1 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 medium  and/or cell
structure differentiation medium, especially in surgery, to stimulate the 5regrowth of transected nerves.
The invention also relates to a manufacturing process for continuous, cylindrical, coaxial collagen
films, layered to form the walls of the said tubes. Several techniques have been developed to repair
nerve lesions, in particular  transected nerve<@neGaMMOBRESchnique is the surgical insertion of a
tube linking the 10two 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 a tube that would
stimulate nerve regrowth, numerous polymers were tested e.g. silicones, polyglycol acid or lactic acid
polymers but none of these compounds meets the complex requirements of nerve regrowth. In

particular, the tube 15should preferentially be made of an absorbable material. Practitioners have
defined mandatory cri (9 t t Wf [ maximu th of tr nsect erves, in
particular : ﬁ%é{éiéeéj?ﬁ?ﬂs}ig%%nss%t of & bloggar%pa 'f’ e¥\|la a{??s%{ﬁs% c“'szter the

processes mvol%?ﬂﬁstﬁ@”‘g’ﬁ%%ﬁﬁ“ﬁ%ﬁﬁg \ette AReay ﬁa@ér@ét&m@@gtmmm@u rapducompleted.
The tubes mustznave esbughicneshdficattiasistanas o Witiians axtelrgihrassweiiggemaining

sufficiently gexnpgawg;q{ g{% fwith fhe nerve, The exterior and interior of the tube must

be smooth to avoid damaging 25the surrounding tissues or the ends of the nerve,
The snvention also relates to a manufacturing process for continuous, cylindrical,

coaxial collagen films, layered to form the walls of the said tubes.

Several fechniques have been developed o 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 saction of the
nerve fowards ihe distal section and enable the two sections to join.

To create a tube that would stimulate nerve regrowth, numerous polymers were
tested e.g. silicones, polyglycol acid or iactic acid polymers but none of these
compounds meets the complex reguirements of nerve regrowth. In particular, the tube

15 should preferentially be made of an absorbabie material.

Praciitioners have defined mandatory cri.teria for the tubes, to allow for
maximum regrowth of fransected nerves, in particular :

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

20 stimulated and compiated. _

- The tubes must have enough mechanical resistance io withstand
exiernal pressures while remaining sufficiently flexible to avoid confiict with the
nerve.

~ The exterior and interior of the tube must be smooth to avoid damaging

25 the surrounding tissues or the ends of the nerve.

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

- The tubes must be able to be sterlitsed

Collagen is a material that is particularly suitable for surgical implants, It has a

30 range of physical, chemical and biological properties that make # a first-line material for
tubes complying with the characteristics listed above. Collagen is biocompatibie and

absorbable. Its absorption rate can be fine-tuned and it can combine with factors that



- The wall of the tube must have low-level porosity, enabling the circulation of trophic factors but not
the circulation of cells. - The tubes must be able to be sterilised. Collagen is a material that is
particularly suitable for surgical implants. It has a 30 range of physical, chemical and biological
properties that make it a first-line material for tubes complying with the characteristics listed above.

Collagen is biogcompatible and absqrbable. Its absorption rate can be fine-tuned and it can combine
with factors o D B TLE [ ol A oL Lo AP Al Bom ), A5 LRI Bl
growth and cedindiffeletifiatintaiionedl we!lsigrifiriimanidepvetistiogewrr.  The collagen molecules

are animal proteins lqgateg e RuiacRILAE MRk TRRINIIELIR SOMRINI RS A oRgiiple-helix

areas. A triple_helix is obtained by 5 combining three alpha chains, each consisting of 1,050 amino
acids. At the eHePbr THERWE FOTRIRShRNG oRi I are 45 Risrigiifieasmé foRY dialko'sahietbBeptides)
allow the gollagenbingigahies tiptambiies, Haeoderysanant ¢/o&Enkofinanidsnatebyleadaeddseto the

formation of filG8as non-hSHOUREPINSE XURRIRTLI ADRORGS LSshe @as@%ggggﬁgﬁeggéﬂgw o those

10skilled in the art.&rhere are severa% types of coﬁagen Wltﬁ varlous%eve ollagen is
described as "¢RItAEENFRRATHEE A recstiRReu rENRifiREeSHasN@nbRe Mo anelaeitirelsadedy is
retained on exfractignatic®bnresrrean be split enzymatically or chemically in the telopeptides: it is then

referred to as ateloco(%?en. 15 When thg hree algha chains ir‘bghe triple helix are separated by
|

denaturing (e.g. heatngP9RE SIRYET R LMo Be FanRErES. R8ENEh LBV ot ¥ have

been disb@vere@llﬁbmQ1gfatheﬁhéra\&doa@reisbtmd ahdoﬂjagduaa'ﬂjimahimlsiwgel?bés?wtermainly types
I, lTand IV. Depending on. the:bype of EECH@&%B&?gsthﬁaﬁ%hngﬁﬁgéﬁﬂéﬁﬁﬂ%ﬁﬁ%%mn
il ha ferent p a

20collagen solution and manufacture the tube, the products will have di ysic
the tissues (triple, helix and ielopeptides) is retained on extraction.

= Collagen can be split enzymatically or chemically in the
telopeptides: it is then referred to as atelocoilagen.

15 + When the three alpha chains in the tripie helix are separated by

| denaturing (e.g. heating), the collagen is said tc be denatured.

Various types of coltagen have been discovered. Some of them have been
isolated and produced industrially. These are mainly types |, If and IV.

Depending on the type of collagen and the techniques used to prepare the

20 collagen solution and manufacture the tube, the producis will have different physical,
chemical and metabolic characteristics.

There are numerous documents describing collagen tubes used to stimulate and
guide nerve regrowih.

