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Abstract

Aims: The aim of this study was to evaluate the effect of air abrasion techniques with different alumina particle sizes and different 
pressures on marginal integrity of class V cavity restored with low shrinkable composite and resin modified glass nano ionomer.

Material and Methods: A total number of 150 sound human posterior teeth were used. They were divided into two subgroups (n 
= 75) according to the used restorative material [A1: low shrinkable composite resin (P90) and A2: Ketac nano ionomer (N100)]. 
Each group was divided into five groups (n = 15) according to the cavity preparation technique (B1: conventional bur, B2: small size 
alumina particles with low pressure, B3: small size alumina particles with high pressure, B4: large size alumina particles, with low 
pressure, and B5: large size alumina particles with high pressure). Each subgroup was further divided into three subgroups (n = 5) 
according to the storage time (C1: immediately, C2: three months, and C3 six months). Marginal integrity was measured using scan-
ning electron microscope. Two-way analysis of variance was used to compare the mean values of marginal gaps for both enamel and 
dentin margins. Student’s t-test was used to compare the mean values of marginal gaps for each group. 

Results: It was found that; largest gape was detected for group A2B1C3, while the smallest gap was detected for group A1B5C1.

Conclusion: Using of air abrasion technique with large size alumina particles under high pressure resulted in better marginal adap-
tation.
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Introduction 

Dental caries is one of the most common infectious diseases of mankind. With minimally invasive dentistry, dental caries is treated as 
an infectious condition rather than an end product of it. Now no longer radical “extension for prevention” is practiced but has changed to 
“constriction with conviction” [1]. The concept of conservative healthy tooth cavity preparation has gained popularity with the advent of 
adhesive resin bonding systems in which the retention and resistance form for cavity preparation has also been minimized [2]. Nowadays, 
common caries removal procedure was done by carbide and diamond bur which induces some disadvantages like producing pain, vibra-
tion, noise and thermal changes resulting in pulp irritation [3]. New techniques and materials have yielded new concepts for tooth surface 
preparation and caries removal in conservative dentistry [4]. Air abrasion offers an alternative to conventional dental hand pieces as it 
minimizes the heat, pressure, noise and vibration [5].
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Air abrasion can be best described as a pseudo-mechanical, non-rotary method of cutting and removing dental hard tissue. Air abra-
sion for restoration preparation removes tooth structure using a stream of aluminum oxide particles generated from compressed air, 
bottled carbon dioxide or nitrogen gas. The abrasive particles strike the tooth with high velocity and remove small amounts of tooth 
structure [4,6]. Air abrasion was originally developed by Robert Black in 1945 as an alternative pseudo-mechanical method for dental 
tissue removal and the first air abrasion unit marketed was called the Airdent by SS White [1].

Restoring cervical lesions is a challenge for the clinicians. Advances in material science have made it possible to restore these lesions 
with minimal tooth preparation using bonded restorations such as glass ionomer cement (GIC), resin-modified GIC (RM-GIC) or compos-
ite resin [7]. With the introduction of nano-filled and low shrink types of esthetic restorative materials, it will be easier to restore these 
cavities with more bond strength and less tooth structure loss and minimal specification of GV Black’s concepts [8]. The patency of the 
tooth-restoration interface is critical to the restored tooth’s vitality, function, and appearance. Failure can occur from weak links between 
the tooth enamel or dentin and adhesive, the adhesive itself, the adhesive/restoration boundary and finally, the restoration itself [9]. Mi-
croleakage is one of the major reasons for recurrent decays, pulp inflammation and necrosis [10].

Scanning electron microscope and confocal microscope have been used to examine the marginal adaptation of class V cavity restora-
tions [11,12]. In this study, we will use scanning electron microscope to examine the marginal adaptation of class V cavities prepared by 
five techniques and restored by either low shrinkable composite or resin modified glass ionomer. The null hypothesis that will be investi-
gated is that; there is no effect of preparation techniques on the marginal adaptation of class V restorations.

