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The Nature.

The extracellular matrix (ECM) is responsible for the structure and mechanics of the human body.
It consists of a three dimensional network of different proteins and proteoglycans connecting all
cell types in body tissue.

Connective tissue like skin, bone, tendon and cartilage consist mainly of ECM Collagens are key
proteins of the ECM and play an essential role for its biomechanical characteristics. Each kind of
tissue comprises a characteristic set of specific types of collagen to ensure tissue coherence
and function.

The main types of collagen in skin are |, lll, and V.2 In the deeper layer of the skin, called the dermis,
the collagen forms an interwoven alloy-like fiber network stabilzed by intermolecular crosslinking.
Fibroblasts are located in this fiber network and produce new collagen to maintain the tissue quality.

The collagen fiber network initially starts with soluble collagen produced as single molecules
comprising the native collagenous triple-helical structure. These thread-like molecules self-assem-
ble to form bundles and subsequently fibrils which then merge to form large fibers and finally
build a the three dimensional fiber network, the collagen matrix (Fig. 1).

Fig. 1: Collagen Network
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The connection and interaction between fibroblasts and collagen fibers in the network is mediated
by specific cell-surface receptors such as integrins.® These specific receptors are capable of
distinguishing between native, triple-helical collagen structrures and denatured collagen sequences
which lack the triplehelical arrangement. Therefore, only native structures presenting the triplehelix
can serve as attachement sites for cells and interact with the living cells.

Another key protein of the ECM is elastin. The elastic properties of connective tissue depend
largely on the presence oft elastic fibers in the ECM.# The highest concentration is found in
those tissues that are subject to continuous physical deformation during body movement, i.e.
the flexible skin.

Both collagen and elastin play an active role in skin quality. The flexible properties of the skin can
be attributed to elastic fibers, whereas the resistance to tensile forces is mediated by the collagen
fiber network. In a synergistic manner, both are responsible for the pliability, elasticity, and
integrity of human skin."

Connective Tissue and Its Heritable Disorders. Molecular, Genetic, and Medical Aspects, Editors: P Royce, B. Steinmann, Wiley & Sons, 2nd edition 2002.
Leitinger B, Hohenester E. Mammalian Collagen receptors Matrix Biol. 2007 Apr;26(3):146-55. Epub 2006 Nov 10. Review.

Zhang et al. Interaction of primary fibroblasts and keratinocytes with extracellular matrix proteins: contribution of a2b1-integrin. J Cell Sci 2006; 119:1886-1895.
Kielty CM, Sherrat MJ, Shuttleworth CA. Elastic fibres, J Cell Sci 2002;115, 2817-2828.
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The MatriDerm"
Matrix.

MatriDerm® was developed to improve the healing of full-thickness wounds compared
to the gold standard, which is the sole application of split-thickness skin graft.

The goal was to create a matrix that provides a natural structure that fosters
¢ Immediate ingrowth of cells

e Fast re-vascularization

e Structured tissue regeneration

Overcome the drawbacks of wound healing
e Contracture

e Scar formation

¢ |nsufficient tissue elasticity

EFFECT OF MatriDerm® IN A SKIN MODEL
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The core composition of MatriDerm® is skin collagen type |, Il
andV and solubilized elastin is supplemented.

The matrix is processed with our proprietary
Advanced CryoSafe™ Technology that allows
e Maintenance of the bioactive properties of native collagen

e Creation of a highly porous matrix by physical cross-linking
without any chemical agents

Three-dimensional open pore

structure of the collagen-elastin e Provision of a flexible and stable device in dry and wet states
matrix MatriDerm®



MatriDerm® is a collagen-elastin scaffold which supplies the
missing dermal component in a split-thickness skin graft enabling
it to function as a full-thickness skin graft.'

smoothly to any surfaces

VSS significantly improved Clinical Advantages
© e Cost effective one-step procedure
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% ﬁ];%r;glvcsdntlv * Reliable dermal regeneration
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= skin quality i
© 504 * Excellent scar quality
= e Faster patient rehabilitation
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S e Shortened hospital stay
-
g Clinical Safet
= Healthy skin MatriDerm®+  unmeshed split-skin Y

unmeshed split-skin alone ° Over 5.000 patients

Vancouver scar scale (VSS) in a clinical study on burn wounds 3-4 months .
after treatment with MatriDerm® combined with unmeshed split-skin. * No side effects reported

Modified Ryssel, Burns 2008.

1 Haslik W, Kamolz LP Manna F, Hladik M, Rath T, Frey M. Management of full thickness skin defects in the hand and wrist region: first long-term experiences with the dermal matrix
MatriDerm®. J Plast Reconstr Aesthet Surg 2010;63(2): 360-4.
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The Practice.

