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Submitted by: 
Organogenesis Inc. 
150Dan Road 

NOV - 8 2005 

510(K) SUMMARY 

Canton, Massachusetts 02021 

Contact 
Patrick R. Bilbo 
Telephone: (781) 401-1155 
Facsimile: (781) 575-1570 

Date: October 21, 2005 

Device: 
Trade Name: 

Common/Usual Name: 

Classification Name: 
Classification: 

Predicate Devices: 

FortaDerm™ Antimicrobial PHMB Wound 
Dressing coated with 0.1 % Polyhexamethylene 
Biguanide Hydrochloride (PHMB) 
Topical Wound Dressing, Wound Management 
Biomaterial 
Dressing, Wound (KMF) 
Unclassified 

The relevant predicate devices are FortaDerm™ (PuraPly™) Wound Dressing 
(K011026) manufactured by Organogenesis, Inc. and Xcell Antimicrobial 
Cellulose Wound Dressing (K024054) manufactured by Xylos®Corporation. 

Statement of Substantial Equivalence: 
The FortaDerm™ Antimicrobial PHMB Wound Dressing is similar with respect 
to intended use, technological characteristics, materials and physical construction 
to the predicate devices in terms of section 510(k) equivalency. 

Intended Use: 
The FortaDerm™ Antimicrobial PHMB Wound Dressing is intended for the 
management of wounds and as an effective barrier to resist microbial colonization 
within the dressing and reduce microbes penetrating through the dressing. 
FortaDerm™ Antimicrobial PHMB Wound Dressing may be used for the 
management of: partial and full thickness wounds, pressure ulcers, venous ulcers, 
diabetic ulcers, chronic vascular ulcers, tunneled/undermined wounds, surgical 
wounds (donor sites/grafts, post-Moh's surgery, post-laser surgery, wound 
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dehiscence), trauma wounds (abrasions, lacerations, second-degree bums, and 
skin tears) and draining wounds. 

The device is intended for one-time use. 

Device Description: 
FortaDenn™ Antimicrobia1 PHMB Wound Dressing consists of two layers, 
crosslinked sheet of fenestrated sheet of porcine intestinal collagen coated with 
0.1 % Polyhexamethylene Biguanide hydrochloride (PHMB). FortaDerm Wound 
Dressing is supplied dry in sheet form in sizes ranging from 4 x 4 cm to 12 x 36 
cm. The device is packaged in sterile, sealed single pouches. 

Performance Data: 
FortaDerm™ Antimicrobial PHMB Wound Dressing was subjected to a number 
of tests to assess biocompatibility and performance. The device passed the 
requirements of all tests. 
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1',yl !'lt:RVlc ~oi' (,,J DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

Food and brug Administration 
9200 Corporate Boulevard 
Rockville MD 20850 

Patrick R. Bilbo, Vice President 
Regulatory and Clinical Affairs 
Organogenesis, Inc. 
150 Dan Road 
Canton, Massachusetts 02021 

Re: K051647 

lfflV - 8 2005 

Trade/Device Name: FortaDerm™ Antimicrobial PHMB Wound Dressing 
Regulatory Class: Unclassified 
Product Code: FRO 
Dated: October 21, 2005 
Received: October 25, 2005 

Dear Mr. Bilbo: 

We have reviewed your Section 51 O(k) premarket notification of intent to market the device 
referenced above and have determined the device is substantially equivalent (for the indications 
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate 
commerce prior to May 28, 1976, the enactment date of the Medical Device Amendments, or to 
devices that have been reclassified in accordance with the provisions of the Federal Food, Drug, 
and Cosmetic Act (Act) that do not require approval of a premarket approval application (PMA). 
You may, therefore, market the device, subject to the general controls provisions of the Act. The 
general controls provisions of the Act include requirements for annual registration, listing of 
devices, good manufacturing practice, labeling, and prohibitions against misbranding and 
adulteration. 

If your device is classified (see above) into either class II (Special Controls) or class III (PMA), it 
may be subject to such additional controls. Existing major regulations affecting your device can 
be found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may 
publish further announcements concerning your device in the Federal Register. 

Please be advised that FD A' s issuance of a suhstantial equivalence determination does not mean 
that FDA has made a determination that your device complies with other requirements of the Act 
or any Federal statutes and regulations administered by other Federal agencies. You must 
comply with all the Act's requirements, including, but not limited to: registration and listing (21 
CFR Part 807); labeling (21 CFR Part 801 ); good manufacturing practice requirements as set 
forth in the quality systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic 
product radiation control provisions (Sections 531-542 of the Act); 21 CFR 1000-1050. 
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Page 2- Patrick R. Bilbo, Vice President 

This letter will allow you to begin marketing your device as described in your Section 51 O(k) 
premarket notification. The FDA finding of substantial equivalence of your device to a legally 
marketed predicate device results in a classification for your device and thus, permits your device 
to proceed to the market. 

If you desire specific advice for your device on our labeling regulation (21 CFR Part 801 ), please 
contact the Office of Compliance at (240) 276-0115. Also, please note the regulation entitled, 
"Misbranding by reference to premarket notification" (21 CFR Part 807 .97). You may obtain 
other general information on your responsibilities under the Act from the Division of Small 
Manufacturers, International and Consumer Assistance at its toll-free number (800) 638-2041 or 
(301) 443-6597 or at its Internet address http://www.fda.gov/cdrh/industry/support/index.html 

Enclosure 

Sincerely yours, 

~~ 
Mark N. Melkerson 
Acting Director 
Division of General, Restorative 
and Neurological Devices 

Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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Indications for Use 

5 IO(k) Number (if known): Kt}S l~~ l 
Device Name: FortaDerm™ Antimicrobial PHMB Wound Dressing 

Indications for Use: 

The FortaDerm™ Antimicrobial PHMB Wound Dressing is intended for the 
management of wounds and as an effective banier to resist microbial colonization within 
the dressing and reduce microbes penetrating through the dressing. FortaDerm™ 
Antimicrobial PHMB Wound Dressing may be used for the management of: partial and 
full thickness wounds, pressure ulcers, venous ulcers, diabetic ulcers, chronic vascular 
ulcers, tunneled/undermined wounds, surgical wounds (donor sites/grafts, post-Moh's 
surgery, post-laser surgery, wound dehiscence), trauma wounds (abrasions, lacerations, 
second-degree burns, and skin tears) and draining wounds. 

The device is intended for one-time use. 

Prescription Use 1 
(Pait 21 CFR 801 Subpart D) 

AND/OR 
Over-The-Counter Use __ _ 
(21 CFR 80 l Subpart C) 

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE 
OF NEEDED) 

Concurrence of CDRH, Office of Device Evaluation (ODE) 

Page_of_ 

( Posted November 13, 2003) 

SlO(k) Number l<OS-l (pl{]--
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service 

June 22, 2005 

ORGANOGENESIS, INC . 
150 DAN RD. 
CANTON, MA 02021 
ATTN: PATRICK BILBO 

Food and Drug Administration 
Center for Devices and 
Radiological Health 
Office of Device Evaluation 
Document Hail Center (HFZ - 401) 
9200 Corporate Blvd. 

Rockville, Maryland 20850 

SlO(k) Number: K051647 
Received : 21-JUN-2005 
Product : FORTADERM 

ANTIMICROBIAL WOUND 
DRESSING 

The Food and Drug Administration (FDA), Center for Devices 
and Radiological Health (CDRH), has received the Premarket Notification you 
submitted in accordance with Section SlO(k) of the Federal Food, Drug, and 
Cosmetic Act(Act) for the above referenced product. We have assigned your 
submission a unique 510(k) number that is cited above. Please refer 
prominently to this 510(k) numbe r in any future correspondence that relates 
to this submission. We will notify you when the processing of your premarket 
notification has been completed or if any additional information is required. 
YOU MAY NOT PLACE THIS DEVICE INTO COMMERCIAL DISTRIBUTION UNTIL YOU RECEIVE 
A LETTER FROM FDA ALLOWING YOU TO DO SO. 

On May 21, 2004, FDA issued a Guidance for Industry and FDA Staff entitled, 
''FDA and Industry Actions on Premarket Notification (510(k)) Submissions: 
Effect on FDA Review Clock and Performance Assessment". The purpose of t his 
document is to assist agency staff and the device indus try in understanding 
how various FDA and industry actions that may be t aken on 510(k)s should 
affect the review clock for purposes of meeting the Medical Device User Fee 
and Modernization Act. Please review this document at 
http : //www.fda . gov/cdrh/mdufma/guidance/1219 . htrnl. 

Please remember that all correspondence concerning your submis sion MUST b e 
sent to the Document Mail Center (DMC)(HFZ-401) at the above letterhead address. 
Correspondence sent to any address other than the one above will not be 
considered as part of your official premarket notification submission. Also, 
pl e ase note the new Blue Book Memorandum regarding Fax and E-mail Policy 
entitled , "Fax and E-Mail Communication with Industry about Premarket Files 
Under Review". Please refer to this guidance for information on cur r ent fax 
and e -mai l practices at www.fda.gov/cdrh/ode/a02-0l.html. 

You should be familiar with the regulatory requirements for medical devi ce 
available at Device Advice http://www.fda . gov/ cdrh/devadvice/" . If you h av e 
o t h e r procedural or policy questions, or want information on how to check 
on the s t atus of your submission, please contact DSMICA at (301) 443-6597 or 
its t oll -f r e e number (800) 638-2041, or at their Internet address 
http: / /www.fda . gov/cdrh/dsmamain . html or me at (301)594-119 0. 

Sincerely yours, 

Marjorie Shulman 
Supervisory Consumer Safety Officer 
Office of Device Evaluation 
Center for Devices and Radiological Health 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service 

June 21, 2005 

ORGANOGENESIS , INC. 
1S0 DAN RD. 
CANTON, MA 02021 
ATTN: PATRI CK BILBO 

Food and Drug Administrat i on 
Center for Devices and 
Radiological Health 
Office of Device Evaluation 
Document Hail Center (HFZ - 401) 
9200 Corporate Blvd . 

Rockville, Maryland 20850 

510(k) Number: K051647 
21 -JUN-2005 Received: 

Product: 
User Fee ID 

FORT AUERM __________ _ 
Number: ! {b}(4) ! WOUND 

DRESs'lNG 
The Food and Drug Administration (FDA) Center for Devices and Radiological 
Health ( CDRH), has received the Premarket Notification you submitted in 
accordance with Section 510(k) of the Federal Food, Drug, and Cosmetic Act 
(Act) for the above referenced product. We have assigned your submission a 
unique SlO (k) number that is cited above. Please r efer prominently to this 
Sl O(k) number in any future correspondence that relates to this submission. 
YOV MAY NOT PLACE THIS DEVICE INTO COMMERCIAL DISTRIBUTION UNTIL YOU RECEIVE 
A LETTER FROM FDA ALLOWING YOU TO DO SO. 

The Act, as amended by the Medical Device User Fee and Modernization Act of 
2002 (MDUFMA) (Public Law 107-250), specifies that a submission shall be 
considered incomplete and shall not be accepted for filing until fees have 
been paid (Section 738(f ) ). Our records indicate that you have not 
submitted the user fee payment information and therefore your SlO(k) cannot 
be fil ed and has been placed on hold . Please send a check to one of the 
addresses listed below: 

By Regul ar Mail 

Food and Drug Administration 
P . O. Box 956 733 
St. Louis , MO 63195-6733. 

By Private Courier ( e.g. , Fed Ex, UPS, et c . ) 

U. S. Bank 
956733 
1005 Convention Plaza 
St. Louis, MO 63101 
(314) 418-4983 

The check should be made out to the Food and Drug Administrat ion referencing 
the payment identification number, and a copy of the User Fee Cover sheet 
should be included with the check. A copy of the Medical Device User Fee 
Cove r Sheet should be faxed to CDRH at (301) 594-2977 referencing the 
SlO(k) number if you have not a lready sent it in with your sio (k) submission. 
Aft er the FDA has been notified of the receipt of your user fee payment, your 
510 (k) will be filed and the rev iew will begin. If payment has not been 
received wi thin 30 days, your 510(k ) will be deleted from the sy stem. 
Additional information on user f ees and how to submit your user fee payment: 
may be found at http://www . fda.gov/ oc/ mdufma. 
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Ple ase note that since your SlO(k) has not been reviewed, additional 
information may be required during the review process and the file may be 
placed on hold once again. If you are unsure as to whether or not you need 
to f ile an application with FDA or what type of application to file, you 
should first telephone the Division of Small Manufacturers, International 
and Consumer Assistance (DSMICA), for guidance at (301)443-6597 or its 
toll-fee number (800)638-2041, or contact them at their Internet address 
http: / /www.fda . gov/cdrh/dsmamain.html, or you may submit a 513(g) request 
to the Document Mail Center at the address above. If you have any 
ques tions concerning the contents of this letter, y ou may cont act me a t 
( 301) 594-11 90 . 

Sincerely yours, 

Marjorie Shulman 
Consumer Safety Officer 
Office of Device Evaluation 
Center for Devices and 
Radiological Health 
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APPENDIX A 

PROPOSED LABELING 

PROPOSED FORTADERM™ ANTIMICROBIAL PHMB WOUND DRESSING 
______ .L._ ___ __.INSTRUCTIONS FOR USE AND PACKAGE INSERT 

{b){4) Draft Labeling 

\ 
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(b)(4) Draft Labeling 
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(b)(4) Draft Labeling 
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APPENDIXB 

PREDICATE DEVICE LABELING 

B.1 Predicate Device Labeling 
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APPENDIX B.1 

FORT AD ERM™ (PuRAPL Y ™) LABELING 
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PURA PLY™ 
Bioengineered Wound Management 

DESCRIPTION 

INSTRUCTIONS FOR USE 
AND PACKAGE INSERT 

PuraPly consists of a single-layer fenestrated sheet of collagen intended for the 
management of wounds. PuraPly is supplied dry in sheet form. The device is packaged 
in sterile, sealed single pouches. 

INDICATIONS 
PuraPly is supplied sterile in peel-open packages. Intended for one-time use. PuraPly is 
indicated for the management of wounds including: 

• Partial and full-thickness wounds 
• Venous ulcers 
• Diabetic ulcers 
• Drainage wounds 
• Pressure ulcers 
• Chronic vascular ulcers 
• Trauma wounds (abrasions, lacerations, second-degree burns, skin tears) 
• Surgical wounds (donor sites/grafts, post-Mohs' surgery, post-laser 

surgery, wound dehiscence) 

CONTRAINDICATIONS 
• This device is derived from a porcine source and should not be used in 

patients with known sensitivity to porcine material. 
• The device is not indicated for use in third degree bums. 

PRECAUTIONS 
• Do not resterilize. Discard all open and unused portions of PuraPly. 
• Device is sterile if the package is dry, unopened and undamaged. Do not 

use if the package seal is broken. 
• The device must be used prior to the expiration date. 
• Discard device if mishandling has caused possible damage or 

contamination. 
• PuraPly should not be applied until excessive exudate, bleeding, acute 

swelling and infection are controlled. 

POTENTIAL COMPLICATIONS 
The following complications are possible with the use of wound dressings. If any of these 
conditions occur, the device should be removed. 

• Infection 
• Chronic inflammation (Initial application of wound dressings may be 

associated with transient, mild, localized inflammation.) 
• Allergic reaction 
• Excessive redness, pain, swelling or blistering 

3712-01 Rev. A 
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INSTRUCTIONS FOR USE 

Note: These recommendations are designed to serve only as a general guideline. They 
are not intended to supercede institutional protocols or professional clinical judgment 
concerning patient care. 
CAUTION: Federal (U.S.A.) law restricts this device to sale by or 
on the order of a physician or properly licensed practitioner. 

ALWAYS HANDLE PURAPLY USING ASEPTIC TECHNIQUE. 
1. Prepare wound area using standard methods to ensure wound is free of 

debris and necrotic tissue. If necessary, surgically debride the wound to 
ensure the wound edges contain viable tissue. 

2. To apply, cut the dry sheet to the outline of the wound area. If the wound 
is larger than a single sheet, then multiple sheets may be used. Overlap 
adjoining sheets to provide coverage of the entire wound. For ease of 
handling, apply PuraPly by placing in a dry state over the wound and if 
necessary, rehydrate the sheet using sterile saline or other isotonic 
solution. 

3. Place the edge of the sheet in contact with the intact tissue. Smooth 
PuraPly into place to ensure the sheet is in contact with the underlying 
wound bed. 

NOTE: If excess exudate collects under the sheet, small openings can be 
cut in the sheet to allow the exudate to drain. 

IMPORTANT: After application, use an appropriate, non-adherent, secondary 
dressing to maintain a moist wound environment. The optimum secondary 
dressing is determined by wound location, size, depth and user preference. 
Change the secondary dressing as needed to maintain a moist, clean wound 
area. Frequency of secondary dressing change will be dependent upon volume 
of exudate produced and type of dressing used. As healing occurs, sections of 
PuraPly may gradually peel and may be removed during dressing changes. Oo 
not forcibly remove sections of PuraPly that may adhere to the wound. 
Alternatively, PuraPly may form into a caramel-colored gel, which can be rinsed 
away with gentle irrigation. On inspection, if PuraPly is no longer covering the 
wound and the wound has not healed, place an additional piece of PuraPly over 
the wound. 

STORAGE: This device should be stored in a clean, dry location at room 
temperature. 

STERILIZATION: This device has been sterilized with gamma irradiation. 

Distributed By 
Royce Medical Co. 
742 Pancho Road 
Camarillo, CA 93012, USA 
800-521-0601 

Manufactured for: 
Organogenesis Inc. 
150 Dan Road 
Canton, MA 02021, USA 

3712-01 Rev. A 
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APPENDIX B.2 

XYLos® XCELL ® ANTIMICROBIAL CELLULOSE WOUND DRESSING 

LABELING 
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xce11'1' Anttmlcrobial Cellulose Wound Dressing 
Instructions for Use 

Ster11e by Irradiation Non-pyrogenlc Single Use 
product Descr1ptlon: 
The XCeli" Antimicrobial Wound Dressing is a sterile prodJct composed of cellulose. water, and 0.3% pol~examethylene biguanide (PHMB). 
XCell'" Antimicrobial Wound Dressing has been shown to be effecllve in reducing the rl$k of Infection by preventing the migration of bacteria 
and fungi inducing Staphyl<:x;cxcus aurei1s. Pseudomonas aeruginosa. Candida albkans. Escherichia coli 1111d other clinically significant 
microbes. The dressings are presented in a singk;-use peel able pouch !of ease of removing the dressing. 

Indications tor Use: 
The XCelr.t· Antimicroblal Wound Dressing is intended fOf use on partial and full -thickness wounds as an elfective barrier to resist microbial 
colonization within the ctessing er;d reduce microbial penetration through the dressing. The xce11i , Antimicrobial Wound Dressing is intended lo 
cover a wound Of burn on a patient's skin to absorb ar~s of wound exudates and to provide a moist woond environment tlult supports the 
autolytic debriclement of areas of the wound that are necrotic. The dressing may be used on moderately exucing, non-exudng and dry wounds 
as stated in the Instructions-for-use. The woun<l ctessing also protects again,;t abrasion, desictatlon, and external contamination. The moist 
environment has a cooling effect lhat may reduce pain. 
Under the super'Jision of a heal1h care professional, the XCelW Antimicrobial Wound Dressing is intended for the local management of exuding 
wounds, including infec.ted and non-infected pressure ulcers, venous ulcers, diabetic ulcers, arte<ial ulcers. donor sites and olher ble&ding 
surface wounds, dermal lesions, trauma injuries or incisions. superficial cuts. minor scalds and burns. minor skin irritations, lacerations and 
abrasions. 

Con tr aincication s: 
XCall®Dressings may not b9 used to treat third degree burns. 
Do not use on in<ividuals with a known simsitivity to the chssing. 
Do not use if frozen 

Precayti011$: 
Inspect sealed, sterile pouch before opening. Do not use if pooch is opened or damaged . 
Do not reuse or resteriize. Discard aU open or unused portion of the device. 
Stora prodlCI in a dry place at 5 -30'C. (41 - 86"F}, do not freeze . 
Consult a health care professional if any ofthe following occur: (1 ) signs of clinical infection, (2) change in wound color and/or o<lor (3) the 
wound does not show si!,,t)s of healing and (4) any ocher unexpected S)nllptoms . The XCellt, Dressing may be continue<! at 1he dscretioo ofth• 
health care prof,,ssional. 

Instructions for Use: 
XCel16 O.essings shoukl be used under health care proles$ional direction fof the following indications: partial to flJII thickness wooods that are 
moderately exudrig. non-exuding and dIy (arteria l, venous, pressure and diabetic ulcers). first and second degree burns (sewre sunburn, etc.), 
minor burns, post-operative surgical wounds. skin grafts, donor sites and dermal lesions (cuts. abrasions. etc.) 

To apply lhe primary wound dres$i119: 
1. Cleanse d,e wound of excess exudate (fluid) 
2. The skin surrouncing the wound should be clean and dry for secure application 
3. Select a XCelflDressing size larger than the wound 
4. Peel open the package and remove the wound dressing. XCeU~D<essings are slaril• and should ba handed approprillllaly 
5. The dressing may be cut to size with sterile scissors If desirable 

a. Discard any unused portion of the product after dressing the wound 
6. Either side ofU1e dressing may be applied to ~,e wound ste. Remove one of the protective plastic films fran the wound 

dressing and apply the expose<! side of the dressing to the woond. Remove the other protective plastic film iom the wound 
dreuing end apply a self..adhesiw secondary ~esmg (i.e., thin film). compression wrap. or other appropriate covering over 
the exposed surface of the iessing(s) so that it extends at lust one inch beyond th• XCelf'Drening on d sides. 
a. When using the XCetl Dressing in the rope config<1tatio11- gently place ii into lhe wound, layering~ by foldng it onto itself, 

laking care not lo pack the malerlal tightl~tithin the wound. Cover and secure the rope as described above 
b. If drening a sacral ulcer, place the XC•II Ornsing ~cral pad inlo the gluteal fold, and then smooth outwards to ensure 

complete coverage. Cover' and secu,e the sacral pad as described above 
7. Change the chsslng as needed. 

a . The tequency of dressing change is affected by the nature and condition of the wound . 
8. The drusing may not be us-$d for more lhan sev&n days . 

