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Research Highlights

(1) After poly(lactic-co-glycolic acid) conduit transplantation and autogenous nerve grafting of in vi-
tro models of sciatic nerve injury using human cadaver sciatic nerves, longitudinal tensile tests were
conducted, and stress and strain data of sciatic nerves were obtained. This provided biomechanical
basis for poly(lactic-co-glycolic acid) conduit transplantation in the repair of injured sciatic nerve.

(2) Poly(lactic-co-glycolic acid) conduits (ratio of lactic acid to glycolic acid = 70:30) were fabricated
using NacCl as a pore-foaming agent. The mass ratio of poly(lactic-co-glycolic acid) to NaCl was 1:9.
After transplantation, the poly(lactic-co-glycolic acid) conduit exhibited a definite intensity, elasticity
and plasticity and can be used for sciatic nerve injury transplantation.

Abstract

Tensile stress and tensile strain directly affect the quality of nerve regeneration after bridging nerve
defects by poly(lactic-co-glycolic acid) conduit transplantation and autogenous nerve grafting for
sciatic nerve injury. This study collected the sciatic nerve from the gluteus maximus muscle from
fresh human cadaver, and established 10-mm-long sciatic nerve injury models by removing the
ischium, following which poly(lactic-co-glycolic acid) conduits or autogenous nerve grafts were
transplanted. Scanning electron microscopy revealed that the axon and myelin sheath were torn,
and the vessels of basilar membrane were obstructed in the poly(lactic-co-glycolic acid) con-
duit-repaired sciatic nerve following tensile testing. There were no significant differences in tensile
tests with autogenous nerve graft-repaired sciatic nerve. Following poly(lactic-co-glycolic acid)
conduit transplantation for sciatic nerve repair, tensile test results suggest that maximum tensile
load, maximum stress, elastic limit load and elastic limit stress increased compared with autogen-
ous nerve grafts, but elastic limit strain and maximum strain decreased. Moreover, the tendencies of
stress-strain curves of sciatic nerves were similar after transplantation of poly(lactic-co-glycolic acid)
conduits or autogenous nerve grafts. Results showed that after transplantation in vitro for sciatic
nerve injury, poly(lactic-co-glycolic acid) conduits exhibited good intensity, elasticity and plasticity,
indicating that poly(lactic-co-glycolic acid) conduits are suitable for sciatic nerve injury repair.
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INTRODUCTION

The conventional method for repair of peri-
pheral nerve injury is autogenous nerve
grafting, but sources of autogenous nerve are
limited. Furthermore, neurological deficits in
the donor site and painful neuroma can occur
following surgery. The use of allogeneic nerve
grafts is limited because of host immune re-
jection. One study investigating precondition-
ing for allogeneic nerve grafting to remove or
reduce its antigenicity is ongoing'™.

In recent years, various absorbable biomate-
rials have been used in the repair of nerve
defects, and achieved a certain degree of
repair of a 10-mm-long nerve injury®?.
Poly(lactic-co-glycolic acid), a copolymer of
two monomers, lactic acid and glycolic acid,
is an extensively used material in the re-
search and application of tissue engineer-
ing®®. A number of studies have addressed
the biological properties, biocompatibility and
biomechanics of peripheral nerve injury
models after transplantation of poly(lactic-co-
glycolic acid) material, poly(lactic-co-glycolic
acid) conduits and autogenous nerve graft-
ing®®. Peng et al B performed a
one-dimensional tensile test in 10-mm-long
sciatic nerve injury models of human cadaver
after autogenous nerve and human amnion
transplantation for sciatic nerve injury. They
found that the tendencies of change in
stress-strain curves of human amnion and
sciatic nerve were similar, indicating that
human amnion has good biological proper-
ties and plasticity, making it a superior graft
material for peripheral nerve injury. Hou et al
B3] found that myelinated nerve fiber density,
average diameter of nerve fibers and myelin
sheath thickness were similar in regenerating
sciatic nerves treated with mesenchymal
stem cell transplantation and autogenous
nerve grafting at 12 weeks after 10-mm-long
sciatic nerve repair with mesenchymal stem
cells combined with poly(lactic-co-glycolic
acid) conduits. Schakenraad et al *® verified
that thin conduits had better mechanical
support for repairing 10-mm-long sciatic
nerve injuries compared to glycine/DL-lactic
acid copolymer conduits of various thickness.

