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Abstract
Nerve conduits have been a viable alternative to the ‘gold standard’ autograft for treating small peripheral 
nerve gap injuries. However, they often produce inadequate functional recovery outcomes and are inef-
fective in large gap injuries. Ridge/groove surface micropatterning has been shown to promote neural cell 
orientation and guide growth. However, optimization of the ratio of ridge/groove parameters to promote 
orientation and extension for dorsal root ganglion (DRG) cells on poly(lactic-co-glycolic acid) (PLGA) 
films has not been previously conducted. Photolithography and micro-molding were used to define various 
combinations of ridge/groove dimensions on PLGA films. The DRG cells obtained from chicken embryos 
were cultured on micropatterned PLGA films for cell orientation and migration evaluation. Biodegradation 
of the films occurred during the test period, however, this did not cause deformation or distortion of the 
micropatterns. Results from the DRG cell orientation test suggest that when the ridge/groove ratio equals 
1 (ridge/groove width parameters are equal, i.e., 10 µm/10 µm (even)), the degree of alignment depends 
on the size of the ridges and grooves, when the ratio is smaller than 1 (groove controlled) the alignment 
increases as the ridge size decreases, and when the ratio is larger than 1 (ridge controlled), the alignment is 
reduced as the width of the grooves decreases. The migration rate and neurite extension of DRG neurons 
were greatest on 10 µm/10 µm and 30 µm/30 µm micropatterned PLGA films. Based on the data, the 10 
µm/10 µm and 30 µm/30 µm micropatterned PLGA films are the optimized ridge/groove surface patterns 
for the construction of nerve repair devices. 

Key Words: nerve regeneration; nerve repair; neural cell migration; neural cell alignment; micropattern; dorsal 
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Introduction
Peripheral nerve injuries commonly lead to permanent loss 
of motor and sensory function if complete nerve regener-
ation does not occur (Navarro et al., 2007). Nerve injuries 
can have varying degrees of severity with the most severe 
being characterized by complete transection of all the axons 
and connective tissue. Nerve gaps greater than 2 cm are typ-
ically treated with an autologous nerve graft, decellularized 
allografts, or bioresorbable nerve conduits. Autografts are 
the current ‘gold standard’ for large gap injury repair. Use 
of autograft leads to the loss of function at the donor nerve 
site and therefore has limited donor sources. In addition, 
functional recovery after autograft repair is frequently inad-
equate (Battiston et al., 2005).

Developing and translating medical technologies that can 
match or improve patient outcomes to the autograft has be-
come one of the most commonly attempted problems to be 
solved in the field of peripheral nerve regeneration. Nerve 
conduits made of various biomaterials, enhanced by topo-
logical cues, nerve growth factors, other small molecules, 
inner lumen scaffolding, and nerve/stem cell seeding have 
been studied (Daly et al., 2013; Arslantunali et al., 2014; 
Reichenberger et al., 2016). Additionally, allografts, decel-
luarized allografts, and xenografts have been investigated in 
an attempt to replace the autografts. Superior nerve conduits 
are not only expected to grossly connect both ends of the 

severed nerve, but also are expected to promote and guide 
axonal growth. Hence, an ideal nerve conduit design must 
incorporate a way to mimic the native physical environment, 
release neurotrophic factors, and be able to promote neurite 
elongation. Surface topology is one method to affect cell be-
havior by mimicking the native extracellular matrix (ECM) 
environment. Many studies have tried to control neural cell 
behaviors (migration, alignment, proliferation) through en-
gineered micro- or nano-environmental scaffolding for use 
in peripheral nerve reconstruction. Previous studies have 
demonstrated that nerve cells grow along longitudinally 
aligned scaffolding consisting of micro-grooved structure and 
micro-topological cues which could provide long term stim-
ulation for cell proliferation. Yang et al. (2005) fabricated an 
aligned poly-L-lactic acid) (PLLA) nano/micro fibrous scaf-
folds for neural regeneration by electrospinning. They have 
demonstrated that the rate of neural stem cell differentiation 
was higher for PLLA nanofibers than that of micro fibers and 
it was independent of the fiber alignment. At the same time, 
poly(lactic-co-glycolic acid) (PLGA) nanofiber conduits were 
examined using a rat sciatic nerve model with a 10 mm long 
gap and successful nerve regeneration was demonstrated (Bini 
et al., 2004; Sudwilai et al., 2014).

