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Enhancing Craniofacial Bone Reconstruction with Clinically

Applicable 3D Bioprinted Constructs

Hyeongjin Lee, Carlos Kengla, Han Su Kim, Ickhee Kim, Jae-Gu Cho, Eric Renteria,
Kyungsup Shin, Anthony Atala, James J. Yoo, and Sang Jin Lee*

Medical imaging and 3D bioprinting can be used to create patient-specific
bone scaffolds with complex shapes and controlled inner architectures. This
study investigated the effectiveness of a biomimetic approach to scaffold
design by employing geometric control. The biomimetic scaffold with a dense
external layer showed improved bone regeneration compared to the control
scaffold. New bone filled the defected region in the biomimetic scaffolds,
while the control scaffolds only presented new bone at the boundary.
Histological examination also shows effective bone regeneration in the
biomimetic scaffolds, while fibrotic tissue ingrowth is observed in the control
scaffolds. These findings suggest that the biomimetic bone scaffold, designed
to minimize competition for fibrotic tissue formation in the bony defect, can
enhance bone regeneration. This study underscores the notion that
patient-specific anatomy can be accurately translated into a 3D bioprinting
strategy through medical imaging, leading to the fabrication of constructs

necessity of craniofacial bone reconstruc-
tion arises mainly due to congenital anoma-
lies, oncologic bone resection, and bone loss
after trauma or diseases. Globally, the most
common congenital birth malformations in
humans are cleft lip and/or palate, which
occur in 1 in 500 to 1000 live births.l?! In
the U.S., head and neck cancers account
for ~3% of all cancers, with 63000 cases
yearly and 13000 cancer-related deaths.(!
Among the global reconstructive surgeries,
cases of post-trauma/injuries are 38% of
surgical diseases, more common than on-
cologic resection and congenital anomalies,
representing 19% and 9% of surgical dis-
ease processes, respectively.[*]
Contemporary surgical interventions for

with significant clinical relevance.

1. Introduction

Craniofacial bone reconstruction is a challenging medical in-
tervention due to the complex anatomical structures and phys-
iological functions of the head and face.l!! Craniofacial defects
can significantly affect the quality of life, as they can involve
various essential functions, such as protection of the brain,
breathing, optic tracts, mastication, speech, and hearing.'*! The

craniofacial bone reconstruction include
autogenous bone, allogeneic bone, and
prosthetic devices.’! The gold standard for
hard tissue grafting is autogenous bone,
which is taken from the patient’s own body (e.g., iliac crest) and
implanted into the defect site.[®] However, the significant critical
shortcomings of this autologous bone graft, in addition to lim-
ited availability, invasive intervention, and donor site morbidi-
ties, are consequential bone loss after the grafting surgery and
unpredictable success rate: a considerable bone loss (50-60%)
has been reported from long-term follow-up studies,’! and the
success of the graft with regard to the new bone formation has
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