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39039M00m) OM®Ms 2o63o3Mdsd0 MROM S MBOM 0b3zgfgdm®s s MOIBSE -
3965300 80aMIgooL MJHmL BEBIMES© Mol doBbgMwo, MmwMdEs MosdMgdol
005 Hgbom 3sliBolzol EMML 58 YOOl godmygbgdolsls Mgzowogol Lobdomg 5063
32%-b s0fg3L [91, 93, 104, 105]. 930030l LObLToMmOL oM, B5YJOOL A5dMmYgbgds
©5393006090M0s  JOmbozmwo  3030ol, 5ol gOHmDogool,  s3gbogdol,
3930030353000,  06639J30900L, LgMH™AoL  2o6300056MgdsLS s ddOL  bbgoalbgs
625609001396 FoaMo305bmMsb [106-116]. o607 gdgd0l ML obLbgsz9dME0s o
©59M30009d0s 035Bg, 0¥ MMIJWO 359 SMOL gsdmygbgdmo, b6 Lo Mol ol
3900530900, oo, M) B 3060306 353306 F0s IOl MMMTo
3OO Joamogbmsb, 0dsGHgdl  Tgbm®3gdgd0L, bsfarsggdol  MmBdLEGHMm™MJgo0l o
RoLEGHMEOL 35630569008 MHoL3gdo [50, 51]. dmEm MOO sfErgmol gobdsgermdsdo
BoGo®s 9Moz5wo  33e0935  bbgosbbgs  d59gdol  sGdo@gddméol  3e00bozwmeo
36003bgemgsbo  Foboliosmgderol  oboagbo  [117].  dsggdo  goblbgoggds
960030 mdol,  gEosliGoOHMOOL,  goddergmdol, FMOIoL, FMEOGOOL  HBmdol o
boddodols dobggzom [118-122]. @o@gMsGHOHYwo dmbs3gdgdol dobgz0m, oo
RMO900L dJmbg FgsMgdom Bodg d5wggd0 MHBOMB3gymagh dsbdo  GHodo I
3053960l 39009L BsBOEL s 51939 99300 BB PEOHMMS Fobs3MBdT0 FoBoMIEM™b
F0093500m00L LodEr0gMg; MF3s, 5FLMbsgg, 2odmoMbgz056 Fs®owo sE3gHbomM™MdOm
[123, 124]. 50bsb0dbsg05 obog, MM bwmdmdo Loddodob dJmbg dsggdo Togng 0bg3s,
bom  353o6s gmMol  dJmbg 3509900 DBMHOD BodOMBOL s 9330030 05MHOL
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3.1.1 bobog®HozmMo dswggdo

§o60530MmdoL dobgz0m, 2obsePBg396 LobmM9EH0IMM WS doMmEMYyomE dowgqdlL [126,
127].  3wgeol  {iobs  a39M©omo 39000l ©IBIJBHOL  H93mBLEH®YI300LsmM30L
399Mm0yg9gbgds  Lbbgoolbgs  LobmgBozwmeo  dsbogngdo,  OHmamEMd0E  SMOL -
3modmm3omgbo  (PP), 3mwogl@gmo ©s 3mwodgd®osgwmrmmmngmowmgbo (PTFE)
[128]. 29h™35000 B39O0l 3M3YsmMdOL F0HgEO35, Fomo 8myYyqbgdol d9w9as©
300050©Jd5 0LYMNO QMM G39d0, OMYMMOE OO dool d9309ddgs, 3dodg fmbo,
503990900, LgHMIol BMOIoMYdS, 06839d30900, JOMbo3Mwo bmgdomo 3MMm3gLgdo,
R00OMBYO0, $H303000 s FoMHPIILMD 353800900 3OMdWgdgdo [129-131]. PTFE
> PP 0509900 396300 ©qx39d@qdol 93m6Mbscomdol dmmlb 1by38sm@ bdoGs
399m0yqgbgds  [132-133]. PTFE 0509900 890sM9gd00m 593009096  50039H0gdol
RMOI0MGOSL, MF3zs MoAbs3 I306Mg DmIol FmEdOL godm 396 bgdbgds dsmdo
0536037359980l 990939, 083esb@sEool syowo dmdogo 0bggdEool Hysmm bgds
[134]; obobo slig39 ©353806090)bO 5G1056 0635RLMEsE0LMD s dS3EOL M3 030
Jumgool  Lombol  89353905Lmab  [124].  sGLYOIMOL  LObM9gBHO3MOO  d5EIJOOL
59 9b0dg Lobgmds, G®MmIgdoE 39)™M3500 Foboggdolgsb (Polyglycolic acid, polylactic
acid, trimethyl carbonate, poly-4-hydroxybuturate) 350qg0s. v3bem bbgmewbg Mgodiool
@5 063399300l 49630569008 Bogargdo Golgo 98 05@YgO0olL M35 M30EMSEHJLMOSL
§o6m0moqbl [135]; a9fmzgoo dogqdo 8gsmgdom dg4oxgs, dssbbosm Mg30030L
do0owo  MoL3o, Mol 250m3  353096GHIOL  odsEJdoMO  JormGyomwo  Bs6Y3900
QusFoMmmgdsm [120, 136-138]. LsdMErM™ ©L3IZ09B0L  odMboEGbsS©O  MBO™ OIS
33093990 5 IGO0 F9IMJI0D0 565¢0BO s®OL LsFoMm [118].

3.1.2  30m@My0vMH0 35009900
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d9BMOgMGo MO0l  ©I3MboMHGIOL,  FodOHMBEILEBHJOOL  IOMWOTIHSFOOU,
69m35L3EsMmO0BIE00L M3909L0 MBI, FoBmYggbgdolisl FZobEMEgdl s 539HogdoL
29630056900l Fsblo  Bogwgdos [127, 137, 142-144]. Logsrovomq, 50 3509900l
93503MM0Bs300L  bgardgdfiymdo  m30L909d0  gbdoMmgds  Bsb3obdge  0dMbME
MXOIIOL O3 J9od3ommb 063930900l Mob3o.  JoMbgszs  Labo®Mdogwom
390929000L5,  dOMEMYOMHO  B5©YJOOL  49dmygbgds Bs0bi MOl 8353006 gdYO
3903390 35600099 09dmMsb (06939300, bgP™As, dgdsbozMMo Lolmlidg, 930LEIMSE0s)
[102, 104, 145]. dwgerol Hobs 3g9ol M9g3mblEMmJg0sdo  359m0ygbgds 5@sd0sbols
3960L  5@mBHOBL3EBEHBEHIO0L, Logmberols 396H03560m0wdol s MMmMol bsfarsgol
w3560, 96 dolo 3960 3960l JugbmE®mabLdsb@EobEgdoligsb dowmgdmwro
00mdoborgdo  [129], BogMsd 53 FoLoegdol  499mygbgdol 9909y 33¢93900L
80900b56M9M0d58 5B39bs 2odMdIMH0WMIYOOL, 05Ol M9g30030L, 9395GHMSE00L
0oL LollEol doswowo dshgzgbgdgero [126, 146-148]. 53 doMmEPMYOMGO 050JJOOL
3990yg96905Lm9b 35380690 3MHMdEYFYd0 B936 33¢g35805 ZMEFWSE Fobbowrmwo
[149-161]. 50LSB0TbS305, GMD Acellular dermal matrix (ADM) - 993wol 39@ol
930bLEHOWMJ300bsM30L  ghm-9M  Yzgwsbg  bloMs  edmygbgdo  ddL
§o60mo9bL [162]. @GOl bsfersgol em®mffmgzsboligsb 89Jdboerds domeomaowm®mads
05090 dgLodeMms 25dM0f30mL OGO JoMMYGds, MMYMO G 5MOL Jum30Ool dm(30¢gdS
@5 doob  0bgogo®gds [163-165]. 3w0bozmEo  33¢093900L s  (3bmzgwrgddo
BoGo6m90meo 9du396MH0d96@900L 9w09a9®, B3 ©IBIJEHOL M93mbLEHOYJ300L ML
259009g9bgls MO0l ©IEIIOO0DBYOMEo 3960l Jumgzowo, 5039H0gd0L
3963000560930l d0b0dscrHo, bmwrm (930000306 Jorseo 53969090 500bodbgdMs
[129]. Go3 F99bgds ©IEIXWM0DBIIME Lodmberol 396M03500aL, Jorbgozs©
39600 359degmdoly, dobo  sdmygbgdol 99dgy 85063 BoJuLoMmYds s©39HB0YdOL
2963056900l dgdombggzqdo [166, 167]. ©d0BIMGIOMEo  FHow™mdgdol O™
©30053gLMdS BOMEMPOYMHO B5EIJOOL 250MmYgbgdsl 9gboFgds s MS LobmgEozm®o
3oL gd0m JEslB03ol [149, 168-174].
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3.1.3 3509900l 56053Lgdol s®LGdMeEo 3gom©gdo

009bgo350  05@ggdol  bdoMmo  45dmygbgdols, oo  obmagligdol  Lsmzgoglm
50 dYOsMHIMIS XJO 300093 9O 3M0L (36Mmd0Wo S EPILE JoMMRIOOL O30
Logobl FoMBmoygbl. oM gdgd0ol MolZo goblbgszgdmEr0s S 3M30EIOIENOs
035%9, 0 Lo MOl dsY IMM3LYIYO. sOBYOMOL dSOL FobmsgLgdols onlay, inlay,
sublay s underlay ¢9d603900. Onlay 9gmm©ol 359mygbgdol Omml 359 053gds
1900l Bgdmm. 0dol dobgs35, MMI 99603095 Fo6EBH030 TGuolOYIENGdI0S S
360093690 m3bs 5930090 oficmesls 496533900l s0sl, onlay 3mboiEosdo doswol
396053Lgdsd  Fgodegds  A5dMmofigoml  9HMDB0gdo, FMOEMdOL 0bxoEOMYdS, BddEOL
39099 P0 905, LYIOMTGOOL BFMOT0MYdS S WMISIOHO OLIMIGMOGHO [127]. Inlay
99000l 259Mmg9gbgdolisl, MMIgEol OMUBsE 359 038YdS ©IBIJAHOL 30YgOL
dmO0L, 5MBYIMOL 05Ol M930030L, 06839J300l s LyM®AoL Bsdmyswrodgdols
dosro Mob3o [50]. Sublay-l OMHML 350U 356mogLgds BGds 0bEHMI9dMI0bI MM,
3693900¢ ™Mb, 96 LimOo 39bmol m396. Sublay &9dbo3sLmsb dgs®mgdom,
005J60ol ©930030L s 0689930980l Moblo MBd™ dg@os onlay s inlay dgommool
3990ggbgdoll @OML OMAMOE o3sMHMB3M30)o, 939 ©os aloo Bs@ocMmgdvIemo
93bLEHMWJ309008 O™ [175, 176]. dobgsgzs  odols, Sublay  ¢gdbozol
3590ggbgdol ML 35063 500b08dbgds 0653930930, 3b0dM3560 Jumzowol Byzdmbol,
Lobbergbol, 39d5¢™Aol 49630m56M9d0lL s B3Ol 0303 LoMbOL 53T MEIsEOOL
&olbgo [177]. Underlay 890cm@ol  g590mggbgdols coOml dsolb  gobmagligds bggds
06@65396Mm0¢Mbgo©m5. 30bgI3950 MY30030L s 0bx0EEMYdOL 30609 MolgoLs,
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3900090980

BMQ0gHmo  53GHMO0  3m33mbg6EHJdOL  Bg3sMozool  3Hgdbolsl, oo  3mI3wgdumero
©939JHJO0L @OML, 2obobowogl MMmaMm®mE MLIRODBM ©s 9BRIJGHMO 33MMbsEMdOL
dgoomlL  [181]. @o@gMs@m®msdo s0hgMowos obs ©s m39bs  3mB3MbgbEHgdOL
bg3oMo3ool  dgmmegdo [182]. Ramirez-ob dogé 1990 (gl  sofg@owo  fobos
3033mb96@&gd0L bg3sGro00ol Bgomo 3ol Hobs a39M©omo 3gwol 9ngdGgdoL
693mbLEGHOWJ300L  9h-9hH  9B39IGHWO  FJOMEIE  0MZWgds,  Foo  JmEOL
MIBowmEggl s AoLEHMMIoboLOL  I3MEBsermdOl  Mmbyg [183-188]. 0wmdse,
901H99350 9BIJAHMOMBOLY, gU FJOMPO FoMgms 0MOdO 3MBMOL 53MbgzMMbsd©Y
dolboaMds (MMIgero3 999amd 2560D0Ids Ol WIEHIMHIWMEMms©) dmombmals
3960l o 39693905 Jumgool 360d369cmgzs60 Bofowrol dmdowobozost. gl Jdbols
OO FO0WMdoL bgsdom@ol IJmbg bLogmEgl, MHmdgwoi B93bol 3006 dmdzgbol
33589 dmE0sbs BoMO3L FMEErol 399l s Jdbol s dosdmdo 393s@mdol,
LgOHMAOL, 06839730900l 2ob305MgdOL, LMo 3MBMOOL OSLEHIDBOL, oMgms 0MHOdO
3960l o@gMowoBogool LyFodOHMYIL s BOEOL Fmo bsBol Josdmdo 3560l
6936™mBol  MHobgL, MMIgeo 39dmfgzgmeos 39643905 Jumzowol  IMBOEOB300L
3990099 93035LEMME0 356-39600m3560 39OHRMOHBHMOIOOL IB0sbgd0[184, 189-191].

