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Abstract—Physical guidance cues play an important role in
enhancing the efficiency of nerve conduits for peripheral
nerve injury repair. However, very few in vivo investigations
have been performed to evaluate the repair efficiency of nerve
conduits with micro-grooved inner textures. In this study,
polyacrylonitrile nerve conduits were prepared using dry-jet
wet spinning, and micro-grooved textures were incorporated
on the inner surface. The nerve conduits were applied to treat
10 mm sciatic nerve gaps in Sprague–Dawley (SD) rats.
Sixteen weeks following implantation, nerve function was
evaluated based on heat sensory tests, electrophysiological
assessments and gastrocnemius muscle mass measurements.
The thermal latency reaction and gastrocnemii weight of SD
rats treated with grooved nerve conduits were almost 25%
faster and 60% heavier than those of SD rats treated with
smooth nerve conduits. The histological and immunohisto-
chemical stain analyses showed the repair capacity of inner
grooved conduits was found to be similar to that of
autografts. These results suggest that grooved nerve conduits
with groove width larger than 300 lm significantly improve

peripheral nerve regeneration by introducing physical guid-
ance cues. The obtained results can support the design of
nerve conduits and lead to the improvement of nerve tissue
engineering strategies.

Keywords—Polymeric nerve conduit, Physical guidance cue,

Groove texture, Peripheral nerve regeneration, Dry-jet wet

spinning.

INTRODUCTION

Peripheral nerve injury has drawn a lot of public
attention, as it drastically affects the quality of
patients’ lives3 and may lead to life-long disabilities.
When large nerve defects (> 10 mm) occur, autografts
or allografts are needed to clinically repair the
peripheral nerve injury.27 Unfortunately, several
drawbacks are associated with these treatments, such
as limited levels of donor tissue, donor site morbidity,
and mismatching of nerves.32 Nerve conduits represent
promising substitutes for autologous nerve grafts.43,46

These tubular nerve tissue engineering scaffolds can be
designed to incorporate various guidance cues in order
to further enhance their repair efficacy.15,24,32,44,48

Recently, different types of contact guidance cues
have been applied in nerve conduits.11 The most widely
applied guidance structure is longitudinally aligned
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microfibers which are inserted into the lumen of the
conduits.27 However, these fibers are often non-uni-
formly distributed. They may also collapse into fiber
bundles due to a lack of mechanical support4 and
hence block the conduit lumen.22 To provide stereo-
logically aligned guidance, the multi-channel structure
was incorporated into the nerve conduits. Uniformly
distributed channels have been proven to effectively
improve peripheral nerve regeneration, however
regenerated nerves in individual channels often lack
interactions with other nerves,4 which leads to im-
paired recovery and decreased motor function. More-
over, surface topography inside nerve conduits has
been utilized to provide contact guidance cues.6,10 As
one of the most extensively studied contact guidance
cues, the longitudinal micro-grooved feature has been
widely implemented in nerve conduits. This cue shows
to significantly promote in vitro neuronal alignment
and directional axon outgrowth. Both Schwann cells
and PC12 cells have been shown to exhibit improved
orientation on grooves with a width of ~ 10 lm.19,49

Additionally, dorsal root ganglion (DRG) neurons
have been shown to exhibit enhanced orientation and
extension on poly(lactic-co-glycolic acid) (PLGA) films
with incorporated micro-grooves.28 Recently, a num-
ber of studies also focused on investigating the appli-
cation of nerve conduits with aligned inner contours
for in vivo nerve injury repair and showed promising
results for the repair of 10 mm sciatic nerve gaps.20,25

The majority of studies, however, focuses on the
manufacturing of nerve conduits based on methods
which are generally too complex for mass production,
such as electrospinning,18,36 photolithography31 and
the rolling-up method.25

In many studies a groove width of only 10 lm has
been applied for the inner surface area of nerve con-
duits.19,41,49 Notably, this width is significantly smaller
than the feature size of nerve fascicles (> 100 lm).13,52

Additionally, it has been proven that axons are capable
of growing across the ridges of neighboring grooves
when these have a width of 10–20 lm.5,28,33,37 Thus,
narrow grooves with a width of only 10 lm provide
limited guidance for axonal outgrowth. Micro-chan-
nels with diameters of 200–300 lm have previously
been found to effectively guide axons as well as vas-
cular and glial cells inside nerve conduits.26,35 To our
knowledge, the contribution of micro-grooves with an
increased width size (> 100 lm) to the in vivo recovery
of nerve injury has not been investigated. Furthermore,
an improved understanding of in vivo interactions
between nerve tissues and contact guidance grooves is
required, as recent studies17,41 have mainly focused on
the in vitro guidance of neuronal behavior.

