI: 0.21; 0.32] and 
24.7% [CI: 0.20; 0.30] of the participants indicated that these 
parameters were unclear to them. Just above half of the partic-
ipants (149/267 [CI: 0.50; 0.62]) employed a distance of 5–10 
mm between the restoration and the APA nozzle, using an an-
gle of 45° [CI: 0.50; 0.62]. 23.6% [CI: 0.19; 0.29] did not consider 
the angle when using APA. The majority of the participants 
(57.3% [CI: 0.51; 0.63]) based the APA parameters they used on 
their experience, followed by the manufacturers’ instructions 
(44.6% [0.39; 0.51]) and scientific evidence (31.1% [CI: 0.26; 
0.37]). 19.9% [CI: 0.16; 0.25] of the participants indicated inter-
nal training and 17.2% [CI: 0.13; 0.22] internal work instruc-

Table 2 Participants’ characteristics

Gender female 45.3% 

male 52.4%

diverse 2.2%

Age <30 29.5% 

30–39 30.0%

40–49 19.1%

>50 21.3%

Years of experience <2 12.0%

2–5 22.5%

6–10 13.9%

>10 51.7%

Active in the dental sector Yes 97.4%

No 2.6%

Current profession
(multiple responses possible)

other 2.6%

trainee/student 9.7%

dental assistant 6.0%

dental technician 34.8%

dentist 46.8%
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tions as the specifications for the used APA parameters (Fig 6).
Less than half of the participants (40.8% [CI: 0.35; 0.47]) 

could imagine using APA for silicate-based ceramics instead of 
etching them. A high majority of participants (95.1% [CI: 0.92; 
0.97]) indicated using APA on a polymer-based crown for less 
than 20 s in comparison with airborne particle abrading for 
more than 60 s. Being a trainee/student or dental assistant 
with less than 10 years of experience was associated with a 
higher number of participants experiencing APA for more than 
60 s than expected (5 vs 1.4, 4 vs 0.9, 11 vs 4.8; P <0.001–0.002).

The applied pressure was the primary parameter adjusted 
material-specifically at the APA unit (50.6% [CI: 0.45; 0.57]), fol-
lowed by the type of abrasion particle (41.2% [CI: 0.35; 0.47]), 
APA duration (5.2% [CI: 0.03; 0.09]), angle between nozzle and 
restoration (1.9% [CI: 0.01; 0.04]) and distance between nozzle 
and restoration (1.1% [CI: 0.004; 0.01]) (Fig 7).

Participants showed a variety of cleaning protocols, report-
ing the use of water steaming (36.3% [CI: 0.31; 0.42]), com-
pressed air (29.2% [CI: 0.24; 0.35]), ultrasonic bath (25.1% [CI: 
0.20; 0.31]), disinfection (6.7% [CI: 0.04; 0.10]) or no additional 
cleaning (2.6% [CI: 0.01; 0.05]). Surfaces were airborne particle 
abraded for enlarging the surface (84.6% [CI: 0.80; 0.88]), 
cleaning (78.3% [CI: 0.73; 0.83]), increasing the wettability 
(74.9% [CI: 0.69; 0.80]), divesting (44.9% [CI: 0.39; 0.51]) and 
increasing the stability of the restoration (24% [CI: 0.19; 0.29]).

Operating Procedures for the APA Unit
Most of the participants (67.4% [CI: 0.62; 0.73]) indicated that 
they perform APA when standing, with 32.6% [CI: 0.27; 0.38] 
working in a sitting position. Being a dental assistant or dentist 
was associated with performing APA while sitting (13 vs 5.5 and 
50 vs 41.4), while being a dental technician was associated 
with performing APA when standing (79 vs 64.7; P<0.001). 64% 
[CI: 0.58; 0.70] of the participants used gloves when airborne 
particle abrading, with dental assistants or dentists being as-
sociated with using gloves in a higher number (15 vs 10.9 and 
86 vs 81.3; P = 0.030). Most participants cleaned their APA unit 
regularly (77.5% [CI: 0.72; 0.82]), specifying a moderate (61.4% 
[CI: 0.55; 0.67]) or low cleaning effort (33.3% [CI: 0.28; 0.84]). 
Cleaning was performed by suction (73% [CI: 0.67; 0.78]), wip-
ing (25.8% [CI: 0.21; 0.31]) and/or using disinfectant wipes 
(10.9% [CI: 0.08; 0.15]).

