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ABSTRACT 

 
Adhesive layer thickness of universal adhesives  

and influence of air-thinning on its thickness 

 
Ka-Young Cho D.D.S. 

 (Directed by Prof. Sung-ho Park, D.D.S., M.S.D., Ph.D.) 

 

The purpose of this study was to compare the thickness of the adhesive layer of 

different universal adhesives on the flat dentin surface and Cl II prepared cavity and to 

evaluate the effect of air-thinning on the thickness of adhesive layer. 

To evaluate the adhesive layer thickness on the flat dentin surface, 40 extracted molars 

were prepared and cut below dentinoenamel junction to expose the dentin surface. Two 

groups of 20 teeth were divided according to the air-thinning procedure (air-thinning 

group(A), no air-thinning group(NA)). Then they are sub-divided to 4 groups of 5 teeth 

according to the type of adhesive used (All bond Universal (ABU), Single bond Universal 

(SBU), Tetric N bond Universal (TNU), Clearfil SE bond (SE)). Adhesives were mixed 

with Rhodamine B and applied to the flat dentin surface according to the manufacturer's 

instruction on air-thinning group. On no air-thinning group, air-thinning procedure was 

omitted. Flowable resin filling were done on the top of adhesive layer. Prepared tooth was 

sectioned to get 3 specimens from each tooth and thicknesses of adhesive layer were 

measured using confocal laser scanning microscope (CLSM). For the evaluation of the 
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adhesive layer thickness on the cavity prepared teeth, Cl II cavity preparation was carried 

out on the extracted molar. For standardization, 40 replicas of the same cavity were made 

with epoxy resin. Groups were divided same as above, and bonding agent mixed with 

Rhodamine B was applied on the cavity and resin filling were done. Replicas were 

sectioned mesiodistally crossing the midline of the prepared cavity and the evaluation of 

the adhesive layer thickness on eight different locations of the cavity was carried out 

under CLSM. The results were statistically analyzed by ANOVA, Tukey’s test and t-test. 

The result showed that there was a significant difference on the thickness of adhesive 

layer on the flat dentin surface among the adhesives used (p<0.001) – ABU and TNU < 

SBU and SE on air-thinning group, ABU < TNU < SBU and SE on no air-thinning group. 

Air-thinning didn’t affect a significant difference on the thickness on SBU, TNU and SE 

(p>0.05) but there was a significant difference on ABU (p<0.05). On the Cl II prepared 

cavity, there was a significant difference between the adhesives used (p<0.001)-ABU and 

TNU < SBU and SE. There were significantly thicker adhesive layers on the line angles 

of the cavity (p<0.001). Air-thinning procedure didn’t affect the significant difference on 

the thickness on the Cl II prepared cavity (p>0.05). 

Within the limitation of this study, the adhesive layer thickness of universal adhesives 

depends on the type of adhesive used and the position on the cavity. Air-thinning 

procedure didn’t have a significant effect on the thickness of the adhesive layer on SBU, 

TNU and SE but have some effect on ABU on the flat dentin surface. On the Cl II 

prepared cavity, air-thinning produced no significant difference on the thickness. 

 

Keywords:  Universal adhesives; Adhesive layer thickness; Air-thinning 
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I. Introduction 

Dental adhesives have been constantly developed to simplify the bonding step and to 

reduce the technique sensitivity (Van Meerbeek et al., 2003). First all-in-one bonding 

systems were introduced by incorporation all three components of the adhesives (etching, 

priming, and bonding) in one bottle and they act as self-etch mode with relatively strong 

acidity (Breschi et al., 2008). Even though they have simplified bonding step and were 

used widely in the dental profession due to their easy, fast application and lesser 
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technique sensitivities, in vitro studies and clinical longevity studies have shown 

unreliable results on bonding (Peumans et al., 2005; Tay and Pashley, 2003; Tay et al., 

2002). 

Recently, new type of one-bottle bonding agents has been developed. They have been 

named as “multi-step” or “universal” adhesives as they can be used as total-etch or self-

etch mode, and can be used for direct or indirect restorations. To be used for indirect 

restoration, thickness of adhesive layer would be an important factor since marginal 

integrity of indirect restoration is directly related to the thickness of luting agent and 

marginal adaptation of fabricated restoration (Schmalz et al., 1995). If marginal 

adaptation is inadequate or restoration is not fully seated due to the thick thickness of 

luting agent, more luting agent with less filler contents would be exposed at the margin. 

This could promote the failure of the restoration because of dissolution and leakage, 

discoloration and wear of the luting agent (Hayashi et al., 2000).  

