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A B S T R A C T

Fibrocartilages, including the knee meniscus and the annulus fibrosus (AF) of the inter-

vertebral disc, play critical mechanical roles in load transmission across joints and their

function is dependent upon well-defined structural hierarchies, organization, and compo-

sition. All, however, are compromised in the pathologic transformations associated with

tissue degeneration. Tissue engineering strategies that address these key features, for ex-

ample, aligned nanofibrous scaffolds seeded with mesenchymal stem cells (MSCs), rep-

resent a promising approach for the regeneration of these fibrous structures. While such

engineered constructs can replicate native tissue structure and uniaxial tensile properties,

the multidirectional loading encountered by these tissues in vivo necessitates that they

function adequately in other loading modalities as well, including shear. As previous find-

ings have shown that native tissue tensile and shear properties are dependent on fiber

angle and sample aspect ratio, respectively, the objective of the present study was to eval-

uate the effects of a changing fiber angle and sample aspect ratio on the shear properties

of aligned electrospun poly(ε-caprolactone) (PCL) scaffolds, and to determine how extracel-

lular matrix deposition by resident MSCs modulates the measured shear response. Results

show that fiber orientation and sample aspect ratio significantly influence the response of

scaffolds in shear, and that measured shear strains can be predicted by finite element mod-

els. Furthermore, acellular PCL scaffolds possessed a relatively high shearmodulus, 2–4 fold

greater than native tissue, independent of fiber angle and aspect ratio. It was further noted

that under testing conditions that engendered significant fiber stretch, the aggregate resis-

tance to shear was higher, indicating a role for fiber stretch in the overall shear response.

Finally, with time in culture, the shear modulus of MSC laden constructs increased, sug-

gesting that deposited ECM contributes to the construct shear properties. Collectively, these

findings show that aligned electrospun PCL scaffolds are a promising tool for engineering

fibrocartilage tissues, and that the shear properties of both acellular and cell-seeded for-

mulations can match or exceed native tissue benchmarks.
c⃝ 2011 Elsevier Ltd. All rights reserved.

∗ Corresponding address: Orthopaedic Surgery and Bioengineering, McKay Orthopaedic Research Laboratory, Department of Orthopaedic
Surgery, University of Pennsylvania, 36th Street and Hamilton Walk, Philadelphia, PA 19104, United States. Tel.: +1 215 898 3294; fax: +1
215 573 2133.

E-mail address: lemauck@mail.med.upenn.edu (R.L. Mauck).
1751-6161/$ - see front matter c⃝ 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jmbbm.2011.03.022

http://dx.doi.org/10.1016/j.jmbbm.2011.03.022
http://www.elsevier.com/locate/jmbbm
http://www.elsevier.com/locate/jmbbm
mailto:lemauck@mail.med.upenn.edu
http://dx.doi.org/10.1016/j.jmbbm.2011.03.022

