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Abstract 

Background and aims. One important treatment objective of periodontal therapy is the removal of bacterial deposits and the 

arrest of disease progression. The aim of the present study was to compare subgingival plaque removal using hand curettes, 

magnetostrictive ultrasonic scalers and air-polishing devices (APD) with and without NaHCO3 abrasive powder.  

Materials and methods. In this controlled randomized clinical trial, all surfaces of 60 single-rooted hopeless teeth with 

untreated periodontitis were treated either by hand curettes, magnetostrictive ultrasonic scalers or APD with or without NaHCO3 

abrasive powder. The teeth were extracted and stained in methylene blue in water solution. Digital images were captured under a 

microscope and depth of plaque removal was measured with image processing software. ANOVA and correlation tests were 

applied to data.  

Results. The mean comparison showed that using APD with water alone failed to achieve adequate plaque removal. Subgingival 

plaque removal in the lingual surface was significantly lower in all investigated instruments (P < 0.001). The mean cleansing 

depths of curettes, ultrasonic scalers and APD with NaHCO3 powder were 4.6, 6.0 and 4.2 mm, respectively.  

Conclusion. The effectiveness of different instruments is not identical for different sites. Therefore, the efficiency of these 

instruments should be adjusted for various clinical applications. 

Key words: Air polishing device (APD), curette, subgingival plaque, ultrasonic scaler. 

 

Introduction Bacterial plaque is the major causative factor of 
inflammatory gingival and periodontal disease.1 

http://dentistry.tbzmed.ac.ir/jpid
http://creativecommons.org/licenses/by/3.0


32     Chitsazi et al. 

Consequently, the principal objective of periodontal 
therapy is to eliminate this microbial flora.  

Periodontal treatments are followed by maintenance 
procedures which control and remove microbial plaque 
from the tooth surface as an objective. Elimination of 
the subgingival microflora may be achieved 
mechanically either by hand, sonic and ultrasonic 
instrumentation or air-polishing devices (APD), which 
flow a powder on tooth surface with 800 km/hr air flow 
speed.2 In addition to the mechanical instrumentation, 
other approaches for removing subgingival plaque 
include the use of chemical antimicrobial agents such as 
chlorhexidine.2 using currets and ultrasonic instruments 
is time-consuming and needs intensive proficiency in 
addition to harming dental surfaces. APDs also have 
unfavorable long-term cumulative effects.3  

Using immunoflourcent methods, it has been shown 
bacterial lipopolysaccaride is on the surface and not in 
the deeper layers of cementum.4,5 It has been 
demonstrated that, using an APD, the distance between 
the tip of the device and teeth, air and water inflow 
pressure, and run time for device are factors affecting 
device efficiency. Application of APD after 30 s causes 
abrasion to the depth of 636.6 μm and this cured surface 
is a smooth surface and without any connective tissue 
attachment and fine particles such as plaque, and thus 
all the cementum is removed.3,6 This is compared with 
the tooth substance loss after 12 movements of hand 
curettes and ultrasonic scalers, which were shown to be 
108.9 and 11.9 µm, respectively.7 Comparing 
subgingival plaque removal between old and micro 
ultrasonic devices, Clifford et al8 found the efficiency of 
micro ultrasonic in removing apical subgingival plaque 
is higher in deep pockets. However, there seems to be 
no difference in the efficiency of scaling between hand 
curettes and sonic and ultrasonic instruments in single 
rooted teeth.9 Studying the subgingival plaque removal 
on proximal root surfaces using APD with low abrasive 
powder on pockets between 3 to 5 mm, however, has 
shown this device to be more efficient than curettes.10 It 
has been suggested that an efficient device removes the 
minimum root cementum leaving the surface smooth 
and free from bacterial endotoxins, and that the latter 
could not be achieved with ultrasonic instruments.11 

Repeated maintenance periodontal treatments can 
result in the excessive removal of tooth structure and 
dental root surface damage. Therefore, the aim of the 
present study was to compare the efficiency of 
subgingival plaque removal with manual instruments as 
the gold standard, the ultrasonic instruments as a 
commonly used method, and the air-polishing device 
with or without sodium bicarbonate abrasive powder as 
a recently-introduced system.  