5009005 39HBMEOSGHMMJO0L TBMY39E0 3mB3mbgbEHGOOL 1g3s®o300l Fgm™M©YdO3
[192, 193]. 396:530m653HMO00L ©sdbmY3g 3996039080 901056 9ds: 1. 3003Mb9bEgdol
1935605305  9bMbIM3oMGmO  gom@ol  Aodmygbgdom; 2. 3gMowBdOMOIIWOO
39O BMO5GHMMGOOL O MIOWOo Jum30wgdol IBMY30L FHgdbogzs Wos IgmmEom; 3. Voo
39605300 39dbozs 693600 G35¢00l JosdmTo  ITIGHJIOMO  BOESEHIMSWIMO
39b65339mgdom; 4. 8060dormE  0635BoMGo  3m33MBBEHIBOL  LgdsMsEool Fgmmeo
(MICS). 53 39db603900L @50mygbgdols ML mosgdol Mgzoogo 13.8%-b, 3560l
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30009900L  25oblbs 11-28%-Ub, bmerm FOHOoWwMdol dbOOZ AIOMMEgdgdo 3.1-005b
26.3%-b 5093l [90, 193, 194].

w3965 3m83Mmbgb3gool LgdsMogool gdbogzs (3obogo 39bmol godmymaol dgomeo -
TAR) 996Hbmds Rives-Stoppa-Wantz-ol dogé 1970 {9l dmfimgder  dgomel,
6dgo3 0m35wobfiobgds 3ol LHme 396mbs s dob J3gs 3semsl dmeob 6-8
13-ob Lobdol Log®MEol dgddbsl. Rives-Stoppa-Wantz-ols dgom@oligeb s6lbgsggdom,
TAR 3996030l oM™l bgds 356030 39960l godmygmazs, GMIgerlisg dmbgal 25603
3Bl s B0l goligosl ol LogMEoL 25dMmmsz0LBEgds [195-197]. dmiwol fobs
39009WHg 9OLYOMEO OO HBMIoL YBIJBHJIOL Lsd3MMbscrm gl BgomEo MG obyY
9839JAHMG0s [198]. 005dMgd0l M9g3000030L s 3560l 0dgdool sdswo dsh3z9bgderols
d0bgo35, M39bs  3mI3MBIBE OOl Lg3sGoEool  MML  Fglsderms  sBosbIL
6936058995 6gM3meo (69gd0, 4963050 O™, ob3z0mMIM©IL 0bxgdi0s [95,
199]. ©M90©g 399633939005, 930000308  bBogwgdo Mol  H353806MGONICOS
MdMom© 396030 3MBOl  Asdmymxzol  FHgdbolslmsb, vy 58 3H9dbolzol dgwgyo©
39930b ©OHYIo OIS 2obMoglgd e 35ILsb [193]. Lsdmermm %5380, 53 GgdbozgdL
dmEol  560Bg3560  39gn@gds  JoOMPOL 3060 5MBg3560L s  godmEowrgdols
dobgzom, oEsbs3g  3MbLgllo  M93mBLEHOMJE00L  MB30MSGHIL  B9]bo3oBg 96
5MLYd™MBL [182, 200].

3.3 396sgmowo ©gBgdEHIOoL 339Mbseomds

JoOmEMmA900 MIBIM39ggl s JILEHOMI0BOLOL 339ObsMdOLIL 0MRY396 306M39Mo©
6500356 395309 oML, M) INRIJEHOL D™Ts 5MOL 35BHoMS s 56 SMOL
30L39MM-50MI0bs MO POL3OMIMM300L LsdodMmMYds, bemerem Bbgs dgdmbggzsdo -
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9©OIIWMOO  M3YJOHO30Io  FoEamdgdol  @OML  Jgboderms  29b30m5M©IL
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m3056M0LbMmdol dggao [201, 206-210]. 9399Hbsermdol doBbom sligzg godmoygbgdmes
LoOlEBHO3OL S GHIBWMboL FoLogdo 939bGHOOMGIMWO  MEMYBMIOOL OMIGIO”
©oLOGBIMs© [211], GHMIOL OMLsE 0gm bsfarsgol 0683030MYdOL b ©sBosbgdOL,
FOHOWMdOL 4obLBOL MHOLZO s sT9EHIOOMO M3YM3F0JOOL SMEFOW YOI M. 58 Ggdbogol
dM©0x035309, MHMIgeog dmfimgdweos Allen-ols @s Wrenn-ol dogé [211], owqLss
bdoMo 499m0Yygbgds MmIBIMEIEgls s ILEGHMMI0BoLOL  3MGBIMdsTo. Fomo
3946035 8mo353L IOl WML 9396GO0MIDMEo  Foamo3Lbol Lowml  GHMAsM5do
dmmogLgdsL, HMIgEoE LodmemmE Fgloderms oMMl 06939J300m, Bofigreggdol
0900maM9b300m ©s 396M0 F9adgdom, FOHOWMIOL BMIOL AIBIONMId0m ©s dolo
3MMdWYdsEH o obmMzgom [202 , 212]. Logom Fo®dmoygbl ,Bsbmsl®, MmIgeos
JoOmGaommo  Bs6Mg30L 496939 9396GHM0MGOMEo  MmOYbMgdIOL Mol MHdo
Bod6MBdOL Lodmoegdsl 0dwrggs. 3smo Ggdbozol dobgzom, bsfiersgzgdols 99dwm3qdol
09Ls0LdJgde© s  FMgol ©O®wdo  9395GH®0MgPMwo  Jogmagliols
056000009300 RsdONMBJOIOL  2oloo®30WgdEIs®  LoErm  0gm 9300V
9MIsM9Md5d0.  30L39MOM-53MI0bIMMTS  OLIOM3MO(3059, ©IBIJEHOL OIS
©0539BHM3s, 9990656530 9MLGdIMds 3000l EOEITs DBMTsd s  LbgsILbIS
096@ogmEowds  5bmdogrogdds  890dmgds s 9BI3BY  MIGSXM(39gL
JoOmGaommo 937MHbsermds  Jgmdegdgero  goboml [213, 214]. mdgsmgergl
939960650l EOML 25dm0gqbgds oligmo FHM3039M0 BsdYoEgdgd0, MMAMMOE SMOL
39603bwol LRI Bobo s 3Mm30Mb-0mEo (0g@Esobo) [215, 216]. 3mgoMb-
000635 dgloderms 458mofz0mb M0MMOEo 3GMdYdgd0o, bergrm v RsE0sHobads
30 - 3M36)o30MH0 Jumzoob hsdws. s15939, 09969096 JuM30EOL A5TITGIMMMGOWIIL,
HMIgoE 0536 F3ol POHWYFo 9B MT0bIEMEM-30L(39MIIMHO MIBIBIOMOOL
©M3930L dgladaoMgds [217].

30



4. Jumgzoms domobgobyMos

ALMRE0Mmdo EMBMOWWOo MmMsbmgdol LodEoM9d gobsdoMm™ds oligmo sEEHIMbsEGHOWwOo
d93b0gH o 30dobsdgmdol dqgdbols 9930 gdEMds, OHMYMMOE SMOL JuMz0E M
00M050bgM0s.  dbMmErm©  539H030L  J9ggHmMGOIer  FBoBHJOdo  Isbermgdom 100.000
500530560 9 MmEgds bbgoolbgs MmMysbmms GEMmobldwsb@szool Gogl [218]. Jumzowms
00065069000l  80Bsb0s 5530560l  Jumzomgdol, 9B MEMYBMIdOL Bsbszwrgds /
09396965305, MM 50YJL Fo0 bMOTsEMMo BbJ30s [219]. 5T IMPOL GO0
fom0magboros  Lsdo dmogsM0  RodBHmGom 1) 9xOgogdo  2)  Lsboybsgrm

dm93mgdo 3) B3o8MmEo. 58 Bsdogg BsJGHMOOL BMbJ30MmboMgdol 9339dEWIOHMdS
96O»sbgmBgs  ©sdM30gOMwo. U3o8MmEEo  Lologbsgrm  FMWY3IGIMI©  JODO©

5M92M0MgOL XML J3935U0 S JuM30EgOOL Fob30m9MGIL LEBM™MIEIOYO,
d0mdodomMo s 30mdgdsbozm®mo  Logbsergdols MHgamEoMgdol Fbom.  sOLYOMBL

O3 LobmyBHO3MEmO, g3y  BOMEMAOMOO  1IIRMEId0.  LobomgBolzmdo
13583 JdOL BEHOIEBHOOLS S 39dsb03MMHO M30LgdgdOL T9d39MdOd TGlodErgdIOs
bbgo@olbgs  MxM9YdoLOM30L  LolivMmzggamo  4s0gdmls 99ddbs, domo BEGEOLS o
©0xgMHg6305300L bgaerdgfiymds. 89scmgdom dyMso 3mwodgmgdo (PLGA - Poly-
lactic-co-glycolic acid) go8moggbgds bOEGHowobs s dzagdol Jumzowgdols 0bgobgmosdo
[220, 221]; bmeoem, 8909090000 GMOOMo  300060Myggd0,  MHMAEIOL3  dooBbosm
0930090500 9935096 mds, 30 - Mdowo Jumgowgdol dgddbobosmgzgol [222].
1398MEEGOIOL  BIBMEBHM3MPMOBOMEO  53g0MEgds 9GS FBMWME X OIIdOL
9330500 @5 396990l 9Ju3ML0ST0 ©VYIMEPMBL FMbHoEgMdLL, M8 byl

MPgmdl  Bbgoolbgs  gMmgzsbo  MxM9ggdol  bgo®mmbo, 3Mbms s  dzwe
2905 gdbol  [223]. 5023905, IXOIOId0L  J3930L  FoPngs  FgLodegdgE0s
13983M YOIl M30LgdJOOL  (33¢P0EGdJdOm. 5T  M30L9BGOOL (33O GdGOOL O
3MbE®Mmeol doBbom sdmoygbgds 3D 39330Ls s gargdBHO™UL30bobaol 39dbozgdo.

