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Peri-implantitis is an inflammatory process around 
an implant, characterized by soft tissue inflam-

mation and loss of supporting marginal bone.1 It has 
been associated with a predominantly gram-negative 
anaerobic microflora.2 The microflora associated with 
peri-implantitis is similar to that associated with peri-
odontal disease. Opportunistic periodontal patho-
gens such as Aggregatibacter actinomycetemcomitans,  
Porphyromonas gingivalis, Bacteroides forsythus, Pre­
votella intermedia, Pepto streptococcus micros, and Fuso­
bacterium nucleatum have been identified in association 
with peri-implantitis in partially edentulous patients.3,4 

Few studies provide data on the prevalence of peri-
implant diseases. Two studies reported the prevalence 
of peri-implantitis as 28% in at least 56% of subjects, 
and in 12% and 43% of implant sites.1 However, gener-
al studies report percentages between 5% and 10%.5–7 

Several attempts have been made to find the op-
timum treatment for peri-implantitis. Treatment has 
to consist of the elimination of the infection and res-
toration of the original peri-implant condition, ie, to 
create conditions favorable to reosseointegration on 
the exposed implant surface. Reosseointegration is 
described as formation of new bone onto a previously 
biofilm-contaminated implant surface.8 

Noninvasive (using antimicrobial and anti-inflam-
matory medicine), resective (removing the granulation 
tissue and decontaminating the implant surface), and 
regenerative (restoring the bone defect) treatments 
have been described in conjunction with various 
methods of additional surface cleaning and decon-
tamination by chemical agents, mechanical devices, or 
laser applications or ultraviolet (UV) irradiation.9–13 

The air powder abrasive treatment is one of the me-
chanical methods described in the literature. It uses an 
abrasive powder brought into a stream of compressed 
air to clean or polish all kinds of surfaces by remov-
ing deposits or smoothing its texture.14 The air pow-
der abrasive devices with different types of powders 
are commonly used for supra- and subgingival biofilm 
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removal on teeth.15 Additionally, the same method is 
reportedly used for implant surface cleaning in combi-
nation with peri-implantitis treatment. 

The aim of this review is to evaluate the air pow-
der abrasive treatment as an implant surface cleaning 
method for peri-implantitis treatment with respect to 
the cleaning efficiency, the influence on the implant 
surface, and the clinical response, and to answer the 
question of whether it is possible to achieve reosseo-
integration following the treatment. 

MaTerials and MeThods

A literature search was carried out in PubMed us-
ing the following key words: Air powder abrasive OR 
Air polish* OR Mechanical cleaning implant OR Peri­ 
implantitis air powder OR Peri­implantitis air powder 
abrasive OR implant surface air powder OR air abrasive 
OR air abrasive implant OR air abrasive implant surface 
OR air abrasive peri implantitis OR peri implantitis de­
contamination OR re osseointegration peri implantitis 
surface OR peri implantitis surface modification. The da-
tabase was searched for studies conducted in the pe-
riod from 1955 until May 2011.

The inclusion criteria were: (1) articles in the English 
language; (2) articles that reported on the effect of air 
powder abrasive treatment on titanium implants, tita-
nium abutments, titanium discs, or titanium platelets; 
(3) and in vitro, animal as well as human, studies.

The search resulted in 358 articles. After reviewing 
the titles and authors, 295 articles were excluded since 
they did not report on the effect of air powder abrasive 
treatment on titanium implants, discs, or abutments. 
Articles that could be related to the subject (63) were 
checked again through their abstracts and 36 of them 
did not meet the inclusion criteria; therefore, 27 arti-
cles were selected for review. 

Among these 27 articles, 19 were in vitro studies,  
3 were animal studies, 3 were case series, and 1 was a 
randomized clinical trial (reported in two articles). In one 
of the three animal studies, air powder abrasive treat-
ment was used as a debridement method for all groups 
and the regenerative procedure was changed; therefore, 
this study was excluded for not exclusively reporting on 
the outcome of the air powder abrasive treatment. 

In addition to these articles, six related studies were 
found during a manual search. However, all of these 
studies used air abrasive treatment as a standard de-
bridement method to change the regenerative pro-
cedures in the test groups. The results do not report 
specifically on air powder abrasive treatment; there-
fore, these studies were not included. 

The search of the database was performed inde-
pendently by three different reviewers (CST, YL, and 
DW), first by title and abstract. In a second step, the full 
texts of the articles were read and papers fulfilling the 
inclusion criteria were chosen. Disagreements were re-
solved by discussion. All three reviewers agreed on the 
final articles selected (Fig 1) .

358 articles out of
literature search

63 related studies out
of title search

27 articles met the
inclusion criteria

295 studies excluded

1 excluded (air powder
in all test groups)

42 studies excluded

19 in vitro studies 3 animal studies

2 animal studies

3 case series 1 randomized clinical trial
(reported in 2 articles)

Fig 1  Flowchart of the selection of studies for review.
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The 27 remaining studies showed a variety in study 
design, application period, specimen type (implants, 
abutments, discs, platelets), and evaluation method 
(microbiologic, histologic, electron microscopy). They 
also differed in (1) treatment method (invasive or 
noninvasive); (2) powder types (sodium bicarbonate, 
amino acid glycine); (3) specimen types (implants [ma-
chined, TPS, HA, SAE implants], titanium discs, titanium 
abutments); (4) evaluation method (clinical, radiologic, 
histologic, microbiologic); and (5) evaluated aspects 
(cleaning efficiency, surface changes of the titanium, 
cell response).

Therefore, the studies were classified regarding the 
different aspects of the outcome of the air powder 
treatment on titanium specimens. Each aspect of the 
treatment is presented in tables under subtitles and 
the results were compared and analyzed. Since there 
was such broad variability among studies, a meta- 
analysis was not possible. 

The studies were classified into five groups and 
presented separately in tables for each group. In pre-
senting the results of the studies, only the information 
regarding the subject of the table is presented. Ad-
ditional results on treatments other than air powder 
abrasive are not included in the tables.

Group Classification
Group 1: Cleaning Efficiency. In these studies, the 
cleaning efficiency of air powder abrasive treatment 
was evaluated with contaminated titanium implants, 
abutments, disks, or platelets. The specimens were 
contaminated with either bacteria endotoxin or bio-
film and cleaned by air powder abrasive treatment 
afterwards. The residual bacteria or endotoxin were 
measured microbiologically and residual biofilm areas 
were measured by microscope. 

Group 2: Surface Change. The surface of the ti-
tanium specimen before and after air powder abra-
sive application was monitored by scanning electron  
microscope. The change caused by the application 
was evaluated. 

Group 3: Cell Response. Titanium surfaces were 
tested before and after air powder abrasive treatment 
in cell cultures to evaluate the osteoblast or fibroblast 
response to these surfaces. Cell attachment, prolifera-
tion, DNA activity, and cell viability were tested. 

Group 4: Reosseointegration. These studies 
measured reosseointegration histologically or radio-
logically following air powder abrasive treatment on 
infected implants. 

