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Determination of the 
Hydrophilic Properties 
of the surface of AVINENT implants

Purpose

To determine the hydrophilic properties of the Avinent surface by measuring 

contact and determining its surface energy.

Materials and Methods

a. Specimen Preparation

Two types of specimens have been used in this study, polished and treated. 

Both were obtained from medical grade Ti discs 10 mm in diameter and 2 mm 

thick.

Smooth discs were prepared by initial polishing with silicon carbide paper and 

then with aluminum oxide with a particle size of 1 µm and 0.05 µm. Once the  

discs had been polished they were given an ultrasound wash.

The treated discs were prepared by varying one of the surface treatment para-

meters so as to be able to finally choose the best hydrophilia for optimum cellu-

lar response.

Figure 1. Balance of interfacial tensions for a drop 
of liquid placed on a solid. Where ss = free energy of 
the solid, ssl  = free energy of solid-liquid interface, 
sl =surface tension of the liquid, and θ = contact  
angle.
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b. Measurement of Contact angle and Determination of Surface Energy

The sessile drop method was used for measuring contact angle, in which a vo-

lume of mili-Q grade water between 3-6 µl is placed on the surface to be stu-

died with a syringe. Once the drop of liquid becomes stabilized, contact angle 

0 is then measured as shown in figure 1 with Contact Angle System OCA 15+ 

equipment (Data physics, Germany) with SCA20 software (fig. 2).

Young’s equation (Eq. 1) was used for calculating the surface energy of the 

sample (Eq. 1)

σs = σsl + σl ·COSq   	 [Eq. 1]

The value 72.75 mN/m has been taken as the value of σl and Neuman’s theory 

has been considered for the determination of σsl where σsl = f(σl, σs). Berthelot’s 

approximation has been used for this, which is defined by the following equa-

tion (Eq. 2). 

σsl = σl + σs − 2     σl .σs 	       [Eq. 2]

By substituting [eq. 2] into [eq. 1 ] the following is obtained: 

σs = σl (1+cosq)2    	 [Eq. 3]

Results

Figure 3 shows contact angle values for the polished surface and for the diffe-

rent tests on the treated surface.

Figure 2. Contact Angle System OCA 15+ Equip-
ment.

Figure 3. Table of contact angle and test values.
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Free surface energy values for each of the tests are presented on table 1. 

Figure 4. Images obtained during measurement of contact angle on each of the surfaces studied:  
(a) polished, (b) test 1, (c) test 2 and (d) test 3.

	 q(º)	 ss (J/m2)

polished	 84.9	 21.56

test 1	 84.9	 21.56

test 2	 55.0	 45.03

test 3	 56.0	 44.22

Figure 4 shows some of the images obtained while the contact angle was being 

measured.

Conclusions

Contact angle indicates the wettability of a surface and thereby its hydrophilicity 

or hydrophobicity. Results indicated that the contact angle between the water 

and the different surfaces would decrease significantly for tests 2 and 3 in com-

parison with the polished specimens and the first test. This increase in hydrophi-

licity, due to chemical and topographical variations in the Avinent surface, 

translates into an increase in the surface energy of the treated surface.

There are several studies where the preference of using surfaces having high 

surface energy for endosteal implants is specified due to the fact that an increa-

se in wettability improves interaction between the implant and the biological  

medium, producing an increase in cellular dissemination and in the cellar layer  
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[1, 2, 3, 4, 5 and 6]. Eriksson et al. performed live tests where they related the 

hydrophilicity of an implant to its osseointegration capability [7]. Therefore, the 

hydrophilicity of a surface is one of the factors determining the biocompatibility 

of a biomaterial, and it is directly dependent on surface energy.
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