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DESCRIPTION OF THE INVENTION

It has been found that the successful coating of a collagen sponge with a fibrin glue

35 preparation depends on the texture of the collagen sponge. It is thus an object of the
present Invention to provide a method of producing a collagen sponge with a certain
texture, in particular with the aim of making the collagen sponge suitable for coating with a
fibrin glue preparation, so as to obtain a material for healing and sealing wounds. It is a
further object of the Invention to provide a method of producing a collagen sponge having



30 the tendons preferably conprises adding lactic acid to the tendons. The
|l actic acid used may be a 0.40 - 0.50% |l actic acid, such as a 0.45% | actic
aci d. Thevewap7s94 swel | i ng of the tendons may conprise st ®CIi§02/61d52 endons
at a tenperature of 4C to 25C, such as a tenperature of 10C to 20C, for a
period of 48 to 200 hours, such 35 asda period of 100 to 200 hours. The
step of honobgenising the swelled tendons is preferably carried out so as to

obtain a IH@Weg'&ygicauecngﬁaceeakd@qem&@h thIpRgABMIsponges,dn th erselafliinprovedt h a
di aneter of 0.8 -
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means of a’i’é’é?ﬁgﬁg g:fllgé&%sr{ofls%rﬁ a?@"eégutgte onﬁgzwlggtéi“gr\?ﬁ%wuim nt. 5 The
_step of 5 nifwoul thiercollagen spergee 815 aghfugther pieFier 4t W%‘ﬁﬂ‘f%sfgg‘ﬂgﬁé WOHs of
- mxing ésg?ﬁrﬁematéiaﬂ whithQah BE us& inlR¥sti@ntRstid funngisxetratheas to generate a
col l agen fo - feeding the mxed gel foamlInto a fractionising channel, -
separating collagen gel and collagen foam contained In the fractionising
channel . #fusAln 4 fifs taspantehedfivéntien prvideg@rmetbbd stpraparinga cellagen FRORGA, | agen
foamIn the ffﬁ_.ct"! %ryt@srm. channel may be |l ed back to the mxer. In that
case, the“YH goehtwe n the anount of collagen gel which Is | ed back to the
m xer ffom tpneparingct fYASYI 9y channel and the anobunt of fresh collagen gel

l ed to the mhixfg diSinks Blecbiddel gaetoeeto Gbtainanchlliegdn fodime st ep of separating
col | agen gel K and col |,.agen.foam f I k] q 15 -
separating 4r¥89 L Eﬂ%g%{} foay sp E%?oc%ftglggye%&f (I)amoig(ﬂ'ta glgﬁgg&fd%ﬁ}aﬁl;ng
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mai nt ailfed i9f npeTe th?fh%ﬁdﬁlmsapﬂée%Haaﬁ'n"emmdiﬁ'%ﬁ'ae%&?‘a g:e d%i"ﬁege air r+gfﬁ%f t he
col I agen gelat rhéxe 308, agen foam may be honopgeni sed for a period of 2 to 4
mnutes. 25 Prior to the step of drying the collagen foam and subsequent to

the step of mxing air into the collagen gel traliser may, be_added to
the col | agﬂethefwam“t&ﬁ'&ei‘%éhec’@ﬂﬂéﬂﬁﬁ’qe()&fﬂ"? e"prsg?‘gggﬁf"?dﬁrégcprdaqsitgggaﬁgﬁ&or der
to arrive sfrhight-fePivaial-well dtantsinad thambizet Ve @s the Brgeati dgbnal stralghktinal ue i n
t he col | agen foamb . ' # 84 BRaN anmoni a

sol uti & ﬁ%ﬁ’“ﬁ% °E§é§%‘%§eﬁ'375%§‘a%%f‘2’8§%b (ﬁ%ﬁo@ﬁﬂ?g&‘r%{%eneut ralised for a

30 peri odocighadhdngir s, such as 10-20 hours, such as approxi mately 24
hours. Prior to the step of drying the collagen foam the collagen foamis

f bly filled._Int dryi t ai | t il |
o et o1 s fefairpen Apae At 1 Shrhy leRer i mby® 78 rifRard Bl SOR' i ! 1Y
pr ef er abl w champer dlesettr pverggaof at mest3ana erdepethRcaliraessrenge Barticllaflyh as
bet wee sz%sé’f{lgfoﬁ%ngfcs‘éteé‘wﬁﬁfé ﬂwlncglue?ﬂ'eB%tlbﬁ.Wréfermfthé%oll@@n HeDhéwats, SO

o essure. gasgin P BRGRF! AengupNE ss pREd S gu el B BY. 8T R 53 Ag,
bet ween 7QQcirasls-A00marpar 1 gget Mhadymamc yiscosityedf ihaotlage pel is preferably 2-20
Ncm, such as 4-10 Ncm, such as 6-8 Ncm. The collagen sponge preferably has a water
content of not more than 20%, such as 10-15%, such as about 18%. The elasticity module
30 of the collagen sponge Is preferably in the range of 5-100 N/cm, such as 10-50 N/cm, and
the density of the sponge is preferably 1-10 mg/cm?, such as 2-7 mg/cm?®,

It has been found that a collagen sponge prepared by the method according to the
invention Is alr and liquid tight in the sense that, once the collagen sponge is applied to a
35 wound, it will not allow air or liquid to pass through the collagen sponge. Liquids are
absorbed in the sponge. This effect is primarily achleved due to the fact that the step of
mixing air into the collagen gel provides a collagen sponge which has a three-dimensional
structure with stacked chambers separated and substantially totally enclosed by walls of



