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| COLLAGEN TUBES The invention relates to tubes, bundles of tubes
and combinations of tubes or bundles consisting of collagen, for use in
biology and medicine as a growth mediym and/or cell structure
differentiation medium, especially in surgery, to stimulate the 5 regrowth

-of transected nerves. The mventlo&@_ figs;manufacturing

process for continuous, cylindrical, coaxia collagen films, layered to form

the walls of the said tubes. Several techniques have been developed to

repair nerve lesions, in particular transected nerves. One common

technique is the surgical insertion of a tube linking the 10 two ends of the
transected nerve to guide the regrowth of the proximal section of the

nerve towards the distal section and enable the two sections to join. To

create Artallevtraiowosiletestitotldiesn exvedieg o\iitbe s wime raunsHpalyonersf tubes or

@@le@%@%sgt% S JS megeﬂo $alyeol; %fjof%«%}?:%% el B'é/@serz? r‘éW?’?ﬁedsum

ese compoun ts the comp ex requi ements o nerve regrowth
BRIP4t calastiHel WD JifferyRiBliRN preddientiAEPBEMade SHEebdarsimdate the

regteush fpstkinnessbaxe. defined mandatory criteria for the tubes to

allow fop, masimum tearouth of wansected nerves, n paticulat S The iy
tubes must consis Po%ablocom atl e ma erla tIS SOI‘ rb‘ a“llf;e ﬁll

mwﬁaaenlvmmme@rmgmﬁwMatmmgmf $hig tutsss have been
20 stimgdated, apghpRmpiatade HEBR H@%Bﬁéﬁw‘?\é’ﬁ‘aﬁw sshanicaarticular

resistance to withstand external pressures while remaining sufficiently
fiaRmsates AGh1A%CSMRAEMPAhERBIORS IsThs swieliat BRrr iRt rb? Hfbtﬁé“k'”g the
fulbecemis bb éhsnraotztzaveic s amagtieg tHzb rdtg ot @ tidingr sidaue Sertitre of the

e abie sy Thealhaline b USKAAE oK el porosiv.

enabl |n%% e circu atlon trop Ic factors but not the circufation of cells. -
The tubk’ HA7E BEURRE® W WEbFEtRIE BRAGRIFE AV alemaras: polymers were

pastisylary %llkﬁbi@sfomw@ml iBpans. zadﬁaSaac;@%mer@fmyﬁ@ﬁé of these
chemical nd b| caI ?] ertles that mf |t a first- Ilnt‘a%_ma]terlal for
c

tu%e %%nmp ng Wlt arac élﬁg ICS |stecpaB’ove 9630 agen’is amc&iar the tube

[sioedhpreibiendiaty abmbam%antsmmptmmme%an be fine-tuned and it
can compbiggiwidrfaciars thedned mandatory criteria for the tubes, to aliow for

maximum regrowth of transecied nerves, in particular :

- The tubes must consist of a biocompatible material that is absorbable
after the processes involved in the growth and maturing of the axons have been
stimulated and completed.

- The tubes must have enough mechanical resistance to withstand
external pressures while remaining sufficientiy flexible to avoid conflict with the
nerve,

- The exierior and interior of the tube must be smooth to avoid damaging
the surrounding tissues or the ends of the nerve.

- The wall of the tube must have low-level porosity, enabling the
circulation of trophic factors but not the circuiation of celis.

- The tubes must be able {o be sterilised.

Coliagen is a material that is particulariy suitable for surgical implanis. It has a
range of physical, chemical and biological properties that make it a first-line material for
tubes complying with the characteristics listed above. Coliagen is biocompatible and

absorbable. Its absorption rate can be fine-tuned and it can combine with factors that
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7 stimulate nerve regrowth. Moreover, it has low-level antigenicity, a role
in cell growth and cell differentiation as well as significant haemostatic
power. The collagen molecules are animal proteins located in the
extracellular matrix. Their structure contains one or more triple-helix

Qi5aRé HERie E%%vlﬁhomp%%%pyit%ﬁgqm%m{ﬁ%@m chaips.ie2eh growth

conS|st|n of 1,050 amino acids. At the end of the chains, non-helicoidal

He4scd ?éﬁﬂ%“%rﬁ%“l’&‘ ?%ﬁ\%‘%%ﬂ§%@7&%ﬂﬁ%%‘)’%ﬁlow the collagen

molectigs éolegetbineicthr vederbnmrangersiestiofarrcto twiedules eadmatrix.
efor ation of fibres. Collagen xta tedf o)

Rl SASGHER sttt el TR MRS S 4158 LBLTE aneo o

mrnblra@ﬁﬁmmm@mieee@@@v sqngigies CdlggeaTyHeaedpedtdse end of the

cﬂ@ﬁ%enM\‘hﬁ&tE@t@é‘!%@ﬁ@GﬁﬂéﬁM&@%@%H§%§ﬁ§1étﬁ&l@s h@i@ﬁ)@ﬁ&iﬂes) allow the

telopeptides) is retained on ex]tiractlon Colla en can

CRAARRRaRg d S AEAn e SHEHE LG R B es oacs ©

tiefocokéigenf i6reéd/hen the three alpha chains in the triple helix are
Separa&) d%‘%ﬁ&?ﬁ&@e@f%ﬂ%ﬁ% t@%&é’él H‘ileschct?dg We'ﬂeknown to those

denatureﬂé?\;\/éanous types of collagen have been discovered. Some of

fledtadeesb i et ArasaMer prb@aeed fArdasamanin YRESESIRYGISRhRF UCture.
types |, Il and IV . Dwm@m@@ébamﬁa@‘ eelagenmndiherteehniguese within

used to pr re the en sol on a anuf cture the t the
products w h'g\%@l nPen‘t %@‘s?galyi e |ca nd ePaelS? fic 23N

characterlstlcs Ther@cdﬁ@ﬂﬁﬂumb@§gﬁmﬂﬁél@@§c¢rb¢hg%@ﬂﬁgéhth§bes

used to stifpdlaiarRiad: Mqﬁéaerefsrrsgrt@vwa@m@&tagé’no 156 740 (US
4,814,120) descrlbes a method for the manufacture of 25 c %{%aé:;en tube

that can be used in VASENIEIESRIEMRIEAE SRR &g dined §%Sﬁft§é§ted by
consist of asiaglerayergoheatiagethd)Simtents 42861, béciamat FE8P6,381

describg, %&HE%Xb%%dJPf 5?35&9%%@ rOLRBaRaCIPINes: ORISR been
of at Ieast two layers of ¢ en | with fferent permeable qualities,

|ﬁ§i§'€ﬁﬁg’"&ﬁ1@"@%@ﬁ‘i’dﬂ€é?€ yaydessorr PN Td0 137%Efers to a
tube th@ie%@ﬂdﬁgeﬂﬁfrm@ fporsoadibaHsSHY resvecAhiguasksane q'bfrepare the

