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Abstract

Although investigators have demonstrated that neocartilage can be constituted in
a predetermined shape and in complex three-dimensional structures, such as a human
ear, by using cell transplantation on polymer constructs, many unsolved problems still
remain. The crucial issues for auricular tissue engineering consisted of optimal cell
culture environment, choice of polymers, behavior of chondrocytes, study of
cell-polymer constructs in an acceptable animal model, and long-term structural
integrity. Here we describe our tissue engineering approaches for auricular
reconstruction including auricular scaffold fabrication, in vitro chondrogenesis, in vivo
immunocompromized xenograft and immunocompetent autologous animal models,
and long-term follow-up. Though many current obstacles regarding auricular tissue
engineering still exist, we demonstrate techniques of auricular scaffold fabrication
with promising in vitro and in vivo neocartilage formation, optimal selection and
application of animal models, and, to the best of our knowledge, the first report of
diﬂ'e?ent biodegradable biomaterial trials and the longest in vivo results (10 months)

for auricular tissue engineering.

Key words: auricular tissue engineering; chondrogenesis; animal model.



1. Introduction

Reconstruction of the total external ecar remains one of the most difficult
challenges in reconstructive surgery [1]. A continuous debate over the two major
reconstructive approaches -- alloplastic prosthesis implantation versus autologous
cartilage grafts -- is still ongoing. The advantages of alloplastic implants, such as
silicone [2,3] or polypropylene [4,5], include widespread availability, consistent
predetermined shape, and shortened operation time. However, risks of infection,
extrusion, biocompatibility, and uncertain long-term durability are major concerns.
Osteointegrated alloplastic auricular reconstruction [6,7] is considered in the
following indications: cancer resection, poor local tissue, radiotherapy, absence of
lower half of the ear, salvage following failed autogenous reconstruction, and poor
operative risks. Autologous costal cartilage is the most commonly used and
preferred material for total external ear reconstruction [1]. Tanzer [8,9] and Brent
[10,11] demonstrated good long-term durability and cosmetic results by using
sculptured autologous costal cartilage grafts. Nevertheless, technical skills of the
surgeon are of paramount importance. It also has the disadvantages of being less
consistent, extensive operation time, and donor site morbidity.

The engineering of autologous parts is a promising concept and technology with
potential for tissue replacement. The pioneering work by Vacanti et al. demonstrated
that bovine chondrocytes seeding onto synthetic, biodegradable scaffold could
produce neocartilage after transplantation into athymic mice [12]. They further
reported that cartilage can be created in predetermined shapes and dimensions using
cell transplantation on appropriate polymer templétes [13,14], even in a complex
three-dimensional architecture, like a human ear [15,16]. Hence, we propose

auricular reconstruction by tissue engineering as a potential approach.



The goal of auricle reconstruction is not only to produce neocartilageous tissue,
but also to create a detailed three-dimensional frame work that can be maintained over
a long period of time when possible. Although investigators have demonstrated
intricate three-dimensional tissue engineered structures in the shape of a human ear
with excellent initial cosmetic detail, the architecture could not be maintained over
time [15,16,17]. There are many critical factors involved in this difficult issue,
including cell source, scaffold construction, cell seeding, culture environment,
neocartilage and matrix production analysis, mechanical properties of cell-polymer
construct, and a suitable animal model. In our laboratory, we still continue to
investigate these complicated variables with regards to the creation of an auricle and
the loss of shape. In this article, we describe in vitro and in vivo approaches, and the

long-term results of a tissue-engineered ear.



