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In the case of surgical operation for the treatment of cancers, vascular diseases and diabetes mellitus, the use of med-
ical (or biotissue) adhesives is gradually increasing instead of suturing. Together with this trend, the development of
anti-adhesion membranes (or barriers) is rapidly increasing for preventing complications originated from post-operative
tissue adhesions frequently occurring. In general, all medical devices should pass the testing for biological safety and
effectiveness. Thus, newly developed medical adhesives and anti-adhesion membranes must be evaluated according
to the well-regulated standard guidelines, such as ISO, OECD, ASTM, etc, under authorized institution, otherwise they
cannot be commercialized. In this review, medical adhesives and anti-adhesion membranes were categorized and
compared according to their use and materials followed by a brief description of the properties of products com-
mercially available. Furthermore, this review dealt with the present state of commercialization, the size of market and
the recent trends of research and development regarding medical adhesives and anti-adhesion membranes.
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HEE UL EAE MZ@E) A & HMEF g HEY Mz @) 2A 2 ME e
- HE 2 e ZTZ=M0| AMeHA AFZSHK| 42 . Immuno AG, 22E2|Of / Baxter
B. Braun Melsungen AG, S Tisseel Healthcige Corp./,\gllj_%
Histoacryl® TissueSeal LLC, A|= / 2007 19982 FDA S
n-2E FDA &2 Hemaseel APR™ Haemacure Corp., A=
E 20
indermil™ Covidien AG, AIZ / 20024 , 1998 FDA 5S¢
FDA £9I CoStasis ™ Cohesion Technologies Inc., Al=
D tat™ A =0
02 CLOSURE Medical Corp. ynas 20005 FDA 52
® ou 70t Ethicon Inc. EHI| CryoSeal® ThermoGenesis Corp., A= i
Dermabond =E 19974 88 EU CE mark, Y 20014 FDA 9!, FHLICH 2/&717] 57}
14 ge 20 .
1998 82 FDA 5¢ Beriplast® P Behringwerke AG/,\ =g
20033 FDA 59!
HEAETF 37| 20 &% =245 SsSAIE TN Az Evice™ Ethicon Inc., Johnson & Johnson Co. Lid.,
- i vice ~
OIZ%2 QUCEY Dermabond 2Hs AlOK=OIA 30| EA| F=t AI%/ 20083 FDA 51
HMZE 7028t Closure Medical XEl =AW o5t mnf =7| Artiss® Baxter Healthcare Corp., O|=

of MAXSZ 2004 ¥ w2 =7| NS d4e A=z
O|Z OIZ=UL, X HMSEE =4 LFYEMZ Ethicon
AL e g HIReE ©MA 5004 7 =7101A Eaf Sofl ULt
(Table 7).>®

ZLHOIA = O] ZOof| Cher A= njojeh AEfo|H, Cigk B.
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TMAC] T E2A HEHCQl AZr=2E 20008 °F 59 &
2E FHEMH, A EFE2 20002 OIF7IX| O|Z0A Al
& M0l Aol O|FOX[X| 2411 ASLt 2003F O]F0f=
31% O|& Fraleh Aoz F™MAUE HE Tt HaemacureZt EA
3t Hemaseel APR™O| 1998 FDAS| £018 EH2 O|F Al
Fo| 245z dYEQlon, 7| AF2 2F 2Huk B £
TO[X[2F &% 80% CHel IMAO| O 5=, 20038 O|F Al
AANZS 30%0/4 ZASH ZHoZ O ASIZICEY U=o| AL,
19998 mER HEF| AFAZE oF 18221 Al A=CL,
O|F X&EXNoZ g ZHez Moy ot

=L AFOl E2 2 30~404 @ AZEM 1996H ={X}
7t XEN A8 ZEYANZ Greenplast™S 7Hst 0|5 &
E31610 Sx SLHAIES| 80% Ol&2 FERotl UA2MH, o[
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(Table 8).
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JHEEIICOLE, MZQ "B ¥ Edo| mEtM= EgE Us
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of EiE|2 U= MBoE ChS2t 22 AES0| UCHTable 9).'”
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A ZEM Helf =AM ZE JHEE(QUC. SEE =AM =
AOHcOIE[O[E7t 7HEE Al HIE 2-A0HcOl3E3[0[E
7t #200| Bo| AFSEIUXTE Moo =Zai Al ZSYHS|I=
7t dsks EMEOl U M= o€, O|AFE, O[AZZ