Group 5: Clinical Outcome. Clinical parameters like 
bleeding on probing, suppuration, and probing depth 
were measured in peri-implantitis patients who un-
derwent air powder abrasive implant surface cleaning 
treatment. 

resulTs

Cleaning efficiency
The cleaning efficiency of air powder abrasive treat-
ment was evaluated by seven studies (six in vitro and 
one randomized clinical trial)16–22 (Table 1). 

Two in vitro studies tested the removal of bacterial 
endotoxin from titanium specimens by several methods. 
Zablotsky et al16 reported significantly greater amounts 
of bacterial endotoxin removal with air powder abra-
sive treatment than citric acid, stannous floride, tetracy-
cline HCl, chlorhexidine gluconate, hydrogen peroxide, 
chloramine T, sterile water, or a plastic sonic scaler tip. 
Dennison et al18 reported bacterial endotoxin removal 
at 98.8% from machined titanium surfaces, 84.2% from 
plasma sprayed surfaces, and 88.8% from HA-coated sur-
faces using air powder abrasive treatment. Three studies 
tested the removal of bacteria instead of endotoxin and 
all three reported 100% removal of the bacteria.18–20 

Mouhyi et al21 applied air powder abrasive treatment to 
failed implants and reported efficient cleaning that re-
sulted in a clean surface as observed by SEM. 

A randomized clinical trial on this subject22 com-
pared Er:YAG laser and air powder abrasive treatment 
by nonsurgical treatment. A total of 74 bacterial spe-
cies were checked by pre- and posttreatment micro-
biologic samples. Although Pseudomonas aeruginosa, 
Staphylococcus aureus, and Staphylococcus anaerobius 
were found at lower counts after 1 month, the treat-
ment failed to reduce the bacterial counts at 6 months; 
however, this was a nonsurgical treatment based on 
studies included in the Consensus Report of the Sixth 
European Workshop on Periodontology. This confer-
ence concluded that nonsurgical therapy on peri-
implantitis lesions is not effective. Additionally, to the 
authors’ knowledge, no study reporting on the out-
come of open surgical debridement with air powder 
treatment has been published. 

According to these studies, in vitro cleaning efficien-
cy of air powder abrasive treatment on titanium strips, 
disks, or implants is high. However, this result is not sup-
ported by the only clinical study that tested the method 
in a nonsurgical setup.38 More clinical studies are need-
ed to surgically test the treatment on implant surfaces. 

surface Change
Sixteen in vitro studies reported on the surface change 
of titanium implants, abutments, or disks following the 
air powder abrasive treatment17,19–21,23–34 (Table 2). 
Eight studies used titanium implants, four studies used 
titanium abutments, one study used both implants 
and abutments, one study used titanium platelets, 
and two studies used titanium disks. The application 
time, as well as the specimen types, differed among 
the studies. 
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Although all studies evaluated surface change 
using SEM, there was no standard terminology or 
method to describe the level and character of surface 
change. The authors used subjective descriptions like 
“slight change” or “medium change;” therefore, the 
evaluations were not comparable. Still, the studies can 
be classified according to the specimen type used. 

The studies on abutments reported minor surface 
alterations23 or no change on the surface.24 The char-
acter of the change was described as smoothing and 
rounding off the sharp machined grooves and oblit-
erating the milling marks,25,26 obliterated metal tags, 
rounding of the edges,27 or some surface pitting.28 

Other studies used implants with different surface 
properties as specimens. Four studies using plasma 

spray–coated implants18,19,24,29 reported no percep-
tible differences or slight changes. The character of the 
change was reported as increased roughness of the 
surface30 or coating removal.31 

HA-coated implants were also tested. Coating re-
moval on this surface as well as plasma-coated im-
plants were reported,31 whereas others reported only 
a medium change in surface properties.19

Another type of implant used is the machined sur-
face implant. Despite the fact that machined implants 
were reported to be more affected than plasma spray–
coated implants,27 studies reported no perceptible 
difference29 or only the removal of the machining 
marks.26 Mouhyi et al21 reported craters of 10 µm in di-
ameter on machined surfaces. 

Table 1  studies evaluating the Cleaning efficiency of air Powder abrasive Treatment

study (y) Type
no. of  

specimens implant type decontamination method evaluation method results

Parham 
et al17 
(1989) 

In vitro 28 implants Plasma sprayed 1. Air powder abrasive (test) 
2. Sterile water treated (control)

SEM 100% removal of bacteria from the test group; 75% removal from control group

Zablotsky 
et al16 
(1992) 

In vitro 9 titanium 
alloy test 
strips 

Grit-blasted 
titanium alloy and 
hydroxylapatite- 
coated test strips

Grit blasted titanium alloy strips: 
1. Citric acid 
2. Stannous fluoride 
3. Tetracycline HCl 
4. Chlorhexidine gluconate 
5. Hydrogen peroxide 
6. Chloramine T 
7. Sterile water 
8. Plastic sonic scaler tip 
9. Air powder abrasive unit 

Hydroxyapatite-coated strips: 
1. Chloramine T 
2. Citric acid 
3. Burnished with sterile water on cotton pellets

Residual lipopoly-
saccharide levels were 
measured by liquid  
scintillation  
spectrometry

For grit blasted titanium alloy strips, air-powder abrasive was significantly superior to other treatments 

For hydroxyapatite-coated  surfaces, citric acid was superior when  compared with the controls or 
 chloramine T

Dennison 
et al18 
(1994) 

In vitro 36 implants Machined, 
plasma sprayed, 
hydroxylapatite- 
coated surfaces

1. Cotton pellet soaked in water 
2. Citric acid solution 
3. 0.12% chlorhexidine 
4. Air powder abrasive 

Microbiologically Machined implants, remaining amount of endotoxin: AIR < CA with AIR = water = CHX;  
Plasma-sprayed implants, remaining amount of endotoxin: water = CHX = CA AIR < water = CHX = CA; 
Hydroxyapatite implants: AIR = CA < water < CHX; Air powder abrasive most effective.  
Only hydroxyapatite coated surfaces can be treated equally with air abrasive and citric acid. 