Patent EP 0 156 740 (US 4,814,120) describes a method for the manufacture of

25 collagen tubes that can be used in vascular prostheses and nerve sutures. These
tubes consist of a single layer of collagen.

US patents 4,963,146 and 5,026,381 describe a tube used for the regeneration
of transecied nerves, consisting of at ieast two layers of collagen | with different
permeable qualities, including one external porous layer.

30 US patent 8,080,117 refers to a tube that can regenerate a portion of missing
nerve. The membrane of this tube is coverad with two, interior and exterior, layers of
gelatin or collagen. The tube stimulates the infiltration of capillary veins. The tube is
filied with a collagen body consisting of cavities which are filled with a matrix-gel

containing collagen, laminin, proteoglycans and growth factors.



chemical and metabolic characteristics. There are numerous documents describing collagen tubes
used to stimulate and guide nerve regrowth. Patent EP 0 156 740 (US 4,814,120) describes a
method for the manufacture of 25collagen tubes that can be used in vascular prostheses and nerve
sutures. These tubes consist of a single layer of collagen. US patents 4,963,146 and 5,026,381
describe a tube used for the regeneration of transected nerves, consisting of at least two layers of

collagen | with differnf, permeaiie spsaliliesnAHANG 90651873 RRQUB AYLLBARSRARNT

6,090,117 refers to a tube that can regenerate a portion of missing nerve. The membrane of this tube
is covered wWiBIFENeHEE Glagse e idie g cigrapise atiire Maliixden PPAECRMLE AR the
infiltration of papilasreinal Thiéubeti filledaniticrisallagen badyhsessisting of cavities which are

filled with a matrix-ggl containi I n, laminin, proteo S th fac ... US
patent 6,716,225 (appIPcaaﬁga{r% %%%iﬁ%ﬁ 863%%%35? %ﬁ&ugﬁ%&& &nr%ié%%%gnﬁaggﬁ‘égen. The
internal dianvetisistinthefradubkinestssorberpodrtad By iin tThoenteffatRrRawS Mo IkGe,
characteriseghR, itSHQUOBRGSSre conbISiRAIINARR ASR SRssliaes Aayisrtisgdiominulate nerve

regeneration, consisting of a tubular-shaped support atrix in the form of a sponge filling .the tube,

and a tubular structére cB"f‘ltgf%ttin@%'@@ﬂﬁ@eﬁ%&ﬂg%g;de Pr?@rr'h%?omﬁh otf’ﬁ?e r?@f\;/e.u ¢ "UJs patent
application 2%4&50légéiﬁ‘ﬁkat‘escrﬂaﬁsigtwedb_rmseﬁmrtmbe,rggenetiatidmnmmlmgomea awstrbable,

smooth,non- QI RULCLAL samaiag: R bl salpasn e aAFhadloniaeltait bg o

ends sealed g or esive. The tube can by filled with a collagen matrix. ocument

3.562.820 dbspdifesca athesveidhefthacandiiiad vifeuprtiaasy ittt collagen adhesive. The

layers are a non-hoNogepEALA: CRBRRESItEIRESHIES a sucthssionesttiancdeseiieed Hoitapursiagt
W082/0376 _cor}?#)ris}fs sev%ral I%ﬁﬁgqntainin%colla Jen combined with the Iivriﬁ}%&l%lls responsible
en

for the colla ‘Qﬁo oTSCOTT &t Qﬁ%‘e > YT AU ggg%ﬁ%stfgénc?%sétgsevera[ layers of
non-woven collageft ferineentand dasigriaethéntidrswhdele WRSeAg Ehevaplises dgenMgtratpygrs

Document US 52074 031dg sk e b rrYeiAH e IR iraNSIiingsgbAspixtieary Bolugethansfaam to
which collagen was addted when the polyurethane became reticulated.
arrangement.

Document EP 0943345 describes several layers of non-woven collagen formed
randomly at the time of deep-freezing and vacuum dehydration.

Document US 5.207.705 describes several layers consisting of a mixture of
polyurethane foam to which collagen was added when the polyurethane became
reficulated.

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, ceils such as fibroblasts can
penetrate 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.

Embodiments of the present invention seek fo provide a new type of collagen
tube for use in stimulating nerve regeneration. Tubules are welded together and
inserted into the tube as a bundle to allow the groups of axons, which are components
of the nerve, to be guided individually. Each tube and tubule consists of & succession of

continuous,



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, ceils such as fibroblasts can penetrate 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 thg surrounding tissues. Likewise, the presence of
areas of bonding or adhesive on the external membrane is a disadvantage because the asperities
cause irritatign. . . _Generall ipg, t . Jnatrix Vi -the nerve from
being effecti\(}glvfjgrbﬁagao # F_?Ag%?esrgggﬁﬁv&tﬁ%ﬁ?ﬁ 9 &ﬁ, %éﬁwzﬁ%/%%t?ét(%gep%? telﬂf]‘é% rf%)tﬁoég of
preparation, RRES#if¥es are, in most cases, very expensive. Embodiments of the present invention
seek to provide a new type of collagen tube for use in stimulating nerve regeneration. Tubules are
welded together and inserted into the tBE§8%@,TH5@I8mE>m{/ s of axons, which are
components of the nerve, to be guided ndividually. Each tube and tubule consists of a succession of
continuous, 4 cylindhizairdiogutiabootiapet fifntiae presksehinvplvth e orieeddne sapatarsiel of
porosity. DE@Q@'E’oﬂﬁﬂi\éa%ﬁ FHEINYENEIQN o suhesatiinertesminsast efitheresenhimention,
a

there is provided a collagen tube comprising a wall formed of a succession of continupys, cyljindrical,
coaxial coIIa@@ﬁﬁ%é’,‘%éﬂ’@ﬁ{%‘é&%ﬁrﬂl% mm@%@%ﬂﬁlhggsaatﬁﬁ& S8 B%?(Xfeeéh(%gsagﬁlcf{ 4