T AOHrOIYHO|E S22 CHHEIQICEY B, SUE,

HTZM, A4S L SUT ST 22 4 BE L oY
@, HEY U N ST 22 MEA Feol X2 s
9B £20IS SEA CIA PEGER MBIES FEHZ A

gst7|= stf

20033 3E, 2= =2 ¥ MEATFI|IFNIMSPIA Z22
| 3ttt SR S40| &en, Z=Jt Holt o728 H
AN S LT WHEFCEY o] HARE £&8 B0 HE
=2H H X0M E F Ao =Zjo| 2™s| HAEEH, 7IE
MEQ 4%, FEHO| FHot NE2 =40| dstH xR

bl
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Table 9. 2|2 & XX HZF &
HEE) T2 A HZ=@E) SIA 3 HFE SE
Bioglue bovine serum albumin and glutaraldehyde Cryolife, 0=

Gelfoam® sponge and powder

porcine gelatin

Surgifoam™ sponge & powder

Pharmacia, A|= / 20073 FDA 59!
Ethicon Inc., Johnson & Johnson Co. Ltd.,
A= / 2007 FDA 59!

FloSeal™ &
FloSeal™ NT

Surgiflo®

gelatin (bovine, porcine)
with or without thrombin

Baxter Healthcare Corp., O|=
19994 FDA 59!
Ethicon Inc., Johnson & Johnson Co. Ltd.,
Al / 20074 FDA 59!

Avitene® ultrafoam & flour

Helistat® & Helitene®

Instat™ & Instat™ MCH

bovine collagen

Davol Inc.,, C. R. Bard Inc., Bl=
20005 FDA 592!

Integra LifeSciences Corp., A=
19993 EU CE mark, 20025 FDA &¢I
Ethicon Inc., Johnson & Johnson Co. Ltd.,

A= / 1980's FDA 59l

Surgicel® Fibrillar™
& Nu-Knit®

oxidized regenerated cellulose

Ethicon Inc., Johnson & Johnson Co. Ltd.,
A= / 20084 FDA &¢I

Arista™ AH

polysaccharide spheres

Medafor Inc., A= / 20063 FDA &9l

Thrombin-JMI®

King Pharmaceuticals, A=
2007 FDA &9

Evithrom® thrombin Ethicon Inc., Johnson & Johnson Co. Ltd.,
(human, bovine, recombinant) 0|= / 20073 FDA 59!
. Zymogenetics Inc., A|=
Recothrom 20084 FDA &¢I
Vitagel™ plasma, collagen and bovine thrombin Orthovita Inc., A= / 20062 FDA &¢I

AlZto] Zel1 QleH, S40] M2 ME2 A0 st
Ol A7t ZlCt W= HEH= dA Lol Exist=
St A citric acid)2ZE et MES Al
ME AoiM AtZsE| WZo| 7|EQ 2|28 Aol H
AH2 MBE|D, M2 ZAE ZHoz 21EQint?
HEM= 242 MEn 22 =He 7| W=, A
stz 2t =8 o FEE UAME J7Hs5d0| A2H
MOl Qufpaut UY|o| B EXle| MR S0l FoiC
st UCH”

20084 99| KISTI S2HSEE2|H(GTBOI HH=H A2
NIMS HTE0IAM LCISIEA Ttk (ZEYUHISIE, SFEIEY
H5|E S)5 CHAGH A LHOIA CHAMHRAER= oA, 49
Ahtartaric acid) S |7|410 &M OAHZEE =6t Jtn
HMet HA 2k 10 nmel T HHEHECl R0l (albumin2E
TAE HERE Tt o] HENQ AstAlZ £ A