R T AT
chemical and metabolsc characteristics.

There are numerous documents describing coliagen tubes used to stimulate and
guide nerve regrowth.

Patent EP 0 156 740 (US 4,814,120) describes a method for the manufacture of
collagen tubes that can be used in vascular prostheses and nerve sutures. These
tubes consist of a singie iayer of coilagen.

US patents 4,963,148 and 5,026,381 describe a iube used for the regeneration
of transected nerves, consisting of at least two layers of collagen | with different
permeabie qualities, including one external porous layer.

US patent 6,090,117 refers to a tube that can regenerate a portion of missing
nerve. The membrane of this tube is covered with two, interior and exterior, layers of
gelatin or coliagen. The tube stimulates the infiltration of capillary veins. The tube is
filed with a collagen body consisting of cavities which are filled with a matrix-ge!

containing collagen, laminin, proteoglycans and growth factors.
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filled with a collagen body consisting of cavities which are filled with a
matrix-gel containing collagen, laminin, proteoglycans and growth factors.
J US patent 6,716,225 (application W0O,20031011149) describes a tubular
matrix consisting of collagen. The internal diameter of the matrix lies

betweers Q. 8010 §1535 T%}%%gsﬁf%‘,r‘ﬁw%%%?1’?(%5%&%%%?9%%‘?& matrix

by its roughness. US paten _ escribes a device used to

comsiRtite Flerotarsged BratRINa dorient Brarmabindeshepeepadbpendd0 mm.
mRtExXtErEIeviarat @fe&r}f@ﬂﬂ@cﬁ&iﬂ&ftﬁméd s, itanﬁhgfﬁwar strulfjtsure
consisting_of call jpres to guide the regrowth of the nerve. atent
oS e e Sese e Beyieg e & AVMGE Tisnis vt
eonRisingPbe ubbksrbaned swepith, acmporouthedeenvebl sonmgeditigathe tube,
sigiaaqliacen Bimdaldrdbagkproitagtin With e BuRISHLSSERIGFHRY the nerve.

bonding or 10 adhesive. The tube can by filled with a collagen matrix. US
docum@ﬁt 5aigD! g3pPlelion L YN L LRSS rPERrHREB UG 14VRE s TRiltsR In nerve
tﬂgagerﬁ_ﬁmus_omslﬁg@noa_dhelsé«;@béﬁi@, Iayemmremmmhgmgem@mprismg a
SRR JIR S 1ERR AN U RRGEER AR ALYV OBFEI Db onding or
comprises several layers containing collagen combined with the living

gdhesieepbrriyRereriy fHnd g a SHiRgeBUNA S frangement. Document

EP 0943345cdessitescoeyrraldenais:od Borcuqienolagan fay@eduit up using
ndoml aat theg e.of eeoi-freezin and v%cuum de%dration. Dtocun}ent
&03:52 aﬁ?‘:{] §ESERbEs sevear%ﬁrlsaﬁersacnéjﬁ]s'ls?maggf’g REGFRRGPE mixture.
polyurJﬁﬁ@ﬁf@lﬂminﬂt@iwnrmddmag@uw&giamﬂOﬁéMmrpo@ﬂmeal layers
besaiARg2edRiiaiatedndiReduRgs dRacTibRd indhe §@%@ﬂ§%go‘?b’||mﬁ{étscoliagen

for this technique have a number of disadvantages. If the externa
MERHraha G PRMERE is too porous, cells such as fibroblasts can
penetratectmesiueRl0g4tRdSadanuisiorsclhialimyasiost cxraias an alisigaicormed

HarERG 2SN Hdba LR AR QUGN GHGLRkTace: the

rougnness may damage e surr ur] ng tissue Wlse,_the presence
of areadSBHEERHIMF or 8RS0 IBRCIHRE SeRtvRial MRraiDrarsilige of a mixture of

disigohetiing erbmpauseviieraspritias GadsadbliatinneSenerally sRemHBdbecame
thfcofes nce of matrix in the tubes prevents the nerve from 30 being
reficliiated. . . .
eftectively guided during the regrowth period.
The tubes described in the standard documents for this technique have a

number of disadvantages.

If the external membrane of the tube is too porous, cells such as fibroblasts can
peneirate the tube due to scar invasion. This invasion creates an obstacle to nerve
regrowth.

If the tubes have a rough outer surface, the roughness may damage the
surrounding tissues. Likewise, the presence of areas of bonding or adhesive on the
external membrane is a disadvantage because the asperities cause irritation.

Generally speaking, the presence of matrix in the tubes prevents the nerve from
being effectively guided during the regrowth period.

Finally, because of the method of preparation, the tubes are, in most cases,
very expensive.

