; e3e@T@~Dr MULTI LAYERED M CROPOROUS FOAM DRESSI NG AND METHCOD FOR
MANUFACTURI NG THE SAME BACKGROUND OF THE I NVENTION 1. Field

| nventi on The pj i tion relates, in general, to a fjmwmmmwmmror
use in coveringmmmﬂmwwwmwmming wounds and, nore particul arl

occl usi ve dressing capable of inmproving wound healing effects. Ap08®* the
present invention igwggncerned with a method for manufacturing such a foam

dressing. 2. Description of the Prior Art The skin serves nany purposes: it
serves as a barrier to the environnent such as pressure or friction,

el ps. requl at o HOH PRRE ot P R SRR PR S e AR P I Rnd

met abolism as well as being LasPeRSTIR Bid @pt BRSense of touch. In
addition, it protects us fromwater loss, friction wounds, and i npact

wounds. Wbunds, whether the skin is damaged, burned, ulcerated or otherw se
traumati zed, cause the skin to lose its full function, at |east at the
wound area and, in the worsBACKHIKOUNPaPFHEHE gENMENTGONhe patient. In

addi tion, wounds |eave 1 r scars after the treatnent, subjecting the
patient to a secondary pain. Beginning any tine there is an insult to the
_body that causesia hregak in tth'%e ﬁ5£1@t0nti ssue, the wound healing process
is generally defined as a cascaée, Wth overl appi ng phases i ncl udi ng
inflammatory phasee Rirelskher ahi¥ft PHRseel Ak MBiAI §bh&FhIDhase. a ThEam
inflammation results fromthe initial response to injury. Wth the increase
in bl ood frdressisodifloat uee thecevésiran andc peasect ing apidrdsr wnpermeadi ity
al l owi ng bl ood plasma to | eak into the surrounding tissue, which produces

i nf | ammat orB2ebdEEaed Y, Neti® r dphimod s&ndoephetiitcesdapas g r &@Pa®leo ¢he site
of injury by a variety of chenotactic factors proguced ip _response to
tissue darra}g/’%‘?r%%yt%%urﬁiﬁd egac}lggphfﬁfﬁgﬁc cha%ggoto glé%o L82TT Vat ed
macr ophages; n Jdig ML PGS rREQIWEEn VAT hOtiS T M My S REHGH S r { EPucd G- &,
EGF, FGF, etc.) that can initiate, accelerate or nodify the healing
process. Theyfadmsairesednge cytokines (IL-1, IL-6, IL-8 TNF, etc.) that act
as nessengers between individual cells. The formation of new bl ood vessels
occurs with the rel ease of angiogenic growh factors which stimulate

endot helial cell _proliferation and stinulates the growth of new bl ood
vessel s. O assi c?si JRSCOPHRE BF othe rdPFveTbhase incl ude granul ati on,

oo onser | SRUELOR <PELLEGEE PORSLLAT, <EPLLUELL 20 e o0
to the enviromment such as pressure or friction, noxious
chemicals, heat, cold and harmful microorganisms. Also, the
skin helps regulate body temperature through action of sweat
glands and metabolism, as well as being responsible for the
sense of touch. In addition, it protects us from water loss,
friction wounds, and impact wounds.

Wounds, whether the skin is damaged, burned, ulcerated
or otherwise traumatized, cause the skin to lose its full

function, at least at the wound area and, in the worst case,

may be fatal to the patient. In addition, wounds leave



2. 1+ cytokines are responsible. The final phase of wound healing is
mat uration or renodeling. In this phase, the proliferated cells secrete
grow h factors by thenselves. Contraction, a reduction in blood supply to
the site, and scar formation occur in the maturation phase, along with
col I agen turnover and reorgani zati on. The wound | oses nmass whi |l e gai ni ng

resilience and strength. During this phase the type Ill collagen, a soft
gel ati nous collagen laid down in the proliferation phase, is replaced with
a nore highly organi zed collagen type |I. The differentiation of collagen is

a dynam c process and al though it takes place predom nantly during the

mat ur ati on phase, aftemytbenttirasdmentbe swhitddlied i boef ibsitttehy. ty erder to
hel p the healin rocess, the wound site is required to maintain a noist,
bact er i a-fré@‘:%’g@‘%%rﬂ?éﬁt'. Al so, the renoval of debris and the absence of
necrotized tissu I e e | i r.QCess.. r r i
positively affec%%\%ﬁﬁggheg\gynaﬂﬁeﬁcqﬂl}%gbﬁ%g%%o%?%eggc%%ﬂ] r%t%r??’gﬁ ch

cel | growt hchastor s, mwehy henpragventdian &f thesw@cerati @dual NMmMahgskin
around the wound bed. Accordingly, ideal dressings are those which neet the
fol | ow ng rpgocessrens sgemmiaitlgnaiefénefl an appaepadat ewitth stveerhappangent at
the contact face of the wound, rapid absorption of exudates fromthe wound,
easy attachRBafes o lasduféndydnfilaphrieey wohinde  nainsldfaneéive mhgscoxygen 3

t [ d [ bilit heat, i | at] Kk th
wound i to. BrO59eRs e ot Gestaga 4 bAbL BRI i EEL 1R, br@bentPon of
the |eakage;gitcgl !y pQ}aQ{‘ns% ft%“iﬂﬁﬁryhaw{‘tﬁs%ﬂés§n59e£§@,it}P(Bl&oo%X‘%?Hnent

mechani cal properti es, econom ¢~ advant ages. Conventi onal gauze

dressi ngs cassyellatahsordhetxudat es fiherewsdnds, chptl tannqie irfaendiagai nst
bacterial infection nor provide noist conditions to wounds, thus retarding
t he wound hedléwing |pleaidiplama bucalessk ginbxe dressimmpmaiagagtissvehol d on
fast to wounds, they are not easily changed with fresh ones and may damage

newl y regentfhtRd RIGHES wilthlaBRHpahi MMdadeSpai n Nt PheiF réfdval .
Fur t her , '%gﬁoggﬁg'ééeesaé&a‘%?&‘éﬁa%s t%r%”%ri%e%gaﬁngl]% e%g,' % %%%St f the
wound heal i ng process g |n65 0 beC

orce conventl ona auze dres anged many

times a dayer Thsndtotittheherbay eohaendevel epedoRsyard atik et ahnsgs.
dressings that are inproved in conparison with gauze dressings. However,

cl osed dres¥omysytias cundergo usepherovgric expamnge veoabechrnee aditfiatedity in
controlling their absorption capacity and noisture perneability. Wth these
probl ens, CPISERPIHIESsi ngRe areCTRNags| PEAdYee aVF atF FFOMtRufPEECT®UNdS,

but nmai nl eci fic wounds. On the whol e, dressin in current e m
bg br oLenyd&'\%ﬂé 'nt%GBIE"ii?e fE(LéIFI’?)\ﬂGﬁg PEGe) t PRs: o3} Ffflilt%}&lrem&:élc(‘??afaﬁ%dr og)él ,

non-woven, aRdnHel yHraihans, fiegmy,-ArRRg. thedy 4150 BidRee! |c?itgkines
hydr ogel -, and pol yuret hane foamtype dressings show particularly excellent
heal i ng effertsl, IL-6, IL-8, TNF, etc.) that act as messengers between
individual cells. The formation of new blood vessels occurs
with the release of angiogenic growth factors which
stimulate endothelial cell proliferation and stimulates the
growth of new blood vessels. Classic signs of the
proliferative phase include granulation, fibrous tissue

formation, collagen deposition, epithelialization, and

contraction of the wound, for which the growth factors and



U. S. «Pat. Nos. 5,503,847 and 5, 830, 932 di scl ose hydrocol |l oid type
dressings that conprise a hydrocolloid |ayer for relieving external inpact
and absorbi ng exudates and a filmlayer for defending against the
infiltration of bacteria and inpurities. The hydrocolloid type dressings
form gel upon contact with wound exudates to keep the wound bed nvi st,
w t hout desiccating or dehydrating the wound bed, and to produce a wound
envi ronnment suitable for healing. Also, the hydrocolloid type dressings
provide a weakly acidic environment for a long time period to prevent the
wound from being injured and to pronote the gromh of cells. However, the
hydr ocol | oi ccxtpke ngsessienysspons iidte .sulhabf énd brphess iofg wetindobedsindat
produce large quantities of exudates because of their deficiency iq%%