WO 02/ 070594 8 PCT/1B02/ 01452 The col | agen sponge produced by the nethod
according to the Invention preferably fulfils at | east one of the follow ng
criteri a:Wo 0ppros3 ue between 5.0 and 6.0, 5 - lactic acidREdniBere14s2 t he
nost 5% - ammoni um content at the m)st 0.5/0, - soluble protein content,
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100% - nscgtr% of 1-10 ng/cnB, such as 2-7 ng/cnB, - elasticity nodul e of
5-100 N/c% 'h as 10-50 VNcm 15 The step of isolating parts of coll agen
sponge may conprise dividing the collagen sponge into a plurality of parts
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-~ removing foreign protein from the tendons,
- reducing germ content in the tendons,

20 - swelling the tendons,
- homogenising the swelled tendons.

The steps of storing, peeling, removing protein, reducing of germ content, and swelling
aim at purifying the raw materlal, whereas the step of homogenising aims at obtaining the
25 collagen in the form of a gel.

The step of reducing of germ content preferably comprises adding an acid, such as an
organic acld, such as lactic acid to the tendons. Further, an organic solvent, such as an
alcohol, such as ethanol is preferably added to the tendons. Further, the step of swelling of

30 the tendons preferably comprises adding lactic acid to the tendons. The lactic acld used
may be a 0.40 - 0.50% lactic acld, such as a 0.45% lactic acid.

The step of swelling of the tendons may comprise storing the tendons at a temperature of
4°C to 25°C, such as a temperature of 10°C to 20°C, for a period of 48 to 200 hours, such

35 as a period of 100 to 200 hours.

The step of homogenising the swelled tendons is preferably carried out so as to obtain a
particle size of collagen gel fragments, I.e. fibre balls, with a dlameter of 0.8 - 1.2 cm, such
as approximately 1 cm. Further, the physical characteristics of the collagen gel are



9 In athird aspect, the present Invention provides a device for extracting
a part of a collagen foam and for degenerating another part of the collagen
foamto aveerPwgeh gel, conprising: - a fractioni sing cha®GaBe2dgsl si ng an
inlet for receiving a flow of collagen foam an outlet for a part of the
flow of collagen foam and a bottom partion which is inclined 5 downwards
in the direction of the flow of collagen foam - at |east one outlet for

col1agen Gelrefby! L QR AR HE DBrohatk NRalabRALIQIS) 19 SAAMRYe acHifEs! N
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human gastroi ntestinal funnels and trachea, for exanple be as foll ows:
Bowels: 0.5 - 6 cm20 Rectum 1 - 4 cmlLarge intestine: 2 - 6 cm Snall
i nt est i 10e:AtQeast sorBe ofitt@celipdencpet sepdrased framctire Tollagle doam In the feantionisinge
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of sutures), J?\l | c§t|on on burns, - bandage on topical Injuries, - drug
delivery, su I'very of anti b| otics. WO 02/070594 10 BRI EF

DESCRI PTI ON CF THE DRAmVNGS PCT/ 1 B02/ 01452 Figs. 1 and 2 contain a flow
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of the viscosi
a perlod of 2to 4 mlnutes

25 Prior to the step of drying the collagen foam and subsequent to the step of mixing air into
the collagen gel, a neutraliser may be added to the collagen foam, and the collagen foam is
preferably neutralised in order to arrive from a pH-value of, usually, between 2.5 and 3.5
to a pH-value in the collagen foam between 6.5 and 8.5. A neutraliser comprising an
ammonia solution may be used, and the collagen foam Is preferably neutrailsed for a

30 period of 5-30 hours, such as 10-20 hours, such as approximately 24 hours.

Prior to the step of drying the collagen foam, the collagen foam is preferably filled Into a
drying contalner in such a way that substantially no air Is drawn Into the foam while filling.

35 The step of drying preferably comprises drying at a temperature between 15°C and 60°C,
such as between 20° and 40°C, for a perlod of 50-200 hours, such as 100-150 hours, so as
to obtain a dry collagen sponge. The drying may be performed at a pressure slightly under
atmospheric pressure, such as at a pressure of between 700 and 900 mbar, such as
approximately 800 mbar.



DESCRI PTI ON OF THE DRAWNGS I n a preferred enbodi nent, the invention
conprises the following steps as Illustrated in 15 Figs. 1 and 2: Step 1
Del i very wo odiems9f r ozen horse tendons The horse tendons arr€Td8bI/AW®E2Xd and
stored at -18 Cto -25 C. 20 Step 2 Peeling of horse tendons In a

hal f-frozen state, the thin skin of tige tendons |Is manually or nechanically
renmoved with a knife. The tendons are then again deep-frozen at -18 Cto
-25 C. 25 Step 3 ~[pchanical sllcina of peeled horse tendons Optionally,
peel ed frozen tendons are disinfected for 30 mn in 70 % et hanol and Passed
| nto proddibe culagenmEpongmpronucsd byt methed aceardifa o SiednyerationerefesapPly Swflisar t er

washi ng t heLandnsr eHeol &th:t 0 bl ocks and deep frozen at -18 Cto -2S
"C. The frozen tendon 30 b%gcsanaﬂe then sliced with a cutting machine with

a rotating kPivalueReiwes ng a thickness of approximately 1 mm Step
4 Washi g _angdctt adidfcententoat thé ntdse5%endon slices 35 I n order to renove