999dGHOML3060b6g0L 3H9db03900L godmygbgdom FoMgdMEo 13ISRMEYIO odM0Ygbgds
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3590my9gbgd0m)  JglodErgdgeos L3oBRMWEOL  sOJoBgddHmeol  T9ddbs s dobo
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d0mdodomMo s 30mI9gdebozMMmo  Loabswgdo.  YE3IWIIMODI300L 909y
d9L5degd9w0s gJuAHOIMX IO FoBHOJLoL 353096GOL BoZMMMO YR MIIO0
390000@MYds  LBbZoILB3S  Jumzowgdol dowgdol doBbom. ©YEILWIHODYOIEO
9JGH®R MM FoGHMoJugdo  Fo®mdoBHgdom  2sdm0ygbgds olgmo  MmMPbMmgdOL
d9L5dabgars OHMYMMOE ML LolbEWdsM30, Mol LsGdzgwo, GJmgzsbs, GHMOJ9s,
bogers3s30, FoMOL  39dEo, 006309000, ©3000, BowEH30 ©s dwwo [223].
S0P9IM0W0s ©IB3IWIIM0DI300L JodorMo, BoDozmmo ©s JgMgmeo d9gmmEYdo.
R0D03MMH3s IgnMm©gdds gLoderms adH0BML 9JuE®sMXMJOME0 FoE®oJuo, bmerm

Jo8om®3ds  JoaMdgdds  godmofigoml o3  dosBHModuol  JodowmGo  99dsygbermdol
330 gds [230-232].

5.1 ©939ILMIsGO0BsEooL JodormMo s $gMdgbdmeo dgmmogdo

©IBILMH0Ds300L JoBbom  SEfgMoEos Lbgsolibgs JodomGo bogmogMgdqdol

(&MB99%0, 95539%0, 0354 EobE9d0) 3°9myagbgdo. bmO55gEHobGo
©IBGILIMH0D30500  9hHm-9ghmo  bJoMs  godmygbgdoo  9g9gbGos,  MHMIgEos
WIXOIOO0L BMLBRME030©MOO 880660l ol ybom 03938 X MIOL oBOLL
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[233]. g BogmogMgdgdo dMbEHOL dobgz0m 0gmRosb  0MmbME, 9GI0MbME o
3309M0MbNO  53963)9d5. 05593900, OMAMMOESS 396OmJuo dFMTHo35 S 93vd)Jd0,
OMaMO03 9MOL bsGHM0omdol 30OHMmJLoo, sMB0gMdIb XM 99ddMBSL o
006103805 390502900 Mdsl 3500039 F0bsasb0 3MbEOL M30L909d0L godmygbgdoom.

5.1.1 LyyORsOJEH6GHJd0

bdoMo 359mYygbqdso 0mbMmo LYYOHRLdBHBE, BoBHMoMTol MmEIEo BMERsEO
(SDS), §o63s3Hgdom  459m0ygbgds (39 IM0DI30500,  MoABs3 ol 5J3L
MR OI0I00L 5 396930300 FoLoerol dmTmMgdol Mbogsw Mo mz0Lgds [234]. SDS-U
5936 X 6M9gdol LEOImo s ©H3-0l Fobodmd 90%-ob ImIMEmgdol Mbsto obgom
Jumz0@gdls @S MMYbMgddo, GMAMMOE Mol 30MmmMbOL {obsdbsdo ©s Bow@zo,
MO0l OJmgzs6s, dom3sMrowmdo, amwol Loddzgwo, §zMowo bsfmszo, mo®3dgwo,
500530560L 3965, 3o s o390 [235-244]. 30bgIZ9®© 9BIJGHMOMBOLS, SDS-Bs

dgLoderms 496339 999nb3939030 OB0BML  LEBHMMIGHMOWo s Lologbsgm
30m@GHgobgdo [238, 243]; 51939, 9MBLHMMO 36:396GHGE00L gdmbggzsdo 89sdEocmML

ROOOMOWILBHJOOL  gESLGHOMOMIOL s LOdEWWWBGHOL  dmwwo  [245].  0dob
39035¢0{0bgd0m, M SDS dglsdwms 0ymb 30GHMEGMIJLO3MMO, 9M30wgdgEwos dobo
390693535 ©IBIXNWsHODBOEOOL ILOIgdOL Tgd9y. 5T bLbsMOL sdMEGEbIS
mbo ImbEgl FMLGBIGHOL dMBIOHo  FsMoblbs®ol (PBS) dugsglo Lombggdol
©H3oM9d0m. bs@EHMomdol gmdbodmmws@o (SD) ombm@mo LrMHgsd@obEol ghom-ghmo
Lobgmdss, MHMIgEoE MXMIOId0L  39ddMBIL Terol. SD-00 YxG9gdol  LEwo
dmE0gds  Ix0JLOMPS 30OMLOL BOWEHZ900LS S VMMOL Mol BoMdzwgdol
©IYBIMEM0Do300LsL  [238,  242].  SD-000 @939 s00Bo3000  dgladerms
259m0of30mL ©b3-ob 52 E0bs300 Jumzowgdol D9s300BY [246].
©IBILY5MH0Ds300L 999, 99 b03m0gMgdsL 593l Mbso Fgobs@hmbml dombobol,
93bE0boL, 30960l OO M5MYHMBdS S F5m0 SMLYIMWO dMF3M39560 QobEsAgds
(238, 242, 247]. Triton X-100 {o®8s@96L 5650mb96 by xzsg@ob@L, Mmagero bdo®so
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39900949gbgds  SDS-ol  656hgbgdols  FmbodmEmds©, domwydg@gl 95806, Mm@gLss
300560 MmMRbML  ©YEIMMH0DsEg0s bgds [223]. Triton X-100 565 dIbmerm
390mM93b30L5M30l, M99V VIBILMEIMODBIFOOLMZOLSE bJoMs  4s8moygbgds.
o053 ol 9M0MmbmMo  FoMIMIMdOL  bogmogMgdss, ol b53wgds  sH0sbgdL
JBm30gdL s 3500 LEHOYJEHMOME INE0BMBIL. SdMb0Tol 30EOHMJLLEMB ghms,
Triton  X-100-b 593L MbBsto donwosbo  dgobs®mBMbmls Jumgogdols
MEGMJLGHOMIGHMOS s dobo 97sbo3MMo ™30L90900, IMsTMOML BT Jum3z0¢ 06
@9 515939, SDS-Lmsb FgsMgdom, MBOHWB3gyml dgEo I BHodo 3mmoggbols Ggbscbmbgds
[240, 248]. 33049Mombo, 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate
(CHAPS) - 350m0ygb90s Grmpam®3 459mGm9iEb3ol, 51939 ©9390w9s®obsgool dobboom.
dsb 0943l M GHOLEGMYIBHIOOL, 3MEsagbol s gaslEBObol FgbscPBbgdol Mbsto,
099939 ©b3-0l MMM gdol IbG0g, Bsdmmzscmgds bbgs sMLYdMW ©GHIMRbEHIOL.

5.1.2 9553900 ©5 #vy39gdo

©IY3IMEM0DO300L  3OMMGHMIMWgddo  bBoMo  godmygbgdmwo 3553900 o
GMH9900s: 3gemdubo dFo6Bg535, dToTg535, FoM0MT935, FMPOMI935, bo@GMm0Iol
30006OMmJboO, 59Mmbodol 30MHMJLoo s JowEowdol dowGmdboo [249, 250].
396mdbo  d0sMB4535, OMIGWOE doeosh  3MmOHMBoMwo s dogho  Bgsby3zgaros,
39900949gbgds  OMAMmO3  LEAHIMOODIEFOOLIMZ0L, 91g39 OIBILILIOHOBIFOOLIMZO.
Jumgool  sbosbgdmeo 399960360 30190900, 303 BIT0bMY0 3569000
dm3mMgds, 5MLbIMBOGEOM  300g6MH0  AoBSYJOS O YR JIOOL SOOI O
dmEogds 58 bLBs®OL  go9mygbgdols bo3m356909dL HomBmoygbl [223, 251]. oy
33Ol dogommm Imdbowo s J9RIMMMYGdOL MbsGOl dJmbg Tos@Moduo, 53 blbsGoo
Jumz30gdol  YIEILIIMHODSE0s F0DIBTghHmbowo 96 sMOL.  GHMEGH9gd0 bHoGMo©
39900949gbgds 3560 6038900 b Mol Fmbodm®mgdes@ LS ©YE3ILIESOOBI300L

360HmEglo  ©s0fggds  [252].  HGH9IOL  9JuGHOIXOIME  FoBGHModuBg ©s  Fsmo
303969900 30MEHJ0bgdol 3m33mbgb3Ydbg ©oBsD0sbgdgwo dmddggds dgodwrgds
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3Jmbgl; 51939, gloderms 8959;3060HML JoGModubol d9gdsbozmMo ™M30L909d0 s dobo
B905300056 IMsTMOHML BOOL GodGHmMgdo [253].

5.1.3 ©9390sm0Bo30s 303mGHMbMEO0 s 303gME ™Mb blibsmgdom

303903mbmo o 303mBHmbymo  blbsMgdo  0f39396 XML 053900 JgdoL*
bIMLMOO 5300939090930 Fo8MmIObIMY. ©Y3IWNIWIOODSEF00L OR9RT350Y
mbo  gom35¢olfobgdmwo  ogmb olog, ®md ®LAMbyOo Tm3obysd sbmEowo
WX 090900, d0MHMZME0 FoymogLo s EHT-ob bsMhgbgdo MRYdS dosE®odldo. 58 doBboom
d9Lsderms 59mygbgdmeo ogml obgmo 96%0dgd0, MHMYMMOEsS 96Mb3egsHgdo o
99b™b3e0g5Bgdo [254, 255].

5.1.4 Jodovmo ©EIEILsMHOBEG0s BIMHAY6EJOOL EobIsMgdom

Jod0mM0 (390 sM0BI300L 3OMEgLdo SBY39 2odm0Yygbgds B9MNBEJO0, Breaymes
©53b3o6g Bodmoegds. FogoomOLMZ0L, SVFIMOE0s Y39 IIM0DI300L G909y
DNase-b 359my9b900bL 99d0bg93900 do@Gm0ogldo bd-ol bs®hgbo 136Mogdgb@Egdols sderol
dobBboom [254, 256]. ©bT-0l BESRII6EHJOOL 90306930l Jobgs350, Fglodergdgeos
363 oLbgmwgdol 350630090900 30gdol 830609 Mom©obmds 85063 ©MBRIL s
09503060mL  F5@GH®oJbol  03MbMygbHMds.  bdoMo  2sdmoygbgds  GHMogxgobobog
9009690053069 BHM39G0L 8:5358msb (EDTA) gbms@. 0ol dovbgsgzs Mmad sd
Bogmomol  3m3d0obsgosl dgmdwos 29693H03MM0  Bsbogrol s MYX MOl  LOYIEo
dm3mM9gds, 35063 M0l A03MBsTobMy03s6900L, dstrowdo s 8553500 blbswo
305396900, gasbiBobol s ds@®ogbol dgdsbozmMo LoderogMol 9d3oMgdols Golzo
[257]. 393L0bo  @gEgMEsM0Bs3o0l  3MMm(3gbgddo  sBg3g BJoMos  godmygbgdso
960805, mmdgs  boby®mdwogo  Bg9mddggdol 9o  Fgloderms  IsDBOBML

99L& xMgIo dsGHoduo [258].
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5.2 ©y3IMsGHOBEo0L B0BOIMEMO JgmmEIdo

©IBILI5MH0Ds300L  BODBOIMMO  89MEIO0EIL  SLIBOTB0S  goyobgzs-gsMdOU,
35050 30MOMLESGH032960 59308 o BsbIoMMG:5b0L (COz2) godmygbgdols ¢gdbozgdo.
399960360  ©9EILMEsM0BI3o0L  T90©gy  9M30wgdgo s 365003690 m3zs600
3990M93b30L  BoBoMgds  00oLsmM30L, MHMI  LBOVIOIE  2oTMLMBMOZIL  FsGModuo

MR IO b36BG6JdOLYL.
5.2.1 9590635-35cmMmdol dg0m©Oo

3940639-25c0mdol  dgomEol  godmygbgdom, OMIgwos  omgzswolfobgdls  -80°C
39939055 49940bgzoL o 37°C-Bg 25eMBL, LHdMEWMME 0JWYds s TMEOHYdS
MX090900  Jumzogdl.  @o@GHIMIGMMdo  sfgMoos  259obgzo-35eOMdOL
3obLb35390wo  3H9839M5EHIMIO0L @S (303egd0L  MOMEIBbMBOL  2sdmyqbgdsi. 0dol
001b9go350, M3 53 Tgomol  sdmygbgdol F9dgy bo®RMbgds L3sxMmEEOL
00039dob03m0 30190980 s LoFoMm domdodom@mo 3m3mbgbdgdo, ol in vivo
0399660 ImEowgdol oo MHobZo, MoYBsE 396 bgMbads 4969¢03M0 oboggdol
153856M0L0 M5MIbMOdOM dm30gds [223].

