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Abstract

Materials and Methods

Introduction
The Food and Drug Administration (FDA) has received an
increasing number of 510(k) and premarket approval (PMA)
submissions for devices that use polymer scaffolds fabricated by
electrospinning.
Unlike traditional polymer processing methods such as melt
extrusion, scaffolds produced with electrospinning possess high
surface area and micro-porosity

1.

Scaffold Fabrication
• Voltage/distance (1kV/cm) and the needle (20G) were
parameters that remained constant throughout the study.

SEM was used to image the nanofibers and the diameters of fibers
were measured.

• However, no statistically significancant difference (p>0.05) was
observed between the percent degradation and the fiber
diameter of the polymer scaffold.

• The polymer concentration, PLGA repeating unit ratio, flow
rate, and the solvent system were changed to determine their
effect on the morphology of scaffold fibers.

PLGA 50:50 (Lab samples)
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2. Scanning Electron Microscopy
• Samples were coated with gold (5nm thickness) then viewed
through SEM to determine their morphology and fiber
diameter thickness.
3.

Image Processing Software
• Images were taken at magnifications of x10,000 and x3,500
and fiber diameters were measured with ImageJ.
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Figure 3. SEM images of PLGA 50:50 scaffolds taken at 3,500X, prepared
using (A) 20% w/v dissolved in acetone, (B) 18% w/v dissolved in acetone,
(C) 15% w/v dissolved in acetone, (D) 12% w/v dissolved in
Chloroform:DMF (7:3), (E) 24% w/v dissolved in THF:DMF (3:1), and (F)
20% w/v dissolved in THF:DMF (3:1) (Left), and Thickness of fiber
diameters for PLGA 50:50 electrospun polymer scaffolds fabricated using
various polymer concentrations and solvents, evaluated from SEM
measurements (Right).

2. Place in PBS
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3. Incubation at 37°C
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4. Place in petri dish covered in
punctured parafilm for drying

Figure 1: Polymer structure of PLGA and PCL. When PLGA is
hydrolyzed, it degrades to PLA and PGA.

In this study, we systematically evaluated a variety of
polymers, solvents, and fiber diameters on the degradation
rate and mechanical properties.

6. Take dried sample
weights

5. Dry at 40°C and 25 mbar for 2-2.5
hours

Figure 2. A schematic representation of the in vitro degradation study.
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• The fiber diameters and scaffold porosities within the range tested in
this study did not have a significantly effect (p>0.05) on the degradation
rate of PLGA and PCL polymer scaffolds.
• Additional electrospinning process parameters that may cause changes
to scaffold structure or porosities will need further evaluation. This
understanding will advance the utility of electrospinning for medical
device applications and facilitate more stream-lined evaluation of
innovative medical devices from a regulatory perspective.

O

PLGA

4

40

Conclusion

O

H

5

Figure 5. Degradation of laboratory electrospun PLGA 50:50 The
percent degradation shows an overall trend of increasing over the 12week degradation period. The figure also shows pH drops in the PBS
solution as the PLGA degrades further.
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4. Degradation
• Scaffolds were hole punched into samples, dried in vacuum,
then degraded in PBS at 37°C
• Measurements of weight and thickness of each sample were
taken initially, then measurements of weight were taken at
each time point of 1 week for the duration of 12 weeks

1.Cut 1.5 cm sample disks
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• In addition, electrospun scaffolds prepared from PLGA
50:50, PLGA 82:18 and PCL of two different fiber diameters
(labeled here as “thick” and “thin”) were purchased from
Nanofiber Solutions (Hilliard, OH, USA).

Due to these properties, electrospun polymer scaffolds are at a
higher risk of rapid hydrolytic and oxidative degradation, which
could affect device biocompatibility and mechanical functionality.
Poly(lactic-co-glycolic acid), PLGA

• There was an observable trend between percent degradation
and pH levels of the degrading medium as shown in figure 5.
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Electrospinning is a technique used to create polymer scaffolds with high surface
area and micro-porosity, and is used in a variety of biomedical applications, such
as cardiovascular implants, bone, cardiac, and neural tissue engineering, and
drug delivery. Due to their high surface areas compared to traditional extruded
polymer devices, electrospun polymer scaffolds have a higher potential for rapid
hydrolytic and oxidative degradation, which could affect device biocompatibility
and mechanical integrity during the service life. The aim of this study is to
determine how electrospinning process parameters impact the morphology,
degradation profiles, and mechanical properties of polymer scaffolds.
Electrospun scaffolds were fabricated from poly(lactic-co-glycolic acid) (PLGA
50:50 and 82:18) and polycaprolactone (PCL) to obtain fiber diameters of varying
sizes from 1500 nm to 750 nm. Nanofiber morphology was examined using
scanning electron microscopy (SEM), and the fiber diameter was measured using
image processing software (ImageJ). Degradation studies were conducted by
submerging the scaffolds in PBS at 37°C for a period of 12-24 weeks. Samples
were removed periodically, and measured for percent mass loss and mechanical
properties (tensile strength and elongation at break). The glass transition
temperature of polymer samples was measured using differential scanning
calorimetry (DSC). Results from our study demonstrate that the polymer scaffold
characteristics (fiber diameter and porosity) can significantly affect the
degradation rate and subsequently, the mechanical integrity of fibers over time.
This understanding will enable us to predict and control the device attributes that
are essential for performance in vivo.

Results and Discussion

Figure 4. SEM images of electrospun polymer scaffolds (from Nanofiber
Solutions) taken at 2,000X (A) PLGA 82:18 Thin, (B) PLGA 82:18 Thick, (C)
PLGA 50:50 Thin, (D) PLGA 50:50 Thick, (E) PCL Thin, and (F) PCL Thick
(Top); Thickness of fiber diameters in electrospun polymer scaffolds (from
Nanofiber Solutions) evaluated from SEM measurements (Bottom left);
Porosity of electrospun polymer scaffolds (from Nanofiber Solutions)
(Bottom Right).
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Disclaimer: The findings and conclusions in this poster have not been
formally disseminated by the Food and Drug Administration, and should
not be construed to represent any agency determination or policy.