Pretreatments For Adhesive Placement of Indirect/
Semi-Direct Dental Restorations
For the following questions concerning the fixation of dental 
restorations, solely the answers of the dentists were analyzed, 
as this topic falls into the responsibility of this profession. 
When asked how to lute zirconia crowns, which were tempo-
rarily cemented with eugenol-containing cement, 85.8% [CI: 
0.79; 0.91] indicated using conventional non-adhesive cemen-

Table 3 Experts’ recommendations

Recommendation
Level of  
agreement (%)

An airborne particle abrasion unit should be accessible for pretreatment of dental restorations prior to bonding. 100 (23/23)

Users should be instructed/trained on performing alumina airborne particle abrasion. If feasible, airborne particle abrasion should be performed by users 
that perform airborne particle abrasion daily and possess extensive work experience.

96 (22/23)

Dental technicians, dentists and dental assistants should communicate about airborne particle abrasion. 100 (23/23)

Surfaces that are going to be airborne particle abraded should be marked with a pencil/felt-tip pen. Surfaces that should not be airborne particle abraded 
should be protected against accidental exposure to airborne particle abrasion to prevent rough surfaces and a potentially increased plaque adhesion.

91 (21/23)

The type of abrasion particle, the applied pressure, the airborne particle abrasion duration, the distance between the nozzle and restoration and the angle 
between the nozzle and restoration should be considered when using airborne particle abrasion. 

100 (23/23)

Zirconia should be alumina airborne particle abraded using 50 μm and 0.1 MPa. 96 (22/23)

Polymer-based restorations should be alumina airborne particle abraded using 50 μm and 0.1 MPa. 87 (20/23)

Alloys should be alumina airborne particle abraded using 110 μm and 0.2 MPa. 91 (21/23)

If feasible, a distance of 5–10 mm should be maintained between the airborne particle abrasion nozzle and the restoration when performing alumina 
airborne particle abrasion.

100 (23/23)

If feasible, an angle of 45° should be used between the airborne particle abrasion nozzle and the restoration when performing alumina airborne particle 
abrasion.

87 (20/23)

For polymer-based restorations, airborne particle abrasion duration should be limited (recommendation for a single-unit FDP: <20 s). 96 (22/23)

Specimens should be cleaned in an ultrasonic bath after performing alumina airborne particle abrasion. 100 (23/23)

Surfaces should be airborne particle abraded to divest, clean, enlarge the surface or increase the wettability and thus increase the stability of zirconia, 
silicate-based, polymer-based or alloy restorations due to an increase in bond strength.

87 (20/23)

Airborne particle abrasion units should be operated when sitting and wearing gloves. 70 (16/23)

Airborne particle abrasion units should be regularly cleaned. 100 (23/23)

After the provisional fixation with an eugenol-containing cement, a zirconia crown should be fixed with a cement. 57 (13/23)

Prior to silanization, a silicate-based ceramic crown etched with hydrofluoric acid should be cleaned with phosphoric acid. 52 (12/23)

An airborne particle abraded zirconia crown should not be cleaned with phosphoric acid. 78 (18/23)

Universal adhesives may represent a less technique sensitive option for successfully luting zirconia and silicate-based ceramic restorations. 78 (18/23)

Adhesives for luting a zirconia restoration should contain MDP monomers. 96 (22/23)

Adhesives for luting a silicate-based ceramic restoration should contain silanes. 91 (21/23)

Airborne particle abrasion should be performed after trying-in. If a restoration has been contaminated after airborne particle abrasion, it should be airborne 
particle abraded again or treated using specific cleaning products prior to luting.

