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1. INTRODUCTION 

 
Gram-negative bacteria Pseudomonas aeruginosa is an opportunistic pathogen causing 

both acute and chronic nosocomial infections. Patients with impaired immune system  
or undergoing invasive surgical procedures are particularly prone to infections caused by these 
bacteria[1]. Pseudomonas aeruginosa displays high ability to form biofilm  
– settled and multicellular bacterial community embedded within slimy matrix. Contrary to 
their non-settled counterparts, the microorganisms in the biofilm form have a high tolerance to 
the antimicrobials, environmental factors, such as cold, heat, UV radiation, drying or immune 
system components[2]. 

Biofilms are able to form not only on the living tissues (e.g. chronic wounds) but also 
on clinically used implants, such as stents, orthopedic implants, etc. Thus, the patients 
undergoing such an invasive orthopedic procedures as e.g. hip or knee replacement are in the 
group of high risk of biofilm-related infections, which are health and life-threatening. One of 
the prophylactic countermeasures is usage of implants performed from the surface-modified 
materials. Therefore, the aim of this paper was to evaluate the impact of surface modifications 
(treatment with nitric acid/hydrogen fluoride vs. ethanol)  of Ti-6Al-7Nb scaffolds produced by 
the Selective Laser Melting on ability of clinical P.aeruginosa strains to form biofilm. 
 

2. MATERIALS AND METHODS 
 

Technologies based on metallic powder processing such as SLM (Selective Laser 
Melting), have a significant advantage over conventional manufacturing methods, allowing the 
formation of a geometric object, almost without restriction to the shape and internal structure 
of the final products. Cylindrical scaffold structure (Fig.1a), with diameter of 6.0 mm and 
height of 4 mm was fabricated using rapid manufacturing technology, based on studies 
evaluating the ability of the generating lattice structures[3,4]. Scaffolds were made of titanium 
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alloy Ti-6Al-7Nb powder with particle size smaller than 63 µm. The internal structure of the 
samples were fully homogeneous. 

 
Fig.1. a)Scaffolds produced by Selective Laser Melting, b) Biofilm of  P. aeruginosa on the surface of 

Ti―6Al―7Nb scaffold after chemical treatment, SEM 
 

Produced samples was then divided into groups. The first group consisted of samples 
cleaned in 99,8% ethanol using an ultrasonic cleaner, while in the second group of samples 
were pre-cleaned in 99,8% ethanol and chemically treated in the bath consisting of 200ml 
H2O, 5ml HF 50%, 15ml HNO3 50%. The prepared samples were subjected to 
microbiological tests. 19 clinical P.aeruginosa strains isolated from orthopedic infections and 
reference ATCC15442 strain were used. Strains were allowed to form biofilm on the surface of 
scaffolds for 24 hours/37°C. Next, biofilm was removed and colony forming units were 
counted using quantitative culture techniques. Obtained results were additionally confirmed by 
visualization of bacterial biofilm using Scanning Electron Microscope (SEM) (Fig.1b). 
 

3. RESULTS 
 

The number of cells forming biofilm on the scaffold treated with nitric acid/hydrogen 
fluoride was lower in case of 85% of tested strains comparing to the number of cells forming 
biofilm on the scaffold washed in ethanol. The number of cells forming biofilm on the nitric 
acid- treated scaffolds was 28,37% (±7,99) lower comparing to the number of cfu on the other 
type of scaffold.  

Tested strains are able to adhere to both types of scaffolds, however chemical 
treatment of Ti-6Al-7Nb scaffolds with nitric acid/hydrogen fluoride contributes to decrease of 
P.aeruginosa ability to form biofilm on it.  
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