Hu et al ®” confirmed that human hair kera-
tin can perfectly bridge a 10-mm-long injured
sciatic nerve. Li et al *® verified that after
treatment with alcohol, the porosity of poly
(lactic-co-glycolic acid) tubular scaffolds with
a diameter of 1 660 + 218 nm and 80.6%
porosity was diminished; its glass transition
temperature and thermolysis temperature
were elevated; heat stability was enhanced;
and breaking strength, blasting strength and
suture strength were obviously increased.
Zhao et al ®¥ found that the tensile strength
of poly(lactic-co-glycolic acid) scaffolds in-
creased with the increased proportion of
polylactic acid, indicating that polylactic acid
plays an important role in elevating the ten-
sile strength of poly(lactic-co-glycolic acid)
scaffolds. Poly(lactic-co-glycolic acid) is
nontoxic and nonantigenic, has good bio-
degradability, biocompatibility and mechan-
ical properties, and its degradation speed
can be regulated by controlling the content
of the ingredients®® *“**Y. Thus, the reprodu-
cibility and mechanical properties of
poly(lactic-co-glycolic acid) scaffolds is high,
and poly(lactic-co- glycolic acid) has been

extensively used in tissue-engineered mate-
rials®® 444,

Previous studies mainly focused on the bi-
ological properties, biocompatibility and
immunology of poly(lactic-co-glycolic acid)
scaffolds. The study examining the biome-
chanical properties of poly(lactic-co-glycolic
acid) mainly focused on the mechanical
properties of poly(lactic-co-glycolic acid)
materials and a poly(lactic-co-glycolic acid)
tubular scaffold. However, no reports have
addressed the tensile mechanical properties
of injured nerve after poly(lactic-co-glycolic
acid) conduit transplantation. The mechani-
cal properties of poly(lactic-co-glycolic acid)
conduits are essential for the bridging of
nerve gaps and the quality of nerve rege-
neration. The present study sought to quan-
titatively illuminate the mechanical proper-
ties of sciatic nerve injury model after poly
(lactic-co-glycolic acid) conduit transplanta-
tion, and to explore the feasibility of poly
(lactic-co-glycolic acid) conduit transplanta-
tion in the repair of sciatic nerve injury from
the angle of biomechanics.
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RESULTS

Histomorphology of sciatic nerve injury models with
poly(lactic-co-glycolic acid) conduit transplantation
and autogenous nerve grafting

Scanning electron microscopy revealed that after tensile
testing, the axon and myelin sheath were torn; myeli-
nated nerve fibers were irregular; fiber diameter and
myelin sheath thickness were unequal; a few myelinated
nerve fibers were mildly swollen and the basilar mem-
brane vessel was obstructed. There were no significant
differences in the histomorphology of sciatic nerves be-
tween poly(lactic-co-glycolic acid) conduit transplantation
and autogenous nerve grafting (Figure 1).

Figure 1 Histomorphology of sciatic nerve injury models
after bridging with poly(lactic-co-glycolic acid) (PLGA)
conduit and autogenous nerve (scanning electron
microscope, x 400).

(A) Torn axon and myelin sheath and irregular myelinated
nerve fibers after autogenous nerve grafting.

(B) A few mildly swollen myelinated nerve fibers
obstructed the basilar membrane vessels after PLGA
conduit transplantation (arrow).

Tensile mechanical property of injured sciatic nerve
after poly(lactic-co-glycolic acid) conduit and
autogenous nerve grafting

Tensile test results revealed that tensile maximum load,
maximum stress, maximum strain, elastic limit load and
elastic limit stress of sciatic nerve injury models were sig-
nificantly lower after poly(lactic-co-glycolic acid) conduit
transplantation and autogenous nerve grafting compared
with the normal controls (P < 0.05)®). Tensile maximum
load, maximum stress, elastic limit load and elastic limit
stress were significantly higher (P < 0.05), but elastic limit
strain and tensile maximum strain were significantly lower
(P < 0.05) in sciatic nerve injury models after poly(lactic-
co-glycolic acid) conduit transplantation compared with
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autogenous nerve grafting (Tables 1-3).

Curve fitting of tensile data between autogenous nerve
graft and poly(lactic-co-glycolic acid) conduit transplanta-
tion groups was performed using regression analysis, and
their stress-strain curves were then obtained. First stage:
when the samples in the autogenous nerve graft and
poly(lactic-co-glycolic acid) conduit transplantation groups
achieved 0-4.6% strain and 0-3.8% strain, respectively,
the stress-strain curve showed an exponential relationship.
Second stage: when the samples in the autogenous nerve
graft and poly(lactic-co-glycolic acid) conduit transplanta-
tion groups achieved 4.6-12.0% strain and 3.8-9.6%
strain, respectively, the stress-strain curve showed a li-
near relationship. Third stage: when the samples in the
autogenous nerve graft and poly(lactic-co-glycolic acid)
conduit transplantation groups achieved 12.0-14.3%
strain and 9.6-11.2% strain, respectively, the stress-strain
curve showed an exponential relationship. Fourth stage:
when the samples in the autogenous nerve graft and
poly(lactic-co-glycolic acid) conduit transplantation groups
achieved 14.3-18.0% strain and 11.2-14.7% strain, re-
spectively, the stress-strain curve showed plastic defor-
mation. The deformation increased steadily, and the spe-
cimen almost lost bearing capacity and tended to be de-
stroyed (Figure 2).