This invention therefore proposes a new type of collagen tube for use in
stimulating nerve regeneration. Tubules are welded together and inserted into the tube
as a bundie fo allow the groups of axons, which are components of the nerve, fo be

guided individually. Each tube and iubuie consists of a succession of continuous,
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Finally, because of the method of preparation, the tubes are, in most
cases, very expensive. This invention therefore proposes a new type of
collagen tube for use in stimulating nerye regeneration. Tubules are
welded together and inserted into the tube 35 as a bundle to allow the

%w&ﬁf @ééﬁﬁh‘%ﬂ%ﬁgimBpé}gmﬁtgwhG}i&eWSréoopqegHiﬂ?éj_same leve! of

Idually. Eac tubule consists of a succession of continuous,
BoT@giidrical, coaxial collagen films, preferentially with more or less the
same level of porosity. DESCRIPTION OF THE INVENTION This

invention relates to a collaggg&‘ggﬁgﬂg ntﬁjﬁ%%@gcludes an 5

outer wall comprising a succession of ¢ : l, coaxial
collagelhfiiniyertion egftessiors" cotgrio tighi mharreipksarainth@ali includes an

coRsISkRIlmpingly leagtevdibng ssrasuelBonding esiachesiy@oildien fims.
films are tube-shaped and. are m IQ_ea,or less 'fﬁ/“nd";‘ﬁ?ll The t

d' i , .
cylind B8 SOBE= 1B S OB RSB YRGB ciRdGirR, o 2 Single length.
piitfereatizdly ¢ bvodlag dirediresivEnd gl fects/ertcodnasiapdicatesateanalie or less

@ﬁrﬂﬁ&%l.lch?es%&%blgﬂiﬁg%ﬁ NBSAVRANS W RS LU REM Diirectrix,

films should preferentially be transparent, homogeneous and contain no,
Breeis Ay fyGheyiesirPREiInISesRAISET e feramiphi Hic?ER-Hitodd ftee fims
s PprasEysbotidsaaidexgreatanihansloptne MMisdeTukesimitiisouid preferentially
olecular weight of approximately 70 kDa can be diffused th he ,
R e e R R i o DA S E The fims
coatidlrrgarmniallicer 1Sep@nding dheihearesitneinuiddvimageaisnthan 1 um.

mg@ga@hagﬁﬂ le@muﬁmgm %}i@%f‘té{y?@@% ”@int&t‘?ﬁ?%@;?‘wrough the
an m. e Inventon rerers more partcular 0O a collagen. tube wi a .
VAl SO AHHE J1e A\ AGS FBRSP A Lo RiRS o o G ed and vared

cepeadiogllagte trdmsehhe wall 20 preferentially consists of a succession

of 5 to 3Q.fims (E!rsl{? RATECUIBNad O ﬁ%&stﬁﬁg?g%%iusﬂ inahe afhilless of

know how to a ?t the number of films in the wall of the tube depending
RetMesprBserie S suired e.g. resistance to traction, flexibility or
thicknesse Thestiahasreteristie patesalacied itoasgendapeaitith #l consisting of

R %%Ses%fc}rb eﬁft%Pefe%gtTg %c];'r@s ugﬁg?@gﬂlr%:i%%lcrceﬁ%ﬁ %S’i\{gge%f ﬁx#"%l%e The wall
may all have the same  composition. Actording to another aspéct ot the
iRES Rt ainpiste or stisuapgpaieived to 30 films and, in particular, 10 to 15 films.

Those skilled in the art will know how to adapt the number of films in the wall of
the tube depending on the properties required e.g. resistance to traction, fiexibiiity or
thickness. These characteristics are selected in accordance with the purpose of the
tube

The films assembled to create the wall of a tube may all have the same
composition. According to another aspect of the invention, the films constituting a given
wall can have different compositions i.e. consist of differant types or mixes of collagen.
in particutar, the fiims constituting the inner and outer layers may consist of different
mixes of collagen.

The films constituting the walls can contain Type | collagen, Type Hl collagen or
a combination of the twe. The mix can be made of ali the possible relative proporiions
of collagen of Types | and Ill. The preferred composition is a mixture comprising 85%
fo 100% Type | coliagen and 0 to 15% Type LIl coliagen.

According to another embodiment of the invention, the films can include Type IV

collagen, either on its own or combined with other types of coliagen, in all possible
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wall can have different compositions i.e. consist of different types or mixes
of collagen. In particular, the films constituting the inner and outer layers
may consist of different mixes of collagen. 30 The films constituting the
walls can contain Type | collagen, Type Il collagen or a combination of

h8tiop bR HRbCamd e rErRAe PlathinaRessible relative arappraonsoRf Type v

Il fT I . T f ition | ixt
FRTlny BB 5T9808 ke T BAGEIFaTE IO TR ohe M dsliaghTyee ! *
Aaeohdicgidgeanotiheradondssiihpeopatithne.invention, the films can include
Type X 3eRllagRi, %’l%@eﬁml?@ _%Qmﬂtﬁ%{ﬁﬂg‘mﬂ&%%%@&%ﬁ ¥P§R Yfall should

collagen, in all possible 5 relative proportions. The preferred composition

roBstRLAURERSH Y Al AD UG S8 Ot B9ER THFWRIGHIRS S8 B 6 e of Type !
doirridcotlagairtthy ot Eight), T gomiktusttagehype | + Type Il collagen in

the aforgsaig pLAROANS, dé’ﬁﬂ?%@”é&e%?fdfﬁ%?%n?%’%;%%iﬂﬂ ‘?ti%u ar cattles
innermost section of the wall should™ 5 consist ot Type 1V collagen, while
thdigther, more external films should consist of Type | collagen or a

mixturengfdriiR@ ka o pREJHGPBAIRNBMERE GRllasRnRYSRCANARDIERRN e a

L RS E R B RS AR ¢ o
Entiagetidmtdias)been subjected to cleavage in the telopeptides
(Roussgauh &i3AaNiakH BIYRAler i3S 2 00n s cArding i, R UhRLHARPRCIhe tube

of the invention, the colle%g;n constituting the tube walls is reticulated.