‘sol ubl e proteins i re first soaked in water for Injection
for 3 - 6—hOﬂp@,oh!%rﬁﬁoﬁ\ggﬂﬂ%gh%ﬁoﬁ@%g?bér for Injection or demoneral i zed
wat er or sal solgaé wrotsifscoptant.risiiatpd@s2ibusmin copteRly 2 thedRogk 0% t he range of

1-1 OrM untii |s‘h5}§t§l#gﬁé§w1@é‘ﬁ at thefm&@e 1@Wopohenogl obi n. The tendon slices are
then disinfected in 70 %ethﬁpol f%%r0 15 mn and washed twice in 0.4S %
1

lactic acid PERVYrTRIE FYGREAL NS P AU P | tered and WD 02/ 070594 11
depyr og@ni-s egh)crbisiotogielvpurityyeat ¢hemnst 10° SFUfR,5 Pr oducti on of col | agen gel

PCT/ 1 B0O2/ 014 slices are soaked in 0.45 %l actic acid
Kiger] WEnUROdfbod 61 ERA,

for 2-5 days, era ys, and_then honogeni sed to a col | agen gel .
Exposure to densiyqf1atd Mg/ aushas&5hBIHE ed to be one of the main virus
| nact i vat i_ong|géteiy. m&iep oS50y dng, sith ¥ b-50i N/eol. ver stirrers sterile
filtered air is whipped Into the collagen gel. The arising foamis
fractioned, and the fraction with a bubble size of 1 - 3 nmIs collected.
The foat® iThestap efdsdlating parts ofcokdger spangefBaY Fameriss dyiding thegpllagen spanasy v

rotated f Qﬁtowg@ﬂw S B ditigl S bAtOBbtINGd IndyoRBRPea IS afeesirable s f oam
Is filled I'nto dryi ng ccint i mlfﬁrgg cybf baqle i% Oit tah%ncgn.’t aicps i por}‘si sts of
a textil e feinysiyeh Bficenc s‘@@?r gcuding eYiinpde! With 20 anpaies I FORTSH IS Hi ng of

t he foam réftheguldr, poBdoimbucubic, prcdflairshbéty of 8heyimpy be ransfigemad ditmaroouipie s

exposed t%}/ FGoriRS gfandizdRs fledldatkef.r om a 26 % anmmoni a sol ution of DAB
quality. ring this process, the surplus of ammonia shifts the pH of the

foam t 2& he al kaline region. Amonia is renoved during the subsequent
dryi ng prqaessecossadpect)ghé presentdnventidn Gdates bala ceth@t of pprepaing aepliagenf oam

sponge, comprising the steps of:
~ preparing a collagen gel,
- mixing air into the collagen gel, so as to obtain a collagen foam,
25 - drying the collagen foam, so as to obtain a dry block of collagen sponge having
chambers therein,
- Isolating, from the block of collagen sponge, parts of sponge having the following
properties:
-~ elasticity module in the range of 5 to 100 N/cm,
30 - density In the range of 1 to 10 mg/cm?,
- chamber diameter of more than 0.75 mm and less than 4 mm, or a chamber
diameter average of at most 3 mm.

It should be understoad that any and all steps of the method according to the first aspect

35 of the invention may also be parformed in the method according to the second aspect of
the invention. Further, any and all characteristics and features of the collagen sponge
produced by the method according to the first aspect of the invention may also be
achieved by the method according to the second aspect of the invention.



The foamis dried in warmair in a high grade steel drying chanber for 48 -
150 hours, 2S preferably 120 - 150 hours. The result |Is collagen sponge
shaped | wdbweiosa4 Step 8 Cutting the coll agen bl ocks Bl oceeT/IB02400452ef er r ed
to as sheets, of collagen may for exanple be used as carriers for a 30
coating. The cutting is perfornmed wiPh a vertical cutting machine. First,
the sides of the block are cut off to yield a block with vertical sides
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of collagen material separating the chanbers. 20 Fig. 4 shows a stirring

device f Ofqgd hﬁéid(gérﬂ&eaomasme?mama? YibRC Hote/ma, Rr hpislitation FOMMIOUSI Ng @
cont al ner adapted to acconmbdate a |1 qu r stirring Bal d

qui d and ans f >
i quid. THENaR QQSFWHﬁe%é'rfE"?%ﬁﬂq %%Chﬁa'rgé’& eé?"f"gl'g%&:?stf%%évsf ork shaped
el enent. dovwdlgquid fn theosordanner is stirred by applying a torque to the

rod, r LNg.in a rotati novenent of the fork shaped el enent. The
fork s%éag%%t%ﬁénent corrp!rligerlg'{a primary part 41 to which the rod is 25

attached lange i9testipgt and2a68tond secondary part 42. The secondary parts
are attacémqgl intestihg: endsosf-3 & primary part As the fork shaped el enent
rotates the [faces noves t liquid and thus stirs the liquid. In one
enbodi nmen est°§§agd‘5m ce ha§'§t h%a?ol | om ng di nensions. The container is 110 nm
hi gh 30 aFfrdchie#s mm wi de. 1THeEM od is 22D mm hi gh and has a diameter of 10
mm Thggprimary part 41 of the fork is 90 nmlong and 30 nm high. The

Ut e edyBRGOIRaR SRDRR Tavy EBa bt esaory Srale i sl igRatRRRELA0 O
| s 28 mm outpouchings on gastrointestinal funnel walls, such as after rectal surgery, such as after
surgical removal of hemorrhoids. Examples of indications made possible by the collagen
sponge according to the Invention are:
30 - wound dressing,
— support of haemostasis, such as
weak, diffuse bleeding from parenchymatic organs,
- surgical procedures on surgery locations where ectrosurgery or ligation has been

performed prior to application of the collagen sponge,
35 - prevention of rebleeding (securing of sutures),
— application on burns,
- bandage on topical Injuries,
— drug delivery, such as delivery of antiblotics.