The thickness of the polymerized adhesive layer could be high on certain location of 

the prepared cavity such as line angle due to adhesive pooling and could prevent 

complete seating of indirect restoration (Coelho Santos et al., 2005; de Menezes et al., 

2013; Peter et al., 1997). No pre-curing of adhesive had been proposed to overcome this 

problem but many studies have shown that the bond strength decrease significantly 

when adhesive was not cured prior to insertion of indirect restoration (Coelho Santos et 

al., 2005; de Menezes et al., 2013; Frankenberger et al., 1999; McCabe and Rusby, 

1994).  
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Air-thinning has been recommended by manufacturer to prevent thick adhesive layer 

on certain location. However, its effect on bond strength and thickness of adhesive layer 

has been controversial (de Menezes et al., 2013; Hilton and Schwartz, 1995). 

Universal adhesives have been introduced recently and there has been no study on their 

thickness of adhesive layer which would be an important factor on their application for 

indirect restoration. Therefore, this study was designed to compare the thickness of 

adhesive layer of several universal adhesives and effect of air-thinning on their thickness 

on the flat dentin surface and on the Cl II prepared cavity. 
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II. Materials & Methods   

1. Measurement of the adhesive layer thickness on the flat dentin surface  

1) Tooth preparation 

Forty molars extracted within a month were collected and stored in saline. The occlusal 

third was removed with low speed diamond saw (Isomet, Buehler, Lake Bluff, USA) 

under water irrigation to expose the flat dentin surface. Exposed dentin surface was 

ground with a 800-grit wet silicon carbide abrasive paper on a water cooled model 

trimmer for 30 seconds to produce a clinical relevant smear layer. Each prepared tooth 

was embedded in the box filled with utility wax and stabilized for dentin surface to be 

positioned horizontally parallel for bonding.  

 

2) Adhesive application and resin filling on the flat dentin surface 

40 prepared teeth were divided to 2 groups of 20 teeth depending on the presence or 

absence of air-thinning step during bonding procedure (air-thinning (A) group or no air-

thinning (NA) group). Each air-thinning or no air-thinning group was divided to 4 

subgroups according to the adhesives. Three universal adhesives - All bond Universal 

(“ABU”, Bisco, Schaumburg, USA), Singlebond Universal (“SBU”, 3M ESPE, Neuss, 

Germany), Tetric N bond Universal (“TNU”, Ivoclar Vivadent, Schann Liechtenstein) and 

one two-step self-etch adhesive, Clearfil SE Bond (“SE”, Kuraray, Okayama, Japan) were 

used (Table 1, Fig. 2). Rhodamine B (Sigma-Aldrich, St. Louis, USA) were placed by 
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microbrush –which was about 60-80 µg weight- into the mixing dish and was mixed with 

two drops of adhesive. Then, it was applied to the flat dentin surface with microbrush 

according to the manufacturer’s instruction (Table 2). In no air-thinning groups, air-

thinning procedure was omitted and adhesive were left for 10s (ABU, TNU, SE) or 5s 

(SBU) before light curing. In air-thinning groups, air was applied with horizontal 

movement above 4 cm from the dentin surface at the velocity of 3.5-4 m/s. All the 

adhesive application procedures were carried out by one operator. After the application of 

adhesive, light cure was carried out with light curing unit (Bluephase, Ivocalr vivadent, 

Schann Liechtenstein) at 1400 mW/cm2 intensity. Flowable resin filling (Tetric N flow, 

Ivoclar Vivadent, Schann Liechtenstein) was done over the adhesive layer.  

 

3)  Specimen preparation and Measurement of the adhesive layer thickness with 

CLSM (Confocal laser scanning microscope) 

Each tooth was sectioned vertically with low speed diamond saw (Isomet, Buehler, 

Lake Bluff, USA) and 3 specimens of 1.5-2 mm thickness from each tooth were obtained. 

15 specimens for each subgroup were obtained so that total 60 specimens for each air-

thinning and no air-thinning group were examined (Fig. 1, Fig. 2). 

