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Abstract 

The present study aimed to compare the biomechanical fixation and histomorphometric 

parameters between implant surfaces blasted with bioactive ceramic resorbable media 

(biological blasting) and alumina-blasted/acid-etched (AB/AE), in a dog model. 

Methods: Fourteen beagle dogs of ~1.5 years of age were utilized. Eight animals 

received two implants of each surface per limb (each limb provided samples that 

remained for 3 and 6 weeks in vivo). The other six animals received two implants of 

each surface in one limb, and these implants remained in vivo for one week. Following 

the due implantation time frames, the animals were sacrificed and half of the implants 

were biomechanically tested (torque to interface fracture) and the other half referred to 

nondecalcified histology processing. Torque to interface fracture, bone-to-implant 

contact (BIC), and bone area fraction occupancy (BAFO) were evaluated. Statistical 

analysis was performed by Kruskall-Wallis at 95% level of significance. 

Results: While no significant differences were observed for both BIC and BAFO 

parameters between surfaces at all three times in vivo and for torque levels at 1 and 3 

weeks, a significantly higher level of torque was observed for the biological blasting 

group (p=0.003) at 6 weeks in vivo. Bone morphology was similar between groups at all 

times in vivo. 

Conclusion: A significant increase in early biomechanical fixation was observed for 

implants presenting the biological blasting surface. 

 

 

 



Introduction 

 When implant design is considered in an attempt to hasten the host-to-implant 

response, the parameter most often investigated is its surface modification (Albrektsson 

and Wennerberg 2004; Albrektsson, Sennerby et al. 2008). This approach follows the 

logic rationale that since the implant surface is the first part of the implant to interact with 

the host it may potentially change the biologic sequence of events leading to 

osseointegration (Coelho, Granjeiro et al. 2009).   

 Surface modifications have been demonstrated to hasten osseointegration 

through biomechanical and bone histometric parameters, either due to surface 

chemistry, texture alterations, or a combination of both (Albrektsson, Sennerby et al. 

2008; Coelho, Granjeiro et al. 2009), and a plethora of studies are conclusive with 

respect to a few parameters that are now known as beneficial to increasing the quantity 

and quality of osseointegration. These include the presence of surface roughness 

(texturization) to varied degrees compared to as-turned surfaces (Butz, Aita et al. 2006; 

Albrektsson, Sennerby et al. 2008; Coelho, Granjeiro et al. 2009; Bonfante, Granato et 

al. 2011), and the presence of bioactive ceramic components as coatings, impregnation, 

or discrete particles (Yang, Kim et al. 2005; Albrektsson, Sennerby et al. 2008; Coelho, 

Granjeiro et al. 2009; Dohan Ehrenfest, Coelho et al. 2010).  

 Due to the large number of variables and their potential combinations, no 

informed design rationale has been developed over the years based on a systematic 

multivariable approach has been conducted in order to determine what surface 

parameters most positively influence the short-term and long-term bone behavior. For 

instance, it is known that different blasting media will result in different degrees of 

surface roughness (i.e. harder particles like alumina will result in rougher patterns 



compared to softer blasting media such as bioactive ceramics), as it is understood that 

surfaces blasted with bioactive ceramic are potentially more biocompatible and 

osseoconductive. Thus, given the multifactorial nature of implant surfaces and their 

potential effects in the biological response, evaluating their physicochemical 

characteristics prior to in vivo evaluation is desirable as a platform to develop reference 

baselines towards informed design platforms. The objective of this study was to 

determine the basic surface characteristics and evaluate in vivo alumina and bioactive 

resorbable blasted textured implant surfaces in a canine model. 

  

Materials and Methods 

The implants used in this study were Ti-6Al-4V screw type implants with 4.0 mm 

of diameter and 10 mm in length provided by the manufacturer (AB-Dental, Nir Galim, 

Israel). These implants presented healing chambers with 500 µm depth and 400 µm 

height. A total of 98 implants were used and divided in two groups according to surface 

treatment: Alumina-Blasted/Acid-Etched (AB/AE) (control) and biologically blasted 

(experimental) (n=49 per group). Five implants of each surface were used for surface 

characterization and forty-four implants were used on the in vivo experiment.  Specific 

details regarding the processing parameters of the surfaces were not provided from the 

manufacturer. 

 

Surface Characterization 

The surface characterization was accomplished utilizing three different methods. 

