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Quantitative Biofabrication Platform for Collagen-Based
Peripheral Nerve Grafts with Structural and Chemical
Guidance

Heran Wang, Yiming Hao, Kai Guo, Lianqing Liu, Bing Xia, Xue Gao, Xiongfei Zheng,*
and Jinghui Huang*

Owing to its crucial role in the human body, collagen has immense potential
as a material for the biofabrication of tissues and organs. However, highly
refined fabrication using collagen remains difficult, primarily because of its
notably soft properties. A quantitative biofabrication platform to construct
collagen-based peripheral nerve grafts, incorporating bionic structural and
chemical guidance cues, is introduced. A viscoelastic model for collagen,
which facilitates simulating material relaxation and fabricating collagen-based
neural grafts, achieving a maximum channel density similar to that of the
native nerve structure of longitudinal microchannel arrays, is established. For
axonal regeneration over considerable distances, a gradient printing control
model and quantitative method are developed to realize the high-precision
gradient distribution of nerve growth factor required to obtain nerve grafts
through one-step bioprinting. Experiments verify that the bioprinted graft
effectively guides linear axonal growth in vitro and in vivo. This study should
advance biofabrication methods for a variety of human tissue-engineering
applications requiring tailored cues.

1. Introduction

Artificial tissues and organs offer a promising permanent so-
lution to their damaged biological counterparts.[1] In recent
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decades, 3D bioprinting technology has
received considerable attention owing to its
potential for the fabrication of biomaterials
in tissue and organ bioengineering, such as
the liver,[2] heart,[3] and bones.[4] Synthetic
polymers are predominantly utilized as
biomaterials in 3D bioprinting due to their
facile processability. This characteristic
allows these materials to be readily molded
and tailored to accommodate specific re-
quirements. However, the extracellular
matrix (ECM) performs a crucial role in
the formation and regeneration of tissues
and organs. The ECM not only provides
dynamic 3D structural support for cells and
tissues, but also orchestrates cell signaling,
functions, properties, and morphology,[5]

making it attractive for the biofabrication
of artificial tissues and organs. However,
owing to their high molecular weight and
higher-order structure, the main compo-
nents of ECM have limited solubility and

high viscoelasticity,[6] making them difficult to manipulate dur-
ing 3D bioprinting because they collapse easily.

Collagen is the most abundant component of the ECM and
exists widely in vertebrates.[7] Collagen, together with other ECM
components, provides a structural framework for tissue devel-
opment and function, and triggers various cellular signaling
pathways via its interaction with cell receptors.[7] Therefore, colla-
gen is an ideal material for tissue regeneration and has long been
the focus of tissue biofabrication.[8] However, because collagen
is soft and tends to sag during printing, it is difficult to directly
print 3D complex tissue grafts with high fidelity. Feinberg et al.
recently proposed a method for printing collagen into a heart-like
model that enables rapid cellular infiltration and microvascu-
larization, shedding light on the construction of complex tissue
or organ structures using collagen in biofabrication.[3] Nonethe-
less, different tissues exhibit unique structural and biological
functions that have distinctive requirements for bioprinting.
For example, the peripheral nerve has a unique longitudinal
microchannel array structure, which guides axonal growth from
the spinal cord to the terminal target muscles. Therefore, the
longitudinal microchannel array is an essential structural cue
for directing axonal growth. Additionally, during nerve regenera-
tion, damaged axons must be regenerated over long distances to
restore neuronal functions. However, it has been recognized that
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