Micropatterned surfaces have been shown to improve 
nerve cell alignment and accelerate growth longitudinally 
(Mobasseri et al., 2013; Li et al., 2014). However, there is less 
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discussion on optimal combinations of ridge/groove micro-
patterns for aligned cells and migration abilities. In this study, 
we investigated the in vitro nerve cell growth optimization to 
determine the optimal ridge/groove ratio to accelerate neurite 
extension and cell alignment. A photolithographic technique 
was developed to fabricate various ridge/groove ratio micro-
patterned PLGA films. Dorsal root ganglion (DRG) cells were 
cultured on various micropatterned PLGA films to investigate 
the cell alignment and migration ability.

Materials and Methods
PLGA solution preparation
75/25 PLGA pellets purchased from Evonik Co (Essen, Germa-
ny) were used to manufacture the films. 10 g of PLGA particles 
were dissolved in 20 mL of acetone and stirred at 60 r/min at 
room temperature for 2 hours. 6 mL of 100% ethanol was add-
ed and stirring continued at room temperature overnight.

Fabrication of micropatterned PLGA films
A diagram showing PLGA micropatterned film fabrication 
process is shown in Figure 1. Figure 1 presents the various 
ridge/groove films fabricated and tested.

A photolithography process was performed to produce 
various combinations of ridge/groove micropattern molds 
on a silicon substrate (Figure 1A). The silicon substrate was 
cleaned and AZnLOF2020 negative photoresist was coated on 
the surface by spin coating with a series of rotating speeds (30 
r/min 5 seconds, 500 r/min 5 seconds and 1,400 r/min 45 sec-
onds). The silicon substrates were soft baked at 110°C using a 
hotplate for 1minute. Silicon substrates with photoresist were 
exposed to UV light by a mask aligner (Hybralign Series 200, 
OAI, San Jose, California, USA) for 8.5 seconds. AZ 1:1 devel-
oper solution was used for development for 45 seconds, and 
then rinsed in DI water for 1minute. Substrates were dried 
by N2 gas, and the silicon substrate photoresist mold was 
obtained. 50 μL of saline was used as a mold releasing agent, 
saline was evaporated from the silicon photoresist surface in a 
vacuum chamber for 1 hour. 20 mL of polydimethylsiloxane 
(PDMS) (1:10) solution was added to the photoresist mold 
and degassed in a vacuum chamber for 1 hour and baked in 
an oven at 65°C overnight for crosslinking (Figure 1B). The 
final PDMS mold was removed from the photoresist mold 
and 7 mL of the PLGA solution was poured onto the mold. It 
was put into a 10 cm2 glass dish and surrounded by 5 mL ace-
tone on a 35°C hotplate for 1hour to degas (Figure 1C). After 
drying at room temperature overnight, the PLGA film was 
demolded from the PDMS mold to obtain a micropatterned 
PLGA film (Figure 1D).

Material degradation rate estimation
Before the degradation test was initiated, the micropatterned 
PLGA films were dried and weighed (W0). The PLGA films 
were sterilized by ethylene oxide and placed into a 24-well 
culture plate, 1 film/well. 1 mL of DRG culture medium was 
added to each well, and the 24-well culture plates were kept 
in a cell culture incubator under 5% CO2 and 37°C condi-
tions for 14 days. The PLGA films were collected after the 

first 7 days and washed with PBS three times. After drying 
at 30°C for 2 days, the weight was measured again (W1). The 
PLGA films were then re-sterilized in 24-well culture plates 
and the incubation process was repeated. Five samples were 
used in this test. The PLGA film drying and weighing pro-
cess was repeated to obtain the day 14 weights (W2). The 
material degradation rate was calculated as equation (1). 

                                                                                            (1)

W0 represents the material dry weight before degradation; 
Wn was material dry weight after degradation, n = 1 or 2 
represents the degradation time (days).

DRG cell dissection, disassociation, and culture
To distinguish the effects that different ridge/groove combi-
nations have on peripheral nerve cells, we prepared primary 
cell cultures containing a mixture of neuronal and glial cells 
from harvested DRGs of E10 chicken embryos (Merrill’s Egg 
Farm, Emmett, ID, USA). The use of chicken embryos did not 
require IACUC approval. Tissue types were carefully dissect-
ed and dissociated with 0.25% trypsin for 10 minutes at 37°C. 
The disassociated DRG cell mixture was suspended in Dul-
becco’s modified Eagle medium (DMEM) supplemented with 
10% fetal bovine serum, 5 ng/mL nerve growth factor, and 
1% Gibco™ antibiotic-antimycotic (penicillin, streptomycin, 
fungizone™). Suspension was centrifuged at 1,000 r/min for 
10 minutes, cell concentration was adjusted to 1 × 105 cells/
mL to seed on 75 cm2 tissue culture flasks and incubated at 
37°C and 5% CO2. The culture medium was changed 24 hours 
later. When cell confluency was approximately 80–90%, the 
cells were passaged. Passages 4–6 cells were used in this study.