In our previous studies, we demonstrated that dry-jet
wet spinning presents a method that provides high

throughput, precise designs and enhanced control for
the fabrication of polymeric hollow fiber membranes
that can be applied as nerve conduits. Here, we utilized
a micro-structured spinneret to introduce micro-
grooved textures into the inner surface area of nerve
conduits.42,50 In our previous in vitro study, we showed
that 300 lm wide grooves can be applied to guide the
axons of PC12 cells to extend along the longitudinal
direction of the groove.42 This width aligns with the
dimension of the sciatic nerve in Sprague–Dawley (SD)
rats. In the current study, we prepared semipermeable
polyacrylonitrile (PAN) nerve conduits by dry-jet wet
spinning and incorporated longitudinal micro-grooved
features with a height of 200 lm and a width of 300 lm
into the conduits’ inner surface area. The PAN nerve
conduits were utilized to bridge sciatic nerve gaps in SD
rats, which present an animal model that is commonly
used for peripheral nerve injury.12 This study evaluated
the in vivo repair efficacy of the grooved conduits in the
treatment of rat sciatic nerve damage. Repair was
evaluated based on behavioral, electrophysiological,
histological and immunohistochemical tests. The aim
of this study was to provide a promising method for the
manufacturing of nerve conduits with a micro-grooved
topography for contact guidance of regenerated nerves.
Furthermore, we aimed to investigate the mechanisms
involved in in vivo interactions between nerves and
micro-grooved patterns.

MATERIALS AND METHODS

Preparation and Characterization of Nerve Conduits

Nerve conduits were prepared with the dry-jet wet
spinning method29,50 as shown in Fig. 1. The dope
fluid was prepared by dissolving PAN (MW = 150
kDa, Sigma, US) in dimethyl sulfoxide (DMSO, Sig-
ma, USA) with a weight concentration of 9% (w/w).
Deionized (DI) water was used as the nonsolvent and
coagulant. The dope and the bore fluids were pumped
into the spinneret and the hollow fiber membranes
were formed due to phase inversion. Following fabri-
cation, the generated hollow fiber membranes were
washed with DI water for 2 h and subsequently left
inside DI water for an additional 48 h to allow for
residential solvent to be fully removed.47,50 The hollow
fiber membranes were then applied as nerve conduits.
The cross-sectional morphology of nerve conduits was
observed with a light microscope (AZ100, Nikon, Ja-
pan). The morphology of the nerve conduits was
observed with a scanning electron microscope (SEM,
SU-8010, Hitachi, Japan). Before the SEM observa-
tion, the conduit samples were air-dried in the desic-
cator for 12 h and then coated with 30-nm gold.
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During SEM observation, the extra-high tension
acceleration voltage (ETH) was set as 3 kV. The defi-
nition of groove height and groove width of the nerve
conduits were described in our previous studies.42

The overall porosity of PAN nerve conduits was
obtained by

fp ¼ 1� qconduit
qPAN

� �
� 100%; ð1Þ

where qPAN (1.184 g/cm3) is the density of pure PAN,
and qconduit is the density of PAN nerve conduits
acquired from

qconduit¼
4m

p OD2 � ID2
� �

� l
; ð2Þ

where l and m are the length and mass of the PAN
nerve conduit, respectively, and ID and OD are the
inner and outer diameter of the nerve conduit.