Each specimen was examined under Confocal Laser Scanning microscope (LSM700, 

Carl Zeiss, Gottingen, Germany) at 550 nm wavelength excitation of argon laser with 20 

fold magnification and numerical aperture of 0.55. Three images from three different 

regions (mesial, middle and distal) along the bonded interface of each specimen were 



 

８ 

  

obtained. Three points measurement of adhesive layer at each region were performed 

utilizing the ZEN software (Carl Zeiss, Gottingen, Germany). Therefore, 9 points 

measurements of adhesive layer for each specimen were obtained and average thickness 

and standard deviation were calculated. 
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Table 1. Adhesive systems used in this study (information supplied in the safety data 
sheets and material instruction) 

Product Code Composition Manufacturer 

All bond 

Universal 
ABU 

10-MDP, phosphate monomer, 

HEMA, BISGMA, ethanol 

Bisco, 

Schaumburg 

USA 

Single bond 

Universal 
SBU 

10-MDP phosphate monomer, 

Vitrebond copolymer, 

HEMA, BISGMA, 

dimethacrylated resin, silane, 

filler, initiators, ethanol, water 

3M ESPE, 

Neuss 

Germany 

Tetric N bond 

Universal 
TNU 

Bis-GMA, D3MA, 

HEMA, MDP, 

Filler, thixotropic agent, initiator, 

stabilizer, 

water, ethanol 

 

Ivoclar Vivadent, 

Schann 

Liechtenstein 

 

Clearfil SE bond SE 

Primer: MDP, HEMA, 

hydrophilic dimethacrylate 

monomer, water, catalyst 

Bond: MDP, HEMA, 

hydrophobic dimethacrylate 

monomer, microfiller, catalyst 

Kuraray, 

Okayama 

Japan 
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Table 2. Manufacturer’s instruction on adhesive application 

Adhesives Pretreatment and adhesive application Air thinning Light cure

All Bond 

Universal 

Remove excess 

water on cavity 

with air or cotton 

pellet 

Apply adhesive with 

scrubbing with 

microbrush 

for 10-15s (apply 2 

separate coats) 

Air drying 

for 10s 

Light cure 

for 10s 

Single Bond 

Universal 
 

Apply adhesive with 

rubbing for 20s (if 

necessary rewet 

applicator) 

Direct air for 

5s 

Light cure 

for 10s 

Tetric N 

Bond 

Universal 

 
Apply adhesive with 

scrubbing for 20s 

Disperse 

adhesive 

with air 

Light cure 

for 10s 

Clearfil 

SE Bond 

Priming 20s 

dry 
Apply bond 

Air flow 

gently 
Light cure
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2. Measurement of the adhesive layer thickness on the Cl II prepared cavity 

1) Fabrication of Cl II inlay cavity replica with epoxy resin 

A Class II mesio-occlusal composite inlay cavity preparation on a sound molar within a 

month of extraction was carried out with diamond bur. The occlusal preparation had a 

pulpal depth of 1.5-3 mm and an isthmus of 3-4 mm. The mesio-distal length of pulpal 

floor was 6 mm and the depth and width of proximal box were 1.5 mm. To make 

standardized prepared cavities for all bonding procedures, 40 replicas were fabricated 

from the prepared tooth. Multiple impressions from the prepared cavity were taken using 

polyvinyl siloxane materials (Pentamix II, 3M ESPE, Neuss, Germany). A low mount 

thick epoxy resin (R&B, Daejeon, Korea) was mixed with resin hardner (R&B, Daejeon, 

Korea) and poured into the impressions. They were chemically cured for more than 24 

hours. 

 

2) Adhesive application and resin filling on the replicas 

40 replicas of Cl II prepared cavity were divided to 2 groups according to the presence 

or absence of air-thinning step during the bonding procedure (air-thinning (A) group or 

no air-thinning (NA) group) (Fig. 3). Each air-thinning group and no air-thinning group 

were sub-divided into 4 groups according to the adhesives. Adhesives used were 3 

Universal adhesives – ABU, SBU and TNU- and one two-step self-etch adhesive, SE 

(Table 1). Each epoxy resin replica was embedded into the box filled with utility wax for 
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the pulpal floor to be positioned parallel. Two drops of adhesives were mixed with 

Rhodamine B (Sigma-Aldrich, St. Louis, USA) and applied to the cavity with microbrush 

as a manufacturer’s instruction (Table 2). When applying SE bond, priming step were 

omitted because it was not necessary for bonding to epoxy resin. In no air-thinning group, 

air-thinning step were omitted and adhesives were left for 10s (ABU, TNU, SE) or 5s 

(SBU) before light curing. In air-thinning group, air was applied with horizontal 

movement above 1.5 cm from the cavity surface at the velocity of 2-2.5 m/s. All the 

adhesive application procedures were carried out by one operator. After the application of 

adhesive, light cure was carried out with light curing unit (Bluephase, Ivocalr vivadent, 

Schann Liechtenstein) at 1400 mW/cm2 intensity. Packable resin (Tetric N Ceram, Ivoclar 

Vivadent, Schann Liechetenstein) filling was done upon the adhesive layer.  

