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Introduction 
Synthetic polypropylene mesh was first used for hernia repair 

in 1958 [1,2]. Surgical mesh was a significant improvement over 
suture-based methods due to the ability of the mesh to close 
defects and support the surrounding abdominal wall tissue [3]. 
As a result, the use of surgical mesh for hernia repair has since 
become extensive, as have the types of surgical mesh available on 
the commercial market. In addition to permanent polypropylene 
and polyethylene meshes, there are a plethora of resorbable 
meshes tailored to break down in vivo as the hernia site heals [4]. 
Meshes are often paired with visceral-side barrier layers to form 
composite materials that reduce the risk of adhesion to internal 

organs [5]. 

Biologic meshes are the most recent addition to the list of 
materials available for use in hernia repair. They are typically 
made of decellularized dermal matrix tissue derived from either 
human cadaveric or porcine sources [6]. These materials facilitate 
regenerative tissue formation and native collagen deposition 
prior to resorption and are often used in contaminated wound 
sites. Their mechanical properties, however, are not ideal for 
surgical mesh applications and it can be hard to predict how 
quickly the mesh will resorb in vivo leading to revision surgeries. 
Decellularized matrix materials also tend to undergo plastic 
deformation over time as a result of stress caused by intra-
abdominal pressure, which can lead to bulging of the abdominal 
wall and recurrent hernia. Biologic materials alone are therefore 
insufficient for bridging fascial defects [7]. 

Electrospun polymer nanofibers have generated significant 
interest as a cell scaffolding material. These fibers have diameters 
in the sub-micron range and replicate the morphology of the 
extracellular matrix found throughout the body. The high surface 
area to volume ratio of nanofiber mesh promotes cell adhesion 
and proliferation, while the high porosity promotes nutrient 
and gas exchange [8]. Nanofibers can be electrospun using 
biocompatible polymers with a wide range of in vivo resorption 
periods and minimal inflammatory reactions. Furthermore, 
through polymer selection and manipulation of electrospinning 
parameters, it is possible to fine-tune the mechanical properties 
of electrospun scaffolds [9,10]. Fibers can also be spun such that 
they are predominately oriented in the same direction, which can 
result in anisotropic mechanical properties and control of cell 
orientation [11,12]. 

A typical electrospinning setup consists of a high voltage 
power source connected to the tip of a syringe with a metal 
needle. The syringe is filled with a viscous polymer solution and 
placed in a pump set to dispense the solution at a constant rate. 
As the solution flows from the tip of the syringe, it is charged 
by the high voltage power source, which exerts electrostatic 
forces on the solution at the tip of the needle, and causes it to 
form a Taylor cone. A jet of solution ejects from the Taylor cone 
and destabilizes in mid-air. As the solvent evaporates, solid 
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nanofibers form and are deposited on to a grounded collector. 
The initial costs of equipment can be high, however the overall 
electrospinning process is quick and inexpensive. 

Electrospun nanofiber scaffolds have the potential to provide 
a cheap hernia mesh with customized mechanical properties, 
degradation rates, drug release capabilities, and an excellent 
capacity to support native tissue regeneration, but there is a 
dearth of knowledge available on electrospun hernia meshes 
[13]. The goal of this study was to characterize the mechanical 
properties of a series of novel electrospun meshes made from the 
bioresorbable polymers: Polycaprolactone (PCL), Polydioxanone 
(PDO), Polylactide-Co-Glycolide (PLGA1090), Polylactide-Co-
Glycolide (PLGA8218), and Poly-L-Lactide (PLLA), and the 
non-resorbable polymers Polyurethane (PU) and Polyethylene 
Terephthalate (PET) in order to select a suitable candidate for 
use in surgical mesh applications. 