Materials and Methods 

This single-blind randomized clinical trial was 
conducted at the Department of Periodontics, Tabriz 
University of Medical Sciences Faculty of Dentistry, 
Tabriz, Iran. Sixty hopeless single-rooted teeth (20 
maxillary incisors, 20 mandibular incisors and 10 
mandibular first premolars) with a probing depth of 4 
mm or more in at least one surface were equally 
selected from the left and right sides. Patients with 
excessive amount of subgingival plaque or debris, 
patients with surgery contraindication, local anesthesia, 
scaling contraindication or those systemic diseases such 
as agranulocytosis, diabetes, cardio-vascular problems, 
coagulation disorders, contagious disease, juvenile 
localized periodontitis, history of radiotherapy, 
chemotherapy, surgical or non-surgical periodontal 
treatments and teeth carrying endodontic problems, root 
surface caries, mentally or physically retarded patients, 
anxious ones and pregnant patients were excluded from 
the study.3,8,9 They had signed written informed 
consents before registering in the study. Pocket depths, 
from the gingival margin to the pocket base on buccal 
(mesial, distal, and midbuccal), on lingual (mesial, 
distal, and midlingual), on mesial (buccal, lingual, and 
midmesial), and on distal (buccal, lingual, and 
middistal) were assessed and recorded. After 
anesthetizing in order to detect the level of gingival 
margin, a shallow notch has been created by round bur. 
Involved surfaces of each tooth were debrided randomly 
by one of the methods by an expert practitioner, for 5 
sec. Treatment method in each tooth was selected 
randomly and only one method was applied to each 
tooth. The subgingival plaque was removed by 
ultrasonic instruments (12 cases), curettes (16 cases), 
APD with NaHCO3 abrasive powder (16 cases) and 
APD without powder (16 cases). For this purpose, each 
surface was divided into three zones and the plaque was 
removed from the zones of 1-3: 
On lingual surface: 
Zone 1 = mesial 
Zone 2 = mid lingual 
Zone 3 = distal 
On buccal surface: 
Zone 1 = mesial 
Zone 2 = mid buccal 
Zone 3 = distal 
On distal surface: 
Zone 1 = buccal 
Zone 2 = mid distal 
Zone 3 = lingual 
On mesial surface: 
Zone 1 = buccal 
Zone 2 = mid mesial 



                                                                                                                                               Comparison of Various Plaque Removal Systems     33 

 Table 1. Tukey test results for different instruments in 
the first zone* 

Groups 1 2 3 

Curettes  4.66  

Ultrasonic scalers   5.91 

Air-polishing device with abrasive powder  4.23  
Air-polishing device without abrasive pow-
der 0.00   

*Zone 1: Include mesial third in buccal and lingual surfaces and buccal third 
in mesial and distal surfaces. 

Zone 3 = lingual 
The Gracy curettes #5-6 (which was sharpened every 

10 stroke) were applied for hand instrumentation. The 
ultrasonic instrument (Scalex 800, American Dental 
Accessories, USA) with a scaler tip (Cavitron insert 
TFI-1000 25 kHz, Dentsply, USA) was set in medium 
power and water, and the user's force was minimum.13 
The APD (Prophy-Mate, NSK, Kanuma, Tochigi, 
Japan) was used with maximum powder (sodium 
bicarbonate – NaHCO3 with lemon flavor, Prophy-
Mate, NSK, Kanuma, Tochigi, Japan) and medium 
water settings.9  