Disassociated nerve cells cultured on micropatterned 
PLGA films
Micropatterned PLGA films were sterilized by ethylene 
oxide, and then put into a 10 cm2 culture dish. Cells were 
trypsinized and cell concentration was adjusted to 2 × 104 
cells/300 μL for culturing on PLGA films overnight. 10 mL 
of culture medium described earlier was added to the culture 
dish and incubated for 3 days at 37°C and 5% CO2. Each 
group contained two samples (n = 2). Flat PLGA films were 
used as a control group.

Whole DRGs cultured on micropatterned PLGA films for 
neurite extension distance measurement
In order to estimate the DRG neurite extension rate and 
distance, whole DRGs collected from chicken embryos were 
cultured with 200 μL of DMEM supplemented with 10% 
fetal bovine serum, 5 ng/mL nerve growth factor and 1% 
Gibco™ antibiotic-antimycotic (penicillin, streptomycin, 
fungizone™), plated at the edge of a micropatterned PLGA 
film and incubated at 5% CO2 and 37°C overnight. After 10 
mL of the culture medium was added to the culture dish, 
the whole DRGs were cultured for 3 days at 5% CO2 and 
37°C on 10 μm/10 μm, 30 μm/30 μm, and 100 μm/30 μm 
micropatterned and flat PLGA films for assessing neurite 
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extension. One film from each group was used. The average 
neurite length (lavg) was calculated by: lavg=(Atot/π)1/2–(ADRG/
π)1/2 (Labroo et al., 2017).

Characterization of cell orientation, migration, and 
neurite extension by immunofluorescence staining
DRG cells were grown on micropatterned PLGA films, fixed 
with 2% paraformaldehyde and 0.2% Triton X-100 in PBS for 
10 minutes at room temperature, washed three times with 
PBS, and processed for immunofluorescence staining. After 
a blocking step with 1% bovine serum albumin for 30 min-
utes at room temperature, cells were incubated with primary 
antibody for 1 hour at 37°C. The neuron-specific rabbit an-
ti-beta-tubulin IgG (1:500) was used as the primary antibody. 
Cells were washed three times in PBS, and then incubated 
with the second antibody for 1 hour at room temperature 
in the dark. Secondary antibody goat anti-rabbit IgG Alexa 
Fluor 568 was diluted in PBS (1:1,000). Cells were incubated 
with 4′,6-diamidine-2-phanylindole (DAPI) diluted in PBS 
(1:1,000) for nucleus staining. A Nikon Widefield Microscope 
(Melville, NY, USA) was used for fluorescence microscopy for 
the recording and analysis of nerve cell growth characteristics 
on films. Cell orientation was measured for groups: Even (10 
μm/10 μm, 30 μm/30 μm, 50 μm/50 μm, 100 μm/100 μm), 
groove controlled (10 μm/50 μm, 30 μm/50 μm, 10 μm/100 
μm, 30 μm/100 μm), ridge controlled (50 μm/10 μm, 50 
μm/30 μm, 100 μm/10 μm, 100 μm/30 μm). For each group, 
three images were selected for measurement of cell orienta-
tion. The cell orientation plugin for ImageJ software (NIH, 
Bethseda, MD, USA) was used to analyze cell positioning on 
the micropatterned PLGA film (Li et al., 2014).

Characterization of cell morphology by scanning electron 
microscope (SEM)
Cells grown on micropatterned PLGA films were fixed with 
2% paraformaldehyde for 30 minutes. After three PBS washes, 
cells were dehydrated using a series of ethanol washes (con-
centrations 70%, 80%, 90%, 95% and 100%) for 30 minutes at 
each step. The surface was coated with a 5 nm gold film (Ther-
mofisher, Hillsboro, OR, USA) by sputter for conductivity. The 
FEI Quanta 600 FEG (Thermofisher) at the UtahNanofab of 
the University of Utah was used to observe the cell morphol-
ogies of the nerve cells grown on the micropatterned PLGA 
films. ImageJ software was used to quantify cell elongation, 
and for each group there were three selected images. 