35 Exanple | Table | bel ow shows paraneter values of three different cycles
of the method according to the invention. WO 02/ 070594 13 PCT/1B02/ 01452
Cycl e 1Cweb@2/8%ped € 3Peel ing of tendons: waste (9% 244038BipdvaBdEo4b2f or e
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‘periodl8,. ﬁ? %Eﬁ? H%.ﬁ@qét éﬂhé@ﬂrf&%rdf%%%ﬂéb%ﬂﬁ BrdePoyided by a method
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10 Fig. 4 discloses a stirring device for obtaining a measure of the viscosity of a collagen ge!l.
DESCRIPTION OF THE DRAWINGS

In a preferred embodiment, the invention comprises the following steps as lllustrated in
15 Figs. 1 and 2:

Step 1 Delivery of deep-frozen horse tendons

The horse tendons are delivered and stored at -18 °C to -25 °C.

20 Step 2 Peeling of horse tendons

In a half-frozen state, the thin skin of the tendons Is manually or mechanically removed
with a knife. The tendons are then again deep-frozen at -18 °C to ~25 °C.

25 Step 3 Mechanical slicing of peeled horse tendons

Optionally, peeled frozen tendons are disinfected for 30 min in 70 % ethanol and passed
into production rooms under ethanol. The tendons are then washed, and after washing the
tendons are compacted to blocks and deep frozen at -18 °C to -25 °C. The frozen tendon

30 blocks are then sliced with a cutting machine with a rotating knife into slices having a
thickness of approximately 1 mm.

Step 4 Washing and disinfection of the tendon slices

35 In order to remove soluble proteins, the tendon slices are first soaked in water for injection
for 3 - 6 hours, then washed with water for injection or demineralized water or salt
solutions containing Ca?* and/or Mg?*-ion within the range of 1-10mM untlii the
supernatant Is free of hemoglobin. The tendon slices are then disinfected in 70 % ethanol
for 15 min and washed twice in 0.45 % lactic acid in drinking water (sterile filtered and



14 PCT/1B02/ 01452 Table Il bel ow shows paraneter values of three different
col | agen sponges obtai ned by the nethod according to the Invention. Sponge
| Sponge Wepmomsd | | pH val ue (spec: 4-6)5.45. 15. 4Lacti ¢ a®Cd/IB02/01452

content 2. 692. 8%R2%Anmoni um cont ent 0, 2%9. 2%9. 1%5ol ubl e protein

content 0. 199. 05%0. 08%5ul phat e ashes cantent 0, 4%9. 3%9. 3%V cr obi ol ogi cal
purity (CFU g)14-i000<18-124<ii-33Collagen content related to dry nmass95%
95908l OV\aéer con} ea} %4% %%ae /Eltﬁgl% city nodul e10-45 N cml5-50 N cnl2.3=41.0
N/ cnChanb8FPYEREsRISEd S ERYe Meahetel ue) 2. 3me. | m2. 9nmDensi t y
~2.5-6.ing/cnB8 12.9-5.9ny/ cn$2. 4-5. Ong/ cm~ Sponge | VSponge VpH val ue 5.3

5. 7Lactic %gisd%wm um content 0.1 %9. 1%5ol ubl e protein
“cont ent 0. 04%0. ul phat e ashes content 0. 3%9). 2%1eavy net al

cont ent <20ppnx20ppnM cr obl ol ogi cal purity< 12-345CFU g< 15-48 CFU gCol | agen
cont ent 51 ehelvashetiGendon sieasss ¥PA&ME Or45cmrbctiotatidifd224E| desfs) prefeyably 4 days,

“modul e10. 4-42 | N - C er_ Sg i 69,{594; I -
nmDensi tyan~d2t.%§':l §' ° %!%g %’g%‘l\g%@@ﬁ%‘/ éer{Bé@%ﬁé{gltg [ &%ﬁ%‘*? c%?%@%?éml e
rel at es tong ¢fdhe mepln ¥icus ingetivatiemeleps.of t he viscosity of the collagen gel by
torque neasurenent. The equi pment used for the torque neasurenent is: WO
02/ 070594 _15 PCT/ 1 B02/ 01452 - Stirring nmachi ne: EUROSTAR POAER control -vi sc
- W ndowsS%Br6 §eamind| KASOFT do - Torque I ndicator: VISCOKLICK VK 1 -