§ ly to

moi sture periieabTR SR EIAR exdidat £8BEet ity capdli t yFPiPhe RjESSs |
tiall i b | I i nd
i vee a3 o TR Bt M, CeEL o d PaRNA (heedS, G pbaSe R s

needed to remntealctiohlyda0g@laubYRen dRES WGBS GRIFRLYSIHRY @k | JIel,meaty e
polymeric filmlayer coated with a hydrogel material are found in U S
Pat. Nos. 5,&Gk, 66drmatd oh, 489512621in Théepaolateritdohi Iphalsay eralfougctwidrs t o
prevent the hydrogel from being dehydrated or desiccated, while the

hydr ogel abs#HB&9sn texpaueesand eefE i Zdtinnt he TRBUNIUBRILRFRF FHA des a

noi st enviro nt to pronote wound heal jng. However, the hydr.ogel -type

dr essi ngs arwggtp}ﬁsﬁat ng froers’ﬁggnFﬁ ﬁﬁ’éjor%i’??dlg}@rge R tti'q'tlf cﬁhaé%%ﬁdat es
ow ng {0 thelfe ROAL FRLSLYS o fBL MEADLL L Yoadithintien B BFers LI Lol N
water for a long period of tine, the dressing substance col |l apses, causing
the macer atiion wfe oTEIfeskt Don Uph&se Pats Nepladed4bitiD4 ansk &, it 1462

i ntroduce hydrophilic polyurethane foam dressings in which a pol yurethane

f oam mat er i a@lrdeniggddwrdhedebetvieenla Whendifieregtiaian anfd enllagesr film
t he wound facing | ayer bei ngPEerforat ed to absorb wound exudate. However,

t he poor moi'Stur® pEYRREHT | | PyooTed he2R8n- ﬁéFFBPS}t‘ed lGu_t P REEI mAEESs i t
difficult tg:rr%tﬂggd{l&ﬁ?hgrcgéﬂrpgg.st é)rIP%félll gé(}[gm?ﬁréhoadsﬁof My R diele

freshly gen I'SS rows” i nto rough 't he apertures present
in the facing baygtmo&dddhahgbpipipel,s apt to be caused on renoval . A

mul til ayered wound dressing is disclosed in U S. Pat. No. 5,445, 604,
conprising an outBr pradrects vieelmyeie healiMerpecicdse, tdlesordvent didger, a
mol ecul ar filtration nmenbrane, a wound-contacting |ayer, and an adhesive
coating | aydsf. Tequiked §0rBeinfaln tthanehitoc aftefiipr £BEF oA WETBYERE -acts to

rapidly re e wouynd exudates into.the internedi ate absorbent |ayer and
retain hi gg%\c[lgﬁée#gﬁeaﬁe@ﬁg agf Olfrerﬂ%lbﬁdsf f&c‘gr esu%??eé*scecyottgkrilencerso%)eﬁ.zﬁfi ., PDGF,
TG (3, EGhtiEShes! brimofe thk- ®eahling pii¥ceddd OtAGL$) factors which

gl ycosam nogl ycans(hyal uroni c acid, chondroitin sulfates, heparin,

der mat an, deosatanesyl f atésct et @ohndanthepnahgi ndncpudteasegh etoxypenn the
wound bed to pronote wound healing. Formng a gel in contact with wound
exudat es, t lfen@eRhYaEactialg qe@c&e@r@&’ﬁhbéaéégﬁw RGOVER] . PUREEEPD t he
mul til ayered wound dressi has diffiCLiH in being applied fo ener al
uses becaus&Tofth§ smﬁFﬁﬁag’g%ri . CEuriEe igkjr’éql?irloé1 da Y’?‘&%‘i ege rocess
for manuf actur SCr.i a . pr.abl f j t..Cl d

dr essi ngs c%%cggdgﬁ?r%&ri zlé%%gnt g%%?\’/\/l%%sgorgpr% v;% y?ghi‘g%i%ghﬁegﬁcegtﬁg wound,
poor physi C&b1R6RPEY t +&Sui ARénRtsdN Bl heBnaddsl Sei a9 jgraklte hokhsuse in
wounds produci ng | arge exudates. SUVMARY OF THE | NVENTI ON Leading to the
present invenviponméme ialt endieve camttact face of the wound, rapid

absorption of exudates from the wound, easy attachment to

and removal from the wound, maintenance of high oxygen



t hor ough research into a wound dressing, conducted by the present inventors
aimng to overcone the above-nentioned problens, resulted in the finding
that a triple layer structure consisting of a non-porous outer protective
filmlayer for defending against the infiltration of inpurities and
bacteria and protecting agai nst the | eakage of wound exudates, an

i nternedi ate absorbent foam | ayer, having 7 numer ous open cells with a
average di ameter of 80 to 400 dun, for absorbi ng wound exudates and

all owi ng the perneation of noisture, and a wound-contacting | ayer
containing mcropores with an average di ameter |ess than 60 um for
retai ni ng h&anfhen f aed orPromcialdl MipRprowarmeabi bt 8y, dygalki Hegilation

gl ycosam nogl ycan, proteins, etc., can overcone prior art problenms and

pr onot e wouga hE8FP ngtBR HWEr &fifeci 8hcy3aith nfni n@ffeRsh faat@siton. It

Is theref OrBaé@ePPéPCtin‘%fectt*i‘gnprE%Pé\}eddﬂ\é%”t HPN 13&\ 0‘:[%5528@@ the pighl ems
encountered In prior arts and fo provide a foam dressing having the

mul til ayeregrsktniCt gaet¥iih Wakeh1aBshaps oved weuad healyi Ny @mdinenwent is
provided. It is another object of the present invention to provide a foam
dr essi ng whinebharioradt egopeuhieheandgcahomic iagyaovedesate with formati on of
mnimal cicatrice. It is still another object of the present invention to
provi de a net hod EVeRbhORratt GRPAY ERRSFHMR FHESIHY @I easxudahes

accordance with an aspect of the present .inventi.o t.her.e.is ided a
mul t1 1 ayer ehrPBafafae: efa fbt REERb L AU haranry Suteltethe
consisting gbrap-QuWi&E REPLECLLNG: £1dD @Yy loukis90 thiist Hietkrd@Ag the
i nt ernedi at e absorbent foam | ayer containing nunerous open cellsS with an
aver age di aneted odaBrA001NMaaat forvo bitateat gatiz@gdtensamdgs. kr208pum t hi ck
W th nunmerous pores having an average 8 di aneter less than 60 um In
accor dance #pthobthorthefasisgactwaimdshe thegsene navemsidy, ahragedi ¥iphovi ded
a met hod for nuf acturing a nmultil ayered_foam dressjng,  co rising t he
KPRy e, tise

steps of : nf 8095 A0 adpBryar 8FHAKe J5PERGFY 25 wW'és B a
foam ng_ageRbeomsaARnnt® Ale 2812 AbLAKILAL 1208, vaRd OrariRelM Yagtqe

addi tives conpri'sing a sur fant, a hunectant, a releasing agent, an

anti bact eri ghagieiites ¥ HHAERIYSS .geSRiIrd tBal ¥Ur ehhasarpy epohysaes £ behag
prepared fromnolar ratios of 1-3 . 0.15-0.5 diisocyanate: polyol, and
expandi ng t Weumd xherlkirt prolatsiserfpecet goeveht B0 gauzBRIEESBESERI PFI ON OF
THE DRAWNGS Fig. 1 is a schematic cross sectional view show ng the

three- ply sPeudtandedomapret Itmadd@ydsi ng of the present invention, which

consi sts of an o&ggrgr pfé)rtfecﬁki\égsﬁ,it%%{' a%%%gygl(??‘ifﬁrltog).reggdé at\%ral%% r bggt

layer, and a mc ous” ‘wo ?ng i s scanning el ectron
m cr ophot ogk aphsy S NG shenakr baee iRbrate QUL coiiirebhvRith! Buhayer, the

surface of a wound-contacting |layer, and the cross section of an
i nt er medi at éradbsiordgeent Hoaavémyerlosed dressings in current use are
very expensive and have difficulty in controlling their
absorption capacity and moisture permeability. With these
problems, closed dressings are not applied to a broad
spectrum of wounds, but mainly to specific wounds.
On the whole, dressings in current use may be broken

down into the following five types: film, hydrocolloid,

hydrogel, non-woven, and polyurethane foam. Among them,



9: DETAI LED DESCRI PTI ON OF THE | NVENTI ON The application of the preferred
enbodi nents of the present invention is best understood with reference to

t he acconpanying drawi ngs. Referring to Fig. 1, there is a schematic cross
section showing the nultilayered foam dressing of the present invention. As
seen, the nultilayered foam dressing has a three-ply structure conprising
an outer protective filmlayer 1, an internedi ate absorbent foam | ayer 2,
and a wound-contacting layer 3. Wth a thickness of from1l to 7 mm the

mul til ayered foam dressing can be produced in various shapes according to
pur poses. Ran%ing in thickness from10 to 90 umthe outer protective film

| ayer 1 hashAECEQhteidn of Wdsreetlirng agad nstPallyarefihpner at feandivpe

inmpurities and bacteria and preventing the. |eakage . of nd exudates, and
al so has hi gﬁeﬁﬁf%?%rsémﬂ’elpﬁﬁgb?‘llﬁ@l.y é‘§ﬁgﬁ%"ﬁ%:§]§%ﬁépgt%gy%&gﬁ1 absor ption of
wound exudat e and; i gh mplel urg, Per B2alls) BhY Qlnd NG, DI b2y ey fam
dressing, the internediate absorbent foamlayer 2 céntains a l'arge nunber
of open cel hgdreashl 804 4@Qp¥i Mrddsidiganetiedt abmphi S0ENthedrsb11ei%0 % by
volune, and its specific gravity is within the range of 0.1 to 0.4. Being
0. 1-200 um fhivek, fohe nedurdinoneaceingl | ayeact3 4 absomharactardated by t he
exi stence of nunerqus mcropores thereon and the ability to retain healing