Materials and Methods 
Eight polymer compositions were electrospun into non-

woven mats using a custom designed electrospinning setup. All 
electrospinning was performed with Hexafluoroisopropanol 
(HFIP) (Sigma Aldrich) used without modification. Solutions 
were prepared by adding the appropriate amount of polymer and 
solvent into an Erlenmeyer flask, and stirring continuously until 
the polymer was completely dissolved. The polymer solutions 
consisted of 5wt% PCL (Sigma Aldrich), 7wt% PDO (Evonik), 
8wt% PLGA1090 (Purac), 6wt% PLGA8218 (Purac), 8wt% PLLA 
(Goodfellow), 3wt% PU (DSM), and 8wt% PET (Auriga). These 
concentrations allowed the solutions to be spun at relatively high 
flow rates while maintaining uniform fiber morphology without 
beads. Meshes of each material were spun on to a slow-rotating 
cylindrical collector with a diameter of 8 cm and length of 17 cm. 
A negative voltage was applied to the collector using an alternate 
power source. Meshes were spun to a thickness of approximately 
250 μm. See Table I for detailed spin parameters. 

Mechanical tests were performed using a Universal Testing 
Machine (MTS Systems Corporation) fitted with a 50 lb. load cell 
and set to a displacement rate of 50 mm/min. Data was analyzed 
using Microsoft Excel and reported as mean ± standard deviation. 
The tests performed included Ball Burst Strength (BBS), Radial 
Stiffness (RS), Trouser Tear Strength (TTS), Suture Retention 
Strength (SRS), and Ultimate Tensile Strength (UTS). Mesh 
thickness was measured and reported, as well as Mesh Density. 
All tests were performed according to ASTM standards except 
suture retention strength, which followed ISO standards. Tests 
were performed using five samples of each mesh material. 

Scanning electron microscopy

Electrospun nanofiber meshes were sputter coated with a 5 
nm thick layer of gold for observation in an FEI Nova 400 scanning 
electron microscope (SEM). Representative SEM images of each 
material were taken. One image of each material was analyzed 
using FibraQuant software from Nanoscaffold Technologies. 
Approximately 500 fiber diameter measurements were made per 
image. Average fiber diameters were calculated and recorded. 

Thickness measurements

The thickness of every mesh test sample was measured prior 
to testing. A digital caliper (VWR) with a readability of 0.00 
mm was zeroed on two 3” × 1” × 1 mm glass microscope slides 
(VWR). Samples were placed between the glass slides, and the 
thicknesses were measured following ASTM standard D6988-13. 
Three measurements were taken, one on the right, center, and 
left of each sample. The median of these three measurements was 
recorded in millimeters as the thickness of the sample. Actual 
sample thicknesses were then used to convert test results from 
Newtons, to Newtons per millimeter thickness, and then finally 
to Newtons assuming a mesh thickness of 1 mm. This normalized 
the thickness of every mesh and allowed small differences in the 
thicknesses of the meshes to be resolved so that they would not 
skew mechanical data and allowed us to compare our nanofiber 
meshes to commercially available hernia meshes. Samples of 
various thicknesses were tested to validate this assumption. 

Density measurements 

Five samples of each mesh composition were cut into 2” × 
2” sheets. The length and width of each sample was recorded in 
mm following ASTM standard D3776/D3776-09a. The thickness 
of each sample was then determined as described above and 
the average sample density was calculated in Grams per Square 
Meter (GSM) assuming a sheet thickness of 1 mm.  

Ball burst strength

Five 3” × 3” sheets of each mesh composition were clamped 
between two metal rings and tightly secured for testing following 
ASTM standard D3787-07. During the testing of PU, PLGA8218, 
and PLGA1090 meshes, the metal rings were lined with sandpaper 
to prevent the meshes from slipping during the ball burst test. A 
metal plunger with a 2.5 cm diameter ball on the end was then 
pressed into the sheet until the ball burst through it. The peak 
load from each sample was averaged and recorded in Newtons 
per centimeter (N/cm) assuming 1 mm thick mesh. 

Radial stiffness

Five samples of each mesh composition were cut into 2” × 
2” sheets. Each sample was centered on a metal platform with a 
1.5” diameter hole in the center following ASTM standard D4032-
08. A 1” diameter plunger was then positioned 1/8” above the 
platform and pressed into the mesh until the plunger and mesh 
travelled 1.5” through the hole. The peak load from each sample 
was averaged and recorded in Newtons (N) assuming a 1 mm 
thick sheet. 