 

3) Measurement of the adhesive layer thickness with CLSM 

Each replica was sectioned in mesio-distal direction crossing bucco-lingual midline of 

the cavity with slow speed diamond saw (Isomet, Buehler, Lake Bluff, USA). Adhesive 

layer of each section was examined under Confocal Laser Scanning microscope (LSM700, 

Carl Zeiss, Goettingen, Germany) at 550 nm wavelength excitation of argon laser with 10 

fold magnification and numerical aperture of 0.55. Eight images from eight different 

locations along the bonded interface of each specimen were obtained (Fig. 4). Five 

measurement of adhesive layer at each region were performed utilizing the ZEN software 

(Carl Zeiss, Goettingen, Germany).  
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3. Statistical analysis 

Statistical analysis of data was performed using SPSS Statistic 24 software for 

windows (SPSS, Chicago, IL, USA). 

One way ANOVA was performed to examine the effect of the adhesive system used on 

the thickness of adhesive layer on the flat dentin surface on both air-thinning and no air-

thinning group. T-test was performed to examine the effect of the air-thinning on each 

adhesive system.  

Three-way ANOVA was performed to examine the effect of the air-thinning on the 

adhesive layer thickness on the Cl II prepared cavity of the epoxy resin replica. Two-way 

ANOVA was carried out to examine the effect of the adhesive system used and the 

position of the prepared cavity on the thickness for each air-thinning and no air-thinning 

group.  

Post-hoc multiple comparisons were performed using Tukey’s test. P-value less than 

0.05 were considered to be statistically significant in all tests.  
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III. Results 

1. Measurement of the adhesive layer thickness on the flat dentin surface 

The average thicknesses of the adhesive layers of different adhesives on the flat dentin 

surface are presented in Table 3 and Fig. 5. One way ANOVA showed that the thicknesses 

of the adhesive layers were significantly different depending on the adhesive system used 

(p<0.001). Post-hoc multiple comparison with Tukey’s test revealed that among the 

tested adhesives on the air-thinning group, ABU (24.38 µm) and TNU (38.05 µm) 

showed significantly thinner adhesive layer than SBU (54.43 µm) and SE (60.78 µm). No 

significant difference was found between ABU and TNU, and SBU and SE (p>0.05). On 

the no air-thinning group, ABU (18.43 µm) showed the thinnest thickness, followed by 

TNU (33.30 µm) and then SBU (66.36 µm) and SE (67.44 µm). There was no statistical 

difference between SBU and SE (p>0.05). T-test showed that air-thinning procedure 

didn’t affect significant difference on the thickness of adhesive layer on TNU, SBU, and 

SE (p>0.05) but on ABU, air-thinning procedure produced significantly thicker adhesive 

layer (p<0.05).  

Several CLSM images of the adhesive layer on the flat dentin surface are shown in Fig. 

6 and Fig. 7. 
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2. Measurement of the adhesive layer thickness on the Cl II prepared cavity 

Three-way ANOVA showed that the thickness of the adhesive layer is not significantly 

affected by air-thinning procedure (p>0.05). 

Two-way ANOVA on both air-thinning group and no air-thinning group showed that 

the thickness of the adhesive layer is significantly affected by the adhesive system used 

and the measurement position on the prepared cavity (p<0.001). 

Post-hoc multiple comparison with Tukey’s test showed that on both air-thinning group 

and no air-thinning group, ABU and TNU showed significantly thinner adhesive layer 

than SBU and SE (p<0.001). There was no statistically significant difference on the 

thickness of the adhesive layer between ABU and TNU and also between SBU and SE 

(p>0.05). 

Post-hoc test also revealed that there were significantly thicker adhesive layers on the 

position 2 and 7 - which were the line angles - than the other positions of the Cl II cavity 

on both air-thinning group and no air-thinning group (p<0.001). 

There were interactions between the measurement position and the adhesive systems 

used (p<0.05). 

Data of the adhesive layer thickness with air-thinning or without air thinning are listed 

in Table 4 and Table 5. The interactions between the factors tested are shown in Fig. 8 and 

Fig. 9. 
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From each adhesive sub-group with air-thinning procedure, two images from position 2 

and 7 taken by CLMS were shown in Fig. 10, Fig.11, Fig.12 and Fig.13. 
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Table 4. Thickness of the adhesive layer on the Cl II prepared cavity with air-
thinning (µm, mean (S.D.)) 