522 8505¢0 300MOmLEG036M0 6930l 39dmygbgdol dgommeo

35050 3006OMBESGH03MO0 (6930l  FgomEol EOHML, YRGIEIOOL  39ddM6YdOL
5580l Jobbom, bgds 600 Fgas3sL35¢0Bg domaoeo {6930l 299mygbgds. gl dgomeo
918399BHMs© SIMMIOL X O9IOL, 9dgs GH™390L JoB®odudo BI-0l BMLRTGbEIOL,
GHoLM30Ls3 LyFoOm bgds DNase I-0l s Bbgs sdbTscg LsFwsEgdgdOL godmygbgds
dm3mMgdol M9od300L 53006 SBsEGoWgdws© [259, 260]. 58 dgoomds Fgloderms
399m0f30mL 9GO OJMwo  Fo@GMOJLol  3owgdol  EIBIGMIESE0S, M3
39900bs3Hos 3003960l s 9GeslBobol dMF3MgdoL IBMOTSE0sd0. 1939, QOWO
86093690 mMds 5gd3b 0dsb, 079 M5 FH9d3gMHEIMSBY IMbEYds Fo0owo 30OMLESGH03MO
06930l 999mygbgds Jumz0qgdDBY. 3393900l dobgzom, 10°C-bg M3900 bsOBMbgds
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3053960l 5 203mDsd0bMAw0356930L Gom@gbmds dsd®odudo, 306Mg 30°C-%by,
0930 9oL gobmeoll m®domgdol Moblo, GMmdgwoi Jumzgowol bEGHOMYIGHMGOL
©9LbEHOMI305L 0f393L [259, 260].

523 ULM3gMzmodozmwo CO2-ob gsdmygbgdol dgommo

113960 3600¢03M@ 65HA0OMEMEbYL gosBbos 31.1°C s 7.40 Fg935b35¢00l 30030390
(6935. CO2-0b OGP HMOMIOL godm  gosdblbgero dogrg GHM3gdL Jumz0ElL s o6
Lo FoMHmgdl 9990 58mMg3b3ol 3MHMEIEMMJOOL Bo@IMGOSL. 5M53MmEsGIMdOL
3590 BobTomMM756L Fgloderms o935 ML gmobmeo 3m Mo BMbRMEo30EMMHO
9933656930l dmEoegdol Jobbom. 13963003030 BIHIoOMM:5ba0L dodmygbqdols
3990099 56 003935 3Meoa9gbol, garslBobol dme0sbmds s Fs@®ogbols dgdsbozm®o
9AMOMAS.

53 ©9390Ms®obsgool 3mddoboMgdmero dgmmogdo

030l 259m, MM 5MLYIM YGILIWIO0DIEG0OL FJJb039dL o9Bb0SMY WIIdOMO S
MSOHYMBomNo dbs6Mg900, 2590094gbgds domo 3m3d0bsE0s LELIMZgEo sbslinsmgdEgdOl
dJmbg  F5EH®odubol  Fgloddbgs.  Fogoomolmzol,  dgdebozmMo  (FoHozmeo)
3900m©q00 653009350  ©FsHB0sbdge0s  Jumzowol  LE®MWYJEHMOOLIM30L, I3
03996 96mOMBOL M35 LoBOOLOm 09300 B30  AsBb0s.  LORSdBHIBEHIOL o
960990l 3o-39¢039 30 96  FgMAosm  MXMJ©OIO0L  dMwmIEg  IMIMEGOS.
303d0b0Mgdmwo  8gomEadol  2odmyggbgdolomgzgol LyFomms 093M0  M9oagbdHo o
©IGILIHO0DE00L F9E0 M®. Aibgowro Jumz0wgdol (HMIgeog Msdmegbodg dMgl
dmo353L, 359 3b0dm3z960 Jumz0e0) IEILEIOHOBIEFO0L oBbom Fglisdwrms bsFoMmm
3obgl Jodom©o, 6B0dMEMO s 3949603MMO FgoMPYdOL godmygbgdols gOHMMBOMDS.
MO0l 3bodmgzsbo Jumgzgowol YEIXEsMHOBsEo0l FoBbom SPFIMOE0s dogobgs-
290MdoL,  GH®oRLOB/EDTA- s Triton X-100/SD-U  dgomgdol  3m3d0bsiool

399myqgbgds [261]; LEIOOEOBSE300L FoBbom 3o 9odmygbgdmeo ogm gmsbmero, b-
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3MM36M56Mmo s 39Mmdlo dFo6mB535. 59539 JuM30oOl YEIWMEsHODIE300l Jobbom
S0P9IM0W05  2590b39-35eMdoL, $B9MHAgbEGHWwo dgommEgdol (GHMoxnbobo, DNase II,
RNase III, Lipase IV) o 3mgo®¥)eo 59bbbgargdol  go8mygqbgdols 30030606 9dwgaro
dgoomqdoi  [262]. Cortiella et al. (2010) dobgzom, g0MH®MbOL  BowE3z9d0L
©IBILMH0D300L  JoBbom  Jgloderms  godmygbgdme ogml mGMo  dgdsbozmMo
3900m0U, LYYORsEHIBEOL s GoD0TJdOL 3MAdObIEOSE [263].

6. Cross linking dgorm@gdo

3bmdowo0s, MHM3  gJuGHMIXOJOMIo  Fs@Gmodbo  dJoMOMsI©  FoMmBm©agbowos
30Wiy960m @5  gaslGoboom. GHodomemo  3mwsagbo Fgaqds LBsdo  B30MHEIMESE
©H39M0  3m0393GH0EMM0  X9F30LYsb; bmwmm, mommgMwmo  xsF30  T9ygds
3@030bol, 3MHMmEobol s  3oOmmdlodmmeobols (Gly, Pro, Hyp) 530bm3z53900L
0568000093090 25653900L96.  Lb3solbgs Bgdmddggdol J9gao© 3Meaggbol
LEAHOMIGHMOS3 TgLodEMms O39MRML  F9d5603MM0 FYMOMBS S IRMOIOMEIU.
DMlEGo© 99 JoBbom dobs Cross linking $H9dbogzol 200myqbgds smEowgdeo, Goms
39d09gMH gL BoBHMogbol 3eoa9bgdl IOl 3meodgH o 3dgd0. domobgobymosdo
Cross linking-ob (x356M9©0bo 3533060l) 31bITIBEGHMEO 3606303l Fomdmowaqbl
335963 M0 3538069000 [o®mdmddbs 30960l Imerg3megdl dmMol (megobvygsw
530bl o 35MdMJLoErol XaRgdL dmEoL). Cross Linking-U dgmderos ¢HOHMbggerymls
LEAHOMIEHMOOL  GEILEHOOMDS,  F9odEoM™mL oo LodWIBEGY,  WBOWE39gEYgml
30e0dgmol  Mblbomds s dobo Lodyserg, B8gs93060mb  ©bmMdOL  (H9gd3gMo@ Mo,
396M5d3bsL MgMTMIsLZHJO0 MYHIMLYBHY0S. 5MLJdMBL Cross linking-ol 30bo3MMo,
JodomMo s domwmyom®mo (RgMIghEGHWMwo) TgmmEgdo. §gMII6EHME  IgmmEadL
3999900500 d0MTgm3LGOSO 3R 0O LEHMYIBHMOOL FMOT0MYOOL bgerdghymds
(AMJLomO@BOL  496M98g), M0 96O  Fgmderosm  89dobolzmMo  FEYMIE™MIOL
30OMMIOHINo  BAHIOOEWMOMDBOL  MHOMBIgYmas.  30mobgobgMosdo  s®LlYdE
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©9Y356gw  259mf39390L gl mGoO TgmmEo 396 3sLbmdL, sdoGHmdsg  MTgBHIL
99dmbg935d0 go8moygbgds cross linking-ols Jodom@o dgormqdo [264].

6.1 Cross linking-ols Jodom®o dgommogdo

Y39wsbg bdoMms Jodomeo Cross linking-ol ©gs29b@905@ 499m0ygbgds ser©9300900
(059 3B 9)3000 -GTA), 0DmE3056900 (Bop: 39JLsdgmogbol obM30sbsEO -
HMDI), 35630030900 (359: 1-9000¢0-3-3-00039000¢5306m3OHMm30¢ 350dM©0d0EOo -
EDC) [265]. s63 o oLy bdods 59m0ygbgds  gmEHm®mgeddomwo 53953900
(390000Lg9MH0 3969900, HOdMBWS3060), 35MBMI0EMSGHJO0 (M0dMDS, JY3MDBY) ©
3g9bodgmeo  9duBmad@gdo  (p9bodobo, mwgmOm3gobo, Myrica rubra) [265].
3G I30©L  gosBbos  30003m0dgHobs3o0l  Mbsdo s Lbgs  Jodome
0953953906 9996Mgd0m  g439wsbg  domsewo Cross Linking-oll boGolbo [264].
505Lm9bs39, GTA  bolosmgds  ©odswo  56FGH0ygbMmo  ™30L9890000 ©s  356G0
390065303600  8mgddggdom, 033zs  3F0AHMGHMJLOMOMDS O JOW(F0TBOIIGFOS
d9Loderms  FoMIMoaqbgl 3 gomEOol godmygbgdols wsMymaom dbostggdls [264].
51939, 3B Y30©oL  d9d39mdom  BoEsMgdmeo Cross Linking 99139J@w6o©
399009496905  BEGOB0WNMO 593 0bol  30MHMAIEdoL BmGOIoMgdsdos [266, 267].
HDMI-b 30 999dwos  30@™3gmogligdsmdol ©s 394960360  bGodowm®mdol
MBHOMDB39YMas.  39MOMEOT0EJO0 9B S350 HBoIdO  odmoyqbgds  HMYMO3
GTA/HMDI-b 5¢0@g6mbs@ogs s 9gbsdgms 0gml Maemm 30GM3gmaegligdso, 653wgdso
050 3OMEGIMoBMM0  FgBH9g30Lb 0B s bogwrgds  JoEE930o
39 30R80353000396, Wdzs 9O go8moMbBg3056  LEA®WJGHMOMwo  IYMIMIOL
99650PBMbgdol  MbsMoom [265]. Ubgoolbgs  4oM09gdgdol  (3sy:  30OME0bOo)
05300056 L5300 gdWOE 0O 39MDdMPOTOEIYd0, MMaMm®mo3 Mol EDC, bdo®s
35900949gbgds  B-30MHMmJLolwd30b080mMsb (NHS) gMoms. EDC/NHS 3033065305l
3999dwo0s BOHMb39wymlb doG®oJuol d0MTgmoglgdIMdY, b53Wgds© F0EMY30E0s
39 3093035:3001396, 295BB0s MbstI0 BMT 56 dmbgl dsmo Fo@MoJdo 0b3mM3MMOM9d,
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0935 9M0L  d30M5OOMIOIO  TJDMEO;  SMEOEJOJ0s 5T B0ogm0gMgdgdol
3M6396@GH®Ms300l  J9x39M9d0L  BHmMgo  99gmBg3s, Mog  gobsdo®mmdgdl  dsHoduol
R0b039W6O / Jodon® 3093908 s T9JobolzmE  FAMOEM™ISL [264]. JodomMo
69539639006 50Lsb0dbsg00  yeroEgBmmby IxRmdbgdwo g3mdlomo (Epoxy)
6596930l godmygbgds, HMIGdOE B0 30EHMAEHMJLOMOMIOM Q5dM0MmBY3056; om0

3590ggbgdoliol  s®ol  693egmBoEMo 893 93900L OO0 O J9WEFOROZSBO0L
Q050 GOLZ0 [264].