micrometersnfpimetersiipengxpression "continuous film" means that the film consists of a single

length, with no areaa%gfﬁ*%g@s!&gn%%ﬂnﬁgém-fw ﬁ%‘%ﬁﬁ RaURE RRRPSSLRRIATE IPRTE RAIRRS
ylindrica f

cylindrical. The term “c tube” refers to all cylinders resultlng rom a directrix, preferentially a

circular direcHitR. Fharagjertiberrdibadnprdbriieetadian e htks fBRUBRIRCTROSKERTe axis viz,

the a?is of ﬂ@aﬁH@@ea{hehﬁagﬁ@h%ylmﬂf@éegawaﬁylfb% U@mm@m@ﬁmm@@i@mﬁz&n not,) or
very few, aggregates. The films sho referentially be nop-poroys.i.e. their porosity, s not be
greater than f ?'P\}fai‘-é/calecér%%{a Wg?géuﬁ?’?/vgfglﬁf%\feap%rgﬁ?nafgéc%e ED{?‘aacta%Hbttla"%i lised
through the wedkoitiee tilzee Thesawsaye alrsdnetofistivhéfotube ftiselban proothireflegaisdwaried

depending ogeth?aggeé%ﬁﬂt'hom%égw@WE%@ﬁFl?\&O'(L"f‘g\?éhﬁ|@@°Q§§FQ§£‘@§?‘Q‘M\@”H}H%S a

thickness of between 0.5 and 4pm. The invention refers more particularly to a collagen tube with a
wall consistif§UHa ReEEstialy Set98aa8 S Rin6 L APRIM$EaH E SigtiBe BRAEEANEB s  The wall
preferentiallyveaesisss aita succrssianvedigHioodadprosiantsiin7padieuan HOdifdEfltheugh ibose

skiled In the ath SHAC A% 803RL BEBHIMBe Rl B 116:'ial ekiBs kbR dshandgon the
properties required e.g. resistance to traction, flexibility or thickness. These characteristics are
selected in agdepeddingeonithethieaitigidse of the tube  The films assembled to create the wail of a

tube may all have thes5amg.eemRRSHIRM AQRYIEINaIRe aprthrriAgPerR! Wdhairventioskibssfitns

constituting a given ngl can have different compositions i.e. consist of different types or mixes of
collagen. In pariEra tR&@Rhi& Tonstituting the inner and outer layers may consist of different mixes of
collagen. The invention refers more particularly to a collagen tube with a wall consisting of

a succession of at least 5 continuous, cvlindrical, coaxial collagen tubes. The wall
preferentially consists of a succession of 5 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 1o traction, flexibility 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 different types or mixes of
collagen. In particular, the films constituting the inner and outer layers may consist of

different mixes of collagen.



4da The films constituting the walls can contain Type | collagen, Type IlI collagen or a combination
of the two. The mix can be made of all the possible relative proportions of collagen of Types | and lll.
The preferred composition is a mixture comprising 85% to 100% Type | collagen and 0 to 15% Type Il
collagen. According to another embodiment of the invention, the films can include Type IV
collagen, either on its own or combined with other tyfs of collagen, in all possible relative
proportions. The preferred composition is a mixture of 1% to 100% Type IV collagen (by weight) and 0

to 99% Type | coIIa r&{ wel t or a mrxt e |II oIIa foresard
proportions. ufhe t ﬁﬁ%’% nﬁﬂtﬁéﬂgafﬂerﬁge c i o ﬁ? avall Should 5
consist of Typecbvhboiﬁgemfvﬂhmlewber)tdﬂenmnerebexmmdalﬁlmbtbhmﬁéﬂﬁreﬁawewmﬁgnagen ora
mixture of TYRPdotaRUR%HTGRIRIEY PP ROIRGIERSS!SBMHEANIRRRE dIRIRERY BRI BESPecies, In

particular cattles or ccording to a referred embodiment, the collagen used is
atelocollagent?. é09°ﬂgyéélid§e[ﬁ3ﬁ%@ﬁ§§6%éﬁ B%t@ocfﬂ‘%?&vage in the telopeptides (Rousseau &
Gagnieu, Biomaterialge@@0:) to andthepehingdiranotienaspectioh issifiventan itbiedoliygeny
constituting the tube walls is reticulated. Ret culation is chr ved it igues known to
those skilled 7 1[fﬁ%ea'?rta or exa'trtnpcie iPC&R b% ae%nreve by A ?asti%f?réglg é egreﬁt%ﬁ 5% § %5 reticulation
reaction will be achieved by soaking the collagen in a formaldehyde solution at a concentratron of
between 0.01 and 2% for a period of between 1 minute and 72 hours, at a pH of between 3 and 9.5.
The parameters are adapted depending on the rate of reticulation required. The collagen tube
according to the invention can be used for a wide range of 20 applications. It is particularly designed
to be used in nerve surgery, to guide and protect a transected nerve during regrowth. In this
specific application, the section of the collagen tube is adapted to suit the section of the nerve that is to
be guided during regrowth. Ideally, the internal diameter of the tube should be equal to the section of
the nerve being regenerated. 25Generally speaking, the internal diameter of the collagen tube
according to the invention measures between 50 pm and 10 mm. Preferentially it measures between 1
and 7 mm.