 Position 

Adhesive 1 2 3 4 5 6 7 8 

A-ABU 
 

15.97 
(2.76)

60.74 
(20.52) 

13.50 
(4.86)

17.25 
(6.51)

13.17
(4.64)

18.22 
(2.11)

79.92 
(16.82) 

10.79 
(2.00) 

A-SBU 
 

21.32 
(10.47) 

194.56 
(112.84) 

26.60 
(14.53)

27.62 
(12.47)

10.69
(3.54)

24.15 
(9.23)

194.12 
(56.48) 

20.97 
(11.20) 

A-TNU 
 

20.01 
(5.13)

57.52 
(15.13) 

16.14 
(5.92)

12.04 
(2.54)

18.82
(5.29)

20.98 
(8.49)

46.22 
(21.59) 

12.86 
(1.73) 

A-SE 
 

28.21 
(10.37) 

307.53 
(81.80) 

24.22 
(10.44)

45.26 
(10.57)

12.67
(3.49)

20.56 
(15.61)

231.53 
(88.43) 

21.87 
(8.19) 

 

 

 

Fig. 8. Thickness of the adhesive layer on the Cl II prepared cavity with air-thinning.  
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Table 5. Thickness of the adhesive layer on the Cl II prepared cavity without air -
thinning (µm, mean (S.D.)) 

 Position 

Adhesive 1 2 3 4 5 6 7 8 

NA-ABU 
17.25 
(8.88)

56.97 
(34.20) 

16.52 
(5.44)

23.26 
(11.59)

22.00 
(16.93)

13.86 
(4.66)

111.65 
(74.18) 

25.95 
(18.54)

NA-SBU 
24.92 

(10.13) 
228.60 
(42.44) 

46.69 
(20.47)

25.16 
(8.86)

10.31 
(3.54)

24.44 
(15.12)

187.72 
(51.72) 

22.99 
(19.85)

NA-TNU 
17.18 
(8.47)

78.53 
(39.76) 

20.96 
(13.99)

14.77 
(3.87)

12.32 
(2.61)

19.15 
(7.86)

45.92 
(32.59) 

12.50 
(4.13) 

NA-SE 
28.47 

(15.16) 
177.67 
(45.41) 

71.19 
(46.49)

64.67 
(58.35)

24.01 
(13.52)

29.94 
(22.43)

111.06 
(13.71) 

22.07 
(13.24)

 

 

 

Fig. 9. Thickness of the adhesive layer on the Cl II prepared cavity without air-thinning. 
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IV. Discussion 

The adhesive layer has been proposed to preserve the integrity of the hybridized dentin, 

reduce polymerization stress of composite, act as a stress absorbing layer (Choi et al., 

2000; Davidson et al., 1984; Van Meerbeek et al., 1993) and help to improve the bond 

strength (D'Arcangelo et al., 2009; Platt et al., 2001; Zheng et al., 2001). Regarding the 

thickness of the adhesive layer, there had been controversies. There were studies that 

thick adhesive layer adversely affected the bond strength (Retief et al., 1989), increased 

crack propagation (Tam and Pilliar, 1993), and hindered complete seating of indirect 

restoration (Pashley et al., 1992; Peter et al., 1997; Qualtrough et al., 1991; Watson, 1989). 

On the contrary, there were studies that thin adhesive layer might not polymerized 

sufficiently due to the formation of oxygen inhibition layer which would result in 

decrease of bonding quality (Erickson, 1989; Rueggeberg and Margeson, 1990) and 

thicker adhesive may provide relief of contraction stresses from overlying resin 

composite (Kemp-Scholte and Davidson, 1990; Van Meerbeek et al., 1993). The 

relationship between the adhesive layer thickness of dentin bonding system and the bond 

strength is still debated (D'Arcangelo et al., 2009; Platt et al., 2001; Swift et al., 1997; 

Zheng et al., 2001). Difference in application method and composition of the bonding 

system might be the reasons for inconsistent results. 

  In this study, there was a significant difference on the thickness of adhesive layer 

depending on the adhesive system. This might be due to the difference of solvent type 

(ethanol, acetone or water), the percentage of solvent, and the presence of filler in their 
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composition. Organic solvents act not only as carriers of the monomer, but also as 

diluents to lower the resin viscosity to increase wettability (Van Landuyt et al., 2007). The 

viscosity of the adhesive system increases as solvent concentration decreases. Increased 

viscosity of adhesive will decrease wettability of adhesive, hence increase film thickness 

(Peter et al., 1997; Van Landuyt et al., 2007). All of the Universal adhesives used in this 

study contain ethanol as organic solvent. ABU contains 30-60% ethanol (Chen and Suh, 

2013), SBU contains 10-15% ethanol (Luque-Martinez et al., 2014), and TNU contains 

23-28% ethanol and water (Ivoclar Vivadent, Tetric N-Bond Universal scientific 

documentation). SE has water as organic solvent in primer, but there is no solvent in bond. 