To remove the primary wound ~essing: 
Remove the secondary drHsing(s) as approiriat•. 

1. Carefully remove the XCell Dressing by li1\ing one edge and geritly peeling lhe dressing fi-om the wound site 
2. Properly dspose of the dressing. Do not reapply after removal. 
3. Prior to re-dressing. cleanse the wound as d1ected by a health care professional 
4 . Repeat the application proceclne oudined above as needed 

MaM in the USA foi: 
XY LOS"' COfpOfation 
838 Town Center Drive 
LanghOfne. PA 19407 
www .xcellwoun de are .com 

Product Ordering information : 
Reorder #: Description/Size: 
04-001.10 3.s· ~ 3.s· (9cm x 9cm) 
04-002-10 5.5' x a· (14cm x 20cm) 
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04-004-10 0.75" x 8.5" (2cm x 21cm) Rope 

Distrlbut~ by: 
POI Medical Devices & Diagnostics 
10 Mountalnview Road, Suite C200 
Upper Saddle Rive1. NJ 07458 
1-888-GET- XCELL (1-888--438-9235) 

Dressings/box 
10 
5 
5 

10 

Boxes/case 
10 
10 
10 
10 

'" Trad& Mark of XYLOS Cotporation. ,,, Registered Trade Mark in ttie USA 
U.S. Patent Nos. 4,588.400, 4,655,758. 4.788.146 and other patents pendng Document Control ID: LAt 14.002 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service 

October 24, 2005 

ORGANOGENESIS, INC. 
150 DAN RD. 
CANTON, MA 02021 
ATTN: PATRICK BILBO 

Food and Drug Administration 
Center for Devices and 
Radiological Health 
Office of Device Evaluation 
Document Hail Center (HFZ - 401) 
9200 Corporate Blvd. 

Rockville, Maryland 20850 

510(k) Number: K051647 
Product: FORTADERM 

ANTIMICROBIAL 
WOUND DRESSING 

The additional informat i on you have submitted has been received. 

We will notify you when the processing of this submission has been 
completed or if any addi tional information is required. Please 
remember that all correspondence concerning your submission MUST 
be sent to the Document Mail Center ( HFZ-401) at the above 
le t terhe ad address . Correspondence sent to any address o t her than 
the one above will not be considered as part of your official 
premarket notification submission. Also, please no te the new 
Blue Book Memorandum regarding Fax and E-mail Policy entitled, 
"Fax and E-Mail Communication with Industry about Premarket Fi l es 
Under Review. Please refer to this guidance for information on current 
fax and e-mail practices at www.fda.gov/cdrh/ode/a02-01.htm1 . 
On August 12 , 2005 CDRH issued the Guidance for Industry and FDA Staff: 
Format for Traditional and Abbreviated 510(k)s. This guidance can be found 
at http://www . fda.gov/cdrh/oivd/guidance/1567.html. Please refer to this 
guidance for as sistance on how to format an original submission for a 
Traditional o r Abbreviated 510(k). 

The Safe Medical Devices Act of 1990, signed on November 28, states 
that you may not place this device into commercial distribution 
until you receive a l etter from FDA allowing you to do so. As in 
t he past, we intend to complete our review as quickly as possible. 
Generally we do so 90 days . However, the complexity of a submission 
o r a r equirement for additional information may occasionally cause 
the review to extend beyond 90 days. Thus, if you have not received 
a written decision or been contacted within 90 days of our receipt 
date you may want to check with FDA to determine the status of your 
s ubmis sion. 

I f y ou h ave procedural or policy questions, please contact the 
Divis ion of Small Manufacturers International and Consumer Assistance 
( DSMICA) at (301) 443-6 597 or at t heir toll-free number (800) 638-2041, 
or con tact me at (301) 594-1 190 . 

Sincerely y ours, 

Marjorie Shulman 
Supervisory Consumer Safety Officer 
Premarket Notification Section 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 

lq 
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Product codes of devices to which substantial equivalence is claimed Summary of, or statement concerning, 
safety and effectiveness information 

1 KMF 2 MGQ 3 4 
1---1----- ------1'--1--------- - 4---+--------- -1---+------------1 ~ 51 O (k) summary attached 

5 6 7 8 0 510 (k) statement 

irmalion on devices to which substantial equivalence is claimed (if known) 

51 O(k) Number Trade or Proprietary or Model Name Manufacturer 

1 KOl 1026 FortaDerm™ Wound Dressing Organogenesis Inc. 

2 K024054 
Xcell® Antimicrobial Cellulose Wound 

2 
Dressing 

2 Xylos Corporation 

3 3 3 

4 4 4 

5 5 5 

6 6 6 

SECTION F PRODUCT INFORMATION - APPLICATION TO ALL APPLICATIONS 

Common or usual name or classification 

FortaDermTM Antimicrobial Wound Dressing 

Trade or Proprietary or Model Name for This Device 

1 FortaDerm™ Antimicrobial Wound Dressing 

2 

3 

4 

5 

FDA document numbers of all prior related submissions (regardless of outcome) 

1 2 3 4 

7 8 9 10 

Data Included in Submission 

0 Laboratory Testing D Animal Trials 

Classification Panel 

General , Plastic and Reconstructive Surgery 

Indications (from labeling) 

.. Model Number 

NIA 

2 

3 

4 

5 

5 

11 

0 Human Trials 

0 Class I 

• Class Ill 

0 Class II 

~ Unclassified 

6 

12 

The FortaDerm Antimicrobial PHMB Wound Dressing is intended for the management of wounds and as an effective barrier to resist 
·icrobial colonization within the dressing and reduce microbes penetrating through the dressing. FortaDerm Antimicrobial PHMB 

rlound Dressing may be used for the management of: partial and full thickness wounds, pressure ulcers, venous ulcers, diabetic ulcers, 
chronic vascular ulcers, tunneled/undermined wounds, surgical wounds (donor sites/grafts, post-Moh's surgery, post-laser surgery, 

odiatric. wound dehi scence), trauma wounds (abrasions, lacerations, second-degree burns, and skin tears) and drainin wounds. 
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statement. 

Standards No. Standards Standards Title Version Date 
Organization 
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Standards No. Standards Standards Tille Version Dale 
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2 

Standards No. Standards Standards Title Version Date 
Organization 

3 

Standards No. Standards Standards T itle Version Date 
Organization 
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Standards No. Standards Standards Title Version Date 
Organization 

J 

Standards No. Standards Standards Title Version Date 
Organization 
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Standards No. Standards Standards Title Version Date 
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Please Include any additional standards to be cited on a separate page. 

-
Public reporting burden for this collection of information is estimated to average 0.5 hour per response, including the time for reviewing instructions, searching 
existing data sources, gathering and maintaining the data needed, and completing reviewing the collection of information. Send comments regarding this burden 
estimate or any other aspect of this collection of information, including suggestions for reducing this burden to: 

Food and Drug Administration 
CDRH (HFZ-342) 
9200 Corporate Blvd. 
Rockville, MD 20850 

I An agency may not conduct or sponsor, and a person is not required to respond to, a collection of infonnaJi-on unless it displays a currently valid 0MB control 
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Organogenesis Inc. 
LIVING TECHNOLOGY 

October 21 , 2005 

Food and Drug Administration 
Center for Devices and Radiological Health 
CDRH Document Control Center (HFZ-401) 
9200 Corporate Blvd. 
Rockville, MD 20850 
PRSB/DGRND/ODE/CDRH 

Re: FortaDerm Antimicrobial Wound Dressing 
K051647 

Dear Sir/Madam: 
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REVIEW 

Methods for the treatment of 
collagenous tissues for bioprostheses 
Eugene Khor 
Departmen! ol Chemistry, National University of Singapore, l<enr Rlrfg~. Slngepore 11!1260 

Collagenous tissue as a blomaterlal possllS$eS mllflY fal/0\lrablu chanicta,isties and advantages over 
aynthetlc materials- The r69emblance to human tissUe euggeitl that it has a performance advantage over 
alternative materials. This advantage hfis been exploited lo prodl.lCII clinical device lllat have been 
Implanted In patients for more than a quarter of a century. The metnod of treating collBgfrlOus tlssue for 
btoprOS1heses has developed from crude exposure c4 tissue to chem!cala to a sophls!1catl9d level of 
considering tile biochemical, chemical, engineering and cl irilcal aspecta of1he process. Thls review foctJSe8 
on the varlout chemical and physical treatments that have made the bloprosthes&s possible, highlighting 
lhe chemlcal agents and the crOS&-llnldng mechanism lnvoJved. (t) 1996 Elsevier Sci- Limited · 

Keywords: Collagenoua tissue, bioproathe11es, porcine aortic v&l'lt, bovine pericardium, cross-linking 

Received 1 July 1995; ac«pted 12 July 1996 

In the late 1960s, the tlsst1e-based heart valve came 
into existence in response to a need fur an alternative 
to circumvent the clinical complications experienced 
with the mechanical heart valve1. Beginning with 
human tissue and progressing to animal tissue, the 
bioprosthetic heart valve became a reality1

• The term 
bioprosthesis was introduced by Carpentier1 to refer 
to devices derived from biological tissue, invariably 
collagenous in nature, that is treated to impart in vivo 
durability. In this process, the treatment invalidates 
the regenerative capablllties of the tissue. The 
treatment of collegenous materials for bioprostheses 
has been practised for more than 25 years. This 
review provides a general survey of the methods that 
have been reported, highlighting the chemical 
aspects, and concludes with the author's view for the 
future. 

BlOPROSTHESES -

There are many devices thal can be clll!lsif!ed as 
bfoprostheses. In this review, by virtue of its 
overwhelming proliferation, reference pertains 
predominantly to the bioproslhetic heart valve. 
Wherever possible, examples of other bloprosthese.s, 
such as vascula1 grafts, biohybrid vascular grafts, 
ligament substitutes and pericardia! patches, wlll be 
cited under the respeclive treatment methods. The 
collagenous tissues treated with the various procesws 
are non-viable. This distinguishes bioprostheses from 
treatments which are meant to retain the cell-regenera­
tive capability of the tissue, such as cryopreservation 

95 

of homografts. which is outside the scope of this 
review3. 

COLLAGENOUS TISSUE 

Biological tissue used to fabricate the bioprosthesis is 
connective tissue rich, the main component being 
collagen. When animal tissue is used it ls termed a 
xenograft, while with human tissue it is either an 
autograft or a homograft. The main types of collag61lous 
tissue that have been used for bioprostheses 8J'8 the 
porcine aortic valve (PAV), bovt11B pericardium fBP), 

fltur• 1 The porcine aortic valve root alter trimming and 
glularaldehyde-fi)(atlon (courtesy of St. Vincent11 Medlloch 
Pie. Ltd.). 

Biomaterlal1 l 997, Vol. 18 No. 2 
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dura mater, fascia lata and autologous pericardium. 
Figure 1 shows a typical porcine aortic valve root , 
which resembles the human aortic heart valve in form 
and function. Various degrees of success have been 
achieved with each type of collagenous tissue as a 
bioprosthetic material. Initially, human tissues were 
used extensively with sterilization methods. However, 
the supply problem and their subsequent failure led to 
the emergence and subsequent dominance of the 
xenograft. In turn, the problems that are associated 
with the xenograft have now prompted some 
researchers to re-evaluate the autograft. There is no 
denying that autografts are the best choice, followoo by 
homografts and finally xenografta+-7

, However, the 
difficulty of procuring and preserving autografts and 
homografts makes the alternative of the abundant 
heterograft sensible. Ultimately, the choice of tissue 
type rests in complex considerations which include 
patient profile, prior experience and prejudice. 

Tissue morphology 
The porcine aortic valve and bovine pericardium 
exemplify typical tissue types and their morphological 
features ere described briefly. The porcine aortic valve 
comprises three cu.spa, the aortic valve ennulus and 
aortic alnu88$ of valsalve8

• The cusps are the most 
important features and consist of three regions. the 
ventricuJaris, the spongiosa and the fibrosa. The quantity 
and orientation of collagen in these layers are complex 
and varied, the ventricularis and fibrosa having the 
most collagen. The collagen assembly in bovine 
pericardium is different to the porcine aortic valve, 
being pmdominantly comprised of multiple overlapping 
layer!! of collagen aligned in different directions9

• There 
ere again three layers, the serosaJ, the fibrosa and the 
eplperic:ardial connective tisaue, all of which contain 
varying amounts of collagen. The fea.tw:es of these 
tiSBues after fixation and implantation, and of dura 
mater and fascia la ta, have been descnbedl 0-.

17
. 

Collagen 
The primary constituent of these tissues is collagen, a 
generic term for a family of 11Xtracallular proteins 
which are essentially polymers of amino &cl.ds. Eleven 
types of collagen have bean idantified1

...,.
22

• At the 
most basic level, a collagen molecule consists of three 
chains of poly(antlno acid)s (or polypeptides) !llTanged 
in a trihelical configuration ending in non-helical 
carboxyl and amino terminals, one at each end. These 
non-helical ends are believed to contribute to most of 
the antigenic properties of collagen. Collagen molecules 
assemble to form microflbrils, which ln tum form fibrils 
to give the collagen fibre. In their natural state, the 
collagen trihelical configurations are held in place by 
direct chemical bonds, hydrogen bonds and water­
bridged cross-links. Associated with collagen in tissue 
are elamn and proteogly<:aDs, mucopolysaccharides 
attached coval811tly to protein co.res. They are believe<l 
to modulate collagen fibrillogenesis, fill space, bind 
and otganlze water, Wld repel negatively charged 
molecules in these collagenous tissue fibl'8S, The 
amino acids In collagen contain pendant groups such 
as amines (NH2), acids (COOH) and hydroxyls (OH) 
and, together with the amide bond of the polymer, ere 
points for possible chemical reactions on collagen. 

Biomaterials 1997, VoL 16 No. 2 

Treatment ol collagenous tlssue5 for bioprosth&ses; E. Khor 

Additionally, water molecules sU1TOunding the 
collagen molecules form another source of entry for 
reaction, since they CIUl be displaced upon 
dehydration, exposing previously concealed groups for 
potential cross-linking. 

CROSS-LINKlNG 

Collagenous ti$$ues obtained from the abattoir, cadaver 
or patient begin to degrade immooiately, Therefore, in 
the exploitation of tissue as clinical materiel this 
deterioration must be arrested and deferred, preferably 
beyond the recipient's natural life. The aim is to 
prolong the materials' original structural and 
mechanical integrity and remove or at least neutralize 
the antigenic properties attributed to these materials. 
Methods typically concentrate on cresting new 
additional chemical bon<ls between the collagen 
molecules. These supplementary links reinforce the 
tissue to give a tough and strong but non-viable material 
that maintains the original shape of the tissue. 

Physical and chemical methods for the treatment of 
collagenous tissue are available. The process of 
stabilizing tissue involves the chemical !J88Dt or the 
physical process initiating, Ideally, irreversible and 
stable intra- and intermolecular chemical bonds 
betwfJen collagen molecules. Preferably, the agent 
promotes bonds between the functional groups of the 
amino acids. Chemical methods typically utilize 
bifunctional chemicals that interact with collagen at 
two different sites. Tb.e functional groups of the 
chemical agent i:eact with those on the amino acid 
residues of collagen, such a& the s-amino function on 
lysine end hydroxylysine or the carboxyl function on 
aspartlc and glutamic acids, to give rise to 'cross-links' 
between the collagen molecules_ A drawback of 
chemical agents is the potential toxic effects a recipient 
mey be exposed to from resid119s and/or chemicals 
rooulting from a reversal of the cross-links. Physical 
methods Include drying, heatill3 or exposure to 
ultraviolet or gamma mdiation. Unlike chemical cross­
linking, these methods do not introduce toxic chemicals 
into the tissue, but this does not preclude undefined 
side-effects that may arlse due to these processes. 

The efficiency and extent of th88e reactions depend 
on the thickness of the layers of coll.agenous tissue 
which defines the magnitude of penetration RI1d are a 
function of parameters such as the concentration of the 
reagent, and the time end the temperatuni of exposure. 
It is generally accepted that the more exogenous bonds 
that are generated in the natural biomateriel. the better 
the durability. Ideally, the treatment should also 
maintain much of the original character of the tissue, 
such as its flexible mechanical properties, and should 
not shrink significantly. Hence the necessity of 
keeping the tl&rue near neutral pH, en,uring an 
aqueous media environment and minimizing denatura­
tion of the collagen. Therefore, a balance must be 
achieved for attaining enough reliable cross-links for 
the biomaterial to last the lifetime of the recipient yet 
permit the biomaterial to perform as it would in its 
natui:al state. Therein lie the contradicting 
requhements of treating collagenous tissue for 
bloprostbesos. The meiliods that have been developed 
do not and probably cannot satisfy the dual 

33 
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Treab'Mnl of collagenous tl1111ues for bloproslheses: E. Khot 97 

frff glutaldehyd1t monohydrat• dlhydrate cyclic hemlacetat polymeric fonn 

Flgur. t Glutaraldehyde and the forms it takes In aqueous media. Adapted from Korn et al.". 

requirements and what is used commmercially Is the 
best compromise. 

CJIBMICAL TREATMENTS 

The predominant chemical agents that have been 
investigated for the treatment of collagenous tissue for 
hioprostheses are glutsraldehyde, formaldehyde, 
polyepoxy compounds, ocyl azide, carl>odiimides and 
hexamethylene diisocyanate. These traa.tments give a 
biomaterial that is non-viehle, the intended advantage 
being resistance to in vlvo degradation. In addition. 
methods that were originally developed to preserve tllil 
tissue for possible host regeneration, es In the use of 
antibiotic sterilmrts In combinetioo with cryopreserva­
tlon using glyc!ll'Ol, have elao been included when 
such treatments result in the destruction of the tissue's 
regenerative capabilitie6. 

G]utaraldehyde treabnent 
Glutaraldehyde is the most succ986ful chemical agent 
and is the only commercially viable process that has 
received widesp.read acceptance. No naw method has 
yet been able to replace it effectively and, consequently, 
g]utaraldehyde treatment dominates this topic, 
exemplified by a recent reviirw23

• Glutaraldehyde was 
first applied successfully for bioprostheses in the late 
19tiOS by Carpentier et a/.2

• Since then many Vllrlations 
and conditioil.8 have been applied to opl.l.xnhe its 
efficiency and, consequently, entrenching xenogrefts 
as the tissue of choice. Glutaraldehyde is easily 
available, ine:x.pen&ive and forms aqueous solutiollll 
that can effectively cross-link tissue in a relatively 
short period. Commercial bioprosthetic heart valves 

ftgure 3 Slmpfltied representation ot monomeric glu1ara1-
dehyde reaction with amino groups on collagen to form 
cross-links. 

fabricat&d from porcine aortic valves (PAVs) ere 
usually treated with a low concentration glutaraW,a­
hyde solution {typically around 0.6%) for more than 
24h to ensure optimum .fixlltion. 

Glutaraldehyde 111 a five-carbon aliphatic molecule 
with an aldehyde at each end of the chain, rendering it 
blfunctional (Figure 2f'. The aldehyde is able to 
interact chemically with a.ml.no groups on collagen to 
form chamical bonds. as depicted in Figure 3. Smee it 
is bifunctlonal, it linb two different collagen 
molecules, henc~ its mode of ct088•linkint6. However, 
the situation is complicated by the fact that it 
polymerizes and is rarely in its monomeric form in 
aqueous solutions26

• The mods of action has been the 
focus of many investigaUons2

1-2
11

• Lower concentra­
tions have been found to be better in bulk tissue cross­
linldng compared to higher concentrations. Cheung et 
al.29 proposed that high concentrations of glutaralde­
hyde promote rapid surmce cross-linking of the tiS!lua, 
generating a bani&r that impedes Of prevents the 
further diffusion of glutaraldehyde into the tissue bulk. 
There is also some dispute as to whether fixation is 
complete as the depth of tissue Increases, hence 
glutaraldehyde's cross-linking effectiveness is 
suspecfO. The manner In which tissue is exposed to 
the reagent is also important Studie8 have shown that 
low- or zero-pressure fixation ls best in retaining the 
original character of tissue31

-
93

• It is now also known 
that glutaraldehyde-fixed biological tissue ill not BB 

durable as once thought. While the debate is stlll 
ongoing, · it is quite evident that mechanical faflure 
such as tears in the cusps of the tissue at points which 
are the most stl'8"ed are noted in a number of retrieved 
valves34

•
35

• Furthermore, depolymerization of the 
glutaraldehyde croos•links has been reportedM-38

, This 
releases glutaraldehyde into the recipient. However, 
the toxic effects may be minimal or &t a level that is 
tolerable. Other factors including the mechanical 
properties have also been the subject of much delibera­
tion. 

Calcification 
Calcification is the predominant cause in the failure of 
PAV and BP bioprostheses that has been attributed to 
the ghitaraldehyde process31142

• Calciftcation and 
ways to control or circumvent it have been the focus of 
most research in the past 15 years35

• Calcification is a 
multi~ffi:lct event which is caused by a number of 
fuctors such as the presence of phospholiplds in tissue 
that can attract calcium ions. or voids and cavities in 
the tissue c:reated by the removal of proteoglycans 
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during procesi1ing or cellular degradation. This 
predisposes, in the glutaraldehyde-fixed tissue, 
potential points that can trap foreign particles that may 
lead to nucleation centres for calcium. Increased 
calcium uptake leads lo e build-up of calcium 
phosphate, which in time mineralizes into calcium 
hydro")'apatite, 

Attempts to conlrol or mitigate calcification in 
glutaraldehyde-fixed bi.ological tissue have yielded 
many possible candidates that have been shown to be 
effective at the small animal model level. Their 
effectivenesa is based o:n interrupting or retarding one 
or more steps in the calcification proc868. For 
example, the surfactant sodium dodecyl sulphate is 
belleverl to control calcification by remo~ 
phospholipids, and has been commercially applied• . 
Other agents include diphosphonates (synthetic 
analogues of natural c111cification inhibitors), amino­
oleic acid and metal ions (Als+ and Fe3+rt-•u. In the 
case of the diphosphonates, rather thllll contacting 
tissue with th& agent, it has been incorporated into a 
silicone drug delivery ?888TVoit and attached to the 
sewing ring. Anticalcification agent release has been 
ehown to inlu'bit calcification in animal studies. More 
recently, the use of chloroform and dimethyl 
sulphoxide lDMSO) with glutaraldehjd&-fixed 
biological tisrue has also been reported4 

•
50

. The 
results of the DMSO work have Important implications 
for calcification, Khor et al.~2 proposed that high 
conCfilltratlons of DMSO denature tissue collagen to 
some degree. However, the overall integrity of tissue 
structure is retained because of the prior treatment 
with glutaraldehyde52

• Therefore, neat DMSO in effect 
changes the three-dimensional etructUl'8 in tissue, 
eliminating or at the very lOOBt mlnimaing the 
oriented ea2+ attracting points, such as carboxyl end 
residual amines, in tissue. Combined with the inherent 
tissue shrinkage caused by DMSO exposure, sites 
along the fibrils that are nucleation sites for calcium 
crystal formation as proposed by Glimcher53 8l'e 
reduced. This explanation, combined with the 
hypothesis that glutaraldehyde can also be a 
nucleating site for eaa-1-, probably accounts for the 
complete picture of in vivo dysthropic calcification of 
bioprosthetic tissueu. 