MatriDerm®: Complementing Therapeutic Options

MatriDerm® offers additional options in the surgical tool box of wound healing.
It completes your established range of tools and supports your work.
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Tissue Engineering
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Primary
Closure
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Modified Knobloch, Chirurg 2010; 81: 441-446.



The overall goal of surgical treatment of full-thickness defects is the restoration of normal
function and aesthetic appearance. The repertoire of reconstructive surgery techniques

is constantly progressing and offers a broad variety of options. Recently the overview on
reconstructive procedures has been described as clockwork.” This illustration reflects the
freedom to choose the appropriate surgical procedure as well as the possibility to combine
different methods to achieve the best outcome for the patient.

MatriDerm® enhances your treatment portfolio of full-thickness wounds and deep partial
defects.

e MatriDerm® gives a split-thickness skin graft the quality of a full-thickness graft without
donor site morbidity

¢ |n selected cases, MatriDerm® plus split-thickness skin graft may be a cost-effective flap
alternative

e MatriDerm® plus split-thickness skin graft can be an alternative to avoid additional
surgeries to thin out bulky flaps

1 Knobloch K et al. Die rekonstruktive Sequenz des 21. Jahrhunderts. Chirurg 2010; 81:441-446.
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The Cost Effective
One-Step Procedure.

¢ \Wound bed preparation to a clean and
well vascularized wound

1 Wound Bed
Preparation

MatriDerm® is for use in full-
and deep partial-thickness
wounds

* Make sure the wound bed is free of
iodine containing antiseptic agents and
enzymatic debridement agents

¢ Dry application of MatriDerm®
is recommended

2 Application of

1 ®
MatriDerm ¢ [f more than one MatriDerm® sheet

is used, the sheets should overlap by
approximately 2-3 mm

¢ Rehydration in the wound can be
achieved with sterile saline. Do not
use saline solution over room
temperature

e Cut the matrix to overlap the wound
edges by 2 mm

e MatriDerm® must be in direct
contact with the wound bed

e [f necessary: Carefully remove air
bubbles




* MatriDerm® 1 mm should be imme-
diately covered with a STSG*

e Unmeshed graft is preferred. If neces-
sary meshed graft can be used. Mesh
1:1.5 has shown good results

3 Application of
the skin graft

¢ Direct contact between the matrix and
the skin graft is essential

e [f more than one piece of MatriDerm®
is required, it is advisable to have the
seams of the STSG" at right angles to
the MatriDerm® seams

e MatriDerm® and STSG" should be at-
tached with sutures, staples or fibrin glue

Recommended dressing is
¢ 5-6 layers of fatty gauze, e.g. Jelonet®

4 Dressing

Because of the fragile nature
of the graft, dressing change
before day 5 is not recom-

mended.

At the first dressing change
the normal pink color of the
graft may be diminished due
to the presence of the matrix.

¢ 3-4 layers of bulky dressing

¢ Tight bandaging. Negative pressure
wound therapy may be used.
Immobilisation whenever possible

*STSG: Split Thickness Skin Graft
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The Mode of Action.

A full-thickness wound is a combined loss of epidermal and dermal layers and may occur
under various circumstances, i.e. trauma, third degree burns and reconstructive surgery. Despite
successful defect coverage, unfavorable and unstructured scar formation is the major concern
associated with the outcome. Therefore, successful regeneration of dermal tissue is important in
both functional and aesthetic outcome.

Fig. 1: Full-thickness wound covered with MatriDerm® and split-thickness skin graft
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Fig. 2: MatriDerm® coverd with split-thickness skin graft

Fig. 3: Invading platelets activated by binding to collagen

The key factor of the success MatriDerm® is

the preservation of the native biological properties
of the collagen-elastin-matrix due to our
Advanced CryoSafe™ Technology. MatriDerm®
Is an unique collagen elastin-matrix which serves as
a dermis replacement scaffold (Fig. 1).

In a cost effective one-step procedure. MatriDerm® is
placed on the wound bed and covered with a split-
thickness skin graft (Fig. 2).

Subsequently, MatriDerm® supports all crucial steps
of skin regeneration to secure an optimal result for
both — patient and physician.

Support Cell Invation

The process of wound healing starts with hemosta-
sis. Blood platelets enter the collagen-elastin matrix
and are activated by the native collagen structure.
Activation leads to clotting which starts the release of
growth factors (Fig. 3). This initiates cell migration and
supports proliferation. In a wound-healing situation,
regeneration of tissue requires migration and proli-
feration of tissue-forming cells e.g. fibroblasts and
endothelial cells. Originating from the non-injured peri-
phery they invade the wounded area from the wound
margins. MatriDerm® provides a three-dimensional
native collagen matrix to facilate this important cell
migration.