Dat al ogger DC 2 5 - Special stirrer construction ("fork™) with defined

di nensi on (of SN - i j j a
et ght - or W5p AssalvbPstiers sl Yiterdd 4P shubSahy 8 Bl L. b rEig e
col  agen igdractiened; pne the fiacsiop ydthfa pyhble sizgmef } oA Harp i ¢liecsd. Theefoammisl e i s
23C. The pdpekfrofi thelstdel bsnthin&eititd H1bara viridM iE eloddy fobeedl ¥omadproximately 3

measurenent is started. The Torque indic ri n ] esj stance
of the. st Minutes RIS S narkbersi o EBRFT 1 fed LRSI MBS, TRELIES "
15 | n 0% defithe covainef gonsists ofentextiiertisate which freparmegble to Hultlsasmiag @ alloMut i on of
59% Pol ye&#&@uf‘d‘&! tHE Pbarh SATRErSPA5 £Rbyr) prefepdtly 18024Hduis, 619 HidifRA fosmngasur ed
by a Haake Vi sosineter RV 20 Rot ovg%o. Thgn‘ggll nam Ea Vi Scéﬁt‘{ﬁy ,~.of this
sol uti on Posef foRMMIRlgHag - aeneraged fromya; 2 éméﬂm FeIuHg) WAy

Vi scosi t yDusngwhissproeess pthet saepladaf\anmgenia shifts tihe pld obthei fpeemto, theatkatihe t or que

val ue égggegg%c.tm&m;g Ve Aalthg! the stseb @8t Urhg Broébsd\Euiting h 2Hediral3C
product.

Step 7 Drying the foam

The foam is dried in warm air in a high grade steel drying chamber for 48 - 150 hours,
25 preferably 120 - 150 hours. The result Is collagen sponge shaped in blocks.

Step 8 Cutting the collagen blocks

Blocks, also referred to as sheets, of collagen may for example be used as carriers for a

30 coating. The cutting is performed with a vertical cutting machine. First, the sides of the
block are cut off to yleld a block with vertical sides with a side length of 50 cm. This block
is then cut vertically into 4 bars with a width of 11 cm. The bars are again trimmed at their
upper and their lower side and then sliced into strips with dimensions of 50 x 11 x 0.4 -

0.7 cm. The welght of the collagen sponge strips preferably takes into account any
35 specification of collagen in the final product to be achieved, such as TachoComb® H,

TachoComb® and Tachotop®.

Step 9 Sorting the coilagen sponge strips
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WD 02/ 070594 17 CLAIMS 1. A nethod of2 preparing a col | agen sponge,
conprising the steps of: PCIT/I1B02/ 01452 - preparing a collagen gel, 5 -

m Xi ng airke tdlagen Bporael strygedie gain, subjeciad tb @ visuahcantral. Sttipagéth ohe@mmeredr yi ng

t he coll gt §Jé'[)°§m9%.8f§g‘i§§§?ﬁ'8gtf@d? a dry bl ock of collagen sponge having

chanbers romthe block of collagen sponge, parts of

sponge Wkt OV ElBEEhhod o diRU:Er LHARr thafPy IR &0 farbéhad B3t MM or

‘parts with an average chanber di agona I menston of 3 mMm 2. A nethod

accordi ng teqcd RitAlidho hé&uY chdlfberatiueded content of the Isolated parts of
sponge Is 50 to 100% 15 3. A nethod according to claim2 or 3, wherein the

“col | aggn-gedkrissOWRA ihoRS (SIAgIE AgaTbarRivh isadeptH ladddritRanahe thyreessfof ame at | east
one of the follaqw ng sources: manmal i an, transgenic and reconbi nant
sources. 4.5PR"¥t hod according to claim3, wherein the collagen conprises
material fromtendons 20 selected fromthe group consisting of equine

tendons, ThoyraR $tAPEaRSstared FBABIMERNHQBS: in SdisiffeiRl NgAt Aftadhtathdr® athai m 3
or 4, wherein th p.of preparing the collagen gel conprises the steps
fLfhaRse

t he
of : - st HMRFPEVMRRO at a tenperature between -10C and -30C, and
peeling the 25 tendons, - renoving foreign protein fromthe tendons, -

nggg'ez? glgﬁ.é r'% %gﬂét\eﬁghpfgg o{‘ te]% Hdﬁfggeog“ga colla§BLdnge plddficd & BY ARethad
according to the invention, the photography being taken at a magnification factor of
approximately 20,000 (courtesy Prof. Dr. Roman Carbon, Chirurgische Univ. Klinik
Erlangen, Germany). The surface shown In the photography of Fig. 3 Is a surface of a
15 cross-sectlional cut in a collagen sponge prepared by a method according to the present
invention. The dark areas in the photography represent chambers, while the light areas in
the photography represent collagen material, including walls of collagen material

separating the chambers.

20 Fig. 4 shows a stirring device for obtaining a measure of a viscosity of a liquid, comprising
a container adapted to accommodate a liquid and means for stirring sald liquid. The
stirring means comprise a rod attached to a fork shaped element. A liquid in the container
Is stirred by applying a torque to the rod, resulting in a rotatlonal rmovement of the fork
shaped element. The fork shaped element comprises a primary part 41 to which the rod is

25 attached and a first and a second secondary part 42. The secondary parts are attached to
the ends of the primary part As the fork shaped element rotates the surfaces moves the
liquid and thus stirs the liquid.

In one embodiment the device has the following dimensions. The contalner is 110 mm high

30 and 146 mm wide. The rod is 220 mm high and has a diameter of 10 mm. The primary
part 41 of the fork is 90 mm long and 30 mm high. The secondary parts 42 are 90 mm
high and 30 mm wide. The distance from an outer edge of the secondary parts 42 to an
inner surface of the container Is 28 mm.

35 Examplel

Table I below shows parameter values of three different cycles of the method according to
the inventlon.