Results
Micropatterned PLGA film ridge/groove characterization
During this fabrication process, the dimensions of the ridges 
and grooves were consistent with the design parameters (Fig-
ure 1). These findings suggest that the photolithography and 
PDMS molding fabrication process was sufficient at produc-
ing repeatable films that match the design parameters.   

Morphological changes and weight loss of the 
micropatterned PLGA films
To determine if the micropatterns maintained their original 

morphological structure after incubation in culture media at 
37°C, the cross-section and surface of films were examined 
using scanning electron microscopy (Figure 2). The thick-
ness of the micropatterned PLGA film, which was 169.84 μm 
before the culture medium, was added (Figure 2A). After 
material degradation for 7 and 14 days, the thickness of the 
PLGA films increased to 211.05 and 237.27 μm, respectively 
(Figure 2B and C). The material cross-section was smooth 
on day 0 (Figure 2A), but wrinkles formed while the mate-
rial was immersed in the culture media after 7 days (Figure 
2B). After 14 days of exposure to the culture media at 37°C, 
a micro-porous consistency was generated throughout the 
film (Figure 2C). The micropatterns were still maintained 
on the surface of the film after exposure to the culture media 
at 37°C, and swelling of the material did not cause the mi-
cropattern structure to deform (Figure 2D and E). 

SEM found that morphological changes occurred in the 
interior and at the surface of the films after prolonged expo-
sure to the incubation environment. During the degradation 
process, the surface microstructure of the micropatterned 
PLGA film gradually changed. In the beginning, the micro-
patterned PLGA film had a transparent appearance and a 
smooth surface. With time, some small holes were observed 
on the film surface, and the film became whitish and coarse 
(Figure 2B and C).

To estimate the material degradation rate, a weight loss 
study was performed. Data from weight loss study are as fol-
lows: Day 0: 63.43 ± 6.90 μg; day 7: 62.1 ± 6.66 μg, and day 14: 
60.9 ± 6.45 μg. The data from the weight loss study showed 
that the material degradation rate was approximately 2% (1μg) 
per 7 days and 0.28% (0.14 μg) per day for the first 14 days.

DRG neuron orientation and behavior on micropatterned 
PLGA films
Figure 3 shows immunofluorescence staining of the DRG 
neurons on micropatterned PLGA films of various ridge/
groove combination ratios. Measurements of the cell ori-
entation on the micropatterned PLGA films are shown in 
Table 1. The alignment behavior of the DRG neurons was 
dependent on the ridge/groove combination. Cells became 
longer in morphology when the DRG neurons were cultured 
on the micropatterned PLGA films of even ridge/groove 
ratio (Figure 3; left column). Also the cells presented align-
ment behavior and the cells had less axonal branching when 
grown on the micropatterned PLGA films, especially on the 
10 μm/10 μm combination. In contrast, the cells cultured 
on the films with either ridge or groove parameter set at 100 
μm wide were longer and less branched than when cultured 
on flat films (Figure 3; 10 μm/100 μm, 30 μm/100 μm, 100 
μm/10μm and 100 μm /30 μm).

In Table 1, in the groups with even ridge/groove ratios in-
creased, the angle of the cell relative to the micropattern in-
creased. When cells were cultured on micropatterned PLGA 
films with non-even ridge/groove ratios, the cell orientations 
displayed inverse results (Table 1). In the groove control 
group, the angle of the cells relative to the micropattern 
increased with the increase of the ridge width. The cells pos-
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sessed good orientation at 10 μm ridge widths. In the groove 
controlled group, the width of groove was relatively large 
compared to the ridge width and cell size, therefore ridge 
patterns were recognized as micro-wires for cell guidance.