After plaque removal, teeth were extracted and 
irrigated under running tab water for 1 min to remove 
blood and unattached debris.14 In order to separate soft 
connective tissue on tooth surfaces, foromocresol was 
used. Then, teeth were rinsed and floated in 10% 
methylen blue suspension for 2 min to be stained. After 
drying, teeth were viewed under a microscope (Leica 
Microsystems, Heerbrugg, Switzerland) and images 
were captured by a digital camera (Canon D450, Canon 
Inc., Osaka, Japan) with a resolution of 2136 × 2148 
pixel, and analyzed using an image analysis software 
(Clemex Vision PE,  Longueuil, Canada) in apico-
coronal aspect. Laterally, the margins were set 1 mm 
apart from line angles of the teeth. The remaining part 
was also divided into three zones and the deepest plaque 
free zone was measured. The plaque depths from the 
gingival margin to the pocket base were also measured. 
The data were analyzed with one-way ANOVA 
followed by post-hoc evaluation using Tukey test. 
Significance level was established at 5%.(Table1) 

Results 

The mean pocket depth for hand instrumentation, ultra-
sonic instrumentation and air-abrasion with and without 
powder were 9.33 ± 1.35, 8.95 ± 1.33, 7.59 ± 1.65, and 
9.16 ± 1.63, respectively. 

The correlation test showed pocket and cleaned depths 
are independent variants (P = 0.0001), and factors of 
zone, surface and instrument have a significant effect on 
the cleansing depths (F(3,18) = 5.63, P < 0.0001). The 
Tukey test (HSD a.b) showed in analyzing 3 zones, 
cleaned depth decreased from the first to third zone 
(depths in first, second and third zone were 3.89, 2.40, 
and 1.79 mm, respectively). Also, the mean compari-

sons of cleaned depth in four surfaces of mesial, buccal, 
distal and lingual showed the cleaning depth in mesial 
(4.04 mm), buccal (3.31 mm), distal (3.08 mm), and 
lingual (1.61 mm) decreased. Two surfaces including 
buccal and distal were in a similar group, while other 
surfaces were in the other group. The cleansing depths 
were 4.90, 3.63, 2.90 and 1.17 in ultrasonic instruments, 
abrasive air powder systems, hand instruments and ab-
rasive-free air powder systems respectively, which de-
creased in the respective order. 

Analysis of variance showed factors of instrument and 
surface have a significant effect on the cleaning depths 
in zone 1 (F(2,9) = 20.64, P < 0.0001) and this effect is 
consistent with their individual or in combination usage. 
The mean of cleaned depth in the first zone showed no 
difference between APD with abrasive powder and cu-
rette. Therefore, these two instruments are in one group. 
As shown in Table 1, cleaned depths in both are lower 
than ultrasonic scaler.  

One-way ANOVA in the first zone and for mesial, 
distal, buccal, and lingual surfaces revealed the instru-
ment type is effective on cleaning depth (P < 0.0001). In 
addition, according to Tukey test in the first zone, re-
garding distal and lingual surfaces, there is no differ-
ence between curettes, ultrasonic device and APD with 
abrasive powder (Table 2). 

The comparison of instruments coefficient variations 
(CV) in the first zone, distal and lingual surfaces 
showed that APD with abrasive powder is more effi-
cient than others (Table 3). 

Also, Tukey test results in the first zone regarding 
buccal and mesial surfaces showed curettes and APD 
with abrasive powder are in the same group (Table 2). A 
comparison of instruments coefficient variations in zone 
1 regarding buccal and mesial surfaces showed ultra-
sonic device is better than others (Table 3). Altogether, 

Table 2. Tukey test results for different instruments in the first zone* and different surfaces 

Groups buccal lingual Mesial Distal 
 1 2 3 1 2 1 2 3 1 2 

Curettes  5.84   2.35  3.22   6.07 
Ultrasonic scalers   7.40  2.61   7.13  6.53 
Air-polishing device with abrasive powder  4.85   3.17  4.03   5.04 
Air-polishing device without abrasive powder 0   0  0   0  

*Zone 1: Include mesial third in buccal and lingual surfaces and buccal third in mesial and distal surfaces. 
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curettes have the highest percent of plaque-free surfaces 
(Table 4). 