Trouser tear strength

Five samples of each mesh composition were cut into 3” × 
1” sheets, with a 2” long incision cut down the middle of the 1” 
side, creating two tabs each with 0.5” width. The two tabs were 
then secured in two vertically aligned grips, with one tab inserted 
into the upper grip and one inserted into the lower grip following 
ASTM standard D1938-08. The clamps then pulled the sample 
apart until the sample was torn in half. The peak load from each 
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sample was averaged and recorded in Newtons (N) assuming a 1 
mm thick sheet. 

Suture retention strength

Five 1 × 2 cm sheets of each mesh composition was cut. A 2-0 
nylon suture was passed through the mesh 2 mm from the 1 cm-
long edge of each sample and tied to form a loop. The knotted 
end of the suture was secured in the upper clamp and the mesh 
test sample was secured in the bottom clamp. The suture was 
then pulled until it tore through the sample following ISO 7198. 
The peak load from each sample was averaged and recorded in 
Newtons (N) assuming a 1 mm thick sheet. 

Uniaxial tensile testing

Five tensile dogbones were cut from sheets of each mesh 
composition according to ASTM D638 Type V. The ends of each 
dogbone sample were clamped to opposite arms of the testing 
machine and pulled apart until failure. The peak load from each 
sample was averaged and recorded in Newtons per centimeter 
(N/cm) assuming a 1 mm thick sheet. The elongation to failure 
of each sample was also recorded. Elastic modulus of each 
sample was determined from the slope of the linear regime of the 
resulting stress-strain curve. The average elastic modulus of each 
sample was recorded in MPa. 

Statistics

Single sample t-tests were performed comparing the average 
test results of every material to generally accepted threshold 
values in the published literature. The threshold values were BBS: 
50 N/cm, SRS: 20 N, TTS: 20 N, UTS: 16 N/cm [1,4,14]. There is 
no generally accepted threshold value for radial stiffness. Single 
sample t-tests were also performed comparing the results of each 
material to published mechanical values of MotifMESHTM (Proxy 
Biomedical), an FDA-approved commercial surgical mesh. The 
test values of MotifMESHTM were BBS: 43.56 N/cm, SRS: 27.7 N, 
TTS: 15.1 N, RS: 2.8 N, UTS: 105.3 N/cm [15]. T critical values 
were calculated using the following equation: 

0

/
µ−

=
xt
s n

In which t is the t-critical value, x is the sample mean, 0µ  is 
the control value, s is the standard deviation of the sample group, 
and n is the number of samples in the group. Degrees of Freedom 
were equal to n - 1. P values were calculated using Microsoft 

Excel for a right tailed t-distribution with α = 0.05. 

Results 
The mesh characterization data is summarized in Table II. 

Scanning electron microscopy 

Low (100 μm scale bar) and high (10 μm scale bar) 
magnification SEM images of each composition are shown in 
Figures 1 and Figure 2. Fiber diameter data is summarized in 
Table II. All meshes were composed of solid, uniform fibers. No 
signs of beads were observed, nor were there any indications 
that the fibers were wet or bonded to one another. The average 
fiber diameters of each material were PLGA1090: 3.28 ± 0.57 μm, 
PET: 2.47 ± 0.69 μm, PLLA: 1.48 ± 0.67 μm, PLGA8218: 1.28 ± 
0.38 μm, PU: 0.89 ± 0.33 μm, PDO: 0.86 ± 0.42 μm, and PCL: 0.64 
± 0.32 μm. 

Density measurements

Mesh density values are displayed in Figure 3 and Table II. 
PCL had the lowest mesh density of 157 GSM, while PLGA8218 
had the highest mesh density of 285 GSM. The rest of the mesh 
densities were PDO: 210 GSM, PLGA1090: 263 GSM, PLLA: 222 
GSM, PU: 256 GSM, PET: 194 GSM. 

