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The Dermis Disconnect in Biologic Grafts

All dermis-based biologic grafts
have a high elastin content

Normal elastin content varies widely among tissues of
the body. For instance, major arteries have an extremely
high elastin content; dermis an intermediate amount; and
submucosa or organs like the liver a very low amount.

Many dermis-based biologic grafts are harvested
from human cadaveric tissue. Although very carefully
controlled for their disease transmission potential,
these donors are not screened for their smoking or sun
exposure history. Both smoking and sun exposure have
been shown to dramatically increase the appearance
and size of elastic fibers in the skin, and this apparent
increase is due primarily to elastin damage." Thus, many
of these harvested dermis-based biologic grafts have a
high likelihood of containing damaged elastin.

Many studies have shown that elastin and collagen
ratios in tissues affect their function. For dermis-based
biologic grafts, the elastin provides a significant amount
of the mechanical characteristics of the graft. As this
elastin is not replaced, the repair requires this strength
to perform. However, it has also been shown that the
degradation of elastin leads to tissue stretch and failure
of the “recoil” mechanisms in normal tissue.? Particularly,
elastin does not get stronger over time, only weaker.
This is likely why dermis-based biologic grafts have
been reported to stretch over time.?

Complete remodeling of a tissue graft requires
that all parts of the material be replaced by new tissue.
Studies of the turnover rate of elastin in humans show
that it has an average residence time in tissues of
approximately 74 years.* Thus, in the case of elastin-
containing dermis-based biologic grafts, the elastin

cannot be replaced in a reasonable amount of time
and it is left behind to stretch.

In stark contrast, Biodesign is made from submucosa,
does not contain structurally meaningful amounts of
elastin and results in a repair that does not suffer from
long-term stretch.

Elastin is like rubber—collagen like steel

Collagen and elastin are both structural proteins.
They are arranged together to provide the appropri-
ate strength (collagen) and elasticity (elastin) for each
tissue. A review of elastin and collagen mechanical
properties shows some striking differences.® As seen
in Table 1, collagen is nearly 100 times stronger and
about 1,000 times stiffer than elastin. In other words,
elastin is much “stretchier” than collagen. Additionally,
collagen has one-tenth the strength of steel.

The presence (or absence) of collagen and elastin
in biologic grafts can affect the ability of the device to
completely remodel. Both recent animal studies® and
human studies out to 2.5 years after implant” show that
elastin remains after non-cross-linked dermis-based
biologic grafts are used. If elastin is still present, so is
the “stretchiness” of the device.

Table 1: Material Properties®

Strength Stress in use Stiffness
Material max (GPa) (MPa) Einit (GPa)
Elastin 0.002 0.55 0.0011
Collagen 0.12 60 1.2
Spring steel 1.5 600 200
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Table 2: Biologic Grafts Data/Literature Review"'

Publications* Patient
(PubMed) Numbers
Biodesign 30 562
AlloDerm" 20 481
Permacol” 8 47

* Meta-review of PubMed for hernia. Complete as of the end of 2007.

Long-term outcomes are sacrificed with dermis,
not with Biodesign

One dermis-based biologic graft, touted to completely
remodel, has been shown histologically to retain elastin
in the patient tissue even 2.5 years later.” There is clinical
evidence that use of dermis-based biologic grafts, and
the consequent laxity, results in diastasis and/or hernia
recurrence even with “pre-stretching” of the graft.>®? At
least one manufacturer of human dermis-based biologic
grafts advocates manual stretching (< 50%) at the time
of implant in order to minimize postoperative elasticity."
Placing a highly elastic tissue in a low-elasticity site is

? “[Human acellular

inadvisable. As one group states,
dermis] should not be used as an interposition graft
because of unacceptably high recurrence rates.” The
requirement of a follow-up surgery to repair laxity is a
significant consequence.®

A systematic review of the hernia repair literature
using dermis-based biologic grafts shows that average
follow-up times are approximately 11-16 months, with
failure rates as high as 15% (Table 2)."" This is significant,
as recurrence rates can be assumed to increase over
time as the graft continues to weaken.’ The same can-
not be assumed about Biodesign, an advanced tissue
repair graft made from small intestinal submucosa, not
dermis. Structurally meaningful elastin is not found in
submucosa. Biodesign communicates with the body,
signaling host tissue to infiltrate the scaffold, facilitating
rapid tissue remodeling.'*"* The result is completely

Biodesign completely remodels, creating complex tissues appro-
priate for the site of repair after only a few months.