6. A nethod according to claim5, wherein the

conpri ses adding an acid and an organic solvent to the tendons.

accor di ngvo®@267espP4m 6, wherein acid is an organ

al cohol, such as et hanol .

step of

ic acid,
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7. A nmet hod
SudiCTAB02/6862 c aci d.
35 8. A nethod according to claim6 or 7, wherein the organic sol vent
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such ag 1.5 to 3.5, such as 2.5 t0 3.Cyclax. A

net yglea2 cor

cl ai ns

] ctircagrd TS 0458
et hod T’éel‘ri‘l’gr %P’Téﬁﬂﬁé Wadke (9

ng o any of clains!{h-11_ where]

o761 dC[46(, aCT
the st 911 of

164 A
swel[(ing th

10. A method according to any
of clains 5-9, wherein the acid has a pH value In the range 5 of 1 to 4
i nnguleaEny of
i

t endonkBlelirden beforepedlingg t he t endlons 0% te
peri od| @&u/g%riddn200 hours. 13. A fprethod accord

‘'t endong
Blgbyrdenaierpesingi ns 5- 13, whereini the s

=

er MO’ of

ing to claim

tep Si‘lq’lom)gér

corrpri Si ng

1C t 05%ET

for
12, wherein

ni si AYLhe

particles of

accord
H(dFijwﬁﬁonprrprl ses obt ai ni mg a substanc
aV—l rrg a I

swel | e
hﬁé&?&%v of cl ai IIHS:wlq(j k%

ter
elnlt kgrt

=)
|} o\J

of%ﬁgln% ®nis

a
he

&4 15.

ng

t endon -hHe
t he sweWhshing efipkeles teodgnsiviths obt @i ni Pminsubs

A met hpEndelt
to 20 NidRindllized wRkhod accordingito any of cl
of hom | tehdons_ls car

t anc30mivi ng
ai s 5-15, wj

di sk niRemeyal e & proteimasneAt | 17. Athet hod
preced sugecptleadama witheeminardiret col | agen gel has

Nom 30wl VELIRG <BEERE (g gro| any of the p

step of e col agen gel conpr
th%{mqglqmno t he gel

a dynam c vi
recedi ng cl ai
| ses the stej
0 as to genen

a viseomty
lerei n the st

accorii ng tﬁ any PNt he |

scosity of 2;
ms, wherein
)S of : m Xi
ate a coll agf

pf 2

EP
hed

20

{ he

g
I

anbi en by rreans of a mxer s
foam Dl&lﬁféﬂlé}‘ WItHZ098 Sand el 1 oam I MG TTac
Lna. _col

ehanne Washing) 9, 0-20ReiFIS @ cor di ng t o MU m 18

T oML G T
 OTA S |
. whet®h at

}nnerismln

Lf r actlonlsing
| eas€®Bhe o

channe
dagm@ lgel45%mtlabedl fromthe col4sgen f

oam i120hhe fn

act | ammonil ng

the co
channe Hon’?ogen??aflr Rto—the—ixer— Condux tooth
mil}

Condux tooth
mill

Condux tooth
mill

Gel viscosity (torque) 6.9-7.8 Ncm

6.9-7.8 Ncm

7.1-9.5 Nem

Dry mass of collagen gel 6.3-8.3mg/g

8.9-9.4mg/g

7.8-9.4mg/qg

Foaming time per block 37-47min

51-58min

54-62min

Bioburden (CFU/ml wet foam)

2

1

Draining period 18.5h

22h

18h

Neutralisation period 24h

24h

24.5h

Drying period 147h

148.5h

144.5h

Weight per block 200-2564g

195-228¢

177-257g

Bioburden of collagen sponge strips 14-1000

(CFU/g)

<18-124

<11-33

Yield of collagen sponge strips: 405
Length:110mm
Width:500mm

Height: 4-7mm

Weight: 770-1500mg/strip

379

433

Table I



WO 02/ 070594 19 PCT/1B02/ 01452 20. A nethod according to claim19, wherein

the rati o between the anount of coll agen gel

fromth
the m x

18-20, wherein the step of separatingidol | agen gel
separating a selected part of the collagen foam

Lol

conpri si ng mai nt ai ni ng a

conprises the steps of: -
contai ned 4pd ﬁ%ef&v@ﬁﬁdm%ruaﬁérﬁ&
col | agen foam out of ractlE

e Woaen108%f si ng channel
er

COMMIr three

oni sing cha

met hod ach?WPﬂ@C?%d'QHPHTe'EY%t‘ﬁB 18- 21,

further

t enperature between 15C and 40C in the fract i oni si ng channel .

cte

Piver

it pptns,

which is |l ed back to the m xer
and the amount of fresh colPcagsn/ems2 | ed to
|s between 0.1 and 0.5. 5 21. A nethod according to any of clains
and col | agen foam

he

23. A net hod

10 This example relates to the indirect measurement of the viscosity of ‘the collagen gel by

torque measurement.