Ball burst strength 

BBS values are presented in Figure 4 and Table II. PET mesh 
had a BBS of 29.2 N/cm, the lowest of all the mesh compositions 
evaluated. The strongest materials tested were the PLLA and PU 
meshes, which had BBS of 92.3 N/cm and 91.3 N/cm, respectively. 
PET was the only mesh tested with a BBS significantly lower than 
the 50 N/cm threshold. The BBS of PCL and PLGA8218 were 
not significantly different than the 50 N/cm threshold. PDO, 
PLGA1090, PLLA, and PU all had BBS significantly higher than 
the 50 N/cm threshold. All meshes tested had significantly higher 
BBS than MotifMESHTM except PET, which had a significantly 
lower BBS. 

Radial stiffness 

Radial Stiffness values are portrayed in Figure 5 and Table 
II. PLGA1090 and PLGA8218 meshes had the highest RS values 
of 5.0 N and 4.0 N, respectively. PCL and PDO meshes had the 
lowest RS values of 0.53 N and 0.57 N, respectively. PCL, PDO, PU, 
and PET all had significantly lower RS than MotifMESHTM. The 
RS of PLGA8218 and PLLA were not significantly different from 

Polymer Distance (cm) Flow Rate (ml/hr) Voltage (kV) Needle Gauge Needle Inner Ø (mm)

PCL 20 5 +12/-4 21 0.61

PDO 20 5 +12/-5 21 0.61

PLGA1090 20 5 +14/-2 21 0.61

PLGA8218 20 5 +14/-3 21 0.61

PLLA 20 5 +14/-3 21 0.61

PU 20 5 +12/-3 21 0.61

PET 20 5 +12/-3 21 0.61

Table 1: Summary of electrospinning parameters.
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Polymer
Mesh 

Density 
(GSM)

Fiber Diam-
eter (µm) 

n=500

Tensile 
Strength 

(MPa) n=5

Tensile 
Strength (N/

cm) n=5

%
Elongation 

n=5

Elastic 
Modulus 

(MPa) n=5

Suture 
Retention 
Strength
(N) n=5

Radial Stiff-
ness

(N) n=5

Ball Burst 
Strength (N/

cm) n=5

Trouser 
Tear 

Strength
(N) n=5

PCL 157 ± 13 0.64 ± 0.32 2.00 ± 0.51 20.06 ± 5.13 327 ± 32 2.07 ± 0.57 19.8 ± 5.7 0.53 ± 0.08 50.60 ± 6.13 31.9 ± 9.3

PDO 210 ± 18 0.86 ± 0.42 3.76 ± 0.49 37.74 ± 4.87 575 ± 128 6.7 ± 1.5 10.1 ± 2.5 0.57 ± 0.13 60.03 ± 8.21 12.3 ± 1.0

PLGA1090 263 ± 29 3.28 ± 0.57 6.47 ± 0.41 64.87 ± 1.82 399 ± 34 83.5 ± 8.6 13.2 ± 2.1 5.0 ± 1.2 79.98 ± 15.07 12.8 ± 0.6

PLGA8218 285 ± 18 1.28 ± 0.38 6.60 ± 1.40 65.7 ± 13.8 136 ± 12 103.3 ± 4.6 28.1 ± 2.7 4.0 ± 1.7 64.50 ± 17.98 23.9 ± 4.8

PLLA 222 ± 20 1.48 ± 0.67 3.59 ± 0.25 35.85 ± 2.45 257 ± 74 49.5 ± 4.1 17.3 ± 4.3 2.53 ± 0.53 92.32 ± 25.38 25.9 ± 8.6

PU 256 ± 44 0.89 ± 0.33 18.9 ± 5.9 189.6 ± 59.1 1107 ± 100 1.4 ± 0.5 17.5 ± 2.7 0.65 ± 0.45 91.32 ± 11.86 16.6 ± 9.0

PET 194 ± 16 2.47 ± 0.69 4.02 ± 0.60 40.25 ± 5.94 434 ± 88 14.1 ± 2.7 12.6 ± 4.5 0.88 ± 0.16 29.23 ± 7.84 6.0 ± 0.6

Threshold n/a n/a n/a 16 n/a n/a 20 n/a 50 20

MotifMESH n/a n/a 70.23 105.3 n/a n/a 27.7 2.8 43.56 15.1

Table 2: Summary of mesh characterization data.