New approacheii to the utilization of glutaralde­
hyde 
It ls evident from the preceding discussion that glutaral­
dehyde-fixation of xenografts has probably reached a 
plateau. However, the chemical itself appeal'!! to have 

Treatment of collagenous 11&$ues 1or bioprostheses: E. Khor 

been given an extension of service-life. In recent years, 
shrinkage temperature determinations of glut8l'alde­
hyde on biological tl'lsue have led researchers lo 
conclude that short time fixation may be 
advantageous55

• In one such procadure, autologous 
pericardium Is exposed to short durations (~10min) of 
low concentrations of glutaraldehyde solutions56

. This 
protocql appears to impart to tissue the required 
stiffness for it to be shaped into a valve for implanta­
tion 57. Preliminary results showing good tissue 
performance with no calcification are encouraging and 
may lead to a revival of the homograft as a viable 
alternative to the xenograft. 

Formaldehyde 
In the 1960s, formaldehyde, a common preservative for 
biological tissue, was also considered alongside 
glutaraldehyde 811 a candidate fixative-. Aqueous 
solutions of form.aldehyde ranging from 0.5 to 10% 
were found to provide the desired IWlue stability as 
detemilned by ahrlnbge temperature. HOW&VSr, the 
Jong-term durability was found to be inferior to 
glutara1dehyde. Thia was attributsd to unstable and 
reversible :fixation by formaldehyde. This is not 
surprising considering the single functionality of this 
raagent. which only permits reaction with II sillgl.e 
collagen molecule (Figure 4}. When exposed to the 
dynamic situation that exists in storage as well as in 
vivo, reversal to formaldehyde is the natural 
consequence, thereby negating the stability achieved 
initiall~. Furthermore, formaldehyde treatment 
results in c11Sp st.retching and deformations, extreme 
reduction of the co~ matrix and increased 
immunological responses 7

• The use of formaldehyde 
in tLisue fixation was discontinued soon after. 
However, the use of formaldehyde as a sterilant 
remains a primary post-treatment step for glutaralde­
hyde-fixed bioprosthases, with thorough rinsing being 
necessary prior to implant to remove residual formalde­
hyde. 

OTHER CHEMICAL CROSS-LINKING AGENTS 

After tho establishment of glutara.ldehyde as the fixative 
of choice, the problems associated with the process 
gradually hecam8 known. Anticalciflcation has already 
been mentioned as one approach to improve on the 
situation. Alternatively, other researchers embarked on 
attempts to replace glutaraldehyde. The obvious 
strategy would be to use othar bifunctional crOll&• 

COLLAGtN FORMALDEHYDE COLLAGEN•IMINE UNSTABU: INTRAIINTER 
MOLEC'ULA.R CROSSLIN.KS 

Figure 4 Simplllled repreaentation ol formaldehyde reactl0t1 with s.mino groups on collagen to form crose-llnk,. 
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linking agents to react with the functional groups on 
collagen. Epoxy and dllsocyanate compounds dominate 
this approach. Another strategy has been to perform 
chemical reactions on the functional groups of amino 
acids on collagen to generate reactive sites for cross-­
linking with each other, the basis for the acyl azide 
and carbodiimide reactions. The apparent advantages 
of all these methods over glut.araldehyde are 
comparable or better tisime stability, lower calcification 
and, presumably, lower toxicity. 

Polyether oxide 

One of the more promising approaches, first reported in 
the late 1980s, is the use of polyether or polyepoxy 
compounds61

• This reagent has been applied to a 
variety of tissues including bovine pericardium and 
artecy, and porcine aortic valve cusps and 
tendons112--67• Figure 5 shows two typical structures, 
the common feature being the presence of two and 
three points of bonding on the molecule fur the 
diglycidyl ether and triglycidyl ether, respectively. The 
structure is based on glycerol, where the hydroxyl 
groups have been replaced by short- to medium-length 
polymers terminating in an epoxy functionality. The 
three-atom epoxy ring in chemistry terms is very 
strained and favours ring opening to relieve this strain, 
the driving force for the cross-linking reaction, The 
epoxy functionality predominantly reacts with the 
amine group on lysine, much like glutaraldehyde. 
Additionally, the possibility to react with the nitrogen 
on tbe pyrrole ring ou the amino acid histidine as well 
as acid groups exists, thereby increasing the verBatility 
of cross-linking. Figure 6 shows the proposed 
mechanism of cross-linking reactions using this 
reagent with lysine in collagen. The amine group on 
lysine acts as the nucleophile, substituting the oxygen 
bond on the terminal carbon to give a carbon-nitrogen 
bond stable to acid hydrolysis62

• 

The profile of the molecule is large compared to the 
straight-chain five-carbon glutaraldehyde, The three­
carbon backbone can have branches that vary from 3 to 
46 carbons in length. This profile, however, does not 
appear to affect the diffusion of polyepoxy compounds 

glycerol d!glycidyl ether 

glycerol trlglycldyl ether 
CH--0-(CH:i)n- Cl-f-CHl I \o~ 
CH-0-(CH2)n-qt:-;C"2 

I o 
CH-0-(Cffi)n-qt

0
-;CH2 

Figure 5 Structure of two polyepoxy compounds. The [nj 
number can vary from 1 up lo 46 for presently known 
compounds. Adapted frcm Imamura et a/.6 

• 

99 

Figure 6 Proposed mechanism of cross-linking for 
potyepoxy compounds to collagen, showing the amino 
group on collagen undertaking a nucleophillc dlsplacement 
of the epoxy function to form cross-links. Adapted trom Tu 
el al.112. 

into the tlss11e if fixation time is long and may even be 
de5irable for a wider variety of cross-links. The 
mechanical properties of the resulting bioprosthetic 
tissue are not compromised end are Invariably better 
than fre&b tissue63·c•_ Furthermore, polyepoxy 
compounds, regardlesB of thelr side-chain complexity, 
can attain a similar extent of cross-linking if allowed to 
Nact for up to 17 months63

• This has been attributed, 
in the case of smaller polyepoxy molecules, to 
polymerization with time resulting In the formation of 
larger polyepoxy molecules. Tu et al.63

, in a kinetic 
study of the fixative on bovine thoracic arteries, have 
demonstrated by amino acid analysis assay that the 
entire tissue can be cross-linked. A3 expected, the 
usual influence of temperature, pH and concentration 
of reagent plays a role in the final material property. A 
catalyst and accelerator system at high pH for more 
than 48 h appears to be the oost fixation condition6a. 
Finally, the aqueous-based reaction format has been 
maintained and the resultant material appears to be 
more hydrophilic th.an glutaraldehyde. 

Tissue cross-linked by this method has been shown 
to mitigate calcification si~ificantly compared to 
glutaraldehyde-treated tissue -7o_ For example, one 
study using PAV cusps reported that after 3 months 
implantation in the r11t rnodeL polyepoxy-treated 
tissues were found to have !lil average of 1 µg of 
calcium per mg of dry tissue compared to glutaralde­
hyde•treated samples with an average of 140 µg per 
mg6

~. The cytotoxicity of the polyepoxy compounds 
has also been evaluated and shown to be 
acceptable71

'
72

• 

Hexamethylene diisocyanate and polyurethane 
Hexametbylene diisocyanate {HMO[) is another 
difunctional molecule where the terminal isocyanate 
groups can react with amines of lysine on collagen to 
form the urea bond. This chemical has been used by 
Chvapil and co-workers73

· 
14 to cross-link extracted 

collagenous materials intended for temporary 
implantable support devices. Materials so cross-linked 
provided the necessary strength at the site of implant 
for up to 8 months to pennit the regeneration of the 
recipient's tissues. The implant slowly degrades to 
non-toxic products, HMDI is a straight-chain molecule 
having a 10-atom spread between the linking points. 
Naimark et ar75 have used HMDI to cross-link bovine 
pericardium. Figure 7 shows the sequence of the cross• 
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A;ur• 7 Representative reaction ~ hexameihylene 
dfiBOcyanate with the amino group on colla~n to form 
ureum cr08$-llnka. Adapted from Naimark et a/. 5

. 

linking reaction. The proce8S of cross-linking is wuque 
bacaUBe it has. been found that the best results are 
obtained when cross-linking is carried out under 
anhydrous conditions using 2-propanol This is 
necesSIIJ'j' to circumvent the high :reactivity of the 
isocyanate to water, destroying the isocyanate function­
ality before it can react with collagen. The shrinkage 
temperature of HMDJ.treated tissue of 856C is 
comparable to the 86°C for glutaraldehyde-ftxed 
bovine pericardiu:m16

• Similar results were obtained 
for mechanical properties end enzyme deg,adatlon 
resistance. The cross-links are reported to be sta.hle in 
water71•. The cytotoxic effects and mechanical 
propertie~ of collagen and tissue treated with HMDI 
have been mvestigated7

a, 79
• The cytotoxic effects of 

HMDI appear to be tolerable and much better than 
glut&raldehyde. FurthermOI9, ChvapU13 states that the 
advantage of HMDI is its presumed degradation to 
hexamethylene diaµtlne, which ls cited to be minimally 
cytotoxic. 

In a similar approach, Lok.e et al.80 have also used 
non-aqueous reactions to crOSiJ-llnk porcine 
pmicard!um. lnatead of Z•propanol, dimethyl 
sulphoxide [DMSO) was used as the reaction solvent. 
An isocyanate-terminated polyurethane oligomer was 
the crass-linking agent. A grey surface layering, which 
does not delamine.te , was formed on the surface of the 
porcine pericardium and is attributed to the cr0Jl8-
link.ing of surface amino functionalities with 
pol~thane.1:he predominantly surface cross-Jin)dng 
1s posSibly attnbuted to the size of the polyurethane 
oligomers, which may be a Wndrance for diffusion into 
the tissue81

• The llile of polyurethane offers a wider 
dimension because the chain and cross-linking points 
could be predetarmlned to optimize the final material's 
properties. 

The introduction of non-aqueous environments 
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presents a new dimension In the cro68-linking of 
collagenous materials. First, it is likely to disturb the 
three-dimensional arrangement of native collagen and 
this can lead to cross-linking by virtue of its 
dehydrating effect, which can alter the side-chain 
chemistry of coliagen7

~. f'urthennore, it may remove 
fats, proteoglycans and, in regions where the solvent 
contacts residual water, upsets the solubility of the 
reagent. precipitating the cross•linking agenl Finally, 
it may impart unexpected results. For example, with 
DMSO, Khor et al.5 2 have reported improved calcifica­
tion mitigation properties. Nevertheless. r::arefnl 
construction of the experimental approach may lead to 
a profitable outcome in terms of material properties. 

Acyl azide and flarbodiimides 

In this approach to the chemical fixation of biological 
tissue, the use of a traditional bifunctional cross­
linking agent is obviated112

• Instead, the carboxyl 
functional groups of aspartic and glutamic amino acids 
on collagen undergo a three-step chemical reaction, 
and in the process are converted to acyl azide function­
alities. Figure 8 smnmarizes the reaction scheme of this 
process. The carboxyl group is first esterlfied, fullowed 
by reaction with hydrazine to form a hydrazide. 
Finally. the hydrszide is reacted With sodium nitride 
to give the acyl azida. These acyl azlde functlonallties 
in tum react and couple with adjacent amino groups 
on oth81' amino acids in collagen to give the cross­
linked tissue82

• Apparently, the sequence of chemical 
reactions does not give rise to any deleterious effects 
on the tisrne. Tissue cross-linked by this method was 
found to have a shrinkage temperature slightly lower 
than that of glutaraldehyde-fixed tissue (~Z°C), but 
was comparable in Ussus stability as determined by 
cyanogen bromide cleavage and enzyme degradation 
studies. A newer variation of this reaction using 

%CH ,O.:IMHCI 
CCI· COOH - 2-,ot;:--,

7
-da"-ys;-,-..a511-in-lM_N_.0 _ _,._ Coll - COOCH:! 

EST'ERIFJCATIOH 

UM ~-O.WI-ICl• 1MNt.CI 
~-COM1N1H1--0-4-=-"c-1or_c,3111111-.-.-wu11-m_bufticr_....::... ___ cou-cOH3 

pH8.91MNaCI 
ACYLAZIDE 

Coll • CONJ Coll • Nl-tt BUFFER llli U 1 M NICI 
0-40C 4H CoH-CONH-Coll 

CllOSSUNKID 
CQl.U.Gr.N 

Fl9ure I The sequence of reactions ol 11\e acyl az!de 
method 10 cross-llnk IIS$U&. Carboxyl groups of aspartlc 
and glutamtc acid residues of collagen are converted to 
acyl azlde, which In turn reacts with amino groups on 
collagen to form the urea cross-links. Adapted from 
Petite ~I aJ.». 
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diphenylphoaphorylazlde (DPPA) has also been 
reportedSl. DPPA provides e. simpler and faster cross­
linking performance compared to its predecessor, 
although It is a solvont-based reaction. In II comparison 
study of the cytotoxic effects of these reagents, DPPA 
was found to be le86 cytotoxic than acyl azide and 
both were better than glute.raldehyde04

• Finally, bovine 
pericardium treated by the acyl azide procedure 
demonstrated mar.Iced reduction in calcification 
compared to glutaraldehyde-fixed controls~. 

The carbodilmide reagent offiml another method for 
generating cross-links between corresponding reaction 
sites, without itsel£ being incorporated. In an early 
applicaUon, the :reagent 1-ethyl-3(3-dimethylaminopro­
pyl)carbodiimide hydrochloride was used as an 
activating agent in the promotion of attaching acrylic 
polymers to glutaraldehyde-flxad biological tlssue88

• 

The process wBB reported to reduce calcification. The 
wider application of the carbodlimide reaction is in 
the promotion of cross-links in tissue, the mechanism 
being similar to the acyl azide reaction87

'
88

, Fisure 9 
shows the sequance of events In a typical reaction. The 
carbodiimide is first protonated and reacts with the 
carboxyl function on collagen to form the o-isoacylw:ea. 
Thia is followed by nucleophilic attack of the amine 
functions on the adjacent collagen, generating the 
croJS-llnlc 8ll.d simulmneously releasing the urea 
derivative of the carbodlimide reagent, Proper post­
treatment removal of the activating reagents gives a 
treatment with no residual chemicals. In practice, most 
procedures usually involve a combination of physical 
and chemical processes. In a typical procedure collagen 
is first dehydrated by a combination of thermal and 
vacuum drying and then treated with the chemical 
reagent c:yanamide for final cross-linking80

• ThJs 
method has been applied to collaganoW! tisBue. lnJtial 
results as indicated by shrinkage temperature 
measurements wggested poor cross.linking, but new 
refinements using more sophisticated caxbodlimide 
reagentJ have improved the N!SU!tsoo--115

• One point to 
note ts that the contribution of heating and vacuum 
drying hes not been accounted for ..... 

CARIIODIIMID£ 

cou.ly-cou. .. _ 

Ii 

t10!iSUNXD> COUAGtN 

Jffl·R' 
o~'H-J." 

Sll»nlTUTIDUUA 

H' -

Aoun t The se<iuence ot reactions for the carbodllmide 
method to cross-link tissue. 
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One feature of these reagents is the relatively short 
length of the cro86·linb. The cross-link is two atoms 
long. This limits the 'spread' of the cross-links to 
adjacent collagen molecules, unlike PEO or the 
dilsocyanatea, where the length can be quite long. 
However, this may be an advantage. As long as 
mechanical st~dies prove that the material can be 
used, the short chain may be beneficial in terms of its 
anticalcification properties by limiting calcium 
binding sites, as discussed earliet47

•
90

. 

Glycerol 
Glycerol is a small threa-carbon molecule with three 
hydroxyl functional groups. These hydroxyl groups do 
not contribute to any cross-linking reactions, This 
method was originally conceived as one of a myriad of 
methods to sterilize and preserve homografts for host 
cell regeneration capabilities96• An overview of the 
preservation and stetillzatlon is described by Bodnar 
and Ross97

. The role of the .reagent Is not clearly 
understood but at tha concentration used. 98%, the 
tissue is rendered non-\'iable and is justifiably 
bioprosthetic. Presumably, in the process of preserving 
the tissue, the high level of glycerol displaces the 
water in thtt cells and consequentially leads to cell 
death91

• The tisrne used in most s1udies haa been the 
dura matar91

•
118

• One such procedure is the room 
temperature preservation of freshly retrieved human 
dura mater preserved in 96% glycerol After fabrication 
into a valve, preservation was resumed in 98% glycerol 
until implantation. when a final rinse in an antibiotic 
solution was effected99

• Reported clinical results of 
this approach have been promising. In a comparative 
study to ghrtaraldehyde-fixed bovine pericardium, 
glycerol-treated dura mater was found to degrade and 
calcify slower100

• 
101

. Recently, bovine pericardium 
treated with glycerol for more than 2 weeks was 
reported to be biocompatible and Bignificantly lowered 
levels of calcium in explants were found 1°

2
• 

PHYSICAL METHODS 

The primary advantage of physical methods is that they 
do not introduce chemicals that may cause potential 
harm as there are no residu83 in !hi! approach. Typical 
physical processes such as drying, heating and 
irradiation have been applied to collagen103

. 

These studies highlight the interaction and types of 
cross-links that can form using these physical 
method!.10•1. Extending this knowledge to collagenous 
tissue is inevitable. The limitation of physical methods 
appears to be in trying to achlave a bale.nee between 
attaining the desired amowit of cross-linking but 
preventing the onset of degradation of tissue as a 
consequence of the long exposure times inevitable for 
physical processes. With irradiation, there is also the 
need to determine the depth of penetration of the 
radiation. 

Dye-mediated photo-oxidation 
Recently, dye-mediated photo-oxidation of biological 
tissue has been reported as a viable method for cross­
linking tissue for bioprostheses l!IS. Paricardial tissue 
stabilized using ultraviolet imdiatlon was found to be 
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a suitable biomaterial for fabrication into a bioprosth­
esis. In a typical procedure tissue is placed in a reaction 
vessel, each piece ~2 cm3

• The reaction solution 
comprises buffered NaCl solution containing 1 % (w/v} 
methylene gteen. Irradiation with light for up to 22 h 
in the presence of dissolved oxygen gives the fixed 
biomaterial. 

Cross-linking has been verified by biochemical 
studiest()(I. Dye-mediated pboto-oxidi?.ed tissue 
subjected to protein e:xtrnction and enzyme (pepsin) 
digestion shows that the longer the irradiation period 
the less protein is recovered/extractoo., indicating that 
cross-linking of the tissue had occurred. The shrinkage 
temperature of the photo-oxidized tissue was found to 
be similar to untreated tissue, suggesting that the tissue 
behaves like the original (i.e. cross-linking does not 
affect the tissue character). Subcutaneous implants 
retrieved after 68 d in vivo showed that the photo-, 
oxidii:ed and glutaraldehyde implants were still intact, · 
while in contrast the untreated control was not found. 
Preliminary results of the performance of pericarclial 
valves, U8ing bioprosthotic tissue from dye-mediated 
photo-oxidation, implanted in juvenile sheep are 
promising~. 

Microwave inadiation to initiate cross-links on 
collagen has alBo been reported107

• Thk can probably 
be extended to collagenoua tissue. Another physical 
method that bas become popular is dehydrothermal 
treatment1011

• 
100

• It is reported that the process of 
slowly removing water under a high vacuum and a 
temperature of around 11o•c leads to cross-linking of 
collagen. Preliminw:y data show that the process 
increased the strength of collagen. It is probably only 
a matter of time before this method is extended to 
tissue. 

COMPARISONS 

An interesting anomaly appBfil'll to be the lack of a 
comprehensive comparison between the different 
treatments. Most Shldies compare the individual 
treatment to glutantldehyde with respect to tissue 
morphology and/ar calcification. More comprehensive 
studies 111'8 few; en example is that by Pereira et al.94 

on the effec:tl! on the mechanical properties of 
pericardium after chemical and physical treatments. In 
this work, the chemical b'eatm,mt& were glutaralde­
hyde, cyaniruide and polyepox.y compounds, The 
physical treatments were heat-drying and freeze.. 
drying. Glutaraldehyde- and polyepoxy-fixed tissues 
were found to have the best cross-linking as determined 
by shrinkage temperature me11surements, wlrlle the 
drying methods were found to be similar to fresh 
tissue, but cyanamide treatment appears to be slightly 
detrimental. The mechanical properties as detennined 
by tensile measurements showed that heat-drying 
gives the best tissue modulus and ultimate modulw,. 