100 (23/23)

After debonding, previously airborne-particle-abraded restorations should be airborne-particle-abraded again. 100 (23/23)
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tation. Most participants did neither clean silicate-based ce-
ramic (84.3% [CI: 0.77; 0.90]), which had been etched with 
hydrofluoric acid, nor clean airborne particle-abraded zirconia 
(96.9% [CI: 0.92; 0.99]) crowns using phosphoric acid. 24.4% 
[CI: 0.18; 0.33] used special cleaning products after surface pre-
treatment. Universal adhesives were employed for zirconia by 
46.5% [CI: 0.38; 0.55] and for silicate-based ceramic restor-
ations by 59.1% [CI: 0.50; 0.67] of the participants. 63.8% [CI: 
0.55; 0.72] of the participants used an adhesive with MDP mon-
omers for luting zirconia. For silicate-based ceramic, 55.9% [CI: 
0.47; 0.64] employed an adhesive containing silane. For both 
questions, respectively 13.4% [CI: 0.09; 0.20] and 7.9% [CI: 
0.04; 0.14] of the participants indicated that the composition 
of the adhesive system was unclear to them (Fig 8).

Just over one-third of the participants (37.8% [CI: 0.30; 0.46]) 
specified that they would like to avoid hydrofluoric acid etching. 
When asked how to treat an already alumina airborne particle 
abraded restoration after trying-in, answers were split between 
a repeated APA (48.0% [CI: 0.40; 0.57]) and no repeated APA 
(52.0% [CI: 0.43; 0.60]). For debonded restorations, a high major-
ity (94.5% [CI: 0.89; 0.97]) perform repeated APA. For both sce-
narios, performing repeated APA was dependent on access to an 
APA unit (p<0.001-0.009). A small number of the participants 
(12.4% [CI: 0.09; 0.17]) experienced a restoration no longer being 
insertable following APA. Three out of four participants (75.7% 
[CI: 0.70; 0.80]) would like to have more information about APA 
as a part of their training, studies or further education.

Expert Consensus
Based on the expert consensus, the level of agreement on each 
recommendation was determined and varied between 52% 
and 100%, with 21/23 recommendations showing an average 
agreement level of 93%. For 15 out of the 23 recommendations, 
the level of agreement exceeded 90%. For the three recommen-
dations, the level of agreement was above 80% and 70%. Two 
recommendations showed a level of agreement of about 50%.

DISCUSSION

The aim of this investigation was to analyze the handling and 
use of APA and other pretreatments for adhesive placement of 
dental restorations in German-speaking countries. The tested 
null-hypotheses stating that neither the participants’ sex, age, 
experience, activity, profession nor their previous contact with 
airborne particle abrasion (access to APA unit, prior experience 
with APA, frequency of APA, instruction/training) have an im-
pact on their use of APA or workflow for bonding a dental re-
storation were rejected.

Airborne particle abrasion is an indispensable tool in the 
luting of restorations in modern dentistry, but the full utiliza-
tion of this potential depends on the equipment available in 
dental facilities. In this survey, access to an APA unit was asso-
ciated with a higher number of participants performing alu-
mina APA prior to the luting of a restoration. With multiple 
studies showing this to be a vital step for surface pretreat-
ment,9,62,87 APA units should be accessible for pretreatment of 
dental restorations prior to luting to ensure long-term success.

Notably, two-thirds of the participants had not received in-
structions or training on alumina APA. The importance and 
complexity of correctly performing this task for a multitude of 
materials highlight the need for regular, targeted training of 
dental professionals. Experienced dental technicians and den-
tists could act as mentors by passing on their knowledge and 
skills in the daily workflow. Accessible, clear, and detailed work 
instructions, eg, printing out an overview of the different APA 
parameters for the materials in use in a specific setting (Fig 9) 
or using pre-programmed units that automatically adjust the 
APA parameters when choosing a restorative material, can 
help inexperienced colleagues and team members. With scien-
tifically validated choices for APA parameters being associated 

prior instruction/training and using APA daily, users should be 
instructed and trained on performing alumina APA. If feasible, 

Fig 1 Percentage of abrasive agents used for airborne particle 
abrasion (with 95% CI).

