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Design and fabrication of multiphased scaffolds for
biological fixation of ligament grafts

ZHANG Wenyou'?, HE Jiankang®, LIU Yaxiong", LI Dichen®, JIN Zhongmin®
(1. State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University,
Xi’an China 710049;
2. Qingdao R&D Institute, Xian Jiaotong University, Qingdao China 266300)

Abstract: To solve the clinical problem associated with mechanical fixation between soft ligament
grafts and hard bone tissues in ligament reconstruction surgery, biomimetic design and fabrication
method of multiphased scaffolds was proposed based on the natural ligament-to-bone fixation
mechanisms. Micro-CT was used to characterize the ligament-bone connection interface, based on
which the composite scaffolds were designed to include triple layers of ligament, interface and
bone. Finite element analysis was performed to investigate the effect of different connection
structures in bone region on the mechanical property of the composite scaffolds. The results
showed that the concave structure is more advantageous to fix ligament region with bone region in
comparison with convex and flat structure. The multiphased scaffolds were fabricated and
exhibited gradually changed porous microstructures at the interface. The maximum tensile force to
break up the composite scaffold is 58.77+12.48N, which could be gradually improved with the
regeneration of new bones as well as interface tissues at bony and interface regions of the scaffold.
It not only provides a new way to effectively fix soft ligament grafts with host bones, but also
applies to other tissues with soft-to-hard interface.

Key words: Ligament-bone interface; multiphased scaffolds; biomimetic design; biological
fixation
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Fig.1 Observation of natural ligament-bone interface and biomimetic design of scaffold. (a) CT scan reconstruction
of natural ligament-bone interface; (b) Enlarged view of CT scan reconstruction of natural ligament-bone interface;
(c) Design of ligament-bone multiphased scaffolds.
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Fig.3 Finite element analysis setting of structure optimizing bone scaffolds connect with ligament-bone interface.
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Fig.4 Finite element analysis results of structure bone scaffolds connect with ligament-bone interface.
(a) Distorting of ligament-bone scaffolds; (b) Stress distrition of bone scaffolds.
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Fig.5 The fabricated ligament-bone multiphased scaffolds.
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Fig.6 Mirostructure observation of ligament-bone interface. (a) SEM observation of phase I connects with phase II
150 (>100); (b) SEM observation of phase I connects with phase I (><300); (c) SEM observation of phase I connects
with phase I[1I (=<100) ; (d) SEM observation of phase Il connects with phase ITI (>300) .
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(c) Force-displacement curve of tensile test.
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