6.2 Cross linking-ols 300360 dg00m©gdo

R0D03MNO0  F900M©IO0E6  5LYB0TEs300  BMEHMMILOIE0S,  WI30OHMMHMHT)O
30 M3q00, MEEGHMI00LRIMO s 3535 b3, 35¢3E0wdol / Fmlgm®mol ombjdol
399myggbgds [268]. M3y GHOw0oL MGHMI00LRGH ©ILbOggdsl (254 nm) Fgw9dros
X3909060 353006930l Fodmddbs 3msaqbdo, I3y 99 Igommol  4sdmygbgdol
©@OML Fgbodems FmbEgl 3mEsa960l Jmeg3mwgdol @ bs@MMogos 839dol MHM3930L
3590, ©930OMmmMgMIMwo (DHT) 9900m@gdol 459mygbgdololl bgds 3mesygbowsb
fyarol dmdmgds (353«ddo 100°C-Bg Godmgbodg L5060 Q5TIMIMGMOOL ABom), Mol
090925053 4oe0d@gds JooxsF3MMo x35M90bo 339d0. JodomE 8goMmEIOmsb
d90oMmgdom, Cross Linking-ob o 999960399600 daMo@mdol boMolbo gobozmemo
390000l 359Mmygbgdol EMML 19309 B0 [269-271], MOL dodmiz Tgboderms
dmbal ©930OHMMIOIMNEO s Jodow®mo dgOMmYdOL (30sbsdool d9d39mdom)
3300606930 go5dmygbgdes.

6.3 Cross linking-ols d0mmyomMo (39Mdgbd o) dgmmogdo

Cross Linking-ols 00099600 890090006 50bsb08b5305 @GHEobligem)@sdobsbsls o
006OMmDobol (mJloEmMgmdEobs) 4odmyggbgds [272]. EGHEMBLYWYEHT0bsBs, GMIols
dm3m39053 bgds  Lbgoobbgs  3bmggangdolash s  93gbatggoolash, dglodarms

359099690 0469l % 356M90b0 393006930l Fo®dmbogdbgwrs. smfhgMowos Jumzowols
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Go3ol (Ca?-s9m3009000) Qo 90360000 (Ca2-s9Mm)300090vI00)
GO9bL3Hsd0bsbsols godmygbgds gduBOomx Mo 3MMmEHgobgdols Cross Linking-ol
dobboom [265, 273]. Bmaoghomo 33930l Jobg300 30meabby  ©oxdbgd o
doboEgdol  FGHMIblyBHodobsbgdom  Cross Linking-0s, Jodome®  9900m©gdmsb

99005M900m, 9B3965 ©IBsGHMMOE0IE0 HH9gd3gMo@Mol, 89dobo3Mmo As8dwgmdol s
B0MEMP0IMH0 LEHdOOHMIOL F9s0M9d00 390090 F5B3969d9do3 [265].

7. 5360mbmeMo 99836065

5360mbmMo 99306565 Mgl 393b0gMmMs O 0b6GHYMGLOL Logsbl FoMdmowaqbl s dobo
3990y9gb90000 M98 3O0EMIE MHIMS30 5350 YOOL, ©IBIJEHJIOL 3MMBIMBSL
5 bbgoslbgs Jumz0wgdol smagbsli. sfgMoos dsmo sdmygbgds FMHoErmdgdoL
99bmd (39000 [274], ©odf30Md0L 33Mbscmdobl [275], 3960356M0009F0b s 960l [276],
bbgoolb3gs X M9IOOL 3OHMEORIMS300L 06300900 [277], FoLEHMEgdoLs ©
©OHJool  ©IBIJHIO0L d31Mbsrmdol dobboo [278, 279]. mGo g439wsH) ©OEO
30053 LMdS, M3 299B60s ©IEILMWIMHO0DBYOMEO 3es3gbBHOL FgddEMBIL sGOL o,
GOmd sl 53l Mbo3smo  9JuE®IMIXMIOMEo  FoB®odbo, Moz bgwl  MHgmdl
Jumgomms BHEsx3 Jgbme (3905l s Mga9bgMszosl [279, 280]. 51939, b 500bOTbML ol
2993HoE, ™I dobo dm3m3z90s Lb3s 00MEMA0E BsboErgdmsb J9gsMgdom SEOZ0¢0s,
0053 3Wws3IbEBHOL  WEHOW0BYds FbMBEoMml F5IBHd0M 9MEIO J399sbsdo  s6
bgdo.

8. sli33bs

©ILOPIOLMBIOM 853500 3OIMdWGIS 5GOL O, BM diob [obs 439O oMo 39Ol

©9IB9JAHJOOL  H93mbLEGHOMI300LsM30L  BMfMEIdIEo  MIgMEOIO  Fgo™MEYdOL
399mygbgdom dmwmdEg 396 bgMbgds  3eolGozolb 08 Mozt SFMEsbgdOL

d9LEOMEgds, O3 IM0EIg3L 33wl 39000l FNE0bMBOL LM S©EAIBL, Terol
©6Mdo  sOLYIOMEO MOPBMIIOL 33, IO GOGOOL 930D  S30GIL S
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005d6M9d0L M9300030L 30939D30L. 51939, 3OMBEYISL [oMTmMogbl ol Bod@oE, BMI
56 5MLYIMBL dmaErol Hobs 939MOMO 3900W0ol IRIIEIOOBIMZ0L  2sb3MM3boo
0©JOMM0 d0MmISBOgdo (050ggd0), HMIGEMs3 97690500 b03sEMMO domemyomMo
doboliosmgdEgdo - 96EH08030MdMo, SbmMgool Lafiobsswdgam, 96EH0B0dOHMBYwoO,
936305390 MM0 @O Vo  03Mbmabmds.  Mga9gbgMs3omEo  dgoobol s
00m0b350b69M00L LHOsxz0 Hoblgwols 4s9m 330dOMdm, MM 83946905 Tglodergdemds
Bo®o®admeo  33¢93900L6 dmrmlb,  30300mm  obgmo  BsdyobBmdogdosbo
d0MEMy0)Ho 39ddMbs, MMIgEols godmygbgdsi dglodergdgwo 0dbgds dierol Hobs
3390©0m0 390l M93mblEMmJzool dobboom.
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og0 111

dobsens s G90MEYdO

1. 9du3gc00gbBHBo 5sd0sbol 5360mb  JmGombol ©YEILMEMOBIIMEO s
0oMB0E0BYdIE0o 153QoEBMI0Ergdosbo 3gdMsbols 8gddbol gommeo

©IBILI5MH0DGOw0 JnOHOMbsFboMbMEMmO 89336560l BodysbBMmTomgd0sb do@HModuol
d9bogdbgs  LogoOHm  ygzgms  3eo3gbBe  dm3z03m390  LEIIMBOIOMIo  IYMRBO
X 96300 MmOLYYEGdOLIRSD, HMIJWMSE 0ddMBOsMIL 38-42 2qLGHE0MO 33065DY.
©9©90L 3Jmbsm 353059 B0GdGE0 FIMI0IMMDS OO Y39eS QIBIVJONIO BS3030
0y xsbdtmgwo (fmboor 2700-3700 946). LoddmdosM ©sfialigdIengdgdl bsmwrs
396985035 B3960  3MMgdBHolb JoBsbo, s9mEsbgdo s 9JudgeodgbBHTdo  vsTosbols
3o396GHOL  290mygbgdol  sM30WgdEMds, o3  Bs3doMolo  oym  3ens3gbBol
9m3m3905bmab 5353000 gd o Jglsderm  3MHMdEIGO0L  BOLZJOIOL 53000
Sb5E0EGOMO. MbbIMdOL JoMgdol 8909y, 0996-30693mMgdL SB939 A969TOEHIM
00 B59dGHol 36033690Mds3, MM M39MHO300L OML 56 Mbs FMIbEIMOYm 3oi3963 0L
©H0569d.

©IBILMYWMH0DYOMNwo  JMOHOMbIIbombmGo  399dMbol  LodYsEbMIowgd0sb
dsBModubol  d94dbols  gzges  gGHo3o  8080bsMgMOd©S  Md0OLOL  Lobgwdfonm
LodgoEobm  MbogzgMlodGg@ol  9d39M0dgbGwwo s  3MY3wobozm®mo  sbs@mdool
©935MG599B6GHOL  d5BsBY 9MBYOME  WsdMOSEMM05d0. Ym39wr XJODY 3eo3gbGHob
G®9bL3MOEH0MGds bgdm®s LEIMO0WWMmo  3:mb3GHJ0bgMHOL  obTsMgdom. Ssd0sbol
353960l @ 5360mbMMHo 89336560l ©YEILMWMH0DsE0s FMbEs ©YBHIMRIBEHIdOm,
OMIwgdoz  ©EILEEIOLMdOm  bbgosslbgs  MmMaobmgdol s  Jumzowgdols
©IBGILY5MH0DG00LMZOL 259M0yY4gbgds [281]. WsdMMGMM0sd0 FolgErolmsbsgzg s
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©IBGICMH0DsE00L  3OMEgLoL  ©sfYgdsdg BIdM©s FO3EOMOL  SMEHIMOOL O
3960L  350093HgM0DsE30d 3090w gbols  35mgBgMgdom, GMIWgdoEg  FO3WIMOL

LobbEPdoMP39dBg BoaMYdmEs 653960900l LA gdOm. 350093 YMH0Ds3ool T9dwgY
0,9%-0560 30BoMmwmyon®o BlbsMOL s 39350060l Lsd sEgdom bEJdMEs 0MHOYS(309
379C-%g, 505 05300096 523930090065 ©Mbs:70L LoLbEIOL 3MmeEHgdom Tgx9ebgds.
5dol 999099, 300539630 93L9dMms Lagobremgdo -80°C-Bg 24 Lysmob Q963s3wMdSA0;
24 bor-ob 9909y 30 WM390MS MMbOL  3H939MGIM5DY. 3e5396GOL  AoEOMdOL
9990092, 90390530 Boygbgdmo 35m9@ )Mol 39939mdoom 0fygdms dolo 2sdmmgsbzs
Phosphate Buffered Saline (PBS, Sigma)-ol bbbstoo. 590l 8999y 0fygdmes
©IBGICMH0DsE300L 72 Bo-0560 gBHo30. 30639 24 ;-0 3Wo3gbEOL godmeMgibas
000000b5MgMds A9dmbo {ysedo aoblbogo 0.01%-0s60 Sodium Dodecyl Sulfate
(SDS, Sigma)-ol blubstoo (bwy®. 1 ). 3m3g3bm 24 Lssmol gobdsgermdsdo 3¢s39bEHol
3900693635 3080bsMIYMdS SDS-0L 0.1%-0560 blbsMoom (LryM. 1 d), bmwwm dmeom 24
Losando 30 SDS-ob 1%-0560 blbsGoom.

LmOsmo 1. (5,8) 353960l ©IRIMEM0BIE00L 3BmEgLo
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L5000 2. ©93IIEXsMm0DIdME0 3es39bEs

50 50fgMowo 9Bs3ol dgdamd, odobomzol ®md dmbgl SDS-ol bs@Bgbydolysb
3539630l godmog0LIBWGds, LoFoOMs 3539GJMJOOL IbTsMNBOm s Fsdmbowo
fyarol 259mygbgdom dmbgll 3ws3gbGol dsdmeMgiEbgs 15 fmol 9853wmdsdo; sdob
99009y 30 - Triton X- 100 (Sigma)-ob 1%-0560 bLbsol obdstgdom 30 Fomol

396053c0md580.  dmm  9BHedbY,  ©IBIWIIMO0DBIOMEo  3eo3gbGHol (L.  2)
399069:3b35 3080bM9dL 1 Bssmol 2o6ds3crmdsdo PBS-0l oobds®mgdoom.