Fig 2 Percentage of use of alumina airborne abrasion for different 
materials (with 95% CI).
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APA should furthermore be performed by users who perform 
APA daily and possess extensive work experience.

The survey results reveal an interesting distribution of tasks 
between the different dental professions in relation to the per-
formance of APA. The different percentages regarding the re-
sponses of dentists and dental technicians to the question of 
who performs APA suggest that there is a lack of either clear 
agreement or established protocols for the workflow, including 
the communication between the lab technician and the dental 
practitioner. This situation is amplified by just over half of the 
participants communicating about APA in their working envir-
onment. Consequently, restorative materials may be airborne 
particle abraded several times or not at all, entailing an unnec-
essary weakening of the restoration caused by repeated air-
borne particle abrasion11 or insufficient surface properties re-
garding bonding.45,62,75 To ensure a sufficient treatment of all 
surface areas of the restoration, a prior marking with a pencil or 
felt-tip pen is advised. At the same time, surfaces that should 
not be airborne particle abraded, eg, connectors of multi-unit 
fixed dental prostheses (FDPs), should be protected against ac-
cidental exposure to APA to prevent rough surfaces which 
might cause increased plaque accumulation. With previous re-
search showing varying results in dependence of the applied 
abrasion parameters,38 the type of abrasion particle, the ap-
plied pressure, the APA duration, the distance between the noz-
zle and restoration and the angle between the nozzle and re-
storation should all be considered when using APA.

Nearly half of the participants reported alumina airborne 
particle abrading zirconia with 50 μm and 0.1 MPa. According 
to the literature, both overly aggressive and insufficient APA 
can have detrimental effects. Excessive APA pressure (>0.2 
MPa) can damage the zirconia surface, leading to microcracks 
and a weakening of the material.91 On the other hand, if the 
applied pressure is too low, the necessary surface roughness 
for proper bonding may not be achieved, which can result in 
inadequate adhesion and long-term failure of the restor-
ation.26,92 Using 50 μm and 0.1 MPa has been considered ad-
equate to ensure a durable bond to zirconia on, eg, titanium 

abutments.24 A systematic review did not report an impact of 
the particle size on long-term bond strength.39 Just about a 
third of the participants used the same parameters to abrade 
polymer-based restorations with alumina airborne particles. 
With this material group encompassing a wide variety of sub-
groups, such as filled composite resins, PMMA-based mater-
ials, and PEEK, the literature diverges on the ideal APA param-
eters for this group.3,21,23,27,29,32,37,38,63,66,68,71,75,81 Following 
the manufacturers’ recommendations, some polymer-based 
restorations are only allowed to be etched.

 In addition, the composition of the employed adhesive and 
luting material has to be considered, as for some adhesives, 
APA with silicon oxide-coated alumina particles may be prefer-
able.75 These challenges are reflected in the fact that 9% of the 
experts are uncertain regarding recommendation 7 (Table 3), 
which proposes using 50 μm and 0.1 MPa alumina APA for poly-
mer-based restorations. For PEEK, a systematic review reported 
an increase in shear bond strength by applying APA with 50 μm 
alumina particles.23 As discussed for zirconia, the potential det-
rimental effects of extensive APA for polymer-based restor-
ations have to be considered, with extended APA causing sur-
face damage, leading to microcracks or an overly rough surface 
that can weaken the polymer material and reduce its overall 
flexural strength.16 When asked about APA durations, nearly all 
the participants indicated using APA on a polymer-based crown 
for less than 20 s in comparison with airborne particle abrading 
for more than 60 s, showcasing a negative previous experience 
or knowledge about the dangers of overexposing poly-
mer-based restorations to APA.31 For alloys, 37.5% of the partic-
ipants reported using alumina APA with 110 μm particles and a 
pressure of 0.2 MPa, with previous research showing a positive 
effect of a bigger particle size and higher pressure on the shear 
bond strength.14,22 In this context, it is important to highlight 
that employing lower pressures or smaller particle sizes could 
lead to inadequate bonding.35 In conclusion, it must be con-
sidered that ceramics are brittle materials that may suffer from 
excessive APA. For ductile and softer polymer-based materials, 
a potential over-exposure to APA may result in insufficient re-

Fig 3 Percentage of primary performer of airborne particle abrasion 
and differences between the professional groups.