Materials and Methods

Sample selection and grouping

150 human posterior teeth were used in this study. The inclusion criteria included any teeth that needed to be extracted due to peri-
odontitis, pericoronitis, or orthodontic reasons. The exclusion criteria included teeth that were decayed or congenitally affected such as 
enamel hypoplasia or amelogenesis/dentinogenesis imperfecta. The selected teeth were then scaled manually and cleaned with eugenol 
free pumice using rotary rubber cups. Two types of direct esthetic restorative materials were used in this study: low shrinkable posterior 
composite resin (Filtek P90) and resin modified glass nano-ionomer (Ketac N100). Material used in this study is listed in table 1.

Material trade Name Category Composition Batch No. Manufacturer

Filtek P 90

(shade A2)

Low shrinkable 
posterior  

composite 
 restorative

Silorane resin, Initiating system: cam-
phorquinone, iodonium salt, electron donor, 

Yttrium fluoride, 
Stabilizers, Pigments Silorane resin, Quartz 

filler, 55 % volume, 0.1-2µm

4762A2

 
3M ESPE Dental 
Product St. Paul, 

MN, USA

LS Adhesive  
Self-Etch    
Primer

self-etching 
Primer  

especially for 
p90composite

Phosphorylated methacrylates, 
Vitrebond™ copolymer, 
BisGMA, HEMA, Water, 

Ethanol, Silane-treated silica filler, Initiators, 
Stabilizers

4763P 3M ESPE Dental 
Product St. Paul, 

MN, USA

LS Adhesive  
Self-Etch  

Bond

self-etching bond 
especially for 
p90composite

Hydrophobic dimethacrylate, 
Phosphorylated methacrylates,  

TEGDMA, Silane- treated silica filler,  
Initiators, Stabilizers

166926B 3M ESPE Dental 
Product St. Paul, 

MN, USA
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Ketac 
N100

Resin modified 
nanoparticles 
glass ionomer

Paste A: Silane treated glass, silane treated 
zirconia, PEGDMA, silane treated silica, 

HEMA, BisGMA, TEGDMA. 
Paste B: Silane treated ceramic, copolymer 

acrylic and Iataconic acid, water, HEMA.

K04407 3M ESPE Dental 
Product St. Paul, 

MN, USA

Ketac nano 
Primer

Primer for nano 
ionomer

HEMA (35-45%), Water (40-50%), copoly-
mer acrylic and Iataconic acid (10-15%).

N265388 3M ESPE Dental 
Product St. Paul, 

MN, USA

Table 1: The materials used in the study.

The teeth were divided into two main groups (n = 75) according to type of restorative material (A1: restored with P90 and A2: re-
stored with N 100). Each main group was divided into five groups (n = 15) according to method of cavity preparation (B1: control group 
using the conventional bur, B2: using (10 µm) alumina particles and (15 psi) pressure, B3: using (10 µm) alumina particles and (40 psi) 
pressure, B4: using (50 µm) alumina particles and (15 psi) pressure, and B5: using (50 µm) alumina particles and (40 psi) pressure. Then 
each group was further subdivided into three subgroups (n = 5) according to storage time (C1: immediate, C2: three months and C3: six 
months).

Cavity preparation

For the control group, a round carbide bur (Midwest No.¼ Dentsply) was used. A standardized class V cavity (3mm height and 4mm 
width) was prepared in the buccal and lingual surfaces of each tooth. All cavity preparations procedures were carried out at speed of 
(100000 rpm) with air -water coolant. The bur used for cavity preparation was discarded after every three preparations. For the groups 
prepared with air abrasion, the air abrasion unit (Sandstorm Air Abrasion Sandblasting Unit, Kreativ, Inc., San Diego, CA) was used accord-
ing to the manufacturer’s directions. Air abrasion was used to prepare the cavity in a micro-pulse mode at beam intensity of 2 gm/min for 
15 seconds at distance of 5 mm between the nozzle and tooth surface. The application of the aluminum oxide jet was accomplished inside 
a closed transparent acrylic box, to avoid particle aspiration by the operator.