! | . » . d
KalR iR dRbT R HRAEHITRIA g AR I tEPRHTGHEIS MG SIS HES dghown to those
skilled in the ait. For example, it cam becastitamed Dy ragtigiian. Preferentialiy, the

Preferentially, the 15 reticulat jon il - |
A D R S 7 S B DR covon

ah@ 2orteriaageniel eeMesteeR L aAmELE Aeidarpetirsipd, katygsm dfminute and 72
Petween 3 BRcP SetlBerParanactoss e paapteebAcpengingen todmimglon the

reticul tionﬁge uired. Th§ collagen tube according to the invention can be
(REPHSPACHAY r}é?@%% 20 applications. It is particularly designed to be

used inThervelsgryetybacaguiddirantd pretegeativansecied useddodwringie range of
rSsRUAD this speeifigapPlicalinrndng seetRafthaLodagsadHbadS guide and
adapted to suit the section of the nerve that is to be guided during

RGIEHR MRRSSRE NS e HAN S A of

in this specific application, the section of the collagen tubs is adapted to suit the
section of the nerve that is to be guided during regrowth. ldeally, the internal diameter of
the tube should be equal to the section of the nerve being regenerated.

Generally speaking, the internal diameter of the coliagen tube according io the
invention measures between 50 um and 10 mm. Preferentially it measures between 1
and 7 mm.

The invention also relates to smali-diameter tubes, herein below calied “tubules”
with an internal diameter equal to, or less than, 500 pm and preferentially betweean 50
and 200 um. The optimum diameter is 100 um.

The invention also refers to a bundle of collagen tubes characterised in that they
inciude at least two tubes according to the inveniion, aligned in parallel to each other
and joined to each other by bonding.

Preferentially, the tubes in the bundie should ali be of the same length and have
the same internal diameter.
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the tube should be equal to the section of the nerve being regenerated. 25
Generally speaking, the internal diameter of the collagen tube according
to the invention measures between 50 gm and 10 mm. Preferentially it
measures between 1 and 7 mm. The invention also relates to

small- %l@&@?&e?tf@%r@e%a el R | rWéM%ﬁ" twtmeégim%eadundue should

diameter equal to, or less than, 500 pm and preferentially between 50 3
DAY 280 TR P BRRIRINP iR tEAT 100 a%é“i?ﬁ?eﬁf ﬁ”ﬁfg@’héféi“s internal
Hiembtmdf&oeﬁmﬂia@énmmubes 2baacterrsgdaie thah threywindddalieEast

fwo BRSNS B ERRRAIGNALR RGIRHARAED RRGToPAL tuocs

joined to eac ntially, the tubes in the bundle

Pre
shéiheles ﬁ@@hm@%m@%t%@ﬁa RAlle sxtaRBa MR RTRSIPRPE M ERIY. tubes.

ﬁhég@@tﬁhee 1) ﬂz@r&ﬂewmd(ﬂsweﬁb@fﬂ@%@ﬂ&@ﬁﬂ@ﬂh@@ﬂuh@w@mmbor the
e an |n rnaI d ter of s th "538 nd more

hould h
‘%%Pé}é?ﬁ" ?y atr? earir'}1 a ame 8FS be?ween pm aﬁa(T%O pm. They
are theﬁhmwwlasﬂaybmwnmedwmgerbtﬁ pre¢srasdubmibadanginodfene 2 to 60

IWENH ARG R0 iof e tubesq g qtylbules imashisves QyRatidpending on

fusion of the external membranes of the said tubes. Those skilled in the
e RRARRSARBYRS ol RS the optimum parameters for the fusion
reactlofﬁhmbobtamepalmﬁd:rﬁamteoéeherebttetrna$ premibpaxes. dldwldnardibeath with

t f
E‘%c‘%&%ﬁ%“é?bae{&gg%?% ﬁﬁn é’RSgs o 20 3 4[?6% WG9 Ah L smooth,

particular, compri 1 50 or 60 tubules,
Haferiaify Gee LOanE AR AMBEATbITha BiTNNaReNSGRIMENS JiBg sheath

%@M@ﬁ@dﬁf@t@&bh%@%@p@ﬂﬂm caﬂa@@hsheath with a thickness

of betwee coating th ndle, it is given a. smooth
umform%ﬁrf céﬁ ir%aslna% aergg 16" |KserLf% e& %bew e%é{ ‘ﬁ%kaé'é’é‘a v On after

siseathblgigotild prwermwgcmmﬁmnmywymmmg@g tbsrrm@th co!iagen
Wﬂmdt@éﬁcéfé%ﬂt%‘%%%%%%cﬁ%@ Fhiedculationseastion aft8hiques known to

assembling the tubes, bonding them to join them then sheathing them wijth
<BREGSKIIRHN st AR ANCBA TRV ZENRAAINGSHG RIS RS SoleR R epscribed

testwveques known to those skilled in the art and, in particular, by using a

formaldgyde sglhiion,as desealbed Abge AN RNSATORARAIREICH et i

to a combination gé es o aracterlsed in that it
includes a tube in accordance with the invention, wherein at izast one bundle of tubes

in accordance with the invention is inserted longitudinally.

The respective diameters of the bundle and tube are adapted sc that they can
be combined. The bundle (resp. bundies) is (resp. are) inserted in the tube when dry.

The tubes and tubuies according to the invention may be of any length. In
general, a tube of an appropriate length is prepared and is then cut o the exact length
required using conventional techniques known to those skilled in the art.

If the combination according to the invention is designed to be used for nerve
regeneration, the ength of the tube and bundle must be adapted to the iength of the
missing section of nerve.

in general, transected nerves lack a section of the order of saveral centimetres
in length, up fo as much as 15 cm. As far as the coliateral nerves of fingers are
concerned, the length of nerve missing ranges from 2.5 to 3 em. For the reconstruction
of larger nerves such as the median nerve, or the repair of damage to the brachial
plexus, the missing nerve can have a length of 10tc 15 cm.

