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The purpose of my research is to examine how material structure informs mechanical properties ultimately affecting 
performance, in particular, of devices used in medical applications. My research goals are to develop and translate novel 
solutions for miniaturized medical devices using aerosol-printing technology and to advance the field of fatigue and fracture 
of medical materials and devices in two specific areas: 
 
1. Developing and translating key technologies to improve miniaturized medical devices using aerosol-printing 

technology  

The consequences of weakness in the extremities, chronic pain, paralysis, and amputation can adversely affect an 
individual’s ability to work, to engage in activities, and to maintain a desired quality of life. Nerve stimulation coupled 
with advanced prosthetic technologies has shown the capability to restore some sensation in the lost limb and decrease 
phantom pain. Nerve stimulation is also emerging as a non-opioid treatment for acute and chronic pain. While the 
baseline technologies exist to provide the patient adequate treatment, optimal implanted devices will require a higher-
density of connections from the nerve to the stimulator. Our proposed research will address this need in a manner that 
will also allow for a minimally invasive procedure and reduce the bulk of implanted material. Focusing on novel 
fabrication techniques, including aerosol printing, and robust mechanical and functional testing, device development 
and translation for acute and chronic neural stimulation system components is at the forefront of the applications side 
of the research program. 
 
Exploring the Benefits of Aerosol Printing for Medical Devices 
 

      
 
Photos: Applying novel technologies to miniaturized medical devices. Minimizing the material footprint in implantable 
medical devices is a challenge, especially without sacfricing long-term reliability. This new research trust looks at the 
viability of using aerosol-printing technology to provide high-density electronics for neural stimulation applications.  

 
 
 

 



2. Using advanced characterization techniques to understand structure at relevant size and length scales with 
correlation to long term performance  

Metallic fine wires are used frequently in medical devices particularly due to the advent of minimally invasive surgeries. 
The wires may be used alone or in combination to form strand or coil architectures. The reliability of these wires is 
paramount to the success of the treatment modalities in addition to the wire/component interfaces present in implantable 
electrode systems and therefore requires stringent mechanical evaluation. Current research interests include the 
mechanical characterization of Nitinol, DFT (MP35N/Ag, 35N LT/Ag, NiTi/Pt), and 316 LVM stainless steel wires. 
Static and cyclic testing of fine wires representing a variety of process treatments ranging from various oxides (Nitinol), 
heat treatments, effects of laser machining on the wires, and material microcleanliness are under investigation. 
Mechanical tests of interest include tension, flex bending fatigue, rotating bending fatigue, and axial fatigue.  
 
3D Visualization and Non-metallic Inclusion Quantification 
 

   
 
Photos: Understanding material structure and its effects on performance. Reliability is paramount to the success of any 
individual component or system. A variety of characterization techniques have been used to better understand the 
features responsible for fatigue failure in wire-based systems and specifically in superelastic Nitinol. The ability 
accurately identify, qualify, and quantify these defect populations will be valuable in developing models correlating 
material quality to long-term reliability. 

 
       “Plasma Focused Ion Beam Serial Sectioning as a Technique to Characterize Nonmetallic Inclusions in Superelastic Nitinol  
       Fine Wires: J. L. Gbur, R. Kelley, J. J. Lewandowski, Microscopy and Microanalysis, 2020, 26(6). 
 

“Inclusion Effects on the Lifetime Performance of Superelastic Nitinol Wires” J. L. Gbur (J. J. Lewandowski – advisor), 
Dissertation, CWRU Department of Materials Science and Engineering, April 13, 2018. 

 
3. Developing techniques to better understand the movement and translation of devices in vivo in order to better inform 

reliability testing and standards development  

The current work investigates the strain-life behavior exhibited in implantable leads and interconnects used in neural 
stimulation and recording systems and in arch wires used in orthodontia. Devices are evaluated in low cycle fatigue 
(LCF) and high cycle fatigue (HCF) regimes according to their respective use cases. The effects of composition, wire 
diameter, and material microcleanliness on the respective mechanical behavior are under investigation.  

Composite bone has emerged as a substitute for cadaveric bone in the determination of mechanical performance of 
implanted orthopaedic devices allowing for improvement in some forms of in vitro testing by minimizing specimen 
variability, reducing preparation concerns, and decreasing costs. Research interest focuses on developing test protocols 
that utilize composite bones for comparing fixation techniques and hardware. Development of computer simulations to 
augment and validate the physical testing and investigations of the effects related to declining bone density on the 
stability of the implants are areas of future interest. 

 

 



 Device Characterization and Mechanical Testing 
 

 

Photos: Connecting material and device structure to performance. Selection of characterization techniques is essential 
for device evaluation, whether it is digital optical microscopy, scanning electron microscopy, or more advanced 
imaging such as X-ray microscopy. Coupled with mechanical and reliability testing, these enhance the understanding 
of device performance and are key tools in device development and failure analysis. 

 
“Fatigue and Fracture of Wires and Cables for Biomedical Applications” J. L. Gbur and J. J. Lewandowski, International Materials 
Reviews, 2016, Volume 61, Issue 4. 
 
“Flex Bending Fatigue of Dental Archwires” J. L. Gbur, K. N. Gupte, and J. J. Lewandowski, Microscopy & Microanalysis, 2016, 
22 (Suppl 3), 1742.  
 
“Mechanical Characterization of 316 LVM Wires: A Comparative Study of Flex Bending Fatigue and Rotating Bending Fatigue 
and its Utility in Fatigue Testing for Biomedical Applications” J. L. Gbur, ASTM Student Grant Paper, 2013. 

 
“Biomechanical Response of Composite Bone Following Removal of Proximal Femoral Fixation Hardware” J. L. Gbur (H. Marie 
– advisor), Thesis, YSU Department of Mechanical and Industrial Engineering, May 4, 2011.  

 
 
 
 
 
 
 
 
 

                        
 
 
 

 