Another comparison of the treatments relates 
calcification to cytotoxlcity, cellular interactions and 
cross-linking. The chemicals surveyed were HMDI, 
acyl azide and cyanamide compared to fresh and 
glutaraldehyda-treated collagen. The results ruggest 
that proper removal of residual chemicals reduces the 
cytotoxic effect and improves the potential of the 
bloprosthetic material9

~. 
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SUMMARY 

The principal methods for the treatment of collagenous 
tissues for bioprostheses have been reviewed. The 
methods rely on the chemical agent interacting wilh 
functional groups on collagen to croes-link tissue to 
produce a biomaterlal that, in most instances, is 
durable but non-viable. All methods have their 
advantages and disadvantages. The most successful 
method, glutaraldehyde-flxatlon, is now known to 
have questionable durability and also results in 
calcification of the b!oprosthesls. However, to date, no 
new method has been demonstrated to successfully 
replace it. The limitations of tbs requirements for 
treating biological tissue fur the case of the porcine 
aortic valve and bovine pericardium suggests that this 
practice has reached its Um.its. The associated 
durability, antigenicity and toxicity problems will 
always persist. Anticalcification strategies are 
promising and the newer methods of cross-linking 
tissue hava been iihown to be useful alternatives to 
glutaraldebyde. However, most of the results are 
preliminary and more development bas to follow 
before clinical applications can be raali:zad. Whether 
this will be achieved in timely fashion remains 
unknown. 

Finally, the long-held concept of treating xenografts to 
resist long-term degradation appears to be threataned. 
There appears to be a reswgence of the use ofhomografts. 
Present research directions point to the uae of &hart time 
exposure to low concentrations of glutaraldabyde with 
autologous pericardium. This can be extended to other 
tissue types. Competition will also emanate from 
fledgling tissue engineering strategies110

• It is the 
opinion of this author that the best treatment will be one 
that revitalizes, even to a limited extent, the graft in the 
host. Perhaps it is fitting to end by quoting Buch et al.58

, 

who in 1970 stated that 'Only by preserving the viability 
of the donor tiss11e to ensure subsequent cellular 
replication and neocollagen formation can satisfactory 
long term function be realized'. 
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EVALUATION OF COLLAGEN CROSSLINKING TECHNIQUES 

Kevin Weadock, Robert M. Olson, and Frederick H. Silver 

Departments of Pathology and Surgery, Biomaterials Center, 

Univ~rsity of Medicine and Dentistry of New Jersey, 

Rutgers Medical School, Piscataway, New Jersey 08854 

ABSTRACT 

The properties of collagen films crosslinked by physical 
and chemical techniques were compared to the properties of 
films crosslinked with glutaraldehyde (GTA). Physical 
techniques studied include exposure to short wave (254 nm) u.v. 
irradiation and severe dehydration. Chemical techniques studied 
include immersion of collagen films in aqueous solutions of 
cyanamide or GTA. Collagen films exposed to combinations of 
aqueous solutions of cyanamide and severe dehydration had 
moduli of elasticity, swelling ratios and resistance to 
bacterial collagenase similar to films crosslinked with GTA. 
Theoretical calculations based on 811lino acid composition 
indicate that approximately seven times as many amino acid 
residues are capable of forming crosslinks using cyanamide or 
severe dehydration procedures as compared to GTA croaslinking. 
In addition, usill8 severe dehydration or cyanamide forms 
croeslinks involving both amino and carboxyl residues which may 
allow these procedures to act synergistically. Based on our 
studies this two-step procedure effectively crosslinks 
collagen-based biomaterials while the only by-product of this 
reaction is water-soluble urea. Preliminary biocompatibility 
studies suggest that this crosslinking procedure may allow for 
pronounced tissue ingrowth. 
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INTRODUCTION 

Collagen is the primary structural component of mammalian 

tissues. The fiber forming collagens, collagen types I, II and 

III, give shape to tissues as well as limit tissue deformation 

in response to applied loads. Although the amount and types of 

collagen vary from tissue to tissue and species to species, the 

primary sequence has been shown to be highly conserved. In 

addition, because of the low antigenicity of collagen, type I 

collagen has been used as the structural component of many 

biopolymeric based prostheses such as heart valves, blood 

vessels, preparations 

dressings (1 ). Although 

for tissue augmentation 

collagen based materials 

and wound 

in general 

stimulate only a mild inflammatory response, they are still 

recognized as "foreign" by the tissue and initiate a seqi.i.ence 

of cellular events which include mobilization and activation of 

granulocytes, macrophages and fibroblasts (2), It is unclear 

whether a component of this inflammatory response is due to an 

inherent antigenicity of the collagen, the presence of residual 

crosslinking agents, or the formation of collagen peptides 

during radiation or gas sterilization (3). Nontheless, the en<l 

result is still the degradation of the implant by collagenas~ 

and other enzymes released from fibroblasts and inflammatory 

cells (4). 

Crosslinking is 

biodegradation rate 

an effective . means of controlling the 

of collagen-based biomaterials, preventing 
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rapid elution of the material into wound fluids and increasing 

the tensile properties of the material to the level where they 

can be handled or sutured conveniently. Crosslinked collagen 

has a greater modulus of elasticity (Youngs modulus ) , greater 

resistance to proteases and a lower degree of swelling than 

uncrosslinked collagen ( 4, 5, 6). Present crosslinking 

procedures often use bifunctional reagents containing reactive 

groups whic~ form bridges between two amino acid side chains of 

adjacent protein molecules. Such reagents include aldehydes, 

isocyanates, alkyl and aryl halides, imidoesters, 

carbodiimides, N-substi tuted maleimides and acylating compound·s 

(7). Intermolecular crosslinks are covalert and can support 

stresses to the same degree as the bonds in the polymer 

backbone (8). With optimal pH, concentration of reagent and 

temperature, the crosslinking efficiency of any reagent is a 

function of the number of amino acid res i dues which can react 

~ith the reagent, the stability of the crosslink, and the bond 

energy associated with each crosslink. 

Often, the reagents previously mentioned are difficult to 

work with because of toxicity or low water solubility. They may 

also leach out of the material, polymerize or fol1ll unstable 

0roeslinks (4). Aldehydes, particularly glutaraldehyde (GTA), 

are effective crosslinking reagents and are most often chosen 

as reagents 

specifically 

for 

for 

crosslinking collagen-based biomaterials used 

implantation. At low concentrations GTA 
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produces intramolecular crosslinks in collagen, while at higher 

concentrations GTA forms long polymeric chains which produce 

intermolecular crosslinks (9). 

The reaction of GTA at high concentrations with collagen 

is reversible (9). After implantation of GTA crosslinked 

collagenous biomaterials, large polymers of GTA are 

continuously hydrolysed (10) and this results in the release of 

free monomeric GTA into surrounding tissue (11). Tissue culture 

(12) and implantation studies in animals (13) have shown that 

cytoto:dcity 

associated 

and slow growth of granulation tissue are 

with materials croselinked with GTA. Other 

deleterious characteristics of GTA crosslinking are 

heterogenous crosslinking (9) and inability to incorporate 

other macromolecules into the material (14). 

Obviously, where cellulRr ingrowth into the implant is 

desirable, alternative crosslinking methods should be employed. 

These methods should effectively crosslink collagen-based 

materials without resultant cytotoxici ty. Previous 

investigations have demonstrated the use of short-wave 

ultraviolet irradiation (15), carbodiimides (16) and severe 

dehydration to crosslink gelatin and collagen {17). These 

procedures have not been shown to produce any by-products ~hiCh 

may induce cytotoxicity. This study evaluates the in vitro 

resistance to bacterial collagenase, stress-strain properties, 

sw~lling ratios and in vivo biocompatibility of 

these alternative crosslinking procedures. 

collagen using 
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MATERIALS AND METHODS 

Characterization of Starting Material 

The collagen was prepared from f resh uncured bovine hide 

using a procedure similar to that reported by Komanowski ( 18) . 

This procedure involves separ.sting the reticul a r dermis 

(co rium) from the papillary dermis and cutt ing the corium into 

strips. The c~rium is fragmented, ground, washed in distilled 

water, swollen in a dilute acid solution, precipi tated and 

freeze dried. 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis 

(SDS-PAGE) based on the method of Laemmli (19) and amino acid 

analysis on HCl-hydrolyzed aliquots were used t o charac terize 

the collagen. Gels were run on the col lagen before and after 

limited pepsin digestion so that the presence of noncollagenous 

proteins as well as the distribution of types I and III could 

be established. 

mercaptoethanol. 

Gels were also run afte r reduction wi t h 

The lyophilized collagen samples were dissolved in 

SDS-PAGE sample buffer and incubated with this buffer for 30 

minutes at 65°c. These samples were then loaded onto 7,5% SDS 

polyacrylamide slab gels (1.5 mm). The gels were initially run 

at 10 mA/gel until the dye front reached the bottom of the gel. 

Following electrophoresis, the gels were fixed ( 10% w/v 

trichloroacetic acid, 75% v/v methanol, 13% v/v acetic acid), 

stained (0.25% w/v coomassie brilliant blue in 45,4% v/v 

'' .· I 
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methanol and 4.2% v/v acetic acid), and destained (7.5% v/v 

acetic acid and 5% v/v isopropanol ) . 

Material Preparation 

Lyophilized collagen was swollen in HCl pH 2.0 and 

dispersed at a concentration of 1% w/v by grinding for 2 

minutes in a Waring blender, For film preparation, 30 ml of 

this dispersion was poured into a plastic tray, covered with 

aluminum foil and allowed to air dry under a hood for two days 

at 22°c. Collagen films were then removed from the trays, 

wrapped in aluminum foil and stored at room temperature in a 

dessicator prior to crosslinking. For collagen sponge 

preparation, 60 ml of the dispersion were poured into a tray, 

frozen at -20°c and then freeze dried at -65°c. The sponges 

were then ready for crosslinking. 

Cr~sslinking Procedures 

Crosslinking by ultraviolet irradiation. Collagen sheets 

weTe placed on aluminum foil and set 6 inches directly below a 

short wave (254 nm) ultraviolet lamp (Mineralight, Model 

UVS-11). The sheets were irradiated for 1, 3 and 5 hours. 

Dehydrothermal crosslinking (DHT). Collagen films were 

placed in a vacuum oven at 22°c and subjected to a vacuum of 
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less than 100 mtorre for 1 hour as previ ous ly des cribed (17), 

The temperature within the vacuum oven was then increased to 

110°c. Dehydrated collagen f i lms were removed from the oven 

after DHT treatment of 1, 2 and 3 days. The oven t emperature 

was kep t below 50°c before the vacuum was re leased and collagen 

films removed. 

Carbodiimide crosslinking Col l agen films were immersed 

i n a 1% w/v pH 5,5 solution of cyanamide (a carbodiimide, 

H-N~C•N-H), and removed after 1, 2 and 3 days. After removal 

the films were rinsed in disti l led wa ter f or day (materials 

used for implantation studies wer e was hed i n a 1% solution of 

glycine for 24 hours). All films we re air dried at 22°c for 

day. 

Glutaraldehyde crosslinking. Collagen films were immersed 

in a 0.25% v/ v pH 5.5 solution of glutara ldehyde (GTA) for 1, 2 

and 3 days at room temperature. Films were t hen rinsed in 

distilled water for day. Materia ls used f or implantation 

st udies were washed in a 1% solution of dimed one f or 24 hours 

to remove free aldehyde groups. All fi lms were air dried at 

0 
22 C for one day. 

Combinations of dehydrothermal and carbodiimide 

crosslinkin£......!E.ea tments_. Collagen fi l ms were treated with 

carbodiimide (C) for one day, followed by DHT treatment for 1, 

2 and 3 days. In some cases the films were first DHT treated 

for 1, 2 and 3 daye followed by 1 day of exposure to the 
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carbodiimide solution. These procedures will be described by 

the following nomenclature; C(1)DHT(3) refers to carbodiimide 

treatment for day followed by DHT treatment for 3 days, or 

DHT(3)C{1 ), 3 days of DHT treatment followed by 1 day of 

carbodiimide treatment. 

Mechanical Testing 

Mechanical properties of films crosslinked by exposure to 

short-wave ultraviolet light (254 nm), glutaraldehyde, severe 

dehydration, and carbodiimide were determined as a function of 

extent of crosslinking. Collagen films were cut into strips 

(4.0 cm X 1.0 cm) and immersed in distilled water 15 minutes 

prior to testing. The mechanical properties of these strips. 

were analyzed in a hydrated state by applying a tensile force 

to the specimen at 22°c and a constant strain rate (10% / 

minute) using an Instron Tester Model 1122. The ends of the 

strips were placed between pneumatic grips (40 psi grip 

pressure) allowi ng a gage length of 20 mm, The crosshead speed 

was 2 mm/minute. 

Stress-strain curves obtained from this analysis were used 

to calculate Young's moduli in both low and high strain 

regions. Young's modulus was reported as the ratio of stress 

(force / cross-sectional area) to strain ((final length -

~initial length) / (initial length)) and was obtained from the 

"-I 

COLLAGEN CROSSLINKING TECHNIQUES 

[ 
! 
IC .... 
(I) 

STRAIN 

301 

eM 

FIG. I. Stress-strain curve illustrating LSM ( low strain 
modulus), RSM (high strain modulus) and eM (strain at which the 
material failed). 

slope of the stress-strain curve. The strain at which the 

material failed was designated eM (see FIG. I), 

Collagenase Assay 

The resistance of collagen films crosslinked using a 

variety of techniques to biodegradation was assessed by 

immersion in a bacterial collagenase solution (Sigma Chemical 

Company, St. Louis, Mo.). A collagenase solution containing 

1000 units/ml was prepared by adding 1000 units of bacterial 

coUagenase unit will liberate peptides from collagen 
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equivalent to 1.0 micromole L-leucine in 5 hours at pH 7,4 and 

37°c in the presence of calcium ions) to 1.0 ml of stock buffer 

solution ( 10 mM Tris, 25 mM Cac12 , in 100 ml distilled H20, pH 

7.4). 

A 1.0 mg collagen sample to be assayed was added to 2.0 ml 

stock buffer solution along with 100 units of collagenase ( 100 

mic roliters of the 1000 units/ml collagenase solution ) and 

placed in a 37°c environment. Each sample was checked for 

degradation every 15 minutes and the time was recorded when the 

collagenase-buffer solution became clear. The duration of 

collagenase activity at 37°c was checked by placing samples 

with !mown collagenase resistance times into collagenase 

solutions that had been previously incubated for periods of 1, 

2, 3 and 4 days at 37°c. 

Swelling Ratio Determination 

The swelling ratio of denatured collagen films was 

measured to assess the extent of crosslinking. Denatured 

collagen has been shown to have similar behavior to that of 

ideal rubbers ( 17). The swelling ratio r* is a measure of the 

extent of crosslinking in randomly coiled polymer networks, 

Samples of collagen were boiled for 3 minutes and then place<l 

between two dry pieces of filter paper. A 1.0 kg mass was 

placed on top of the filter paper covering the collagen for 20 
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seconds. The collagen was then weighed and this weight recorded 

as" wet weight" or WW, 

The collagen was then placed on aluminum foil and put into 

an oven maintained at 110°c f or 2 hours. The co l lagen was then 

weighed and this weight recorded as "dry weight" or DW. Th e 

swelling ratio r* is defi ned as the inve rse of t he volume 

fraction of dry collagen (Vf) and is gi ven b y equations ( i ) and 

( 2 ): 

/ m 1 / vf ( 1 ) 

vf"' (DW/pc)/( (DW"/pc) + (WW-DW) / pH20 ) (2 ) 

where Pc density of collagen ( 1320 mg/cc) . 

Biocompatibility Tests 

Five white female 250 gram rats r ece ived sterile ( 5 Mrad 

radiation) 1 .0 gram subcutaneous s ponge impl ants of the 

following materi als; ( a ) uncrossl inked collagen ( b) 

glutaraldehyde crosslinked collagen ( c ) C( 1 )DHT(3) crosslinked 

collagen and (d) DHT(3)C(1 ) crosslinked collagen. Animals were 

sacrificed at 7, 14 and 21 days post implantation, the implants 

were excised and processed using routine histological 

procedures. Sections were stained with hematoxylin and eosin 

and trichrome. The sections we re qual itati ve l y analysed with 

respect to extent and character of cellular ingrowth. 
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RESULTS 

Our studies were conducted to compare the efficiency of 

physical and chemical processes for crosslinking collagen 

films. The collagen used in these studies (based on amino acid 

analysis) was composed of about 1/3 glycine (330 residues per 

thousand) with proline and hydroxyproline accounting for about 

210 residues. The collagen was judged to be primarily type I 

since only small amounts of cysteic acid were present. SDS-PAGE 

also showed that the material used in these experiments was 

primarily type I collagen. 

In Vitro Analysis 

Six different crosslinking procedures were assessed. These 

procedures are listed below: 

1) exposure to short-wave ultraviolet light for periods of 1, 3 

and 5 hours. 

2) severe dehydration at 110°c for periods of 1, 2 and 3 days. 

3) exposure to cyanamide for 1, 2 and 3 days at pH 5.5 and 

22°c. 

4) exposure to glutaraldehyde for· 1, 2 and 3 days at pH 7.4 afid 

22°c. 

5) exposure to a combination of cyanamide for 1 day followed by 

severe dehydration at 110°c fort, 2 and 3 days. 

,, 
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6) exposure to severe dehydration for 3 days and cyanamida for 

1, 2 and 3 days. 

Materials crosslinked according to t he s ix protocols above 

were evaluated via us~ of physical, enzymatic and in vivo 

tests. Table presents the results obtained from these 

investigations. All values are the average of 3-6 individual 

observations. A one-tail hypothesis t est was applied so that 

the level of significance could be analysed (20). Only a 

confidence interval of 0.95 (p < 0.05) vaa considered a 

significant result. 

The mechanical tests involved measurement of the modulus 

in the low and high strain regi ons ( LSM and HSM, respectively) 

as well as the strain at failure ( eM) . As shown i n Table 1, 

exposure to ultraviolet light ( protocol A) for 1, 3 or 5 hours 

as well as exposure to cyanamide ( pro t ocol C) for 1, 2 - or} 

days resulted in materials with moduli that were signi ficantly 

lower than that observed using glutaraldehyde (protocol D) or 

severe dehydration (protocol B) alone or in combination with 

exposure to cyanamide (protocols E and F). The stiffness to a 

first approximation is proportional to the crosslink density 

(21) suggesting that the crosslink density is higher for 

materials crosslinked using protocols D, E and F compared to 

protocols A, Band C. 

Swelling ratios calculated as the inverse of the volume 

fraction of polymer (Vf) were less than 4.0 for procedures D, E 
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TABLE I 

Comparison of the Properties of Crosslinked Collagen Films 
using Physical and Chemical Techniques.* 

CROSS LINKING 
PROCEDURE 

Control 

lJV(1 hr) 
A UV(3 hr) 

uv(; hr) 

DHT(t) 
B DHT(2) 

DHT(3) 

C ( 1 ) 
C C(2) 

C(3) 

G(1) 
D G(2) 

E 

F 

G(3) 

C(1)DHT(1) 
C(1)DHT(2) 
C(1 )DHT(3) 

DHT(3).C(1) 
DHT(3)C(2) 
DHT(3)C(3) 

r* 

22.22 

23.81 
17.86 
13. 51 

6.99 
4.11 
4.17 

5-89 
4.48 
4.69 

3. 30 
2.52 
2.50 

2.75 
2. 16 
2.62 

2.75 
3.03 
3.06 

COLLAGENASE 
RESISTANCE 
TIME(min)** 

72 

100 
107 
135 

123 
213 
380 

105 
123 
185 

1080 
1440 
1440 

720 
960 

1440 

960 
960 
960 

MECHANICAL DATA__. 

LSM ~/mm2 HSM g/mm2 eM 

111 

100 
185 
172 

40 
t 21 
130 

48 
103 
135 

222 
167 
233 

128 
146 
257 

237 
1833 
1837 

508 

539 
614 
820 

849 
1058 
1468 

662 
869 
990 

t 611 
1836 
2148 

1186 
1441 
1872 

1959 
1833 
1637 

0.37 

0.39 
0.30 
0.33 

0.25 
0.19 
0.22 

0.42 
0,24 
0.30 

0. 23 
0.20 
0.16 

0.15 
0.16 
0.12 

0.14 
0.16 
o. 11 

* The following abbreviations have been used: r*, swelling ratio; 
LSM, low strain modulus; HSM, high strain modul~s; eM, maximum 
strain. All measurements shown are the average of 3 ~o 6 
individual observations and typical standard deviations are as 
follows; r* +/- 10%. collagenase resistance time+/- 5%, 
LSM +/- 15%, eM +/- 15% and HSM +/- 10%. 

•• conducted using 100 units of collagenase per mg of collagen 
at 37°c. 

~ mechanical data obtained at a strain rate of 1ot per minute. 
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and F while they were greater than 4.0 for procedu~es A, B and 

C. In general, the swelling ratio is known to decrease with 

increa3ing crosslink density (22). The swelling ratio r* is 

inversely proportional to the crosslink density and can be 

calculated from equations (1) and (2) . The swe l l ing ratio is 

determined via analysis of denatured col lagen , which behaves 

simarily to a random coiled polymer network (23) , 

The resistance to degradation by collagenase was assayed 

for each crosslinking procedure as a function of crosslinking 

time. It has been demonstrated (5) that the resistance to 

collagenase increases with inc r eased crosslink density. 

Co llagenase resistance time for procedures D, E and F were 

significantly longer than the r es istance times for procedures 

A, Band C. 

In summary, the physical and degradation tests i ndicate 

that the croaslink density obtained using procedures D, E and 

was significantly higher than for procedures A, Band C. 

In Vivo Analysis 

F 

Uncrosslinked collagen implants were degraded at a greater 

rate than uncrosslinked materials, Many neutrophils were seen 

at day 7, indicative of an inflammatory response. Fibroblast 

infiltration and native collagen deposition were apparent by 

iay 14. 
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Illlplants cross linked with glutaraldehyde were only 

partially degraded by day 21. These implants were encapsulated 

by native collagen deposition and were void of any cellular 

ingrowth until day 21, when fibroblasts could be observed at 

the periphery of the implant. Implants croeslinked with 

combinations of cyanamide and severe dehydration were degraded 

at a slightly greater rate than glutaraldehyde crosslinkad 

implants. Fibroblasts and native collagen deposition were 

observed within the implant by day 7 and by day 14 many 

capillaries were seen within the implant. There was no apparent 

difference in host tissue reaction to C(1)DHT(3) or DHT(3)C(1) 

crosslinked implants. 