Restoration placement

For resin, composite Filtek P90, the P90 System Adhesive Self-Etch Primer was rubbed to the prepared cavity for 15 seconds with 
black micro brush, followed by gentle air dispersion and then light cured for 10 seconds with halogen device (QHL75 visible curing light, 
Dentsply). Then, the P90 System Adhesive Bond applied for 15 seconds with green micro brush, followed by gentle air dispersion and 10 
seconds of light curing. After that, the resin composite was applied in three increments: the first against the gingival wall and the second 
against the occlusal wall, while the final increment was placed flush with the contour of the tooth and covered with a transparent matrix 
strip (Ruwa Matrix Strips). Each increment was light cured for 40 sec. Immediately after filling, excess materials were removed using 
finishing burs (Shofu SF 201 Ra) and polished with the Sof-lex disk system (3M ESPE).

For Ketac (N100) Light-Curing Nano-Ionomer, Ketac N100 Primer was applied to both enamel and dentinal surfaces of prepared cavity 
for 15 seconds with a micro brush and were kept wet with the primer for the full application time. Two clicks were dispensed from the 
clicker dispenser to provide an adequate amount of material. Both pastes were mixed together for 20 seconds. Ketac N100 restorative 
was placed in 2 mm increment, and light cured for 40 seconds. Finishing procedures were carried out as the same for resin composite.

Storage

After completion of samples preparation, the samples were stored in distilled water at 37°C and humidity 100% in an incubator (Kum-
tex incubator device. GC. Japan). The distilled water was changed daily until the time of examination (immediate, three months, and six 
months).
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Scanning Electron Microscopy

Impressions of the restored teeth were taken using a silicone impression material (aquasil ultra XLV fast set smart wetting impression 
material, Dentsply, International Inc. Canada) and were then used for the fabrication of epoxy replicas (Devcon 5-minute epoxy, ITW Dev-
con, UK). The replicas were sputter-coated with gold (Polaron E-5200 Energy Beam Sciences, Agawan, MA, USA) and were investigated 
in the SEM (JSM, 6360LV, JEOL, Tokyo, JAPAN) for detection of marginal gaps width. Measurement of marginal gaps was made at x500 
magnification. All teeth were tested at both occlusal and gingival margins of the prepared class V cavity.

Statistical Analysis

Two-way analysis of variance was used to compare the mean values of marginal gaps for both enamel and dentin margins across 
groups (B1 – B5). Student’s t-test for two independent samples was used to compare between the two restorative materials. All statistical 
analysis was conducted at the significance level of 0.05. 

Results and Discussion

Results

For both main groups (A1 and A2) that restored with (P90) and (N100), the mean values of the interfacial gap at enamel and dentin 
margins of groups (B1 – B5) showed statistically significant difference (P < 0.05). Regarding to the storage time, the results revealed that 
the mean values of the largest gap was detected at groups with six months, three months and lastly immediately storage time respectively. 
These results are shown in tables 2 and 3. For both main groups (A1 and A2) the lowest mean value for the marginal gap was recorded 
at the enamel margin for group (B5) at immediate measuring (Figure 1A and1B), while the highest mean value for the marginal gap was 
recorded at the dentin margin for group (B2) at six months storage time (Figure 2A and2B). Regarding the composite material, there was 
a significant difference between the P90 and K100 resin composites (P < 0.05).