The equipment used for the torque measurement is:

‘accor di pg—to—anyof —the—preceting—¢HatLr -t SApHsHn to
15 mixipg air into the collagen gel. s(ﬂ?Bﬁ El Si nq Ff?él'ég(}ﬁ aflenSPORER Hhr h
peri od [ velgeo(speni fédes. 24. A nmethod &etor di ng to &ny of he prgeedi ng
‘cl ai s, [TEE 3T <GHER TSIy, prior—{oth epof—dryt +hereoHagen—fea
and subcpnupnf to the step of mxihg aixslaynto tlhe cQl1agen 20 qe‘?%addl ng a
neut r al jATUPORIEM GRBLR| | agen foam and ne®@¥al i sijng t BR%ol | agjen f0AMbI n
order t|GoRBIE deeif chteal UE 111 T Ne| Coll Geen 109 - 8% A
met hod i Dnguixal i ser rnm'w ses _an_ammonj a
sol ut i ofpUiPsBteRshes CARteRtyy according to &F% m 24 or 953%wher &i n tB8%ol | agen
foam s Miemblblablcalephrftsbl(Cﬁ’U/@)Erl od O] S-PP1gopurs.] 27<18-1Rf NOY ac @Ry 1P
C|a| m 2 , I e qu” s—ae 'tf&l :SCd‘ ~—ak nn |nrl 3230 _of 90-30
hours. lléﬂk‘ﬁc‘an bné Fﬁz&t‘ggt% d "8 ahy of 9? e prégcedi rcl’é /&I ai ng, “Wh@B% n the
st ep of|Water eogtendnpri ses drying at| a tem%rature betiseen 15C andi6GC for| a
peri od [@aA8n4aABaieuT S, S0 as (00 T qotfaeet U.. ”': 79
met hod lac porEYZHth o.claim?28 wherpi EFOT SZNQ en of i%ﬁ%&l I‘I‘I Eg\hyﬁr[n at
a pr ess&hémef" sizRy(diametgr measy value) 2.3mm 2.1mm 2.9mm

Density 2.5-6.1mg/cm?® | 2.9-5.9mg/cm® | 2.4-5.0mg/cm?

Sponge 1V Sponge V

pH value 5.3 5.7

Lactic acld content 2.3% 1.1%

Ammonium content 0.1% 0.1%

Soluble protein content 0.04% 0.11%

Sulphate ashes content 0.3% 0.2%

Heavy metal content <20ppm <20ppm

Microblological purity <12-345CFU/g <15-48 CFU/g

Collagen content related to dry mass 95% 96%

Water content 14% 12%

Elasticity module 10.4-42.1N/cm 20-47N/cm

Chamber size (diameter; mean value) 2.9mm 2.5 mm

Denslty 2.9-5.3mg/cm?3 2-6.8mg/cms3

5
Table 11
Example I1



WO 02/ 070594 20 PCT/1B02/01452 30. A nethod according to any of the
precedi ng clainms, wherein the step of drying conprises drying at a
t enper at Wweo oetoseen 15C and 40C for a period of 100-200 h®@TABOZA4SA net hod
according to any of the preceding clains, wherein the collagen sponge
fulfils 5 at |least one of the followil®g criteria: - pHvalue between 5.0
and 6.0, - lactic acid content at the nost 5% - amoni um content at the
nost 0. 5% -str@hgiaening: UROSTARIPOWER coaerbeubat ed as al bumin content, at the
nost 0. 5% - SU at e, ntent at the nost 1.0% - heavy netal
content at t @d%%gg arﬁbﬂégﬁﬁ]%gr obi ol ogi cal purity, at the nost 103
CFU/ g, - eolToagerindicaton MISCPKIIEKVE 1100% - density of 1 to 10 ng/cnB, 15 -
‘elasticity ’%i&\l:&‘gérﬁbdf‘e range of 5-100 NNcm 32. A nethod according to any
ng

of the precedi claims, wherein the colla sponge a, water content of
not noré thaPegigbstireay construstion:¢ F%H)dﬂ@oqeﬂf‘ ‘ggpﬁ'ﬁﬁas'#'a'fs'ﬂe“pr ecedi ng

‘cl ai ms, whermginReltigh & PRerodiarhetet 8t 1916 cpearidsa béigistodfl28ceomsponge conpri ses

di vi di ng thercolla en sponge Into a plurality of parts by cutting. 34. A
met hod of ~pr &FEPPRG®L col | agen sponge, conprising the steps of: 25 -
prepari ng-a Batdncegen gel, - mxing air into the collagen gel, so as to
obtain a collagen foam - drying the collagen foam so as to obtain a dry
bl ock of coll agen sponge hayi ng chanhe therein, = isolatin fromthe

bl ock &P ABEMAYRNORIRIG SO cﬁgﬁﬂeg 98?'-‘*3@6‘515'@ H&fﬁﬂ'@é't% ?8?‘?663&”%9“%8

propert i esampleéd 2890, Thé Yforkb@tifrer ik Mixed v tharwgatre bf thetfonrigdOThenoneasurefaentiisy i n
t he range i : 38 B0’ and | ess
t han 4 rnrsn&t‘tggj' -gh%c‘ﬂ?g%n%{rn&giﬁ 8?71%{1 g{rﬁ?@\ﬁ;@ﬁi ge E%ségcﬁoms?? ﬁ\e:%grin'n ‘g? ag\éém'b& met hod
accor di ng(M@nktearaserding the dpnamic 9! YIsESKY-eps of any of clains 1-33. 36. A
device for extracting a part of a collagen foam and for degenerating

anot herlsp% E)r e]; tc;[ \r/]eei'lf{': ?I'lu-:! r% %ﬂrgn?&mo} 81eato(:;c?!.!e|, g%?g?)dgre& olftiSRPSf 59419
Polyethylenglycol Is prepared. Viscosity of this solution is measured by a Haake
Visosimeter RV 20 Rotovisko. The dynamical viscosity n of this solution is in the range of n
= 925 + 25 mPas at 23°C. This solution viscoslty is measured by the above gel measuring
equipment, and the torque value thereby measured should be in the range of 3.66 Ncm

20 5% at 23°C.



