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Abstract 
Electricity is present in all living beings providing the 

basis for sense, thoughts and also is well recognized that 

plays a key role in the functioning of our skeletal system. 

Interestingly, piezoelectric materials can exploit the 

loading capacity of bone tissue to produce stimulating 

current for bone repairPolyvinylidene fluoride 

trifluoroethylene P(VDF-TrFE) is a polymer 

ferroelectric material that offer the advantages of high 

piezoelectric constant and flexibility. However, the 

mechanical properties of this material for bone 

application are still poor. In this work, we have explored 

the incorporation of Multiwalled Carbon Nanotubes 

(MWCNT) as filler to increase the mechanical properties 

and compare the effects with neat polymers. 

1. Introduction 
Artificial scaffolds mimicking the morphology, 

mechanical properties and biochemical complexity of 

natural tissues are of vital importance for tissue 

engineering applications. Tendon tissues are comprised 

of aligned collagen fibrils providing topographical 

guidance for cells and mechanical strength; however, an 

often-overlooked physical property of collagenous 

tissues is an inherent piezoelectric response, which is 

speculated as having a functional role in musculoskeletal 

homeostasis [1,2]. 

Piezoelectric materials can exploit the loading capacity 

of tendon tissue to produce stimulating current, which, is 

important for tissue repair. In this study, a piezoelectric 

fibrous scaffold was developed from Poly 

(vinylidenefluoride-co-trifluoroethylene) P(VDF-TrFE), 

a material capable of generating electrical charges under 

mechanical loading in physiological conditions to 

maintain cell tenogenic phenotype.  In addition, 

piezoelectric properties were controlled through the 

incorporation of Multi Walled Carbon Nanotubes 

(MWCNT) . 

2. Experimental Methods 
P(VDF-TrFE) was dissolved in DMF/Acetone and 

electrospun into fine fibers by changing process 

parameters. To improve the mechanical and electrical 

properties, MWCNT were treated with mussel-inspired 

polidopamine (PD) coating using and incorporated into 

the matrix. The scaffold morphology was observed by 

FESEM and the electrical properties in response to cyclic 

loading were assessed with piezoresponse microscopy 

(PFM) and an in-house oscilloscope/dynamic loading 

system. Primary Human Cells were isolated and cultured 

for 1, 3, 7 and 14 days onto the scaffolds under static and 

mechanical loading conditions. Samples were, stained 

for differentiation markers using immunohistochemistry. 

Proliferation of cells was assessed via Alamar Blue® and  

 

 

gene expression was evaluated by RT-PCR using 

different markers. 

3. Results 
PFM measurements show that the incorporation of 0,1 % 

w/w of BNNT result in an increase on the piezoelectric 

behaviour. Thus, the coercive voltage after incorporation 

of BNNT is 3,8 V rather than 1,2 V for pristine polymer. 

The results show that PDVF-TrFE/BNNT scaffolds have 

no cytotoxicity and stimulate differentiation; attachment 

and growth of tenocytes on scaffolds. In addition, the 

results show that cell morpohology and focal adhesion 

distribution in cells cultured on composite scaffold were 

distinctly different from those on pristine scaffold. 

Tenocytes grown on the composite scaffolds exhibited a 

more elongated and spread morphology while cells on 

pristine scaffolds were not well-spread. 

 

 
Figure 1 a) show PVDF-TrFE scaffold guiding cells b) 

Hysteresis loop showing higher coercive voltage for 

PVDF-TrFE/BNNT sample.  

3. Conclusion 

This study shows that the physical properties of 

piezoelectric PVDF-TrFE/BNNT fibers can be readily 

controlled by incorporation of BNNT by electrospinning. 

Moreover, the tenocyte phenotype was maintained up to 

14 days under mechanical loading on these fibres.  
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