2kl
Pl

A Ao

=2

x

o =

b

LI
= oI
o 3

me ofr n

s
T

o, 102 OfLfoff EHoy FE HE0| 0|23 CE AE IS¢
HEA| (&5 =A, ml=2iA)ef viwsl 34 Oly0] =2 T
dEE g2 7 Uths 0| SR ol2fgt =2 & 4=

|
= FAL 39 RUIMCERE ghdet JtuAE AN S
Q 0

25 EEEE Of2t A =& F29| 2k} gtSske Zof 7|
eletctal 25t

KISTI 22Es=2|E (GBIl m=™ 200948 38, A=
cAFiEejolUicyst HTE0l BBl MY HE CHED
5t

MEMS(microelectromechanical systems) 7|&S HIECE

o7

=
A
Agg 4+ 9

HEYZ0IM LA

2

om
N
>
10
N
Qy
|0
Hu
Hr
4>
IS
it}
N
ro
2
o

S HE EMIES HISN0|T YRl
S40| QUCk TRp O] JISS ARSI WLt HER 2IX/0)
7| T2l g2 S8o| Jh=ln, Hat

HEME Txg &
ot QIXOIM ZRESE MZE HEE = | =20 AXQ| A
27t Wt 0 SHEZ A &S Z0ICt

oHH, Y= WECfst Yol Ta HTEME AEH
JHHZM SRAE80| A= A2z UHA Z2|-L-2H0| M [e-
poly(L-lysine) it CIEFO| LELl HAERKdextran)S M2
gt MZE JHEel ZAYAHME L3I0 “Lydex2t HHIUCH
(Figure 5). O] Lydex= HHMZ 0| FO{LIH F JHEK 4K
7t g A0z & = O|LHof E3f(gelation)=|0] Z=EIS
HEAZI=M, 71 L 28A ZEHo HisH HEHETE ofF
=0t 20EQich 5t H 37] 5 YX[(prevention of
pulmonary air leakage), Qt7+ HH IHHS <[t 22 04
(amniotic membrane transplantation for ocular surface recon-
struction) 2! Zt2O[Al& (keratoplasty) SOl LydexE 43X 2
2 Hgst A0t 2007 1€, 20082 72 2|10 20094
620l 22t =22 Sdlf UEUCH™

ZZol= =W A0 ol WA 2 Jlsdt FEAL A

J

ZIE 7|2 08010, S TRTHHEZ JHioZ sk M
A 220|= HEHO| TOIM|ZH|O|E (coacervate) A TEH| T}
JHeE|QACE™ o] A 220|= MEASELS =0 & 40|
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Static mixer