DISCUSSION

Tensile testing is an important method to compare the
mechanical properties of sciatic nerve after autogenous
nerve grafting and poly(lactic-co-glycolic acid) conduit
transplantation in a model of sciatic nerve injury. Cadav-
er race, gender, age, health status and vocation can
introduce errors. To make the experimental data more
reliable, this study adopted the following measures: scia-
tic nerve was obtained from fresh healthy male adult
cadavers. We tried to use the specimen within 48 hours.
Each specimen was preset. Sciatic nerve injury models
were replicated by the same highly qualified surgeon
from the Department of Microsurgery through suturing
the same site as the specimen, and the number of
stitches was identical. Tension speed and ambient tem-
perature were identical. Each single sciatic nerve un-
dergoing autogenous nerve grafting and poly(lactic-co-
glycolic acid) conduit transplantation was randomly se-
lected to receive histomorphological observation after
tensile testing. Histomorphological observation results
suggest that there was no significant difference in injured
sciatic nerve after autogenous nerve grafting and
poly(lactic-co-glycolic acid) conduit transplantation.
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Table 1 Tensile test results of injured sciatic nerve after autogenous nerve grafting

Sa’\r;;;.)le Maximum load (N) Maximum stress (MPa) Elastic limit strain (%) Maximum strain (%) Elastic limit load (N) Elastlc(l\llllrsg)stress
1 59.3 1.89 12.1 18.6 36.4 1.16
2 58.1 1.85 11.2 16.9 35.2 1.12
8 62.4 1.99 13.2 19.3 32.6 1.04
4 61.5 1.96 11.8 17.4 38.2 1.22
5 60.6 1.93 10.9 15.2 33.9 1.08
6 62.8 2.00 12.8 20.2 36.7 1.17
7 61.2 1.95 12.4 18.7 30.8 0.98
8 60.2 1.92 11.6 16.9 39.3 1.25
9 59.9 1.91 12.8 19.3 33.6 1.07
10 59.7 1.90 11.9 17.6 35.2 1.12
11 63.1 2.01 12.0 18.3 37.0 1.18
12 61.2 1.95 11.7 17.3 30.5 0.97
13 61.5 1.96 12.9 19.4 38.9 1.24
14 57.8 1.84 11.2 16.4 36.1 1.15
15 62.3 1.96 11.4 17.9 37.4 1.19
mean+SD 60.8+1.7 1.93+0.05 12.0+0.7 18.0+1.3 35.4+2.7 1.12+0.09

Table 2 Tensile test results of injured sciatic nerve after poly(lactic-co-glycolic acid) conduit transplantation

Sa’\r;:)[.Jle Maximum load (N) Maximum stress (MPa) Elastic limit strain (%) Maximum strain (%) Elastic limit load (N) ElastltE'\I/llrsg)stress
1 71.0 2.26 10.2 15.2 38.9 1.24
2 72.8 2.32 9.6 141 41.1 1.31
3 75.7 241 8.4 13.6 37.4 1.19
4 68.5 2.18 10.8 16.2 41.8 1.33
5 69.4 221 8.5 13.3 38.3 1.22
6 68.5 2.18 9.4 15.1 40.1 1.28
7 71.0 2.26 9.8 14.7 37.7 1.20
8 4.7 2.38 10.4 15.8 42.4 1.35
9 65.6 2.09 8.8 13.9 39.6 1.26
10 73.2 2.33 9.5 14.6 37.1 1.18
11 70.3 2.24 8.6 13.2 36.1 1.15
12 69.4 2.21 10.6 15.8 40.8 1.30
13 67.5 2.15 9.9 14.9 38.9 1.24
14 64.5 2.06 8.6 13.8 36.4 1.16
15 68.1 2.17 10.2 15.7 39.8 1.27
mean+SD 70.0+3.2 2.23+0.10 9.6+0.8 14.7+1.0 39.1+1.9 1.24+0.06

transplantation and autogenous nerve grafting in tensile tests

Table 3 Difference between normal sciatic nerve and injured sciatic nerves after poly(lactic-co-glycolic acid) (PLGA) conduit

Autogenous nerve graft group

PLGA conduit transplantation group

Index Normal sciatic nervel®*!
Maximum load (N) 570.0+90.0
Maximum stress (MPa) 11.63+1.80
Elastic limit strain (%) =
Maximum strain (%) 30.3+£3.2
Elastic limit load (N) 330.0+50.0
Elastic limit stress (MPa) 6.71+0.93

60.8+1.7% 70.0+3.2%
1.93+0.05° 2.23+0.10%°
12.0£0.7 9.6+0.8%°
18.0+1.3° 14.7+1.0%
35.4+2.7% 39.1+1.9%
1.12+0.09% 1.24+0.06%

autogenous nerve graft group.

