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INTRODUCTION: Accelerated Neutral Atom 

Beam (ANAB) technology is a low energy 

accelerated particle beam gaining acceptance as a 

tool for nano-scale surface modification of 

implantable medical devices[1,2]. ANAB is created 

by acceleration of neutral argon (Ar) atoms with 

very low energies under vacuum which bombard a 

material surface, modifying it to a very shallow 

depth of 2-3 nm[3]. This is a non-additive technology 

that results in modifications of surface topography, 

wettability, and surface chemistry. These 

modifications are understood to be important in 

cell-surface interactions on implantable medical 

devices. Controlling surface properties of 

biomaterials is vital in improving the 

biocompatibility of devices by enhancing 

integration and reducing bacterial attachment. 

METHODS: Materials, including polymers such as 

PEEK, PP, PVC, PTFE, and metals such as 

titanium, CoCr, and stainless steel were either left 

as control or treated with Ar-based ANAB at doses 

from 1.25e16 to 1.0e17 atoms/cm2. Surface 

characterization was performed using atomic force 

microscopy (AFM) to visualize the nano-texture. 

Water contact angle was used to measure surface 

wettability. 

Human mesenchymal stem cells (MSC) or primary 

human osteoblasts were seeded on the treated and 

untreated coupons at a concentration of 5x104 cells 

per ml of media and cell attachment and 

proliferation was measured over a 14-day period 

using the MTS assay.  

S.aureus or P.aeruginosa bacteria in log-phase 

growth were seeded on treated and untreated 

coupons for 4 hours, unbound bacteria were then 

washed off. Bacteria were fixed in 2.5% 

glutaraldehyde followed by secondary fixation in 

1% OsO4, dehydrated, gold plated, and imaged by 

scanning electron microscopy. 

RESULTS: AFM analysis of materials after ANAB 

treatment reveals a nano-textured surface of 

approximately 20-50 nm from peak to peak with 

depths of approximately 5-20 nm, controlled 

depending on applied dose. Contact angle studies on 

PEEK reveal a more wettable surface following 

ANAB treatment decreasing water contact angle 

from 92.35±8.51 degrees to 72.95±4.51 degrees 

(n=5; p<0.003), similar findings were reported for 

other polymers and metals. 

MTS assay shows that by day 14, control PEEK has 

9,925±1,994 cells while ANAB-treated PEEK has 

88,713±6,118 cells (n=3; p<0.0014), similar 

findings were reported on titanium and 

polypropylene. Crystal violet staining of osteoblast 

attachment on PEEK shown in Fig. 1. 

By SEM imaging, we find that numerous colonies 

have formed on the surface of control PVC coupons 

and have begun biofilm formation. On ANAB-

treated coupons we find a significantly decreased 

attachment of bacteria without any colonization, 

similar findings were reported on PP and PEEK. 

 

Fig. 1: Crystal violet staining of on the surface of 

A) control PEEK, and B) ANAB-treated PEEK at 

14 days, 100x magnification. SEM images of 4 

hour S.aureus bacterial attachment on C) control 

or D) ANAB-treated PVC coupons, 2000x. 

DISCUSSION & CONCLUSIONS: ANAB 

treatment results in enhancements of numerous 

biomedical materials, promoting better tissue 

integration and reduced bacterial attachment. FDA 

approvals have been granted to PEEK interbody 

spine fusion devices treated by ANAB processing; 

other devices are currently being evaluated. 
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