Fig 4 Percentages of considered airborne particle abrasion  
parameters (with 95% CI).
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storation margins. With alloys being both ductile and at the 
same time harder, they are less prone to abrasion. The fact that 
20–25% of the participants openly stated that the APA param-
eters for these materials were unclear to them emphasizes the 
need for further research and education on this subject.

Almost a third of the participants indicated that they air-
borne-particle abraded silicate-based ceramics with alumina. 
Slightly more than 40% stated this for lithium-disilicate-glass 
ceramics. Current literature recommends that silicate-based 
ceramics should be etched with hydrofluoric acid for a specific 
time (20–60 s) prior to adhesive luting, depending on the sili-
cate percentage, in order to establish a sufficient bond to the 
luting composite through the resulting etching pattern.19,72 
The finding that 37.8% of participants indicated a desire to 
avoid hydrofluoric acid etching highlights the awareness 
among professionals of the dangers associated with this pre-
treatment, underscoring the need for innovative alternative 
pretreatment methods for silicate-based ceramics. Nonethe-
less, hydrofluoric acid (HF) etching can be advantageous in 
many cases and remains the recommended and gold-standard 
surface pretreatment for etchable ceramics prior to adhesive 
luting, as it is often easier, faster. APA requires a dedicated de-
vice, time-consuming setup, and carries occupational risks 
such as dust inhalation. Moreover, specific composite CAD/
CAM restorations containing glass fillers can also be etched 
with HF, achieving comparable bonding effectiveness to APA. 
HF etching does not require a specialized device and can thus 
be preferable in certain clinical situations.

 The latest studies indicate that the dangerous acid can be 
dispensed with when luting silicate-based restorations if the 
restorations are alternatively being airborne particle abraded 
using 25 μm or 50 μm alumina particles at a pressure of 0.1 
MPa.12,36 It is therefore conceivable that practitioners will pro-
spectively not only airborne particle abrade silicate-based ce-
ramics to de-embed pressed silicate-based ceramics and effec-
tively and quickly remove the remains of the embedding 
material,52,73,74 but also use this surface treatment to enhance 
bonding and thus replace hydrofluoric acid etching.

If feasible, a distance of 5–10 mm should be maintained be-
tween the APA nozzle and the restoration when performing 
alumina APA to achieve a homogenous abrasion surface. In ad-
dition, an angle of 45° should be used between the APA nozzle 
and the restoration when performing alumina APA, as the lit-
erature has shown this to result in a more even and homoge-
nous distribution of surface defects.18,64 Consistently using a 
specific angle during APA is, however, often unfeasible, espe-
cially for slim and long hollow spaces. This challenge is under-
lined by 9% of the experts being uncertain with regard to the 
corresponding recommendation 10 (Table 3).

A multitude of protocols are in use following alumina APA, 
ranging from no additional cleaning, to the use of compressed 
air or water steaming, to cleaning in an ultrasonic bath. 5,76 
With higher bond strengths being observed following ultra-
sonic cleaning (7), it is recommended that specimens should 
be cleaned in an ultrasonic bath after performing alumina APA, 
using 99% isopropanol for 3 min, preferably. The benefits of 
APA for divesting, cleaning, enlarging the surface, or increasing 
the wettability and thus the stability of the restoration have 

been shown in an investigation.18 In consequence, dental tech-
nicians perform various tasks that require varying degrees of 
precision. For example, when devesting cast models, which 
calls for less technical finesse than the APA of dental crowns, 

Fig 5 Observed vs. expected adoption of airborne particle abrasion 
with 50 μm and 0.1 MPa for zirconia (with 95% CI).

