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Abstract
Neural tissue regeneration can be enhanced and directionalized by implantable polymer substrates. Several biopolymers can improve neural outgrowth.   Poly(L-lactic acid) (PLLA) is 
unique for both its complete bioresorbability and modifiable piezoelectric activity.  Application of  mechanical strain to PLLA changes its surface charge density, which directs and 
enhances nerve cell differentiation. To characterize PLLA’s response to mechanical stimuli, we designed and fabricated Vibes, a vibration base fro external stimulation of cell cultures. 
We used ProEngineer, rapid prototyping, vibration analyzer, and MATLAB  to design, fabricate, and analyze mechanical testing results of the device. Results showed that Vibes can 
deliver adequate stimulation protocols, at selected frequencies, to either a 35 mm culture dish, or a 24 well plate. Our next step is to study cellular response to the piezoelectrically 
active PLLA, at various vibration protocols.  

Design

ViBES Design

Mechanical stimulation

provided by a speaker, 

is driven by a function 

generator at a set 

range of frequencies 

and amplitudes.  

A fiberglass rod is 

coupled to the center 

of the speaker, 

improving mechanical 

contact with the well 

plate in order to ensure a direct transfer of vibrational 

energy from the speaker to the well plate. 

A polycarbonate platform fabricated in a rapid 

prototyper provides the housing for the speaker and 

well plate.  High density foam lines the bottom of the 

platform as well as a rim along the edge, minimizing 

external vibrations.  The Figure represents the 

experimental setup for the mechanical characterization 

of ViBES

Specifications

• Frequency range of 20-100Hz.

• Sufficient amplitude to induce 
PZ activity

• Compatible with a 24-well plate

• Withstand incubator conditions

• Insulate well plate from 
external vibrations

Background
Previous work suggests that 
mechanical stimulation of cells 
cultured on a piezoelectrically
(PZ)  active polymer substrate 
enhances cell outgrowth. 

Goal: Design a variable rate 
mechanical stimulator in order to 
enhance cell growth on PZ active 
Poly(L-lactic acid) (PLLA) films.

Figure: ProEngineer Design of platform

Figure: Amplitude mapping indicates that max 
amplitude occurs in the center and drops radially 

Figure: Frequency map stays relatively constant, 
indicating minimal damping by the well plate

Figure: Frequency profile shows nearly 0 
difference between wet and dry conditions  

Figure:  Increased amplitude in dry trials 
attributed to mechanical interference at the 
walls.  In wet trials, interference is dampened.

Mechanical Characterization
A PZ vibration sensor placed at various loci across a 24-well plate, recorded 
the frequency and amplitude distribution.  Test conditions were as follows:

• 20Hz, 50Hz, 80Hz; Moderate and Low amplitudes

• Dry (empty wells) and Wet (wells filled with ~1cc of water)

•Considerable agreement among Frequency loss (dry and wet).

•Consistent radial amplitude dissipation (dry and wet)

Highly conserved frequencies and predictable amplitude loss indicate 
that this system is reasonable for cell stimulation assays .

Discussion
•Nominal mechanical loss indicate that ViBES is an effective tool for cell culture stimulation

•We will systematically perturb fibroblasts and chick DRG at low (20), moderate (50) and high (100Hz) frequencies at low and moderate amplitudes. 

•Cells will be be cultured on films of various levels PZ activity, and compared to inactive films and bare wells (Tissue Culture Polystyrene)

•Parallel work in the lab is characterizing the PZ effect of different stretch ratios of PLLA.  It has been suggested that a stretch ratio of 3.5:1 is maximally 
piezoelectric. 

ViBES: A Vibration Base for External 

Stimulation of cultured cells

ViBES

•Polycarbonate Housing 

•24 well-plate 

•PZ vibration sensor 

Figure:  The function 
generator powers 
ViBES while a PZ 
sensor detects 
frequency and 
amplitude of the well 
plate and outputs to an 

oscilloscope