The invention also relates to small-diameter tubes, herein below called "tubules” with an internal

diameter equal to, or less than, 500 pm and preferentially between 50 30 and 200 pm. The optimum
diameter is 100 pm. The invention also refers to & bundle of collagen tubes characterised in that
they include at least two tubes according to the invention, aligned in parallel to each other and joined

to each other feyabengingortions. Tﬂeefeeem@dmmewbea iR thexoiesshoylebalbe.of e same
length and ha 5th same erngl dia ccord to a eferred. gspect of the invention,
the tubes in theg l:% r%ed rﬁiaveg gd# |n g‘rl)r?ettrl ?a}nce er%%nlé g ab%@'r?&'gﬁ r} cjz|¥f"§eierentlally
an internal dlérﬂféQéH éﬂl‘)@%@ﬁ*ﬁ)ﬁﬁm&&ﬁ@ ROWPTHIOThey are then known as "tubules". According to a

preferred embodimenkpfiihe daveRtiane hbeadine ghheiubes ek iubies e%@wﬁ%@aﬁr&ama'

fusion of the external embranes of the said tubes. Those skilled in the art will know how to determine
the optimuim PRSHETLra PS5 thENRIEH A& W 6h TIAB&IEMALIIRLI AL SR8 FhérBranes.
The bundle ma;lia@enmnseenax&mmbenﬁembe%ypeIlljtndmmmglng from 2 to 60 and, in particular,

comprise 2.3, 45 Y ¥nad0u40) BOLAR onles depepflng o d0dbe et of e

bundle. The bundle is also characterlse in that it Is enve oped In
thickness of b&tRiE&n 1 pm and 3 pm. By coating the bundle, it is given a smooth, uniform surface,

making it easier to insesbitiytuba aesadrertsaivhdiicsbelisb uskaraiareptial Lé(g%ﬁﬂ%sbmalnly of

Typelc ageq. 15Th ndI is adv sub ect dt reti Iatl reaction after assembling
the tubeZH bondi ”aé?ﬁemqtoaéﬁ’n%% eé%ggr?eafl |ng en*?mt%j%gﬁggé uﬁ%ﬁ%ﬁ%@cﬁ@@% 'be
achieved usingi@mgiefigie 28PRlkentional techniques known to those skllled in the art and, in particular,

by using a formaldehyds sy iisAsiHesaEhed aPACiIv SR MNEANRAIRLSRRAERTY @LarpRination

of tubes charactﬁ?nsed in that it includes, a tube in accordance with the invention, wherein at I€ast one
bundle of tubd¥allF S ESAEE IFIHETNDER GO IS EFES TsliRMRHERpRiauesiovEs [Rkipse
diameters of thiglibtinidierendrtuliearxadpted sarthattheyieasdbbycendkiad. FPrcbsmtiiy (resp.

bundles)l'ss (V%Rczﬁé%bm%réﬁgn‘%ﬁhﬁé%ﬁi%ﬁ%?@’oakmg the collagen in a formaldehyde solution
at a concentration of between 0.01 and 2% for a period of betwesn 1 minuie and 72
hours, at a pH of between 3 and 8.5, The parameters are adapted depending on the
rate of reticuiation required.

The collagen tube according to the invention can be used for a wide rénge of

20 appiications. It is particularly designed to be used in nerve surgery, to guide and
protect a transected nerve during regrowth.

In this specific application, the section of the collagen tube is adapted to suit the
section of the nerve that is to be guided during regrowth. Ideally, the infernal diameter of
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 pm and 10 mm. Preferantially it measures betwean 1
and 7 mm.

The invention alse relates to smali-diameter tubes, herein below called “tubules”

with an internal diameter equal to, or less than, 500 ym and preferentially between 50
30 and 200 um. The optimum diameter is 10C um.

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

Preferentially, the tubes in the bundie should all be of the same length and have

35 the same internal diameter.



25 The tubes and tubules according to the invention may be of any length. In general, a tube of an
appropriate length is prepared and is then cut to 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 length of the tube and bundle must be adapted to the

length of the 30 MiSSRGFHEHAR AT NENed asdDBEPHEIWYBRRSEIGH NRILE SRk &:ﬁéfé@ﬂ?

fhe order
of several centimetres in length, up to as much as 15 cm. As far as the collateral nerves o ?

concerned, thBa¥hdth SteeRledaEsisy RINGeS fham 8P 316, MErene rERGREACRN IBErA-er

Ingers are
nerves such agidheterediparnesvesOithanerar ghdamagseréaibe brashiak3hpeses, the missing nerve

can have a length of 10 to 15 ¢cm. Preferentially, the length of the tybe will be between 5 and 10
T o o TR T G O B T R NRAIEY e IR OB DR U effective

protectiord for theurdlasobregeneedtion rattainksivo ehtheobrissnstmembeigacptdbaisattiditodse should
be longer thanriir AGAILGHI WY ERORMCKAHANN ML dheEnoih OTdheduReshauiddhe greaer than

the length of the _missinogﬁiﬁection of nerve 5 _to allow, in particular, for the suturing of the transected

I
nerve ends in HROFBRRR gﬂamaﬁdﬁ‘%{mﬁé‘ﬁﬁ&emaﬂ{mB@Q%pproximately 6 mm, leaving
3 mm on each side fohsuiuritg are) providing goototectiobsfo pthismeswaanisy fromATco’Eling to a

preferred asp I ' Nato K, t [ on i
characterised?%ﬁ%%ﬁﬁ%&%ﬁ%%%%? Z?E?a?éﬁﬂ]agr?? ?%tghg%g%g#tgﬁ%g%;%%ﬂ%ﬂ a%ﬁcular,
the bundi@ wiltseresykecsgimaeien girtnesrdifissing section of nerve and the tube will be longer in

length to ensure protestionrfaktkessd weareanss ofthe nerwescRisigraniisdsgdnaniangaithe. 3 mm
on each side of the area re {\Ip Lre eneratigné, Wheg sur%jtcall)(hﬁéot%itio ién% the combination according
e

ui
to the inventiof oh-a 15 IQVEPWItH the n?sgfﬁg sé’gﬁbn%f;ﬂer!\r}g, u Conf%iﬁf\r’]%ntﬁesﬁm? es of

