
Ultrasonically Deposited Nanoparticle Coatings on Polymeric Biomaterials 

for Medical Application 

 

Julia Rogowska-Tylmana,d, Bartosz Woźniaka, Sylwia Kuśnieruka, Jacek 

Wojnarowicza, Tadeusz Chudobaa, Vita Zaliteb, Janis Locsb, Ilze Salmab, Mara 

Pilmanec, Wojciech Święszkowski d , Aharon Gedankene, Witold Łojkowski a 

 

a) Laboratory of Nanostructures, Institute of High Pressure Physics, Polish 

Academy of Sciences, Warsaw, Poland 

b) Rudolfs Cimdins Riga Biomaterials Innovations and Development 

Centre, Institute of General Chemical Engineering, Faculty of Materials 

Science and Applied Chemistry, Riga Technical University, Riga, Latvia 

c) Faculty of Anatomy and Anthropology, Riga Stradins University, Riga, 

Latvia 

d) Faculty of Materials Science and Engineering, Warsaw University of 

Technology, Warsaw, Poland 

e) Department of Chemistry, Bar-Ilan University, Ramat Gan, Israel 

e-mail: juliaRT@labnano.pl 
 

 

Keywords: nanohydroxyapatite, ultrasonic coating, surface modification 

 

Introduction. The fundamental requirement of a biomaterial is that the material 

and the surrounding physiological environment should coexist without having any 

undesirable effect on one another. Surface is the interface where the biomaterials 

meet and interact with the biological environment (i.e., bone, soft tissue, blood). 

The surface properties are major factors that ultimately determine the rejection or 

acceptance of a biomaterial in the body. Currently used polymeric resorbable and 

non-resorbable materials possess many structural, mechanical and bio-functional 

limitations [1]. Nevertheless, surface treatment of biomaterials is possible and 

offers the ability to improve material and biological responses through changes in 

a material’s surface chemistry, topography, energy, and charge, while still 

maintaining the bulk properties of the biomaterials [2]. Ultrasonic coating method 

of various materials dedicated for implantology patented by authors of this study 

can induce osteoinductive properties of material by changing surface wettability 

and limit bacteria adhesion typical for most of hydrophobic surfaces. This type of 

surface modification is based on cavitation phenomenon occurring in liquid 

medium under ultrasonic wave of high frequency [3]. Cavitation is a process of 

formation and violent collapse of steam voids. Particles present in vicinity of the 

collapsing bubble jet are naturally speed up to the coated surface direction, which 

result in uniform coverage of the surface with nanoparticles layer of nanometric 

thickness.   
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Materials and Methods. Ultrasonic coating method of nanohydroxyapatite 

particles was performed in aqueous solutions according to the patent [3]. We used 

highly biocompatible hydroxyapatite ceramic nanoparticles of 10-50 nm size for 

implant coating in present study. It was proved by authors that application of 

ceramic nanoparticles of high specific area could significantly increase water 

contact angle and cellular activity on polymeric scaffolds as well as new tissue 

formation when implanted in vivo [3,4].  

Results and Discussion. Imaging of the materials before and after coating 

procedure revealed significant differences. As a result of ultrasonic wave induced 

nearby the textile substrate homogenous nanohydroxyapatite coatings of 200-500 

nm thicknesses were obtained on polymeric structures (Fig.1). Scanning Electron 

Microscopy imaging revealed that nHA particles cover materials but do not 

interfere with the structure or porosity of the base material. The porous structures 

are maintained unchanged and wettability of the surface was highly increased.  

 

Figure 1. Optical and Scanning Electron Microscopy image of the nHA coated polymeric 

structure 

Conclusions. The novel method of nHA deposition on the polymeric structures 

can serve as an alternative for currently known tissue engineering implants 

modifications. It can also enhance the bone regeneration process in bone/implant 

interface region. The method of ultrasonic coating has been proved to be suitable 

for coating highly porous, thermally and mechanically sensitive polymeric fibres. 

Method can be used also for deposition of antibacterial nanoparticles. Thus, the 

obtained materials show a great potential as implantable scaffolds for tissue 

engineering applications. 
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