(Biopsy courtesy of Dr. Henry Flournoy, Coastal Associates of Obstetrics
& Gynecology, Brunswick, GA).

Overall Average
Recurrence Follow-Up
Rates (%) (months)
8 19
15 11
9 16

remodeled, strong, vascularized host tissue within
3-6 months," without the presence of a permanent
material (Fig. 1). Unlike in repairs in which elastin is left
behind, recurrence due to laxity is not an issue with
Biodesign.

References

-

. Just M, Ribera M, Monsé E, et al. Effect of smoking on skin elastic fibres:
morphometric and immunohistochemical analysis. Br J Dermatol.
2007;156(1):85-91.

Chello M, Mastroroberto P, Romano R, et al. Alteration in collagen and
elastin in varicose veins. Vasc and Endo Surg. 1994;28(1):23.

N

w

. Bluebond-Langner R, Keifa ES, Mithani S, et al. Recurrent abdominal
laxity following interpositional human acellular dermal matrix. Ann Plast
Surg. 2008;60(1):76-80.

Shapiro SD, Endicott SK, Province MA, et al. Marked longevity of
human lung parenchymal elastic fibers deduced from prevalence of
D-aspartate and nuclear weapons-related radiocarbon. J Clin Invest.
1991;87(5):1828-1834.

. Gosline J, Lillie M, Carrington E, et al. Elastic proteins: biological
roles and mechanical properties. Philos Trans R Soc Lond B Biol Sci.
2002;357(1418):121-132.

Cook JL, Fox DB, Kuroki K, et al. In vitro and in vivo comparison of five
biomaterials used for orthopedic soft tissue augmentation. Am J Vet Res.
2008;69(1):148-156.

Harper JR. Tissue regeneration using a human acellular tissue matrix: a
histological perspective in LifeCell Clinical Monograph Series. LifeCell
Corporation. Brandenburg, NJ. 2005.

. Gupta A, Zahriya K, Mullens PL, et al. Ventral herniorrhaphy: experience
with two different biosynthetic mesh materials, Surgisis and Alloderm.
Hernia. 2006;10(5):419-425.

.Jin J, Rosen MJ, Blatnik J, et al. Use of acellular dermal matrix for
complicated ventral hernia repair: does technique affect outcomes?
JAm Coll Surg. 2007;205(5):654-660.

10. LifeCell Corporation Web site. Available at: http://www.lifecell.com/
products/33. Accessed April 30, 2008.

11. Meta-analysis of hernia repair with biologic grafts. Data on file at Cook
Biotech, Inc. Lafayette, IN. 2008.

12. Badylak, SF. The extracellular matrix as a scaffold for tissue reconstruc-
tion. Semin Cell Dev Biol. 2002;13(5):377-383.

13. Hodde J, Janis A, Ernst D, et al. Extracellular matrix as a bioactive mate-
rial for soft tissue reconstruction. ANZ J Surg. 2006;76(12):1096-1100.

14. Hodde, J, Janis A, Ernst D, et al. Effects of sterilization on an extracellular
matrix scaffold: part |. Composition and matrix architecture. J Mater Sci
Mater Med. 2007;18(4):537-543.

15. Badylak SF, Kokini K, Tullius B, et al. Morphologic study of small
intestinal submucosa as a body wall repair device. J Surg Res.
2002;103(2):190-202.

>

o

o

~

oo

hel

© COOK 2008 SUR-BM-BDETR-EN-200808