Figure 5. Z2|-L-2t0] M[e-poly(L-lysine)l2t S AE Ehdextran)S AMZE 8 A EA| (Lydex). (A) JHe| Az It Y= FTAH|
8 87|, stLtel AEIHoE aldehyded dextran W (Liquid A)O|, CtE AZIHO = e-poly(L-lysine) EH(Liquid B)O| 7*7* MAX
ASH, SLet L2 F BHO| static mixerE S ME HO LPE':”A‘I EE‘Ol =0 ol 0|&3l “LYDEX”EFE %ﬂ% E
&3t g (B-D) =2E E2U0| H3lgelation)=l0 HEHM SHE LEHY. Lydex@ & JHX] &AM E o EIY2Z M ZEh
Table 10. &t 12 At 2K S 0| et Q| B HEA AN S&
A7 e 3 @%, AHPAl 5) Faes
polyvmyl alcohol, film skin bioadhesive film 16, 17
polyvinyl pyrrolidone (patch)
wound closure, hemostat, air leakage sealant,
polycaprolactone membrane modified with 2-isocyanatoethylmethacrylate, 18
crosslinking via UV irradiation
silicone + synthetic gecko tape
. 19
carbon nanotube tape (= micropatterned carbon nanotube arrays)
(patch) biodegradable, biocompatible
poly(glycerol sebacate acrylate) elastomeric gecko-inspired nanopatterns 20
poly(dl.methylsﬂoxane) . - flexible organic nanoadhesive as ‘geckel’, reflecting
+ poly(dopamine methacrylamide-co-  polymer pillar array Lo 21
inspiration from both gecko & mussel
methoxyethyl acrylate)
Tetronic + succinic hvdrogel injectable, biodegradable, in situ forming, 2
anhydride + tyramine Yaros crosslinking via enzymatic reaction
1 BHIHO| i KoM, 7|ES| SEUAHTME 4o  EMsiRACH(Tables 10 & 11). O|F A7 210 CEEH AM=E
Hloh S0l 28 Ol =Cf. S8 HATME 80%2 tiE = Cidet By A=A & MR &S Ol8stl U2,
Mol MAZHE F sl S|UF-ELkhyaluronic acid) 20%E 2 IEXel A% O EEEF 0L HEYCQ FHE, ™
EB15/01, %44 B20|SQ! FOWSHOIER HUEACE O ¢ DEXIS P F= WEOERY 2 LieH) BER
=2 O30 FoLL 20| & MO[X| e HEHFH0|  EAOf iet H7UHL0| OIFX|LL UASE & & AUCH
i Sot Eget =2l S4& AWE =2 ofl2t, elAol=
OHEEPI AIBE 4 Sl MANEMS AILIT It E5F A S &HEX|at
0| FOh TOMEHIO|ES &8¢t N0[AZY &S A8S
AN S otENy SXZ BRE 4 US BV OLIEL IS SAOY MAMozE =REfH ZAS0| HEARCR
M SEET AZ AI2NET 58NOR BSE 4 ATt ¢EEs S onjBitt SN YEiEl RAWMS Xg
PubMed ZMRAITIS O|&3I04 Z|Z 52005 OF) OLf 212, =20 £45H o FiYo S7I6i HEY &
9 sCip= Mo LEE 258 HEA A7 L /g  E20| 2HIED gdradt HF % SdiEs HEE AM
it =2 242 S 220l A%, #@4 U ST 52 FA ANOZ =3o| XRE|Lt 5@ S0| LR 440l S
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Table 11. 8 D =Xt AX E 0|8t A2 E HYEN ML S&

27 ED, 3 @&, &tan ) s
oly(Llysine) + biodegradable, anti-microbial
POyILY gel/powder hemostat, air leakage sealant, 2-4

aldehyded dextran (Lydex)

human serum albumin +

adhesion-preventive

tartaric acid derivative gel biodegradable, injectable in situ forming DDS 11-13
. . recombinant hybrid complex with hyaluronic acid
mussel adhesive protein complex coacervates or fused with RGD peptide 15, 23, 24
nglr;/i;ﬁi;;]nzugf;};r hydrogel pH sensitive adhesive for wound healing 25
Table 12, 8 5! A EtQ| REYX| 2 N F A&
M=) =8 X Mz ) SIA S HE e
ANE
ADEPT® 4% icodextrin solution Baxter AG, 2_:E|0}
2006 FDA &€l
Hyskon® 329% dextran-70 solution Coopersurgical Inc. / Abbott Laboratories / Hospira Inc., Bl=

Gynecare Intergel® gel of sodium hyaluronate & iron

gel of hyaluronic acid & sodium

Guardix-sol®
carboxymethyl cellulose

1998, 2000, 20074 Z{Z+ FDA &9l

Lifecore Biomedical Inc., O|=
20024 FDA &9/

Biorane Co. Ltd. 7§, Hanmi Pharm. Co. Ltd. EHl, &= /
20064 KFDA &9l

7t SMI= DESE0f |EO|] LTI A Ut
Mechanical trauma, foreign body, desiccation, incomplete
hemostasis, suture 50| 72 @82 FLoHH EEE =
Al ofoi| CHet KAS sli= 30| EBRSHH, Fet FAY
X S CRSd Z2obY M 52 W M Y 2 5 2
He Ao 2l SIM XS MAM3I F(instillation)st
7|2 ot MelAE4(normal saline)t Ringer's lactateS At

g}

88ICk 0] Qo= BN B B2 S AR

40
Ja

o

xg SpIE Bk
=0 43, ROlR 2%, HE 48 U AF 48 B}
FEo| w2t Aol YXIEH =AY RAS Fesin Ak ¥
2N UCHT 45 = XRIFOIM KE0| LYBORH 4
B 1S, EM U ofyel FP EAN 2L BESE Kl
M T4 A HET SIRPIE S0 KatKee ®
TH RHORM Jl£S UHE 4 9o, olof A2 &t
o ergZoR ot A4, MYY 10| ME HISS B

rir
fol I
=l
1

:

ol ofygolzt & 4 QUCL
A

45 F U LMEE IX QA2 fiEo ot 4%
OlM st lon|, HHAS, BHISS, AUIS Hof, =Y
So| #I0l0] B3, 42N XEE 49| SHO| goB 4
&% XEE WS HIHOZ IO} i 21t £ Al
OlAfe BIXISOIA B2 OfHES ECHTY ol2ist RAIS Y