DISCUSSION 

The use of bifunctional reagents for cross linking 

deleterious collagen-based bioprostheses often imparts 

characteristics to the protheses as well as host tissue. 

Ideally, the crosslinking procedure should not be responsible 

for elution of toxic substances from the protheses while still 

effectively crosalinking the material. Physical crosslinking 

procedures are suitable for this purpose as well as chemic~l 

procedures which 

work involves 

have non-toxic water soluble by products. This 

development o.f an efficient crosslinking 

technique which does not produce toxic products which may leach 
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into host tissues, enables the material to be o.f sufficient 

mechanical strength to support loads and yields an increased 

resistance to proteolytic environments. 

In Vitro Analysis 

Croselinking 

dehydration 

(cyanamide, 

and 

a 

efficiency 

ultraviolet 

water soluble 

of both physical (severe 

chemical irradiation) and 

c arbodiimide) crosslinking 

treatments were evaluated and compared to glutaraldehyde by 

performing mechanical tests, collagenase tolerance assays, and 

swelling ratio determinations on 1% bovine hide collagen (BHC) 

films before and after crosslinking treatment. Combinations of 

physical and chemical crosslinking techniques (cyanamide and 

severe dehydration) were also evaluated. 

Rubin (15) demonstrated that collagen membranes could be 

crosslinked with short wave (254 run) ultraviolet irradiation. 

Ultraviolet irradiation produces radicals in the form of 

unpaired electrons located predominately on the nuclei of the 

aromatic residues such as tyrosine and phenylalanine. 

Crosslinks are introduced by bonding between these radicals 

(22). Of the 3156 residues on the collagen molecule, about 51 

aromatic residues are available for this crosalinking mechanism 

(see Table II). Ultraviolet irradiation was evaluated as a 

means of crosalinking collagen because it is a physical means 
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TABLE II 

Theoretical Distribution of Potential Reactive Amino Acid 
Residues for Various Crosslinking Procedures. 

PROCEDURE REACTIVE REACTIVE RESIDUES SUM OF REACTIVE 
RESIDUES PER ALPHA CHAIN RESIDUES 

u<'.. 1 (I) ol 2(I) 

short-wave tyrosine 4 3 
u.v. light 

phenyl- 12 16 51 
alanine 

Dehydro- lysine 32 21 
thermal arginine 50 57 
treatment aspartic 

or acid 45 47 
cyanamide glutamic 745 

acid 77 71 
serine 34 24 
threonine 16 17 

glutar- lysine 32 21 85 
aldehyde 

Amino acid compositions from K. Kuhn, (30). 

of crosslinking and no toxic products are introduced into the 

material. However, irradiation times of greater than five hours 

may fragment the collagen molecule with subsequent denaturation 

(15). This property is unfortunate because the crosslink 

density increased significantly after five hours of irradiation 

With respect to uncrosslinked collagen films, but was 

signi fie an tly less than crosslink densities obtained through 

};{ 

f/ 
~ 
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other procedures. This may be a result of the relatively low 

amount of residues available for such a crosslinking mechanism. 

Also, the stability of the radicals or radical-induced 

crosslinks may not be adequate. 

Dehydrothertnal treatment (DHT) increases the 

helix-to-coil transition temperature (denaturation t emperature) 

for collagen by removing water (17). Removal of water from 

collagen results in the formation of interchain crosslinks 

which are the result of condensation reactions either by 

esterification or amide formation. Amino acid residues which 

may be involved in such a reaction are those of aspartic acid, 

glutamic acid, serine, threonine, arginine and lysine and 

constitute about 745 of the 3156 residues on the collagen 

molecule (see Table II). Silver, et al have shown that the 

number of free carboxyl and amino groups decreased with 

prolonged DHT treatment (23). After DHT treatment of 72 hours, 

collagen films had significantly higher values f or high strain 

modulus (HSM) and collagenase resistance t ime (CRT) while 

having a significantly lower value for r* as compared to 

uncrosslinked collagen films and collagen films exposed to 

ultraviolet irradiation for 5 hours. Dehydrothermal treatment 

has been shown to maintain the intactness of the collagen 

triple helix even for prolonged periods {24), and has been 

proposed as a 

glycoaaminoglycans 

possible agent 

into a collagen-based 

for 

dermal 

incorporating 

equivalent 
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(14). Since DHT treatment is a physical mode of crosslinking, 

toxic substances would not be introduced into host tissues. 

Carbodiimides are used to crosslink compounds containing 

many types of functional groups, including carboxylic acids, 

amines, phosphates, alcohols and thiols, with the formation of 

amides and esters. Carboxyl and amino groups from the same 

residues available to DHT treatment are bound to the 

carbodiimide with the release of water-soluble urea as a by 

product (25). One per cent BHC films exposed to a 1% solution 

of cyanamide for 72 hours had a crosslink density comparable to 

DHT treatment for the same period. Note that cyanamide, 

H-N=C 2 N-H, has a limited crosslinking ability because of its 

short length and inability to polymerize. Larger water-soluble 

carbodiimides (26) may be able to crosslink residues with 

longer separation distances and thus yield materials with a 

greater crosslink density. 

Since both DHT and carbodiimide treatments proved to be 

effective crosslinking procedures, 

Materials crosslinked C{n)DHT{n) or 

the two were combined. 

DHT(n)C(n) showed a 

significant increase in crosslink density as compared to either 

procedure carried out independently. Cyana.mide derived 

crosslink:s may modify residues or position collagen molecules 

so as to enhance the action of DHT treatment. Accordingly, the 

action of cyanamide may be enhanced when the material is first 

exposed to DHT treatment. Crosslinking sites for each procedure 

COLLAGEN CROSSLINKING TECHNIQUES 313 

may be different, thus the increased crosslink density may be a 

result of two independent crosslinking mechanisms. This 

hypothesis is further supported by the fact that there was no 

significant difference between materials crosslinked C(1)DHT(3) 

or DHT(3)C(1 ). Actual elucidation of the crosslinking mechanism 

would require analytical methods such as cyanogen bromide 

assays or spectrophotometry. 

Glutaraldehyde (GTA) at high concentrations reacts with 

the £-amino groups of lysyl residues of collagen forming 

intermolecular crosslinks (27). Of the 3156 residues on the 

collagen molecule, about 85 are available for this reaction. 

Collagen films crosslinked with GTA had a high strain modulus 

(HSM) and collagenase resistance time (CRT) significantly 

greater than those obtained for any single crosslinking 

procedure evaluated in this study. The swelling ratio was also 

significantly lower than for any other procedure carried out 

independently. The efficiency of this reagent may be due to its 

tendency to polymerize, yielding a heterogenous population of 

crosslink lengths. Any advantages gained by this effective 

crosslinking agent must be weighed against its deleterious 

effects. The long chain polymers that GTA forms are hydrolysed 

and may leach out into tissues during wound healing processes 

(11). Another consequence of GTA polymerization is heterogenous 

crosslinking. Long GTA 

the material because 

polymers 

they are 

cannot penetrate further into 

"blocked out" by previous 
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croaslinks (9), Therefore, only the surface of the material is 

croeslinked. This presents 

collagen-based prosthesis, 

obvious 

especially 

problems 

heart 

for any 

valves. 

Glutaraldehyde tanned materials have also been shown to impede 

cellular ingrowth in both tissue culture assays and in vivo 

experiments (11,12). 

The increased stiffness of crosslinked collagen films is 

due to an increase in the degree of intermolecular 

crosslinking. Extensive crosslinking does not allow for 

reorientation of the collagen fibers and the material may then 

behave in a brittle manner. Crosslinking may inhibit the 

activity of proteases by sterically restricting them from the 

site ~f enzyme-substrate ~nteraction. The crosslinks may also 

inhibit penetration of the enzyme into the material. When 

cleavage occurs, crossl inks may serve to retain most of the 

structure, retarding further degradation by other proteolytic 

enzymes (many proteases require some denaturation of collagen 

before they become active (28)). An increase in the number of 

crosslinks may impede the ability of the material to bind wi t h 

water thus decreasing the degree of swelling when the materia l 

is placed in an aqueous environment. 

In Vivo Analysis 

Uncrosslinked implants were degraded at a faster rate than 

crosslinked implants because of the increased susceptibility to 

,. 
t; 
1..,; 
t,: 
~- . ..... 
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proteases whose activity is diminished by the presenc e of 

crosslinks (28). The inflammatory re s ponse obse rved in the 

absence of crosslinking may be due t o the r apid c leavage of 

collagen molecules by tissue collagena s e . Once the collagen 

molecule is cleaved by collagenas e i t is rapidly degraded by 

general proteases. Gelatin and gelatin peptides have been shown 

t o be chemotactic for neutrophi l s and may therefore induce an 

acute inflammatory response (2 ). Glutaraldehyde c r osslinked 

implants had delayed cellular i ngrowth. This may be associated 

with leaching of glutaraldehyde monomers into surrounding 

t i ssues. Materials crosslinked wi th combinations of cyanamide 

and severe dehydration were relat i vely r esista nt to proteolytic 

degradation and had pronounced cellular infi ltratio n and native 

col l agen deposition. The se prel i mi nary resu l ts i ndi cat e tha t 

t his two-step method is an effecti ve means of cross l inking 

collagen while still all owing native t issue i ngrowth, More 

extensive biocompatibility studies are in progress . 

The two-step crosslinki ng procedure i nvolving a 

water-soluble carbodiimide and dehydrothermal treatment yields 

collagenous materials with equivalent swell ing ratios, 

stiffnesses and collagenase r esista nce t imes t o collagenous 

materials crosslinked with glutaraldehyd e . Thi s procedure does 

not produce the potential for any tox i c subs tances to leach 

into host tissues for the only by-produc t is urea, which is 

water-soluble and easily washed from the mat erial. The latter 
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characteristic of this two-step procedure may allow pronounced 

cellular infiltration and subsequent tissue formation. 
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BIOMAT., MED. DEV . , ART. ORG. , 11(4) , 319 ( 1983- 84 ) 

B(X]{ REVIEW 

' 'Macrarolecular Bianater ial s " edited by Garth "!. Ha.stin[;S and Paul I\Jcheyn F. 

Ph .D., CRC Press, Inc ., 1984 , $89.00 , 125 pgs. 

The firs t part of this vol1.JIIE deal s with some basic cons i de r at ions of 

structure and i t s relation to function. Af ter outl i ning sare basic princi ­

ples in the f irst chapte r , including manufacturing e ffects, struc tural de t e 

mination is discuss ed in deta il . This i s important since adequate charac ­

t e r izat ion in t e rms of rrolecular size i s necessary f or a proper understandii 

and use. The therre of interre l ationships bet,;een structure and properties 

is developed in the next chapters . 

The second part of the vol urre deals wit h se l ect ed applic at i ons in whicl 

the devel oprrent and use of macrorml e cul a r r.iuterials in speci f i c applicatio n, 

i s described. The selection of applications include s synthetic and n atural 

polymers and the range of imdical areas in\·olved include orthopedics, dia­

l ys is , dntg relea.~ (macrcm:>lecul ar pha=acol ow") bl cxxl cont act, and p l as­

tic surgery. Si nce t he list could not oo corm, l etel y corrprehensive , these 

represent areas of spec ial deve l opirent or o f continui ng pr oblems . 

319 
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Zero-Length Crosslinking Procedure 
with the Use of Active Esters1 

· Zenon Grabarak and John Gergely 
Department of M~ B~e(l.l'Ch, Boaton Bi.omedical R~h ln.mtut.e, Department af Biowgirol Chemistry and Mokculai­
PhA;,.rmacology, Han.>ard Medl.cal ScJwol, and Neurology Seruice, Mamu,Juureta Generol Hospital, Bostnn, Ma.s~tu 

A two-step zero-length croulinkilig procedure far 
atuanns proteln-p:roteiD BOlll\plexes bas been devel­
oped. One ooni.pouent of a complec .is briefly mcubated 
'9l'!th l-ethyl-3~(8--d1metbylalninopropyl)carboctiimicle 
(EDC) bl tbv, preseace of N-hydtoxysu..chdmide result­
ing m. the eonversloD of aome of. the protein. cazb~ls 
hlto 1mccbdmi~yl esters. The reaction js stopped by ad­
dition. of 1'-meroa:ptoetha:nol and otber mteraotiu.g pro­
telu are then added. Crouli11.king ari8es m:m substim­
tioa of lysine ... ammo groups of these pJ"Ot.eiD8 for the 
mccb•bnidyl ipoietif."At c1nrlDg a 1- to a-.h incubation pe­
riod. The advantage of this 11\ethod versus one-step 
nro-)enartJl C'l'OflNiD'ldng Is t.ilt OJU7 one D01'11PGDeD.t ot 
the oolll'Plt,s h u:posed to the Cl'OSllliltkel', whicla elimi· 
nata eo:mpllcatioDB ariab,g fram tho formation. ot 
P•oeeJlnJi:s IUllODg several proteins of 1nnultioomponeni 
COJDPlu:. J'urtheimore, crosalfob ca.u be fomsed even 
i11. th• pretsenee of reJlg8JltS. 811cla. u dithiothrettol and 
EDTA, that wo\lld bltertere with dheet Cl"006lln.k!ng 
withEDC. 019HAeadamleJ>r--.'-

N-substituted ca:rbodiimidee are widely used:for pep­
tide synthesis. ·The wate;r aoluble 1-ethyl-3-(3-diniet.hyl­
aminopropyl)ce:rbodiimide (EDC)2 is Cftl)able of induc• 
ing isopllptide bonds between amino acid side ch~ in 
proteins in aqueous solution (1) and h~ found applica­
tion as one of the so~celled zero-length crosslinkers (2). 

1 A. preliniinary aCCCJunt or tbla work h~ been tirese:nt.ed: Grahar~k. 
7.., imd ~J'!ll!h', J.., 19$8, Biaphy$. J. 53, 392.a. . 

2 Ahbreviat1oru. ,;iaed: Tn, trc,po~n. the tluee-compQllimt 111~to1y 
prol:8in ot atriattd muscle thb1 filalll8nts; T.llC, Cll.l.chnn binding com­
ponent of troponiD; 1hl, inhibitoxy OOnlponG.llt of troponin; Tn1', tro-

. poill,YD6in bindm, component of t?Op0nin; Tm, tropom)'omt; EDC, 
1-ethyJ-3-(3-dimetb,YlaminQJlropyl)~modiimioo; NHS, N-hydron­
auoainlmide: CPM, 7-dletbylamlDo-1!-{ .i' -inaleimidylpbenyl)-4-:cnetb­
ylcoumarlo.; Mes, 2(N-m.orpholinQ)ethanuulfonic acid; D'l'I', dithio­
threitol: SDS, eodit.Un d~yl a\llfa.te, 

0003-26e7/90 S:;1.00 , 
C11pj?!Jbt ~ 1990 by Acadc,mic Presa, Jne. 
All tl¢rt,, llf~~n in llllJ' tol'Ill relH!.Y"'ki. 

Since no spacer .a introduced, zaro-Jength crosslinking 
pzovides a better chance that linked ;residues are located 
in the actual site(s) of protei.n-proteui interaction-an 
important r.ctor when ~sli11Jring is used foy identify• 
in& interaction sit.as in the prlrnary ~ (2). The 
i:necbanimn of croseJinking with EDC i:Jlvolves £orma­
tion of an adduct-an O~acyllsourea derivative--be­
tween the EDC and the carl>o:syl group of GJu or Asp 
followed by a nuoleophilic substitution with an amino 
group, most often the t-Nlls of lysine (8,4). In the ab­
sence of amino gioups the active O-acyli.ou:rea under­
goes rapid hydrolysis regenerating the or.i,inal e8lbo:i:yl 
IIJllian N-s'llbstituted urea. 

In some eases the use of EDC in cro•slinking may 
present serious difflaultiea or may not lead to croaelink­
l.ng at all. In the case of multicomponent protein com­
plexes a pol.yin.er containing many subunits is usually 
for.med. In the presence of some reagent.a such P /J-YJJer­
captoethanol, DTr, or EDTA side reactions preclude 
formation of a croulinked complex. To overco~ these 
difficulties we we:re seeking a two..gtep procedure in 
which only one component would be expoaed to the 
crossli.nking reagent. In their two-step- proce<lul,! Mor­
net et al. (5) \ISed a 5- t,o lO~fold dilution., following acti­
vation by EDC of the first protein component. prior to 
the addition of the second component. We fOlllld,. how­
evet, that even ·submillln:tolar con~ntrations of Et>C 
were sufficient to induce ·ctosslinking, making dilution 
ineffective in preventing the reaction of the second com­
ponent with EJDC. Moreover the 0-acyl derivatives un­
dergo fast hydrolysis; the estimated rate constant at pH 
4.75 is of the order of 2-8 e-1 (3). Th1a in the absence of 
carbodiimide the ''active carboxyls" become deactivated 
within a ~tion of a second-most likely before the 
complCJ1: is fonned. For the procedu,:-e to be succesaful 
the active £orm. of a prot.ein would have to be more .table 
than the O~acylisourea derivative. Such s condition is 
fu!Jilled by the so-called "active esters," in particular the 
N-hydroxysuccinimidy1 esters (NHS), developed for 

18l 

t , r, 

• M : 

' ' . • I 

. !, i 

-.~ ' .:} ·I 
~ •I 

) . . . , 
f:;: •. 
:J I 
:: ~( ,i 
• •I j 
' i· 
l I 

. ~ ~ 

I 
L • ...... 

· I 

Records Processed Under FOIA Request Number 2020-2358 - Released by CDRH on 05-27-2020. Rereleased by CDRH under 2024-4349 on 07-16-2024. 

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



-----~---

132 ORABAREK AND GEltGELY-

peptide synthesis (8), and theiI $Ulronated derivatives 
(7). NHS and sulfo~NHS active esters have been used 
for covalent attachment of small molecules to proteim 
(S-11). A number of llctive esters of clicarboxylic acids 
have been synthesized for :protein-protein crosslin.kiD.g 
(7,12-14). Cuatrecasas and Pa:rikh (15) d.e$crlbed syn­
thesis of an NHS-activated de:rivative of aga.rose for im­
mobilization of proteins. Ki.shlda et al (16) applied an 
es$&ntially identical method to link ferritin to antibod­
ies. In their method amino g10ups are first succinylated 
and then both the ca:rboxyls ori.ginally present in the 
protein a.ud the newly introduced ones are eon.vetted 
into NHS activit estets. While this procedure 8SSU1'e$ a 
high yield of crosslinking and eliminates intramolecular 
C?ossli:Dking it is not suitable for identi.flmition of pro­
tein-protein interaction sites because of the extensive 
modification of the protein. 

We have developed a two-step zero-length crosslink­
inir procedure utilizing the transient formation of active 
esters of carboxyls in a protein molecule. Initially one 
component ot the complex is activated with EDC in the 
presence of NHS, leading t.o the formation of N-succini­
lJ:lldyl esters of some glut.amic and ~c acid ca:ibox­
yls. Then the act:ivatio;n st.ep is termw.at.ed by addition 
of ~mercaptoethanol which rapidly reacts with exceq 
EDC, and other components of the protein cm:nplex are 
added. Crossl.inking OCCW'S during a 1-to 2-h incubation 
period at :room. teD1pezature. The presence of fj-mezcap­
toethanol in the reaction m.ixture prevents activation of 
components of the ooXDplex other than that initially acti­
vated. The active groups that do not form crosallnks un­
dergo hydrolysis regenerating the original carboxyle. 
C1"06alinking can be interrupted at any tima. if desired, 
by addition of mlJljmolar concentrations of hydroxyl­
e.mine. We have applied the new teclwique to 11. two-com­
ponent comple% ('I'nC-TnT complex) and to a multi­
component system-the regulated thin filament of 
skelet.al muscle containing actin, tropomyosin, Tn!, 
TnT, and TnC. 

MATERIALS AND METIIODS 

Materials. Bu.fferi;, and othe:r common reagents were 
purchased from Sigma Chemical Co. CPM was .from Mo­
lecular Probes, Inc. (Eugene, OR). EDC and NHS were 
from Pierce (Rockford. IL). 

Protein preparation. All ptoteins were obtained from 
rabbit back and leg mU&cles. Actin was prepared accord­
ing to Drabik:owski and Gergely (17) ftom acetone-dried 
musclepowder. Troponin waspreparedfromether-dried 
muscle powder a:nd separated into subunits according to 
G-reaner .and Gergely (18). Tropomyosin was prepared 
according to Bailey (19). 

Protein. labeling, Actin (1-2 mg/ml) in G-buffer (2 
mM Hepes, pH 7.5, 0.2 mM CaC11 , 0.2 mM ATP) was la­
beled at Cys-374 by incubation for 2 hat room tempera-

ture with 2 mol of CPM (added as a concentrated solu• 
tion in dum,thylfon:namide) per D101e of actin. Labeling 
was tenni.nated by addition of 10 IO.M DT1' and a.ctm was 
polymerized by addition of 2 mM MgCl;1 and 0,1 M KCL 
CPM-F-actin wru; separated by ultracentrifugation for 
20 min at 220,000g in a Beckman TL 100 ultracentrifuge. 
The pellet was depolymerized in ~buffer followed by ul­
tl'8Centrifugation under the same conditions to remove 
in.sohtble material. The eupernatant containing CPM­
G-actin was collected axid polymerized by addition of 2 
lnM MA and 0.1 M KCl 

Lysine detennination. The erl.ent of modiftcation of 
lysine residu~ in proteins incubated with EDO was de­
termined from the :reaction with 8uorescamine (20) ac­
cording to Lai (21). 

Protein corn:entnztions_ P?otein COIJ.Cen:trati.ons wem 
estiJnat.ed taing published ab8orbance coe:ftlcients: TnC, 
A11eo(0.l%1 1 cm.) a 0.18; TnT, A280(0.1%, 1 CJJl) = 0.46; 
actin, A~(0.1%, 1 ctn) ::::r 0.63. For the fl.uoreecently 
lD.Odined proteins the colorimetric method of Bradford 
(22) was used. 