MotifMESHTM. PLGA1090 was the only mesh tested with a RS 
higher than MotifMESHTM. 

Trouser tear strength 

TTS data is displayed in Figure 6 and Table II. PET had the 
lowest TTS with a value of 6.0 N, while the PCL mesh had the 
highest TTS of the polymer compositions tested with a value of 
31.9 N. PDO, PLGA1090, and PET meshes had TTS values that 

Figure 1: Panel of low magnification (left column, 100 µm scale bar) 
and high magnification (right column, 10 µm scale bar) SEM images of 
PCL (a,b), PDO (c,d), PLGA1090 (e,f), and PLGA8218 (g,h).

Figure 2: Panel of low magnification (left column, 100 µm scale bar) 
and high magnification (right column, 10 µm scale bar) SEM images of 
PLLA (a,b), PU (c,d), and PET (e,f).
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Figure 3: Mesh density of electrospun polymer meshes.  Error bars represent standard deviation.

Figure 4: Ball Burst Strength values of electrospun polymer meshes, MotifMESHTM, and published threshold value.  Error bars represent standard 
deviation when available.
* Material met or exceeded threshold value
a Material met or exceeded MotifMESHTM

were significantly lower than the 20 N threshold value. The 
TTS of PLGA8218, PLLA, and PU were not significantly different 
from the 20 N threshold values. The TTS of PCL was significantly 
higher than the 20 N threshold values. PDO, PLGA1090, and PET 
all had TTS values significantly lower than that of MotifMESHTM. 
The TTS of PU was not significantly different than MotifMESHTM. 
PCL, PLGA8218, and PLLA had TTS values higher than that of 
MotifMESHTM. 

Suture retention strength 

Suture retention strength values are displayed in Figure 7 
and Table II. The PLGA8218 mesh had the highest SRS with a 

value of 28.1 N. PDO had the lowest SRS of 10.1 N. The SRS of 
PDO, PET, and PLGA1090 were all significantly lower than the 
20 N threshold values. The SRS of PCL, PLLA, and PU were not 
significantly different from the 20 N threshold values. PLGA8218 
was the only material with a SRS significantly higher than 20 N. 
PLGA8218 was also the only mesh tested that was not significantly 
different than the MotifMESHTM control. All other meshes had a 
significantly lower SRS than MotifMESHTM. 

Uniaxial tensile testing 

Uniaxial tensile testing data is displayed in Table II and 
Ultimate Tensile Strength data is presented in Figure 8. PU mesh 
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Figure 5: Radial stiffness of electrospun polymer meshes and MotifMESHTM.
a Material stiffness was equivalent to MotifMESHTM

Figure 6: Trouser tear strength of electrospun polymer meshes, MotifMESHTM, and published threshold value.  Error bars represent standard 
deviation when available.
*Material met or exceeded threshold value
a Material met or exceeded MotifMESHTM

had the highest UTS of 189.6 N/cm, while the PCL mesh had the 
lowest UTS of 20.1 N/cm. PU had the highest elongation to failure 
of 1,107% and PLGA8218 had the lowest elongation to failure at 
136%. PLGA8218 had the highest elastic modulus of 103.3 MPa 
and PU had the lowest elastic modulus at 1.4 MPa. Every mesh 
tested had UTS significantly higher than the 16 N/cm threshold 
value except PCL, which was not significantly different than the 
threshold value. Every mesh tested had significantly lower UTS 
than MotifMESHTM except PU, which had significantly higher 
UTS. 

Discussion 
This study was conducted in order to characterize the 

mechanical properties of nanofiber meshes made of various 

bioresorbable and non-resorbable polymers for hernia repair 
and act as a point of reference for the tissue engineering field 
in the future development of electrospun scaffolds. The ideal 
hernia mesh should be lightweight and flexible to reduce pain 
and foreign body sensation, as well as maintaining sufficient 
strength and durability to bridge fascial defects with minimal 
risk of recurrent hernia [1]. Through careful design, electrospun 
nanofiber meshes can balance these contradictory mechanical 
properties and provide a compromise between the mechanical 
stability of macrofiber meshes and the biocompatibility of 
biologically derived meshes. 