tubules shouldibéosutisetice thea&ings ibfegriendovanbgrthie sutgoenvigrateserstmnerive rhgatiing
reconstructions%gtbowgé}rgﬁtm)pﬁggpgaﬁjpgﬁl@gg@k@éj;g@/&before using a microscope. The ends

are recut to produce a "healtk;?/ area on the two ends. The guide is then put in place using several
microscdpic sutures. e Progim

dPa R RRIAP B UrBIRAF Be Sreibrliedeiin g a%ic Aigk.
This invention aseniblate $hto @iveanbéectug tgproee gsrfahenlldgen dnbaibiag defmadiahaiageherein the

collagen s reriredSeldble .20 eRoRLis solventy The reslani Rl o s lngaciepapiieg on a

re ese two stages ar ed to obtain severa ers of concentric,

coaxial collagéhcsfriilion iz arsinddifPeiEcaieniviysass aHemalstehypecinidianseivdsrcidahssolve

the collagen, tggaitain a collagen film that is as homogeneous as possible and, especially, without any

or with oply very few regates. To avoid the formation of regates, the collagen solution must dry
otor bortd poured 1o (5o RIaTRD At RS AP C AR TL B, Characianod: i that i
includes a tube in accordance with the invention, wherein at least one bundie of tubes

in accordance with the invention is inserted longitudinally.

The respective diameters of the bundle and fube are adapted so that they can
be combined. The bundle (resp. bundles) is (resp. are) inseried in the fube when dry.
25 The tubes and tubules according to the invention may be of any length. In
general, a tube of an appropriate length is prepared and is then cut to the exact iength
reguired using conventional technigues known io those skilied in the art.
If the combination according to the invention is designed to be used for nerve
regeneration, the length of the tube and bundie musi be adapted to the iength of the
30  missing section of nerve,
in general, transecied nerves lack a section of the order of several centimetres
in length, up o as much as 15 cm. As far as the collateral nerves of fingers are
concerned, the iength of nerve missing ranges from 2.5 to 3 cm. For the reconstruction

of larger nerves such as the median nerve, or the repair of damage to the brachial

L2
Ln

piexus, the missing nerve can have a length of 10 to 15 cm.

Preferentially, the length of the tube will be between 5 mm and 10 cm.



30The 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 35should be polar in type.

Advantageously, thewplygalireomininaolvee Y Tamdinapirion eheellagendmiis sAkUQLEggHIres

stirring for several hours. 8 Advantageously, the solvent contains methanol and is preferentially a
mixture of meﬂ{gﬁ‘gF%Wé{?ePrm%‘a@%@lﬁ@%,O\?\fﬁ%?r@’?@% AP Cop iR OfRaIERS (98-
100%). All formesidficgltagen tentiie sbed!teecityesitate thelganeafirnisregiagerion. 1asalgcollagen
or denatured %ﬁﬁﬂ e I [ hi velof Spurity (approximately 99%).
This method r?ggt e aﬁ\%ﬁ%&%&%% ﬁgg-r#ﬁﬂégég%%?nqgh%t'm%?o%m tuboér %vﬁr%é%sﬁée%%f%éﬁ%?éeof 1.5
mm. The timetmaloricieRastigesent@hierbiierimeupbiae draneeaier mrvehenderatheitulieyifibetime will

be of the ordes@ditieamingid. nebanras WNaRRIJBSTRA0 AIRGALERIUEOUHSOIEAR, 5YiRG tine would

be greater than %Fesipg%'r S%?u;;o produce tybules, the dl{luted cgoll gen solution advantageously
an

contains a surfac compountﬁ1 QHCPISE ﬁﬁ?ﬂ%?’é’g 15’{}0 SRR HR BN RESule. Preferentially, the
dissolved collagen sélcrianing ikl preterceriaianacy abtie gatrdigne dterttivan’ bongie. ddnbisagasured by

extrusion througiuHict, AREAINGLIPiE eisfaemeifanebicralieraiog. fagedidigs suppor

is 15 a synthetic polymer tube with a smooth surface and a diameter e(1ual to the internal diameter
required rth%‘%gfiﬁ%i@noﬂrufts‘@. BydisclnigftitHE s BB PHIRELinBRIOLEsTRaMS lengiheagidipived
collagen solutioisssigepoisited ngriraraedsing tthe supperbintensehdinte Betwess qashuimmeision, the

tube is dried i@&ﬂgsaﬁ'\féee%g’sjrgﬂ%-ﬁgﬁres, preferentially 6 mm longer i.e. 3 mm on each side of the
area requiring regeneration.

When surgically positioning the combination according to the‘ invention on a

15 level with the missing section of nerve, the tube containing the bundles of tubules
should be sutured to the ends of the nerve by the surgeon. Whatever the nerve
requiring reconstruction, it shouid first be dissected using the naked eye before using a
microscope. The ends are recut fo produce a “healthy” area on the two ends. The
guide is then put in place using several microscopic sutures. The proximal and distal

20 sutures may be “reinforced” using organic giue.

This invention aiso relates to a manufacturing process for collagen tubes as
defined above wherein the coliagen is rendered soiuble in an appropriate solvent. The
resultant solution is then depcsited on a cylindrical support and dried. These two
stages are repeated {o obtain several layers of concentric, coaxial coltagen films.

25 Those skilled in the art will select the most appropriate solvent to dissolve the
collagen, to obtain a coliagen film that is as homogeneous as possibie 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 possible.

30 The aqueous solvents traditionally used to dissolve coliagen 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 preferfed method of use of the invention method, the soivent

35 should be polar in type. Advantageously, the solvent contains giycerol. The dissolution
of collagen in this solution requires stirring for several hours.