Preferentiaily, the length of the tube will be between 5 mm and 10 cm.
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includes a tube in accordance with the invention, wherein at least one

bundle of tubes in accordance with the invention is inserted longitudinally.
The respective diameters of the bundle-and tube are adapted so that they
can be combined. The bundle (resp. bundles) is (resp. are) inserted in the

tube whgn.Aevire2BdingrdulRR ad-BHIESRACOFdingLLo JB@oPaW?QQHQa}}{ventron

be of any length. In general, a tube of an appropriate length is prepare

RFRY RS AERCHHE By AR iam i@ AR e ReBlLARSE IRIRHPE GG B s nerve
kevpwvimga-dhasctiskilled shthidare ztfﬁ@ermmkzmamaéqordigget@eﬂrmuon Ideally,
| S rve re at the len th the

O B e S L R e MR s R SR 8081 e
&t AbPYe Inpgeliferar, rmnt@ecwadﬁe@ve%trs@;r&ra%@teﬁw nsirgecttfeinofhe tube. The
eeﬁe.@{araeﬂmetref?mr@a&wmrhgéaesrpd%h | ﬂq%@éwfé\sﬁarr agdfiRg 3 mm on
collate erves or Tl rs are concerned, the or nerve missing

B S e ST T e A BXHRoN B M B NE B eu o s

the mefitanrdiny & erprederephpspidanidbe ovtindibratiesialidy plendls, dhmbination
BiESIABGBRLAINRYR B BRI HIRAThE AR I IBE LOMrer than

of the tube will be between 5 mm and 10 cm. 7 To ehsure that the tube or
EmiBiah i Hr%wbscéaraﬁr%arhéhﬁmeﬁ Bibiaeck R ipgme length as the
pristéaticadiartberarea afdege naration twridr‘tberﬁrv%ﬁg’cﬂﬁ@bﬂzerﬂqmﬁectron for the

¢ Ir, e irin
RISReL Y SDOURS e DD IR ETER Mo e o e
RIGGIEBEINS fHigeNaga8etion of nerve 5 to aIIow, in particular, for the

suturinmémlrrgﬁgﬂaxﬁte@laneﬁrﬁgeﬂes SarHatm Eberaﬂgit{@%bleﬁ\@hﬁon on a
sur% ’Iﬁdvanta eous ggoxrmatel

m, leavin m on
e oS RN Do PGP R, Dy s of tubutes
Abouitibg e ferrte asplcodftiite nevention t%e@w’gedrbdhtﬂiﬂever the nerve

GQ@LMHQUQ&:?&ER%H%@H&%W%%r&&@@d’*ﬁ Brisadindhat the B%HQFQ using a

of the tube is greater than 10 the length of the bundie. In particular, the

BRIRCABORRE bETSF BRS'S 5% RAHStHP T BGMGRiEsitg AR oA & RBriRealitPiRads. The
tulidanidl therigngen ipizesgibiig eages priotestopidanitessuluterrogdraadsend distal

%EED%Q%X?%@W% fisalallyd Bla8hid i€ 3 mm on each side of the

area requiring regeneration. sur ?Iy positioning the combination
accordifgddtrentieatienrelatgs Ife I@V@Pﬂh‘ﬂ@@ﬂé"ﬂﬁlﬁﬁ@%@éﬂbmﬂﬁl@w@bes as

theritidae-saniaimaesthenbuiiessaflifulnesesheaslithioarsHRIERE b tRRseNent. The
%én a'% rgo uqrértrh?sstlrlrgreonposrtaéever thgyri]rggrrca! support and dried. These iwo
stages are repeated to obtain several layers of concentric, coaxial collagen films.

Those skilled in the art will select the most appropriate solvent to dissolve the
collagen, to obtain a collagen film that is as homogeneous as possible and, especially,
without any or with only very few aggregates. To avoid the formation of aggregates, the
collagen solution must dry after being poured i.e. the solvent must evaporate as quickiy
as possibie.

The aqueous solvents traditionally used to dissolve collagen evaporate fairly
slowly, encouraging the formation of aggregates. When collagen is dissolved in the
appropriate organic solvent, on the other hand, the solvent evaporates at a rate
sufficient to avoid the formation of aggregates.

According to a preferred method of use of the invention method, the solvent
shouid be potar in type. Advantageously, the solvent contains glycerol. The dissolution
of collagen in this solution requires stirring for several hours.
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requiring reconstruction, it should first be dissected using the naked eye
before using a microscope. The ends are recut to produce a "healthy"
area on the two ends. The guide is theg put in place using several
microscopic sutures. The proximal and distal 20 sutures may be

reinfoyeeh 4508 QA LRI NAN SRR Antaty & mixure of

manufacturing”process for collagen tubes as defined above wherein the

TEta rhdeNaerdaetiammt IR-APCap prEiRidle’ SonBOIHRE) RESYRG Frethanol (98-
sotgtiornisfiier deponigsharar bylinskicaks uepPEbAmkdtitidgdheserdw® collagen,
stages,are repeated.to obtain several | rs_of concentri¢, coaxial .
S B A R A i R e B d iy eve of
ol ferordiseialy the’¢ollagen, to obtain a collagen film that is as

homogeRngaHstRePRsS e abraRaRecially s Withow! g imENBRlY YRR with an
few aggregates. To avoid the formation of a% regates, the collagen

CURHBr AT G et BEin B IPEdN Y i SiFesnFilPR A Badianeter of the
tpueldyt Be pessdde ir80riiiheg qeedlibsofventsrtiaditianallyinsted for an equivalent

méﬁ%}ﬂ%gﬂﬂa&‘?&q‘a\é@BQ@B&T&i{'ﬁrﬁ}?d‘%eem‘rﬁ gainathe lunaiangl,.

aggregates. When collagen is dissolved In theaeg)proprlate organic
s

solvent! DRPRHEE BT thse digen PelpEsHy SRt ad 8N @gRRySH: foniains a
auvAitthe tmalion oirrgoreeRiesaBaceydingriaaprefared meledrmtisentially,
% tr&?smo\{\?enc} Iggf]llg]%trp %ggu%e Séglt\)/qgtﬂgts %rr]z%:l'sd be g0|arera|%ig£ Steater ’fhan 50 um.

van%ageous BC SSIVeNt 2ontains ngceroI. THe TR soRitiorN of col agen
inhiRils SoRMIeA PEiresienthreyedy sB¥efal hours. 8 Advantageously, the

solvent,cortaing MethaselandeRseiereRtad R ridiir ohB el ARdpport is
water (methanol 30-100%, water 0-70% in volume) ori%ure methanol