Augthun 
et al19 
(1998)

In vitro  Plasma sprayed;  
hydroxyapatite- 
coated implants; 
smooth titanium 
surface screws

1. Plastic curet 
2. Metal curet 
3. Diamond polishing device 
4. Ultrasonic scaler 
5. Air-powder-water spray with sodium hydrocarbonate 
6. Chlorhexidine 0.1% solution rinse 

SEM Only air powder abrasive treatment yielded a clean implant without  damage to the surface

Mouhyi 
et al21 
(1998) 

In vitro 17 implants 
from 9 
 patients

Brånemark implants 1. Rinsing in absolute ethanol for 10 min 
2.  Cleaning in ultrasonic baths containing trichloroethylene and  

absolute ethanol, 10 min in each solution 
3. Abrasive cleaning for 30 s 
4. Cleaning in supersaturated citric acid for 30 s 
5. Cleaning with continuous CO2 laser in dry conditions at 5 W for 10 s 
6.  Cleaning with continuous CO2 laser in wet conditions (saline) at  

5 W for 10 s

SEM and x-ray induced 
 photoelectron  
spectroscopy

Cleaning of used implants in citric acid followed by rinsing with deionized water for 5 min followed by 
cleaning in ultrasonic baths with TRI and absolute ethanol gave the best results with regard to  
macroscopical appearance and surface composition

Schwarz 
et al20 
(2009)

In vitro 160 titanium 
disks; 48 
hour biofilm 

SAE surface Air powder abrasive with amino acid glycine (three different types) or 
sodium bicarbonate (one type) powders; each sample received single as 
well as repeated treatment (20 s for both)

Residual biofilm  100% cleaning of the biofilm areas in all groups 

Persson 
et al22 
(2011)

Human 42 subjects Nonsurgical treatment with: 
Group 1: Er:YAG laser 
Group 2: air abrasive subgingival polishing device 

Microbiological 
 assessment 

Both treatments failed to reduce the bacterial counts at 6 months

AIR = air powder abrasive; CA = citric acid solution; CHX = 0.12% chlorhexidine; SEM = scanning electron microscopy; TRI = trichloroethylene.
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Two studies used sandblasted and acid-etched 
(SAE) surface titanium specimens.20,32 Kreisler et al32  

reported microscopically visible changes and smooth-
er surface and Schwarz et al20 mentioned obvious 
alteration of the specific SAE surface morphology. In 
another study,33 bioactive glass powder was applied 
on machined surfaces instead of conventional grit 
blasting to achieve a rough surface. Bioactive glass 
was distributed across the titanium surface and re-
tained within fissures and roughened surface features. 

The alterations were influenced by the application 
time. The studies that reported no perceptible differ-
ence on implant surface had an air abrasive treatment 
application time of less than 30 seconds.24,29,34 However, 
others30 reported decreased roughness after a 2-second  

application, and one study27 reported rounding and 
removal of the machining groves after a 5-second  
application. Chairay et al34 reported that although a 
5-second application did not induce deep changes, a 
15-second application modified the specimen surfaces 
on machined and plasma spray-coated implants. 

According to these studies, air powder abrasive 
treatment results in minor rounding of the sharp 
edges but does not create big surface changes. Most 
of these studies were done on older types of implants 
such as machined, plasma spray-coated, or HA-coated 
implants that are not commonly used today. Howev-
er, implants that have been inserted can still develop 
peri-implantitis and, thus, may need treatment. 

Table 1  studies evaluating the Cleaning efficiency of air Powder abrasive Treatment

study (y) Type
no. of  

specimens implant type decontamination method evaluation method results

Parham 
et al17 
(1989) 

In vitro 28 implants Plasma sprayed 1. Air powder abrasive (test) 
2. Sterile water treated (control)

SEM 100% removal of bacteria from the test group; 75% removal from control group

Zablotsky 
et al16 
(1992) 

In vitro 9 titanium 
alloy test 
strips 

Grit-blasted 
titanium alloy and 
hydroxylapatite- 
coated test strips

Grit blasted titanium alloy strips: 
1. Citric acid 
2. Stannous fluoride 
3. Tetracycline HCl 
4. Chlorhexidine gluconate 
5. Hydrogen peroxide 
6. Chloramine T 
7. Sterile water 
8. Plastic sonic scaler tip 
9. Air powder abrasive unit 

Hydroxyapatite-coated strips: 
1. Chloramine T 
2. Citric acid 
3. Burnished with sterile water on cotton pellets

Residual lipopoly-
saccharide levels were 
measured by liquid  
scintillation  
spectrometry

For grit blasted titanium alloy strips, air-powder abrasive was significantly superior to other treatments 

For hydroxyapatite-coated  surfaces, citric acid was superior when  compared with the controls or 
 chloramine T

Dennison 
et al18 
(1994) 

In vitro 36 implants Machined, 
plasma sprayed, 
hydroxylapatite- 
coated surfaces

1. Cotton pellet soaked in water 
2. Citric acid solution 
3. 0.12% chlorhexidine 
4. Air powder abrasive 

Microbiologically Machined implants, remaining amount of endotoxin: AIR < CA with AIR = water = CHX;  
Plasma-sprayed implants, remaining amount of endotoxin: water = CHX = CA AIR < water = CHX = CA; 
Hydroxyapatite implants: AIR = CA < water < CHX; Air powder abrasive most effective.  
Only hydroxyapatite coated surfaces can be treated equally with air abrasive and citric acid. 

Augthun 
et al19 
(1998)

In vitro  Plasma sprayed;  
hydroxyapatite- 
coated implants; 
smooth titanium 
surface screws

1. Plastic curet 
2. Metal curet 
3. Diamond polishing device 
4. Ultrasonic scaler 
5. Air-powder-water spray with sodium hydrocarbonate 
6. Chlorhexidine 0.1% solution rinse 

SEM Only air powder abrasive treatment yielded a clean implant without  damage to the surface

Mouhyi 
et al21 
(1998) 

In vitro 17 implants 
from 9 
 patients

Brånemark implants 1. Rinsing in absolute ethanol for 10 min 
2.  Cleaning in ultrasonic baths containing trichloroethylene and  

absolute ethanol, 10 min in each solution 
3. Abrasive cleaning for 30 s 
4. Cleaning in supersaturated citric acid for 30 s 
5. Cleaning with continuous CO2 laser in dry conditions at 5 W for 10 s 
6.  Cleaning with continuous CO2 laser in wet conditions (saline) at  

5 W for 10 s

SEM and x-ray induced 
 photoelectron  
spectroscopy

Cleaning of used implants in citric acid followed by rinsing with deionized water for 5 min followed by 
cleaning in ultrasonic baths with TRI and absolute ethanol gave the best results with regard to  
macroscopical appearance and surface composition

Schwarz 
et al20 
(2009)

In vitro 160 titanium 
disks; 48 
hour biofilm 

SAE surface Air powder abrasive with amino acid glycine (three different types) or 
sodium bicarbonate (one type) powders; each sample received single as 
well as repeated treatment (20 s for both)

Residual biofilm  100% cleaning of the biofilm areas in all groups 

Persson 
et al22 
(2011)

Human 42 subjects Nonsurgical treatment with: 
Group 1: Er:YAG laser 
Group 2: air abrasive subgingival polishing device 

Microbiological 
 assessment 

Both treatments failed to reduce the bacterial counts at 6 months

AIR = air powder abrasive; CA = citric acid solution; CHX = 0.12% chlorhexidine; SEM = scanning electron microscopy; TRI = trichloroethylene.
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Table 2  studies evaluating the surface Change of Titanium after air Powder abrasive Treatment

study (y) Type specimen type (no.) Treatment method evaluation method results

Parham et al17 
(1989) 