20 immersion / drying stages are repeated as many times as there are films in the assembly. In
particular, the stages will be repeated between 5 and 30 times to obtain a tube with a wall consisting of
5 to 30 layers of film. The collagen in the tubes will then preferentially be subjected to a reticulation
stage. The cylindrical support will not be removed until after the reticulation stage. 25 Preferably, the

Il be f d ' ' jQr ' is.then i d.i
collagen tube formed s qutsiesipn DI EISian{ drung siages nen Iumirsed i 2. o

ally 2 .
e en in water, then in"a glycine so ovx)’edrBy immersion in

water and, fin&n§thansiarewateatarthenpbiid PemowatgtRe’ Ao idefomtietubies Metearsiddlion also

refers to any cobigaenailmartike b teohagerodacaskinsS0 ascartasrmatzdhsmietharbgdeseibgshabove.
Advantageously, the Iilm is chgracterised in that E is trapots?{)@rent, IS per%ectly smooth and contains no,

or few, aggredhraecoiager, ol SrIRNIes, COlROBR (At RIS IH'RER 01 PERIBES AR B2 CUBRI, are
assembledl longitildizaiycdmeteisbfi#nt bundle of tubules is plunged into an appropriate 35solvent to

inflate and partially diggelue:thesotdernesidaxars.af AshsubHIR. %b%ﬁﬁgp{meeﬁéﬁq ie{a{é'aismx the

bundle is then subjected to low longitudinal force'to move 9 the tubules closer tcs)cﬂ er and tPne fusion

of layers durinG€8gbARFIR. heFRMarlilsgtreeBLRgEansisrardngsi Bairsetrartteefused

areas are soliduite bhethghntesasave dipindeathtogelles.of the orddter @dndnginiie. mndle yengigged in a
collagen film then,supjected to ollagen.reticulation stage. The moulds are removed after
reticulation. rﬁﬁﬂ@%ﬁ%’%ﬁ%éééﬁ%@%&%ﬁﬁlg |¢%\u%%ﬁ1gr%%l aogué% tfg gé%aljfeevret aé’sof%?lg’\?v{ér:‘ the bundle is
immersetlin a pH-cohgrdtiedues ididissy dessoiition as/laasorivedtiaposevardacsinsstssiveliimeersed in

water, 0.1M glygi: el RERIRA-is elimindiBlp bﬂ%ﬁf&‘%&;ﬁ%‘ﬁ 3lgnd %@Q?ﬁr@f@%ﬂ%ﬁpundle or
e invention, for use in su'?,r(_{\ge%.;Fl The
R

_combi_nation of co(_:léja ep 1é)t Pes in accordance with t
invention also Y& §%8‘fﬁ ?é@%?%ﬁ%ﬂﬁ%%ﬁﬁ?ﬁ%% EONhANY A RIS RN ital
device designéddhitoisenmaubaie Bnekjusien tthexegjraniheof a transected nerve.
According to a preferred method of use of the method, the cylindricai support is
15 a synthetic polymer tube with a smooth surface and a diameter equal to the internal
diameter required for the collagen tube. Preferentially, the support wili be made of
PTFE.
The dissolved collagen solution is deposited by immersing the support in the
soiution. Between each immersion, the tube is dried in a dust free airflow. The
20 immersion / drying stages are repeated as many times as there are fims in the
assembly. In particular, the stages will be repeated between 5 and 30 times to obtain a
tube with a wall consisting of 5 to 30 layers of film.
The collagen in the tubes will then preferentially be subjected to a reticulation
stage. The cylindrical support will not be removed until after the reticulation stage.
25 Preferably, the collagen tube formed by the succession of immersion / drying
stages is then immersed in a pH-controlled formaldehyde solution then in water, then in
a glycine solution followed by immersion in water and, finally, immersed in acetone
before removing the moulds for the tubes.
The invention also refers to any collagen film fikely to be produced in
30 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,
To prepare a bundle of tubules, the tubuies, still Containing the support, are
assembled longitudinally. The resultant bundle of tubules is plunged into an appropriate
35  solvent to inflate and partially dissolve the outermost layers of each tubule. Once

processed in this way, the bundle is then subjecied to low iongitudinal force to move



The tubes according to the invention are particularly suitable for neurosurgery 15 because they can be
used to prepare a surgical device that stimulates and guides the regrowth of a transected nerve.

The collagen tube or the combination of tubes according to the invention can be used as "guides”
enabling two ends of a transected or damaged nerve to rejoin and reconnect in any way whatsoever.

This techniqug,eadf 2plLer o ML RE e AN A ENERMINE S MM E R AL gl of the

tube surrounding the bundles of tubules: collagensolution IS prepa Dy stirring and dissolving
0.25 g collaget HSBYRTIGIEERSI 2b A ItHGERR IR BT Aecbisesrraas mEorRiSh AR 1PBBs100% of
the 25 final colagensenrceiiainn. The solution obtained is homogenised by successive extrusions

through sieves with and 50 pm mesh. A cylindrical, rectilinear PTFE mould with a
diameter of between]}%%fsog] Eré%d% Q%‘%ir’ﬁrﬁggga% fﬂeacgﬁg%%%ns@fﬂtigq?%n%‘mfﬁﬂt&fja\%?naafter 2-15
seconds at a spéeersirbécwekenGBamd Reomopisis streordtiovad afiniditusatidnin the collagen solution is
then 30 subjected tozgtatipnathiy, afieradaliavdoneiRdadpinuesdoLRsur hakie svent

evaporates urgforqr){ﬂy,. The immersion and drying stages are carried out 2 to 30 times depending on the
number of lay8HYEBINGER TG MR & AR LR TmiisdR, s inTaPhRRR G ReCA R 0 for 15
minutes. 10 suctéslagbnmetieskdionwatehtainkdgbycinemessingitbeatatrd supporting the layers of

collagenina 0.01 - Orﬁ%)iﬁgmqquggs%tg %lg%%ﬁgyggt%@_%[g‘m eSOWE%%g%%ﬁ 32n4o ours. The mould

is then immersed successively for 5 minutes in a ) minutes in a 0.1M glycm%eﬂath, 30
minutes 1H a vi4BeS AATEREIRBLE Vit RdBvVRANY e RS rsedhee 886/ acetone has evaporated for 5-15

minutes in a filtered gindlpwetherPAsdranrdlbishwitihdramnn upedreinga BribiavetRlicHatgdcollagen
tube that is pIsgced in:a drg/insgI chamber for %t least 16 _hours %il the humidit¥ level is equal to, or less

n
than, 15%. Thig Mead MantuActures (i S hstvaan® n&#& 55305, MGGUFAR RIS b Hfe& 10The
collagen solutisanBepieshagad as above but it also contains 0.5% (v/v) of a surfactant product such as

