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"Nature is the
best architect”

Natural matrix structures possess a high similarity
to human tissue. They are therefore particularly
suitable as a guide rail for the regeneration of new
tissue and are characterized by high tissue
compatibility.  Geistlich Biomaterials develops
biological materials according to the principle
“Nature is the best architect”, which ideally
supports the objectives of regenerative therapy.

By means of high-technology processes, Geistlich
Biomaterials manufactures matrix structures, which
preserve unique natural properties and conform to
the highest safety requirements.
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Safety of Chondro-Gide®

Summary

Chondro-Gide® is a highly purified collagen membrane made from porcine collagen. The multistage
production process removes proteins, fats and viable cells, and inactivates micoorganisms and viruses.

The manufacturing process, its monitoring as well as the clinical documentation of Chondro-Gide® were
examined carefully by the notified body. The strict official safety requirements for medical devices in
Europe are met by Chondro-Gide®. Chondro-Gide ® has been certified by the European authorities with
the CE-mark.

The high level of safety of Chondro-Gide® is based on the following aspects :

1) Defined origin of raw materials
The porcine raw materials used are obtained from animals that are declared fit for human
consumption and are certified as healthy by veterinarians. These animals are only sourced from
selected and certified slaughterhouses based in Switzerland.

2) Inactivation methods
Several steps of the production process are highly effective in inactivating viruses.

3) AQuality controls
Stringent in-process and end quality control tests are carried out with validated methods before

every single batch of Chondro-Gide® is released.

The high safety standard of Chondro-Gide® is achieved through the combination of highly
effective purification steps and control at different levels.

Chondro-Gide® fully satisfies the stringent official safety requirements for medical devices
in Europe.




Safety standards Chondro-Gide®

Collagen is the main structural protein in vertebrates and an important component of cartilage. The
Chondro-Gide® membrane is made of collagen and is a bilayer membrane showing a compact and a
porous side. The compact layer with a smooth surface is cell occlusive, preventing cells and blood from
diffusing into the synovial fluid after chondral defect treatment. The other layer of the membrane
consists of collagen fibers in a loose and porous arrangement which favours cell invasion and
attachment. The Chondro-Gide® membrane stabilizes the blood clot resulting from the articular cartilage
treatment. The arrangement of the fibers results in high tensile strength and resistance to tearing.

Chondro-Gide® is obtained by a standardized, controlled and certified manufacturing process from
porcine collagen. The structural quality of each membrane is meticulously controlled. Standardized
processes under controlled conditions, rigorous in-process and end controls guarantee a high quality
product. Chondro-Gide® has been CE-certified for the use as a periosteum substitute for the Autologous
Chondrocyte Transplantation (ACT) and Autologous Matrix Induced Chondrogenesis (AMIC®) methods.

Selection and processing of the raw material

The raw material for manufacturing the membrane has to satisfy stringent quality criteria. The pigs from
which it is sourced from are obtained from certified slaughterhouses based in Switzerland. These animals
are certified by veterinarians and declared fit for human consumption. Pre- and post-mortem health
testing is performed on the animals. Only then is the animal released for further processing. The entire
slaughtering process is controlled by a veterinarian. Quality control tests are carried out at each delivery
of raw material and the safety documentation certifying animal health and traceability is checked by our
quality control department.

Purification and sterilisation

The manufacturing process of Chondro-Gide® includes several chemical purification methods, which do
eliminate fats and other tissue residues from collagen, and do inactivate microorganisms and viruses.
According to EC-guidelines in order to reduce the risk of viral or bacterial contamination, the
manufacturing process includes a strong alkaline treatment. The production process for Chondro-Gide®
also includes other chemical processes, such as acid and solvent treatments, and is carried out under
controlled room conditions.

After the Chondro-Gide® membrane is finally packaged, it is sterilised in a validated process, which is an
additional step for ensuring the inactivation of potential viruses and bacteria. Sterility is assured by
double blister packing. Each batch is tested for pyrogenicity and sterility. The product is sterile unless the
package has been opened, damaged, or otherwise contaminated.



Expert opinion on virus safety

The virus inactivation capacity of the production process of Chondro-Gide® was assessed and is
scientifically recognized to inactivate microorganisms and viruses. It was demonstrated that the methods
and chemicals used result in the denaturation of DNA and RNA strands. Effective hydrolysis of the
peptide bonds of viral protein is achieved during the production process.

Dr. Manfred H. Wolff, Head of the Institute of Microbiology and Virology of the University of
Witten/Herdecke reviewed the entire Chondro-Gide® production procedures and gave his expert's
opinion on the virus safety of Chondro-Gide®. Dr. Manfred H. Wolff's report states that

“For the production of other medical products, drugs or pharmaceutical devices based on
collagen (...), the production processes used are less aggressive than the one used for the
production of Chondro-Gide®, which ensures that the virus safety of the Chondro-Gide®
membrane is fully guaranteed.”

