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Letter to Editor

In the practice of using polyvinylidene fluoride (PVDF) and a 
number of its copolymers as materials for the manufacture of sys-
tems for magnetic and electrical stimulation of tissues [1], capable 
of an electrical response to nanomechanical influence, as well as a 
response to the pulsating electromagnetic field of scaffolds [2] (as 
usually fibrous - obtained by electrospinning technologies, includ-
ing nanofibrous [3]; less often - 3D-printed composite [4]) the main 
inductive-biophysical function is performed by the electrophysics 
of the β-phase, which provides high pyro- and piezoelectric prop-
erties PVDF (due to maximum dipole moment). Ferroelectric poly-
mers based on PVDF, having a polycrystalline texture, after polar-
ization exhibit piezoelectricity with a non-classical mechanism that 
persists for a long time.

This allows us to consider the β-PVDF scaffold simultaneously 
as a sensor and a sonar - an actuator that implements both elec-
trical (electrophysiological) and acoustic and (or) electroacoustic 
stimulation of tissue, as well as recording its own signals, which 
translates controlled tissue regeneration using PVDF into a section 
of a special kind of theranostics, where the scaffold itself is a source 
of descriptors for the tissue regeneration it supports.

And if for the applicability of PVDF in bone tissue regeneration 
[5,6] this encounters difficulties in intraosteal signal registration, 
then for such excitable systems as: cardiomyocytes [7,8]; gland cells 
[9]; nervous tissue [10] (including Schwann cells [11]), bladder my-
ocytes [12,13], this is not impossible. Engineering of nervous tissue  

 
with induced orientation is carried out on electrospun microfiber 
PVDF scaffolds [14,15].

The electrical and (or) magnetoelectric [16] response of ex-
citable tissue can be the subject of non-contact non-invasive mea-
surements - such as electromyography (including with cutaneous 
electrodes), ECG and EEG, as well as their magnetic equivalents: 
magnetomyography, magnetocardiography and magnetoencepha-
lography. Implement this principle to analyze the response, taking 
into account the contribution of the reactivity of the “smart” PVDF 
scaffold (PVDF, as defined by the “Encyclopedia of Smart Materials” 
([17], belongs to the “smart materials” class), from the standpoint 
of modern metrology , is quite simple and rational, as shown in this 
reports / papers [18-20].
Acknowledgement

None.
Conflict of Interest

No Conflict of interest.

References
1.	 Hermenegildo B, Ribeiro C, Pérez-Álvarez L, Vilas JL, et al., 

(2019) Lanceros-Méndez S. Hydrogel-based magnetoelectric 
microenvironments for tissue stimulation. Colloids Surf B Biointerfaces 
181: 1041-1047.

2.	 Mirzaei A, Saburi E, Enderami SE, Barati Bagherabad M, Enderami SE, et 
al., (2019) Synergistic effects of polyaniline and pulsed electromagnetic 
field to stem cells osteogenic differentiation on polyvinylidene fluoride 
scaffold. Artif Cells Nanomed Biotechnol 47(1):3058-3066.

http://dx.doi.org/10.33552/ANN.2023.15.000879
https://irispublishers.com/ann/
https://irispublishers.com/index.php
https://www.sciencedirect.com/science/article/abs/pii/S0927776519304278
https://www.sciencedirect.com/science/article/abs/pii/S0927776519304278
https://www.sciencedirect.com/science/article/abs/pii/S0927776519304278
https://www.sciencedirect.com/science/article/abs/pii/S0927776519304278
https://pubmed.ncbi.nlm.nih.gov/31339375/
https://pubmed.ncbi.nlm.nih.gov/31339375/
https://pubmed.ncbi.nlm.nih.gov/31339375/
https://pubmed.ncbi.nlm.nih.gov/31339375/


Archives in Neurology and Neuroscience                                                                                                                              Volume 16-Issue 1

Citation: Gradov OV*. Towards Novel Ideas in the Design of Active Field-Driven Implants and Scaffolds Based on PVDF and Related Materials 
for Electroactive Tissue Regeneration. Arch Neurol & Neurosci. 16(1): 2023. ANN.MS.ID.000879. DOI: 10.33552/ANN.2023.16.000879

Page 2 of  2 

3.	 Motamedi AS, Mirzadeh H, Hajiesmaeilbaigi F, Bagheri Khoulenjani 
S, Shokrgozar M (2017) Effect of electrospinning parameters on 
morphological properties of PVDF nanofibrous scaffolds. Prog Biomater 
6(3): 113-123.