WO 02/ 070594 PCT/1B02/ 01452 21 - a fractionising channel conprising an
inlet for receiving a flow of collagen foam an outlet for a part of the
fl ow of owOlb2g™I94 oam and a bottom portion which is inclipcadBomewsar ds in
the direction of the flow of collagen foam - at |east one outlet for

col | agen gel at the bottom portion of6the fractionising channel, 5 wherein
the position of the outlet is novable in a vertical direction at an end of
t he fractdgpprenegs channel . 37. An el ongated col | agen sponge having a

t hr ough-goi ng hole or bore and a flexible wall. 10 38. An el ongated

col | agen sponge according to claim37 and having a circular or elliptical
cross- sect.i 8aer, E9 Gatherasies hgaanstkaller,| AngBifuatpsriteraedies /il itenfon solagenmas7 or

38, and havijgaulamsH, TEBE] QRErPEIPI1094,! 150, SERE. [ChsbRyER GntBact) B51 Ng
wounds or re-establishi n% wablls )Fn a,1l5 ma %}Iﬁa aSté[ngl 3%e i g_%l iunnel

or trachea Mpshasical Broperfes of BRIGHCE PONEIS" ag‘&”ﬁ? 6‘%%3% Y h‘g’tst’ 8RY of
‘clains 37-39, wherein the bore or hole has diagonal dinensions
corresponding to the Inner or outer cross-sectional dinensions of mamal i an
gastrointestinal funnels or tracheas. 20 41. An el ongated col | agen sponge
according to claim39 or 40 having outer dinensions corresponding to the

I nner di nension of the human rectum so as to nmake the sponge suitable for
closing wounds in the rectumwall or re-establishing the rectumwall.
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5. A method according to claim 3 or 4, wherein the step of preparing the collagen gel
comprises the steps of:
— storing the tendons at a temperature between -10°C and -30°C, and peeling the
25 tendons, )
— removing foreign protein from the tendons,
— reducing germ content in the tendons,
- swelling the tendons,
- homogenising the swelled tendons.
30
6. A method according to claim 5, wherein the step of reducing germ content comprises
adding an acid and an organic solvent to the tendons.

7. A method according to claim 6, wherein acid Is an organic acid, such as lactic acid.

35
8. A method according to claim 6 or 7, wherein the organic solvent Is an alcohol, such as

ethanol.
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10 12. A method according to any of claims 5-11, wherein the step of swelling the tendons
comprises storing the tendons at a temperature of 4°C to 25°C for a period of 48 to 200

hours.

13. A method according to claim 12, wherein the tendons are stored for a period of 100 to
15 120 hours.

14. A method according to any of claims 5-13, wherein the step of homogenising the
swelled tendons comprises obtaining a substance comprising particles of tendons, the
particles having a length or diameter of 0.8 to 1.2 cm.

20
15. A method according to any of claims 5-14, wherein the step of homogenising the

swelled tendons comprises obtaining a substance having a viscosity of 2 to 20 Ncm.

16. A method according to any of claims 5-15, wherein the step of homogenising the
25 swelled tendons is carried out by means of a toothed disk mill or comparable equipment

17. A method according to any of the preceding clalms, wherein the collagen gel has a
dynamic viscosity of 2-20 Ncm,

30 18. A method according to any of the preceding claims, wherein the step of mixing air into
the collagen gel comprises the steps of:
~ mixing ambient air into the gel by means of a mixer so as to generate a collagen foam,
- feeding the mixed gel foam into a fractionising channel,
— separating collagen gel and collagen foam contalned in the fractionising channel.

35
19. A method according to claim 18, wherein at least some of the collagen 'gel separated
from the collagen foam in the fractionising channel is led back to the mixer.
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15 mixing air into the collagen gel, homogenising the collagen foam for a period of 2 to 4

minutes.

24. A method according to any of the preceding claims, further comprising, prior to the
step of drying the collagen foam and subsequent to the step of mixing air into the collagen

20 gel, adding a neutraliser to the collagen foam and neutralising the collagen foam in order
to achleve a pH-value in the collagen foam between 6.5 and 8.5.

25. A method according to claim 24, wherein the neutraliser comprises an ammonia

solution.

25
26. A method according to claim 24 or 25, wherein the collagen foam Is neutralised for a

period of 5-30 hours.

27. A method according to claim 26, wherein the collagen foam is neutralised for a perlod
30 of 20-30 hours.

28. A method according to any of the preceding claims, wherein the step of drying
comprises drying at a temperature between 15°C and 60°C for a period of 48-200 hours, so
as to obtain a dry collagen sponge.

35
29. A method according to claim 28, wherein the step of drying is carried out at a pressure
of 700 to 900 mbar.
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dimensions allowing the sponge to be used for closing wounds or re-establishing walls in a
15 mammallan gastrointestinal funnel or trachea system.

40. An elongated collagen sponge according to any of claims 37-39, wherein the bore or
hole has diagonal dimensions corresponding to the inner or outer cross-sectional
dimenstons of mammallan gastrointestinal funnels or tracheas.

20
41, An elongated coliagen sponge according to claim 39 or 40 having outer dimensions
corresponding to the inner dimension of the human rectum, so as to make the sponge
sultable for closing wounds in the rectum wall or re-establishing the rectum wall,