98-
POROENAR RPHDYr LoFaER 208 s PES R0H-SoNTEES RYEh © 1R intema
fillmoesecoitagend &telteokbatizyeor idbaattrefdreotiatig ntitsatmodoldper imade of
@rﬁf,@_hred, at a high level of 5 purity (approximately 99%). This method
has the advantage of a 5-minute drying time for a tube with an internal
diametérPSfCi%‘??Yﬁ*ﬂ TR aRReSRIHlh dPeBRROGERR RYinG BR BT didpnetapet in the

thgutidhe ButWBerneseasermetaibng tinae ik br afribe arder @fstresminitdw. The

For an eglukv%lent method usmr%aélag%eous solutEl.on d%/m time wo

d .
tl)ngna%%i &r than OfeTotr, 10°TOPr6 uceafu%?gg, i%éailu e 86?Ia%gn%‘ms in the

sskepvhladoanndgeushecaaaanyil kukpaaindcerhipermi anddidigmes to obtain a

qlipinaied Rulatsryasingbing aHe.Rigferentially, the dissolved

collagen solutjion should not contain anal ar%grega,tes reater than 50 gm. , ‘
The collagen in the tubes will then preferentially e subjected to a reticulation

stage. The cylindrical support will not be removed until after the reticulation stage.

Preferably, the collagen tube formed by the succession of immersion / drying
stages is then immersed in a pH-controlied formaldehyde solution then in water, then in
a glycine sotution followed by immersion in water and, finally, immersed in acetone
before removing the moulds for the tubes.

The invention also refers to any collagen fim likely to be produced in
accordance with the method described above. Advantageously, the fim is
characterised in that it is transparent, is perfectly smooth and contains no, or few,
aggregates.

Teo prepare a bundle of fubuies, the tubules, siill containing the support, are
assembled longitudinally. The resultant bundie of tubules is plunged into an appropriate
solvent to inflate and partially dissolve the outermost layers of each tubule. Once

processed in this way, the bundie is then subjecied 1o low longitudinal force to move
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This is ensured by extrusion through a filter. According to a preferred
method of use of the method, the cylindrical support is 15 a synthetic
polymer tube with a smooth surface ang a diameter equal to the internal
diameter required for the collagen tube. Preferentially, the support will be

et AbSISE: HetHRSANaHLRNAGS B AIOR IR IERISHRLRY A The fagst drying

immersing the support in the solution. Between each immersion, the tube
R HisebupPle Hnsef@e aiffia $7ered hahibiebissdiRRmg Sgeriares. the tubules
hape dlethas wraldimes as there are films in the assembly. In particular,

the stages wijll be repeated between 5 and .30 times to obtain a tube wit
a wall gﬁr?gigtriﬂagoﬁé) gb é'mli;eyésfseg E?r%? e %o(ﬁcgg‘ ﬁr?n%?e t[ﬁl‘?fJness’Vw ?ng to a
fifliagsreretiewnting Begribjeetatbida paticemdvec efteyestiiatiptindrical
supporkwil-ieiRrissManedadatiAtar tharsticslagon alagsidrbralerallys: the
E}]e ollagen tube formeg]b the succession of immersion / drying stages

U RrTBRERSR T £ AT AR TR REHS RS QbSO RS BRSPRrA oV then
thenassigeylyomersefutionasitolvell byymme ersien andateioaad, finally,

immersekin AcRIgN e DRIOTE LCHRyI, BMauds iRidhe Eé%n%t%n% of collagen

invention also refers to any collagen film likely to be produced in
LRSS RSO TRRRCH W iR dBs0B §B88eRLEY diiies B9 ahtageously, the film is

charactiseddntidratisdsréfanspatient,de peectly snmoathatdceniBnitmARf tubes
f eqgates.. . Tq prepare a bundle of.tubules, the tubules, still
g(go rﬁagﬁa?gg% &;"’}L%cal QRIER des;%rbelg 1 L.mt%a!(e an r%uzd’é € )['egrowth of a

taining the support, are "assembled For‘fgltu mally. resuftan
H@nemsied tifilfes is plunged into an appropriate 35 solvent to inflate and

partially ghisg@lie Haecpuiey MPidanessiRieard fdRINGMNEEIBIC eSS REUR surgery
the bundle is then subdl%g:ted to low longitudinal force to mov

hi , [ f 9
1AL ST G0 PP B 71108 G g COHAARERG guices tre
Témdast dipingneédieimendie under an air flow ensures that the fused

areas afg.SQlithLen thedWules: s and ﬁnggﬁgr&ggrégﬂKg'%vmﬁion can be

bundle is encloSed in a collagen film then subjecte collagen

N P s a . .
(R B steRjeSaRina dutR SR8 AErdiReEaRiEd alic@mggRd nerve to rejoin and

Asbemmiag eously wibe weticsdation DhiezchHrgecinaghigysidasofaliesshéhges and
lggﬂgl(l) 'ﬁgpégnersed in a pH-controlled formaldehyde solution as described
above then successively immersed in water, 0.1 M giycine, water and

acetone.

EXAMPLES

Manufacture of the tube surrounding the bundies of tubules:

A collagen solution is prepared by stirring and dissolving 0.25 g collagen in 50
mi glycerol-containing methanol at a concentration corresponding to 50-100% of the
final collagen concentration. The solution obtained is homogenised by successive
extrusions through sieves with 150 pm and 50 um mesh.