Kotz WHOZE 5 Al H4ME ZASISPALE, SHMQ AL
2 52 mEglo g4 1| o =& Z2tan|d 2y
QIXHtissue-type plasminogen activatonE EX43tA7 (= HH
0| QU:,*0 Zejols Cist Helol 22/XQl & (physical
barrieS AME5H= HHO| JHZ|Of AMZE| QICt27283152

2o HS R JK540| QU QIEE £ XX EE Ao|

of QRIS &4 ZHO| XIR JI7h SOF HOIQIOBIA KA
S WRGts MBS Sitpl, A Y70l AL ¥ Ea E=
E45l0f 012 ¥182 YO7IX| Yolof BICL Y

ALK Yo 28

KEURIAS Qb OiFet ZH A SO EE (ntra-

peritoneal instillates)2t 7%&F XHHA| (adhesion  barriers)2| &
2 HEZ Lks 4 UCH SN A8 Us S EH
M sl (heparin),’” 7I2=AHEMSZ2 24 (carboxy methyl
cellulose, CMO),** 3|LFE&khyaluronic acid, HA)*® S22
Hz=E & HEHR} Ringer’s lactate, icodextrin(ADEPT®), dextran-
70(Hyskon®) S92 84 EII0| UChTable 12). {EF RIH]
Ol= BHIZE AE(eflon sheet) HA/ICMCS FH
(Seprafim®) @ M3lxHd M E=22A(oxidized regenerated
cellulose)@l &= (Interceed ™ )2t 22 HEQ1@N) FEWT} CHE
ZO0|CHTable 13). Eet ZFAHH /7L poloxamer/alginate)S
0|2t YZ+eM (thermosensitive) FEMLX[2t0f| Cist A &
2ot 20 UCEY J2{Lt 8AEHo| AL MU0 =5
a8 T dMol F=ts| EEET| ofz{ R, HEQl EfY
SENZE HEEAL ZETt 26l S (rocans S 7E
A2E 200} sl= =4E =01 HE5P| o2 Eo|

Mzt Eok?)

SR olO| JHE|o| MO AREE(L Q= HO|LL SH
2 HEel Bl |SEEIX|S0l= g 22 AS0| ULt
(Tables 12 & 13). A N Efgle| RAIXUCZ= CIFHFL
dextran REAHE FR2 AXZE S ADEPT*?} Hyskon™ 12|11
sodium hyaluronate®} iron@2 TX4E & EIRO| Intergel” S
0| 1998 O|F FDAZ FE{ 52l 2ol oA A&83ix(0f UCt.

ol =
=0

00

MO OE T

Jon
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Table 13. B 22) Q! B}l FELX| 2 M E & &

H=Q) F2 AN

Mz E) SlAF R HE S

Interceed™ (TC7)

oxidized regenerated cellulose

Noramco, Inc. / Ethicon Inc., Johnson & Johnson Co.
Ltd., B|=/ 1994, 1997 Z¥Zt FDA &90!