In order to be considered sufficient for use in hernia repair 
applications, a mesh must have a minimum BBS of 50 N/cm, SRS 
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Figure 7: Suture retention strength of electrospun polymers, MotifMESHTM, and published threshold value.  Error bars represent standard deviation 
when available.
* Material met or exceeded threshold value
a Material met or exceeded MotifMESHTM

Figure 8: Ultimate tensile strength of electrospun polymer meshes, MotifMESHTM, and published threshold value.  Error bars represent standard 
deviation when available
* Material met or exceeded threshold value
a Material met or exceeded MotifMESHTM

of 20 N, TTS of 20 N, and UTS of 16 N/cm [1,4,14]. Based on the 
statistical analyses, every mesh tested met or surpassed the 50 
N/cm BBS threshold except PET. PCL, PLGA8218, PLLA, and PU 
met or surpassed the 20 N SRS threshold, as well as the 20 N TTS 
threshold. All of the meshes tested met or surpassed the UTS 
threshold value of 16 N/cm. PET, PDO, and PLGA1090 meshes 
did not meet one or more of the threshold values, and therefore 
are not suitable candidates for use in hernia repair applications. 
Although PU met or surpassed all of the threshold values, it is 
also not a viable candidate for hernia repair. During each test, the 

PU mesh underwent large amounts of elastic deformation before 
it reached its peak load. This is demonstrated by the > 1,100% 
elongation of the PU mesh during UTS testing. If PU mesh was 
implanted over a hernia site, it would likely allow the wound to 
reopen and may even herniate through the wound along with the 
viscera before reaching a sufficient strength to stop the hernia 
site from opening any further. 

PCL, PLGA8218, and PLLA met or surpassed all of the 
mechanical test threshold values. PCL had the highest TTS, 
and was the only material of the three to surpass both the 
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threshold value and the MotifMESHTM value. The BBS and UTS 
of PCL, however, were lower than those of PLLA and PLGA8218. 
PLGA8218 had the highest UTS of the three materials, and 
was the only material tested with a SRS comparable to that of 
MotifMESHTM. The BBS of PLGA8218, however, was significantly 
lower than that of PLLA, and the TTS of PLG8218 was the lowest 
of the three. PLLA mesh had the highest BBS, as well as the second 
highest TTS and UTS of the three. The only test in which PLLA 
was outperformed by both PCL and PLGA8218 was SRS; however 
the SRS of PLLA was not significantly different than the 20 N SRS 
threshold value. Furthermore, the SRS testing protocol tests the 
force necessary to pull out a single suture. Assuming multiple 
sutures will be used to fix the mesh in place in vivo, the actual 
SRS of the implanted mesh would be many times that of the test 
value. PLLA also performed well compared to MotifMESHTM. 
Although MotifMESHTM outperformed PLLA in UTS and SRS 
testing, PLLA surpassed MotifMESHTM in BBS as well as TTS. 
The RS of PLLA was also comparable to that of MotifMESHTM. 
Mesh stiffness is an important factor to consider because a mesh 
that is too stiff may restrict the patient’s range of motion in the 
abdominal region, causing discomfort, while a mesh that is too 
flexible may be difficult for surgeons to handle during the hernia 
repair procedure [1]. Although no universal radial stiffness 
standards or testing procedures have been established by the 
medical community at this time, the fact that the stiffness of PLLA 
is nearly equal to that of MotifMESHTM, a commercial surgical 
mesh approved by the FDA, is encouraging. Therefore, we believe 
the electrospun PLLA mesh is the most suitable material for use 
in hernia repair applications. 