©IBILMMH0DBEool  3OMEglol 890y bgdmEs  s3bombol  d9ddMHBoL
35396 GHOLORD  godmygmas, 03MmgdmEs 6 x 6 Ld-ob HBmdol bsFMgdsw. s3bombol
8980656900l womBowobB305 BEYOIM® B3YE0SW MO WOMBOODsE00L IBsYIGOL
d9039mdoo»  (Power Dry PL 6000 Freeze Dryers, Shenzhen, China).
©IY(3IMEM0DYOMO 5 WOMBOOHBOMGIMo F93dMbgd0 (LyH. 3) 0o3LEIdMOS
3@ol@dsbol  gemx MO 998mm35d0 ©s bEgdms Tomo  BEIMOEODBS30s  gods
65005300l Esbdstgdom (15 kGy mbBom).
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LSO 3. 9) 505F0bOL Y3ILISMYdMEo 5860MBMGO FgddGBs B) sEsTosbols

©IGIEMHODIOMEO S COMBOEr0DBGIEo JgddMsbs

©IGIEsm0DIOMEo  536ombmMmo  gIdMsbgdol  3sboMgdso  gumgd@®mbmeo
303600m3m305

5360mb©Ho 3998656980L U39606M9ds00 gegdEHMbMEwo JozMMb3M305 BoEIM©s do
353998%g 9mdNdogzg mJuxzmOOL  MboggMlLo@GgBHol  s3sGsGoo (JEOL JSM-5510),
OmIglog do5Bbos 30 kV  3ogbodsermy®o  Loddwsgzmg s dgmderos 3.5 B3-ob
M9bmwo0l dm3gds. 1396009050 9EgBOMbMo Fo3MHML3M300L BodocMmqds©Y,
©IBILMEMm0DYdMwo  sdbombmMo  dgddMmsbgdo 12 Lossomol  gob3ogwrmdsdo
33006 9d9o 0943696 3%-056 MBI I300L blbstdo.

©IGIEsM0DIOMEro $860mbmEmo d9dd6Mmsbgdols 3oLEHMEMA0MMO 33930

3OMGHMIMol  LOWWOo 3300, 30LEGHMEMAO0MOHO  33g30LsM30L  Yo3Mm3zboo
Lbgoolbgs Dmdol 939w s®0HgdMEo 53b0mbmMo 393d3M6900L godlogos dmbs
10%-056 53®dsqrobols blbstdo, 9999 IMmmsgzbs 3560553060l derm3gddo s drmU,

3900905 AsLMb BHMogOH™MAols s 3995@MJLoE0b-gmBobol sbdsmgdom.
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900530560 BoGOMMO 5 ©YB3IXNYIMHODYIYo / WoMmBowobHYRwo  s860mbol
89936560 b3—ol sBseobo

©b63-0b sbseobo Bs@omos Kakabadze et al (2016) s@fgMowo 3HmEM3merol dobgogzom
[279]. ©b3-0b 5360Mmbgd0Esb 0BMWsE0s Imbs L3gEOsmO 9JuBModiool bs3zmgdols
(G-spin Kit; iNtRON Biotechnology) Uodwsengdom. @bd-ols goblobeacs dmbes 260 63
Adol LogMdom L3gJEOmxzmEMmdgE®ol (NanoDrop 1000; Thermo Fisher Scientific)

359mygbgdoo.

50530560l IBIISMHODBIOMEO S  WOoMGBOoDYGIYwo  $3bombols  gddMSBOL
©IRIMZ5 30MHMYJEOM

5Q0530560L  YBIXMWSMHODYIMNWO S WOMBOODYOVIEo  SFboMbMMmo  F9ddMHIBOL
QOLORIMO  A5TMYgbgdMo 0gm  AEMEIMICEIZ0EO S JJE9B0bo.  FgwosEHobols
3000OM9wo 8904dbs Jodom@o Cross Linking-ob 999390000 (e09)@o6og30ol
blboGol  godmygbgdom) Wang et al. dobggzoom [282]. s30L T9dgy 3o Idmbo
©IBILIMH0DIOIMNWO O WOMBOWODoMGIMwo 159R6DMmI0Egdosbo s3bombmMo
39306560l sxsM3s JodoMo Cross Linking-om 30©gdwgo 39s@obols 30mmaquoo.
530LSM30L, IBILMEIMO0DIIMNWO S OMTBOWODOMYIMwo 5dboMbol  F9IdIM6S
3mo3LQ #9093 0boL 5%-056 O B g3ool 0,1%-056 F9Gmgmen blbsédo,
HMIgo3 ©oym3zbos 4°C -bg 15 {momol 256d53c0mdsdo (963gmes 3-x9M) s 5ol
3999y 30 - obgg 4°C -Bg 12 Lossmob 9b3ogerMdsdo. 5db0mbol 893d6sbs Fgd™d
dmmoglis 100mM gero3obols §yseblibs®do 37 °C-Bg 12 Losmol gobdogermdsdo o
Lodx g6 498m0MmgEbs Moo F98mbEOo Fywol Lsdmswgdom (LYMsmO 4, 5). drEoMU,
5360mbmMo 99336560l golidgmogds s 250MmIMMdS bgdms gmowgbmdbool
3oBoL sHTsMdOm, 0bsbgdM@s -80°C FH9839M5@MIMsBY ©d WM39dMEs BsFoMHMgdol
d90mbgn3z5do.
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bLoOsoo 4. g9esGobol  30Mmmyguom 930560l ©YEIIERs®mOBIdMEO  ©d
0oMB0E0HYdEo $360mbmMo dgddmbols sxgsMzol 3Mmglo.

bMs00 5. 500530560l ©IEIYEIMHO0BIIMWo ©S WOMBOWoDYdMEo sd60mbMGO
39306565 OGBS FgesGobol 3oMHmygEom.
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5dbombmMmo  8933M6ol  F0035MdOL  BHYLGHO  ©EIRIVWIMODBE0sB©Y  ©d

©IBILNO0DGO0L 399009,

5dbombmGmo  9930Mobol  F0035MdOL  BHILAHO  EIBILNYWIMHODF0SI©VY o
©IBILMEMm0B300l J909y dguermes Tanaka K et al. (2010) dgomol dobgzom
[283].  300350MdOL  BHguBHOLIM30L  AsdmYgbgdmo  ogm 100 N Loddrsgz®ols
©6039OLscrmMo  d9dsb03mMo  BHYuGH0MYOOL  dsbdobs (EZ-graph, SHIMADZI Co).
Q©IBILMEM0DYIMwo s BsGHom®mo  s3bombmmo  39ddMBol  Lsd-sdo  bodmdo
0536M©9dMm©s 3945603900  FHguEH0Mgdol dsbJobol mEo dmdFgMol (pin / grip type)
©bdsMgdom [LwyE. 6]. Bgfmws bEgdms dbmermE 5dombyH  IgddGMBsbY, oL
990009353 0§Yygdm©s F083500Mmd0L GHgbGo 0,05 38/ LoBJstrom. 0dobomzol MM o6
39003dMsoym  5360mbmMo  39ddMsbs, Lo@guBm Tobogrs M3 IdMPs 13305
3Mb6E 9069630, Golio 39d39mdomsg bsbbgdms 100% ¢9gbosbmds.

1

LMEBOMO 6. 5360MbMEMo IgddMBYdOL F00350MBOL FguBHOMYdOL 3MrMEgLo
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2. 5530560, 306003358 ©5 MMl Mol obs 339MPoMo 39Ol
3b5@™Bom©0 330935

030l by YJ65, 0¥ M33Ybs 3353V 30MMHA35L T3P0l Fobs 39MOMO 3ggero
5Q05305b60Lol,  dmbs  Lewis-oll  x0dolb 5 300009358  g3mobsbos  1-2 8y/3y

0665350050 bsBHMH0mdol  396@MOMB0GHIOlL  ©sbTstgdom.  93m9bsBoob
0909y, Ombs  35bols  @s 39643905  Jumgorol 493390 /  FMBOWoDs30Y,
5040GH9dGHOwo s FMOBMEMYOMMO  bs5Er0Bols dobbom 30 - FMiol Hobs
3390©0m0 390000l 376m9d0lL (LHmGO0, gocgms, dogboms s 2sbogo 3Mbmgdols)
RMOIowobdo Bodusos. sdol 890y ©s0fym dmawol fobs a39M©omo 390l
93005 5 37960930l gOHMT9bgMOLYYD Bg3oGs300.

090l sLvYgbs, ) Modgbs 3938 VMEMOL Mol (obs 4z39MoMO 9o
500530560Lol, dmbs 2 JobomGmo MmMol (20-25 3 fmbol) 93065B0s 0bEHMI396M0

Bo@©0mdol 39B6GHMIMDOEIOL IHTMGO0m. OMYMO[ 30053900L Jgdmnbzg3z5do,
930565B0ool 9999, dmbs 3960Ls o 39693905 Jumz00ol A5339ms / IMBOEODI309,

dmaeol §obs 239Momo  36mgdol BmMIserobdo  GodLszos, FMEErol  3gEwrol
693005 5 3OOl bg3sers30o.

3. 396¢6OmM@o  m05JMol ©gnRgIBHOL  ImEgoMgds ©s dobo  9gdymdo
09306LGHOMJ30s gbmzggargddo

99b3960996()gd0 BsBotms Lewis-ol x0dolb 40 30000935Hg dsboo 200-250 6. o
006 3306M0L x0dol, mM039 bdgbol, 10 Jobsme VMmMOHBg Hmboo 25-30 3y.

y39ws  95603ms30s  GoM©gdm©s  9gmozol  3m3o@g@olb  d0ge 330300
3OMGHMIMOoL  (00¢olol Lobgwdfoxnm bsdgoosobm mbogg®bo@gdo) dobgwogom.
3bm3z9wgdo  Immoglgdmwgdo 0943bgb 303500l BEBHBIOGHME  30MHMOYdTO.

991BOM©OO350 99w gMEIm 1533900 o LobIgo Yoo, yzgws m3geoEos Bo@o®s
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BP0 293393909008 306md9dd0. Fobolfo® 3bmzgwgdl 9Jdbgdmosm  dmEwol

395G 05gHoL ©IBIJHOL dmEgero.

3.1 396@¢6vwo mosddol  ImEgmoMgds s dobo dgdamdo M93mbLEGHMYIE0S
306005339000

39560 005dMHol dmEyEogds

BMPOO 2999330350900l 30609070 (0.1 dew / 10096 ketamine-ob (Ketalar ® s 0.05 e
/ 100 96 xylazine-ob (Xilazin ®), 396@®)0 05JMHOL  FMEYI0MHGIOLIMZOL Yzgars
3060053358 9O bsHol 3M:MgJ305d0 go3900s 3,5 B BMAol Loa®dogo 2sbs533900.
390339 3960 s 39643985 3bodmgsbo Jumgowo (Lme. 7). 5ol 9999, dmbs 3ol
096 bsBob s 39M0@MboMTol 45339009; 990ddbs 1 1 OsIgEBHEOL dJmbg Mol

fiobs 39wob ©agadde Lag®. 8). ©agaddol 8gddbol Bgdegy 3960 o 39bg39ds
3b0dm3560 Jumgzowo 4503965 3356dmz560  b539M9d00 6/0 (ETHICON) s5¢®o3dweo

B93Lols godmygbgdoo.

L5000 7. 35339000005 3560 s 39643905 3bodmgsbo Jimgoo. FMHogrmdsdo dmBsbl
dmEol ;mgo®o bsbo.
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LmEomo 8. 396@GHMIo 005JMOL ImEYE0Mgdol 3GrMEgLO 30MMsR39080

M396530900L 890009y Y39wd  3060m35  JMMI3bS 3035000 LEGHIBPIOEE
3060Md90d0. bmeom, 3 3306006 990amd, OHMEILsE M35wLsBobm ogm dmiwols fobos

30wob  ©9n9gdGoL  dmEIwo,  bBEYdIMES  MYEs3shm@GHMdos @ 005JMob
93mbLEGHOMJ30s.