Fig 6 Percentages of specifications for the airborne particle abrasion 
parameters (with 95% CI).

Fig 7 Percentages of the primary parameter adjusted by the 
participants (with 95% CI).
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dental technicians tend to use the abrasion equipment while 
standing. This enables fast and efficient workflows. With a sit-
ting position presumably allowing for a higher precision in the 
handling of the unit, it is nonetheless recommended that APA 
units should be operated when sitting, especially when work-
ing on definitive prosthetic restorations. The results of the sur-
vey showing dental assistants or dentists being associated 
with a sitting position may indicate that this factor is already 
under consideration.

The data on the use of gloves during APA shows that 64% of 
participants wear gloves. Dentists and dental assistants tended 
to use gloves more frequently when performing this activity, 
which could indicate a higher awareness of occupational 
safety in these groups, paired with a higher frequency of glove 
interaction during their routine working day. In many cases, 
the less frequent use of gloves by dental technicians could be 
due to less stringent safety protocols or a lower perception of 
risk. It is important that occupational health and safety guide-
lines are consistently applied to all occupational groups to en-
sure uniform safety standards, calling for the wearing of gloves 
when operating APA units. Cleaning protocols of the APA unit 
varied between participants, with the use of suction being the 
most common. If available, recommendations provided by the 
APA unit manufacturer should be adhered to. Regular cleaning 
and inspection are recommended to ensure that, eg, a clogged 
tube does not entail a reduced pressure and that the chosen 
APA parameters are in fact being successfully executed.

The results of this survey on surface treatment and adhe-
sive luting preferences for dental restorations highlight impor-
tant trends, while indicating areas where more education may 
be needed. Knowledge about the potential negative interac-
tion between an eugenol-containing cement and resin-based 
materials34 seems to be widespread, with over 80% of dentists 
indicating that they would employ non-adhesive cementation 
in a setting where an eugenol-containing cement had been 
used. However, the issue of polymerization inhibition by euge-
nol may be overstated. During tooth pretreatment by etching 

with phosphoric acid or by polishing with pastes to remove 
adherent temporary cement, eugenol residues could be suffi-
ciently removed so that standard procedures for adhesive lut-
ing procedures are possible without impairing bond strength. 
In addition, it should be noted that simple APA alone is suffi-
cient to eliminate the polymerization-inhibiting effects of 
eugenol-containing temporary cements, thereby allowing reli-
able adhesive luting protocols even after provisional restor-
ations. Thirty-five percent of the experts did, however, not 
agree with the corresponding recommendation 16 (Table 3). 
This may be because the bond strength that is reached using 
adhesive luting in this setup still surpasses that achieved by 
using a cement and a meta-analysis pointing out that after 14 
days of placement, eugenol-based restorations did not impact 
the bonding of adhesives to dentin.15 It should also be noted 
that conventional cementation typically requires a macro-re-
tentive preparation design, whereas full adhesive luting proto-
cols can be used even with non-retentive preparations by rely-
ing on micromechanical and chemical bonding. Furthermore, 
a pretreatment of the bonding surface can successfully remove 
residual eugenol.10 The focus should thus be on taking the in-
gredients of provisional fixation materials into account before 
initiating the definitive fixation procedure and considering 
these during the pretreatment of the bonding surfaces.

