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Statement of Purpose:  Two primary factors that are 
thought to be critical in determining adequate 
dentin/adhesive bonding are: wetting of the dentin 
surface by adhesive and micromechanical 
interlocking of adhesive with collagen fibrils in 
decalcified dentin.1  One major difficulty in wetting 
the collagen fibrils in dentin is the variability of 
collagen in different types of dentin.  Occlusal dentin 
tends to give lower bond strengths than proximal or 
buccal dentin due to greater regional variability in 
dentin wetting in occulusal dentin.2  The purpose of 
this study is to investigate the plasma treatment 
effects on dentin surfaces to improve dental adhesive 
wettability and thus enhance the interfacial bonding 
strength of dental composite restorations.  
Methods:  An atmospheric cold plasma brush 
(ACPB), a non-thermal gas plasma source, was used 
to treat and prepare dentin surfaces for dental 
adhesive and dental composite application. Extracted 
unerupted human third molars were used for this 
investigation. The occlusal one-third of the crown 
was sectioned by means of a water-cooled low speed 
diamond saw (Buehler, Lake Bluff, IL). The exposed 
dentin surfaces were polished with 600 grit SiC sand 
papers under water and then etched using 36% 
phosphoric acid. Dentin surfaces were Ar plasma 
treated for 0, 30, and 60s.  Oxygen additions at 
various flow rates were also tested.  Adper Single 
Bond Plus dental adhesive (3M ESPE) and Filtek 
Z250 composite (3M ESPE) were applied and light 
cured as directed.  Dentin/composite bars (8-10 mm 
×1 mm × 1 mm) were cut from the prepared teeth for 
tensile testing and interface characterization.  
Peripheral and inner dentin were tested separately 
due to variations in strength. The chemical structural 
changes of the plasma treated dentins were 
characterized by FTIR.  Fracture surfaces were 
characterized by SEM (Philips XL30 ESEM-FEG). 
Results: Our tensile test data shown in Figure 1 that 
30 seconds of plasma treatment on the dentin surface 
increased the tensile strength of the dentin/adhesive 
interface of peripheral dentin from 36.8 ± 10.5 MPa 
to 60.4 ± 15.7 MPa. SEM observations show 
increased areas of composite on the fracture surface 
when compared to the untreated control samples.  It 
was found that numerous plasma treated samples 
failed in locations other than the dentin/adhesive 

interface, while most of the control samples failed at 
the interface.  Figure 1 also shows that plasma treated 
inner dentin is indistinguishable with its untreated 
counterpart; however the sample size is very small in 
inner dentin making conjecture difficult.  FTIR 
shows increased carbonyl groups on plasma treated 
dentin surfaces, when compared to a heat treated 
control.  This implies the treatment effect is due to 
the reactive species in the plasma rather than the heat 
produced from the plasma brush.  Both heat treated 
and plasma treated surfaces show an amide II shift.  
In other words, plasma treatment did induce chemical 
structural changes on the collagen fibrils, which 
determines the final interfacial bonding strength of 
dental composite restorations.    
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Figure 1. Tensile strength of plasma treated (30s 

treatment) and untreated (0s treatment) peripheral (P) 
and inner (I) dentin with 3M adhesive and composite.   
 
Conclusions: Our experimental results showed that 
atmospheric plasma treatment could modify the 
dentin surface by introducing carbonyl groups in 
collagen fibrils and thus increase the dentin/adhesive 
interfacial bonding.  A more pronounced effect was 
observed in peripheral dentin when compared to 
inner dentin.  Non-thermal atmospheric plasmas have 
great potential in dental composite restoration 
applications for improved performance.  
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