39930l 3964010 ©IBIIGHOL B93mBLEOI300 30MMy39880

3bMoo 1-30 3mE90w0s 3060m0935H9 BoGM9d0MEo Mm39Mo30wo Bs®gzol babggdo,

L3I0 3b™39Wd0L XYMBIIO O MIMPOIBMOS.

Us3YE0 bs3YEo 396530790 Bs6ggzol

3b™3o@gdoL | FbmzgEgdol
Lobggdo

X3IBIO0 501 9bMds>

I 10 396¢OMo  ®05dMol  Imgwo.  ©93mbLEHOY 300
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ULTRAPRO™ 350000 b58995¢0q000m

IT 10 3963HOMmo  05dMol  dmgwo.  ©93:mbLEGHOY300
ULTRAPRO™ 350l Lsdumsggdom,  G™Iwol
D9s3009003 ™mM03g FBOHOEB  IBIOMWO  oym
QIGILILO0DBPILO @ @ONGowobIOYwo
5Q0580560L 58bombom

III 10 396¢OWwo  ®05JMol  dmEgwo.  MH93mbLEHMNI30s
B396L doge 8909053900 30QOHMYI0M

QBOYO QRIBILIL>M0BPIY0 ©>
W0MB00HIO)o 5530560L 58bombom

v 10 39630 005JMOL dmEgeo. ©93mbLEHOsos XI-
S+® (Colorado Therapeutics Denver,USA)

dOMEWMPONOHO DIQOM.

3600 1. 3060533519 BoBOMIdME0 Mm39Mgd30meo Bs®gzol bobggdo, spgwo
3b™M39m9doL X 3MBIO0 S MoMmEOIbMdS

O3 903608690 3bMowdo, 306390 xR0l 3bmggwgddo (n=10) 396@Owo
00560l MH93mbLEGHMMIE0s  BsGHIM©S  LobmgBozn®o  dosol  (ULTRAPRO™)

LodMogdom. dgmeg xando (n=10) 396¢HOHO P0sdMHOL M1930bLEHMWYJ305 BoGSM©s
LobmyBHo3m®o dsol (ULTRAPRO™) Usdwomgdom, MmAwol Hgwpsdo0gdos mMo3g

dbOO0ID IRIOMWO 0YM OY(3IWIIOMODIOMEO0 S COMBOODHJIMWO 5sT0sbOl
5360mbmMo 393dMsbom. dgladg xamxdo (n=10) 396EHOI0 M0sJMOL Mg3mbLEHMMIE0s

BoGHoMQd B396L dog® 0909998539000 30Q6OHMAI0M QIGO0
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©IBILMEMH0DIIMNWO O OMBOEODHYOMEO 55d0sBoL  5db0MbMMHo  F9ddMBom
(GCDLHAM). 3dgmobg  x39x30Lb  3bmggergddo (n=10) 3964HOMwo  00sdcmol
930bLGHOMJ300  BoGoM©s domwmyowm®mo dsom XI-S+® (Colorado Therapeutics
Denver,USA). ©©533063900L 35005 995003965 3 3.

mmbogzg xR0l  3bm3zgegddo, ©9x8gdEHoL  89J0bosb 3 3306500  Bodotqos
95350 EGHMT0s. 39605, 39693985 JuM30EOL S F9MYINS 0M0BdO 3BbMOL H3MbgzBMBOL

3933900l 890092, BIOIMPS M05dMol 350306 0096EH0RB03s30s, 9E3gBomwobo s
005dMH0oL 3560308 25339005 WobBHY6IBHJobol LEobsM@Emwo tension-free dgomoom
(L. 9).

mmbogzg GHodol 359 Y39ws XaIBRoL 3bm3zgmgddo dmmogls 0bEEMe-5dMmIoboeme
3mD0305d0 O x0JLOMS VIRIIBHOL 30©JJOMD 7/0 BMIoL IMbMBOWSTgbEH GO

3m@036H™30¢960L dsg3qdoL (Prolene’, Ethicon) Lsdwgsegdom (bwge. 10). 3560 o 35693935
Jumzogdo 2503965 4/0 Dmdol Bmbmzowsdgb@wemo  3mmodmHm3owgbol  dsggdol

(Prolene®, Ethicon) L53995¢»9d00.

LMEBOMO 9. M0JoMol 356300 353390006 3BMEgLO. LMsmBY 65B3969805 3oMMygEom

QIR0 50590560l YEILYIWOHO0DBIIMO S OMBOMODYIOo sdbombo.
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U500 10. 06 ®s-58MA0bsErmE 3mBo305d0 496mMsgLYdEo 3oEMmagwom
IR0 5590560l YEILIWIM0DIIMO S WoMmBooHYdEo sdbombo

3.2 39530 005dMHol 8mEgEoM@gds ©s oo dg8amdo M93mbLEMWYJ30s Wm™MmYdTo
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Parameters Calc. ;:::;ﬁra
Unit kef
Decel. Amnion 405854
Gell and Amnion 547738

10

12 14

16

bMsoo 18. s3bombom®mo dgdd®msbgdol dgdsbozm®mo m30lgdgd0 F0035MBOL GHILEBHOL

999090,

64



5Q530560L, 3005358 ©s MmOl  dMgwol fobs 939Momo gl sBsGmdool
39056090000 565¢0Bol dggagdo

2000053356 d7y3000U hobs 339000000 3900¢r0b sbsH2d0s

5005305601 5 30035 FM3ol  fobs  939MomO 39000l bsEHMT0MTS
390560900135 565¢0Bds 93063065, MMI MHMAMOE 505305630, 51939 50 30OMSA39dd0(3,

dmaeol  §obs  a39Momo  3ggero  89090mEs  89dga0 056300 g3OMdOm
396599890 H9d0LOYSL - 3960, 3963905 Jumgzowo, Bgsdotrmwo g0, fobs s
3390©om0  319bmgdo, obogzo  gpligos s 39MHoBHmbomdo.  3Mbmgdl  ImEol
R0DBOMEMPONOHO 339000l 5M9g00 S dMF3M3zob0 bobgdo (fiber lines) olgomo oym,
OMQMO3 5©5d05bol 3ol Fobs 3396000 39bmgdol »dg@gb bofowwby (L. 19).
3060002358 §obs 2396M©omo 3bmol 89950096 mdsdo Jgoms Mol LHimGo,
2909 s doaboms 00000, 236030 s 30MsdoEwo 396mgdo (LM. 20). HMAMEOS
5005305600, sLggg Lewis-ob 0ol 300053390803, 3130l bim®o 3Mbmgdol memogg
9™ 9OHMOIOIMES Fmodo M9MMO  bsHol  IbTsMmdom, bmem  JoMgms 0MH0dO
399600096 MmM03g FBsGIYL 498MmYgMBOO 0Ym 53mbg3MMBYdOL (L3oggErol bsbgdol)
15O gd0m. bmo 3bM3900b 30605300 3MbmMdo bMmEm© Mmmbdo 99a3b3w..
316m90L o 7oligosl J39dmm dM™ogLYdYIEO 0gm dognosh mbgwo, Jugwols abysglo
39806565 - 39MH0GHM™Mbomdo. sbsbodbsgos obog, GMI 3003900l Mol 2sbog
3Mblog do0sb mbgero  9390Mwgds  3dmbs, M3 ol obgdiosl  Jodwgdemg
Jumz0gdolysb 3603369cmgbo 9dbgegd@s. 1939, 9©0AMAbEY, GMI 5ET067dMI6
390569000 3ol MgmMo BIBO 30009339000 MROM IM3Wg S 30HMMS. FMOZ5M
39dmbs3eols d9a30dw0s dogohbomm 3 3e0l J39s Mgaombo (39bxol MMl 39
9058M), BosE 95805690 d0 QoMY 0M0dO 39bmo bgds 53mbgzMbBMEo, bmerm
Lewis-ob x000ob 306005339000 d9bxl M90S 396m3zs60 dmF3mgdol Lsboo.

50b0dbmeo 3ol Hobs 2396M©omo 39000l 5MJoBgdBHMOOL s FMOHBMEMYOOL
L593vd39 DY F930305 ©H3913305m, MM Lewis-ob 300005335 3960250 gobslabogmNdL

65



5Q0530560L 330l Fobs 2339MOMO 39000l IMEPIWL; oblsgMmMgdom 3o - dmawrols
D95 5 995 gLsdgdo.

== b3nggmob baBo B
=== 0o boBo

m— 35fmo@mboypdo

RA - bfmfo 3nboo

EO - gofagoma nfndo 3nboo

10 - dongbooaafmodo 3nboo
TA - 3>bo3zo 3pboo

— 3ogos ofodo ypboo
dogbnoo nMmndn 3n6on

— LHmMo ypboo
- w1 336030 396on

boeoomo 19.  A) Lewis-ols 300053355 37b0gdol dmF3mgzs60 bsbgdols dodstomvyengdols
LJgBoB Mo sLobgs; B) Lewis-ols 3060059356 §obs 33900000 396mgd0l gobamsggdols s
80089ds6g b5@MIom®o Juirmz0omgdol dgdscgmdol lidgdodmmo slsbgs.

66



dogbooms oGodo 3mboo

| TOIOHIOPLVOEIKTO | DIOIHATIO VOO
Ena,bnm 0M0dO 3;*:]!30‘)0_ | 29905 0MH0dO 3Mbmo

Lo e Ml slehlatalese it
——>.

LMoo 20. Lewis-ob 3060059356 3993e00l obs 33960@00mo 3900eol sbs@mdos

67



02600 Jy3¢700b obs 3390000 3900¢70b 5bs¢hmdos

5Q530560L > MMMl Mol ffobs a39Momo 3geolb sbs@mdools F9scgd0mTs
565¢0Bds 330h3965, MHMI MmM039 MmOIo 500b0dbgdmEs FMiEerol obs 439Momo
390000l 500530560LsMZ30L  EsTIbILOIMYIJO  3956-3bPMZb0 M6T0TEI3MMdS o
396052905 (BMY09HM0 396l BMIoL s 5RO IPYOsMIMIOL I30609 35005309000,
53 053530009005 08 BogdBHMb, MM 505305690l 43 MMO Fgbo O VMMHJOL 30 -
mombo) (e, 21). 396d390s Jumgowo fFoMdmpaabowo ogm oo Gomybmdom
3b0dmgzsbo  Jumzgowom. goMgms  06Modo  JMbo  JF0EOMEO  0gm  FBol30LMD
53538060900, M3 oYL MmEbsg sOMMEgds (L. 22). I/l 39Ol
399500 93530Mm© 0Yym  259M3390000 MJmMo bsbo, MHmIgwwog Fodol dosdmdo
0905M9000 MBOM  305OM3IOIMEs. FM3wol LmMo 3mbmo 0ofjygdms dmdzgbol
dMmME30096 s 9OHMIIMEs 6936900l BOEH0WGOMB. QoMgms s dogboms 0M0dO
3mbomgdo  LHmOo  3mbomoligeb  93vx0om@  0ogm  godmygmaowo  93mbgztmbgdols
©H3s6M9000m. 39960908 FMOOL BoDoMEMYoMMO 339000l 5609900 S dMF3IMZo60 boHgdo
(fiber lines) @M®qd0l dgdmbgzg3sd03 momJdol obgmo 0gm, HMYMOE 50530560l ImiEErols
fobs 939MHomo 3Mbmgdol gdmbggzsdo g3b3zgds (L. 23). s0bodbvwo dmawol
§0bs 439000 39000l 5OHJoE9G IOl S FMORMEWMY00L byg3md3zge b 923000
535533650, HMI PMGOL FMEwol §Hobs 439MGOoMO 3900900 35O FIbLILOYMYOL

500530560 d3emob obs 339MH oMo 3geol dmpgls.

68



bmGoomo 23. 3ol Fobs 239Mom0 37MBmgdol gsbemsggdols s dmF3mgzsbo bsbgdols
3005MHmv)gd0L 350mbobwyengds.