factors suchR8s2cdllmgrigwes ffect dedengirokparinstyl Yookt ndqardans of

proteins, etc.,. in the wound bed. Ccc i -50,% of the total surface
area of the %Eﬁﬁ%%oﬁpgctlin}?&rllgflgf‘3, L&%eq%c%pgﬁg%lf@édh%ea i ARetE” | ess
than 60 um epraVeE A08pERd-SBkE- RE MOURANEORLAGE {4\ { AVl tHRNwAdRErent to
t he wound bed, as WeI]ID as serving to concentrate the healing factors on the

wound bed. Dhe moisoporehaanpessecatsid uet Wedyadpeding thd avdurel éxderi or
and a structure separated fromthe exterior by being covered with a thin
fil mnmenbrafefcélol BNIHRS . al WoRhg. eavigeananhgseleebloniferphsaddraphs 4, 5

and 6 which_show the surface t he outer protective filmlayer 1, _the
surface of f*ﬁ@om -cg‘ﬂfjﬁei:i’%‘)}gyécryp@, QE?Fﬁlﬁ’éJsch‘ggV%g]%ti%nw(‘?ﬁktlﬁe

i nt er nedi at r - gﬁgg a . T tiv - ug.e t ive
filmlayer %cg?ﬁ%)hgﬁ?%g{)n re%s?ﬁé éf %Oﬁépgﬁg%eg%gﬁlﬁﬁﬁ%(?oh {Egg{l)?eﬁg%apl y
prepar ed bywsshdof o Qﬁimghavlljagealgz!mw&g%hbt@ PROPSF Wt ARG Ideghsnoi st ure
perneability. Exanples of the resin include synthetic polynmers, which may
be exenpl i f Hedewyr pokhar étvhanerl boid et fiyd edegssingsoare ubber sugyabhet i c

r ubber, pol¥glycoliq acid, polylactic acid and its copol yners,. polyvinyl

al cohol , pofy%i MAFHFFol PHoMOUNESC. thafat BFaAUPDI YRS, WHRH YeP bet
exenpl i fied. by, c0ld agq gglati ge hyglunoni g agid, spdium 11, ;i sture

permeability and exudate-absorbing capacity. The gel is
likely to partially remain on the wound bed on removal., In
this case, the remainder serves as a nutritive source for
bacteria and thus, an additional work is needed to remove it.

Hydrogel-type dressings comprising an impermeable
polymeric film layer coated with a hydrogel material are
found in U. 8. Pat. Nos. 5,501,661 and 5,489,262. The
polymeric film layer functions to prevent the hydrogel from

being dehydrated or desiccated, while the hydrogel absorbs



al ginate, chitin, chitosan, fibrin, cellulose, etc., synthetic polyners
fromthe natural sources, or synthetic polynmers nodified fromthe natural
pol ymers. Most preferable is polyurethane. The outer protective filmlayer
|, preferably, is in adry filmform which my be prepared by dissol ving
pol yurethane in a suitable solvent, coating a rel ease paper with the

di ssol ved pol yurethane to a suitable thickness, and then volatilizing the
solvent. Also, the internedi ate absorbent foam|ayer 2 and the
wound-contacting |ayer 3 of the foamdressing of the present invention may
be prepared from synthetic polynmers, which my be exenplified by

pol yur et han&Xupdtset byl epretadd 1Widdn thebherndshag hahd cP¥RBHES Hadiditycol i c

acid, polylactic acid and its_copol yners, . polyvinyl alcaqahol,

ol i hyl by et falfie arfo! ' Baflrer Y TEtdinr heRhEr fay BEYe&Hpl iFi%d by
col I agen, gglatbfel WAl OUG i36kdars OHhMA LS D13E Sy GlU T, 2l 1asaN,
fibrin, cellulose, etc., synthetic polyners fromthe natural polyners, or
conbi nati on3atyer gobnt Mosés poef exabhees sopohyutet harer Weenr usiiture

pol yur et hane, 40-75 wt % of a pol yuret hane prepol yner, which can be prepared
by the reacProReapikity et orermpdiaidly wivol lehi sdspamater £8r48 Wogdof a
foam ng agent,.5-35 _wt % of a crosslinking agent, and 0Q.5-15 wt % of

addi tives, PREF?di RS &”gﬁrféHth%fe%§WWﬁn§HQﬂﬁ§n%§lﬁﬂ SR§’ adgétnd

anti bacteri qﬁgﬂ; +:RLg ell.gromth factors, etc., are m xed by
stirring, ag ®the ﬁ?&f%beg§2$§m¥§'5kfgéted into a nold and all owed to be
expanded therei ny Wgl e lai ngnpgi ntgignedeal 3hH0 sGCosthes ol idhdrsdapened
5-10 mn after the injection. For the expansion nolding, a highly

br eat habl e ppliyepletliane doyyirdthare fi &kegh ondonbyioge siide ofhidre nmald to
make the resulting outer protective filmlayer 1 with a non-porous

structure. PRLYSeREhei Foam haateF itk ndf- prnslid'chpearke tieen pdr ¥8UaRe
undetectabl§ uPder a scangﬁng el ctpgq_ni%EQSCOﬁg afd a transqjéskgn

el ectron m cFosthpeAE o @ naug%?e:L6Wer S0"RHAct 35 U WS EX8F in the
non- swol | enpst A8, + KX CER | M ShOSRPuRE! |SeuddicB . N0l @8eLE, . that pBy be
produced in the filmduring a preparation process. For the preparation of

t he pol yur ehbbsieny eromgaet 11idyi socyanaioa-bsrreasted dutarolidan akkasl ar

ratios of 1-3 . 0.15-0.5. Exangles of the diisocyanate useful in the
present inveht fhfiaeludeci sppdrorbedidreseyaaat €02 AUt Wr@Enedf iebehnat e

and its isoners, diphenyl net hapediisocyanate, hexanethyl enedisocyanate,
lysine diis EV%haﬁ1ft$F¥ng&ﬁ§FHg¥aﬁ%ﬁ ‘ﬁﬁ%tﬂﬁﬁ§80§5ﬁﬁ e} nto the“gel
2,2-bis-4"- [ y. - ylk=-1 h i naLe,
bis(2-isocygﬁggggfhéﬁfffﬁggéﬁﬁgé SQREAPY L nleARNROY T $QGYANALS. that

3, 3' di met hylnturds 1di phenyd ! hanedii sockarate, 1, 6hexanedii socyanat e,

4, 4" - bi phenyl enedi i socyanate, 3, 3' di net hyl phenyl enedi i socyanat e,

p- phenyl enedi i sodyandtte lagphedyenedi dsesyamat és disclosed in U. S.

1, 5- napht hal enedi i socyanate, 1,4 13 xyl enediisocyanate, and

1, 3- xyl enedi3'sod\Panat @ 4wk PR pr et eIt 8P af bPeRi R HaTEdilREBEY afat €,
2, 4t ol uenedj | and,its,ispmers - phenyl e i.Lsocyan .
isoporonedi%%%%@%%Q%%g’an%bﬁgégﬁﬁghy %%%giis8cy§ﬁ§§§?5§§ f§?§%§%tﬁ%?yol, it
may be prepad@d-ane , MaXijagindn c8h byl engy o6 e/ PLABY 1 .8ne @¥sd6e r a9semg

copol yner which contains at |east three hydroxyl groups and ranges 1n

nol ecul ar weyHr. f IontBi 08t twacthir@Q0 thet o ascel dry | Eileraxide memnbemte of 50
to 80 %wth a pol ypropyl ene glycol which contains at |east two hydroxyl
groups W t PP slecdrddlyeirghovef woupd exusiad e300 ntion thei ahtermedbat of

30: 70. Preferably, the ethyl epne oxi de/prapyl ene oxi de random copol yner

whi o cont ATHCTRENCe G At e nyo bty | Ao POnast THGEe |G T RLt r

wei ght from 3 Q0 to,6, 000 wiith an ethy ide C en f ) to 80 s,
is used alg%E#: SeFHFhagstﬁ%F¥%ﬁﬂﬁ§2§'8gén%8§§bq§%$§¥oggﬁbrgggfbgg L,
(CFC-141b), methylene chloride and distilled water. Distilled water is
preferable. To function as the crosslinking agent, at |east two hydroxyl
groups in a nolecule are required. Exanples of the crosslinking agent
useful in the present invention include 1, 3-butanediol, 1,4-butanediol,

1, 5-pentanedi ol , 1, 6hexanedi ol, neophentyl glycol, propyleneglycol, ethylene
gl ycol, polyethylene glycol with a nol ecular weight of 200 to 2, 000,

gl ycerol, trinmethyl ol ethane, trinethyl ol propane, 14 pentaerythritol,
sorbose, sorbitol, and conbinations thereof with preference for glycerol,

sorbitol, polyethyleneglycol with a nolecular weight of 200-2,000, and
trimet hyl ol pr opane.