Groups Storage time Enamel Dentin
B1 Immediate 

Three months 
Six months

3.33 ± (0.31) µm 
4.82 ± (0.76) µm 
5.91 ± (0.63) µm

9.67 ± (0.15) µm 
12.78 ± (0.26) µm 
16.34 ± (0.89) µm

B2 Immediate 
Three months 

Six months

4.89 ± (0.39) µm 
6.18 ± (0.42) µm 
8.13 ± (0.55) µm

12.19 ± (0.28) µm 
16.26 ± (0.39) µm 
23.73 ± (0.86) µm

B3 Immediate 
Three months 

Six months

4.57 ± (0.44) µm 
5.97 ± (0.44) µm 
7.76 ± (0.77) µm

11.91 ± (0.37) µm 
15.62 ± (0.48) µm 
22.92 ± (0.37) µm

B4 Immediate 
Three months 

Six months

2.15 ± (0.51) µm 
3.48 ± (0.63) µm 
4.87 ± (0.89) µm

5.27 ± (0.15) µm 
8.17 ± (0.46) µm 

12.41 ± (0.24) µm
B5 Immediate 

Three months 
Six months

1.21 ± (0.42) µm 
2.31 ± (0.55) µm 
3.74 ± (0.76) µm

3.90 ± (0.42) µm 
6.42 ± (0.19) µm 
9.63 ± (0.24) µm

Table 2: Mean values and standard deviations of largest gap at enamel and dentin 
margins within all subgroups restored with P 90 at all storage times. 
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Groups Storage time Enamel Dentin
B1 Immediate 

Three months 
Six months

4.25 ± (0.19) µm 
7.53 ± (0.24) µm 

10.16 ± (0.65) µm

10.34± (0.42) µm 
12.57 ± (0.84) µm 
9.66 ± (0.34) µm

B2 Immediate 
Three months 

Six months

6.89 ± (0.52) µm 
9.08 ± (0.53) µm 

14.54 ± (0.87) µm

13.95 ± (0.77) µm 
17.19 ± (0.31) µm 
25.33 ± (0.17) µm

B3 Immediate 
Three months 

Six months

6.36 ± (0.29) µm 
8.96 ± (0.17) µm 

13.93 ± (0.44) µm

13.18 ± (0.65) µm 
16.74 ± (0.27) µm 
24.89 ± (0.21) µm

B4 Immediate 
Three months 

Six months

3.18 ± (0.64) µm 
5.42 ± (0.13) µm 
8.51± (0.64) µm

7.87 ± (0.32) µm 
9.86 ± (0.64) µm 

15.64 ± (0.56) µm
B5 Immediate 

Three months 
Six months

2.11 ± (0.35) µm 
4.06 ± (0.34) µm 
6.29 ± (0.47) µm

5.10 ± (0.89) µm 
7.27 ± (0.87) µm 

12.74 ± (0.66) µm

Table 3: Mean values and standard deviations of largest gap at enamel and dentin 
margins within all subgroups restored with K100 at all storage times.

Figure 1 A: SEM micrograph showing no gap between P 90 and enamel margin in group B5 
at immediate storage time (at x500 magnification).

Figure 1 B: SEM micrograph showing no gap between N100 and enamel margin in group B5 
at immediate storage time (at x500 magnification).
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Figure 2 A: SEM micrograph that shows a gap (22.7 um) between P 90 and gingival dentin 
margin in group B2 at six months storage time (at x500 magnification).

Figure 2 B: SEM micrograph that shows a gap (23.5 um) between N100 and gingival dentin 
margin in group B2 at six months storage time (at x500 magnification).

Discussion

Presently, several air abrasion devices are available for the purposes of tooth surface cleaning or caries removal whereby their pres-
ence and emergence in restorative dentistry may signal an end to the use of mechanical instruments for caries removal. However, the air 
abrasion devices currently on the market are not without flaws; they do not afford good control to the amount of powder to be expelled 
[13]. Also, the depth of penetration during cavity cannot be controlled, so it has to be accompanied with visual inspection in regular in-
tervals [6].

Cavity preparation characteristics using the air abrasion system are directly related to the tips and the operation parameters [14]. 
Air abrasion systems available today have either mechanical or digital operator controls. Mechanical control is standard in most devices, 
and its control of powder flow rate is more tenuous compared to that of digital control, which provides a consistent and minimal amount 
of powder while maintaining high efficiency. In selected devices, digital control also allows for a pulsed mode of operation, providing an 
interrupted air abrasive stream at settings from 0.5 to 2.0 seconds [15].

This method of cutting is relatively painless however, the total loss of tactile sensation, and the ability of alumina particles to remove 
sound tooth structure rather than the carious substrate in addition to the potential risk of inhalation problem should also be considered 
at the time of selection [1]. On the other hand, high speed burs yielded preparations 1.5 times quicker than air abrasion techniques [16]. 



