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providing the structural and nutritional support for nerve regeneration. The ideal NGCs have
plenty of requirements on biocompatibility, mechanical strength, topological structure, and
conductivity. Therefore, it is necessary to continuously improve the design of NGCs and establish
a better therapeutic strategy for peripheral nerve injury in order to meet clinical needs. Although
current NGCs have made certain process in the treatment of peripheral nerve injury, their nerve
regeneration and functional outcomes on repairing long-distance nerve injury remain
unsatisfactory. Herein, we review the nerve conduit design from four aspects, namely raw
material selection, structural design, therapeutic factor loading and self-powered component
integration. Moreover, we summarize the research progress of NGCs in the treatment of
peripheral nerve injury, in order to facilitate the iterative updating and clinical transformation of
NGCs.

Keywords: artificial nerve guidance conduits; peripheral nerve injury; biomaterials; topological
structure; nerve regeneration; tissue engineering
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Table 1 Raw material selection for NGCs
Materials Type Animal model Effects Functional outcome References
Chitosan/ Natural ~ Rats with sciatic  Decrease of the formation of nerve N.A. [18]
Hyaluronic acid composite nerve crush scars and adhesions, improved neural
regeneration and repair
Collagen/ Natural- N.A. Improved attachment and proliferation N.A. [19]
Hyaluronic synthetic of Schwann cells, and enhanced axon
acid/PCL composite outgrowth
Chitosan/ Natural-  Rats with sciatic  Improved migration and maturation of N.A. [20]
PLGA synthetic nerve transection Schwann cells, and reduced
composite inflammatory response
Chitosan Natural ~ Rats with sciatic ~ Angiogenesis and improved Sciatic nerve function index [21]
nerve transection regeneration of nerve and myelin was improved
Alginate/ Natural ~ Rats with sciatic  Improved cell viability of the Sciatic function nerve index [22]
Chitosan composite nerve crush transplanted extraolfactory was improved and heat pain
mesenchymal stem cells latency was shortened
Alginate/ Natural ~ Rats with sciatic  Decreased levels in gastrocnemius Sciatic function nerve index [23]
Chitosan composite nerve crush atrophy and of nerve fiber was improved and heat pain
demyelination latency was shortened
Silk fibroin Natural ~ N.A. Improved migration and adhesion of N.A. [24]
Schwann cells
Silk fibroin/ Natural-  Rats with sciatic  Improved adhesion and proliferation Sciatic nerve function index [25]
Magnesium synthetic nerve transection of Schwann cells, regeneration of nerve was improved
filaments composite and myelin sheath
Sericin/ Natural ~ Rats with sciatic  Improved regeneration of nerve and Better performances in [26]
Chitosan composite nerve crush myelin sheath, reduced levels of mechanical withdrawal
inflammation and gastrocnemius threshold test and thermal
atrophy withdrawal latency test
Sericin/ Natural-  Rats with sciatic ~ Myelin sheath regeneration, Sciatic nerve function index was [27]
CNT synthetic nerve transection electrophysiological reconstruction improved and thermal
composite and muscle reinnervation withdrawal latency was
shortened
PLA/CNT Synthetic Rats with sciatic ~ Myelin sheath and axon regeneration Sciatic function nerve index [28]
composite nerve transection was improved and heat pain
latency was shortened
PLA Synthetic Rats with sciatic ~ Myelin sheath and axon regeneration Sciatic nerve function index [29]
nerve transection was improved
PCL/PPy Synthetic N.A. Improved cell proliferation and N.A. [30]
composite differentiation of human embryonic stem
cells-derived neural crest stem cells
PCL/ Synthetic Rats with sciatic ~ Neurotrophic factor expression and Sciatic nerve function index [31]
Gelatin composite nerve transection axon regeneration was improved and hot plate
latency time was shortened
PLGA/ Natural-  Rats with sciatic ~ Controlled release of neurotrophic Better performances on [32]
Collagen/ synthetic nerve transection factors electrical stimulation test
Hyaluronic acid composite
PLGA Synthetic Rats with sciatic ~ The reduced release of Sciatic nerve function index [33]

nerve crush

proinflammatory factors

and BBB scores were
improved, and withdrawal
reflex latency was shortened

N.A.: Not applicable.

http://journals.im.ac.cn/cjben



NEF F/ATHESERMHIERESHERITIIRRERE 4061

F2 ATHEZSERAREMMBELE

Table 2 Comparison of natural biomaterials for artificial nerve conduits

Materials ~ Source Advantage Disadvantage References
Hyaluronic ECM Hypo-immunogenicity Very low mechanical strength [18-19,34]
acid Overcoming extra-neural scarring Biodegradation
Chitosan Carapace Antibacterial activity Low mechanical strength [20-21,35-36]
Reducing neuroma formation and fibrosis High brittleness
Alginate Brown Remarkable chemical flexibility Low mechanical strength [22-23,37]
algae Physical crosslinking High degradation rate

Silk fibroin Silk Suitable mechanical strength

Economically advantageous

High resistance to fracture and compression

Sericin Silk Hypo-immunogenicity

Suitable degradation rate

Silk fibroin derived from [24-25,38-41]
solutions are generally weak
and fragile.