MatriDerm® provides a native three dimensional
collagen matrix to facilitate cell migration.



Matrix Structure Supports Cellular Activation

Invading cells, such as fibroblasts and endothelial cells actively use the collagen fibers of the
collagen-elastin matrix as guiding ridges’ for migration (Fig. 4). Specific binding sites present on
the native collagen fibers of MatriDerm® play a vital role in this mechanism: Collagen receptors on
the cell surface of the migrating cells, especially integrins, exclusively recognize native triple-heli-
cal collagen structures (Fig. b) and do not bind to denatured collagen sequences.? Therefore, only
the native collagen of MatriDerm® is able to provide sites for cell attachment and mobility.

Besides simple attachment, integrins
are also responsible for the outside-in-
signaling from the surrounding matrix
towards the cell's interior. Cell binding to
the native collagen initiates cell-specific
response, starts signaling cascades and
pathways which influence proliferation
and protein expression.

The native collagen of MatriDerm®

is capable of activating cells via collagen-
specific cell surface receptors by provi-
ding suitable binding sites.

Fig. 4: Fibroblast are guided and activated by native collagen to
produce body-owns collagen

Elastin and Collagen:
Accelerated Neoangiogenesis

After invasion of MatriDerm®, cells
grow in number and synthesize the
different components of the extracellular
matrix in order to rebuild tissue structure
and function (Fig. 4).

Fig. 5: Integrin binding on the native
collagen fibers of MatriDerm®

1 Zhang et al. Interaction of primary fibroblasts and keratinocytes with extracellular matrix proteins: contribution of a2b1-integrin. J Cell Sci 2006; 119:1886-1895.
2 Leitinger B, Hohenester E. Mammalian Collagen receptors Matrix Biol. 2007 Apr;26(3):146-55. Epub 2006 Nov 10. Review.



To supply nourishment to actively-producing
fibroblasts, endothelial cells start forming
micro-tubes in order to connect the newly-
formed tissue with the blood circulation in
the uninjured periphery of the wound (Fig. 6).
In tissue regeneration, this neo-angiogenesis
IS an important process, during which the
extracellular matrix plays a key role.®

MatriDerm® enhances neo-angiogenesis in
2 ways:

The native collagen fiber matrix guides and
protects the newly-formed micro-vessels.

Additionally, solubilized elastin exhibits mul-
tiple biological effects important for angio-
genesis. Acting as a matrix derived cytokine
(matrikine)?, elastin positively influences the
. 6 IRelmz o @i TTTE 07l proliferation of vessel forming cell types.®

Reduced Scar Contraction and Enhanced Tissue Elasticity

MatriDerm® has been designed to support cell attachment, cell invasion and provide a guiding
structure. Moreover, it provides the proper rigidity in cell-matrix interaction. Research shows that
matrix mechanics influence fibroblasts in their biomechanical activity during the wound-healing
process.%’ The specific rigidity of MatriDerm® modulates cell derived contractile forces resulting
in a reduced contraction of the newly-formed dermal layers.

Secondly, solubilized elastin, the other component of MatriDerm® is known to influence the
formation of elastic fibers by early induction of elastin synthesis as normally seen in the chain of
wound-healing events.®

The synergy of matrix nativity, rigidity and the effects of solubilized elastin ensures a superior
outcome of the newly formed dermal layer in comparison to application of split skin alone.

MatriDerm® secures the Quality of Your Work.

Eble JA, Niland S. The extracellular matrix of blood vessels. Curr Pharm Des 2009;15(12):1385-400. Review.

Duca et al. Elastin as a matrikine, Crit Rev Oncol Hematol. 2004; Mar;49(3):235-44.

Daamen et al. A biomaterial composed of collagen and solubilized elastin enhances angiogenesis and elastic fiber formation without calcification. Tissue Eng Part A. 2008; Mar;14(3):349-60.
Rhee S; Grinnel F. Fibroblast mechanics in 3D collagen matrices. Adv Drug Deliv Rev 2007;Nov 10;59(13):1299-305. Epub 2007 Aug 14. Review.

Chiquet M. et al.; From mechanotransduction to extracellular matrix gene expression in fibroblasts. Biochim Biophys Acta 2009 May;1793(5):911-20. Epub 2009 Jan 31. Review.

Ryssel H. et al. The use of MatriDerm® in early excisison and simultanous autologous skin grafting in burns — A pilot study. BURNS 2008;93-97
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MatriDerm®

iIn Burn Surgery.