Electrophoresis. Electrophorems -was perforlned in 
the presence of SDS on 10% polyacrylamide slaba in 80 
mM Tris-glycine bwm-. pH 8.6, or on US% polyaeryl­
amlde .slabs according to Thomas (23). 

RESULTS AND DISCUSSION 

Carbodiimide-cat.alyzed formation of amide bonds in~ 
volves as an intermediate step the formation ot an 0-
acylisourea derivative (3)- This mtermediate can then 
react with an amino group to form m isopept.ide bQndor 
with 11 water molecule to :regenerate the orlginal cooa 
When used'in protein crosslin.klngthe fast hydrolym, of 
the 0-acylieourea derivati~ reduces th& yield ol c:roea~ 
linking and precludes the use of EDC in a two.-step wo,­
cedure. Generating an activated complu~with a slower 
hydrolytic rate woold make it possihlo to activate one 
protein and subsequently add one 01 more co:mpoxients 
to form a compleL Since "1Ccinimidyl esters are rela­
tively stable (6,18,24), w-e have activated carboxyls of 
one ptomll via conv~ion t.o active esters with NHS 
(Scheme 1) before complex formation 'fl.th asecondpro­
tei:n. 

We have tested this approach on TnC and TnT, which 
~ the components of the :regulatory COlll_Plex in the thin 
filament of Bkeletal muscles. Several pieces of evidence 
indicate that the two proteins interact with each other 
in solution and are in contact in the regulated thin fila­
ment (for review see Leavis and Gergely (25)). TuC -was 
Incubated with EDC in the presence of NHS. A 15--ntin 
~ncubal:.ion terminated by th~ addition of fl-m.ercapto­
ethanol resqlted in the incorporation of appro:ri:ms.tely 
three NHS gl'Oups per molecule of TnC as calculated 
from the b:icreaae in A250 (Fig. 1)- The NHS deriva.ti-ve of 
TnC has the ability to croeslin.k TnT in the llbeence of 
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active carbodiimide (Fig. 1, inset, Scheme 2). Although 
for analysis reagents in excess have been removed by 
rapid filtration OD a Seyhadex G-26 column, this step is 
not necessary w the routine croisslinking procedure 
since the addition of B-:mercaptoethanol rapidly inacti­
vates EDC. If P-mercaptoethanol was added prior to the 
additio11 of EDC no complex formation between TnC 
and TnT was observed regardless of the pr~ence of 
NHS. On the other hand ~-mercaptoethanol did not in­
terfete with the crosslinking step, i.e_, substitution of an 
aniino group of the second p;rotein for the succlninudyl 
moiety. Carraway and Triplett (26) have found that /J­
mercaptoethanol :reacts with EDC with a pseudo-flrst­
order rate constailt k -= O.O29 s-1 {0.1 M EDC, 0.013 M 
P•mereaptoethanoI. 2o•c, pll 5.0). The product of the 
reaction is stable in solution and ia resistant to 1 M hy­
droxylatnine or 2 M NH8• Thus addition of .B-mercapto­
ethanol appears to be an eifectl~ way to quench the un­
reacted EDC. The NHS-TnC derivative undergoes slow 
hydrolym (Fi(. l, ScheJJ18 2) BS indicated by a decrease 
inAlltlO of the protein fractioJ1 {Tl/I"" 40 min at pH 6.0). 
The dec:reue in A2611 is parallelled by a decrease in the 
formation of crosslinh between TnC and TnT (Fir. 1). 
A similar rate of hydrolysis. of NHS-activated protein 
he.a recently- been reported (27), while a slightly elower 
hydrolysis rate was foUlld for sulfo-NHS active esters 
(24). On th,:, basis of the half-life of the N-hydroxysuc­
cln:imidyl active esten we have routinely used a 2-h incu­
bation time to ID.duce protein-protein crosslinldng. The 
data of Lomant and Fairbanks (13) suggest that the re­
action with NH1 may be fas~ especWI.y at pH valoae 
higher tham 6.0, thus :requiring shorter incubation times. 

A relative.ly long half-life of the acti?~ eif;e.r .i:-aises the 
queatlon whether crossliDk formation is specific, i.e., 
whether it occurs at the illtenct.l.on int.erface or whether 
it :rellllta fro:o:a ta11dom collision of molecules that do not 
form stable complexes. While nndom collisions unde1lie 
c1'086linkillg of low moleculat weight compounds to pro­
teins (8--11) it usually :requires more drastic conditioD.S 
than those used for p;rotein c:roaslinkipg in ow: experi­
ments. Upon protein complex formation the lysine :resi­
dues located at the interaction wterface may be 8JJ}ected 
to react preferentially with their CIU"boxyl counte?parts 
since no diffusion is involved. This expectation is ll1,1p· 

ported by our observation that in the presence of wdium 
dodecyl 81J.lfate no crosslinked TnC-TnT co:cnple:i. Wa9 

fonned. Thus although the activation of the carboxy) 
gro11ps of Asp and mu is .randolll, c.rossli.nking oCCUl's at 
the interaction interlaces and those active groups that 
cannot make contact with f-NHi groups of Lys undergo 
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no. 1. Stability ot NB'.S-iictivated TnC. TnC Cl q/ml) -ne iucu-­
batad for 16 ,:Din !It 25"C in a aolinioD ~fnfDJ 0.1 !iC Mm, pR 8.0, 
0.5 MNaCl, 2DM EPC, IIJ141i m.llNHS. The:niacl£on Wlla ~ 
byadclitioDof ,!-~ (fbw~oa.20mM:) midtba 
solution. WU further ~d ti the sama teuipm.tute. At vmioUI 
tima san,plet oft.he aolatiaD were wldldrawn II)d puaed tlnOUih a 
Sepbade:I: G-~ cohlrnn (Cl..6 X 5 cm) equilibmed wJth Oli It NaCl~ 
0.1 M :Mtl, to 11llll09e low :mole0alu ,reight eo;mpon«it&. By carmtfn­
p:t:1011 of the oolomi1a oi:i • olin1cal cantrtfuee it wu pollldble to de­
areue the time required for tlm step to ~3 'llll!l. Oneporthm oft.he 
eflluent was OODlbmed with TnT i.a a 1:1 DIOUl' ratio in O.li M Na.Cl. 
0.1 :M MM 1111d Ruthe incubated fo.r 2 h foJlo11,ed by polyaayllilDiilll 
rel eleettophlffll&is (Inset) to Jl10Dltw tbs ebilit,f o! TDC to c:ro.ituk 
TnT. The otbe? portion WU used to record the UV~ SiJ1D6 
both ti).protsinadt.li.a protejn-booll,dsueainJrnlaj.,I 'DCUtiti comril>­
ute to t.ba absaqJtlmi at 260 JIDl tba ttUlllber o!NHS groupa bound per 
molecule of TPC ~ calcu1atlld attar Ill~ the COD'tZfbutio,:, cf 
theprotebl "'11oae coocentrltlon waa meuured col~ 1Vltb 
t.beBio-R,dreapnt bueclon the proctd\mi ofBtadttri c,.2). Wa mad 
tba molar abaorptkm eoe15cient of ._ • 8200 tor NHS (80} IIDd 
A.t(0.19', lCI1,1.) "'0.17fw'rnC. 

hydrolysis. We hs.ve also found that the active caiboxyls 
can be rapidly neutralized. most likely by hydro~ 
upon treatment with dilute (10 mM) bydro%}'i~e fur­
ther decreaaingtbe possibility of unspecific crossl.inking. 

Polarity of the Interaction at the Protein-ProAAn 
Interface. 

Si.Dea carbozyh1 axe the targets for the nucleopbilie at­
tack of the carbodilinide our .method provides an oppor­
tunity to probe the protein-protein interface with re­
spect to the distribution of the ;negatively and positively 
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C T C T c\T Ct~ 

-TnCxTnT 
Tn1-

TnC-

,..___. ,____. ----.; 

a b c 
FIG- 2. Polarity oI the TnC--TnT \IltOn.ction. Either ToC ~ TnT 
b:1. 0.5 M NaCl, 0.1 M Mes, pH 6.0, 111aa iDeubatod for 15 JDm. ai 2&"C 
wtth 2 mM EDC and 5 mK NHS. The ect!-ration atep 'lll'at terminated 
by addi.tl011 or 6-mercaptoethaol (ff'Dlll ~tration 20 m.M.} and th• 
ot:Mr component of t.b• i:o~.,,.. added.. Plotai%l 80hiiion.a were 
~for l hat 25"0 arid theJ.ll()d1Kta wen anabzed bypo~l­
imiida &el _aledJepho.reaia in the pra.ei1et1 ol. SDS. Ker: (a) protema, 
iw c:ro•• liDbi- pn,aant; ~) prot• ma hwubatad 'llllith EDC-NHS; (c) 
compma• ot'luC withTnT_ C andTstandlorTnC and'tt\T,.respeo­
tt-i;y. ARtmisJn, indl.Cllhl the amnponeJrt that WM a.ctlvat.d withEDC 
and NHS prior to the fODDlltiou oftb• complu, 

charged .side chains. We have treated either one 0% the 
other oithe interacting components with EDC and NHS 
(Fig. 2). The crosslinked TnC-TnT CODqllexwas formed 
onJ;y when TnC was activated.. When TnT wu activated 
11Ve observed 11:,;nall mnounts of a TnT•dlmer but no TnC-­
TnT cowplex was fonnecl This result inc&a:tes that the 
interaction between the two proteins involvea COOH 
group1 on TnC and~ groups on TnT. Sxnallamounts 
of the dimer probably reflect the known tendency of 
TnT tor aggregation. 

Crosslin)d.ng in llMultiwmponen..t Sy.stem 

We have also tested our method on a complex of F­
actin with the regulatory pl'Oteins tropomyosin, TnC, 
Tnl, and TnT. Since these proteins can assemble in vitro 
into an active complex containing these coIDP.Onents in 
the J'S.tio found in vivo, viz. 7:1:1:cl. it seems likel;y that 
the-interaction~ between the eomponents in the recon­
stituted comple:x are the same as those in the native 
ci;impM. In th!il e:%J)erim.ent shown in Fig. 3 actin -was 
labeled with a fluorescent probe to facilitate identifica­
tion of the actin containing croe13linked complexes. 
Since the label was located at the C-terminus of actin it 
-wa.is further possible to identify the crosslinking site (not 
shown) ueing the method of Sutoh (28). F®ue 3 shows 
that actin-TnI and actin-tropomyosin crosslinked com­
plexes are fonned if the complex is assembled after ei~ 
thel' F-a.ctin or tropomyosin is activated with EDC­
NllS. A nu.niber of high molecular weight specie& are 
found indicating formation of c:roMlinkad complei:es 

with vaiiou.s actin to t:ropomyo11in ratios. W a have PN· 
vioualy determined that TnI cro~linka to the N•termi­
nal 12 residue eegll\ent ot act.in 1n a F-actin-Tnl com­
plex (29). The GaJne segment of actin was crosslinked 
with Tnl in the coo:,.plex containing all the components 
of the thln filament. A detailed account of this work will 
be published elsewh8l'e, Ti:opomyosin was al$O found to 
crosslink to the N-terminal ~egrnent of actin if actin was 
activated; howeveJ", activation of ttopomyosin resulted 
in c:osslinking to the C-terminal segment of actin (30). 

Sick Reaction.a 
The use of EDC in protein Cl'OS81inking :requizes con• 

sidera.tion of poesil>le eide ~aotiollS. While the 10lvent­
e%J>OSed COOH poope are 'the primary targets for EDC 
.llOill6 other aide chaim can also react. Carraway and 
Triplett (26) havo demonstrated that SH groups msct 
rapidly, . and virt;gally fuevenib]y. with EDC. Expoeed 
tyrosinea can be modified by EDC although the reaction 
cm be reversed by aeatment with o.5 M hydro%ylaun.lne 
(31). The imidsiole moiety of histidine wu shown to in­
terme with couplina xnost likely b.Y acceleratfnc the hy­
drolysis of the NHS Qt.er (15). A pogsible side ~ 
may i:o-volve a rearrangement of the 0-acylisourea deriv­
ative to a stable N-ac:vlurea ( ,,32). Such modification in 
proteins Is rather selective and seeme to bo limited to 
carbo:i:.y]s that are p8l'tially buried· in a hyd:cophob.U? w­
virolllll.eIIt (32). Another complication that should be 
considered is intramolecular crosslinking In the case of 
ieto-length croe,glin.king with ca:rbodfunides intraDlOlec· 

A B 

- + - + Tn Tn 
- + - T 

Tn Tn 

FIG. a. Cro1111lillldng between autin $nd tropomyoBin (T,n) in reoon: 
stit.uted thin filaments. Actln wu label.ad with a .fluorescent })rube 
(CPM) at Cys-314. Eithm- 3ctin (A) oi: tropo)Xlyosin (B) was lllltivlltad 
with 2 mM EDC, IS JllM NHS for 15 min; th8D. the .teact:lon was termi­
nated hy addition of ,8·Dlettar,toeth1Ulol which wm !ollcnred by a 2-
h incubation at 2s·c with ti-opomYQsin (Al or actin (B). The tbzce­
component troponin complex 11V!lS added whe:re indicated. S!lJllpl..li 
were analym on 159' polyac;ryla!nide gelt! in a modi&d Laemmli IJY&" 
t11m ace<ndiug to 'rh.om(>!ll (23) . Both the pi.cw~ taker, under uv light 
and the Coo111a.ssie bh!e-sta.lned SDS-~ fKLe sh<),ra. Not.. the fonna­
tion of 11. rnmibor of high molecular weight fi\JQl'eacent bandt colfl­
(lpO.ll.dlng to aoaslinked actln~tr~myosin (A-TJn) comp.leJ:es of 'la'l­
ioUB stoichiol'Jletiy. The actin-Tnl co:mple,: (A-Tn.I) md the ectin 
trimer (A.) are fofflli!d only when netm la ac:tivated. 

G{J 
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ula:r crosalinltlng can occur if there m:e NHt---000- in­
teractions withi.Ji the protevi. Such interactions are 
known to be involved in stabilization of the 3D structure 
of proteins as, for e:xample, in the ''i to i + 4" type inter~ 
action between Lys and Glu (or Asp) side cluiins in a­
helical segme:nt.s {83). We have observed some in.tramo­
lecular cro~elinking in TnC upon incubatio.D mth EDC 
and NHS (34) although the extent of such crosslink!ng 
was rather Sttlall UDder the conditions normally em­
ployed for protein-protein crossliuking. Depending on 
the conditions of the activation. between zero and two 
lysine residues out of nine in TnC were lost as a result 
()ftreatme:nt with EDC and NHS. Under the same con­
ditiom 50-100% cross1iJiki.Dg with TnTw TnI couJdbe 
obtained ( data not shown) euggesting a preference for 
fntermolecolar l'ather than iDtramolecnlar crnsslinldng. 

CONCLUSIONS 

We have shown that protein--J)l'otein crosslinldng can 
be achieved in a two-step procedure in which carboxyls 
of cme of the components are aci:I\l'ated by fonnation of 
an eater with N-hydl'oi:yaueclnimide. Our method has 
several advantages over the one--atep croaalinking proce-­
dare: (i) It can be used in • mul.tieolllpOll.eilt system. 
Only one component of the comple:s: is exposed to the 
carbodilwide which greatly simplines the a:nalysis of the 
p:roduct& of crosslinkin&. (ii) The relatwe stability of the 
acthte ester provides an opportunity £or cbangi:og the 
conditions of cros!!l;nking, e.g., an introduction of 
EDTA or DTT. (iii) ln!onnation can be obtained about 
distribution of charged groups at the interaction inter­
face. (iv) Generally higher croesllnking yieldA are ob­
tained wnh lest exposure to the cro~. 
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Indications for Use 

5 lO(k) Number (if known): Kos l~¼ l 
Device Name: FortaDerm™ Antimicrobial PHMB Wound Dressing 

Indications for Use: 

The FortaDerm"M Antimicrobial PHMB Wound Dressing is intended for the 
management of wounds and as an effective barrier to resist microbial colonization within 
the dressing and reduce microbes penetrating through the dressing. FortaDerm™ 
Antimicrobial PHMB Wound Dressing may be used for the management of: partial and 
full thickness wounds, pressure ulcers, venous ulcers, diabetic ulcers, chronic vascular 
ulcers, tunneled/undermined wounds, surgical wounds (donor sites/grafts, post-Moh's 
surgery, post-laser surgery, wound dehiscence), trauma wounds (abrasions, lacerations, 
second-degree bums, and skin tears) and draining wounds. 

The device is intended for one-time use. 

Prescription Use __j_ 
(Part 21 CFR 801 Subpart D) 

AND/OR 
Over-The-Counter Use __ _ 
(21 CFR 801 Subpart C) 

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE 
OF NEEDED) 

Concurrence of CDRH, Office of Device Evaluation (ODE) 

Page_of_ 

(Posted November 13, 2003) 
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PROPOSED LABELING 

PROPOSED FORTADERM™ ANTIMICROBIAL PHMB WOUND DRESSING 

INSTRUCTIONS FOR USE AND PACKAGE INSERT 
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Organogenesis Inc. Document Numbd (b)(4) 
Revision Number: 2.0 ~---

Design Control Number:~ (b)(4) 
Date: toTfOl0.;.,.:_5 ~~ 
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Research Report 

(b)(4) Protocol 
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Submitted by: 
Organogenesis Inc. 
150 Dan Road 

510(K) SUMMARY 

Canton, Massachusetts 02021 

Contact 
Patrick R. Bilbo 
Telephone: (781) 401-1155 
Facsimile: (781) 575-1570 

Date: October 21, 2005 

Device: 
Trade Name: 

Common/Usual Name: 

Classification Name: 
Classification: 

Predicate Devices: 

FortaDerm™ Antimicrobial PHMB Wound 
Dressing coated with 0.1 % Polyhexamethylene 
Biguanide Hydrochloride (PHMB) 
Topical Wound Dressing, Wound Management 
Biomaterial 
Dressing, Wound (KMF) 
Unclassified 

The relevant predicate devices are FortaDerm™ (PuraPly™) Wound Dressing 
(KOl 1026) manufactured by Organogenesis, Inc. and Xcel1 Antimicrobial 
CeJlulose Wound Dressing (K024054) manufactured by Xylos®Corporation. 

Statement of Substantial Equivalence: 
The FortaDerm™ Antimicrobial PHMB Wound Dressing is similar with respect 
to intended use, technological characteristics, materials and physical construction 
to the predicate devices in terms of section 5 lO(k) equivalency. 

Intended Use: 
The FortaDerm™ Antimicrobial PHMB Wound Dressing is intended for the 
management of wounds and as an effective barrier to resist microbial colonization 
within the dressing and reduce microbes penetrating through the dressing. 
FortaDerm™ Antimicrobial PHMB Wound Dressing may be used for the 
management of: partial and full thickness wounds, pressure ulcers, venous ulcers, 
diabetic ulcers, chronic vascular ulcers, tunneled/undermined wounds, surgical 
wounds (donor sites/grafts, post-Moh's surgery, post-laser surgery, wound 

~7 
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dehiscence), trauma wounds (abrasions, lacerations, second-degree burns, and 
skin tears) and draining wounds. 

The device is intended for one-time use. 

Device Description: 
FortaDerm™ Antimicrobial PHMB Wound Dressing consists of two layers, 
crosslinked sheet of fenestrated sheet of porcine intestinal collagen coated with 
0.1 % Polyhexamethylene Biguanide hydrochloride (PHMB). FortaDerm Wound 
Dressing is supplied dry in sheet form in sizes ranging from 4 x 4 cm to 12 x 36 
cm. The device is packaged in sterile, sealed single pouches. 

Performance Data: 
FortaDerm™ Antimicrobial PHMB Wound Dressing was subjected to a number 
of tests to assess biocompatibility and performance. The device passed the 
requirements of all tests. 
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Page 1 of 2 

Fonn Approved· 0MB No 0910-511 Expirarlon Date· August J 1 2005 See Instructions fo r 0MB Statement 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
FOOD AND DRUG ADMINISTRATION 
MEDICAL DEVICE USER FEE COVER SHEET 

PAYMENT IDENTIFICATION NUMBER: i (b )( 4) 
Write the Payment Identification number ort-ycmrcnec ..... 

A completed Cover Sheet must accompany each original application or supplement subject to fees. The following actions must be taken 
to properly submit your application and fee payment 

1. Electron ically submits the completed Cover Sheet to the Food and Drug Administration (FDA) before payment is sent. 

2. Include printed copy of this completed Cover Sheet with a check made payable to the Food and Drug Administration. Remember that 
the Payment Identification Number must be written on the check. 

3. Mail Check and Cover Sheet to the US Bank Lock Box, FDA Account, P.O. Box 956733, St. Louis, MO 63195-6733. (Note: In no case 
should payment be submitted with the application.) 

4. If you prefer to send a check by a courier, the courier may deliver the check and Cover Sheet to: US Bank, Attn: Government Lockbox 
956733, 1005 Convention Plaza, St. Louis, MO 63101. (Note: This address is for courier delivery only. Contact the US Bank at 314-
418-4821 if you have any questions concerning courier delivery.) 

5. For Wire Transfer Payment Procedures, please refer to the MDUFMA Fee Payment Instructions at the following URL: 
http://www.fda.gov/cdrh/mdufma/faqs.html#3a. You are responsible for paying all fees associated with wire transfer. 

6. Include a copy of the complete Cover Sheet in volume one of the application when submitting to the FDA at either the CBER or 
CDRH Document Mail Center. 