Seprafilm® hyaluronic acid + carboxymethylcellulose Genzym1e9;36i([:jsung[e;;\y é(;)_rlp-/ al=
SurgiWrap®™ 70:30 poly(L-lactide-co-D, L-lactide) MaStggé%Sll;rgEgAlgéluli
) hyaluronic acid + sodium carboxymethyl  Biorane Co. Ltd. 7H&, Hanmi Pharm. Co. Ltd. ¥, 5=
Guardix-MB / ’
cellulose / 20068 KFDA &¢I
Table 14. CiA5t D2 A ATHE O| E8t REAYA U A ANY S
27 EC 58 Ex, BN S) U=
polyethylene glycol + y . i
poly(l-lactic acid) film anti-inflammatory drug, ibuprofen-loaded 32
_ sodium hyaluronate + membrane crosslinking with 1—ethyl—3:(3_—dimethylaminopropyl) 31
sodium carboxymethy! cellulose carbodiimide
. ) biodegradable, in situ cross-linkable, HA modified with
hyaluronic acid (HA) hydrogel adipic dihydrazide or aldehyde 43
hyalur;);clﬁ ildca(rl;é))( tnz(gtlullé)s;)uli igvatlves injectable, in situ cross-linkable, degradable by
h Y Y / hydrogel hyaluronidase, hydrazide-modified HA & aldehyde- 44
ydroxypropylmethylcellulose & L -
modified cellulose derivatives
methylcellulose
carboxymethyldextran (CMDX) + hvdrogel in situ cross-linkable, injectable, hydrazide-modified 45
carboxymethylcellulose (CMC) yaros CMDX, aldehyde-modified CMC
in situ cross-linkable, tissue-type plasminogen activator-
hyaluronan (HA) hydrogel loaded, HA modified with adipic dihydrazide or 30
aldehyde
oxidized dextran + hydrogel biodegradable, in situ crosslinkable 46
N-carboxyethyl chitosan Yarog 8 ’
poly (lactic-co-glycolic. acid) membrane bioabsorbable, electrospun nanofiber coated with 27

hyaluronic acid

Interceed™= FEYX|HZ=
ZH=E=ZE FDA SPs 2 ME22 o3 i U3
(affusion)0f] AFEEH 4~ U1 S80| ER QoM S48 A
Ol Mo HEZ2A MAOIZZ 8AIZH LHO EStE 2
o 239t ddstd 25 Qo MUz Eo=lth 24 5
| SHAIZE AL 2HFAO| KA E[00F2 Sh=
B0l A2, ot AF E8 FR0IM =7 &2 o B9
o FEe + At 2053 QL
Ch. SIYFEMD FIZESAHELEZRAE M2 Sh=
Seprafilm®e| AL, SHIt B4 of2 AMHMo[2Z ZFXo| 1§
OEil =438 ANs0Me AEsh|7t 2EfstH = 527t
S mol= i 22 20| LRSICE O[8{of SurgiWrap®2
poly(L-lactide-co-D,L-lactide)S A Z dh= SUCH ZESE
M SeE dfiof st mEd, Y, =& FE0M ATt
o Zest MAZ 2™ UG
SHH, 2 HTIO| Qe WUESRE hyaluronic acid®}
sodium carboxymethyl celluloseS AXHZE §F Guardix-sol“O|
EEHIo| 22 Qlof ofs U] SHISRE0[ 2006 8EFE Al
B 30| At WHEERHo| Fof MA UEXAE GO0

Olxfof Pafist &ct X 2F HT KLIH FLHOA =i
& Ot|et 17HE O[LHol| S+ HiE=ICE d=5H2= ok
dHETS FAHUA MAEM SSAE, AT 2F0A
17t USEIUCE & EI0|22 #AYXE E5AREE
&sl7| o2 5 R0l 2N HE0| IIs35I |5
4 dMU issel =5 HoME 82 7hsdol =AX|2F Of
A7 FDAC| S0l A= XSUCh

23 o ror i

SEUX|GYe| ATHY S8

WHEEY HEEMN 2 1,000~
10,000,000 g/mole®| EH2 =AIE HRIE de= HHLEA0|
M, B(1 — 3) & B(1 — 49=E[ZA= ZE(glycosidic bonding)
o HZE DZFFE AHD-glucuronic acididt NOIME-D-
=FIARI (N-acetyl-D-glucosamine)@| 27} L& (disaccharide)
TS| HHsoR O|F0A MY S0|24 CidFoIct ™ 3]
UTEA2 ABITAO| MZELQ| 7|E (extracellular matrix, ECM)
o £ FYHYECE S5 FEHY S Y& J[s2

= AA = = o
= UEY A, OSs, ABHYW FNIH 80| 7
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