Figure 4A and B shows the DRG cells cultured on the 10 
μm/10 μm, 100 μm/100 μm, 10 μm/50 μm, and 50 μm/10 μm 
micropatterned PLGA films. Cells crossed over the grooves to 
connect to both edges of the ridges. But the dimensions of the 
grooves on the 100 μm/100 μm PLGA films were larger than a 
single cell’s size, therefore there was less physical cues to pro-
vide cell guidance. In contrast, the 10 μm/10 μm combination 
showed a strong ability to guide cell growth and alignment. 
In the inconsistent combination groups (10 μm/50 μm and 

Figure 1 A diagram depicting the fabrication process for 
production of the micropatterned PLGA films. 
(A) Photo lithography process, (B) PDMS mold casting on 
photoresist silicon substrate mold, (C) PLGA solution cast-
ing on the PDMS mold, (D) final product, micropatterned 
PLGA film. (E) Images of the micropatterned PLGA films 
with the different ridge/groove design parameters used in the 
study. The diagram above the images defines what the ridge 
and groove parameters in relation with the micropatterns. 
The ridge groove ratios are reported in ridge width (µm)/
groove width (µm). The height parameter for all films was 
kept constant at 10 µm. (Left column) Micropatterned films 
with even ratio ridge/groove widths 10/10, 30/30, 50/50, 
100/100 µm/µm. (Middle column) Micropatterned films 
with controlled grooves widths at 50 and 100 µm, and vary-
ing ridge widths at 10 and 30 µm. (Right column) Micropat-
terned films with controlled ridge widths at 50 and 100 µm, 
and varying groove widths at 10 and 30 µm. Scale bar is 400 
µm for all pictures. PLGA: Poly (lactic-co-glycolic acid). 

Figure 2 Scanning electron microscope images of the cross-sections and surface of the micropatterned PLGA film.
Scanning electron microscope images of the cross-sections of the micropatterned PLGA film before and after material degradation at 0 (A), 7 (B), 
and 14 days (C). (D) and (E) are images of the surface of the micropatterned PLGA films at 7 and 14 days, respectively (n = 3). Scale bars: 100 μm 
in A, 200 μm in B, C, and E, 50 μm in D. PLGA: Poly(lactic-co-glycolic acid). 

Table 1 Dorsal root ganglion cell orientation angle in relation to 
the ridge lines when grown on the micropatterned poly(lactic-co-
glycolic acid) films of various ridge/groove combination ratios

Even (degree)
Groove controlled 
(degree)

Ridge controlled 
(degree)

1.51±0.76 (10/10) 4.14±1.63 (10/50) 63.53±21.05 (50/10)
4.39±2.57 (30/30) 24.23±9.29 (30/50) 4.81±2.78 (50/30)
9.28±8.72 (50/50) 6.77±3.07 (10/100) 92.99±22.13 (100/10)
13.1±5.75 (100/100) 65.14±27.45 (30/100) 2.83±1.89 (100/30)

Ridge/groove parameter (μm/μm) combination indicated in parenthesis 
next to data point.
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50 μm/10 μm), cells were aligned with the edge of ridges on 
the 10 μm /50 μm combination films (Figure 4C), and cells 
on the 50 μm/10 μm combination films presented inverse 
responses where most of the cell bodies were located on the 
ridges and crossed over the grooves (Figure 4D).

DRG cell neurite extension behavior on micropatterned 
PLGA films
Since the DRG neurons showed good alignment properties 

on the 10 μm/10 μm, 30 μm/30 μm, 100 μm/30 μm micro-
patterned PLGA films, these combinations were used to 
investigate the neurite extension enhancing capabilities of 
the films when DRG neurons were grown on the films. The 
DRG’s neurite extension and alignment behavior when 
grown on 10 μm/10 μm, 30 μm/30 μm, 100 μm/30 μm mi-
cropatterned and flat PLGA films can be seen in Figure 5. 
Flat PLGA films were used as a control group. DRG neurons 
grown on the 10 μm/10 μm, 30 μm/30 μm groups demon-
strated the greatest neurite extension growing distances of 
5.76 and 7.27 mm, respectively. The DRG neurons grown 
on the 100 μm/30 μm films presented good alignment, but 

Figure 3 Immunolabeled DRG neurons on various ridge/groove 
combination micropatterned PLGA films. 
The red fluorescence labels beta-tubulin protein which is a neuronal 
marker. Blue DAPI stain indicates labeled nuclei. Scale bars: 100 μm. 
The white dotted line represents the micropattern orientation. DRG 
neuron cell alignment decreased as the ridge and groove width in-
creased in the even ratio group (left column). When groove parameter 
was controlled, DRG neuron cell alignment decreased as the ridge 
width was increased (middle column). When ridge parameter was con-
trolled, DRG neuron cell alignment increased as the groove width was 
increased (right column). DRG: Dorsal root ganglion; PLGA: poly(lac-
tic-co-glycolic acid); DAPI: 4′,6-diamidino-2-phenylindole.