While research has shown benefits of cleaning silicate-
based ceramics following hydrofluoric acid etching using 
phosphoric acid,50 this is not implemented in daily practice. 
This may be due to the increased time and effort that this 
cleaning procedure calls for, with each additional work step in-
creasing the risk of operator errors further, and is reflected by 
35% of the experts disagreeing with the corresponding recom-
mendation 17 (Table 3). With 96.9% of participants indicating 
that they did not clean airborne particle-abraded zirconia us-
ing phosphoric acid, the danger of using this cleaning method 
and thus prematurely occupying future binding sites76 seems 
to be limited. Only one-fourth of the participants used cleaning 
products after surface pretreatment. One of the first investiga-

Fig 8 Use of adhesives for zirconia vs 
silicate-based ceramics (with 95% CI).
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tions examining the potential of an MDP-containing cleaner to 
remove provisional cement residues reported similar tensile 
bond strength values following treatment with the cleaner in 
comparison with polishing.77 Regarding the cleaning of a zirco-
nia restoration that had been contaminated with saliva or blood, 
a pretreatment with ZirClean, Ivoclean or Katana Cleaner led to 

comparable values as observed for non-contaminated speci-
mens.8,76,79 Thus, cleaning products may represent a valuable 
addition for treating contaminated surfaces.

The data shows a relatively widespread use of universal ad-
hesives, with more participants using universal adhesives for 
silicate-based ceramics than for zirconia. When comparing the 

Fig 9 Graphical 
illustration of the 
recommended 
adhesive luting 
workflows of 
zirconia, alloy, and 
polymer-based 
restorations.
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shear bond strength of universal adhesives to human enamel 
and dentin with two-step adhesives, 3/5th of the universal ad-
hesives showed comparable values to enamel, and 4/5th com-
parable or higher values to dentin,25 corroborating a high po-
tential for bonding to the natural tooth structure. To ensure a 
high bond strength to lithium-disilicate-glass-ceramics, uni-
versal adhesives should contain silane, with research high-
lighting that using a separate primer containing silane and 
phosphate monomer can provide a more durable bond than 
silanes incorporated in universal adhesives.17,60 A systematic 
review concluded that the bond strength to lithium-disili-
cate-glass-ceramics is higher when using hydrofluoric acid 
etching and a silicate-ceramic primer than reported for em-
ploying hydrofluoric acid and silane-containing universal ad-
hesives.40 The latest investigations do, however, show promis-
ing results for the latest universal adhesive product available 
on the market.6,78 The bonding efficacy of universal adhesives 
to zirconia substrates displayed similar bond strength values 
when compared with phosphate-silane- and phosphate-based 
primers.42 Nonetheless, it must be emphasized that “dedi-
cated restoration primers,” which primarily contain silane and 
10-MDP dissolved in a solvent, generally exhibit significantly 
higher bonding effectiveness than universal adhesives con-
taining the same components in an aqueous acidic environ-
ment. Research indicates that silane is unstable in acidic, wa-
ter-based solutions, and the presence of multiple monomers 
in universal adhesives may interfere with the ability of 10-MDP 
and silane to adequately interact with the restoration surface. 
Therefore, recommending a separate “restoration primer” for 
the restorative material – in addition to a “tooth primer” (eg, 
an adhesive) for the tooth substrate – remains clinically pru-
dent for predictable and durable results.

In conclusion, universal adhesives may represent a less 
technique-sensitive option for successfully luting silicate-
based ceramic and zirconia restorations.82,84 Seventeen per-
cent of the experts disagreeing with the corresponding recom-
mendation 19 (Table 3) does, however, highlight the need for 
additional research in this field. Remarkably, there is consider-
able uncertainty among participants regarding the composi-
tion of adhesives, with only 63.8% and 55.9% of participants 
using adhesives with MDP monomers for luting zirconia or ad-
hesives with silane for luting silicate-based ceramics, respect-
ively, whereas the literature conclusively shows that adhesives 
for luting a zirconia restoration should contain MDP mono-
mers,2 while adhesives for silicate-based ceramic restorations 
should include silanes.69 With these products having been es-
tablished on the dental market for more than 20 years, these 
findings still suggest a lack of education and information in 
this area. Previous surveys from 2007, 2011, and 2015 have 
shown a range of 36–69% of participants using evidence-based 
fixation protocols for silicate-based ceramics, with 7–14% of 
participants employing evidence-based protocols for zirco-
nia.33 In a follow-up survey from 2019, evidence-based treat-
ments for silicate-based ceramics declined to 38%, while 
knowledge about zirconia increased to 62%.56 When compar-
ing these results to the present survey, knowledge about sili-
cate-based ceramics seems to have once again improved, with 
the data on zirconia staying constant.