In vitro 28 plasma-sprayed implants 1. Air powder abrasive 
2. Sterile water treated

SEM Slight changes in the surface topo graphy, rounding of angles and edges of the plasma spray 
coating, and occasional surface pitting 

Barnes et al29 
(1991)

In vitro 4 machined, 4 plasma-sprayed, 4 
highly- polished implants 

Air abrasive treatment (10 s) SEM No perceptible difference regarding  surface integrity 

McCollum  
et al28 (1992) 

In vitro 5.5 mm-abutments 1. Plastic scalers 
2. Air powder abrasive system 30 seconds 
3. Rubber cup polishing with pumice

SEM Air powder abrasive largely obliterated the marks caused by milling and surface pitting;  
no roughening of the surface 

Koka et al26 
(1992) 

In vitro Brånemark titanium implants Prophy jet and microprophy system for 90 s SEM and EDS Machining marks were completely removed by the Prophy Jet and partially removed by the 
Microprophy; both appeared smoother. A noncrystalline deposit was observed on the surface 
of the abutment cylinder exposed to the Microprohy, which was revealed to be sodium. 

Homiak et al25 
(1992) 

In vitro 5 new 10-mm titanium implant 
abutments

1. Metal scaler 
2. Plastic scaler 
3. Rubber cup 
4. Rubber cup with tin oxide 
5.  Air powder abrasive (Cavi-Jet) (5 seconds-50 seconds) 2 phases, 

1st: short, 2nd: long

SEM and optical microscope 5-s air powder abrasive treatment rounded many of the sharp edges; 
50-s caused further smoothing of the machined grooves 

Matarasso  
et al30 (1996) 

In vitro 50 Straumann bonefit (plasma-
spray) implants 

1. Ultrasonic scaler 
2. Plastic tip ultrasonic scaler 
3. Stainless steel curette 
4. Titanium curette 
5. Teflon curette 
6. Air powder abrasive (max air: 5 k/cm2, max water: 2 k/cm2) 1 to 2 s 
7. Abrasive rubber cups 
8. Polishing rubber cup and brush

SEM and optical microscope  laser 
prophylometer analysis

Air powder abrasive (2 s in min and max) increased the roughness 

Meschenmoser  
et al23 (1996) 

In vitro 5 new titanium implant abutments 1. Steel curet 
2. Prototype pure titanium curet 
3. Air abrasive polishing system - 30 s 
4. Ultrasonic system

SEM and confocal laser scanning 
 microscope

All instruments caused surface alterations except the plastic curet 

Chairay et al34 
(1997) 

In vitro 4 machined, 4 plasma-sprayed; 
Both neck and body surfaces of 
the implants were analyzed 

Air abrasive 5 s and 15 s SEM A single air abrasive treatment modified the exposed surfaces. The threaded neck surface 
of a machined group was least affected, whereas the body was the most altered. In the 
plasma-sprayed group surface, change was little. In all specimens, 5-s exposure did not 
induce deep changes in the surfaces, 15-s exposure modified all the specimen surfaces. 

Brookshire  
et al27 (1997) 

In vitro Pure titanium and titanium alloy 
abutments 

1. Gold alloy tipped scaler 
2. High grade resin scaler 
3. Graphite reinforced scaler 
4. Air powder abrasive treatment 20 s 
5. Rubber cup with tin oxide slurry

SEM After 5-s exposure: slight rounding of the previously irregular edges of the metal tags 
After 20 s: the edges became even more rounded but no significant surface alteration was 
produced by the air powder abrasive system

Mengel et al24 
(1998) 

In vitro Titanium implants and abutments; 
plasma-sprayed implants; stan-
dard Brånemark implants 

1. Titanium curettes 
2. Gracey curettes 
3. Plastic curettes 
4. Plastic curettes 
5. Rubber cups with Zircate prophy paste 
6. Cavitron jet ultrasonic scaler 
7.  Air polishing nozzles with Prophy Jet cleaning powder  

(20-s pressure: 3 bars) 
8. Dentsonic sonic scaler

SEM; optical laser profilometry Cavitron jet airpolishing system left the implant surfaces unchanged; no visible change to 
the implant surfaces

Augthun  
et al19 (1998)

In vitro Plasma-sprayed, hydroxyapatite-
coated implants; and smooth 
titanium surface screws

1. Plastic curettes 
2. Metal curettes 
3. Diamond polishing device, 
4. Ultrasonic scaler 
5. Air-powder-water spray with sodium hydrocarbonate solution 
6. Chlorhexidine 0.1% solution rinse 

 SEM Surface damage: air powder abrasive, chlorhexidine, and curettage with a plastic  
instrument caused little or no damage

Mouhyi et al21 
(1998) 

 In 
vitro 

17 Brånemark implants from 9 
patients

1. Rinsing in absolute ethanol for 10 min 
2.  Cleaning in ultrasonic baths containing trichloroethylene and 

absolute ethanol, 10 min in each solution 
3. Abrasive cleaning for 30 s 
4. Cleaning in supersaturated citric acid for 30 s 
5. Cleaning with continuous CO2 laser in dry conditions at 5 W for 10 s 
6.  Cleaning with continuous CO2 laser in wet conditions (saline) at 

5 W for 10 s

SEM and x-ray induced photoelec-
tron spectroscopy 

Alteration of the surface topography, numerous craters (about 10 μm in diameter) were 
formed; powder particles were seen on the surface 

Kreisler  
et al32 (2005) 

In vitro SAE surface titanium platelets 1. Er:YAG laser 
2. Air powder abrasive with sodium bicarbonate 

 SEM Surface properties.
Air powder abrasive: microscopically visible changes, smoother surface 
Er:YAG laser: no change
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Table 2  studies evaluating the surface Change of Titanium after air Powder abrasive Treatment

study (y) Type specimen type (no.) Treatment method evaluation method results

Parham et al17 
(1989) 

In vitro 28 plasma-sprayed implants 1. Air powder abrasive 
2. Sterile water treated

SEM Slight changes in the surface topo graphy, rounding of angles and edges of the plasma spray 
coating, and occasional surface pitting 

Barnes et al29 
(1991)

In vitro 4 machined, 4 plasma-sprayed, 4 
highly- polished implants 

Air abrasive treatment (10 s) SEM No perceptible difference regarding  surface integrity 

McCollum  
et al28 (1992) 

In vitro 5.5 mm-abutments 1. Plastic scalers 
2. Air powder abrasive system 30 seconds 
3. Rubber cup polishing with pumice

SEM Air powder abrasive largely obliterated the marks caused by milling and surface pitting;  
no roughening of the surface 

Koka et al26 
(1992) 

In vitro Brånemark titanium implants Prophy jet and microprophy system for 90 s SEM and EDS Machining marks were completely removed by the Prophy Jet and partially removed by the 
Microprophy; both appeared smoother. A noncrystalline deposit was observed on the surface 
of the abutment cylinder exposed to the Microprohy, which was revealed to be sodium. 