Visual representation of the better 
dorsal root ganglion cell alignment 
on the films with smaller ridges (A 
and C) compared to the films with 
larger ridges (B and D). Scale bars: 
100 μm in A–C, 50 μm in D.

Figure 5 Immunolableled DRG neurons grown on 10 μm/10 μm, 30 
μm/30 μm, and 100 μm/30 μm micropatterned and flat PLGA films.
Whole DRGs were cultured on the micropatterned films to assess neu-
rite extension. The red fluorescence labels beta-tubulin protein which 
is a neuronal marker. The magnified image is to show the alignment 
properties the ridges/groove combinations have on the neurites. 10 
μm/10 μm, 30 μm/30 μm micropatterned films showed the greatest 
neurite extension, 5.76 mm and 7.27 mm, respectively. DRGs grown 
on 100 μm/30 μm micropatterned films and flat films grew with a 
shorter and uniform neurite distribution around the DRG, instead of 
extending outward along the patterns. Scale bars: 500 μm. DRG: Dorsal 
root ganglion; PLGA: poly(lactic-co-glycolic acid). 

Figure 4 Scanning electron microscope images of dorsal root ganglion cells growing on 10 μm/10 μm (A), 100 μm/100 μm (B), 10 μm/50 μm (C) 
and 50 μm/10 μm (D) micropatterned poly(lactic-co-glycolic acid) films. 
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lower neurite extension (3.12 mm) in comparison to the 
10 μm/10 μm and 30 μm/30 μm groups. When grown on 
flat films, the DRG cell growth and neurite extension were 
shorter, random, and non-oriented.

Discussion
Research has demonstrated techniques that produce micro-
patterns on materials, such as e-beam lithography, and fem-
tosecond laser (Lu and Chen, 2004; Gomez et al., 2007; Lim 
et al., 2011). However, these fabrication techniques are high 
in cost when compared to photolithography. Additionally, 
these techniques usually require high-power to create the 
micropatterns, which could generate abundant particles and 
melting on the material surface. Hence, photolithography 
and micro-molding techniques were chosen to create micro-
patterned, bioresorbable PLGA films to construct peripheral 
nerve regeneration devices.

PLGA has been shown to hydrate and swell when exposed 
to water (Siegel, 2011). When exposed to water-rich cell cul-
ture medium, the micropatterned PLGA films experienced 
hydration and swelling. This was also observed in our study 
when the thickness increased after 7 days. Bulk degradation of 
PLGA films has been demonstrated by various previous stud-
ies. These studies explained that the degradation is faster in 
the center of the film compared to that on the surface due to 
a phenomenon called autocatalysis because of the increased 
concentration of acidic degradation products that accumulate 
inside the film. The heterogeneous surface degradation re-
sulted in change in the surface of micropatterned PLGA films 
(Vey, 2012; Shirazi et al., 2014). Our findings were consistent 
with these previous studies. Degeneration primarily occurred 
inside the PLGA films, since the microholes observed were in 
the inner film rather than on the surface. 

There is evidence that microstructure dimensions can 
be controlled to influence nerve cell alignment and migra-
tion on scaffolds (Qu et al., 2013). Previous studies have 
indicated that the width of microchannels has a significant 
influence on cell growth geometry and that different cell 
types have different responses to the width of microchan-
nels. Schwann cells showed more parallel growth on 10 μm 
microchannels than on 20 μm micropatterns (Hsu et al., 
2005). The neurites of PC12 cells showed more significant 
parallel growth on smaller micropatterns than on larger 
micropatterns (Hsu et al., 2005). Our study was consistent 
with these studies. The DRG neurons showed more signifi-
cant parallel alignment and less branching on the 10 μm /10 
μm patterns. Yao et al. (2009) presented that parallel neurite 
growth from PC12 cells occurred on micropatterned PLGA 
films, with more significant alignment found on micropat-
terned PLGA films with smaller groove widths of 5 μm. This 
suggested that smaller patterns provided better efficiency 
on cell guidance, because the tight ridges & grooves guide 
neurite extension by restricting the growth unidirectionally 
(Li et al., 2014). However, the cell alignment property is also 
controlled by the ratio of ridge/groove combination. When 
the ratio equals 1 (even group), the alignment efficiency 
depends on the size of pattern, the smaller (10 μm/10 μm 