First, scanning electron microscopy (SEM) (Philips XL 30, Eindhoven, The Netherlands) 



was performed at various magnifications under an acceleration voltage of 15kV to 

observe the different groups’ surfaces topography (n = 1 per group).  

The second step was to determine the roughness parameters by optical 

interferometry (IFM) (Phase View 2.5, Palaiseau, France). Three implants of each 

surface were evaluated at the flat region of the implant cutting edges (three 

measurements per implant) and Sa (arithmetic average high deviation) and Sq (root 

mean square) parameters determined. A filter size of 250µm x 250µm was utilized. 

Following data normality verification, statistical analysis at 95% level of significance was 

performed by one-way ANOVA. 

The third procedure was the surface specific chemical assessment performed by 

x-ray photoelectron spectroscopy (XPS). The implants (n=1 per group) were inserted in 

a vacuum transfer chamber and degassed to 10-7 torr. The samples were then 

transferred under vacuum to a Kratos Axis 165 multi-technique XPS spectrometer 

(Kratos Analytical Inc., Chestnut Ridge, NY). Survey spectra were obtained using a 165 

mm mean radius concentric hemispherical analyzer operated at constant pass energy of 

160 eV for survey and 80 eV for high resolution scans. The take off angle was 90° and a 

spot size of 150 µm x 150 µm was used. The implant surfaces were evaluated at various 

locations (3 per implant). 

 

Animal Model and Surgical Procedure 

The in vivo study comprised of 14 adult male beagles of approximately 1.5 years 

old. The study was approved by the Ethics Committee for Animal Research at the École 



Nationale Vétérinaire d'Alfort (Maisons-Alfort, Val-de-Marne, France). The beagles 

remained in the facility for two weeks prior to the surgical procedures.    

For surgery, three drugs were administered until general anesthesia achievement 

by intramuscular injection. The drugs were atropine sulfate (0.044 mg/kg), xylazine 

chlorate (8mg/kg) and Ketamine chlorate (15mg/kg). The implantation site was the tibia. 

Two batches of beagles were utilized to provide specimens that remained for three 

different time frames in vivo (1, 3, and 6 weeks). A batch of six beagles was utilized to 

provide specimens that remained for 1 week in vivo (on limb operated), and another 

batch of 8 beagles was utilized to provide samples that remained for 3 and 6 weeks in 

vivo (both limbs operated at two different time frames). Each limb operated received two 

implants of each surface (two samples for biomechanical testing as well as histological 

evaluation). In every tibia, the starting implant surface was interchanged to minimize bias 

from different implantation sites, which allowed the comparison of both torque and 

histologic results considering the same number of implant surfaces, surgical site (1 

through 4), and animal. 

For implant placement, the surgical site was shaved with a razor blade and was 

followed by application of antiseptic iodine solution. An incision of ~5cm through the skin 

and periosteum was performed and the periosteum was elevated for bone exposure.  

Sequential drills were utilized with increasing diameter steps of 0.5 mm to 4 mm 

under abundant saline irrigation at 1,200rpm.  

After placement soft tissues were sutured in layers with vicryl 4-0 (Ethicon 

Johnson, Miami, FL, USA) for periosteum and nylon 4-0 (Ethicon Johnson, Miami, FL, 

USA) for skin. The dogs stayed in animal care facility and received antibiotic (Benzyl 

Penicilin Benzatine 20.000 UI/Kg) and anti-inflammatory (Ketoprofen 1% 1ml/5Kg) 

medication to control the pain and infection. Euthanasia was performed by anesthesia 



overdose and the limbs were retrieved by sharp dissection. Half the samples were 

referred to biomechanical testing, and the other half to histology processing. 

For the torque testing, the radius was adapted to an electronic torque machine 

equipped with a 200 Ncm torque load cell (Test Resources, Shakopee, MN, USA).  

Custom machined tooling was adapted to each implant internal connection and the bone 

block was carefully positioned to avoid specimen misalignment during testing.  