Animal Implantation of PAN Nerve Conduits

The experimental paradigm was designed and imple-
mented as shown in Fig. 1. All procedures performed in

this study were in accordance with the guide for the care
and use of laboratory animals (China Ministry of
Health) and the protocols approved by the Zhejiang
University Animal Care and Use Committee. Male adult
SD rats, weighing 350 ± 50 g, were randomly divided
into 3 groups (n = 8 in each group): the smooth conduit
group (SC), the grooved conduit group (GC) and the
autograft group (AG). Each rat was anesthetized, and
the right sciatic nerve was exposed using the blunt split-
ting method to remove a 10-mm long nerve segment. In
the AG group, the removed nerve segment was then re-
versed by 180� and re-implanted into the gap with 9-0
microsutures (0.03 mm diameter, Lingqiao Suture,
Ningbo Medical Needle Co., Ltd.). In the nerve conduit
groups, the gap was bridged with a 12 mm nerve conduit.
1 mm of the proximal and distal nerve stumps was in-
serted into the conduit and then sutured to the conduit
wall with 9-0 microsutures. The wound was then closed
in layers using 4-0 sutures (0.15 mm diameter). It is no-
ticed that only the right sciatic nerve received the oper-
ation with a conduit or an autograft in each rat, the left
sciatic nerve was left unoperated as the healthy group.
The animals were housed in temperature-controlled
(25 �C) rooms with 12-h light cycles.

FIGURE 1. Schemes of the nerve conduit fabrication and rat sciatic nerve repair experiments.
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Thermal Stimulation Tests

A single, blinded thermal stimulation test was per-
formed on SD rats every 4 weeks after the surgery.23 In
each group, 8 rats were tested in experiments. Rats
were placed on a wire net platform in a transparent
chamber and left for habituation for 5 min prior to the
experiment. A heat source of 60 �C was placed under
the healthy and operated hind paws of the rats with a
maximum limit of 20 s, and the time needed for rats to
withdraw the hind paw was recorded. Each rat was
tested 3 times with 5-min interval between tests.

Electrophysiological Tests

Electrophysiological assessments were performed at
16 weeks post operation. In each group, 8 rats were
randomly selected for the electrophysiological experi-
ments. Each rat was anesthetized, and the sciatic nerve
was re-exposed. The ends of a bipolar hook-like
stimulating electrode were placed under the sciatic
nerve at the proximal ends of the nerve conduit. A
needle-like recording electrode was inserted into the
gastrocnemius muscle. The sciatic nerve was stimu-
lated with a mater-8 stimulator (A.M.P.I., Israel) at
0.1 mA for 0.1 ms. The compound muscle action
potentials (CMAPs) were recorded with the PowerLab
System (PowerLab System, ADInstruments Pty. Ltd.).
The motor nerve reaction latency and the peak
amplitude of the CMAPs were then calculated.1,34

Gastrocnemius Recovery Evaluation

All the gastrocnemii samples (8 rats in each group)
were harvested for evaluation. Both the operated and
healthy sides of the SD rats’ gastrocnemius muscles
were removed and weighed to assess the extent of
atrophy caused by denervation. Gastrocnemius mus-
cles were fixed in 4% paraformaldehyde, embedded in
paraffin, and cut into 5 lm-thick transverse sections.
The sections were then stained with the Masson’s
staining method to discriminate between collagen and
muscle fibers. The stained sections were observed and
imaged with light microscopes (IX81, Olympus, Ja-
pan). The areas covered by muscle fibers (Amuscle) and
collagen fibers (Acollagen) were estimated with the Im-
ageJ software (https://imagej.nih.gov/ij/),23 and the
area percentages of the two fibers was defined as
umuscle = Amuscle/(Acollagen + Amuscle) and ucollagen =
Acollagen/(Acollagen + Amuscle).