The surfactant useful in the present invention may be exenplified by L-62,
L-64, P-84, P-85, P-105, F-68, F-87, F88, F-108, and F-127, all of which
are kinds of ethylene oxide/propyl ene oxide bl ock copol yners, manufactured
by BASF, Germany, and L-508, L-5305, L5302 and L-3150, which are all
silicone-based, manufactured by Gsi, U S. A To serve as a hunmectant and
wound heal i ng pronoter, hyaluronic acid, keratan, collagen, dernatan

sul fate, heparin, heparan sulfate, sodium al gi nate, pectin, xanthan gum
Guar gum karaya gum sodi um car boxynet hyl cel | ul ose, chondroitin sulfate,
3- anlnopropébdlhydro en ghosphate chitin, chitosan, gelatln | ocust bean
gum ol i gostethar LHed/ t AEFe@nd dﬁﬂéﬁﬁ%un&ﬂﬂ6ﬁ§a@hé©@bycaﬁﬁ/HM§1H§@HlCAs t he

Prctor bot aS(eE: (ARt GePmar EF AT { SBEBFL0ECHS Rl JEERa Lo
factor (FGR), iy de used, gggeplgcgt{r}gsgggjyo@g%gm@ng 138 cBeSibhan- based

surfactant, L-45, 0 L3 t'ured Gsi, may be
used as a reb@ass rtg:oa@ﬁrét woln# hEge HT BEENt FORMERE | HNge AMh dttnitbaet ef tial

agent, if pharnmaceutically acceptable, may be used in the present

i nvention. wxanpl esudstes,i nthadecgindeonatectinor dhger dican deet ateily

chl or ohexi di n, hydrochl ori de chl orohexi din, silver sulfur diazine, pOV|done
i odi ne, benZeRIGH un1c¥ﬁ%ﬁ?qﬁa £heaZmil t idoexiefe, Wﬁ%&%uﬂﬂﬁﬂﬁﬁﬁﬁgneh

chlorotetra ci.n enicill ent any cin, nd acrln better
under St&ﬂdl%\%féo -t té’ resenflg 98%%?%n£orr%y T téllsr?gd |ﬁa}J t%Ah

fol I owi ng e}%&{lﬁplc%sﬁml ChhraiR rseti tf Addnit@si lal Wk E@E@at@&'t %@emtf&o be
construed to mt the present i nvention. SYNTHE ES EXAMPLE 1 Preparation

of a isocyamatefacapped pol yuret hane prepol yner was carried out as foll ows.
Into a 3 liter round-bottomflask were added 242.8 g of TD
(toIuened||socyaﬁétéﬁscéhﬁe@héhoﬁ%atb@etErQhﬂQmSA@fePﬁh?ﬂsathFl%5q257 5 g

of TR-705, %PICh is an et hyl ene oxide/ ﬁ oxide r ol

v o PSR, Poat obb SR T SR 16 d%b%%rrﬁ VALl

manuf act ur eghy- Kor.eq P? RJ% gé d, Lngt ﬁh Eﬁcethe
8 ours prepa a po

reactants were reacte yurethane prepolyner

until the t4iedrekiagl Mx@b&@heﬁbl’é. tseDurh ngiolhasr eadduiingsamnptes wer e
taken to measure NCO¥% according to a titration nmethod using an n-butyl am ne
st andar d soixndages.16

SUMMARY OF THE INVENTION

Leading to the present invention, the intensive and
thorough research into a wound dressing, conducted by the
present inventors aiming to overcome the above-mentioned
problems, resulted in the finding that a triple layer
structure consisting of a non-porous outer protective film
layer for defending against the infiltration of impurities
and bacteria and protecting against the leakage of wound

exudates, an intermediate absorbent foam layer, having



SYNTHESES EXAMPLE 2 Preparation of a isocyanate-capped pol yurethane

prepol yner was carried out as follows. Into a 3 liter round-bottom fl ask
wer e added 248.2 g of TDI (tol uenediisocyanate), and then heated to 60 C
Afterwards, while 816.3 g of TR- 705, which is an ethyl ene oxi de/ propyl ene
oxi de random copol yner having three hydroxyl groups with an ethyl ene oxide
content of 75 % manufactured by Korea Polyol, and 435.4 g of GP-4000, which
is a pol ypropyl enegl ycol having three hydroxyl groups, were added in many
small installnments, the reactants were reacted for 7 hours to prepare a

pol yur et hane prepol ynmer until the theoretical NCO%reached 5.7. During the
reaction, sawplegsugeppenakehls ovitbasunveNODo dbomtdimgtt 60atei 40@tHmon

t hod [ -b | am t andar d | utiqn. EXAMPLE 1 A 1
protecti ve FEEmATEyEP Rls “Prader BHEES G oV [oH8Rg oPe pbP FIF et Kahe ™
e astoner vasiadded | oo 2 PGHMECABEOR) A4 ton @il ihlen L idpl R aaS
then heated to 60 Cwth stirring, resulting 1n a polyurethane solution in

a col orl ess yitthanspak@Btabd quiidmetat € 1A eliRasespapal . for réf£atmyWith
silicon and having a constant thickness by attaching a tape to its edges,

was uni f or rihpaddnted fnicthrehe pocyudérhanersetiuti factsishg acyidinssat er,
followng by drying in an oven at 100 C for over 1 hour. The obtai ned
pol yur et han8WFPREMWB? &L YEP N/ 30PTYRETT0 defCim ERATcONEESOMEXRVEPE 2fo 57. 1

W% of the BLYMLRLNANE PLSRAIYWRLAT £BT 0 1) QUUERESES FXRUPLE Jyn 27 2

w $ of dist wat er oam ng agen n erin as a

crosslinki ngiaggei yeie »ddedioal ong with additives conprising 0.5 wt % of
F-127 (BASF), 0.9 wt% of L-64, and 0.7 wt % of sodium al gi nate. After being

stirred at 4,000 ¥pmd orthdresfiece talne obijettr efwabkei prest¢retd imtenta omolteh whose
one side had been treated with the polyurethane film 15 N.mthick prepared
in Exanpl e PVeEXPAEAsitGE wasokbeEkic taGoHRLAPd t@mpREFEr &réfF 3FE ftor 10

' dth | d d.t i hyd hi l i t f
(r osei ng haFPRG 45 denah ) o 02 DP Gy RBororE hyBRbphI T4 ol St hdfe 1 oam

dressi ng vag;FRagH{ & éﬁrimweeakoﬁﬁapﬁ%ﬁi% Iyl REnfOLE N NG RTiGEESSES

and the neasured results are given 1n Table |, below. 1. Mechani cal

properties (tensilte skreagithe:el opgatt ot the present invention to
provide a foam dressing which promotes wound healing at an
improved rate with formation of minimal cicatrice.

It is still another object of the present invention to
provide a method for manufacturing the foam dressing with
ease.

In accordance with an aspect of the present invention,
there is provided a multilayered foam dressing 1-7 mm thick,
having a three-ply structure consisting of an outer
protective film layer 10-90 pm thick, an intermediate
absorbent foam layer containing numerous open cells with an
average diameter of 80-400 um, and a wound-contacting layer

0.1-200 pm thick with numerous pores having an average



18 nodul us ) Measurenments were nmade by use of a tensile tester, such as
t hat manufactured by Instron Corporation, identified as Universal Test
Machi ne, according to JIS-K-6401. 2. o Absorptivity The hydrophilic

pol yur et hane foam dressing was cut to a size of 3 cmx 3 cmand the sanple
pi ece was weighed (A). It was immersed in distilled water at 25 C for 24
hours, followed by the renoval of noisture fromthe surface with dust-free
paper. Its wet weight was nmeasured (B). o Absorptivity of the hydrophilic
pol yur et hane foam dressing was cal cul ated by neans of the follow ng
equation. o Absorptivity = B A x 100 A 3. Misture perneability Using an

i ncubat or, dbmndbedr dpbEl tltarpdOypumet hane f oam dressi ng was neasur ed
according to KS M6886. In this regard, the incubator s_kept at a
tenperature of 3705 BCERTIPANGH abivB haPRhey &FP§6Tuw Rbi stitf e PEEPRRADI ity
was cal cul a y. nea t oW Nng. e Lon - - = (
(ai-ao) + (%rg‘-%ar?c])&ﬁ ?élilec}fzfz){‘%e &%J“\L/%%gra; ﬁlg%%%ﬁ?sifﬁgemﬁ@}l%ég?ﬁ%@ a
(9/n2/24hr)multilayered foam dressing, comprising the steps of: mixing

40-75 wt% of a polyurethane prepolymer, 15-45 wt% of a
foaming agent, 5-35 wt% of a crosslinking agent, and 0.5-15
wt? of additives comprising a surfactant, a humectant, a
releasing agent, an antibacterial agent, and pigments, said
polyurethane prepolymer being prepared from molar ratios of
1-3 : 0.15-0.5 diisocyanate: polyol, and expanding the

mixture at mold temperature of 30-60 °C.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic cross sectional view showing the
three-ply structure of the foam dressing of the present
invention, which consists of an outer protective film layer,
an intermediate absorbent layer, and a microporous wound-
contacting layer.

Fig. 2 1is scanning electron microphotographs showing
the surface of an outer protective film layer, the surface
of a wound-contacting layer, and the cross section of an

intermediate absorbent foam layer.