For histology processing, the implants in bone were reduced to blocks and 

immersed in 10% buffered formalin solution for 24hr. The blocks were then washed in 

running water for 24hr, and gradually dehydrated in a series of alcohol solutions ranging 

from 70-100% ethanol. Following dehydration, the samples were embedded in a 

methacrylate-based resin (Technovit 9100, Heraeus Kulzer GmbH, Wehrheim, 

Germany) according to the manufacturer’s instructions. The blocks were then cut into 

slices (~300 µm thickness) aiming the center of the implant along its long axis with a 

precision diamond saw (Isomet 2000, Buehler Ltd., Lake Bluff, USA), glued to acrylic 

plates with an acrylate-based cement, and a 24hr setting time was allowed prior to 

grinding and polishing. The sections were then reduced to a final thickness of ~50 µm by 

means of a series of SiC abrasive papers (400, 600, 800, 1200 and 2400) (Buehler Ltd., 

Lake Bluff, IL, USA) in a grinding/polishing machine (Metaserv 3000, Buehler Ltd., Lake 

Bluff, USA) under water irrigation.(Donath and Breuner 1982) The sections were then 

toluidine blue stained and referred to optical microscopy for histomorphologic evaluation. 

The bone-to-implant contact (BIC) was determined at 50X-200X magnification 

(Leica DM2500M, Leica Microsystems GmbH, Wetzlar, Germany) by means of computer 

software (Leica Application Suite, Leica Microsystems GmbH, Wetzlar, Germany). The 

regions of bone-to-implant contact along the implant perimeter were subtracted from the 

total implant perimeter, and calculations were performed to determine the BIC.  



The bone area fraction occupied (BAFO) between threads in trabecular bone 

regions was determined at 100X magnification (Leica DM2500M, Leica Microsystems 

GmbH, Wetzlar, Germany) by means of computer software (Leica Application Suite, 

Leica Microsystems GmbH, Wetzlar, Germany). The areas occupied by bone were 

subtracted from the total area between threads, and calculations were performed to 

determine the BAFO (reported in percentage values of bone area fraction occupied) 

(Leonard, Coelho et al. 2009). 

Statistical evaluation of torque, BIC, and BAFO was performed by Kruskall-Wallis 

test. Statistical significance was indicated by p-levels less than 5%. 

 

Results 

Implant surfaces’ scanning electron micrographs are presented in Figure 1a-d 

and their representative 250µm x 250 µm IFM three-dimensional reconstructions, in 

Figure 1e-f. Scanning electron micrographs showed that the biological blasting 

presented rougher regions from the grit-blasting procedure along with flat regions with 

the original as-machined grooves when compared to the Alumina-blasted/Acid-Etched 

(AB/AE) surface.  Their respective Sa and Sq values are presented and listed (mean ± 

SD) in Figure 2a. The IFM measurements presented significant differences for both Sa 

and Sq values (Figure 2a), where the AB/AE surface presented higher values. The XPS 

spectra evaluated the presence of Al, P, Ca, N, Ti, C, V, O, and Na for the different 

surfaces (Figure 2b). P and Ca were only present on the Biological Blasting surface 

(Figure 2b). Carbon was observed primarily from adsorbed species. 

The animal surgical procedures and follow-up demonstrated no complications 

regarding procedural conditions, postoperative infection, or other clinical concerns. No 



implants were excluded from the study due to clinical instability immediately after the 

euthanization.  

The biomechanical testing showed no statistical significance for torque to 

interface fracture between surfaces at 1 week (p=0.19) and 3 weeks (p=0.24) in vivo 

(Figure 3a).  However, at 6 weeks, a significantly higher removal torque (p=0.003) was 

observed for the biologically blasted surface in comparison to the AB/AE (Figure 3a). 

The histomorphometric results demonstrated no significant differences between 

experimental groups for BIC at 1, 3, and 6 weeks in vivo (p>0.11, p>0.40. and p>0.50, 

respectively - Figure 3b). No significant differences were observed between surfaces for 

BAFO at 1, 3, and 6 weeks in vivo (p>0.06, p>0.70. and p>0.60, respectively - Figure 

3c).  

From a histomorphologic standpoint, bone around both implants presented 

similar characteristics at 1, 3, and 6 weeks in vivo (Figure 4), comprising initial woven 

bone formation throughout the implant perimeter at 1 week and subsequent woven bone 

filling the healing chambers’ space. At 6 weeks, initial remodeling was observed and 

regions of lamellar bone were observed throughout the chambers around both implant 

surfaces (Figure 4). 

 

Discussion  

Over the years, the implant surface modification has evolved from as-machined, 

smooth surfaces to microscopically moderately roughened surfaces that have shown to 

enhance the bone healing after the placement of implants (Albrektsson and Wennerberg 

2004; Albrektsson and Wennerberg 2004; Coelho, Granjeiro et al. 2009; Wennerberg 

and Albrektsson 2009; Elias and Meirelles 2010). Subsequent surface chemistry 



modifications such as the incorporation of bioactive ceramics have long been the focus 

of investigations as a positive factor for improved early bone healing. However, 

considering that surface chemistry modifications typically involve changes in surface 

topography (Dohan Ehrenfest, Coelho et al. 2010) it is still unclear whether resulting 

topography changes alone and/or the combination with chemical modifications leads to 

improved osseointegration (Wennerberg and Albrektsson 2009).  