4.	 Roushangar Zineh B, Shabgard MR, Roshangar L (2018) Mechanical and 
biological performance of printed alginate/methylcellulose/halloysite 
nanotube/polyvinylidene fluoride bio-scaffolds. Mater Sci Eng C Mater 
Biol Appl 1(92): 779-789.

5.	 Abazari MF, Soleimanifar F, Enderami SE, Nematzadeh M, Nasiri N, et al., 
(2019) Incorporated-bFGF polycaprolactone/polyvinylidene fluoride 
nanocomposite scaffold promotes human induced pluripotent stem cells 
osteogenic differentiation. J Cell Biochem 120(10): 16750-16759.

6.	 Kitsara M, Blanquer A, Murillo G, Humblot V, De Bragança Vieira S, et 
al., (2019) Permanently hydrophilic, piezoelectric PVDF nanofibrous 
scaffolds promoting unaided electromechanical stimulation on 
osteoblasts. Nanoscale 9;11(18): 8906-8917.

7.	 Hitscherich P, Wu S, Gordan R, Xie LH, Arinzeh T, et al., (2016) The 
effect of PVDF-TrFE scaffolds on stem cell derived cardiovascular cells. 
Biotechnol Bioeng 113(7):1577-1585.

8.	 Arumugam R, Srinadhu ES, Subramanian B, Nallani S (2019) β-PVDF 
based electrospun nanofibers - A promising material for developing 
cardiac patches. Med Hypotheses 122: 31-34.

9.	 Bai R, Li L, Liu M, Yan S, et al., (2018) Paper-Based 3D Scaffold for 
Multiplexed Single Cell Secretomic Analysis. Anal Chem 90(9): 5825-
5832.

10.	Lins LC, Wianny F, Livi S, Dehay C, Duchet Rumeau J, et al., (2017) Effect 
of polyvinylidene fluoride electrospun fiber orientation on neural stem 
cell differentiation. J Biomed Mater Res B Appl Biomater 105(8): 2376-
2393.

11.	Wu S, Chen MS, Maurel P, Lee YS, Bunge MB, et al., (2018) Aligned fibrous 
PVDF-TrFE scaffolds with Schwann cells support neurite extension and 
myelination in vitro. J Neural Eng 15(5): 056010.

12.	Ardeshirylajimi A, Ghaderian SM, Omrani MD, Moradi SL (2018) 
Biomimetic scaffold containing PVDF nanofibers with sustained TGF-β 
release in combination with AT-MSCs for bladder tissue engineering. 
Gene 676: 195-201.

13.	Seifarth V, Grosse JO, Gossmann M, Janke HP, Arndt P, et al., (2017) 
Mechanical induction of bi-directional orientation of primary porcine 
bladder smooth muscle cells in tubular fibrin-poly (vinylidene fluoride) 
scaffolds for ureteral and urethral repair using cyclic and focal balloon 
catheter stimulation. J Biomater Appl 32(3): 321-330.

14.	Li Y, Liao C, Tjof SC (2019) Electrospun Polyvinylidene Fluoride-Based 
Fibrous Scaffolds with Piezoelectric Characteristics for Bone and Neural 
Tissue Engineering. Nanomaterials (Basel) 9(7): 952.

15.	Motamedi AS, Mirzadeh H, Hajiesmaeilbaigi F, Bagheri-Khoulenjani 
S, Shokrgozar MA (2017) Piezoelectric electrospun nanocomposite 
comprising Au NPs/PVDF for nerve tissue engineering. J Biomed Mater 
Res A 105(7): 1984-1993.

16.	Esmaeili E, Soleimani M, Ghiass MA, Hatamie S, Vakilian S, et al., (2019) 
Magnetoelectric nanocomposite scaffold for high yield differentiation 
of mesenchymal stem cells to neural-like cells. J Cell Physiol 234(8): 
13617-13628.

17.	Zhang QM, Bharti V, Kavarnos G (2002) Poly (vinylidene fluoride) 
(PVDF) and its copolymers. Encyclopedia of smart materials.

18.	Kochervinskii VV, Gradov OV, Gradova MA (2022) Fluorine-containing 
ferroelectric polymers: applications in engineering and biomedicine. 
RCR 91: 11.

19.	Kochervinskii VV, Gradov OV, Gradova MA (2019) Ferroelectric polymers 
in regenerative medicine. Genes and Cells 14(Suppl.1): 122-123.