On the flat dentin surface, there was a significant difference on the adhesive layer 

thickness between the adhesive systems (Table 3) - ABU (24.38 µm) and TNU (38.05 µm) 

< SBU (54.43 µm) and SE (60.78 µm) on air-thinning group, ABU (18.43 µm) < TNU 

(33.30 µm) < SBU (66.36 µm) and SE (67.44 µm) on no air-thinning group. This result 

corresponds to the fact that the more solvent adhesive contains, the less the film thickness. 

On the Cl II prepared cavity of epoxy resin replica, there was similar result with a 

significant difference in which thickness of ABU and TNU were thinner than SBU and 

SE. Some adhesives contain fillers to improve the physical properties (Kim et al., 2005; 

Miyazaki et al., 1995) and to increase the viscosity of adhesives which would also cause 

thickening of adhesive layer (Frankenberger et al., 2002; Perdigao et al., 1996; 

Stavridakis et al., 2005). Among the adhesive systems used in this study, SE, TNU and 

SBU have fillers in their composition. SE has silanated colloidal silicas in their bond 

which might have an effect to increase the thickness of adhesive layer. TNU have 3-5 wt% 
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thixotrophic silica filler, which manufacturer insist, would help the adhesive to be thinned, 

so the thickening effect of filler in TNU would be minimal. SBU also have filler and 

along with low solvent contents, thick adhesive layer would have been formed. 

Results showed that the thicknesses of adhesive layer were significantly thicker at the 

position 2 and 7, which were internal line angles of the cavity. Many studies also reported 

that adhesives tended to pool on the certain locations -usually line angles or the deepest 

part of isthmus- and this caused thick adhesive layers on those locations (Coelho Santos 

et al., 2005; de Menezes et al., 2013; Peter et al., 1997; Stavridakis et al., 2005; Watson, 

1989). Adhesives tend to move to down due to the gravity and if the air is applied, it 

would also produce horizontal movement. Both movements of adhesives would be 

restricted at the internal line angle of the cavity and this would result in adhesive 

accumulation and thick adhesive layer. These thick layers of adhesive can cause 

incomplete restoration seating when used for adhesive cementation of indirect 

restorations. 

The demands of tooth-colored restorations and adhesive cementation have grown 

considerably for last decades. To be a successful restoration, marginal integrity is 

important and it is determined largely by the thickness of luting agent and marginal 

adaptation of fabricated restoration. There are many studies about marginal adaptation of 

esthetic restoration. For esthetic crown, clinically acceptable marginal gap with regard to 

longevity was reported to be within 100 to 200 µm range (Boening et al., 2000; Renne et 

al., 2012; Yeo et al., 2003) and internal gap was reported to be within 200 to 300 µm 

(Molin et al., 1996; Mou et al., 2002; Souza et al., 2012). Marginal gaps for ceramic and 
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composite inlays were reported to be 100 to 200 µm (Gemalmaz and Kukrer, 2006; 

Karakaya et al., 2005; Qualtrough et al., 1993). ISO standard No. 4049 states that the film 

thickness of resin-based cements should be no greater than 50 µm. The thickness of 

adhesive layer and resin cement which will be placed over the prepared tooth surface 

should be less than the internal gap of restoration in order for the indirect restoration to be 

seated completely. In the present study, SBU and SE showed very thick thickness of 

cured adhesive layer -more than 200 µm on some specimens- on the line angles of the 

cavity. This might cause incomplete restoration seating and longevity of restoration 

would be hindered due to low marginal integrity. Peter et al. also reported range of 200 

µm adhesive layer of some adhesive system on the line angle of crown preparation due to 

adhesive pooling (Peter et al., 1997). However, epoxy resin replicas were used instead of 

tooth for evaluation of adhesive layer thickness on the Cl II prepared cavity in this study. 

So there might be a limitation to reproduce the actual thickness on the prepared cavity of 

tooth due to the difference of surface tension between epoxy resin and dentin surface.   