Foot Bum*

Acute Il1° Burn
of the instep of
the foot

Day 0
\Wound excision

Day 39 p.o.
Early extension and
flexation possible

Full range of motion

* Courtesy of E. Dantzer, Toulon, France

Hand Burn*#*

** Haslik W. et al., 2007 Burns

Day 0
Acute [lI° Burn

Day 11 p.o.
Good take

1 year follow-up



Hand Bumn Determination of Skin Elasticity via
Cutometer-Measurement

Elasticity (mm)
06 — Healthy Skin
0.5 -
0.4 1 with MatriDerm® MatriDerm® 12 months p.o.,
Excellent elasticity |7 Burn wounds, n =10
L 0.3
and pliability
0.2
0.1 1
without MatriDerm®
Time in
0OF—T—TT T T T T T T T seconds
00 02 04 06 08 10 12 14 16 18 20

L.P Kamolz presented at the ISBI meeting in Montreal 2008.

Full range of motion

Surgical Challenges:

e Earliest possible permanent closure

e Efficient and safe procedure

e Both functional and aesthetic outcome

MatriDerm®Tissue Regeneration Concept

e Quality in Efficacy: Cost effective one-step procedure

e Quality in Structure: Turns a split-thickness skin graft into full skin quality
e Quality of Life: Superior functional and aesthetic outcome
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MatriDerm™
In Reconstructive Surgery.

Scar Reconstruction
34 year old patient with chronic wound
on the left knee*

* Courtesy of E. Dantzer, Toulon, France

Day 0
Painful,
unstable scar

Day 4 p.o.
First dressing
change

8 months p.o.
Stable wound
closure, full range of
motion, superior skin
elasticity

15 months p.o.

Exposed Tendons
80 year old patient with skin tumor on

the dorsum of the hand. Co-morbidities:
Chronic heart failure NYHA [ll, diabetes,
absolute arrhythmia

Day 0

Deep wound
with exposed
tendons

Day 7 p.o.
Good take rate
of the STSG

6 months p.o.
Excellent functional
and aesthetical
outcome

“The aesthetic outcome was good, especially considering
the excellent risk-benefit-ratio. The functional outcome

was satisfactory for the patient.”!

1 T.Wetzig et al., Dermatology 2009 online July 31, New Indications for Artificial Collagen-Elastin Matrices? Covering Exposed Tendons.

T Wetzig et al.



The Only Dermal Substitute With Proven 12 Year Benefit?

Results: Reconstructive Burn Scars

B MatriDerm® + Meshed split-thickness skin graft
B Meshed split-thickness skin graft

#POSAS = Patient and Observer Scar Assessment Scale
*p< 0.04

Surgical Challenges:

¢ Reduction of scar formation

e Full joint functionality

e Restoration of patient’s quality of life

MatriDerm®Tissue Regeneration Concept

e Quality in Efficacy: Cost effective one-step procedure

e Quality in Structure: Turns a split-thickness skin graft into full skin quality
e Quality of Life: Superior functional and aesthetic outcome

2 Modified from Bloemen MC, van Leeuwen MC, van Vucht NE, van Zuijen PR Middelkoop E. Dermal substitution in acute burns and reconstructive surgery: A 12-year follow-up.
Plast Reconstr Surg 2010;125(5):1450-9.
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MatriDerm®

In Trauma Surgery.

Amputation
Crush trauma with severe soft tissue
defects and deglovement*

* Courtesy of Dr. Laun, Berlin, Germany

Day 0

Operation site
after above knee
amputation

Day 16 p.o.
MatriDerm®
and STSG in
one step

12 weeks p.o.
Good functional
and aesthetic
outcome

Open Fracture of TheTibia

In combination with a full-thickness defect and
distal deglovement. Remaining dermis and sub-
dermis additionally detached from fascia.**

Treatment:

e Medullary nail

e Debridement of wound and coverage of the
full-thickness defect with MatriDerm® and STSG
in one step; Relining of the detached skin area
with MatriDerm® in the distal region

e \VAC-therapy for 5 days

Day 0

Day 5 p.o.

After removal of
VAC; good take rate
of transplants.

No loss of damaged
skin areas

Day 14 p.o.
Complete engrafting
of STSG and healing
of wounds. Good
pliability and gliding
of transplanted areas

** Courtesy of Dr. Kamolz, Vienna, Austria



Surgical Challenges:

e \Wound closure where primary surgical closure is unlikely

¢ Avoidance of scar tissue formation and adhesion to fascilitate easy metal removal
Reduction of restrictive scar formation

Reduction of infection risk during osteosynthetic treatment

Achieve a full-thickness outcome without donor site morbidity

MatriDerm®Tissue Regeneration Concept

e Quality in Efficacy: Cost effective one-step procedure

e Quality in Structure: Turns a split-thickness skin graft into full skin quality
e Quality of Life: Superior functional and aesthetic outcome
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