-> 

1. COMPANY NAME AND ADDRESS (include name, street 
address, city state, country, and post office code) 

ORGANOGENESIS INC 
150 DAN ROAD 
CANTON MA 02021 
us 

1.1 EMPLOYER IDENTIFICATION NUMBER (EIN) 

042871690 

2. CONTACT NAME 

Patrick Bilbo 

2.1 E-MAIL ADDRESS 

pbilbo@organo.com 

2.2 TELEPHONE NUMBER (include Area code) 

781-401-1155 

2.3 FACSIMILE (FAX) NUMBER (Include Area code) 

781 -575-1570 

3. TYPE OF PREMARKET APPLICATION (Select one of the following in each column; if you are unsure, please refer to the application 
descriptions at the following web site : http://www.fda.gov/dc/mdufma 

Select an application type: 

[X] Premarket notification(510(k)); except for third party 

[] Biologics License Application (BLA) 

[ J Premarket Approval Application (PMA) 

I] Modular PMA 

[] Product Development Protocol (PDP) 

[ ] Premarket Report (PMR) 

3.1 Select one of the types below 

[X] Original Application 

Supplement Types: 

[ ] Efficacy (BLA) 

[] Panel Track (PMA, PMR, PDP) 

[] Real-Time (PMA, PMR, PDP) 

[] 180-day (PMA, PMR, PDP) 

4. ARE YOU A SMALL BUSINESS? (See the instructions for more information on determining this status) 

[] YES, I meet the small business criteria and have submitted the required [X] NO, I am not a small business 
qualifying documents to FDA 

4.1 If Yes, please enter your Small Business Decision Number: 

5. IS THIS PREMARKET APPLICATION COVERED BY ANY OF THE FOLLOWING USER FEE EXCEPTIONS? IF SO, CHECK THE 
APPLICABLE EXCEPTION. 

[] This application is the first PMA submitted by a qualified small business, [ ] The sole purpose of the application is to support 
including any affiliates , parents , and partner firms conditions of use for a pediatric population 

. . . . . . . . . [] The application is submitted by a state or federal 
[] This btolog1cs applrcat1on 1s s~bmrtted under sec1on 351 of t~e Pubhc government entity for a device that is not to be distributed 

Health Service Act for a product licensed for further manufacturing use only . 
11 commerc1a y 

6. IS THIS A SUPPLEMENT TO A PREMARKET APPLICATION FOR WHICH FEES WERE WAIVED DUE TO SOLE USE IN A 
PEDIATRIC POPULATION THAT NOW PROPOSES CONDITION OF USE FOR ANY ADULT POPULATION? (If so, the application is 
subject to the fee that applies for an original premarket approval application (PMA).) 

[]YES [X]NO 

7. USER FEE PAYMENT AMOUNT SUBMITTED FOR THIS PREMARKET APPLICATION (FOR FISCAL YEAR 2005) 

i (b)(4) i 17-Jun-2005 

Fonn FDA 8601 (08/2003) 

https://fdasfinapp8.fda.gov/OA_HTML/mdufmaCScdCfgltemsPopup.jsp?vcname=Patrick ... 

lo7 
6/17/200~ 
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DEPARTMENT OF HEAL TH AND HUMAN SERVICES 
FOOD AND DRUG ADMINISTRATION 

Form Approval 
0MB No. 9010-0120 

CDRH PREMARKET REVIEW SUBMISSION COVER SHEET 
Expiration Date: May 31, 2007. 
See 0MB Statement on page 5. 

Date of Submission 

6/20/2005 
!-H~_r_Eee.P.a\ll'.IlenUDJ'lumqe r 

i (b)(4) ! 
I FDA Submission Document Number (if known) 

TION A TYPE OF SUBMISSION 
PMA 

D Original Submission 

D Premarket Report 

D Modular Submission 

D Amendment 

D Report 

0 Report Amendment 

D Licensing Agreement 

IDE 

D Original Submission 

D Amendment 

D Supplement 

PMA & HOE Supplement 

0 Regular (120 day) 

D Special • Panel Track (PMA Only) 

0 30-day Supplement 

D 30-day Notice 

D 135-day Supplement 

0 Real-time Review 

D Amendment to PMA 
&HOE Supplement 

D Other 
Humanitarian Device 

Exemption (HOE) 

D Original Submission 

0 Amendment 

D Supplement 

0 Report 

0 Report Amendment 

PDP 
0 Original PDP 

0 Notice of Completion 

D Amendment to PDP 

Class 11 Exemption Petition 

D Original Submission 

D Additional Information 

510(k) 
L8J Original Submission: 

[8l Traditional 

0 Special 

D Abbreviated (Complete 
section I, Page 5) 

D Additional Information 

0 Third Party 

Evaluation of Automatic 
Class Ill Designation 

(De Novo) 

D Original Submission 

D Additional Information 

Meeting 
D Pre-510(K) Meeting 

D Pre-lDE Meeting 

D Pre-PMA Meeting 

0 Pre-PDP Meeting 

D Day 100 Meeting 

D Agreement Meeting 

D Determination Meeting 

D Other (specify): 

Other Submission 

• 513(g} 

0 Other 
(describe submission): 

Have you used or cited Standards in your submission? Oves (If Yes, please complete Section I, Page 5) 

SECTION B SUBMITTER, APPLICANT OR SPONSOR 

Company / Institution Name 
Organogenesis, Inc. 

Division Name (if applicable) 

NA 

,_ :... _dt Address 

150 Dan Road 

City 
Canton 

Contact Name 
Patrick Bilbo 

Contact Title 
Vice President, Regulatory and Clinical Affairs 

Establishment Registration Number (if known) 

1221816 

Phone Number (including area code) 

( 781 )401-1155 

FAX Number (including area code) 

( 781 ) 575-1570 

State/ Province 
MA 

Contact E-mail Address 
pbilbo@organo.com 

ZIP/Postal Code 
02021 

SECTION C APPLICATION CORRESPONDENT (e.g., consultant, if different from above) 

Company/ Institution Name 
N/A 

Division Name (if applicable) 

Street Address 

City 

Contact Name 

ct Title 

FORM FDA 3514 (6/04) 

Phone Number (including area code) 
( ) 

FAX Number (including area code) 
( ) 

State / Province ZIP/Postal Code 

Contact E-mail Address 

Country 

us 

Country 

PAGE 1 of 5 PAGES 
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SECTION D1 REASON FOR APPLICATION - PMA, PDP, OR HDE 

D Withdrawal 

D Additional or Expanded Indications 

n Request for Extension 

>ost-apprnval Study Protocol 

[J Request for Applicant Hold 

0Request for Removal of Applicant Hold 

D Request to Remove or Add Manufacturing Site 

D Process change: 

0 Manufacturing 

D Sterilization 

D Packaging 

0 Other (specify below) 

D Response to FDA correspondence: 

D Other Reason (specify): 

D Change in design, component, or 
specification : 

D Software / Hardware 

D Color Additive 

D Material 

D Specifications 

0 Other (specify below) 

0 Labeling change: 

D Indications 

D Instructions 

0 Performance 

0 Shelf Life 

0 Trade Name 

D Other (specify below) 

SECTION D2 REASON FOR APPLICATION- IDE 

0 New Device 

D New Indication 

ddit ion of Institution 

L. t::xpansion / Extension of Study 

0 IRB Certification 

D Termination or Study 

D Withdrawal of Application 

D Unanticipated Adverse Effect 

0 Notification of Emergency Use 

D Compassionate Use Request 

0 Treatment IDE 

0 Continued Access 

0 Other Reason (specify): 

D Other Reason (specify): 

FORM FDA 3514 (6/04) 

0 Change in: 

D Correspondent/ Applicant 

D Design / Device 

0 Informed Consent 

0 Manufacturer 

0 Manufacturing Process 

D Protocol • Feasibility 

D Protocol - Other 

0 Sponsor 

0 Report submission: 

D Current Investigator 

D Annual Progress Report 

D Site Waiver Report 

D Final 

0 Location change: 

D Manufacturer 

0 Sterilize r 

D Packager 

D Report Submission: 

D Annual or Periodic 

D Post-approval Study 

D Adverse Reaction 

D Device Defect 

0 Amendment 

D Change in Ownership 

D Change in Correspondent 

0 Change of Applicant Address 

0 Repose to FDA Letter Concerning: 

D Conditional Approval 

D Deemed Approved 

D Deficient Final Report 

D Deficient Progress Report 

0 Deficient Investigator Report 

D Disapproval 

D Request Extension of 
Time to Respond to FDA 

D Request Meeting 

D Request Hearing 

PAGE 2 of 5 PAGES 
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Product codes of devices to which substantial equivalence is claimed 

2 MGQ 4 

Summary of , or statement concerning, 
safety and effectiveness information 

KMF 3 

5 6 7 8 

nation on devices to which substantial equivalence is claimed (if known) 

510(k) Number 

1 KOl 1026 

2 K024054 

3 

4 

5 

6 

Trade or Proprietary or Model Name 

FortaDerrnTM Wound Dressing 

Xcell® Antimicrobial Cellulose Wound 
2 

Dressing 

3 

4 

5 

6 

[2J 510 (k) summary attached 

D 510 (k) statement 

Manufacturer 

Organogenesis Inc. 

2 Xylos Corporation 

3 

4 

5 

6 

SECTION F PRODUCT INFORMATION - APPLICATION TO ALL APPLICATIONS 

Common or usual name o r classification 

FortaDerrn™ Antimicrobial Wound Dressing 

~,ade or Proprietary or Model Name fo r This Device 

f ortaDermT:vr Antimicrobial Wound Dressing 

2 

3 

4 

5 

FDA document numbers of all prior related submissions (regardless of outcome} 

1 2 3 4 

7 8 9 10 

Data Included in Submission 

D Laboratory Testing D Animal Trials 

Classification Panel 

General, Plastic and Reconstructive Surgery 

Ind ications (from labeling) 

Model Number 

NIA 

2 

3 

4 

5 

5 

11 

D Human Trials 

D Class I 

• Class Ill 

D Class II 

[2J Unclassified 

6 

12 

The FortaDerm Antimicrobial PHMB Wound Dressing is intended for the management of wounds and as an effective barrier to resist 
r- · ·'Jbial colonization within the dressing and reduce microbes penetrating through the dress ing. FortaDerm Antimicrobial PHMB 

nd Dressing may be used for the management of: partial and full thickness wo unds, pressure ulcers, venous ulcers, diabetic ulcers, 
chronic vascular ulcers, tunneled/undermined wounds, surgical wounds (donor sites/grafts , post-Moh ' s surgery, post-laser surgery, 

od iatric, wound dehiscence), trauma wounds (abrasions, lacerations, second-de ee burns, and skin tears) and drainin wounds. 

FORM FDA 3514 (6/04) PAGE 3 of 5 PAGES 
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Note: Submission of this information does not affect the need to subrrut a 2891 
or 289 1 a Device Establishmen1 Regi stration form. 

FDA Document Number (ii known) 

SECTION H MANUFACTURING/ PACKAGING/ STERILIZATION SITES RELATING TO A SUBMISSION 

M .original 
FDA Establishment Registration Number [8J Manufacturer 0 Contract Sterilizer 
1221816 

Add 0 Delete 0 Contract Manufacturer D Repackager I Relabeler 

Company/ Institution Name Establishment Registration Number 

Organogenesis , Inc. 122 181 6 

Division Name (if applicable) Phone Number (including area code) 

N/ A ( 78 1 )401-1155 

Street Address FAX Number (including area code) 

150 Dan R o ad ( 781 ) 575-1570 

City State / Province ZIP/Postal Code Country 

Canton MA 02021 us 

Contact Name Contact Title Contact E-mail Address 

Patrick Bilbo Vice President, Regulatory and Clinical Affairs pbilbo@organo.com 

·-·- ·-·-·- ·-· 

; 

(b)(4) Vendor Information 

0 Original 
FDA Establishment Registration Number 0 Manufacturer D Contract Sterilizer 

• Add D Delete 0 Contract Manufacturer D Repackager / Relabeler 

Company / lns1itution Name Establishment Registration Number 

Division Name (if applicable) Phone Number (including area code) 

( ) 

Street Address FAX Number (including area code) 

( ) 

City State / Province ZIP/Postal Code Country 

C0ntact Name Contac:t Title Contact E-mail Address 

FORM FDA 3514 (6/04) PAGE 4 of 5 PAGES 
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SECTION I UTILIZATION OF STANDARDS 

Note: Complete this section if your application or submission c ites standards or includes a "Declaration of Conformity to a Recognized Standard" 
statement. 

Standards No. Standards Standards Title Version Date 

Organ ization 

1 

Standards No. Standards Standards Title Vers ion Date 

Organization 

2 

Standards No. Standards Standards T itle Version Date 
Organization 

3 

Standards No. Standards Standards Title Version Date 
Organization 

4 

Standards No. Standards Standards Title Version Date 
Organization 

Standards No. Standards Standards Title Vers ion Date 
Organization 

6 

Standards No. Standards Standards Title Vers ion Date 
Organization 

7 

Please include any additional standards to be cited on a separate page. 

Public reporting burden for this collection of information i s estimated to average 0.5 hour per response. including the tim1: for reviewing instructions. searching 
existing data sources, gathering and mainwin ing the data needed. and completing re viewing the collection of information. Send comments regarding this burden 
estimate or any other aspect of this collection of information, including suggestions for reducing this hurden to: 

Food and Drug Administration 
CDRH (HFZ-342) 
9200 Corporate Blvd 
Rockvilk. MD 20850 

ency may not conduct or .~ponsor, and a person is not required to respond to, a collection of information unless it display.fa currently valid 0MB control 

FORM FDA 3514 (6/04) PAGE 5 of 5 PAGES 
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SlO(k) PREMARKET NOTIFICATION 
FOR 

ORGANOGENESIS INC. 
FORTADERM™ ANTIMICROBIAL PHMB WOUND DRESSING 

June 20, 2005 

ORGANOGENESIS INC. 
CANTON, MASSACHUSETTS 
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5 lO(k) PREMARKET NOTIFICATION 
FOR 

ORGANOGENESIS INC. 
FORTADERM TM ANTIMICROBIAL PHMB WOUND DRESSING 

TABLE OF CONTENTS 

Section 
CDRH Submission Coversheet 
5 lO(k) Screening Checklist 
Indications for Use Statement 
Truthful and Accurate Statement 

1. Company Name, Address and Contact Person 
2. Device Name 
3. Establishment Registration Number 
4. Device Classification 
5. Performance Standards 
6. Proposed Labeling 
7. Substantial Equivalence Comparison 
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SCREENING CHECKLIST 
FOR ALL PREMARKET NOTIFICATION [510(k)] SUBMISSIONS 

510(k) Number: 

The cover letter clearly identifies the type of 51 O(k) submission as (Check the 
appropriate box:) 

Special 51 O(k) 

Abbreviated 51 O(k) 

Do Sections 1 and 2 

Do Sections 1, 3 and 4 

Traditional 510(k) or no identification provided Do Sections 1 and 4 

Section 1; Required Elements for All Types of 510(k) submissions: 

Cover letter, containing the elements listed on page 3-2 of the 
Premarket Notification rs10)l Manual. 
Table of Contents. 
Truthful and Accurate Statement. 
Device's Trade Name, Device's Classification Name and 
Establishment Registration Number. 
Device Classification Regulation Number and Regulatory Status 
(Class I, Class II, Class III or Unclassified). 
Proposed Labeling including the material listed on page 3-4 of the 
Premarket Notification f510)l Manual. 
Statement of Indications for Use that is on a separate page in the 
premarket submission. 
Substantial Equivalence Comparison, including comparisons of 
the new device with the predicate in areas that are listed on page 
3-4 of the Premarket Notification fS 10)1 Manual. 
510(k) Summary or 510(k) Statement. 
Description of the device (or modification of the device) including 
diagrams, engineering drawings, photographs or service manuals. 
Identification of leP'a.llv marketed predicate device. * 
Compliance with perfonnance standards. * [See Section 514 of 
the Act and 21 CFR 807.87 (d).l 
Class III Certification and Summary. ** 
Financial Certification or Disclosure Statement for 510(k) 
notifications with a clinical study. * fSee 21 CFR 807.87 (i)l 
510(k) Kit Certification *** 

* •• 
- May not be applicable for Special 510(k)s. 
- Required for Class III devices, only . 

Present or Missing or 
Adequate Inadequate 

*** - See pages 3-12 and 3-13 in the Premarket Notification [510)] Manual and the 
Convenience Kits Interim Regulatory Guidance. 
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Section 2: Required Elements for a SPECIAL 510(k) submission 

Name and 510(k) number of the submitter's own, unmodified 
redicate device. 

A description of the modified device and a comparison to the 
s onsor's redicate device. 
A statement that the intended use(s) and indications of the 
modified device, as described in its labeling are the same as the 
intended uses and indications for the submitter's unmodified 

redicate device. 
Reviewer's confirmation that the modification has not altered the 
fundamental scientific technology of the submitter's predicate 
device. 
A Design Control Activities Summary that includes the following 
elements a-c : 
a. Identification of Risk Analysis method(s) used to assess the 
impact of the modification on the device and its components, and 
the results of the anal sis. 
b. Based on the Risk Analysis, an identification of the required 
verification and validation activities, including the methods or 
tests used and the acce tance criteria to be a lied. 
c. A Declaration of Conformity with design controls that includes 
the followin statements: 

A statement that, as required by the risk analysis, all 
verification and validation activities were performed by the 
designated individual(s) and the results of the activities 
demonstrated that the predetermined acceptance criteria were 
met. This statement is signed by the individual responsible 
for those articular activities. 
A statement that the manufacturing facility is in conformance 
with the design control procedure requirements as specified 
in 21 CFR 820.30 and the records are available for review. 
This statement is signed by the individual responsible for 
those articular activities. 

Present Inadequate 
or Missin 

Section 3: Required Elements for an ABBREVIATED 510(k)* submission: 

Present Inadequate 
or Missin2' 

For a submission, which relies on a guidance document and/ or 
special control(s), a summary report that describes how the 
guidance and/ or special control(s) was used to address the risks 
associated with the particular device type. (If a manufacturer 
elects to use an alternate approach to address a particular risk, 
sufficient detail should be provided to justify that approach.) 
For a submission, which relies on a recognized standard, a 
declaration of conformity [For a listing of the required elements 
of a declaration of conformity, SEE Required Elements for a 
Declaration of Conformity to a Reco2nized Standndi.i.ch 

Records Processed Under FOIA Request Number 2020-2358 - Released by CDRH on 05-27-2020. Rereleased by CDRH under 2024-4349 on 07-16-2024. 

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



is posted with the SlO(k) boilers on the H drive.1 
For a submission, which relies on a recognized standard without a 
declaration of conformity, a statement that the manufacturer 
intends to conform to a recognized standard and that supporting 
data will be available before marketing the device. 
For a submission, which relies on a non-recognized standard that 
has been historically accepted by FDA, a statement that the 
manufacturer intends to conform to a recognized standard and 
that supporting data will be available before marketing the device. 
For a submission, which relies on a non-recognized standard that 
has not been historically accepted by FDA, a statement that the 
manufacturer intends to conform to a recognized standard and 
that supporting data will be available before marketing the device 
a.ud any additional information requested by the reviewer in order 
to determine substantial equivalence. 
Any additional information, which is not covered by the guidance 
document, special control, recognized standard and/ or non-
recognized standard, in order to determine substantial 
equivalence. 

* -When completing the review of an abbreviated 510(k), please fill out an 
Abbreviated Standards Data Form 0ocated on the H drive) and list all the guidance 

documents, special controls, recognized standards and/ or non-recognized 
standards, which were noted by the sponsor. 

Section 4: Addional Requirements for ABBREVIATED and TRADITIONAL 
510(k) submissions (If Applicable): 

Present Inadequate 
or Missin2 

a) Biocompatibility data for all patient-contacting materials, OR 
certification of identical material/ formulation: 

b) Sterilization and expiration dating information: 
;, ., . 

ii\ "" ,u A "" 
•"" r.F .,,-,.,.; . 

iii\ SAT 
;,.\ 

v) ·r fr.,,. V 

vi\ FT() • 1 

.rii\ rlr."" 
,,.;;;\ T , . . 

1'.lf ,.,h..-...-1 r.r 1\.T,-,..,_ T, .. ' ,1 .. ~ . 
c) Software Documentation: 

Items with checks in the "Present or Adequate" column do not require e additional 
information from the sponsor. Items with checks in the "Missing or Inadequate" 
column must be submitted before substantive review of the document. 

Passed Screening ___ Yes ___ No 
Reviewer: ______________________ _ 
Concurrence by Review Branch: ____________ _ 
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Date: ________ _ 

The deficiencies identified above represent the issues that we believe need to be resolved 
before our review of your 510(k) submission can be successfully completed. In developing 
the deficiencies, we carefully considered the statutory criteria as defined in Section 513(i) of 
the Federal Food, Drug, and Cosmetic Act for determining substantial equivalence of your 
device. We also considered the burden that may be incurred in your attempt to respond to 
the deficiencies. We believe that we have considered the least burdensome approach to 
resolving these issues. If, however, you believe that information is being requested that is 
not relevant to the regulatory decision or that there is a less burdensome way to resolve the 
issues, you should follow the procedures outlined in the "A Suggested Approach to 
Resolving Least Burdensome Issues" document. It is available on our Center web page at: 
http:/ / www.fda.gov/ cdrh/ modact/ leastburdensome.htrnl 

nq 
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PREMARKET NOTIFICATION 
TRUTHFUL AND ACCURATE STATEMENT 

[As Required by 21 CFR 807.87(k)] 

I certify that, in my capacity as Vice President of Regulatory and Clinical Affairs of 
Organogenesis Inc., I believe to the best of my knowledge, that all data and information 
submitted in the premarket notification are truthful and accurate and that no material fact 
has been omitted. 

/~7 . _,,:; 
// 7 · /Jll~L.._ . ,,;< /fl I 

W'nature) 

Patrick R. Bilbo 
(Typed Name) 

6/39/0z-; 
(Date) 

'&95>\\iJ.\1 
*(Premarket Notification [5 lO(k)l Number) 
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51 O(k) PREMARKET NOTIFJCA TION 
FOR 

ORGANOGENESIS INC. 
FORTADERMTM ANTIMICROBIAL PHMB WOUND DRESSING 

1. COMPANY NAME, ADDRESS AND CONTACT PERSON 

Sponsor/Manufacturer 

Organogenesis Inc. 
150 Dan Road 
Canton, Massachusetts 02021 

Contact 

Patrick Bilbo 
Vice President, Regulatory and Clinical Affairs 
Organogenesis, Inc. 