A is an average increnent for 1 hour (g) S is a specinen area through which
noi sture perneation occurs (n2) ao is the specinen wei ght neasured after 1
hour A al, a2 and a3 are the specinmen weights neasured after 2, 3 and 4
hours, respectively. 4. Cell and pore sizes, and filmthickness The

hydr ophi li ¢ pol yuret hane foam dressing was neasured for cell size, pore
size, and filmthickness using a scanning electron mcroscope. 5. Assay for
toxicity to cells The hydrophilic pol yurethane foam dressing was assayed
for toxicity to cells according to | SO 10993-5. For this, nouse fibrobl ast
cell 3T3 was obtained from National Institutes of Health and subcul tured.
After inocul ation at aPEBAILEIe®ESCRIBTIONK X TEE| [INEHIT ION RPM - 1640
(Rosewel | Park Menorial Institute-1640) supplenmented with 10%fetal calf
serum (FCS) on 12 wel | plastic dishes, the 3T3 cells were cultured at 37 C

for 4 days in a nggil%aysp(gv}ﬁ ij 'I"Ljﬁ%r e{feer rehheen%%ldltlﬁ\e}qgge ffur‘#]}{ber

cultured for 1, e béin |rect contact wth t

hydr ophi | i GrdentPalnydhet Banesf %@tdmaaékggooa ol | eneds byrdifevass it t he
cells with a trypsin/ EDTA (ethyl ene diam ne tetraacetic acid) solution.

Vi abl e cel |=casmpengimgntdfawddgei.th the aid of a hematocytoneter after dyeing
with 0.4 o trypan blue. 6. Assay for wound healing effect Rats which were
6-8 weeks aged oReh&eridye, tRei §h¥ng 13/50-t3@(§eg hWer e2 ussheratbps eSS he

wound heal in effectg of the h dro Eoly et hane foamdre SI . To
this end, @<Er @ PESYHN wi BVe P ARSI HAde’ e back

of each rat Eg%'t #E had 9@?&1 anaz%sfla: o Ze&&ﬁ@@‘ig&@? d! E‘J;e?xf?taPeY‘sé’Mntgh

Renbut al , en su ject ed to sSin 3 weeks after the

dressing, the waurdreaspexaritradthee %oﬁ@r@@@-ﬂ@&an’f | St Sppatadtiar upon
changi ng of dressing, and histochem stry, to determ ne the wound healing
effect of tfdmhydyephillienpohyermedicate fabsordeatsiogm BYWPLE 3ndsieng t he

same procedure as in Exanple 2, a hydrophilic polyuret hane foam dreSS| ng
was prepar é@unéiXEQBF?ng%el%Yed% bt~ AV o HevirgTePgaréd TRPEh 1t 8

pol yur et ha m tmmlﬁé%l%ﬁ%%{iedfé%‘%aﬁ%n Isan% (!:zﬂq orb%er Ec?dﬁ’@ Oa| quaout er

pr otectl Ve ayer ess rom one pr pare
2. The reSLUéﬁlegsh¥EH§E§“aEb8r3ﬂng to purposes.

Ranging in thickness from 10 to 90 um, the outer
protective film layer 1 has the function of protecting
against the infiltration of impurities and bacteria and
preventing the leakage of wound exudates, and also has high
moisture permeability.

Responsible for the high absorption of wound exudate
and high moisture permeability of the multilayered foam
dressing, the intermediate absorbent foam layer 2 contains a
large number of open cells, each 80-400 um in diameter, at
an amount of 50 to 80 % by volume, and its specific gravity

is within the range of 0.1 to 0.4.

Being 0.1-200 pum thick, the wound-contacting layer 3

10



pol yur et hane foam dressing was neasured for physical properties using the
sane processes as in Exanple 2, and the neasured results are given in Table
|, below. EXAMPLE 4 Using the same procedure as in Exanple 2, a hydrophilic
pol yur et hane foam dressi ng was prepared, excepting one side of a nold being
treated with the pol yurethane 50 umthick prepared in Exanple 1, in order
to obtain an outer protective filmlayer different in thickness from one
prepared in Exanples 2 or 3. The resulting hydrophilic polyurethane foam
dressing was measured for physical properties using the same processes as
in Exanple 2, and the nmeasured results are given in Table 1, bel ow. EXAVPLE
5 To 60 mﬂ@&éf‘?ﬁ%aSSPyﬂFéﬁhéﬁé E?%p&#&ﬁ%?n%?eﬁéréHmFﬁogﬁnﬂﬁ§§§§xE%§nple 2,

279 w0 of ALstil| edyvater 43,3.00a0 g agent.. .a0d 1.t af glyceri n as a
ar ong

cross |inking agent Wwere € SeRadieatyR cormpri sing wt % o

F-127 (BASFEelQ é&d%tﬁcﬁadtd?% %?gggigegwq@fvcd%%QhHBbﬁ&éﬁﬁﬁu ro%%h%%,be'ng

stirred at 4,000 rpmfor 5 sec, m Xture was injected into a nold
whose one sete. hadnbéﬂnatweahédbddﬁ1tOecmmymmyeshahe%fhdm1ﬁEeummthﬂck
prepared in Exanple 1. Expansion was conducted at 50 C for 7 mn and the
nmol d was opéﬁéﬂa% ajiage o@tp Hher ophnf eopdgiuinst Raner f dantlk SSILRPORAYIi ng a
density of 0.21 g/an The resul ti ng hydrophilic pol yurethane foam dressing
was neasur e@aTRr 2plisiedierprigiier t Fah uBP ng™t R s 9ocdd eB258 TheExanpl e

2, and the %géﬁﬁE%gﬁ%ﬁgg?%egaﬁgéT%bLﬁn—ang%yuretﬁApﬁéEwguhg Bgdthgssane

procedure as In ) ydrophi1Ti c po ane foam dressi ng was
prepared, exeepthBgsen@ifydecofconceBktdabel Bget heal edlgWrhbrbne 3R whet hi ck
polyurethane filmprepared in Exanple 1, in order to obtain a outer
protective ¥ouml |lzgder dhef mientpéres Mamndss fr ehroriauyy epenédgi aAnExnapl e

5.
the exterior and a structure separated from the exterior by

being covered with a thin film membrane (cell window).

In Fig. 2, scanning electronic photographs 4, 5 and 6
which show the surface of the outer protective film layer 1,
the surface of the wound-contacting layer 3, and the cross
section of the intermediate absorbent foam layer 2,
respectively.

The outer protective film layer 1 of the foam dressing
of the present invention is preferably prepared by using a
resin having high hydrophile property and high moisture
permeability. Examples of the resin include synthetic
polymers, which may be exemplified by polyurethane,
polyethylene, silicon rubber, synthetic rubber, polyglycolic
acid, polylactic acid and its copolymers, polyvinyl alcohol,
polyvinylpyrrolidone, etc., natural polymers, which may be

exemplified by collagen, gelatin, hyaluronic acid, sodium

11



The resulting hydrophilic polyurethane foam dressi ng was neasured for

physi cal properties using the sanme processes as in Exanple 2, and the
neasured results are given in Table 1, bel ow. EXAMPLE 7 23 Usi ng the sane
procedure as in Exanple 5 a hydrophilic pol yurethane foam dressing was
prepared excepting one side of a nold being treated with the 50umthick

pol yurethane fil mprepared in Exanple 1 in order to obtain a outer
protective filmlayer different in thickness fromone prepared in Exmaple 5
or 6. Using the sane procedure as in Exanple 5, a hydrohilic polyphilic
foam dressi Rggnaster epanedinexceptiitBganne sigeial a smhidibekng tdeated with
the 50 umthick polyurethane filmprepared in Exanple 1, in order to obtain
a outer prosgothekifi pmlymyes drbhertért naturhiclavessedhe aressyritiregic

hydr ophi li ¢ pol yur et hane foam dressing was neasured for physical properties
usi ng the sBReYBEbTes¥edihsedn Exafpl éhe, AvdurRé r &QJIVI§TEre gi tin

Tabl e 1, bel.ow LE. 8 in he sa procedure as .i.n EXx le 2, a
hydrophilicbggf§u?e %aﬁ% R Gam F%?@th%ﬁﬁsoB&%ﬁa?%%eé%§E§bﬂﬁg%?%t e’
addi tion of 10. 8rwe&e 051 - 127 @nd .8 Wi%n0frokn 64wk Pciagh f Yod s RNt Of

surfactants. e resul ting hydrophilic pol yurethane foam dressing was
measur ed fobypHysiscavinps apeihires hagaengnt he saatEb ¢ osElseas ,asdatibyaapl e 2,
and the results are given in Table 1, bel ow. EXAMPLE 9 Using the sane
procedure astelpasxapprer With e dissolved polyurethane to a suitable

thickness, and then volatilizing the solvent.