30

Histological and Immunohistochemical Evaluation

At 16 weeks post operation, the rats were eutha-
natized and regenerative nerves were harvested. Five

specimens from each group were fixed in 4%
paraformaldehyde and embedded in paraffin. The
middle portions of the specimens were cut into 5 lm-
thick transverse sections. The sections were then
stained with hematoxylin and eosin (H&E). The
stained sections were observed with a light microscope,
and the area of nerve fiber cross sections was measured
with ImageJ.16

For the immunohistochemistry analysis, 5 lm-thick
transverse sections were maintained in xylene for 2 h
and then washed with ethanol. Nerve slices were
incubated in goat serum at room temperature for
20 min after which serum was removed. To visualize
the growth patterns of nerve fibers, tissue slices were
subjected to immunofluorescence staining. The nerve
axons were detected with the anti-neurofilament 200
antibody (Anti-NF200, Hebei Bio-high technology),
while the Schwann cells were detected with anti-glial
fibrillary acidic protein (Anti-GFAP, Hebei Bio-high
technology). The nerve slices were kept in 37 �C for
20 min and then fixed with resins. The stained sections
were observed with a light microscope and NF200- and
GFAP-positive areas were measured with the ImageJ
software.

Transmission Electron Microscopy (TEM)
Examination

In order to observe the detailed structure of the
axons and myelin sheaths of the regenerated nerves
inside the nerve conduits, TEM examinations were
carried out. Here, five specimens from each group were
fixed in 2.5% glutaraldehyde dissolved in phosphate
buffer (PBS, 0.1 M, pH 7.0). The specimens were wa-
shed three times with PBS, postfixed with 1% OsO4
dissolved in PBS and then washed again with PBS.
Subsequently, the specimens were dehydrated with a
graded ethanol series and embedded in resin. The
embedded specimens were sectioned using the LEICA
EM UC7 ultratome and sections were stained with
uranyl acetate and alkaline lead citrate for 5 and
10 min, respectively. The stained sections were then
observed with a Hitachi Model H-7650 Transmission
electron microscope. Five middle-powered fields
(9 5000) in each section were randomly chosen for the
quantitative analysis. The thickness of the myelin
sheaths and G-ratios (ratio of the axon diameter to the
fiber diameter)53 were analyzed using the ImageJ
software.

Statistical Analysis

SPSS 21.0 were used for the statistical analysis.
Data was expressed with the mean ± standard devia-
tion (SD). Data of at least five specimens from each
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group were included in the statistical analysis. Statis-
tical significance was identified with the one-way AN-
OVA test. p-values of < 0.05 were considered
statistically significant.

RESULTS

Nerve Conduit Characterization

Cross-sectional and surface images of the developed
smooth and grooved nerve conduits were shown in
Fig. 2. The macro- and micro-dimensions of nerve
conduits were listed in Table 1. A porous morphology
was observed for both smooth and grooved conduits,
and the porosity of all conduits was estimated to be
91% based on Eq. (2). This high porosity of the nerve
conduits plays a positive role on nerve regeneration.

Gross Observations and Histological Assessments
of Nerve Regeneration

All animals survived the 16-week period following
implantation. As shown in Fig. 3a, no gross inflam-
matory reaction could be observed after nerves had
been exposed. The gross observation of in situ regen-
erated nerves showed that these spanned from the
proximal to the distal ends of defect gaps in all three

groups (Fig. 3a). An H&E stain was applied to the
cross-sectional area of regenerated fibers in the nerve
gaps (Fig. 3b). The diameters of the regenerated nerves
are shown in Fig. 1d. As can be seen, the diameter of
regenerated nerves in the AG group was found to be
significantly larger than that of regenerated nerves in
the GC and SC groups. Importantly, it was noted that
the diameter of regenerated nerves in the GC group
was significantly larger compared to that of the SC
group.

Images obtained from the immunohistochemical
stain are shown in Fig. 3c. Here, the NF200-positive
area marks the nerve axons and the GFAP-positive
area marks the Schwann cells in the nerve cross-sec-
tional stains. In Fig. 3c, the NF200-positive areas are
seen to be more evenly distributed in regenerated
nerves of the GC and AG group, indicating an en-
hanced morphology of the regenerated axons in GC

FIGURE 2. SEM images of the cross-sectional, and surface of the smooth and inner grooved nerve conduits.

TABLE 1. The dimensions of nerve conduits.