(Appendix Chondro-Gide®, Appendix 1)

Antigenicity and biocompatibility
Systemic toxicity or mutagenicity of collagen is unlikely since porcine collagen has been used for more
than hundred years as surgical wound coverage and suturing material. However, adverse effects of

collagen subsequent to the use of Chondro-Gide® have to be considered with regard to allergic reactions
and bio-incompatibility.

Collagen is weakly immunogenic, the telopeptides being of importance for the antigenicity of the
protein. Since the telopeptides are cleaved during the production of Chondro-Gide®, the membrane has a
low immunogenic potential. The careful purification of the collagen used for manufacturing Chondro-
Gide® allows avoiding antigenic reactions. Therefore, the risk of a specific immune reaction after
implantation of Chondro-Gide® is extremely low.

Biological hazards and toxicity have been assessed according to ISO 10993-1. This ensures that the
collagen membrane satisfies the statutory requirements for biocompatibility upon approval as a medical
device and that it has good tissue compatibility. The results show the harmlessness of the materials for
implantation in humans. Antigenicity testing included an active systemic anaphylaxis (ASA) test on
albino Dunkin Hartley guinea pigs, a passive subcutaneous anaphylaxis (PCA) test on mice and a passive
haemagglutination anaphylaxis (PHA) test. No immune reaction was observed after administration of a
collagen membrane extract in any of these tests. On the other hand, the accumulation of inflammatory
cells in the implantation area was investigated and marked with monoclonal antibody. 2 weeks after
implantation of Chondro-Gide® no accumulation of inflammatory cells could be observed.

Finally, the Chondro-Gide® post marketing surveillance starting in 2002 reports no serious adverse
complaints in which a specific allergic reaction resulted from treatment of patients with Chondro-Gide®.

In conclusion, the risk of a specific allergic reaction against collagen after implantation of Chondro-
Gide® is minimal. Warnings regarding the risk of allergic reactions are included accordingly in the
package insert.



Inflammation

Inflammation occurs in vascularized tissue and depends on a large number of chemical mediators. These
are : physical damage, reaction to foreign material, presence of a foreign body, reaction on residual
solvents, or microorganisms resulting in infection.

Every surgery will cause an inflammatory reaction. Such a response is expected after implantation of
Chondro-Gide®.

The presence of a foreign body will always cause an inflammatory reaction. Because Chondro-Gide® is
implanted in cartilage, the reaction will be limited due to the low vascularization of this tissue. However,
since Chondro-Gide® is a resorbable membrane, this reaction may be temporary and without major risk
for the patient.

Chondro-Gide® may get into contact with suture material, fibrin glue and metals (via operation
equipment). The post-marketing surveillance of Chondro-Gide® gives no indication of incompatibility
with these materials.

An inflammatory reaction caused by viruses, bacteria, fungi or protozoa can result from a non-sterile
product. It can originate from the use of highly contaminated raw material, or from contamination with
microorganisms during production, or from contamination due to inadequate or damaged packaging and
improper storage. As discussed above, viral inactivation methods are sufficiently strong. Contamination
of Chondro-Gide® during the production process is highly improbable, since the production process is
performed under controlled conditions. For these reasons, the risk of infections due to the Chondro-
Gide® membrane itself are reduced to the best of our knowledge.

Clinical studies

A number of clinical studies have been generated by Geistlich Pharma AG for the use of Chondro-Gide®
as a periosteum substitute for the treatment of cartilage defects by Autologous Chondrocyte
Transplantation (ACT) or Autologous Matrix Induced Chondrogenesis (AMIC®) techniques. These studies
proved the biocompatibility and clinical tolerability of Chondro-Gide® and showed that there is no
relevant risk for the patient and no difference between patients treated with periosteum compared to
patients treated with Chondro-Gide®. Chondro-Gide® was extensively used since its CE-approval for use
in these two indications. Advantageous and successful use of the collagen membrane over periosteal
graft was reported. Chondro-Gide® has been shown to be safe and effective for the proposed labelled
indications.
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CE-certificate

The manufacturing process, the strict control procedures and the clinical documentation were examined
by the responsible notified body and are checked regularly. By issuing the CE-certificate, the responsible
authority confirms that the manufacturing process fully conforms to the necessary requirements.
Chondro-Gide® was approved for use in patients for Autologous Chondrocyte Transplantation (ACT) in
1999, and for covering defects treated with Autologous Matrix Inducing Chondrogenesis (AMIC®) in
2004.