Low mechanical strength [26-27,42-43]

Degradation products promoting nerve regeneration
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Table 3 Comparison of synthetic materials for artificial nerve conduits

Materials Tensile modulus Tensile strength Elongation at  Degradation Degradation products References
(GPa) (MPa) break (%) time (months)

PLA 2.70-4.10 15-150 3-10 >24 Lactic acid [48-49]

PCL 0.20-0.35 20-34 300-1 000 >24 Acetic acid [50-51]

PLGA 3.30-3.50 40-55 2-10 >1.5 Lactic acid and glycolic [52-53]

(80% PDLA) acid
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Materials Type Animal model Effects Functional outcome  References
Collagen/ Natural- N.A. Improved cell attachment and N.A. [57]
Hyaluronic synthetic proliferation of Schwann cells, and
acid/PCL composite enhanced axon outgrowth
Chitosan/ Natural ~ Rats with sciatic Reduction of extraneural scaring and N.A. [58]
Hyaluronic acid composite nerve crush adhesion, and improved nerve
regeneration
Chitosan/PLGA Natural-  Rats with sciatic Neurotrophic factor release and nerve N.A. [59]
synthetic nerve transection regeneration
composite
Silk fibroin/ Natural-  Rats with sciatic Axonal regeneration that was induced Static sciatic function [60]
Collagen synthetic nerve transection by the NGF gradient and longitudinal index was improved
composite oriented microstructure
PLGA Synthetic N.A. This system delivering FK506 that N.A. [61]
also guides enhanced axon growth
induced by released FK506 and the
microgroove microstructures
PLCL Synthetic Rats with sciatic nerve The groove and ridge morphologic ~ N.A. [62]

severe traction injury surfaces of the NGCs

Collagen or Natural

Laminin transection
Spider fibroin/Silk  Natural ~ Rats with sciatic
fibroin/Hyaluronic  composite nerve transection
acid

Rats with facial nerve The ordered growth of axons

Regeneration of nerve and
myelination

Whisker movements  [63]
index was improved

Better performances  [64]
on footprint analysis

and von frey test

N.A.: Not applicable.
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Multichannel NGCs

Microchannel NGCs

1 AIHESENEHRITTEE
Figure 1  Structure design of NGCs.
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Micropatterned NGCs

Micro-nanofiber loaded NGCs
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Table 5 Research progress of self-powered NGCs

Power supply Animal model Electrical stimulation Design of self-powered components References
parameter
Electric Rats with sciatic  N.A. CNTs were dispersed into sericin solution to  [27]
conduction nerve transection construct hollow tubular catheter with
genipin as a cross-linker
Electric Rats with sciatic  N.A. The reduced graphene oxide (RGO) was [88]
conduction nerve transection coated onto ApF/PLCL nanofibrous scaffolds
Electromagnetic ~ Rats with sciatic 2.5 V voltage, 20 Hz The wireless receiving coil was connected [89]
coupling nerve transection frequency, immediate with the silicone nerve catheter through Pt/Ir
or sciatic nerve  stimulation for 1 h after microwire
crush operation
Electromagnetic ~ Rats with sciatic ~ Over minimum threshold The wireless receiving coil and wire was [90]
coupling nerve transection voltage, 20 Hz frequency, daily constructed by biodegradable metals such as
stimulation after operation magnesium
Primary battery ~ Rats with sciatic  0.984 Vonday 1,0.450 Von  The electroactive NGCs consisted of [91]
nerve transection day 2, and 0.068 V on day 3 thin-film magnesium and iron-manganese
alloy electrodes on a polymer-based
biodegradable scaffold
Primary battery ~ Rats with sciatic 350 mV maximum voltage, The multiblock NGCs realized self-powered [92]
nerve transection maintaining the electrical electrical stimulation by the consumption of
stimulation of 100 mV voltage glucose and oxygen
for6 h
Mechanical Sciatic nerve of ~ Extracorporeal ultrasound As cuff-type nerve attachment, the system for [93]
energy rat stimulation, 50 pA to 400 pA  wireless neural stimulation elicited highly
of current amplitude repeatable compound action potentials in the
sciatic nerve
Mechanical Rats with sciatic ~ Thoracic friction stimulation, A self-powered system developed by [94]
energy nerve transection 2.7 V, 0.12 pA at the active integrating a novel tribo/piezoelectric hybrid

state and 2.2 V, 0.1 pA at the
calm state

nanogenerator and a multifunctional

nanoporous NGCs

N.A.: Not applicable.

B A B AR AL T P s 2 AL e, e
T — M RUZ A S5 . XRS5 S5 R AT LA
TERA SIS, LUS b i Ry 22 25 7 4
ZETE I R R 2 P2 . Sun SFPPIR
R T BB M Y B BT T 5 Y A L, NGCs,
H1 Pt 94 KORE1~-15 5 44 K A8 B ) R AR X ] LA
RCEAC AR O A AT 4 B 1L O b
PR N I 70 8 TR IR, TR S B S 4 1Y
RO GRS PO UEZNE W o8
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6.4 HIAHEERLE NGCs

PUMRBE AL NGCs BUMHEE 3 2L T IR bf
B, X IPRAE A AEMUBRIE AL 5 B H A 20 5
BEMIE R, 457 O A | RS el
5 HE T 72 A IV RT S Bk 2 4 v R
W UL LR R A L R A R A R M
(polyvinylidene difluoride, PVDF), & Hi P % £k
2 1 (BaTiOs) A A AL B (BN) A, M v s H g 5
DK APRHI N R A )iz P
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