20.	Gradov OV, Gradova MA, Kochervinskii VV (2022) Biomimetic 
biocompatible ferroelectric polymer materials with an active response 
for implantology and regenerative medicine. Organic Ferroelectric 
Materials and Applications 1: 571-619.

http://dx.doi.org/10.33552/ANN.2023.16.000879
https://pubmed.ncbi.nlm.nih.gov/28895062/
https://pubmed.ncbi.nlm.nih.gov/28895062/
https://pubmed.ncbi.nlm.nih.gov/28895062/
https://pubmed.ncbi.nlm.nih.gov/28895062/
https://pubmed.ncbi.nlm.nih.gov/30184807/
https://pubmed.ncbi.nlm.nih.gov/30184807/
https://pubmed.ncbi.nlm.nih.gov/30184807/
https://pubmed.ncbi.nlm.nih.gov/30184807/
https://pubmed.ncbi.nlm.nih.gov/31081968/
https://pubmed.ncbi.nlm.nih.gov/31081968/
https://pubmed.ncbi.nlm.nih.gov/31081968/
https://pubmed.ncbi.nlm.nih.gov/31081968/
https://pubmed.ncbi.nlm.nih.gov/31016299/
https://pubmed.ncbi.nlm.nih.gov/31016299/
https://pubmed.ncbi.nlm.nih.gov/31016299/
https://pubmed.ncbi.nlm.nih.gov/31016299/
https://pubmed.ncbi.nlm.nih.gov/26705272/
https://pubmed.ncbi.nlm.nih.gov/26705272/
https://pubmed.ncbi.nlm.nih.gov/26705272/
https://www.sciencedirect.com/science/article/abs/pii/S0306987718307230
https://www.sciencedirect.com/science/article/abs/pii/S0306987718307230
https://www.sciencedirect.com/science/article/abs/pii/S0306987718307230
https://pubmed.ncbi.nlm.nih.gov/29630353/
https://pubmed.ncbi.nlm.nih.gov/29630353/
https://pubmed.ncbi.nlm.nih.gov/29630353/
https://pubmed.ncbi.nlm.nih.gov/27571576/
https://pubmed.ncbi.nlm.nih.gov/27571576/
https://pubmed.ncbi.nlm.nih.gov/27571576/
https://pubmed.ncbi.nlm.nih.gov/27571576/
https://pubmed.ncbi.nlm.nih.gov/29794323/
https://pubmed.ncbi.nlm.nih.gov/29794323/
https://pubmed.ncbi.nlm.nih.gov/29794323/
file:///C:/Users/Admin/Desktop/New%20folder/11/ANN.MS.ID.000881%20not%20pb/ANN-23-LTE-942_W/Biomimetic%20scaffold%20containing%20PVDF%20nanofibers%20with%20sustained%20TGF-β%20release%20in%20combination%20with%20AT-MSCs%20for%20bladder%20tissue%20engineering
file:///C:/Users/Admin/Desktop/New%20folder/11/ANN.MS.ID.000881%20not%20pb/ANN-23-LTE-942_W/Biomimetic%20scaffold%20containing%20PVDF%20nanofibers%20with%20sustained%20TGF-β%20release%20in%20combination%20with%20AT-MSCs%20for%20bladder%20tissue%20engineering
file:///C:/Users/Admin/Desktop/New%20folder/11/ANN.MS.ID.000881%20not%20pb/ANN-23-LTE-942_W/Biomimetic%20scaffold%20containing%20PVDF%20nanofibers%20with%20sustained%20TGF-β%20release%20in%20combination%20with%20AT-MSCs%20for%20bladder%20tissue%20engineering
file:///C:/Users/Admin/Desktop/New%20folder/11/ANN.MS.ID.000881%20not%20pb/ANN-23-LTE-942_W/Biomimetic%20scaffold%20containing%20PVDF%20nanofibers%20with%20sustained%20TGF-β%20release%20in%20combination%20with%20AT-MSCs%20for%20bladder%20tissue%20engineering
https://pubmed.ncbi.nlm.nih.gov/28750602/
https://pubmed.ncbi.nlm.nih.gov/28750602/
https://pubmed.ncbi.nlm.nih.gov/28750602/
https://pubmed.ncbi.nlm.nih.gov/28750602/
https://pubmed.ncbi.nlm.nih.gov/28750602/
https://pubmed.ncbi.nlm.nih.gov/31261995/
https://pubmed.ncbi.nlm.nih.gov/31261995/
https://pubmed.ncbi.nlm.nih.gov/31261995/
https://pubmed.ncbi.nlm.nih.gov/28256789/
https://pubmed.ncbi.nlm.nih.gov/28256789/
https://pubmed.ncbi.nlm.nih.gov/28256789/
https://pubmed.ncbi.nlm.nih.gov/28256789/
https://pubmed.ncbi.nlm.nih.gov/30613971/
https://pubmed.ncbi.nlm.nih.gov/30613971/
https://pubmed.ncbi.nlm.nih.gov/30613971/
https://pubmed.ncbi.nlm.nih.gov/30613971/