1294

Effect of Air Abrasion Techniques on Marginal Adaptation of Class V Cavity

Citation: Ahmed Mohammed Hassan., et al. “Effect of Air Abrasion Techniques on Marginal Adaptation of Class V Cavity”. EC Dental Science 
6.2 (2016): 1288-1296.

In the present study, the best marginal adaptation was observed for air abraded groups using large particle size with high pressure 
and restored with (P90) resin composite. This is in agreement with Knobloch., et al. 2005 which can be explained by the increased surface 
area of the tooth structure which would then improve the effectiveness of etching by increasing the wettability of tooth structure [17,18]. 
Another study also suggested the use of an acidic conditioner prior to application of resin is necessary to remove the smear layer created 
by the air abrasion to obtain good bonding, because the smear layer can prevent the diffusion of monomers into the superficial dental 
structure [11].

On the other hand, this result is in disagreement with Kumar., et al. 2014 who explained his result by the limited duration of air 
abrasion procedure (5 sec) to minimize the obstruction of dentinal tubules from residual dust layer [7]. While other study used sodium 
bicarbonate as the powder for air abrasion and we used aluminum oxide [10]. Another study showed the same results of microleakage 
with either bur preparation or air abrasion [19]. Freeman., et al. 2012 explain the marginal gap after air abrasion by the polymerization 
shrinkage that may result in tearing of the dentin surface damaged by air abrasion, compromising adhesion [12]. The reasons for this 
disagreement with other results may be attributed to different materials and techniques in each study. 

The result of this study showed that the marginal adaptation was poorer at the dentin margins when compared to the enamel margins 
in all groups. This is may be explained by the superficial maceration of collagen fibers and tearing of damaged dentin surface by polymer-
ization shrinkage [7]. Regarding the alumina particle size, the result of this study is augmented by the result of another study who found 
that; air-abrasion treatment with small particles is less effective in preventing microleakage compared to large particles [21]. This is can 
be explained as a larger particle size would remove a larger amount of tooth structure leading to more irregular surface with greater 
surface area available for bonding. Also, the higher presser of air abrasion resulted in a better the marginal adaptation. This is may be 
attributed to the greater force of the alumina particles that strikes the tooth surface making it more irregular with a greater surface area. 
The longer the storage time, the poorer the marginal adaptation was observed in the results of the present study. This is in agreement with 
another study that found 24 hours micro-tensile bond strengths were greater than the 6 and 12 months bond strengths [22]. 

The results of the present study showed superior marginal adaptation for main group restored with low shrinkable siloran based com-
posite (P90) when comparing to the main group that restored with ketac nano ionomer (N100). This may be due to less polymerization 
shrinkage of low shrinkable siloran based composite (P90) that improved bonding of resin material to cavity walls especially to enamel 
walls. Results of the present study are in agreement with other studies which found that silorane restorative generated the lowest polym-
erization stress and yielded the lowest dye penetration [23]. On the other-hand, results of the study of Boaro., et al. 2010 revealed that; 
not all low-shrinkage composites demonstrated reduced polymerization shrinkage. Among the materials considered as “low-shrinkage” 
by the respective manufacturers, although (P90) presented low post-gel shrinkage, Polymerization stress showed a strong correlation 
with post-gel shrinkage except for LS, which presented high stress [24]. These differences in results may be due to variation in testing 
technique or chemistry of materials used or type of adhesives.

Conclusion

Air abrasion cavity preparation resulted in better marginal adaptation than conventional bur preparation when used large particle 
size and high pressure. None of the restorative materials used in this study was capable to seal the cavity margins completely. The Filtek 
P90 low shrinkage silorane based composite resin yielded better results of marginal integrity along the occlusal enamel and gingival 
dentin walls when compared to ketac N100 nano ionomer system. The shorter the storage time, the better results of marginal integrity of 
tooth \ restoration interface.
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