Homiak et al25 
(1992) 

In vitro 5 new 10-mm titanium implant 
abutments

1. Metal scaler 
2. Plastic scaler 
3. Rubber cup 
4. Rubber cup with tin oxide 
5.  Air powder abrasive (Cavi-Jet) (5 seconds-50 seconds) 2 phases, 

1st: short, 2nd: long

SEM and optical microscope 5-s air powder abrasive treatment rounded many of the sharp edges; 
50-s caused further smoothing of the machined grooves 

Matarasso  
et al30 (1996) 

In vitro 50 Straumann bonefit (plasma-
spray) implants 

1. Ultrasonic scaler 
2. Plastic tip ultrasonic scaler 
3. Stainless steel curette 
4. Titanium curette 
5. Teflon curette 
6. Air powder abrasive (max air: 5 k/cm2, max water: 2 k/cm2) 1 to 2 s 
7. Abrasive rubber cups 
8. Polishing rubber cup and brush

SEM and optical microscope  laser 
prophylometer analysis

Air powder abrasive (2 s in min and max) increased the roughness 

Meschenmoser  
et al23 (1996) 

In vitro 5 new titanium implant abutments 1. Steel curet 
2. Prototype pure titanium curet 
3. Air abrasive polishing system - 30 s 
4. Ultrasonic system

SEM and confocal laser scanning 
 microscope

All instruments caused surface alterations except the plastic curet 

Chairay et al34 
(1997) 

In vitro 4 machined, 4 plasma-sprayed; 
Both neck and body surfaces of 
the implants were analyzed 

Air abrasive 5 s and 15 s SEM A single air abrasive treatment modified the exposed surfaces. The threaded neck surface 
of a machined group was least affected, whereas the body was the most altered. In the 
plasma-sprayed group surface, change was little. In all specimens, 5-s exposure did not 
induce deep changes in the surfaces, 15-s exposure modified all the specimen surfaces. 

Brookshire  
et al27 (1997) 

In vitro Pure titanium and titanium alloy 
abutments 

1. Gold alloy tipped scaler 
2. High grade resin scaler 
3. Graphite reinforced scaler 
4. Air powder abrasive treatment 20 s 
5. Rubber cup with tin oxide slurry

SEM After 5-s exposure: slight rounding of the previously irregular edges of the metal tags 
After 20 s: the edges became even more rounded but no significant surface alteration was 
produced by the air powder abrasive system

Mengel et al24 
(1998) 

In vitro Titanium implants and abutments; 
plasma-sprayed implants; stan-
dard Brånemark implants 

1. Titanium curettes 
2. Gracey curettes 
3. Plastic curettes 
4. Plastic curettes 
5. Rubber cups with Zircate prophy paste 
6. Cavitron jet ultrasonic scaler 
7.  Air polishing nozzles with Prophy Jet cleaning powder  

(20-s pressure: 3 bars) 
8. Dentsonic sonic scaler

SEM; optical laser profilometry Cavitron jet airpolishing system left the implant surfaces unchanged; no visible change to 
the implant surfaces

Augthun  
et al19 (1998)

In vitro Plasma-sprayed, hydroxyapatite-
coated implants; and smooth 
titanium surface screws

1. Plastic curettes 
2. Metal curettes 
3. Diamond polishing device, 
4. Ultrasonic scaler 
5. Air-powder-water spray with sodium hydrocarbonate solution 
6. Chlorhexidine 0.1% solution rinse 

 SEM Surface damage: air powder abrasive, chlorhexidine, and curettage with a plastic  
instrument caused little or no damage

Mouhyi et al21 
(1998) 

 In 
vitro 

17 Brånemark implants from 9 
patients

1. Rinsing in absolute ethanol for 10 min 
2.  Cleaning in ultrasonic baths containing trichloroethylene and 

absolute ethanol, 10 min in each solution 
3. Abrasive cleaning for 30 s 
4. Cleaning in supersaturated citric acid for 30 s 
5. Cleaning with continuous CO2 laser in dry conditions at 5 W for 10 s 
6.  Cleaning with continuous CO2 laser in wet conditions (saline) at 

5 W for 10 s

SEM and x-ray induced photoelec-
tron spectroscopy 

Alteration of the surface topography, numerous craters (about 10 μm in diameter) were 
formed; powder particles were seen on the surface 

Kreisler  
et al32 (2005) 

In vitro SAE surface titanium platelets 1. Er:YAG laser 
2. Air powder abrasive with sodium bicarbonate 

 SEM Surface properties.
Air powder abrasive: microscopically visible changes, smoother surface 
Er:YAG laser: no change
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Cell response 
Five in vitro studies evaluated the cell response to-
ward air powder-treated titanium by cell attachment 
and viability tests17,19,20,32,35 (Table 3). Four studies ap-
plied air powder-abrasive treatment on contaminated 
specimens and one study applied air powder-abrasive 
treatment directly on sterile titanium abutments. 

Cell attachment tests showed that the number 
of attached cells on the air powder abrasive-treated 
specimens is slightly lower but not significantly differ-
ent than sterile, untreated control specimens or water 
treated controls.18,19,32 However, others20,35 reported 
a significant decrease in the number of cells attached 
and lower mitochondrial activity. 

The cell morphology was reported to be unaffected35 
and uniform attachment was observed on the disks.18,19 

Another parameter evaluated was cell prolifera-
tion and it was reported to be higher in the air powder 
abrasive-treated group compared with the laser-treated 
group.32 

Cell activity was compared between disks that were 
treated by air powder abrasive treatment with sodium 
bicarbonate and amino acid glycine powder.20 Both 
groups showed significantly lower activity than sterile 
discs. However, sodium carbonate resulted in signifi-
cantly higher values than amino acid glycine. 

According to these results, cell response to air pow-
der abrasive-treated disks decreased compared with 
sterile non-treated disks and was influenced by the 
type of powder used. However, the results did dem-
onstrate sufficient levels of cell attachment and cell 
viability.

reosseointegration
Two animal studies reported reosseointegration 
amounts following peri-implantitis therapy with air 
powder abrasive treatment36,37 (Table 4). In one study, 
64 implants were placed in eight monkeys and ligature 
induced peri-implantitis was created.36 Afterwards, 
implants were treated with different decontamination 

Table 2  studies evaluating the surface Change of Titanium after air Powder abrasive Treatment (cont.)

study (y) Type specimen type (no.) Treatment method evaluation method results

Ramaglia  
et al31 (2006) 

In vitro 7 HA-, 7 TPS-coated implants 1. Stainless steel curette 
2. Plastic curette 
3. Ultrasonic scaler tip 
4. Air powder abrasive 

SEM and  profilometry All methods showed changes related to the implant coating material; coating removal 
and decreasing of surface roughness; air powder abrasive and plastic curette induce less 
implant surface alterations 

Koller et al33 
(2007) 

In vitro 30 machined titanium disks Grit blasting with bioactive glass SEM residual abrasive The roughness attained compares favorably with currently used implant designs 
Bioactive glass was distributed across the titanium surface and retained within  
fissures and roughened surface features

Schwarz  
et al20 (2009)

in vitro 160 SAE surface titanium disks; 
48-hour biofilm 

Air powder abrasive with amino acid glycine (three different types) or 
sodium bicarbonate (one type) powder; each sample received single 
as well as repeated treatment (20 s for both)

SEM Surface morphology. Sodium bicarbonate powder: obvious alteration of the specific  
surface morphology, irregular grooves, and pits appeared to be unchanged,  
the sharp-edged elevations were markedly flattened  
Aminoacidglycine: did not result in specific surface alterations 

SEM = scanning electron microscopy; EDS = energy-dispersive x-ray spectroscopy; SAE = sandblasted acid-etched; HA = hydroxyapatite;  
TPS = titanium plasma spray.