(Appendix Chondro-Gide®, Appendix I1)

Quality standard

Chondro-Gide® production is subject to the quality assurance system in accordance with international
guidelines (1ISO 9001:2000, I1SO 13485:2003). This control system is checked at least once a year by
independent experts and international supervisory authorities.

(Appendix Quality management system)

Highly effective purification steps and control at different levels guarantee the high safety
level of Chondro-Gide®

Chondro-Gide® fully satisfies the official safety requirements for materials containing
porcine collagen.
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Expert opinion on the virus safety of
Chondro-Gide®

Prof. Dr. Manfred H. Wolff
University of Witten-Herdecke, Germany



TRANSLATION - for information only. In case of doubt the German version is valid.

Report on the

Viral safety of the Chondro-Gide® collagen membrane, which is produced by Geistlich
Pharma AG according to a multi-level virus-inactivating production log

Summary

The compliance of the compulsory treatment protocols of the Chondro-Gide® membrane
ensures that the requirement of an inactivation of possibly present encapsulated porcine
viruses at the same extent as for naked viruses is satisfied with a clear security margin. The
viruses are completely inactivated through strong basic and strong acidic treatment steps at
the temperatures and long treatment times chosen. The disinfection on its own of the
membrane according to a TSE-depletion protocol ensures a depletion of both encapsulated
and naked viruses and is acknowledged, such as an additional virus inactivation study is not
necessary. The subsequent irradiation with 25 kGy inactivates nucleic acids and prevents
therefore the replication of viruses. This applies also for porcine viruses like the Swine
Vesicular Disease Virus and the Classical Swine Fever Virus.

For the production of other medical products, drugs or pharmaceutical devices based on
collagen (tendons, sewing material made from gut, injectable collagen, collagen sponges,
gelatin), the production processes used are less aggressive than the one used for the
production of Chondro-Gide®, which ensures that the viral safety of the Chondro-Gide®
membrane is fully guaranteed.

Witten, May 2, 2005 Univ.-Prof. Dr. M. H. Wolff
Head of the Institute of Microbiology and Virology
University of Witten/Herdecke
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Gutachten

Virussicherheit der Kollagenmembran Chondro-Gide®, die geméass einem
mehrstufigen, virusinaktivierenden Herstellungsprotokoll von der Firma
Geistlich produziert wird.

Zusammenfassende Bewertung

Bei Einhaltung der vorgeschriebenen Behandlungsprotokolle der Kollagenmembran
Chondro-Gide® ist sichergestellt, dass die Forderung nach einer Inaktivierung von
potentiell vorhandenen unbehillien Schweineviren in Hoéhe von behiillten
Schweineviren mit deutlichen Sicherheitsreserven erfiillt wird. Die Viren werden bei
den stark basischen Behandlungsschritten und bei dem stark sauren
Behandlungsschritt bei den gewéahlten langen Behandlungszeiten und Temperaturen
vollstandig inaktiviert. Allein die basische Desinfektion der Membran geméass dem
TSE-Abreicherungsprotokoll gewéhrleistet eine Abreicherung bei behiliten und
unbehllten Viren und ist anerkannt, ohne dass eine weitere Virusinaktivirungsstudie
erforderlich ist. Die anschliessende Bestrahlung mit 25 kGy inaktiviert die
Nukleinsauren und verhindert so sicher die Replikation von Viren. Dies gilt auch fur
die bei Schweinen vorkommenden Viren wie das Swine Vesicular Disease Virus und
das Classical Swine Fever Virus.

Bei der Herstellung von anderen kollagenbasierten Medizinprodukten, Arzneimittein
und Pharmahilfsstoffen (Sehnen, Nahtmaterial aus D&rmen, injizierbares Kollagen,
Kollagenschwamme, Gelatine) kommen in der Regel weniger aggressive
Herstellungsmethoden zum Einsatz als bei der Herstellung der Chondro-Gide®
Kollagenmembran, so dass die Virussicherheit der Chondro-Gide®
Kollagenmembran absolut sichergestellt ist.

of. Dr. M. H. Wolff
Leiter des Instituts fir Mikrobiologie und Virologie
Universitat Witten/Herdecke

Witten, den 02.05.2005

Private Universitit Witten/Herdecke gGmbH - Vorsitzender des Direktoriums: Dr. h. c. August Oetker - Geschéftsfihrung: Prof. Dr. Wolfgang Glatthaar
(Prasident), Dipl.-Kfm. Peter Kallien - Sitz der Gesellschaft: Witten, Amtsgericht Bochum HRB 8671 - Deutsche Bank AG Witten, Konto 8 327 777,
BLZ 430 700 61 und Sparkasse Witten, Konto 10 900, BLZ 452 500 35 - Steuer-Nr.: 348 / 5845 / 0355, Ust-IdNr.: DE 126 880 235
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