Tween 20. The solutipisis fiRrad-dHasipeso¥REARN B Mt Ehe SREGMEHICS witgiameter

of 50-200_pm are immersed for 1-5 seconds in this solution and withdrawn at a rate of between 3 and
10 centiretreSPE-EEIBRY CFR LS SRRN T FPLR R 5ra S B A a5isRg tRSLBIARIES - 2BA R HIRDING to an air

flow for 5 regrowth of a transected nerve.
The collagen tube or the combination of tubes according to the invention can be
used as “guides’ enabling two ends of a transected or damaged nerve to rejoin and

reconnect in any way whatsoever. This technigque can be applied to motor nerves and
20 sensory fibres.

EXAMPLES

Manufacture of the tube surrounding the bundies of tubules:
A coliagen solution is prepared by stirring and dissoiving 0.25 g collagen in 50
ml glyceroi-containing methanol at a concentration corresponding to 50-100% of the
25 final collagen concentration. The solution obtained is homogenised by successive
extrusions through sieves with 150 ym and 50 pum mesh.
A cylindrical, rectilinear PTFE mould with a diameter of between 500 um and 10
mm is immersed in the coliagen solution and withdrawn after 2-15 seconds at a speed
of betwean 0.5 and 2 cm per second. The mould coated in the collagen solution is then
30  subjected to rotation within 2 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 coliagen required. After the iast immersion,

the final drying is carried out for 15 minutes.



15minutes. This stage can be repeated 2 to 30 times. Manufacture of tubule bundles: The tubules
supported by the PTFE moulds are gathered into bundles of 3 to 60 parallel units and the bundles are
tied at the ends. The bundles are immersed in a methanol bath for 2 to 20 seconds without traction.
They are then subjected to slight 20 longitudinal tractibn to ensure that the tubules are in close contact
with each other. This stage is followed by 5 to 15 minutes of drying under an air flow. The bundle is

coated with collager™y R RARHR 5 SrRRRrSES P THERS B8 4NR RevErenBrEne G iRy eBilagen
solution with afl:éHBgetoinententralid@icivchecogtaydnd 8i2 586 gtyraenaindihe foomdesimvesatdated,

df d | ~ord] . ' f t f tubes /
extornal shoahe e S 2 € K510 B Bl CRms et o e Ao bunee

t . Combination of tubes and bundles

of tubules: MIHER4BMBIY\bf hegeenhvtielctHeRIB e atidd \BRiElvReH (S ape ! dry" THE iBmeter of
the tube/sheagizdsgec@neihme tedineneierabiirbade snd thiminddin 3QieaRenRs e umber

and diameter tubyles it contains. The bundle is inserted longitudinally into the sheath. Its length
can be equal o%%érelénsosﬂ a{ﬁ,%e(ﬁéan\ﬁﬁﬁ Bﬁﬂ%cg}'?egthmﬂﬁﬁ\ﬁéé%%%ﬁ%éaﬁ?@jﬁ%st%g ﬁigure 1
Combination ofasedue aidhyindisnasteeofob@0 Ipastaifll zobindididhe kRupaidiynedthinaeraltseor

Observation ygglefa SCoing Rl IRPHEIRISORR:s tubElb 8dwBLnale Y Zstbfes with a diameter of
200 pm. Observation under a 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 mideragapéire of tubules:

10 The collagen solufion is prepared as above but it also contains 0.5% (viv) of a
surfactant product such as Tween 20. The solution is filtered three times over a 50 ym
mesh. The PTFE moulds with a diameter of 50-200 um are immersed for 1-5 seconds
in this solution and withdrawn at a rate of hetween 3 and 10 centimetres per second.
The solvent is evaporated by exposing the collagen-coated mould to an air fiow for 5

13 minutes. This stage can be repeated 2 to 3C times.

Manufacture of fubule bundles:
The tubules supported by the PTFE mouids are gathered into bundles of 3 o 60
parallel units and the bundies are tied at the ends. The bundies are immersed in a
methano!l bath for 2 to 20 seconds without traction. They are then subjected to slight
20 longitudinal traction to ensure that the tubules are in close contact with each other. This
stage is followed by 5 to 15 minutes of drying under an air flow. The bundle is coated
with collagen by undertaking 1-5 immersion/drying cycles in a methanoi-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 io 60 tubules.

Combination of tubes and bundies of tubuies:
The assembly of these two elements is carried out when they are dry. The
diameter of the fube/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. lts length can be equal to, or less than, the length of the
sheath.