Table 3  studies evaluating the Cell response Toward the air Powder abrasive Treated Titanium disks 

study (y) Type specimen type (no.) Treatment method results

Parham et al17 
(1989) 

In vitro 28 plasma-sprayed implants 1. Air powder abrasive with sodium bicarbonate 
2. Sterile water treated

The mean numbers of attached fibroblasts was not statistically significant between test and control groups;  
uniform attachment over the entire implant surface

Augthun  
et al19 (1998)

In vitro 6 plasma-sprayed;  
6 hydroxyapatite-coated implants; 
6 smooth  titanium surface screws

1. Plastic curette 
2. Metal curette 
3. Diamond polishing device 
4. Ultrasonic scaler 
5. Air-powder-water spray with sodium hydrocarbonate solution 
6. Chlorhexidine 0.1% solution rinse 

Percentage of vital cells was nearly same as control; good cell spreading was observed;  
mostly vital cells were found on implants sprayed with the air powder abrasive

Shibli et al35 
(2003) 

In vitro 26 sterile abutments 1. Prophy Jet with sodium bicarbonate for 30 s Cell morphology was not affected by air powder abrasive treatment (no significant difference); number of cells was significantly 
higher in control group than test group 

Kreisler et al32 
(2005) 

In vitro SAE surface titanium platelets 1. Er:YAG laser 
2. Air powder abrasive with sodium bicarbonate 

Cell growth was not significantly different than sterile specimens for both laser- and air powder abrasive-treated specimens;  
cell proliferation on air powder abrasive group was the highest 

Schwarz  
et al20 (2009)

In vitro SAE surface titanium discs 1. Air powder abrasive with sodium bicarbonate 
2.  Air powder abrasive with amino acid glycine (distance: 1 mm to  

2 mm; angle: 30 to 90 degrees) 
3. Control: noncontaminated, nontreated

Mitochondrial activity is significantly higher in control group followed by sodium bicarbonate, 
which is significantly higher than amino acid glycine

SAE = sandblasted acid-etched.
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methods with open surgical debridement. Among four 
different treatments, one group was treated with air 
powder abrasive and another with air powder abrasive 
plus citric acid. All groups showed almost complete 
bone fill, whereas the reosseointegration (proportion 
of the implant “surface” within defect covered by re-
generated bone) was on average 39% to 46% for all 
groups. Reosseointegration was not dependent upon 
surface treatment. 

A similar study was done with six dogs and 60  
implants.37 One group was treated with air powder 
abrasive, a second with carbon dioxide laser, and a 
third group with a combination of these two treat-
ments. During surgery, one fourth of the implants re-
ceived membranes. The results were evaluated with 
radiographs and histologic sections. The mean depth 
of the defects was 1.70 mm. According to radiologic re-
sults, bone fill was smallest in the air powder abrasive 
therapy group and larger in the laser and laser plus 
air powder abrasive groups. The mean bone gain on  

radiographs was 0.48 mm for air abrasive treatment, 
1.20 mm for laser treatment, and 0.70 mm for combi-
nation treatment. However, the histometric analyses of 
the histologic sections of the same samples showed no 
statistical difference between groups. The histometry 
mean bone gain in the air powder abrasive treatment 
group was 0.64 mm; in the laser group, 0.62mm; and 
in the combination treatment group, 0.75 mm. More 
preferable results occurred with membrane-treated 
implants and some reosseointegration was observed 
in all groups. 

According to these two studies, air powder abrasive 
treatment does not produce any additional beneficial 
or detrimental effects on reosseointegration. However, 
not enough studies exist to make a definitive conclu-
sion on this subject. 

Clinical outcome
Air powder abrasive treatment can be employed in 
peri-implantitis therapy either with open surgical  

Table 2  studies evaluating the surface Change of Titanium after air Powder abrasive Treatment (cont.)

study (y) Type specimen type (no.) Treatment method evaluation method results

Ramaglia  
et al31 (2006) 

In vitro 7 HA-, 7 TPS-coated implants 1. Stainless steel curette 
2. Plastic curette 
3. Ultrasonic scaler tip 
4. Air powder abrasive 

SEM and  profilometry All methods showed changes related to the implant coating material; coating removal 
and decreasing of surface roughness; air powder abrasive and plastic curette induce less 
implant surface alterations 

Koller et al33 
(2007) 

In vitro 30 machined titanium disks Grit blasting with bioactive glass SEM residual abrasive The roughness attained compares favorably with currently used implant designs 
Bioactive glass was distributed across the titanium surface and retained within  
fissures and roughened surface features

Schwarz  
et al20 (2009)

in vitro 160 SAE surface titanium disks; 
48-hour biofilm 

Air powder abrasive with amino acid glycine (three different types) or 
sodium bicarbonate (one type) powder; each sample received single 
as well as repeated treatment (20 s for both)

SEM Surface morphology. Sodium bicarbonate powder: obvious alteration of the specific  
surface morphology, irregular grooves, and pits appeared to be unchanged,  
the sharp-edged elevations were markedly flattened  
Aminoacidglycine: did not result in specific surface alterations 

SEM = scanning electron microscopy; EDS = energy-dispersive x-ray spectroscopy; SAE = sandblasted acid-etched; HA = hydroxyapatite;  
TPS = titanium plasma spray.