Air-drying is recommended to facilitate removal of the organic solvent from the 

adhesive layer and to prevent the adhesive to become thick on certain locations. Effect of 

air-drying on the removal of solvent and the improvement of bond strength has been 

reported in several studies (Ikeda et al., 2005; Miyazaki et al., 1996; Spreafico et al., 

2006). However, there are very few studies about the effect of air-drying on the thickness 

of adhesive layer. These might be because of difficulties for standarization of adhesive 

application and air-drying. Hilton and Schwartz reported that 3 seconds air-thinning 

induced ununiform adhesive layer with great variance and resulted in decreased bond 
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strength (Hilton and Schwartz, 1995). Menezes et al. recently reported that there was no 

significant difference on the bond strength between jet air and no jet air application, and 

thick adhesive layers with ununiformity was observed on the specimen with jet air 

application (de Menezes et al., 2013). They also reoported that removal of excess 

adhesive with microbrush improved the bond strength and reduced the thickness of 

adhesive layer. In the present study, ABU, SBU, TNU on the flat dentin surface showed 

slight larger standard deviation of thickness with air-thinning which implies that gentle air 

used in this study caused disperse of adhesive to form unuinform thickness of adhesive 

layer. In the clinical practice, intensity of air from air syringe is controlled by practitioner 

with great variance (2.0 to 10.0 m/s). Gentle air (above from 4 cm at the velocity of 3.4-4 

m/s on the flat dentin surface and above from 1.5 cm at the velocity of 2-2.5 m/s on the 

prepared cavity) was used to standardize the power of air applied in this study. There is 

also possibility that this intensity of air might have not influenced on the movement of 

some adhesive with different solvent contents and resulted in no significant difference 

between the groups.  

In this study, t-test showed that air-thinning did not show any significant effect on the 

thickness of adhesive layer on the flat dentin surface of SBU, TNU and SE. However, 

there was a significant difference on ABU (Fig. 5). Air-thinning on ABU group produced 

significantly thicker adhesive layer on the flat dentin surface which was opposite result to 

the expected outcome from air-thinning. Possible assumption for this phenomenon could 

be that applied air removed much of solvent from ABU with high solvent content and 

resulted in high viscosity of remaining agent. And this might have resulted in thicker 
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adhesive layer. Even though there was no significant difference on the thickness of TNU 

on the flat dentin surface, Fig. 5 showed that adhesive layer of TNU with relatively high 

solvent percent also showed tendency of getting thicker after air-thinning. On the contrary, 

on the adhesive systems with relatively low or no solvent (SBU and SE), there was a 

tendency that air-thinning produced the thinner adhesive layer. However, there was no 

significant difference on SBU, TNU and SE group.  

Three-way ANOVA showed that air-thinning didn’t affect significant difference on the 

adhesive layer thickness on the Cl II prepared cavity. Because of the small numbers of 

sample and great variation depending on the position, statistical significance of air-

thinning on each adhesive system could not be evaluated. 

On the Cl II prepared cavities, air-thinning and no air-thinning group of ABU, SBU and 

TNU showed similar tendency of change on the thickness depending on the position but 

SE showed quite different tendency between the air-thinning and no air-thinning group 

(Fig. 8 and Fig. 9). The adhesive layer thickness of SE showed relatively high value at the 

position 2 and 7 with air-thinning procedure compared to no air-thinnig. This could have 

resulted from the fact that only SE bond without primer was used in this study on the 

epoxy replica of the prepared cavity , and bond without any solvent and with filler would 

have very high viscosity. The accumulation of highly viscous adhesive at the line angle 

would have been accelerated with air-thinning procedure and because of restricted 

movement of adhesive to slip down to the side due to the high visocity, thickness would 

have increased relatively high at the line angles in SE.  
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  The relatively large standard deviations of thickness along the adhesive layer were seen 

on the most of the groups, even on the flat surfaces and far more on the prepared cavities. 

These results revealed that it was difficult to get an uniform distribution of adhesive, even 

when experienced operator perfomed the procedure on the ideal condition on their 

experiment. Stavridakis et al also reported similar phenomenom in their study 

(Stavridakis et al., 2005). 

  Among the universal adhesives used in this study, ABU and TNU showed significantly 

thinner adhesive layer and could be recommanded to be used for indirect restoration in 

terms of film thickness of luting agent. Other methods other than air-thinning might be 

needed for reducing the thickness of adhesive layer. Further studies evaluating the effect 

between the factors tested in this study and the possible effect of thin or thick adhesive 

layer on the bond strength of universal adhesives will be needed. 
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V. Conclusion 

Within the limitations of this study, the following results could be drawn. 

 

1. On both flat dentin surface and Cl II prepared cavity, there was a significant 

difference on the adhesive layer thickness among the adhesive systems used in 

this study (p<0.001). 