12 CLAIMS 1- A collagen tube comprising a wall formed of a succession of continuous, cylindrical,
coaxial collagen films, wherein each film forming the wall has a thickness of between 0.5 and 4
micrometers (pm). 52- The tube according to CIaimSJJI, wherein the wall is formed by the layering of at
least 5 films. 3- The tube according to Claims 1 or 2, wherein the wall is formed by the layering of 5 to
30 film_s, and_preferabl_y between 10 and 1EbEI leﬁbﬁ@tﬁ)&ﬁg@ﬁrding to one of Claims 1to 3,
wherein the films forming the wall 10compriSe~Type I collagen, Type [l collagen or a combination of
both. 5- The tube according to one of Claims 1 to 4, wherein the films forming the inner layer of the

wall comprise Type #ygrllagethidniiasdHle 269 GiRE o188 IeHDS Init WheFRIR ke gollagen is

atelocollagen, 7- The tube accaording to one of Claims 1 to 6, wherein the collagen is reticulated. 158-
The tube accOriMG {E'HESF BREMSOPIB AIRALSR ASHRARING HRMTRIP TR Ribe is between 50 pm
and 10 mm. 9-A burkiteref Zolagdie tilzesbtseniihng iaoaterising@abteaSbbso fibes:adenading to one of
Claims 140 8595 ﬁ& é%@%ﬂ”ﬁ'ié}g%%@fjed to each other.  10-The bundle of tubes according to

Claim 9, Wherelnl'g{ﬂe tubes are tubules with an
Figure 3: Combination of a tube with a diameter of 500 ym and a bundie of 10

tubes with diameters of 100 um. Observation under a scanning electron microscope.



20internal diameter of between 50 and 200 pm. 11- The bundle of tubes according to one of Claims 9
or 10, wherein the bonding of the tubes is realized by partial fusion of the external membranes of the
said tubes. 12- The bundle of tubes according to one of Claims 9 to 11, wherein it is enveloped in a
sheath consisting of collagen. 25 13 13-A combinatida of collagen tubes, the combination comprising
one tube according to Claims 1 to 8, wherein at least one bundle of tubes is inserted longitudinally
according to with Claims 9 to 12. 14- The combing@kéd@cording to Claim 13, wherein the length of
the tube is 5between 5 mm and 10 cm in length. 15- The combination according to Claim 14, wherein

the length of the tube js greater than the lengt undle of tubes. 16- A process for
© b s gren

&% %ﬁh?ﬁftheg . . or
manufacturing thé 08”5'?1% h HSeRY RIS E WRLARBRE R SUCtE BN AR TRCEs 189S Fendered

soluble in an @pprigriateseibimsiivéecsoltzath Disolotivinis tlepesitbdoa thickedsedl isatppernt then
dried under an ainAaw.HiesmMLSigags are repeated to produce a succession of collagen films. 17-
The process according to Claim 16, wherein the solvent contains methanol. 18- The process

accordingsto CAaifMhi Buint areior ey SONGERS 3, MIKBISOHQIBRROkSNELW AR nd a9 Haepracess
according to qggs%(ﬁf%igns 16 to 18, wherein it comprises a collagen

3- The tube according to Claims 1 or 2, wherein the wall is formed by the layering of 5
to 30 films, and preferably between 10 and 15 films.

4- The tube according to one of Claims 1 to 3, wherein the films forming the wall
10 comprise Type | collagen, Type Ill collagen or a combination of both.

5- The tube according to one of Claims 1 to 4, wherein the films forming the inner
layer of the wall comprise Type IV collagen.

6-The tube according to one of Claims 1 o 5, wherein the coliagen is atelocollagen.
7- The tube according to one of Claims 1 to 8, whereih the collagen is reticulated.

15 8- The tube according to one of Claims 1 to 7, wherein the internal diameter of the
{ube is between 50 um and 10 mm.

9-A bundle of collagen tubes, the bundle comprising at least two tubes according to

one of Claims 1 fo 8, aligned in paraliel and bonded to each other.

10-The bundie of tubes according to Ciaim 9, wherein the tubes are tubuies with an
20 internal diameter of between 50 and 200 um.

11- The bundle of tubes according to one of Claims 9 or 10, wherein the bonding of the
tubes is realized by partial fusion of the external membranes of the said tubes.

12- The bundle of tubes according to one of Claims 8 to 11, wherein it is enveloped in a
sheath consisting of collagen.
25



reticulation stage and a removal of the support after the reticulation stage. 20- A tube according to
one of Claims Ito 8, or bundle of tubes according to Claims 9 to 12, or combination of tubes according
to Claims 13 to 15, for use in surgery. 21- Use of a tube according to one of Claims 1 to 8, or of a
bundle of tubes according 20 to one of Claims 9 to 123or a combination of tubes according to one of

Claims 13 to 15, for the preparation of a surgical device to stimulate and guide regrowth in a
transected neri&. A combination of collagen tubes, the combination comprising one tube according to

Claims 1 to 8, wherein at least one bundle of tubes is inserted longitudinally according
to with Claims 9 to 12.

14~ The combination according to Claim 13, wherein the length of the tube is
5  between 5 mm and 10 cm in length.

15- The combination according to Claim 14, wherein the length of the tube is greater
than the length of the bundle of tubes.

16- A process for manufacturing the collagen tube as claimed in one of Claims 1 10 9,
wherein the collagen is rendered soluble in an appropriate solvent, the resultant
10 solution is deposited on a cylindrical support then dried under an air flow, these two

stages are repeated to produce a succession of collagen films,
17- The process according to Claim 16, wherein the solvent contains methanol.

18- The process according to Claim 16, wherein the solvent is a mixture of methanol

and water.

15 19- The process according to one of Claims 16 to 18, wherein it comprises a collagen

reticulation stage and a removal of the support after the reticulation stage.

20- A tube according to one of Claims 1 to 8, or bundle of tubes according to Claims 9

io 12, or combination of tubes according to Claims 13 to 15, for use in surgery.

21- Use of a tube according to one of Claims 1 to 8, or of a bundie of tubes according
20 toone of Claims 9 to 12, or a combination of tubes according to one of Claims 13 to 15,
for the preparation of a surgical device to stimulate and guide regrowth in a transected

nerve,