Data are expressed as mean + SD. Intergroup comparison was done using Sceffe method. P < 0.05, vs. normal sciatic nerve; °P < 0.05, vs.

Using previously published results®* of tensile testing
of normal sciatic nerve as normal controls, results from
our study revealed that the mechanical properties were
better in the poly(lactic-co-glycolic acid) conduit trans-
plantation group than the autogenous nerve graft group.

Under loading conditions, the tendencies of change in
stress-strain curves of sciatic nerve injury models were

identical between autogenous nerve graft and
poly(lactic-co-glycolic acid) conduit transplantation
groups.
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Figure 2  Stress-strain curve of sciatic nerve specimens
in the autogenous nerve grafting and poly(lactic-co-
glycolic acid) (PLGA) conduit transplantation groups.

Stress-strain curve changes result in an exponential
relationship. The stress-strain curves of the two groups
exhibited similarity.

The biomaterials for sciatic nerve injury should have
good biodegradation, biocompatibility, plasticity, a defi-
nite mechanical strength, and can maintain a certain
shape for some time after transplantation to ensure me-
chanical support before tissue regeneration**4. How-
ever, these properties can antagonize the stress pro-
duced by surrounding tissues during nerve regeneration
and the stress produced by extension and flexion at the
anastomotic site of nerve and nerve stump. Therefore, it
is important to select suitable artificial materials and the
correct method of preparation to produce a scaffold with
suitable structure and mechanical properties. Experi-
mental results suggest that a poly(lactic-co-glycolic acid)
conduit (ratio of lactic acid to glycolic acid = 70:30),
created using NaCl as a pore-foaming agent (mass ratio
of poly(lactic-co-glycolic acid) to NaCl = 1:9), has defined
intensity, elasticity and plasticity, and can be used for
sciatic nerve injury transplantation.

A previous study reported the tensile mechanical prop-
erties of normal sciatic nerve specimen of gluteus
maximus muscle of normal Chinese adult male cadav-
ers®. Thus, in our study we did not set a normal control
group, but used the normal control group from the pre-
vious study®™!. Abundant previous studies mainly ex-
amined the biocompatibility, biodegradation and me-
chanical strength of poly(lactic-co-glycolic acid) mate-
rials and conduits, and the mechanical properties of the
injured sciatic nerve after poly(lactic-co-glycolic acid)
conduit transplantation in animal in vitro studies, such
as in rats*“®. The difference of our study to these

1970

other studies is that we selected sciatic nerve speci-
mens from fresh human cadavers to replicate sciatic
nerve injury models. The injured sciatic nerve received
autogenous nerve grafting and poly(lactic-co-glycolic
acid) conduit transplantation, followed by tensile testing.
Stress-strain curve fitting between autogenous nerve
grafting and poly(lactic-co-glycolic acid) conduit trans-
plantation groups was conducted using regression
analysis to compare the difference in mechanical prop-
erties of sciatic nerves. This study provided a biome-
chanical basis for poly(lactic-co-glycolic acid) conduit
transplantation for sciatic nerve injury. Although it is an
in vitro experiment, it is similar to clinical sciatic nerve
injury repaired with poly(lactic-co-glycolic acid) conduit
transplantation. Human cadaver sciatic nerve speci-
mens are limited, so this study only simulated 10-mm
long sciatic nerve injury models. Further studies ad-
dressing various injury models and various types of
stresses deserve further investigations. Because of
individual differences of various biomaterials, in vitro
experimental data have some definite limitations, but is
nonetheless still valuable for the clinic. After transplan-
tation, poly(lactic-co-glycolic acid) conduits exhibited
good intensity, elasticity and plasticity, indicating that
poly(lactic-co-glycolic acid) conduit is fit for the repair of
sciatic nerve injury.

MATERIALS AND METHODS

Design
Contrast observation, biomechanics experiment.

Time and setting

Experiments were performed at the Mechanics Experi-
ment Center, Jilin University, China from December 2009
to August 2012.

