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INTRODUCTION

Tendons are densely packed connective tissues that transmit the
force generated by muscle to bone. They are stiff in tension yet
flexible enough to conform to their physiological environment. These
material properties are attributed to the parallel fibrils of collagen
which make up about 75 % of the dry weight of tendon.*

Fifty percent of the approximately 33 million muscul oskeletal
injuries each year in the United States involve tendons and ligaments.?
When the tendon is damaged beyond repair, partid or whole
replacement is necessary. Theideal replacement is autologous tendon,
but transplantation is limited by the availability of viable tissue and
clinical practice has turned to artificial prostheses. Current synthetic
replacements include Dacron grafts, carbon fibers and Silastic sheets,
but these are unable to restore function for the long term due to their
tendency to degrade and mechanical incompatibilies.®

Because of its relatively avascular nature, tendon is a prime
candidate for engineered tissue replacement. Under appropriate
conditions in vitro, tendon-like structures will self-assemble from a
confluent layer of fibroblasts.

METHODS

Primary rat tail tendon fibroblasts are plated on a laminin coated
SYLGARD substrate and maintained in a growth medium containing
20% fetal bovine serum (FBS) and 100 pg/ml ascorbic acid. When the
cell layer becomes confluent, the amount of FBS in the media is
dropped to 7%, owing down the rate of proliferation and inducing
the cells to delaminate. The laminin concentration on the substrate is
carefully determined in order for the confluent cell layer to
progressively delaminate from the SYLGARD substrate, beginning at
the perimeter. Two anchor points are provided from which the
monolayer does not separate. After full delamination the monolayer
self-assembles into a cylindrical construct suspended between the
anchor points.
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RESULTS AND DISCUSSION

The stress-strain response of the constructs resembles the non-
linear behavior of immature tendons. (Figure 1) Between 0 - 5%
extension, there is aregion of low stiffness after which the slope starts
to increase until the construct starts exhibiting linear behavior at a
strain of 0.11. The construct failed at a strain of 0.2. The ultimate
tensile strength is within the same order of magnitude as embryonic
chick tendon, ~ 2 MPa* The tangent moduli of the chick tendon and
the construct, measured at the linear portion of curve, are 27 MPa and
20 MPa respectively. We find that the longer the constructs are
maintained in culture, the stiffer they become, a trend which is also
seen over the course of development of tendonsin utero.*
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Figure 1. Comparison of stress-strain response between
embryonic chick tendon (E14) and engineered construct.
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Ultrastructural analysis shows that the constructs also display a
morphology similar to immature tendons. The collagen fibrils
secreted by the fibroblasts are ~ 60 nm in diameter and there is an
increased cellularity and disorganization that is characteristic of the
early stages of tendon development.®> During maturation, the number
of cells decreases and the collagen fibrils increase up to an order of
magnitude in diameter. This growth has been correlated with the
increase in mechanical loading from in utero movements to
locomotion after birth.®

We are currently in the process of developing bioreactors that
will apply cyclic mechanical stimuli to the constructs while in culture
over extended (months) periods of time. We hypothesize that the
morphological and mechanical response of the constructs will change
when loaded while in culture, in a manner similar to developing
tendonsin vivo.
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