Much smaller in number in the literature compared to implant surface studies, 

recent work has pointed that the interplay between implant geometry and bone 

immediately after placement does play a role on the healing pathway that will ultimately 

result in the implant osseointegration. In a simplistic fashion, where intimate contact 

occurs between implant and bone after implantation, osseointegration will take place 

after a cell mediated interfacial remodeling that is followed by bone apposition 

(Berglundh, Abrahamsson et al. 2003; Coelho, Suzuki et al. 2010; Bonfante, Granato et 

al. 2011). On the other hand, if large void spaces between the implant bulk and bone are 

filled with the blood clot in healing chambers, rapid woven bone filling will take place 

through an intramembranous-like healing (Berglundh, Abrahamsson et al. 2003; Coelho, 

Suzuki et al. 2010; Bonfante, Granato et al. 2011). The experimental implant design 

utilized in the present study was based on previous work Berglundh et al. (2003), and 

allowed evaluation of the early osteogenic events around the different implant surfaces.  

Our histomorphologic results are in agreement several different studies utilizing 

implant healing chambers in a dog model (Berglundh, Abrahamsson et al. 2003; 

Granato, Marin et al. 2009; Granato, Marin et al. 2009; Suzuki, Guimaraes et al. 2009; 

Coelho, Suzuki et al. 2010; Bonfante, Granato et al. 2011), where new bone formation 

starts to occur at 1 week, at 3 weeks the healing chambers are partially filled with woven 

bone, which subsequently will be replaced by lamellar bone by remodeling (it onset 



already ongoing at 6 weeks). While no significant differences in BIC and BAFO were 

observed for the different experimental groups at the three time frames (with numbers 

increasing from 1 to 3 weeks to be leveled from 3 to 6 weeks), higher removal torque 

was observed for the biological blasting surface compared to AB/AE at 6 weeks, 

suggesting that although the same amount of BIC and BAFO were observed at this time 

frame, it is likely that higher mechanical properties existed for the bone around the 

biological blasting media treated surface. Despite the higher roughness of the AB/AE 

surface, which fell in the moderately rough range previously shown to present the strong 

bone response (Sa approximately 1.5 µm) (Wennerberg, Albrektsson et al. 1995; 

Wennerberg, Albrektsson et al. 1995; Wennerberg, Albrektsson et al. 1996; Wennerberg 

and Albrektsson 2009), the resulting higher removal torque for the smoother surface 

suggests that the biological blasting surface treatment was beneficial to implant 

biomechanical fixation. As previously emphasized in the literature, interpretation of static 

histomorphometric parameters such as BIC and BAFO should be made with caution 

since they are indicator of osseointegration but not accurate in reflecting bone/implant 

biomechanical interaction (Coelho, Granjeiro et al. 2009).  
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List of Figures 

 

Figure 1: Scanning electron micrographs and IFM 3-D reconstructions for the (a, b, e) 
biological blasting and (c,d,f) AB/AE groups. 

 

 



 

Figure 2: (a) Surface roughness parameters (mean ± standard deviation), and (b) XPS 
spectra in atomic % for the different implant surfaces. The number of asterisks depict 
statistically homogeneous groups. 

 

 

 

 



 

 

Figure 3: Statistical summary (mean ± standard deviation) for (a) torque to interface 
fracture, (b) BIC, and (c) BAFO. The number of asterisks depict statistically 
homogeneous groups. 

 

 

 

 

 

 

 

 

 



 

Figure 4: Representative histologic sections for the AB/AE surface group at (a) 1 week, 
(b) 3 weeks, and (c) 6 weeks in vivo, and for the biological blasting group at (d) 1 week, 
(e) 3 weeks, and (f) 6 weeks in vivo. Bone around both implants presented similar 
characteristics at 1, 3, and 6 weeks in vivo, comprising initial woven bone formation 
throughout the implant perimeter at 1 week and subsequent woven bone filling the 
healing chambers’ space. At 6 weeks, initial remodeling was observed and regions of 
lamellar bone were observed throughout the chambers around both implant surfaces. 

 

 

 

 