Table 3  studies evaluating the Cell response Toward the air Powder abrasive Treated Titanium disks 

study (y) Type specimen type (no.) Treatment method results

Parham et al17 
(1989) 

In vitro 28 plasma-sprayed implants 1. Air powder abrasive with sodium bicarbonate 
2. Sterile water treated

The mean numbers of attached fibroblasts was not statistically significant between test and control groups;  
uniform attachment over the entire implant surface

Augthun  
et al19 (1998)

In vitro 6 plasma-sprayed;  
6 hydroxyapatite-coated implants; 
6 smooth  titanium surface screws

1. Plastic curette 
2. Metal curette 
3. Diamond polishing device 
4. Ultrasonic scaler 
5. Air-powder-water spray with sodium hydrocarbonate solution 
6. Chlorhexidine 0.1% solution rinse 

Percentage of vital cells was nearly same as control; good cell spreading was observed;  
mostly vital cells were found on implants sprayed with the air powder abrasive

Shibli et al35 
(2003) 

In vitro 26 sterile abutments 1. Prophy Jet with sodium bicarbonate for 30 s Cell morphology was not affected by air powder abrasive treatment (no significant difference); number of cells was significantly 
higher in control group than test group 

Kreisler et al32 
(2005) 

In vitro SAE surface titanium platelets 1. Er:YAG laser 
2. Air powder abrasive with sodium bicarbonate 

Cell growth was not significantly different than sterile specimens for both laser- and air powder abrasive-treated specimens;  
cell proliferation on air powder abrasive group was the highest 

Schwarz  
et al20 (2009)

In vitro SAE surface titanium discs 1. Air powder abrasive with sodium bicarbonate 
2.  Air powder abrasive with amino acid glycine (distance: 1 mm to  

2 mm; angle: 30 to 90 degrees) 
3. Control: noncontaminated, nontreated

Mitochondrial activity is significantly higher in control group followed by sodium bicarbonate, 
which is significantly higher than amino acid glycine

SAE = sandblasted acid-etched.
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debridement or subgingivally without raising the flap. 
Four studies on air powder abrasive treatment with 
surgery were found in the literature38–41 (Table 5). One 
randomized clinical trial compared Er:YAG laser and air 
powder abrasive in noninvasive peri-implantitis treat-
ment.38 Microbiological results41 and clinical outcome39 
were reported in two articles. Three case series39–41 re-
ported the outcome of open surgical treatment with air 

powder abrasive treatment. All case series reported sig-
nificant improvement in all clinical parameters such as 
marginal bleeding, bleeding on probing, suppuration, 
and probing depth after both 3 and 12 months.39–41 
The studies that used air powder abrasive treatment 
nonsurgically, without raising the flap, reported limited 
improvement. One study38 reported a slight reduction 
in probing pocket depth, frequency of suppuration, and 

Table 4  studies evaluating reosseointegration Following air Powder abrasive Treatment

study (y)
implant no.  

and type Test groups
observation 

period evaluation method results

Deppe et al37 (2001) 6 dogs; 60 TPS implants Group 1: air powder abrasive 
Group 2: CO2 laser 
Group 3: Prophy Jet and CO2 laser; each group consisted of four 
hemimandibles, three received one nonresorbable membrane, 
whereas the fourth did not

4 mo Histologic Radiology: laser groups showed significantly more bone-to-
implant apposition and laser alone was significantly better than 
laser combo. 
All measurements considered entire defects. 
Histology: without membranes; group 1 demonstrated 
minimal new bone regeneration; groups 2 and 3 showed large 
amounts of rapidly formed bone; all groups showed some 
reosseointegration. With membranes: better results in all 
groups. 
Histometric evaluation: no statistical difference between groups 
for bone gain.

Schou et al36 (2003) 8 monkeys; 64 TPS implants Group 1: air powder abrasive unit plus citric acid 
Group 2: air powder abrasive unit 
Group 3: gauze soaked in saline plus citric acid 
Group 4: gauze soaked alternately in chlorhexidine and saline 
All groups: autogenous bone and ePTFE membrane 
Antibiotic: systemic metronidazole, systemic ampiciline

6 mo Histologic and radiographic results Almost complete bone regeneration and considerable 
reosseointegration were obtained irrespective of the method 
applied; a mean bone-to-implant contact of 39% to 46% was 
observed within the defects

TPS = titanium plasma spray.

Table 5  studies evaluating the Clinical response Following the air Powder abrasive Treatment 

study (y) no. of implants decontamination method
observation 

period evaluation method results

Duarte et al39 (2009) 10 healthy control;
10 mucositis;
20 peri-implantitis 

Mucositis group: mechanical debridement with air powder abrasive 
and resin curettes 
Peri-implantitis group: open surgical debridement using air powder 
abrasive and resin curettes 

3 mo Clinical observation: 
interleukin (IL)-4, -10, -12 
TNF-α 
osteoprotegerin and peri-implant crevicu-
lar fluid were measured by enzyme-linked 
 immunosorbent assay 

Significant improvement in all clinical parameters for mucositis 
and peri-implantitis. TNF-α levels were significantly reduced 
achieving the same level as the healthy group at 3 mo. 

de Mendonca et al40 
(2009) 

10 patients;
10 implants 

Flap elevation plus resin curettes plus air powder abrasive with 
sodium bicarbonate 

3 and 12 mo Clinical parameters and TNF-α levels Clinical parameters were significantly improved at 3 and 12 
months. TNF-α levels decreased from 3 to 12 mo after therapy. 
Significantly positive correlations were found between TNF-α and 
bleeding on probing and probing depth. 

Maximo et al41 (2009) 35 subjects:
10 healthy;
12 mucositis;
13 peri-implantitis
Implant type:  Brånemark 
system

Peri-implantitis treatment: flap elevation plus Teflon curettes plus air 
abrasive sodium carbonate air powder 

3 mo Clinical parameters and microbiologic counts Clinical parameters were reduced significantly; microbiological 
counts also decreased significantly after treatment

Renvert et al38 (2011) 42 subjects;
100 implants
(70 machined; 30 medium 
rough)

No surgical operation: 
Group 1: air powder abrasive device nozzle was placed in the pocket, 
used for approximately 15 s 
Group 2: Er:YAG laser at an energy level of 100 mJ/pulse and 10 Hz 
(12.7 J/cm2) 

6 mo Clinical and radiographic  assessment Both methods resulted in a reduction of probing pocket depth, 
the frequency of suppuration, and bleeding at implants but 
there was no significant difference between the groups; overall 
clinical improvement was limited. Alveolar bone change failed to 
demonstrate differences between baseline and 6 mo. 
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bleeding but did not reach the healthy level and anoth-
er22 reported that clinical improvements were limited. 

It can be concluded that air powder abrasive clean-
ing as an implant surface cleaning method may result 
in improved clinical parameters as long as it is used in 
combination with surgical treatment. However, nonin-
vasive use of air powder abrasive treatment does not 
show significant improvement.

disCussion 

Considering air powder abrasive treatment as an im-
plant surface treatment method, there are several 
aspects to be evaluated. Safety is as important as effi-
ciency since the method will be used subgingivally and 
on the specific surface of a titanium implant. Because 
of this fact, several in vitro studies were performed  

Table 4  studies evaluating reosseointegration Following air Powder abrasive Treatment

study (y)
implant no.  

and type Test groups
observation 

period evaluation method results

Deppe et al37 (2001) 6 dogs; 60 TPS implants Group 1: air powder abrasive 
Group 2: CO2 laser 
Group 3: Prophy Jet and CO2 laser; each group consisted of four 
hemimandibles, three received one nonresorbable membrane, 
whereas the fourth did not

4 mo Histologic Radiology: laser groups showed significantly more bone-to-
implant apposition and laser alone was significantly better than 
laser combo. 
All measurements considered entire defects. 
Histology: without membranes; group 1 demonstrated 
minimal new bone regeneration; groups 2 and 3 showed large 
amounts of rapidly formed bone; all groups showed some 
reosseointegration. With membranes: better results in all 
groups. 
Histometric evaluation: no statistical difference between groups 
for bone gain.

