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Characteristics and young's modulus of collagen fibrils from expanded skin using
anisotropic controlled rate self-inflating tissue expander

ABSTRACT

Mechanical properties of expanded skin tissue are different from normal skin, which is
dependent mainly on the structural and functional integrity of dermal collagen fibrils. In the
present study, mechanical properties and surface topography of both expanded and
nonexpanded skin collagen fibrils were evaluated. Anisotropic controlled rate self-inflating
tissue expanders were placed beneath the skin of sheep's forelimbs. The tissue expanders
gradually increased in height and reached equilibrium in 2 weeks. They were left in situ for
another 2 weeks before explantation. Expanded and normal skin samples were surgically
harvested from the sheep (n = 5). Young's modulus and surface topography of collagen fibrils
were measured using an atomic force microscope. A surface topographic scan showed
organized hierarchical structural levels: collagen molecules, fibrils and fibers. No significant
difference was detected for the D-banding pattern: 63.5 + 2.6 nm (normal skin) and 63.7 £
2.7 nm (expanded skin). Fibrils from expanded tissues consisted of loosely packed collagen
fibrils and the width of the fibrils was significantly narrower compared to those from normal
skin: 153.9 + 25.3 and 106.7 + 28.5 nm, respectively. Young's modulus of the collagen fibrils
in the expanded and normal skin was not statistically significant: 46.5 + 19.4 and 35.2 £ 27.0
MPa, respectively. In conclusion, the anisotropic controlled rate self-inflating tissue expander
produced a loosely packed collagen network and the fibrils exhibited similar D-banding
characteristics as the control group in a sheep model. However, the fibrils from the expanded
skin were significantly narrower. The stiffness of the fibrils from the expanded skin was
higher but it was not statistically different.
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