2. There were significantly thicker adhesive layers on the internal line angles of the 

cavity compared to the other positions on the Cl II prepared cavity (p<0.001). 

3. Air-thinning procedure didn’t have any significant influence on the adhesive layer 

thickness of TNU, SBU and SE on the flat dentin surface (p>0.05) but induced a 

significant difference on ABU (p<0.05). On the Cl II prepared cavity, air-thinning 

procedure didn’t have any significant influence on the thickness (p>0.05). 

 

Based on this study, ABU and TNU could be recommended for bonding of indirect 

restoration as for their relatively thin adhesive layer. Different method other than air-

thinning would be necessary to reduce the thickness of adhesive layer, especially in the 

line angles of the cavity.   
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국문요약  

Universal adhesive 접착층의 두께와  

 Air-thinning 이 접착층 두께에 미치는 영향 

 

연세대학교 대학원 치의학과 

(지도교수 박 성 호) 

 

조 가 영 

이 연구의 목적은 최근 소개되어 사용되고 있는 Universal 접착제들의 

접착층 두께를 평평한 상아질 표면과 2급 와동에서 측정하고, air-thinning 이 

접착층의 두께에 미치는 영향을 평가하는 것이었다. 

평평한 상아질 표면에 접착층의 두께를 측정하기 위해서 40개의 발치된 

대구치를 법랑상아경계면 하방으로 삭제하여 상아질 표면을 노출시켰다. Air-

thinning 과정의 유, 무로 크게 두 군으로 나누었으며, 다시 사용되는 접착 

시스템에 따라 5개의 치아씩 4개의 군으로 나누었다. 사용된 접착제는 

Universal 접착제로는 All Bond Universal (ABU), Single Bond Universal (SBU), 

Tetric N Bond Universal (TNU)과 2-step self-etch system인 Clearfil SE Bond (SE) 

였다. 각 접착제는 Rhodamine B 와 혼합하여 상아질 표면에 제조사의 

지시대로 적용하였으며, air-thinning을 하지 않는 군에서는 air-thinning 과정이 
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생략되었다. 접착체가 도포된 상아질 위에 flowable resin 을 충전하고, 치아 

장축에 평행하게 치아를 절단하여 시편을 얻었다. 이후 Confocal laser scanning 

microscope 를 사용하여 접착층의 두께를 측정하였다. 2급 와동에서의 접착층 

두께 평가를 위해서 2급 와동을 발치된 치아에 형성하고, 표준화를 위해 

epoxy resin 을 사용하여 40개의 복제 모형을 제작하였다. 위의 방법으로 

접착제 적용, 레진 충전 후 근원심 면으로 잘라 와동 내 여덟 부위에서 

CLSM 을 사용하여 접착층의 두께를 측정하였다. ANOVA와 Tukey’s test, t-test 

를 사용하여 통계처리를 하였다. 

측정결과 평평한 상아질 표면에서의 접착제에 따른 접착층의 두께는 

유의할만한 차이가 있었다 (p<0.001). Air-thinning 을 시행한 그룹에서는 

ABU와 TNU가 SBU와 SE보다 유의차있게 얇은 접착층의 두께를 보였으며, 

air-thinning을 시행하지 않은 그룹에서는 ABU, TNU, SBU와 SE 순으로 

유의차 있게 접착층의 두께가 증가하였다. Air-thinning 여부는 TNU, SBU, SE 

에서는 두께에 있어 유의할만한 차이를 일으키지 않았으나 (p>0.05), ABU 

에서는 유의할만한 차이가 나타났다 (p<0.05). 2급와동에서는 접착체의 

종류(ABU, TNBU의 두께가 SBU, SE 보다 얇음)와 와동 내 위치(line angle 

부위에서 유의차있게 두꺼움)에 따라서는 접착층 두께가 유의할 만한 차이가 

있었으나 (p<0.001), air-thinning 은 유의할 만한 영향을 끼치지 않았다 

(p>0.05). 
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 이 연구의 한계 내에서 접착제의 종류와 와동 내 위치는 접착층의 두께에 

영향을 주는 요인임을 추정할 수 있다. 또 air-thinning 은 평편한 상아질 

표면에서 SBU, TNU, SE 그룹에서는 두께에 유의할만한 영향을 끼치지 

않았으나, ABU 그룹에서는 영향을 미쳤다. 2급 와동에서는 air-thinning   

과정이 접착층의 두께에 유의할 만한 차이를 일으키지 않았다. 
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