The results on airborne particle abrading restorations after 
trying-in that have already been airborne particle abraded 
with alumina and how to treat debonded restorations raise in-
teresting questions about the accessibility of APA units in den-
tal practices. Participants were almost evenly divided on 
whether or not to re-abrade with alumina after the try-in of a 
restoration (48% for, 52% against a repeated pre-treatment). 
With the literature showing a negative impact of contamina-
tion with saliva or blood on the bond strength,56 a repeated 
APA promises a clean surface. In this context, the newly intro-
duced cleaning products may represent a valid alternative, as 
these do not threaten to weaken the restoration with repeated 
APA, while ensuring a clean surface after contamination.79 If an 
APA unit is available in the dental practice, practitioners should 
communicate with the laboratory and only perform APA after 
the try-in, thereby avoiding unnecessary duplication of steps.. 
In contrast to the situation after try-in, a high majority of the 
participants believe that re-abrasion is necessary for debonded 
restorations. This reflects a clear consensus and shows the cru-
cial role of APA in removing surplus luting material and ena-
bling the formation of a novel, adequate bond.61 In both sce-
narios, the performance of APA, of course, depends significantly 
on the potential access to an APA device. Lack of access to such 
a device will thus compromise the quality of treatment, espe-
cially in less well-equipped practices. In the long run, an inad-
equate bond may result in the formation of secondary caries, a 
weakening of the restoration and the long-term failure of the 
treatment, emphasizing the importance of adequate surface 
pretreatments and luting protocols.48

The expert consensus reaching an average agreement level 
of 93% for 21/23 recommendations shows a high conformity on 
the part of the experts with the proposed recommendations.

Limitations
In this survey, the term “resin” was used, with no specific dis-
tinction being made between PMMA and composite resins. 
This could influence the interpretation of the results, as the 
two material groups have different properties and applica-
tions. Additionally, the composition of composite resin mater-
ials varies strongly among available products. Similarly, the 
term “zirconia” was employed, encompassing all generations 
of zirconia without further differentiation.80 With some recom-
mendations, notably recommendations 4, 13, 14, and 19 (Ta-
ble 3), summarizing different aspects within one recommen-
dation, experts may have chosen that they were uncertain or 
disagreed with the recommendation, despite supporting indi-
vidual aspects of the proposed APA parameters and other pre-
treatments. Unfortunately, in the present survey, the size of 
the APA powder was not clearly separated from the pressure in 
the respective questions. Similarly, regarding alumina particle 
size, it would have been preferable to differentiate between 
“<50 μm” and “>50 μm” to allow more precise data collection 
and analysis. This limitation may affect the ability to draw de-
finitive conclusions from the survey results. Furthermore, the 
survey did not consider APA with silicon-oxide-coated alumina 
particles as a surface treatment, which is, however, a common 
practice in restorative treatment.13,58 Future studies are neces-
sary to investigate the use of silicon oxide coating and its role 
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in the dental field. It is critical to note that the survey was spe-
cifically sent to universities, which may result in an overrep-
resentation of participants from the academic field, while 
practitioners in private practices may hold differing views and 
strategies. Participation was voluntary and took approximately 
7 min, which may have resulted in the self-selection of moti-
vated participants. Additionally, the survey included trick 
questions to assess participants’ prior knowledge and exper-
tise. While yielding important insights, this may have discour-
aged knowledgeable participants from completing the survey.

Clinical Relevance
This research highlights how critical access to APA devices is 
for successful restorative dental treatments. The results indi-
cate that both the availability of this technology and targeted 
training of all dental professionals significantly influence clin-
ical decision-making and thus may impact long-term out-
comes. Therefore, all dental facilities, regardless of size or lo-
cation, should be adequately equipped with APA technology 
and offer appropriate training to ensure a high quality of care.
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