Inner grooved conduits Smooth conduits

Inner diameter (mm) 1.50 ± 0.08 1.46 ± 0.01

Outer diameter (mm) 2.24 ± 0.09 2.24 ± 0.08

Groove height (mm) 0.26 ± 0.02 NA

Groove width (mm) 0.38 ± 0.02 NA

Porosity 91% 91%
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and AG groups. The ratios of the NF200-positive and
GFAP-positive areas were determined to analyze the
distribution of regenerated axons and Schwann cells in
the recovered nerves. As shown in Figs. 3e and 3f, the
ratio of NF200-positive areas was higher in the AG
and GC groups than in the SC groups. Additionally,
axons in the GC group were seen to show the largest
diameter. The AG group showed the highest ratio of
GFAP-positive areas (Fig. 3g), with values higher than
those seen for the healthy group. The GC group also
showed a comparatively high GFAP-positive area ra-
tio which reached a level above the ratio observed for
the healthy group and SC group. The enhanced levels
of NF200- and GFAP-positive areas in the GC group
indicate an improved axon and Schwann cell growth.
Furthermore, Schwann cell migration and axon
extension were found to be faster in grooved conduits
compared to smooth conduits.

TEM Analyses

Since myelination plays a critical role in the rapid
transmission of nerve signals, myelin regeneration
provides an important base for the assessment of nerve
recovery.40,45 TEM images of healthy and treated

nerves are shown in Fig. 4a. G-ratios and myelin
sheath thickness were determined based on TEM
images to evaluate the myelination progression of
regenerated nerves. In healthy nerves, myelin sheaths
with a circular geometry were observed to show the
lowest G-ratios and the highest level of thickness. The
AG and GC groups showed low G-ratios and high
myelin sheath thickness compared to the SC group
(Figs. 4b and 4c). These results indicate an improved
remyelination in the GC group in comparison with the
SC group.

Thermal Reaction Latency and Electrophysiological
Tests

Recovery of sensory function was assessed based on
thermal reaction latency tests which can be applied to
evaluate the degree of nerve regeneration.23 Thermal
latency data for the treated sites was collected for the
different groups. As shown in Fig. 5, the AG group
showed the lowest level of reaction latency and the SC
group showed the highest level of reaction. Reaction
latency in the GC group was seen to be lower than that
of the SC group. Based on this, the GC group showed
improved motor and sensory function recovery com-

FIGURE 3. Gross observation (a), H&E stain (b), immunohistochemical stain (c), nerve fiber areas (d), percentage of NF200-
positive areas (e), axonal diameters of regenerated fibers (f), and percentages of GFAP-positive areas (g). Data are expressed as
the mean 6 SD of n = 5 per group; *p < 0.05 and **p < 0.01.

BIOMEDICAL
ENGINEERING 
SOCIETY

Efficacy of Large Groove Texture on Rat Sciatic Nerve Regeneration 399



FIGURE 4. TEM images (a), G-ratio data (b), myelin thickness data (c) of healthy and treated nerves. Data are expressed as the
mean 6 SD of n = 5 per group; *p < 0.05 and **p < 0.01

FIGURE 5. Thermal reaction latency test results. Data are expressed as the mean 6 SD of n = 8 per group; *p < 0.05 and
**p < 0.01.
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pared to the SC group. A significant difference in heat
withdrawal latency was observed between the GC and
SC groups at the period between week 10 and week 12
post operation. This indicates a rapid recovery of nerve
function during these weeks in GC group.

An electrophysiological assessment was carried out
to evaluate the functional recovery and reinnervation
of regenerated nerves. The recorded CMAPs (Fig. 5),
which represent the functional recovery of the target
muscles, were utilized to evaluate the level of muscle
reinnervation. The CMAP peak amplitude of the AG
group was found to be higher than that of both the GC
and SC groups, while the CMAP peak amplitude of
the GC group was higher than that of the SC group.
The CMAP peak amplitude ratio between the treated
and the healthy side was calculated (Fig. 6e). The
CMAP latency ratio between the treated and healthy
side represents an additional quantitative index for the
electrophysiological assessment (Fig. 6f). This ratio
was found to be the lowest in the AG group and the
highest in the SC group. Since a decreased CMAP la-
tency indicates improved functional recovery of the
nerve, the GC group showed an enhanced functional
reinnervation compared to the SC group.