A cylindrical, rectilinear PTFE mould with a diameter of between 500 um and 10
mm is immersed in the coltagen solution and withdrawn after 2-15 seconds at a speed
of between 0.5 and 2 cm per second. The mouid coated in the collagen solution is then
subjected {o rotation within a filiered air flow for 2 to 15 minutes to ensure that the
solvent evaporates uniformly. The immersion and drying stages are carried out 2 to 30
times depending on the number of layers of collagen required. After the last immersion,
the final drying is carried out for 15 minutes.
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This invention relates to a collagen tube or a bundle or combination of
collagen 10 tubes in accordance with the invention, for use in surgery.
The invention also refers to the use of gytube or bundle or combination of
tubes to prepare a surgical device designed to stimulate and guide the

regroval, af 8, Yansesied &esn?aﬂébesg%ﬁ@%%dmg foothe gam%eﬁg{t@ 8 layers

particularly”suitable for neurosurgery 15 because they can be used to
orepiagen Bl ndide tharaisturedetintryitos iReoRG G sautes to 24
HanRseTiRImaINEisTihe CatiagRadt basue e sgnmitirmationueidubesweaeonsity 5-60

E?irm'%én%egtl " I&agibf%\g Sr?gha%@%ﬂ% eSg ba!mvgatt\e’avrobeaqgsﬂ%na 5-15 minutes In
transacted or dam Je nerve torejoin and reconnect in any way

afelonee@areTliie aseirigueasasy arotgipidartSifominttaveds arftfersl air flow, the

peRrsory fides FNAMRIESridasripeurrRidhe iR aufEuUBslingedaube that is
bundles of tubules: A collag{en solution is prepared t%

stirring and | .
BIESEAVIAG 61585 CARBER T SbSAT g\ e Ui RHHAR G MLt ek oaval to, or
Eendchatratith Toisanptmd myato EOEEE% bé she r2Bafazal & akagdncm.
concentration. The solution obtained is homogenised by successive
extrusions through sieves with 150 pm and 50 pm mesh. A cylindrical,
rectilin¥nBfRCBIFR R GARHIFS: diameter of between 500 pm and 10 mm is
immerseg igvllageolageinsauiiepand sdthicbawnafiesidelCosetendsét v/v) of a

f bet 5 nt
T

foeshtol 16 HiBtawtidensitheatHmMmRier $BI0ertS aporstdd ARRAMIPT THeseconds

immr%ic%nuaﬁﬁﬂaym&?@alfﬁ%r@ @@ér;ﬁcg@mf?”emhﬁapam_@%@mm ' gho@nsecond.
e numper or layers o agen requjred. er the last,iImm ion, the

£ SRS 1S ENRRGEFOTR Por 2P ARG §01RSSTAg bR 30 2 flow for 5

olrtaireed Thysisiagersangtth espanital SUppBiHtimgethe layers of collagen in a

0.01 - 0.5% formaldehyde bath for a time ranging from 5 minutes to 24
hours. The mould is then immersed successively for 5 minutes in a water

bath, SEMHRATHES BT HBUYRIWIPEISE bath, 30 minutes in a water bath
then 5-Themimutes snfpadetbmett® it thevackioae iathevapotatednidies of 3 to 60

?ﬁ%‘%l@li%ﬁﬁséﬂ?ﬁtﬁ%eﬁ%ﬂ@gsﬂg% t]igg ﬁ?ﬁ@éﬂ&&.‘dr%%ﬂ?%@%re immersed in a

ucing a multilayer reticulated collagen tube that is placed in a dryin

CRERHRS AR R G GRROVARMAHLITAGIN VRS WR P Sepecd o sight

longitudinal traction to ensure that the tubuies are in close contact with each other. This
stage is foliowed by 5 to 15 minutes of drying under an air flow. The bundie is coated
with collagen by undertaking 1-5 immersion/drying cycles in a methanol-containing
collagen solution with a 0.1-0.5% concentration and containing 0.25% glycerol.

The bundles are reticulaied, removed from the mould and dried according to the
method described for the manufacture of tubes / external sheaths. This method
produces bundles of 3 {o 60 tubules.

Combination of tubes and bundies of tubules:

The assembly of these two elements is carried out when they are dry. The
diameter of the tube/sheath is greater than the diameter of the bundle and this in turn
depends on the number and diameter of the tubules it contains. The bundie is inserted
longitudinally into the sheath. its length can be equal to, or iess than, the length of the
sheath.



less than, 15%. This method manufactures tubes of between 3 and 25 cm.
Manufacture of tubules: 10 The collagen solution is prepared as above but

it also contains 0.5% (v/v) of a surfactant product such as Tween 20. The
solution is filtered three times over a 50 pm mesh. The PTFE moulds with

a diameter of 50-200 pm are {rgeRgtfoNIcFI8eYHiss in this solution

and withdrawn at a rate of between 3 and 10 centimetres per second.

The solvent is evaporated by exposing the collagen-coated mould to an

air floviFifpur® 11 3oaminhitesio S zstelgre witin Hei aeprated D oB0amesbundle of 2 x

ManniastHR el ibue SR e sbsepRoded iR olidhe.

moulds are gathered into bundles of 3 to 60 parallel units and the

are tiefiatife T REDURERYHIE® HAMSEE TR HietRhseNGAN feRder a
seathinganadsowitiiotstassion. They are then subjected to slight 20
longitugingl, ”ﬁ?&gn i .ghsyre abihg, %”'esmaert%r'%%%fﬁe %Ogé%cé(}évd%hdze of 10
each other. This' s age’is followe %y to f?mlnutes of drying under an
SipHRWILT He BeiRifeat 1E8atet Witevaliagemey @riEnaKiagecgon microscope.
immersion/drying cycles in a methanol-containing collagen solution with a
0.1-0.5% concentration and containing 0.25% glycerol. The bundles are
reticulated, removed from the mould and dried according to the 25

method described for the manufacture of tubes / external sheaths. This
method produces bundles of 3 to 60 tubules. Combination of tubes and
bundles of tubules: The assembly of these two elements is carried out
when they are dry. The diameter of the tube/sheath is greater than the
diameter of the bundle and this in turn 30 depends on the number and
diameter of the tubules it contains. The bundle is inserted longitudinally

into the sheath. Its length can be equal to, or less than, the length of the
sheath. 11 DESCRIPTION OF FIGURES Figure 1: Combination of a tube
with a diameter of 500 pm and a bundle of 2 x 200 pm diameter tubes.
Observation under a scanning electron microscope. Figure 2: Bundle of 4
tubes with a diameter of 200 pm. Observation under a 5 scanning

electron microscope. Figure 3: Combination of a tube with a diameter of
500 pm and a bundle of 10 tubes with diameters of 100 pm. Observation
under a scanning electron microscope.
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12 CLAIMS 1- A collagen tube characterised in that it consists of a wall
constituted of a succession of continuous, cylindrical, coaxial collagen

films. 2- A tube according to Claim 1, characterised in that each film
constituting 5 the wall has a thickness of between 0.5 and 4 pm. 3- A tube
according to Claims 1 or 2, characteriseq )t the wall is constituted by

the layering of at least 5 films. 4- A tube according to one of Claims 1 to 3,
characterised in that the wall is constituted by the layering of 5 to 30 films,

and preferably beiageen @ ahdrasidiises] 40t A ¢coheste ob ediva)] toooptiteied of a
Claj , ised.jr he filr tyting the wall comprise