Materials

Bilateral sciatic nerve specimens of gluteus maximus
muscle were obtained from eight fresh normal Chinese
adult male cadavers who died from acute head trauma,
aged 25-30 years old. The cadavers were provided by
the Norman Bethune Health Science Centre of Jilin
University, China. A total of 16 bilateral sciatic nerves of
the gluteus maximus muscle were collected within 24
hours after death, and stored in a container containing
saline.

Poly(lactic-co-glycolic acid) (ratio of lactic acid and glycolic
acid = 70:30) was purchased from Changchun Sinobi-
omaterials Co., Ltd. (Changchun, Jilin Province, China).
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Methods

Preparation of poly(lactic-co-glycolic acid) conduit

In accordance with previously published studies®* 9,
poly(lactic-co-glycolic acid) was dissolved in dichloro-
methane. NaCl particles of 200-300 ym served as
pore-foaming agent. Poly(lactic-co-glycolic acid) was
mixed with NaCl at a mass ratio of 1:9. The mixture was
poured into a prefabricated mold, and made into 30
conduits of 10 mm length, 11 mm outer diameter and
9 mm inner diameter. The mixture in the mold was
placed at room temperature and volatilized in a fume
hood for 96 hours. After stripping, the scaffolds were
obtained and placed in a vacuum oven for drying at
37°C for 48 hours, and then immersed in an 800-mL
beaker containing deionized water for 96 hours. The
deionized water was replaced once every 4 hours. The
scaffolds were dried in a drying box at 37°C for 48 hours,
in a vacuum oven for drying at 37°C for 48 hours, and
then placed in a dryer.

Preparation of sciatic nerve specimens

After 1 day of storage, each of 15 sciatic nerves of glu-
teus maximus muscle was cut into two samples with a
scalpel by the same highly qualified surgeon from the
Department of Microsurgery. Thirty 40-mm-long samples
were equally and randomly assigned to autogenous
nerve graft and poly(lactic-co-glycolic acid) conduit
transplantation groups.

Replication of sciatic nerve injury models

In accordance with a previous study™, models of sciatic
nerve injury were replicated by cutting the sample to
make a 10-mm-long defect by a highly qualified physi-
cian with a S-5 aseptic plastic-handled scalpel (Huaian
Lianhe Yikang Medical Supplies Co., Ltd., Xuyi, Jiangsu
Province, China).

Repair of sciatic nerve injury

The samples were separately bridged with autogenous
nerve graft and poly(lactic-co-glycolic acid) conduit using
7-0 nylon thread (Qingdao Nesco Medical Co., Ltd.,
Qingdao, Shandong Province, China). Eight stitches
were sutured in each sample at the same site.

Tensile test

Tensile testing was conducted on an Autocontrol Elec-
tronic Universal Testing Machine (Changchun Research
Institute for Testing, Changchun, Jilin Province, China).
The length and diameter of each sample were measured
under a reading microscope (Third Optical Instrument
Factory, Changchun, Jilin Province, China). In the auto-
genous nerve graft group, the sample was 40 mm long,

11.1-11.3 mm outer diameter and 9.1-9.2 mm inner
diameter. In the poly(lactic-co-glycolic acid) conduit graft
group, the sample was 40 mm long, 11.0-11.2 mm outer
diameter and 9.0-9.3 mm inner diameter. In accordance
with a previously published method“?, each sample was
subjected to loading and unloading 10 times for preset-
ting. This experiment simulated normal human body
temperature of 36.5 + 1.0°C. The samples in the two
groups were placed in the chuck of the testing machine,
and underwent tension at 5 mm/min. After testing, the
Autocontrol Electronic Universal Testing Machine auto-
matically output maximum load, maximum stress, elastic
limit strain, maximum strain, elastic limit load and elastic
limit stress and stress-strain curve.

Histological observation

Cross sections of one sciatic nerve at the same site from
the autogenous nerve graft and poly(lactic-co-glycolic
acid) conduit transplantation groups were separately and
randomly selected, prefixed in 4% glutaral, postfixed in
1% osmic acid, dehydrated in acetone, and clinically
point dried, followed by vacuum coating with gold palla-
dium by direct-current sputtering. Nerve cross sections
were observed under a field emission scanning electron
microscope (Carl Zeiss, Jena, Germany) to compare the
changes in nerve cells, myelin sheaths, axons and basi-
lar membranes.

Statistical analysis

The data were analyzed using SPSS 16.0 software
(SPSS, Chicago, IL, USA) and expressed as mean = SD.
One-way analysis of variance was used. Intergroup
comparison was performed using Sceffe method. A value
of P < 0.05 was considered statistically significant.
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