Gastrocnemius Recovery Evaluation

Nerve injury generally triggers atrophy of the
associated gastrocnemius muscle, which leads to mus-
cle weight loss, hyperplasia of connective tissues, and a
decrease in muscle size.4 During the nerve recovery
process, the gastrocnemius muscle undergoes reinner-
vation. Figure 7a shows the gross images of healthy

gastrocnemii and gastrocnemii extracted from treated
nerve injury sites. These results indicated that the
volume to which gastrocnemii recovered in the GC
group was larger than that observed for the SC group.
The wet weight of gastrocnemii in the GC group also
showed to be significantly higher than that of gas-
trocnemii in the SC group (Fig. 7c). To evaluate the
level of reinnervation of the target muscle, a Masson’s
stain was applied. This highlighted the distribution of
collagen and muscle fibers in cross-sections of ex-
tracted gastrocnemii (Fig. 7b). Here, muscle fibers
were stained in red and collagen fibers were stained in
blue. It was found that muscle fibers were uniformly
distributed in gastrocnemii of the AG, GC and SC
groups. The average level of areas containing muscle
fibers was found to be significantly higher in the GC
group compared to the SC group (Figs. 7d and 7e).
These results demonstrate that the level of gastrocne-
mius recovery in the GC group is similar to the
recovery level observed for the AG group.

Regenerated Nerve Morphology and Blood Vessels

In Fig. 8a, the cross-sectional configuration shows
that the regenerated nerves inside grooved conduits
aligns with the conduits’ inner surface topography.
While the cross-sectional area of regenerated nerves of
smooth conduits in Fig. 8b was much smaller than the
nerves of grooved conduits. H&E stains of regenerated
nerves and blood vessels in different groups are shown
in Figs. 8c–8e. It can be observed that larger quantities
of blood vessels were generated in the GC group
(Fig. 8c) compared to that in the SC group (Fig. 8d).

FIGURE 6. Results of electrophysiological tests (a–d), associated CMAP amplitude ratios (e), and CMAP latency ratios (f). Ratios
were obtained by dividing values of the treated side data by values of the healthy side data. Data are expressed as the mean 6 SD
of n = 5 per group; *p < 0.05 and **p < 0.01.
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DISCUSSION

Recently, nerve conduits have been shown to pre-
sent the basis for an efficient substitute treatment of
peripheral nerve injury.8,14 Inside the body, the con-
duits provide a physical template for regenerating
nerves.27 Guidance cues such as growth factors can be
applied to further improve the efficacy of the nerve
conduits.38 Specified groove textures can be used to
constrain the growth direction of Schwann cells inside
the conduits and to support migration to the target in a
pre-designed fashion.41 Based on the application of
conduits, regenerating axons can be guided to rein-
nervate target muscles while preventing misdirection.9

Moreover, the migration speed of Schwann cells has
been shown to be increased on grooved surface tex-
tures.25 It has also been observed that nerve conduits
allow Schwann cells to create a suitable environment
for nerve regrowth within a shorter period of time.20

Taken together, these factors can be applied to increase
the rate of nerve regeneration and to guide regenerat-
ing nerve towards their targets. As a result, the func-
tional loss of affected muscles caused by denervation
can be decreased and functional recovery can be
improved.14

The histological analysis (Figs. 3b and 3d) showed
that the area of regenerated nerve tissues was larger in
the GC group compared to the SC group. This indi-
cates that nerve conduits with an inner grooved surface
texture provide enhanced guidance for nerve regener-
ation. Moreover, PAN is a nondegradable polymer, so
the nerve conduits do not degrade during the nerve
repair progress. Therefore, the groove textures on the

inner surface showed a good structural stability during
the peripheral nerve repair. In Fig. 8a, the alignment of
regenerated nerves indicates that the migration of
Schwann cells is effectively guided by the conduit
grooves. Contrary to the surface area of smooth con-
duits, the grooved conduits’ topography provides a
larger contact area for regenerating nerves. This
increased surface area is capable of accommodating
larger numbers of support cells.4 These results are
further supported by the finding that the cross-sec-
tional area of regenerating nerves inside smooth con-
duits was smaller compared to the cross-sectional area
of nerves inside grooved conduits (Fig. 8b). The
immunohistochemistry results of this study (Figs. 3c
and 3g) showed that larger fractions of GFAP-positive
areas could be observed in the GC group compared to
the SC group. This proves that larger numbers of
Schwann cells migrate into grooved conduits, hence
leading to improved axonal regeneration, as shown by
the NF200-positive areas (Fig. 3c).