PLLA also offers several advantages from an in vivo 
degradation standpoint. PCL, PDO, PLGA1090, PLGA8218, and 
PLLA are all bioresorbable polymers, and therefore break down 
by natural processes in vivo. One advantage of resorbable meshes 
is a reduction of the long term foreign body response that often 
persists in patients with permanent mesh implants [16]. Due 
to chemical and structural differences, all of these polymers 
degrade at different rates. PDO and PLGA1090, for example, are 
completely resorbed in a matter of weeks post implantation. 
This short degradation profile does not give the hernia site 
adequate time to heal before the supporting mesh is gone, which 
may result in a high rate of recurrence in the years following a 
procedure [17]. PLLA, however, degrades over the course of 9-12 
months. In some circumstances, this may provide enough time 
for native fascia to grow and remodel at the hernia site before 
the mechanical load is transferred from the mesh to the healed 
tissue. For example, a recent pilot study on the use of a resorbable 
mesh plug for inguinal hernia repair came to the conclusion that 
the plug was suitable for use in young and healthy patients with 
minor hernias [18]. 

While fully resorbable meshes may be useful in some 
circumstances, they will likely never be suitable for general use 
in hernia repairs. There is a growing body of evidence which 
suggests a genetic predisposition to hernia formation and 
recurrence in some patients [19,20]. A large portion of patients 
with recurrent hernias have a genomic profile displaying 
decreased expression of type I collagen and increased expression 

of type III collagen. This compromises the mechanical integrity 
of the patient’s connective tissue, and increases the likelihood of 
hernia formation and recurrence. In cases such as these, even if a 
resorbable mesh led to the complete regrowth and remodeling of 
healthy fascia, patients would still be prone to recurrences after 
the mesh was resorbed. 

A composite mesh made up of an electrospun PLLA layer 
backed by a permanent mesh could be a solution to this issue. The 
electrospun PLLA mesh would adhere to the abdominal wall and 
promote tissue growth across the defect during the initial stages 
of wound healing. As the PLLA layer gradually degrades in the 
months following implantation, it would transfer the mechanical 
load onto the newly formed fascia and the permanent mesh 
layer. The permanent mesh would remain and play a permanent, 
supplemental role in order to prevent recurrences. Furthermore, 
this permanent mesh layer could have large pores and a low 
mesh density to reduce chronic foreign body reaction. This mesh 
could be produced by electrospinning a nanofiber layer directly 
on to a polypropylene sheet coated with a thin layer of resorbable 
adhesive to prevent delamination. 

One study suggests that composite materials result in an acute 
inflammatory response as the resorbable polymer degrades, 
usually into acidic byproducts, and offer no benefits over simple 
permanent meshes [16]. The composites tested in this study 
were composed of a permanent mesh fixed to a resorbable film, 
and films may not offer any significant benefits to counteract 
the negative impact of local inflammation in response to their 
degradation. Furthermore, these films are often used as adhesion 
barrier layers and have no direct interaction with the hernia 
site [5]. Conversely, it has been demonstrated that resorbable 
nanofiber layers in direct contact with the hernia site promote 
collagen deposition and remodeling, and yield better mechanical 
properties at the wound interface compared to polypropylene 
mesh alone [21]. This suggests that if the adhesion barrier layer 
was made from nanofibers instead of a film, there would be a 
significantly lower inflammatory response.

Conclusions
Electrospun nanofiber scaffolds have the potential to provide 

a cheap, reproducible hernia mesh with customized mechanical 
properties, degradation rates and an excellent capacity to support 
native tissue regeneration, but to date there has been no published 
literature characterizing electrospun meshes for hernia repair. In 
this work, novel electrospun nanofiber meshes were successfully 
manufactured and characterized using standardized tests for 
hernia meshes from ISO and ASTM in order to set a universal 
foundation those others can use in the future development of 
medical devices. The data demonstrates that PCL, PLGA8218, 
and PLLA electrospun meshes met or exceeded the minimum 
mechanical requirements for use in hernia repair applications. 
The mechanical properties of electrospun PLLA mesh make it 
an ideal candidate for further development. Future studies will 
need to be performed to evaluate the in vivo response of these 
electrospun nanofiber meshes prior to clinical translation. 
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