and 30 μm/30 μm) had better alignment and neurite exten-
sion, indicating that smaller cellular sized ridge/grooves are 
efficient at directing cell growth. If the ratio is smaller than 
1 (larger grooves than ridges), the alignment efficiency in-
creases as the width of the ridge decreases, since the nerve 
cells are sensitive on the edges of the pattern. Goldner et al. 
(2006) demonstrated that neurites will bridge across micro-
patterned grooves to help nerve cells to gain contact with 
the ridges. Therefore, the DRG neurons in this study easily 
crossed the smaller grooves to connect to both side ridges of 
a groove. When the ratio is larger than 1 (ridges are larger 
than grooves), the alignment efficiency reduces as the width 
of the groove decreases. This suggests that the overall lower 
groove area in these ridge control groups deters the DRG 
neurons for readily attaching and orienting to the micropat-
tern surface. Our results indicate that DRG neurons prefer 
to interact and orient themselves around the corners and 
edges of ridges and grooves, and that higher densities of 
ridges and grooves on the 10 μm/10 μm and 30 μm/30 μm 
films provide a superior alignment capability. Additionally, 
the micropatterned PLGA films with the smaller width 10 
μm/10 μm and 30 μm/30 μm combinations were the most 
effective at enhancing neurite extension. Cell alignment 
and neurite extension have critical implications in treating 
peripheral nerve gap injuries. Current clinically available 
nerve conduits lack the ability to promote neurite extension 
and cell proliferation across the empty volume in a gap in-
jury, and they only provide gross directional guidance. The 
addition of micropatterned scaffolding into the inner lumen 
of a nerve conduit can promote and expedite neuronal cell 
ingrowth to more effectively cross the gap.

Su et al. (2013) demonstrated that grooved patterns can 
restrict the motility of PC12 cells and decrease the velocity of 
cellular movements on silicon wafers. Liu et al. (2016) present-
ed that Schwann cell populations migrated the fastest on the 
smallest sized microgroove channels. The efficacy of cell mi-
gration on micropatterned substrates is dependent on the cell 
type. Joo used laminin (LN) and poly-l-ysine to define various 
micropatterns on the cell culture substrates to investigate the 
migration and differentiation of adult neural stem cells. Their 
data suggested that adult neural stem cells cultured on smaller 
groove patterned substrate showed higher potential for differ-
entiation into neuron cells than larger groove patterned. Adult 
neural stem cells derived neurons presented lower migration 
abilities than astrocytes on 30 μm /30 μm patterned substrate 
(Joo et al., 2015). These studies suggest that alteration of the 
ridge spacing has the ability to restrict cell migration in one 
direction and increase neurite extension distances. But, to 
fully understand the mechanisms of cell migration on micro-
patterned substrates, further investigation is warranted. To 
summarize the implications of our results, a good micropat-
tern ridge/groove combination for improving cell migration, 
alignment, and neurite extension must have properly chosen 
ridge and groove width parameters to fully optimize cell in-
teractions. Width of the ridge and grooves must be similar to 
the size of a cell to provide optimal neural cell alignment and 
neurite alignment.
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Conclusion
The micropatterned PLGA films with surface ridge/groove 
topography were successfully fabricated by combining pho-
tolithography and micro-modeling techniques. Material 
degradation testing showed degradation rate was about 2% 
(1 μg) per week and 0.28% (0.14 μg) per day. The PLGA 
films with the 10 μm/10 μm and 30 μm/30 μm combinations 
possessed the most effective DRG cell guidance and neurite 
extension. We demonstrated that cell alignment properties 
were dependent on the ratio of the ridge/groove parameters. 
When the ratio equaled 1 (even group), the DRG cell align-
ment and extension properties diminished as the ridge and 
groove width values increased. When the ratio was smaller 
than 1 (groove controlled group), the cell alignment efficacy 
increased as the ridge widths decreased. When the ratio was 
larger than 1 (ridge controlled group), the cell alignment 
efficacy decreased as the groove widths decreased. For DRG 
cell migration and extension studies, we demonstrated that 
the 10 μm/10 μm PLGA films showed good migration and 
extension, but 30 μm/30 μm PLGA film provided better mi-
gration and extension. The studied micropatterned PLGA 
films may offer a potential design for peripheral nerve re-
generation devices. The micropatterned PLGA films can be 
used to line the inner walls of a nerve conduit to improve 
gap-repair functional recovery outcomes. This technology 
can also be extended to other biodegradable polymers for 
other tissue engineering applications. 
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