BIOPOLYMER SCAFFOLD AFFECTS MECHANICAL AND STRUCTURAL PROPERTIES OF
TISSUE-ENGINEERED CONSTRUCTS FOR TENDON AND LIGAMENT REPAIR
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RESULTS

INTRODUCTION
§ Tendon and ligament injuries account for nearly half the musculoskeletal injuries per
year at a cost of $57 billion in the United States[1].
§ Tissue engineering focuses on improving injury repair using cell-seeded tissueengineered constructs (TECs) to expedite the repair process and to restore normal
mechanical function to the damaged tissue.
§ Collagen and fibrin biopolymers are attractive for these applications, as they are
bioresorbable materials that naturally occur in the body, allow for flexibility in
construct design, and can be readily recognized and remodeled by cells.

Scaffold Structure (Fig. 5 )

Mechanics (Fig. 3)
• Time in culture increased linear moduli (LM; p < 0.01)
• Collagen: 0.37±0.09 MPa (mean±SD) at T0 to 0.99±0.26
MPa at T3.
• Fibrin: 0.32±0.12 MPa at T0 to 2.39±0.67 MPa at T3.
• Material only affected LM at T3 (p < 0.01)
• Fibrin TECs showed higher LM than collagen TECs

§ Understanding how cells interface with the TEC material and remodel the
extracellular environment is integral to identifying methods that lead to improved
biological and mechanical function of tissue-engineered repairs.

Collagen at T3

§ This study sought to compare TEC mechanical properties, TEC structure and gene
expression of cells seeded in fibrin and type I collagen gels over time in culture.
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Hypotheses
Cells in collagen TECs will have increased fibrillogenic gene expression
(Type I Collagen, Fibromodulin, Decorin) compared to cells in fibrin TECs.

Figure 3: TEC material properties (*different with respect
to time; #different with respect to material; p < 0.01).

Collagen TECs will exhibit greater linear modulus (LM)
than fibrin TECs at all time points.

Treatment

•
Subject

Response Measure
•
•

Averaged length and diameter measured
(cross-sectional area calculated)
Failed in tension at 10%/s strain rate
Linear modulus determined from linear
regression through linear region of
failure curve and normalized to TEC
dimensions

Gene Expression
•
•
Figure 1: Experimental Design.

•

TEC Preparation [2]

RNA was isolated via Trizol extraction
Converted to cDNA and amplified in
triplicate
SYBR Green detection and primers for
Col1a1, Col3a1, Fmod, Dcn, FN, Scx,
integrin α11, integrin β1, and 18S

Fibroblasts harvested from E13 chick metatarsal tendons and
expanded in monolayer (passage 6-7)
Scaffold Structure
6
Cells seeded (1.5e cells/ml) into collagen or fibrin gels and allowed
• TECs were prepared for transmission
to contract around sutures pinned in modified 6-well culture plate
electron microscopy (TEM) and imaged
(Fig. 2)
as previously described[4].

Statistics
•

Collagen at -T2

• Time in culture did not have an affect on gene
expression (p > 0.05).

Mechanics

Experimental Design

•

Figure 5: TEM images (2900X) of TECs at T3.
Area of well-aligned collagen fibrils near cell surface.
Area of poorly aligned fibrils near cell surface.

Gene Expression (Fig. 4)

METHODS

•

Fibrin at T3

Collagen at T0

Figure 2. Collagen constructs contracting around pinned sutures.

Two-way ANOVA (mechanics and
scaffold structure) or MANOVA (gene
expression) tests were conducted with
time and material as fixed factors
(p<0.05).

Figure 4: Increased gene expression in fibrin TECs
(*significantly different with respect to material; p < 0.05)

• Fibrin TECs exhibited greater expression of Col3a1,
integrin α11 and integrin β1 than collagen TECs at T3.
• Material did not affect the remaining genes (p > 0.05).

DISCUSSION
• Compared to collagen TEC increases in LM, fibrin TECs exhibited much greater increases (2.4 times higher).
• Improved alignment and packing density of collagen fibrils near the cell surface (Fig. 5).
• Increased matrix deposition and cell-matrix interactions may lead to improved collagen fibril organization.
• While type I collagen is the primary structural component that gives tendon its tensile strength, the cells did
not appear to efficiently remodel the type I collagen gel to resist tensile forces during the time period of this
study.
• Lack of statistical differences in gene expression could have been caused by low sample size and short time
period of the study.
• Future work will quantify fibril characteristics to develop correlations to mechanical properties.
• Future studies will focus on identifying how cell-material interactions affect mechanical properties at later
time points and how this translates to repair response in an in vivo tendon injury model.
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