Also, the intermediate absorbent foam layer 2 and the
wound-contacting layer 3 of the foam dressing of the present
invention may be prepared from synthetic polymers, which may
be exemplified by polyurethane, polyethylene, silicon rubber,
synthetic rubber, polyglycolic acid, polylactic acid and its
copolymers, polyvinyl alcohol, polyvinylpyrrolidone, etc.,
natural polymers, which may be exemplified by collagen,
gelatin, hyaluronic acid, sodium alginate, chitin, chitosan,
fibrin, cellulose, etc., synthetic polymers from the natural
polymers, or combinations thereof. Most preferable is
polyurethane. When using polyurethane, 40-75 wt3 of a
polyurethane prepolymer, which can be prepared by the
reaction of at least one polyol with diisocyanate, 15-45 wt?®
of a foaming agent, 5-35 wt% of a crosslinking agent, and
0.5-15 wt% of additives, including a surfactant, a humectant,
a releasing agent, antibacterial agents, pigments, cell

growth factors, etc., are mixed by stirring, and the mixture

12



hydr ophi | i ¢ pol yuret hane foam dressing was prepared, except for the
addition of 1.2 wt% of F-127 and 0.3 wt% of L-69 to nodify the content of
surfactants. The resulting hydrophilic pol yurethane foam dressing was
measured for physical properties using the sanme processes as in Exanple 2,
and the results are given in Table 1, below. EXAMPLE 10 Using the sane
procedure as in Exanple 9, a hydrophilic pol yurethane foam dressi ng was
prepared, excepting that expansion was conducted at nold tenperature of 60
Cfor 5 min. The resulting hydrophilic polyurethane foam dressing was

measured for. physical .properties using the s processes  as i.n Exanple 2,
ond the. meaddr o4 PECRAT STGT o Grokh T reiee R ERbP B R PAAT IR EXAVPLE 1
Al levyn, a RN G y j | yuret bane essi Snith &
Nephew " vas " o0a, DFea pREEA R o2 M R R NI S e £33
processes amihnaExernplie 2ngsdtidhe. results are given in Table 1, below 25
COVPARATI VE EXAMPLE 2 DuoDerm a commrercially avail able hydrocolloid

dressing from CorfTecthgwasexpaesian s phh&ingal pr ope¥ahles wereathaddgred in
t he sane processes, as in, Exanpl eé,é %fqd the results are given in Table 1,

bel ow. TABLECIYPRGER®E Froperify XBFdPBpAMEY Ol SiffetHat e Edam

Dr essing EX%g‘make the resulting outer protective film layer 1 with a
non-porous structure. As used herein, the term “non-porous”
means that pores are undetectable under a scanning electron
microscope and a transmission electron microscope as well
and pores over 20 nm across do not exist in the non-swollen
state, excepting closed cells, pin holes, etc., that may be
produced in the film during a preparation process.

For the preparation of the polyurethane prepolymer,
diisocyanate is reacted to polyol at molar ratios of 1-3
0.15-0.5. Examples of the diisocyanate useful in the
present invention include isoporone diisocyanate, 2,4-
toluenediisocyanate and its isomers,
diphenylmethanediisocyanate, hexamethylenediisocyanate,
lysine diisocyanate, trimethylhexamethylene diisocyanate,
2,2-bis-4’-propaneisocyanate, 6-isopropyl-1, 3-
phenyldiisocyanate, bis(2-isocyanateethyl) fumarate, 3,37-
dimethyl-4, 4’ -diphenylmethanediisocyanate, 1,6-
hexanediisocyanate, 4,4’ ~-biphenylenediisocyanate, 3,3"-
dimethylphenylenediisocyanate, p-phenylenediisocyanate, m-

phenylenediisocyanate, 1,5-naphthalenediisocyanate, 1, 4-

13



No. Quter Protective Film Thick. (pmEl ong. (~)100Ps Modul us
(kgf/ mmR) Absorp. ('Kk)Average Pore Size of Wund- contacting Layer (~)Moi st.
Permeab. (g/nR/24hr)Non- Toxi cityHeal i ng Ef fect Wund

xylenediisocyanate, and 1, 3-xylenediisocyanate with
preference for diphenylmethanediisocyanate, 2,4~
toluenediisocyanate and its isomers, p-phenylenediisocyanate,
isoporonediisocyanate, and hexamethylenediisocyanate. As
for the polyol, it may be prepared by mixing an ethylene
oxide/propylene oxide random copolymer which contains at
least three hydroxyl groups and ranges in molecular weight
from 3,000 to 6,000 with an ethylene oxide content of 50 to
80 %, with a polypropylene glycol which contains at least
two hydroxyl groups with a molecular weight of 1,000 to
4,000, in weight ratios of 30:70. Preferably, the ethylene
oxide/propylene oxide random copolymer which contains at
least three hydroxyl groups and ranges in molecular weight
from 3,000 to 6,000 with an ethylene oxide content of 50 to
80 %, is used alone.

Useful as the foaming agent are chlorofluorocarbon
(CFC-141b), methylene chloride and distilled water.
Distilled water is preferable.

To function as the crosslinking agent, at least two
hydroxyl groups in a molecule are required. Examples of the
crosslinking agent useful in the present invention include
1, 3-butanediol, 1, 4-butanediol, 1, 5-pentanediol, 1,6~
hexanediol, neophentylglycol, propyleneglycol, ethylene
glycol, polyethylene glycol with a molecular weight of 200

to 2,000, glycerol, trimethylolethane, trimethylolpropane,
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Non- .

Adher ence2154200. 009950402, 700~1~0~03304S00. 010950401, 900~O~-O~-M4504500. 0121
, 030401, 500~0Q0~C6154200. 008380552, 500~0O~0~06304300. 010400551, 800~O~-0O~0Or509
900. 012400551, 300~0p~18154200. 009980902, 700 ~O

09154400. 0099801602, 800D00C010154500. 0101, 0502103, 000~OQOC. 1- 3900. 012630Z
5001, 9000DDC. 2- - - 250- 20000« 26 Note ~ : Excellent, O: Good, O:

Moderate, X : poor As apparent fromthe data of Exanples 2, 3 and 4, when
the thickness of the outer protective filmlayer reduces, noist

perneabi it ones jnto jncrease. Thus, .regulatin he thickness of_the
outer prot éy@ﬂi\?grﬁ’ﬂ‘ﬁﬁ% erS S@asispﬁbt‘:g‘ﬁg'r o"’fm!erf?q“\&)énﬁ%?g?sp HesHility of
f oam dr essi g f I an ns nt ent
rati o bet wedelﬁht Ee}eeh% r gﬁ%ob@éaﬁldﬁ%y%rlép%%bg%%fe i 3&38@?%%& po C)%%r et hane
prepol yner witthat whs1ieelxean gty propybenco@ ycald ardmet Ayl 6Neropane.

oxi de/ propyl ene oxi de random copol yner has an influence on absorptivity of
t he dressing. Mtk aswnfaattelny, uskduhi ghetheheresateninodntiipm atahyylbene

oxi de/ pr opyl ene _oxi de random copol yner is, the |ar %er t he absorJot ivity of

the dressi fFeFPLipbee RY e & €hé4wolindd cotntdrot ifg PayBr 6&f FHE rdrf

rdriéssi ng

can, as apparent_.fromthe de of anples.8 and 9, .he controll ed through

changi ng al%zréri’xir}%gl_origa’ttia&1 fps fact tér’,p gﬁ&lcgsagﬁov{%n%ﬁ’ ﬂ:% %%kfygleé]fe Exanpl e

10, thro“%xﬁ'&@??k&ﬁyié}?\e B idie! BABELALYES e tRBUPREEUSEE B PIRAE _

woundcontacting Tayer Is |less than 60 umtinme required for wound healing is

reduced t haeksah9, nengont sed, af-33vs,dneEsspngntioLt Beswouwtth dredyrepradvi di ng an

excel I ent wound healing effect. Turning now to the toxicity test results,

t he vi abl e sdééliren¢ethasas agenwiadtutes pol Qo etthdné-f oam dressi ng 27

(Exanple 2) of the present invention re found to be reduced by 6 0, 30 o
: HEmSSher

and 47 0, in comfar PO whfh & | 30 |voung: RRALIPY Profpter.
respectivel ow gr i abi){ an gltessings gf; {Gparative
Exanpl es 1h§ra\(]:iggz?nggdi falr:gélél I S%,é&%%%%{’dr egélﬂn%%érg’f C(gérrpar gtqll ve Exanpl'es 1 and
2 damaged theatigshhyphegenstatgek ! i ss@Bs UPDH iehta) gigetiand shaened t he
wound heal i ng nmechani sm dependi ng only on wound contraction. In contrast,

t he pol yur glwanesfaganyutn,esgangyaf ghine poedent darberymebhybeslddilosei, njury to
the tissue of the wound bed upon changi ng and, under the pal yurethane foam
dressing, FBOBArehRkin al iSFALREA, oc TFeBOPBRRY HEM XHTCHeRhe RGHAPEEEY on of
the wound, m.nim zing the scar formation after healing, As described

her ei nbef orcgtl the %%?ﬁaanyerggéa;(l)ﬁm P edy r?gea(r)lf I9tfe %?le Sht i r?\%é‘r?tgf%on is a

3-ply strughUb8o£ONSY ohBInSf i L QeboPrd e Hd Ygehi | m I ayer 10-90 um
thick, an internedi ate absorbent foam | ayer contai ni ng nunmerous open cells

W th an average AH atied egrofti80£400otm ahst &l atpec-icedt acowny [fayeor0. 1- 200
dun thick with numerous pores having an average dianeter |ess than 60 um
Wth this dRABGELL etirardfetmiset ugeqwithhef aiopurietian TGy, dradsisiengadf t he

present inventjion_shows high noisture perneability, hig orptivity, and
| ow wound %H@Qnée?t% @(19]17) ’ashs)té'?oéﬁﬂis ggéﬁé’ithsrf\éFﬁgri RF?P rgg?’o ©of
bacteria aﬂgegnpg%d'é;ej es 1Addifionaklby, the dressing of the present
i nventi on enj oYys '
Known as a silicon-based surfactant, L-45, L-580, L-
3002, or L-5309, all manufactured by Osi, may be used as a
releasing agent in the present invention.