Telephone: 
Facsimile: 

(781) 401-1155 
(781) 575-1570 

2. DEVICE NAME 

Proprietary Name: FortaDerm Antimicrobial PHMB Wound 
Dressing 

Common/Usual Name: Topical Wound Dressing, Wound Management 
Biornaterial 

Classification Name: Unclassified (KMF) 

3. ESTABLISHMENT REGISTRATION NUMBER 

The product will be manufactured at Organogenesis, Inc. in Canton, Massachusetts. 
The establishment registration number for Organogenesis Inc., located at 150 Dan 
Road in Canton, Massachusetts is 1221816. 

The product will be sterilized at i {b)(4) 

i ,·-·-·-l_bl.l.~) rhe establishment registration number for i 
, ___ l{b)(4) i (b){4) ! is 

; 
! 
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4. DEVICE CLASSIFICATION 

Classification Name: Dressing, Liquid 

Product Code: KMF 

Regulatory Class: Unclassified 

5. PERFORMANCE STANDARDS 

No performance standards applicable to this device have been adopted under Section 
514 of the Act. Organogenesis Inc. has applied the use of voluntary standards to 
FortaDerm Antimicrobial PHMB Wound Dressing, including current United States 
Pharmacopeia (USP) standards for biocompatibility tests. FortaDerm Antimicrobial 
PHMB Wound Dressing conforms with the requirements of these voluntary standards. 

6. PROPOSED LABELING 

Adverti sing and promotional materials have not yet been developed for this device. 
Draft proposed labeling for FortaDerm Antimicrobial PHMB Wound Dressing, which 
is a prescription device, includes a package insert and instructions for use, as provided 
in APPENDIX A. 

7. SUBSTANTIAL EQUIVALENCE COMPARISON 

The FortaDerm Antimicrobial PHMB Wound Dressing is comparable to the predicate 
device FortaDerm™ (PuraPly™) Wound Dressing (K0l 1026) with the addition of the 
antimicrobial agent, an additional layer of collagen and crosslinking with 
carbodiimide. In the antimicrobial version of this product, the aforementioned 
collagen wound dressing is coated with L.(b)(4) % polyhexamethylenebiguanide 
hydorchloride (PHMB) solution . FortaDerm Antimicrobial PHMB is substantially 
equivalent to Xylos Xcell Antimicrobial Cellulose Wound Dressing (K024054), in that 
both products are non-interactive wound dressings coated with PHMB as an 
antimicrobial agent. 

The FortaDerm Antimicrobial PHMB Wound Dressing is similar with respect to 
indications for use, materials, technological characteristics , physical construction and 
performance to the predicate devices in terms of section 5 lO(k) equivalency. TABLE 1 
below compares the device characteristics of FortaDerm (currently only marketed by 
Royce Medical as PuraPly ™) Wound Dressing with FortaDerm Antimicrobial PHMB 
Wound Dressing and Xylos Xcell Antimicrobial Cellulose Wound Dressing. 
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Table 1. Comparison of FortaDerm Antimicrobial PHMB Wound Dressing to 
Predicate Devices 

Device Devices 
Characteristics FortaDerm TM FortaDerm 7M Xylos® XCeltt 

( PuraPly TM) Wound Antimicrobial Antimicrobial 

Dressing PHMB Wound Cellulose Wound 
Dressing Dressing 

Same Intended Yes Yes Yes 
Use 
Design Single-layer Single-layer 

Collagen Sheet, hydrophilic, 
Fenestrated 

(b)(4) 
cellulose sheet that 

contains PHMB 

·-·-·-
Materials Porcine Intestinal Porcine Cel lulose and 

Collagen Intestinal PHMB 
Collagen and 

PHMB 
Performance Effective for the Effective for Effective for the 

management of inhibiting management of 
wounds in an animal microbial growth wounds in an 

model in vitro animal model 
Sterilization Gamma Irradiation Gamma Electron Beam 
Process Irradiation i rradi ati on 
Biocompatibity Biocompatible and Biocompatible Biocompatible and 
& Safety Safe and Safe Safe 
Thickness 0.05 - 0.07 mm 0.05 - 0 .1 5 mm 0.75" 

(19 mm) 
Available Sizes 4cm x 6 cm 4 cm x 4 cm 2 in x 2 in 

to to (5 cm x 5 cm) 
12 cm x 36 cm 12 cm x 36 cm 
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8. DEVICE DESCRIPTION 

8.1 Intended Use 

The FortaDermTM Antimicrobial PHMB Wound Dressing is intended for the 
management of wounds and as an effective barrier to resist microbial colonization 
within the dressing and reduce microbes penetrating through the dressing. 
FortaDerm™ Antimicrobial PHMB Wound Dressing may be used for the management 
of: partial and full thickness wounds, pressure ulcers, venous ulcers, diabetic ulcers, 
chronic vascular ulcers , tunneled/undermined wounds, surgical wounds (donor 
sites/grafts, post-Moh 's surgery, post-laser surgery, podiatric, wound dehiscence), 
trauma wounds (abrasions, lacerations, second-degree bums, and skin tears) and 
draining wounds. 

The device is intended for one-time use. 

FortaDerm Antimicrobial PHMB Wound Dressing is a ste1ile single-use sheet dressing 
made of a collagen matrix and is coated with polyhexamethylene biguanide 
hydrochloride (PHMB). This product is available in sizes within a range of 4 cm x 4 
cm and 12 x 36 cm and is available fenestrated for moderate to heavy exudate wounds. 
The dressing may also be used on minimally exuding, non-exuding and dry wounds as 
stated in the Instructions-for-use. The wound dressing also protects against abrasion, 
desiccation, and external contamination. Under the supervision of a health care 
professional, the FortaDerm Antimicrobial PHMB Wound Dressing is intended for the 
local management of exuding wounds , including infected and non-infected pressure 
ulcers, venous ulcers, diabetic ulcers, arterial ulcers, donor sites and other bleeding 
surface wounds, dermal lesions, trauma injuries or incisions, superficial cuts, minor 
scalds and burns, minor skin irritations, lacerations and abrasions. The device is 
intended for one-time use. 

8.2 Design and Materials 

FortaDerm Antimicrobial PHMB Wound Dressing consists of! (b)(4) ! 

(b)(4) iof porcine intestinal collagen, approximately ff.-05To-UT5rrirr( 
m thickness. The device is cross-linked with! (b)(4) 

(b)(4) ~-~ !coated with ~-(-b.)(4=---)-C.--l -so-lu-t-io_n_o_f_~ 
, po I yh.--e_x_a_m_e-:-t.--h y-,l,.e-ne---.;_6~1-gi-ua-· r~1_,d-e-[PHMBY-.The prodifr~t consists pnrrfrinly of Type I 

porcine collagen ~(b){4)~ in its native form, with less than J(b)(4)J lipids and 
undetectable levels '-cw-·urycosaminoglycans (L(b){4)_!) and DNA c· (b)(4) ~- The 
porcine intestinal collagen is free of cells and cell remnants . Fo1taDerm Ant11nicrobial 
PHMB Antimicrobial Wound Dressing is supplied in sheet form in sizes ranging from 
4 cm x 4 cm to 12 cm x 36 cm. 
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8.3 Information for Animal~Derived Tissue 

Species and tissue from which the animal material is derived: 
• Porcine small intestine submucosa (predominantly Type I collagen). 

How the health of the herd is maintained and monitored: 

• 
• 

• 
• 

• 
How the health of each animal is maintained and monitored: 

• 
• 

• 

8.4 Device Manufacture 

FortaDerm Antimicrobial PHMB Wound Dressing is prepared from the small intestine 
of large swine (i (b)(4) !. i (b)(4) 
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8.5 Packaging and Sterilization 

(b}(4} Vendor Information 
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8.6 Viral Inactivation Validation 

Infonnation on viral inactivation validation is provided in KOl 1026. 

8.7 Final Product Specifications 

In Process and Final Product Specifications for critical parameters will be finalized 
during the ongoing manufacturing process validations and sterilization validations. 
The parameters that will be evaluated include hi~1ofoe:_y__(to verify the chemically 

cleaned_ material i;s i (b)(4) L t~ermal s_tability ! (b)(4) I, bioburden q (b){4) I, 
endotoxm levels (7 (b){4) !and stenhty. · · · 

8.8 Product Expiration Dating 

The product expiratlon date for the device has not yet been determined. The 
expiration date will be established according to the protocol provided in APPENDIX C. 
Data will be collected from at least three production lots of the finished packaged 
device . 

9. BIOCOMPATIBILITY TESTING 

(b)(4) Test Data 

FortaDerm Antimicrobial PHMB Wound Dressings used for this testing were 1_<b><4>Pr010001 i 

{b){4) Protocol 

(b)(4) Protocol 
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CYTOTOXICITY TESTING 

(b)(4) Test Data 

DERMAL SENSITIZATION 

(b)(4) Test Data 
PRIMARY SKIN IRRITATION 

(b)(4) Test Data 
HEMOCOMPATIBILITY 

{b){4) Test Data 
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ACUTE SYSTEMIC TOXICITY 

{b){4) Test Data 

BIOCOMPATIBILITY TESTS CONDUCTED FOR SIMILAR FORTAFLEX PRODUCTS 

PYROGENICITY 

(b)(4) Test Data 
SUBCHRONIC TOXICITY 

{b ){ 4) Test Data 
GEN OTO XI CITY 

(b)(4) Test Data 
ANTIGENICITY 

(b)(4) Test Data 
Organogenesis Inc. - FortaDerm Antimicrobial PHMB™ Wound Dressing 510(k) 06/20/05 
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10. PERFORMANCE TESTING 

(b )( 4) Test Data 
11. 510(K) SUMMARY 

As required by The Safe Medical Devices Act of 1990 and 21 CFR 807.87(h), the 
510(k) Summary for this submission is provided in APPENDIX F. 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service 

July 14, 2005 

ORGANOGENESIS, INC. 
150 DAN RD. 
CANTON, MA 02021 
ATTN : PATRICK BILBO 

Food and Drug Administration 
Center for Devices and 
Radiological Health 
Office of Device Evaluation 
Document Mail Center (HFZ- 401) 
9200 Corporate Blvd . 

Rockville, Maryland 20850 

510(k) Number: K0 51647 
Product : FORTADERM 

ANTIMICROBIAL 
WOUND DRESSING 

We a re holding your above-referenced Premarket Notification (510(k)) 
for 30 days pending receipt of the additional information that was 
requested by the Office of Devic e Evaluation. Please remember that 
all correspondence concerning your submis sion MUST cite your 510(k) 
number and be sent in duplicate to the Document Mail Center (HFZ - 40 1 ) 
at the above letterhead address. Correspondence sent to any address 
other than the one above will not be considered as par t of your 
official premarket notification submission. Also, please note t h e new 
Blue Book Memorandum r egarding Fax and E- mail Policy entitled, 
"Fax and E-Mail Communication with Industry about Premarket Files Under 
Review. Pleas e refer to this guidance for information on current fax 
and e-mail practices at www . fda.gov/cdrh/ode/a02-0l.htm1. 

The deficiencies identified represent the issues that we believe need to be 
r esolved before our review of your 510( k ) submission can be successfully 
completed. In developing the deficiencies, we carefully considered the 
statutory criteria as defined in Section 513(i) of t h e Federal Fo od, Drug , 
and Cosmetic Act for determining substantial equival ence of your device. 
We also considered the burden that may b e incurred in your attempt to respond 
to the deficiencies. We believe that we have considered the least burdensome 
approach to resolving these issues . If, however, you believe that information 
is being requested that is not relevant to the regulatory de c ision or that 
there is a less burdensome way to resolve the issues, you should follow the 
procedures outlined in the "A Suggested Approach to Resolving Least Burdensome 
Issues" document. It is available on our Center web page at : 
http ://www.fda.gov/cdrh/modact/leastburdensorne.html 

If after 30 days the requested information, or a request for an extension 
of time, is not received, we will discontinue review of your submission 
and proceed to delete your file from our review system. Please note our 
guidance document entitled, "Guidance for Industry and FDA Staff FDA and 
Industry Actions on Premarket Notification (510(k)) Submissions: Effect on 
FDA Review Clock and Performance Assessment" . The purpose of this documen t 
is to assist agency staff and the device industry in understanding how various 
FDA and industry actions t hat may be taken on 510(k)s should affect the review 
c lock for purposes of meeting the Medical Device User Fee and Modernization 
Act. You may review this document at 
http://www.fda.gov/cdrh/mdufrna/guidance/1219.html . Pursuant to 
21 CFR 20.29 , a copy of your SlO (k) submission will remain in the Office 
of Device Evaluation . I f you then wish to resubmit this 510 (k) 
notification, a new number wi l l be assigned and your submission will be 
considered a new premarket notification submission. 
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Please remember that the Safe Medical Dev ices Act of 1990 states that 
you may not place this device into commerc ial dis tribution until you 
receive a decision letter from FDA allowing you to do so. 

If you have procedural or policy questions, please contac t the 
Division of Small Manufacturers International and Consumer Assistance (DSMICA) 
at (30 1) 443-659 7 or at their toll-free number (800) 638-2041, or contact me 
at (301) 594-1190. 

Sincerely yours , 

Marjorie Shulman 
Supervisor Consumer Safety Officer 
Premarket Notification Section 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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Organogenesis Inc. 
LIVI NG TE CHNO L OGY 

June 20, 2005 

Food and Drug Administration 
Center for Devices and Radiological Health 
Document Mail Center (HFZ-401) 
9200 Corporate Boulevard 
Rockville, Maryland 20850 

VIA FEDERAL EXPRESS 

KOS/l4-7 

Re: Traditional SlO{k) Premarket Notification for FortaDerm™ AntimicrobiaU!HMII_: 
Wound Dressing 

Dear Sir/Madam: 
'~ r l 

Enclosed are two copies of a 5 lO(k) Premarket Notification submitted in accordance '\ifith ii 
CFR 807, Subpart E, for Organogenesis Inc.'s FortaDerm™ Antimicrobial PHMB Wound 
Dressing. The device is indicated for use as a wound dressing and is reviewed by the Plastic and 
Reconstructive Surgery Devices Branch in the Division of General, Restorative and Neurological 
Devices. The Common/Usual Name is Topical Wound Dressing, Wound Management. The 
Biomaterial/Classification Name is Unclassified (KMF). 

FortaDerm™ Antimicrobial PHMB Wound Dressing is a modification of the FortaDerm™ 
Wound Dressing previously cleared for marketing (KO 11026). The principal modifications 
include an increase in the number of collagen layers, addition of a crosslinking agent and the 
addition of a chemical antimicrobial agent polyhexamethylenebiguanide hydrochloride (PHMB). 
The product will be ma.nufac.t.ured_at.Dr2ano.Qenesis_Jnc. ____ L)O Dan Road, Canton, MA, and 
sterilized at i (b)(4) Vendor Information l The establishment registration 

,---------, 
number for Org~nQg~resis Inc. is 1221816. The establishment registration number fo~ (b){4)Vendorlnformation i 

l (b)(4) Vendor Information i ! ! 

'"Thi s submission incl~des extensive trade secrets and commercial information which is privileged 
or confidential, and which, in accordance with 21 CFR 20.61 , is not available for public 
disclosure. 

We believe that this submission includes all of the necessary information to allow FDA to make 
a determination of substantial equivalence for this device, however, should you have any 
questions regarding the submission or require additional information, please contact Patrick 
Bilbo, Vice President, Regulatory and Clinical Affairs at (781) 401-1155. 

SinGef'jily, ,,,.
1 

0t/(2 ~c-t---
P'atrick R. Bilbo 
Vice President, Regulatory and Clinical Affairs 

Enclosures 
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(''4 DEPARTMENTOFHEALTH&.lillMANSERVICES 

' •~,,.,~ 

Public Health Service 

Food and Drug Administration 
9200 Corporate Boulevard 
Rockville MD 20850 

Patrick R. Bilbo, Vice President 
Regulatory and Clinical Affairs 
Organogenesis, Inc. 
150 Dan Road 
Canton, Massachusetts 02021 

Re: K051647 

~av - s 2005 

Trade/Device Name: FortaDern/M Antimicrobial PHMB Wound Dressing 
Regulatory Cla'iS: Unclassified 
Product Code: FRO 
Dated: October 21, 2005 
Received: October 25, 2005 

Dear Mr. Bilbo: 

We have reviewed your Section 51 O(k) premarket notification of intent to market the device 
referenced above and have determined the device is substantially equivalent (for the indications 
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate 
commerce prior to May 28, 1976, the enactment date of the Medical Device Amendments, or to 
devices that have been reclassified in accordance with the provisions of the Federal Food, Drug, 
and Cosmetic Act (Act) that do not require approval of a premarket approval application (PMA). 
You may, therefore, market the device, subject to the general controls provisions of the Act. The 
general controls provisions of the Act include requirements for annual registration, listing of 
devices, good manufacturing practice, labeling, and prohibitions against misbranding and 
adulteration. 

If your device is classified (see above) into either class II (Special Controls) or class III (PMA), it 
may be subject to such additional controls. Existing major regulations affecting your device can 
be found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may 
publish further announcements concerning your device in the Federal Register. 

Please be advised that FD A's issuance of a substantial equivalence determination does nol mean 
that FDA has made a determination that your device complies with other requirements of the Act 
or any Federal statutes and regulations administered by other Federal agencies. You must 
comply with all the Act's requirements, including, but not limited to: registration and listing (21 
CFR Pmi 807); labeling (21 CFR Pmi 801 ); good manufacturing practice requirements as set 
forth in the quality systems (QS) regulation (21 CFR Parl 820); and if applicable, the electronic 
product radiation control provisions (Sections 531-542 of the Act) ; 21 CFR 1000-1050. 

I 
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Page 2- Patrick R. Bilbo, Vice President 

This letter will allow you to begin marketing your device as described in your Section 51 O(k) 
premarket notification. The FDA finding of substantial equivalence of your device to a legally 
marketed predicate device results in a classification for your device and thus, permits your device 
to proceed to the market. 

If you desire specific advice for your device on our labeling regulation (21 CFR Part 80 I), please 
contact the Office of Compliance at (240) 276-0115. Also, please note the regulation entitled, 
"Misbranding by reference to premarket notification" (21CFR Part 807.97). You may obtain 
other general info1mation on your responsibilities under the Act from the Division of Small 
Manufacturers, International and Conswner Assistance at its toll-free number (800) 638-2041 or 
(301) 443-6597 or at its Internet address http://www.fda.gov/cdrh/industry/support/index.html 

Enclosure 

Sincerely yours, 

~~ 
Mark N . Melkerson 
Acting Director 
Division of General, Restorative 
and Neurological Devices 

Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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Indications for Use 

5 lO(k) Number (if known): Kos l~¼ l 
Device Name: FortaDerm™ Antimicrobial PHMB Wound Dressing 

Indications for Use: 

The FortaDerm™ Antimicrobial PHMB Wound Dressing is intended for the 
management of wounds and as an effective barrier to resist microbial colonization within 
the dressing and reduce microbes penetrating through the dressing. FortaDerm™ 
Antimicrobial PHMB Wound Dressing may be used for the management of: partial and 
full thickness wounds, pressure ulcers, venous ulcers, diabetic ulcers, chronic vascular 
ulcers, tunneled/undermined wounds, surgical wounds (donor sites/grafts, post-Moh's 
surgery, post-laser surgery, wound dehiscence), trauma wounds (abrasions, lacerations, 
second-degree bums, and skin tears) and draining wounds. 

The device is intended for one-time use. 

Prescription Use _j___ 
(Part 21 CFR 801 Subpart D) 

AND/OR 
Over-The-Counter Use __ _ 
(21 CPR 801 Subpart C) 

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE 
OF NEEDED) 

Concurrence of CDRH, Office of Device Evaluation (ODE) 

(Posted November 13, 2003) 

Page _ of_ 

ivision Sign Oft) 
Division of C-rfne"I. Re~torntive., 
and Neurological Devices 

510(k) Number l(05"°l {fJj],-
3 
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DEPARTMENT OF HEALTH & HUMAN SERVICES 

From: 

Public Health Service 
Food and Drug Administration 

Memorandum 

To: The Record - It is my recommendation that the subject 51 0(k) Notification: 

(b)(5) FDA Reviewer Notes 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 
Food and Drug Administration 

Memorandum 

To: The Record - It is my recommendation that the subject 5 lO(k) Notification: 

(b)(S) FDA Reviewer Notes 
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{b){S) FDA Reviewer Notes 
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To: The Record 

SlO(k) Memorandum 
K051647 

From: David Krause, PhD, Expert Biologist 
ODE/DGRND/Plastic & Reconstructive Surgery Devices Branch 

Date: July 13, 2005 

Re: Device Name: FortaDerm™ Antimicrobial PHMB Wound Dressing 
Sponsor: Organogenesis Inc. of Canton, Massachusetts 
Sponsor Contact: Patrick Bilbo at 781-401-1155 

(b)(S) FDA Reviewer Notes 
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Krause, David 

From: 
·ent: 
io: 
Subject: 

Dear Mr. Bilbo, 

Krause, David 
Wednesday, July 13, 2005 2:27 PM 
'pbi I bo@organo.com' 
51 0(k) for FortaDerm Antimicrobial Dressing 

We have reviewed your 51 0(k), K051647, for the FortaDerm Antimicrobial PHMB Dressing. We cannot complete the 
review until you have addressed the following issues. Please submit these in hard copy to the CDRH Document Control 
Center, HFZ-401, 9200 Corporate Blvd., Rockville, MD 20850. 

{b){4) Deficiencies 
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(b)(4) Deficiencies 
Thank you , 

"'lavid Krause, PhD 
....:xpert Biologist 
PRSB/DGRN D/ODE/CDRH 

2 

/c; 
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Internal Administrative Form 
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"SUBSTANTIAL EQUIVALENCE" (SE) DECISION MAKING DOCUMENTATION 
K051647 
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To: The Record 

510(k) Memorandum 
K051647/S01 

From: David Krause, PhD, Expert Biologist 
ODE/DGRND/Plastic & Reconstructive ·Surgery Devices Branch 

Date: November 4, 2005 

Re: Device Name: FortaDerm™ Antimicrobial PHMB Wound Dress 
Sponsor: Organogenesis Inc. of Canton, Massachusetts 
S onsor Contact: Patrick Bilbo at 781-401-1155 

(b)(5) FDA Reviewer Notes 

(b)(5) FDA Reviewer Notes 
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