Y B s el o Tosin, o A tube
according1o angy &labmamg to Biahnradesisrekinéban thetiash fim constituting
constituting the ipner layer,qf the wall comprise Type IV collagen. 15 7- A

tub 3&'&%1%%39%& 5%%85‘)1/5 8‘%3&%’39{‘0565 c?r?grééfg\ﬁsed in that the collagen

is atelocollagan; GAMRGRPAIBGIRLRE AT Slaimmlifidad in that the wal is
characterised in that the collagen is reticulated. 9- A tube according to

oneeBretintem by {hiayREr @bREEEh U the 20 internal diameter of the
tube is betyvegn 5Q pm and 10 mm. 11‘0('3?‘?1?#@9“? of %ﬁg?‘&%g L
i ' east two tube€

U % .
- rised in that the wall is
characterised |nL{ %fqﬁ comnﬁrlses at e€s according to one o

Claimsstittdeg) ylithsaevieripareiietass HomdanepedetbbithetweeniBangid & fims.
of tubes according to Claim 10, characterised in that the tubes 25 are

tubules wifh af {HBSIABTAIRIRAREIR CBF IREnEERS0 nt SOB AR ESY ATiALES fims

of tuhestrchaydirgis enepfissiaime 1@odénchgradteciskden dchatdbmbination of
bonding of the tubes is realized by partial fusion of the external
membrdnes of the said tubes. 13- A bundle of tubes according to one of

Claims 10 o 12y ghasasteiingddromOdhatdins ameetoradrit@saRaIR that the films

consisting of collagen. 13 14- A combination of_lpollaﬁ/en ubes

chaFRREfi iWﬂfﬁFﬁé@fﬁbﬁEﬁ?m comprise Type 1V coliagen.

7- A tube according to one of Claims 1 to 6, characterised in that the

coliagen is atelocollagen.

8- A tube according to one of Claims 1 to 7, characterised in that the

collagen is reticulated.

9- A tube according to one of Claims 1 to 8, characterised in that the

internal diameter of the tube is between 50 pym and 10 mm.

10-A bundle of collagen tubes characterised in that it comprises at least two
tubes according to one of Claims 1 to 9, aligned in parallel and bonded to each

other.

11-A bundle of tubes according to Claim 10, characterised in that the tubes

are tubules with an internal diameter of between 5C and 200 pm.

12- A bundle of tubes according to one of Claims 10 or 11, characterised in
that the bonding of the tubes is realized by partial fusion of the external membranes
of the said tubes.

13- A bundie of tubes according to one of Claims 10 to 12, characterised in

that it is enveioped in a sheath consisting of collagen.
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tube according to Claims 1 to 9, wherein at least one bundle of tubes is
inserted longitudinally according to with Claims 10 to 13. 15- A
combination according to Claim 14 chargacterised in that the length of 5
the tube is between 5 mm and 10 cm in length. 16- A combination

accordingyip Q@mﬂiﬁaﬁmrﬁ%@ﬁiﬁgﬂi@u% thelsaeiRey i@ RetSnprises one

greater than the Iengih of the bundle of tubes, 17- A collagen tube

mali ERATFY S 3R S8 T drifing MBI AE ST Ot d> Y EhafabtRris &y frerted
thalotigtedilaeacioreing eseditbalidilasn amwattpropriate solvent, 10 the
resultant solution is deposited on a cylindrical support then dried under an

air flow, tHése\trpTiigEsnpsTesemdd foaibdfcderatiedseditntoat the length of

colipgandinmpetiadh methosacroding tengltaim 17, characterised in that
the solvent contains methanol. 19- A method according to Claim 17,

characterifs@dﬁm@h‘&tir_nlaécsohwntdmg 1 Thaixtuie ohanetteaiset andhablies.length of
20-A- et dAcGarding IRCRAGH Glalmsddde JSweaaracterised in that it

comprises a collagen reticulation stage before the support is withdrawn.
21- A tuberaceasslingdo 10ne efaalaimsiint R oesundierahiaesnaceoiClisiens 1 to

to Claims 10 to %Si,nothgg%gin %ion of.tubes accordi to Claims 14 to 16

for ts& 1A 20 Surgary. 22+ Jse 615 tube Btcording to-one of Clanne 116 g2 V"

or éha mantisioselties actanesigdeore vfictarasstonert hewr gried under an air
combipatianolyRes aceridijaie-ane Blofklaimsslddadion for dbfigen films.

preparation of a surgical device to stimulate and guide regrowth in a
transected Brevemethod according to Claim 17, characterised in that the solvent

contains methanol.

18- A method according to Claim 17, characterised in that the soivent is a
mixture of methanol and water.

20- A method according to one of Claims 17 to 19, characterised in that it
comprises a collagen reticulation stage before the support is withdrawn.

21- A tube according to one of Claims 1 to 9, or bundie of tubes according to
Claims 10 to 13, or combination of tubes according to Claims 14 to 15, for use in

surgery.

22- Use of a tube according to one of Claims 1 to 9, or of a bundie of tubes
according to one of Claims 10 to 13, or a combination of fubes according to one of
Claims 14 to 16, for the preparation of a surgical device to stimulate and guide

regrowth in a transected nerve.