Discussion 

This study revealed that APD without abrasive powder 
can not remove plaque and its cleaning depth is 
approximately zero. This finding is in agreement with 
that of Petersika et al3 On the other hand, cleaned depth 
in the first zone was more than the second and third 
zones. This finding is probably due to the importance of 
run time in efficiency of curettes and ultrasonic systems, 
since cleansing initiated from the first zone for every 
surface.  

The mean accessible depth by curettes was 4.6 mm 
that is in line with the findings of Rabbani et al12 con-
cluding that curettes can not reach to a depth of more 
than 4 mm. Available depth for curettes has been re-
ported to be 3.45 mm in another study.8 Although, the 
maximum accessible depth was found to be 6 mm in 
distal and buccal surfaces. This difference could be due 
to low-depth periodontal pockets in the studies men-
tioned. On the other hand, our method was different 
from other studies. The practitioner’s position and ac-
cessibility to the area has probably caused cleansed 
depths to be more in distal and buccal than in mesial 
and lingual surfaces. 

Dargoo et al 13 reported the accessible depth for 
standard ultrasonic tip to be 3.13 mm. In the present 
study, this depth was 6 mm, which may reach to 7.4 mm 
in the buccal surface. The difference may be due to 
selected methodology and plaque depth or as a result of 
difference in ultrasonic tips used. 

In this study, accessible depth for ultrasonic instru-
ment was 0.5–1.5 mm more than curettes on average. 
Although ultrasonic scalers can not remove the bacterial 
endotoxins from root surface, 14 long-term clinical re-
sults show they are better than curettes.15 Because ultra-
sonic scalers remove less tooth substance,16 and with 
regard to its potential of acoustic micro streaming in 
removing bacteria, this instrument could be substituted 
for others on mesial, distal and buccal surfaces.17,18 

Petersilka and Steinmann19 found APD with powder 
can be used in 3–5 mm pockets. Despite differences in 
methodology, the present findings on pockets with 
depth of 7–8 mm are consistent with those of Petersilka 
& Steinmann. In addition, results indicated the highest 
cleaned depth with ultrasonic instrument was in buccal, 
mesial and distal surfaces, while with air-polishing 
device with abrasive powder, the highest depth was 
observed in the lingual surface. 

Table 3. Coefficient of variations* for different instruments 
in the first zone** and different surfaces 

Groups buccal lingual Mesial distal 
Curettes 0.43 0.56 0.17 0.50 
Ultrasonic scalers 0.13 1.050 0.12 0.32 

Air- polishing device with 
abrasive powder 

0.14 0.47 0.62 0.13 

Air- polishing device 
without abrasive powder 

— — — — 

*C.V = Coefficient of variation 
**Zone 1: Include mesial third in buccal and lingual surfaces and buccal third 
in mesial and distal surfaces 

The cleaned depth of lingual surface with all 
instruments was considerably less than that of other 
surfaces. This may be due to less accessibility to this 
zone with all instruments. Overall, the cleaned depth of 
lingual was less than 3 mm with all instruments. 
Curettes were better than ultrasonic instrument in this 
situation.  

Table 4. Percentage of plaque free surfaces in cleaned 
zone with different instruments 

Groups Surface (%) 

Curettes 53.8 

Ultrasonic scalers 29.3 

Air-polishing device with abrasive powder 22.0 

Air-polishing device without abrasive powder 00.0 

*C.V = Coefficient of variation 
**Zone 1: Include mesial third in buccal and lingual surfaces and buccal third 
in mesial and distal surfaces 

On the other hand, surface without plaque in cleaned 
zone with curettes was 53.8%. This finding does not 
coincide with those reported by Eberhand et al,16 which 
measured cleaned zone to be 94% in pockets of 5–7 mm 
with run time of 2.25 min. The difference may originate 
from run time (5 sec in this study) and applied 
methodology. Further studies are suggested to focus on 
comparison of efficiency of different systems without a 
time limit. 

Conclusion 

Results revealed the effectiveness of different 
instruments is not identical for different sites. Therefore, 
the efficiency of these instruments should be adjusted 
for various clinical applications. APD without abrasive 
powder failed to achieve adequate plaque removal, and 
therefore, is not recommended for application.  
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