H&E stains of regenerated nerves and blood vessels
in different groups are shown in Figs. 8c–8E. Larger
numbers of blood vessels in regenerating nerves con-
tribute to an enhanced nutrient supply and provide a
preferred environment for axonal sprouting and
growth.7,21 Recent studies have also shown that
regenerating blood vessels can guide the migration of
Schwann cells and other cell types inside nerve gaps.2

In Figs. 8c–8e, it can be observed that larger quantities
of blood vessels were generated in the GC group
(Fig. 8c) compared to the SC group (Fig. 8d).

The goal of this study was to introduce a longitu-
dinally aligned grooved texture on the inner surface of

FIGURE 7. (a) Extracted gastrocnemii in situ. Left: Gastrocnemii extracted from healthy sides. Right: Gastrocnemii extracted from
treated sides. (b) Masson’s stain evaluation of gastrocnemii extracted from treated sides. Gastrocnemii recovery evaluation data:
(c) gastrocnemii wet weight, (d) gastrocnemii slice muscle fiber area ratios (umuscle), and (e) gastrocnemii slice collagen fiber area
ratios (ucollagen). Data are expressed as the mean 6 SD of n = 8 per group; *p < 0.05 and **p < 0.01.
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polymeric nerve conduits to provide physical guidance
cues for improved peripheral nerve injury repair. The
experimental results of this in vivo study indicate a
significant enhancement of rat sciatic nerve regenera-
tion based on the application of grooved PAN nerve
conduits. This level of regeneration could not be seen
for smooth PAN nerve conduits. Based on experi-
mental observations, several features of the conduits’
inner grooved texture may contribute to the enhance-
ment of peripheral nerve recovery. First, the grooved
texture can restrict neuronal extension and axon out-
growth due to the limited flexibility of the cell cyto-
plasm.35 The open lumen inside the nerve conduits

does, however, provide the space required for cell–cell
interactions during nerve regeneration. Second, the
grooved texture offers an increased level of surface
area. The resulting increase in surface-area-to-volume-
ratio facilitates cell adhesion. A larger surface area also
provides benefits for the diffusion of waste products
and nutrients. It, hence, contributes to the formation
of a supportive environment for cell growth.51

In the future, the fundamental mechanisms which
underlie the groove guidance effects on regenerating
nerve tissues should be carefully studied. This will aid
the optimization of grooved inner textures inside nerve
conduits. Furthermore, the repair efficiency of these

FIGURE 8. Nerve fibers growing along grooved (a) and smooth (b) conduits. Red arrows mark cross-sectional shapes of nerves
guided by grooved textures. Blood vessels and Schwann cells in the SC (c), GC (d), and AG (e) groups are highlighted by an H&E
stain.
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conduits may be further improved by combining dif-
ferent physical and/or biological guidance cues, such as
electrical stimulation, nerve growth factors and stem
cells.39

In this study, PAN nerve conduits with inner
grooved textures were prepared using the dry-jet wet
spinning method. The generated nerve conduits were
implanted into SD rats to bridge 10 mm sciatic nerve
gaps. Behavioral, electrophysiological, histological and
immunohistochemical tests were applied to evaluate
the effects of the conduits’ grooved inner patterns on
nerve repair. Nerves treated with grooved conduits
showed improved outcomes compared to nerves trea-
ted with smooth conduits, as these showed enhanced
results for behavioral reactions, electrophysiological
functions, nerve fiber diameters, levels of remyelinated
axons, Schwann cell quantities, and muscle recovery.
In contrast to the SC group, the GC group showed
larger areas of regenerated nerves and increased
quantities of blood. The outcomes of this study prove
that PAN nerve conduits with grooved inner guidance
structures of ~ 200–300 lm significantly enhance
peripheral nerve recovery.
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