Any antibacterial agent, if pharmaceutically

acceptable, may be used in the present invention. Examples
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t.he advantage of m nim zing scar formation after wound healing and a higher
rate of healing. The present invention has been described in an
illustrative manner, and it is to be understood that the term nol ogy used
is intended to be in the nature of description rather than of limtation.
Many nodifications and variations of the present invention are possible in
| i ght of the above teachings. Therefore, it is to be understood that within
the scope of the appended clains, the invention may be practiced otherw se
than as specifically described. 29 What is clainmed is: 1. A mcroporous

f oam dr essi Vi e-layer ructure consi.sting.of an er
protective Qﬁ?%#ﬁ%yggiﬁﬁ%gggunf Pgﬁgéé&éﬁqﬂeﬁﬁﬁé%agfe a §8F8eﬁ¥9€%%h1layer
cont ai ni Ng HYHRIPUS rQRENCH B FShoM ildl AN s3Y 6L A0S, O @RI €l 18k, 880 408om and a
wound- contacting | ayer with numerous m cropores having an average di aneter

| ess than Gdime2. ThisemtLr@pauous foemrliidessi ngfasaset, f or ilHotaicdai m 1,
wherein the mcroporous foamdressing is 1-7 mmin thickness. 3. The

m cr opor ous'SEEmleresbeng, ashderoterracydlidiaai meonygigrei penhellhi®er nedi ate
absorbent foamlayer is 0.1-0.4 g/cnB in density. 4. The m croporous foam
dressing as’ mV%F?h 5 A%i'RPL; wherein the nicropores conprise a

structure opening i rLL.ak._an ru from
t he exterioP by e#%%g%%gg}e %ﬁbﬁagatﬁfﬁaginﬁﬁﬁ%%'o%&ggstiﬁﬁgéﬁ%gg?or

manuf act ur igktaanBtcrigporieps fomnt ikl €561 NGvi feONdidn1RE tWie c3it epe afet
treating one side of a nold with an outer protective 30 filmlayer,
forth to illustrate, but are not to be construed to limit

the present invention.
SYNTHESES EXAMPLE 1

Preparation of a isocyanate-capped polyurethane
prepolymer was carried out as follows.

Into a 3 liter round-bottom flask were added 242.8 g
of TDI (toluenediisocyanate), and then heated to 60 °C.
Afterwards, while 1257.5 g of TR-705, which is an ethylene
oxide/propylene oxide random copolymer having three hydroxyl
groups with an ethylene oxide content of 75 %, manufactured
by Korea Polyol, was added in many small installments, the
reactants were reacted for 7 hours to prepare a polyurethane
prepolymer until the theoretical NC0O% reached 5.7. During
the reaction, samples were taken to measure NCO% according
to a titration method wusing an n-butylamine standard

solution.
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m xi ng 40-75 wt % of a pol yuret hane prepol yner, 15-45 wt % of a foam ng
agent, 5-35 wt% of a crosslinking agent, and 0.5-15 wt % of additives
conprising a surfactant, a humectant, a rel easing agent, an anti bacteri al
agent, pignent, and a cell growth factor, and expanding the m xture in said
nmold. 31 .AIH . A IE .A(E .AE .A(lE .ANl .AaY .Al .A E .A 2 .A .A(L.AN

. AN

SYNTHESES EXAMPLE 2

Preparation of a isocyanate-capped polyurethane
prepolymer was carried out as follows.

Into a 3 liter round-bottom flask were added 248.2 g
of TDI (toluenediisocyanate), and then heated to 60 °C.
Afterwards, while 816.3 g of TR-705, which is an ethylene
oxide/propylene oxide random copolymer having three hydroxyl
groups with an ethylene oxide content of 75 %, manufactured
by Korea Polyol, and 435.4 g of GP-4000, which is a
polypropyleneglycol having three hydroxyl groups, were added
in many small installments, the reactants were reacted for 7
hours to prepare a polyurethane prepolymer until the
theoretical NCO% reached 5.7. During the reaction, samples
were taken to measure NCO% according to a titration method

using an n-butylamine standard solution.
EXAMPLE 1

An outer protective film layer was prepared as follows.
18 g of polyurethane elastomer was added into a DMF/MEK

(40/60) solvent, and the mixture was then heated to 60 °C
with stirring, resulting in a polyurethane solution in a

colorless, transparent liquid state. A release paper,
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treated with silicon and having a constant thickness by
attaching a tape to its edges, was uniformly coated with the
polyurethane solution using a film coater, following by
drying in an oven at 100 °C for over 1 hour. The obtained

polyurethane films were 15, 30, and 50 um in thickness.

EXAMPLE 2

To 57.1 wt% of the polyurethane prepolymer prepared in
Syntheses Example 1, 27.2 wt% of distilled water as a
foaming agent, and 13.6 wt% of glycerin as a crosslinking
agent were added, along with additives comprising 0.5 wt% of
F-127 (BASF), 0.9 wt% of 1-64, and 0.7 wt% of sodium
alginate. After being stirred at 4,000 rpm for 5 sec, the
mixture was injected into a mold whose one side had been
treated with the polyurethane film 15 pm thick prepared in
Example 1. Expansion was conducted at mold temperature of
35 °C for 10 min and the mold was opened to give a
hydrophilic polyurethane foam dressing having a density of
0.21 g/cm’.

The hydrophilic polyurethane foam dressing was
measured for physical properties in the following processes

and the measured results are given in Table 1, below.

1. Mechanical properties (tensile strength, elongation,
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3. Moisture permeability

Using an incubator, the hydrophilic polyurethane foam
dressing was measured according to KS M 6886. In this
regard, the incubator was kept at a temperature of 37.5 °C
at a relative humidity of 90 %. Moisture permeability was
calculated by means of the following equation.

p=2
S
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after 2, 3 and 4 hours, respectively.

4, Cell and pore sizes, and film thickness
The hydrophilic polyurethane foam dressing was
measured for cell size, pore size, and film thickness using

a scanning electron microscope.

5. Assay for toxicity to cells

The hydrophilic polyurethane foam dressing was assayed
for toxicity to cells according to ISO 10993-5. For this,
mouse fibroblast cell 3T3 was obtained from National
Institutes of Health and subcultured. After inoculation at
a cell density of 2x10° cell/cm? in RPMI-1640 (Rosewell Park
Memorial Institute-1640) supplemented with 10% fetal calf
serum (FCS) on 12-well plastic dishes, the 3T3 cells were
cultured at 37 °C for 4 days in a 5% CO; atmosphere.
Thereafter, the cells were further cultured for 1, 3 and 5

days while being in direct contact with the hydrophilic

20



+10%. & ()-L<fzodY:1f& 1 10% & ()-M 10 h 10 h 10 h6s10% h& ()-!f 10%h h& ()-
+1& 10%h h& ()- + 9f 10%h h& ()- +g4r2dY:1f& Y+y 10% & ()-!Y+y 109%& ()-)

10% & ()-@10% & ()-!- 10%t& ()-- 10% & ()- ""~\=1f& 6t10% & ()-!g
1094 4| & ()- +'Hg 109 4| & ()- +g 109 & ()- + 10t 10t
10t 6S10% & ()-""""r$"omBs ' ~ @F& ) 10%G& ()-T ' 10%G& ()-L$s10%& ()-! T

1096G& ()-T 10%& () - 104| 104| 104|:'<=">?2"()v**~\:1f& 14 1098B& ()-*'9
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polyurethane foam dressing, followed by harvesting the cells
with a trypsin/EDTA (ethylene diamine tetraacetic acid)
solution. Viable cells were quantified with the aid of a

hematocytometer after dyeing with 0.4 % trypan blue.

©. Assay for wound healing effect

Rats which were 6-8 weeks aged on average, weighing
350-300 g were used to observe the wound healing effects of
the hydrophilic polyurethane foam dressing. To this end, a
dermal lesion with a size of 4 cm x 4 cm was made on the
back of each rat which had been anaesthetized by abdominal
injection with Rembutal, and then subjected to dressing. At
1, 2 and 3 weeks after the dressing, the wound was examined
for size change, tissue separation upon changing of dressing,
and histochemistry, to determine the wound healing effect of

the hydrophilic polyurethane foam dressing.

EXAMPLE 3

Using the same procedure as 1in Example 2, a
hydrophilic polyurethane foam dressing was prepared,
excepting one side of a mold being treated with the
polyurethane 30 pum thick prepared in Example 1, in order to
obtain a outer protective film layer different in thickness

from one prepared in Example 2. The resulting hydrophilic
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polyurethane foam dressing was measured for physical
properties using the same processes as in Example 2, and the

measured results are given in Table 1, below.

