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Poly(L-lactic) acid (PLLA) is a biocompatible and biodegradable semicrystalline syn-
thetic polymer that has considerable potential as a scaffold for tissue engineering, especially
that related to bone regeneration [1–3]. The functionalization of the surface of medical
Stainless Steel 316L (SS316L) by deposition of PLLA coating for its enhanced bioactive
properties provides the precise control of the adhesion and proliferation of osteoblasts cells
responsible for efficient bone tissue regeneration [1,2].

In this work, thin films of PLLA deposited using the spin coating technique (2.5%
w/w solution) on 316 L SS substrate (previously functionalized with thermal treatment
(500 ◦C for 2 h) and silanization APTES (60 min) procedures) were crystallized (180 ◦C for
3 min followed by 120 ◦C for 45 min). The significant potential of the PLLA/SS316L device
for pronounced bioactivity was promoted via PLLA-coating functionalization using the
application of local electrical field patterns at 1–3 GV/m (Figure 1a). This functionalization
relies on the electromechanical stimulation phenomenon to generate the electric potential
in response to the mechanical impact induced by skeletal weight and motion, thus allowing
the control of the bone tissue cell adhesion, growth, and proliferation [1–3]. The fabricated
samples were studied using the scanning probe microscopy technique (SPM) implemented
in atomic force (AFM), piezoresponse (PFM), and Kelvin-probe (KPFM) modes. The results
of topography and PFM scan images show that the microspherulites are the primary origin
of the local piezoelectric response (Figure 1a,b). The correlated out-of-plane PFM response
in Figure 1b suggests the ferroelectric nature of the PLLA thin films as measured at the nano-
and microscale levels. An application of square-shaped and box-in-box dc bias voltage (BV)
patterns gives rise to a work function redistribution measured as a sharp contrast in KPFM
response and a substantial impact of both OOP and IP PFM signals (Figure 1b,c). The
electrical functionalization of the PLLA coating and the results of PFM, EFM, and KPFM
measurements confirm the ability to control in advance the electronic state of the internal
fiber structure and manipulate the electrical polarization and surface charges at the micro-
and nanometer scales to tailor the adhesion behavior of target bone tissue cells. Along with
the biocompatible and biodegradable properties, the main advantage of functionalized
PLLA coating is its self-induced electromechanical stimulation phenomena, i.e., enhanced
natural healing ability, for all the tissue regeneration-oriented scaffolds.
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Figure 1. SPM imaging of the PLLA thin film: (a) Topography with marked dc BV patterns, (b) OOP 
PFM, and (c) KPFM. 
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Figure 1. SPM imaging of the PLLA thin film: (a) Topography with marked dc BV patterns, (b) OOP
PFM, and (c) KPFM.
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