Schou et al36 (2003) 8 monkeys; 64 TPS implants Group 1: air powder abrasive unit plus citric acid 
Group 2: air powder abrasive unit 
Group 3: gauze soaked in saline plus citric acid 
Group 4: gauze soaked alternately in chlorhexidine and saline 
All groups: autogenous bone and ePTFE membrane 
Antibiotic: systemic metronidazole, systemic ampiciline

6 mo Histologic and radiographic results Almost complete bone regeneration and considerable 
reosseointegration were obtained irrespective of the method 
applied; a mean bone-to-implant contact of 39% to 46% was 
observed within the defects

TPS = titanium plasma spray.

Table 5  studies evaluating the Clinical response Following the air Powder abrasive Treatment 

study (y) no. of implants decontamination method
observation 

period evaluation method results

Duarte et al39 (2009) 10 healthy control;
10 mucositis;
20 peri-implantitis 

Mucositis group: mechanical debridement with air powder abrasive 
and resin curettes 
Peri-implantitis group: open surgical debridement using air powder 
abrasive and resin curettes 

3 mo Clinical observation: 
interleukin (IL)-4, -10, -12 
TNF-α 
osteoprotegerin and peri-implant crevicu-
lar fluid were measured by enzyme-linked 
 immunosorbent assay 

Significant improvement in all clinical parameters for mucositis 
and peri-implantitis. TNF-α levels were significantly reduced 
achieving the same level as the healthy group at 3 mo. 

de Mendonca et al40 
(2009) 

10 patients;
10 implants 

Flap elevation plus resin curettes plus air powder abrasive with 
sodium bicarbonate 

3 and 12 mo Clinical parameters and TNF-α levels Clinical parameters were significantly improved at 3 and 12 
months. TNF-α levels decreased from 3 to 12 mo after therapy. 
Significantly positive correlations were found between TNF-α and 
bleeding on probing and probing depth. 

Maximo et al41 (2009) 35 subjects:
10 healthy;
12 mucositis;
13 peri-implantitis
Implant type:  Brånemark 
system

Peri-implantitis treatment: flap elevation plus Teflon curettes plus air 
abrasive sodium carbonate air powder 

3 mo Clinical parameters and microbiologic counts Clinical parameters were reduced significantly; microbiological 
counts also decreased significantly after treatment

Renvert et al38 (2011) 42 subjects;
100 implants
(70 machined; 30 medium 
rough)

No surgical operation: 
Group 1: air powder abrasive device nozzle was placed in the pocket, 
used for approximately 15 s 
Group 2: Er:YAG laser at an energy level of 100 mJ/pulse and 10 Hz 
(12.7 J/cm2) 

6 mo Clinical and radiographic  assessment Both methods resulted in a reduction of probing pocket depth, 
the frequency of suppuration, and bleeding at implants but 
there was no significant difference between the groups; overall 
clinical improvement was limited. Alveolar bone change failed to 
demonstrate differences between baseline and 6 mo. 
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before the method was clinically applied. Although 
these in vitro studies provide a general idea on the 
method, they should be supported by future in vivo 
studies. 

All in vitro studies on the cleaning efficiency of air 
powder abrasive treatment reported consistent re-
sults. Although the studies varied in design (different 
implant types, endotoxin contamination or intraoral 
keeping, SEM observation or light microscope, staining 
or no staining), the cleaning efficiency of the method 
always resulted in high values ranging between 85% 
and 100%.16–20 However, the only clinical study on this 
subject reports low bacterial reduction at 2 months 
and no reduction at 6 months.22 The reason that the 
in vivo result is not in agreement with in vitro studies 
could be due to the different application methods. In 
this randomized clinical trial, air powder abrasive was 
applied without raising the flap. This makes it difficult 
or perhaps impossible for the powder to reach the 
implant surface. Additionally, nonsurgical therapy on 
peri-implantitis lesions was already concluded to be 
ineffective.1 Therefore, this study may not be enough 
to draw conclusions on the efficiency of air powder 
abrasive therapy since the unsuccessful reduction of 
bacterial counts could be due to nonsurgical therapy. 

Another concern about air powder abrasive treat-
ment is the possible damage that it may cause on the 
implant surface. According to the in vitro studies, slight 
to medium change is observed on the treated sur-
faces.19,20,25,28,29,31,32,34 However, there is no standard 
evaluation method to report the level of damage. The 
results have to be reported in a subjective way. This 
makes it difficult to compare studies and draw conclu-
sions. However, descriptions of the damage are simi-
lar in all studies reporting small craters, rounding, or 
the removal of sharp edges. Since no dramatically big 
changes were reported, the method could be consid-
ered safe in this respect. 

The effect of the treated surface on reosseointe-
gration is evaluated by cell response in a number of 
studies.18–20,32,35 The results show that cell response 
changes depending on application time and powder 
type.20 It can be concluded that the residual powder 
particles on the titanium surface may influence the cell 
response. Thus, the cell response may be improved by 
using biocompatible powders. 

Reosseointegration following air powder abrasive 
treatment was tested in animal studies. The amount of 
reosseointegration observed was not significantly dif-
ferent than other cleaning methods.22,37 However, cli-
nicians need to keep in mind that reosseointegration is 
very difficult to achieve. In order to have a good level 
of reosseointegration, the original peri-implant condi-
tion should be restored.42 Because contamination of 
the implant surface results in a lowering of the surface 

free energy,43 the chance of bone growing into con-
tact with the titanium surface is low.44 No treatment 
method has been described in the literature to be pre-
dictable in achieving sufficient reosseointegration. 

Although there are hardly any studies reporting on 
the clinical outcome of air powder abrasive treatment, 
available studies report improved clinical parameters 
following the treatment.39–41 However, the method 
should be applied directly on the implant surface af-
ter raising the flap. Nonsurgical treatment does not 
result in significant improvements.38 At this point, the 
complications that can be caused by this method need 
to be considered. Abrasion in the soft tissue and air 
emphysema may be seen following application. Air 
emphysema is reported following tooth cleaning or 
implant maintenance with air powder abrasive treat-
ment with sodium bicarbonate.45–48 However, in other 
studies,14,15 amino acid glycine, a softer powder spe-
cially developed for subgingival applications, was used 
on 74 patients subgingivally with a lower air pressure. 
No case of air emphysema was seen in these studies. 

ConClusion

Air powder abrasive treatment gives promising results. 
The method should be improved for it to be used safe-
ly on implant surfaces. If the modified air powder abra-
sive treatment is gentle enough not to harm the bone 
and soft tissue, as well as efficient enough to remove 
all deposits, the amount of reosseointegration follow-
ing treatment could be increased.
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