EXAMPLE 4

Using the same procedure as in Example 2, a
hydrophilic  polyurethane foam dressing was prepared,
excepting one side of a mold being treated with the
polyurethane 50 um thick prepared in Example 1, 1n order to
obtain an outer protective film layer different in thickness
from one prepared in Examples 2 or 3.

The resulting hydrophilic polyurethane foam dressing
was measured for physical properties using the same
processes as 1in Example 2, and the measured results are

given in Table 1, below.

EXAMPLE 5

To 60 wt% of the polyurethane prepolymer prepared in
Syntheses Example 2, 27.9 wt% of distilled water as a
foaming agent, and 10 wt% of glycerin as a cross linking
agent were added, along with additives comprising 0.5 wt% of
F-127 (BASF), 0.9 wt% of L-64, and 0.7 wt% of sodium

alginate. After being stirred at 4,000 rpm for 5 sec, the
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mixture was injected into a mold whose one side had been

treated with the polyurethane film 15 um thick prepared in
Example 1. Expansion was conducted at 50 °C for 7 min and
the mold was opened to give a hydrophilic polyurethane fcam
dressing having a density of 0.21 g/cm’.

The resulting hydrophilic polyurethane foam dressing
was measured for physical properties using the same
processes as 1in FExample 2, and the results are given in

Table 1, below.

EXAMPLE 6

Using the same procedure as 1in Example 5, a
hydrophilic polyurethane foam dressing was prepared,
excepting one side of a mold being treated with the 30 pum
thick polyurethane film prepared in Example 1, in order to
obtain a outer protective film layer different in thickness
from one prepared in Exmaple 5.

The resulting hydrophilic polyurethane foam dressing
was measured for physical properties using the same
processes as 1in Example 2, and the measured results are

given in Table 1, below.

EXAMPLE 7

23



10m 10m 610%r& () - O#PPPPPPsQY(\ =F! 10%me& ()- 10%& ()- 10m 10m
10n610%m&' ()-! 10%vknk& ()-*! 10%fnf& ()-*Q7RNRORRRT}[ <{\=F!'$ 10%& ()-!
10%' ()-E 10%m& () - P10%& () - @0%r& ()-! 10%m& ()- TUU UUU UWMJU_=F!!
10%c& ()-2Z! 10%6G& ()-Z3f10%& ()- 10m 10m 10m 610%r& () - 310%m&' () - UX" X;
Y>Y?Y@YAYyYu] _@!'! 109 ()- 10G 10G 10GSs310%& ()-!)
109G () - @10%6& () -, 109%& () -MyYazkzZ[\]]7?] _@!'!'1310%& ()-!'Y$ 109 () -
Y$ 10% ()- '+ 109%& () - S&@OY& ()-f
10% ()-:111111t~A™~~_=F'110%m& () - F10%& () - F! y10%m&' ()-Z10%m& ()- 10 10
Using the same procedure as in Example 5, a
hydrophilic polyurethane foam dressing was prepared,
excepting one side of a mold being treated with the 50 um
thick polyurethane film prepared in Example 1, in order to
obtain a outer protective film layer different in thickness
from one prepared in Exmaple 5 or 6.
The resulting hydrophilic polyurethane foam dressing
was measured for physical properties wusing the same

processes as in Example 2, and the results are given in

Table 1, below.
EXAMPLE 8

Using the same procedure as in Example 2, a
hydrophilic polyurethane foam dressing was prepared, except
for the addition of 0.9 wt% of F-127 and 0.6 wt® of L-64 to

modify the content of surfactants.

The resulting hydrophilic polyurethane foam dressing
was measured for physical properties using the same

processes as in Example 2, and the results are given in

Table 1, below.

EXAMPLE 9

Using the same procedure as in Example 2, a
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hydrophilic polyurethane foam dressing was prepared, except
for the addition of 1.2 wt% of F-127 and 0.3 wt% of L-64 to
modify the content of surfactants.

The resulting hydrophilic polyurethane foam dressing
was measured for physical properties using the same
processes as in Example 2, and the results are given in

Table 1, below.

EXAMPLE 10

Using the same procedure as in Example 9, a
hydrophilic polyurethane foam dressing was prepared,
excepting that expansion was conducted at mold temperature of
60 °C for 5 min.

The resulting hydrophilic polyurethane foam dressing
was measured for physical properties using the same
processes as in Example 2, and the measured results are

given in Table 1, below.

COMPARATIVE EXAMPLE 1

Allevyn, a commercially available polyurethane foam
dressing from Smith & Nephew, was used. Its physical
properties were measured in the same processes as in Example

2 and the results are given in Table 1, below.
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COMPARATIVE EXAMPLE 2
DuoDerm, a commercially available hydrocolloid
dressing from ConvaTec, was used. Its physical properties
were measured in the same processes as in Example 2 and the
results are given in Table 1, below.
TABLE 1
Physical Properties of Hydrophilic Polyurethatne Foam
Dressing
Exam. Outer Elong. 100% Absorp. Average Moist. Non- Healing Wound
No. Protective (%) Modulus (%) Pore 3ize Permeab. Toxicity | Effect Non-
Film (kgf/mn) of Wound- | (g/m?/24hr) Adherence
Thick. contacting
(pm) Layer
(pm)
2 15 420 0.009 950 40 2,700 @) @ @)
3 30 450 0.010 950 40 1,900 (@) @) @)
4 50 450 0.012 1,030 40 1,500 @) O ©
5 15 420 0.008 380 55 2,500 © @) @)
6 30 430 0.010 400 55 1,800 © O @)
7 50 440 0.012 400 55 1,300 © 0 ©
8 15 420 0.009 980 90 2,700 @) ®) 0
9 15 440 0.009 980 160 2,800 (@) 0 0
10 15 450 0.010 1,050 210 3,000 (@) 0 0
c.1 - 390 0.012 630 > 500 1,400 o) A A
c.2 - - - 250 - 200 0 0 x
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As apparent from the data of Examples 2, 3 and 4, when
the thickness of the outer protective film layer reduces,
moist permeability comes into increase. Thus, regulating
the thickness of the outer protective film layer can easily
control entire moist permeability of foam dressing.

The data of Examples 5 and 6 demonstrate that the
content ratio Dbetween the hydrophobic and hydrophilic
moieties of the polyurethane prepolymer, that is, between
polypropylene glycol and ethylene oxide/propylene oxide
random copolymer has an influence on absorptivity of the
dressing. More accurately, the higher the content of the
ethylene oxide/propylene oxide random copolymer is, the
larger the absorptivity of the dressing is.

Pore size of the wound-contacting layer of the
dressing can, as apparent from the data of Examples 8 and 9,
be controlled through changing a mixing ratio of surfactants,
and as shown in the data of Example 10, through changing the
mold temperature. When the pore size of the wound-
contacting layer is less than 60 pum, time required for wound
healing is reduced thanks to no contact of the dressing to
the wound bed, providing an excellent wound healing effect.

Turning now to the toxicity test results, the viable

cells in contact with the polyurethane foam dressing
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greater viability than dressings of Comparative Examples 1
and 2. Additionally, the dressings of Comparative Examples
1 and 2 damaged the freshly regenerated tissues upon
changing, and showed the wound healing mechanism depending
only on wound contraction. In contrast, the polyurethane
foam dressing of the present invention caused no injury to
the tissue of the wound bed upon changing and, under the
polyurethane foam dressing, re-epithelialization occurred
together with the contraction of the wound, minimizing the
scar formation after healing.

As described hereinbefore, the multilayered foam
dressing of the present invention 1is a 3-ply structure
consisting of an outer protective film layer 10-90 um thick,
an intermediate absorbent foam layer containing numerous
open cells with an average diameter of 80-400 um, and a
wound-contacting layer 0.1-200 um thick with numerous pores
having an average diameter 1less than 60 pum. With this
characterized structure, the polyurethane foam dressing of
the present invention shows high moisture permeability, high
absorptivity, and low wound adherency, as well as defending
against the infiltration of Dbacteria and impurities.

Additionally, the dressing of the present invention enjoys
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and variations of the present invention are possible in
light of the above teachings. Therefore, it 1is to be
understood that within the scope of the appended claims, the

invention may be practiced otherwise than as specifically

described.
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pum  thick, an intermediatée absorbent " foam layer confaining

numerous open cells with an average diameter of 80~400 pjm,

and a wound-contacting layer with numerous micropores having

an average diameter less than 60 um.

2. The microporous fecam dressing as set forth in claim
1, wherein the microporous foam dressing is 1-7 mm in

thickness.

3. The microporous foam dressing as set forth in claim
1, wherein the intermediate absorbent foam layer is 0.1-0.4

g/cm® in density.

4., The microporous foam dressing as set forth in claim
1, wherein the micropores comprise a structure opening into
the exterior and another structure separated from the

exterior by being covered with a thin cell window.

5. A method for manufacturing a microporous foam
dressing, comprising the steps of:

treating one side of a mold with an outer protective
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film layer,

mixing 40-75 wt% of a polyurethane prepolymer, 15-45
wt% of a foaming agent, 5-35 wt% of a crosslinking agent,
and 0.5-15 wt% of additives comprising a surfactant, a
humectant, a releasing agent, an antibacterial agent,
pigment, and a cell growth factor, and

expanding the mixture in said mold.
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