RA -ULfmfo 396on
EO -aofmaocmo nMmondo 3mbon
10 - 30gboono aMmadon 3nbon

& 606030 msmn 3.,5“
'afaaf oamaa Bb“amsaﬁn
"""""""" juman@o
EO
lo x - TransV ersalls fascia
‘ = gu—— Per\toneum
\--—-—/— ----------

bmGomo 21. @mGol 3ol §obs 3390000 3196mgdol s 8odEgdsmyg sbo@mdommo
Jumgzomgdol bggds@weo godmbobryengds.

69



bMEBomo 22. Mol 3ol Fobs 4390omo 39wl sbs@mdool 3gaggol 3Gmsglo.

0@5Fd0sb0lL Jry3¢0b pobs 33960000 3900¢0l sbsHdos

LSO 24. 5330560l ffobs a39Mo0 FMEEol 390l sbs@™mBos. LyEMIMYdO
°0gdwos Gosling J. “Human anatomy” 5@&sbogsb.

70



b@smo 25. 5380560l (fobs a39M©omo Mol 390l sbs@™mBos. LyMmsmgdo
s®gdMwos Gosling J. “Human anatomy” 5@slogsb

71



3963w 005dMHol dmEgEroMgdol 99wgagdo

BoGo®mgdmends 33e093903s a30P39bs, GMd di3erol 39000l 9xgdEHol d9jdbosb 4
ool 9999y 99339 9qLsdRbg30 0ym 05Ol BsdMYseEodgdols 3GmEqlo; bmem 3

33060L 999093, Y39d 3060me35L Mol fobs  g39Momo 39000l Josdmdo
396300000900 4x5 I BMIOL Moo 50g60dbgdMm©om (Lvyer. 25-26). Iveol fobo

39000l ®05dM0oL 953996 IMEIEs© B0mM3wgdMS 0l IRYIE0, Hmdwwol d94dbols
090003 BsIMYs0dIdIMPS M05JoM0 00300 Y4z9ws gurgdgbGHoom s s3gbowmeo
36900 Jum3z30gdL FmOob.

LYYIMSO 25. 30MMY3L FMEol Fobs  g39MEOoMO 39Ol 396GHGO MOoSoMoO.
05330639000 35005 - 3 3306

72



bmGomo 26. @meol dmeeol fobs  939Momo  3gowol 396G®mMwo  mosdsto.

053306039000 35005 - 3 330675

3965300056  20-28 ©@ol 89939 9GH™M3LosDY, ©IRIJHOL Fosdmdo  MmM039
3bm39ol  d90mbggzs8o 900608690Mm©s  004oMOLMZ0L  EsTobILOIMGdgEO 0lgmO
999963930, OHMYMOOE SOHOL - M05JMHOL 35600, M05JMHOL 35030 S 5E39HBoWEmO »dBYdO
(L. 27).

bmGomo 27. ©ongdGHOL 80sdmdo s00b08bgdm©s  ™ogdsMolimgols sdsbsbosmgdguro
430@? 9edgbdo

73



3960 005gMol M93mblEMmYdzool 99mgagdo

3000339809 Po®aMgdYds 33wg3900L 9gagdds 33063965, GmI yzgws 3bmggwrds
3962500 2550390 HMYMEOE M39M5300, 393 3MVBEHM3YMOE0E0 39MHOMPO. OHMYMO3
B90m» 50360869m, 3bM39gdo MmmMb 9930350 96EHMEO XyMRBI© 0y3b9b oymaowbo.
306390 XaMRBoL (3bMm3gwgddo Mm39Mo30006 Lsdo ™30l 899wy FMEEEol WMo
500b60dbgdms  8Fomm  3mbyarmdgMo@o, Mmdgwos  99ygdmEs  F0OH™ME
99bmM 3900 LobmyBH03MMo doOL, bsfarsggdols doMymzgdols s 05@gJmboloysb
(Lw®. 28). bsHeo3gd0l @S 850 JMmbol TgbMEEGdGOOLIYD olsmMs30LwRGOEIsE bsFoMHM
23955 G50 OobLYJ309 d5LGO 0BLEHMYI96EJd0.

bmeomo 28.  Lobogdozn®o dsols ULTRAPRO™ g58mygbgdol 890amad dwsaols
©6MMdo 500608690Mm©s 90O 3mbamdghodo, Mmdgmos 99wagdmEs 83F0eMmE
dgbm® 39090 BLobMYBHO3WMO BoEOL, bsfarsggdols FsMynmggdol s 35 Jmbolsgsb.
©5330603900L 35005 3 ™39.

74



d9m69 X3MBoL 3b™m39wgddo, s9EMBLOOL 03539 390Jdd0, LOSE MW0SIMOL WIRIJEHOL
693Mmb6EOMJ300LbsM30L  49dMYgbgdmeo ogm  Lobmg@BHozmeo dswg ULTRAPRO™,

MHmAol B9s30M900 MM039 IBOHOID IRIOWMWO 0YyMm ©YBFILIWIMHO0DIOMWO
WOoMBOODHIOMEo 5530560l sdbombom, FMswol  ©OHMTo  BHMIBLIEWBESE00L
030l 50060369dMmEs TgbmM(3909d0, MMIgedos bsMmvo ogm 85 dmbo (Lw.
29). 5930090 s© b 500boTbml MM ghmo ™30l 939y, 99bombom GGy
LobmMyBHO3MO dsgdo s Tob 0Ma3w03 500bodbgdmEs dogho bgmobaomagbg®o
(6. 30).

bodsoo  29. 99mMg xamxol  3bmggwgddo, 3 m3z0L dgdgy ULTRAPRO™
A®BL3WBEHE00L d0sdmBo s0obodbgds  FgbmM3gdgd0, MHMIgedog dmbsfoengmdls
d5ggmbo.

75



bo@soo 30.  FgmMg x3Mxol 3bmzgmgddo, 1 m30l d9dgy 9bomboom oxgsEIvmeE
LBobmy@03e d5gdo s Jol 0MY303 500b0dbgds derogho Bgmsbyomagbgbo.

dgLsdy XdIBOL 3b™39wgddo, 6mAqddos 005J6M0ol ©9%397dGOoL
93MbEMJ300L5M30L A5dMYqbgdIeo ogm B396L doge 99999853900 30OMYIEXO

@OROMYo  53bombol  YEIIWIMHODBIIMNO S WOMBOWODYOMo  s8Bbombols
39806565, GgbmM3909d0 56 500b0dbgdMm©s (LE. 31). BHOBLIWbEsE300L JoEsdm bsdo

30L 9990093 0Ym 430, b93MMbBMEO 96 bMIGO0MO JuMZ30EdOL godgdg (Lwy6. 32).

76



LbLyyGooo  31. 306¢Owo  ®05gMol  ©gxngddol  Mg3mbEHGmmdgos  Bzgbl  doge
39999953900 55305608 Y39 MEsH0DIOWO S WOMBOoDHBYOo 5d60mbols
3900M5600m, GMIYE0E IBIHM0s 30EMHMYIOm. 330039308 3505 F959oL 1
®39U.

boGsoo 32 306¢Oo  05Mol  ©gnRgIGOL  Mg3mbEHGMmdzos  B3zgbls  Bog®

999085390900 500590560L YEgLPIsBHOBYIOWO s OMBOEOBYIMEo sdbombols
999d65bom, MHMIgMoE  IBIMME0s  30EOMPIWOm.  BHOBL3EBEHIF00L  BoEsdm

77



330, 67330MBMMo 36 bmgdomo Jumzowgdols 49¢98]. ©33063900L 3505 95RbL
3 »39U.

dgmmbg xamx30L 3bmzgwgddo ghmo ™30l 9909y, SMEGHMABLoOL OML  dMEErol
©6Mdo, L3 005JOO0L ©IBIJAHOL M93MbEOWJ300LIMZ0L  godmygbgdo ogm
d0mmyo)Mo 059 XI-S+® (Colorado Therapeutics Denver, USA), d9bm&M (390900 56
500b603b90M©s; MmMdEs Mbs 900bodbml, MHM3 Lsdo ™30l 890y, BOMMMYOMMO
050 25MmJgdM 0ym BIMYs¢0d9dE0 MHBOOO 890590909 Jlm300M3560 JoxLwmwrs
(L. 33).

boy@omo 33. 396EMeo m05dMol IRIJHOL Mg3mbLEMIE0s domemyom®mo dsol XI-S+®
(Colorado Therapeutics Denver,USA) ¢58myggbgdom. domermyow®o dooL g6 39gdm

B53mysenodgdmeros 8995900989 dlim3oemasbo 3exalmms. ©s33003900l 350 - 3 039.

QeOYOBY BoBHOIRYDs 3393900l 8gggdds 330k3g6s, OMI gggwrs EbmZIwds oMy
239050@Bs  OHMPMO3 ™m39M5305, Y39  3MLEGHM3YMIE0MNO  3JOOMPO.  OMPMOE Hgdmom

50360869, 3bM39wgd0 MmO 993035 IbEGHMO Xy MBI© 043696 @ogmgzowbo.

78



300390 xR0l 3bmzgwgddo, Lssg 396GHOMIo  M0sdMoL  M93mbLEHMMJEo0Lsm30L
399myggbgdmo  oym  B3zgbl  doge  Fgdvndsgzgdmero  30QMMPIOD IGO0
©IBILISMHOHIOMO S WOMBOOHIONWO 5©5F0560L 5960Mmbo, M3xMS300sb Lsdo M30L
390003 5GHMxLOSBY FMEwol ©OHMJo 500bodbgdms dzocg JgbmeEgdgdo, MMmIgedos
9bsfogmds dsgdmbo (L. 34).

g

bmsmo 34, 396GHOWMMWO 305JMmoL ©gBgdBHOL M93mbEmHmisgos B3zgbls dog® 89dmBszgdmmo
300MHMYIM00 IR0 EIBILIIMODIPIMMO  ©S  WoMBoEr0DYdMWwo  5sdosbol
5360mb0l g59mygbgd00m. GHMbl3sb@Eszool dosdmado s0obodbgds TgbmMd(3939d0, GMBgdos
dmbsfoengmdl dogdmbo. 330603900l 35¢s - 3 ™39.

99mMg XaBoL  3bmzgmgddo, GMIWgddos 396GHOMWO  05gMmOL  M93mbLEHMYI300LIMZ0L
3990mygbgdMo  ogm  ©mOoL 39603500 dobash  domgdwo d0MEMYO0IMHO 0509,
396530056  Lsdo ™30l Jgdymd  sMBHM3LosDY  FMEwol OWdo  TgbmO(39d900 o6
5006083690Mm©s; mdEs, MOl 396MH0350m0MAoLYE Jowgdwo  domwmyoemo  ds©g 0Ym
0993099bbyemo bomFgddo (bme. 35). smo 3bmzgEosb MmOL domEmyom®mo  dool bomFgddo
B59MY950d@d X 009900, HMI9ddo3 500b0dbgdm©s LgMMds 06xgoE0MYOOL Qo09Ty.

79



¥
B
p
§
»
p
I
¥
¥
5
§
i
¥
¥
’
i
+°
¥
¥
Ar
i

boomo 35.  396¢6Ommwo 30sdMmol ©gBgdEoL Gg3mbLlEMmYdsos MmOl 39MH035M0Mdoliysb
300gdMmo  BOMEMYPOMO  d5EOL sdmygbgdom. dommmyom®mo  dsg  89FFMbEMEOs.
500603690 IM035¢0 b5 Fgd0. 9330603900l 3505 - 3 M3Y.

30LGHMEWMYPOMGO  359M33e93900LsM30L  30MMEA3900D  bbgoslbgs  3sgddo
3 BM3L0sbY 50gdMds  Foboensd g30B3965, M H930mbLEEHMI300©6 30M39w0 SO
OB 256053¢MdsT0 500b603bgdm©s  d5©ggd0l  0bgowBHMS30s  sbmgdomo

IR OJOJO0m. 560gd0M0 MYXMH9EIO0 FoMdMdEs (3bMm3zgegdol 3039w xamxdo (L.

36).

80



L5000 36. ULTRAPRO™ 3500 ¢903m30GYM0 0680em@EHMs30s; 05330039000 35005
10 g. 9) 8909035 3995¢mJuoob gmbBobom. 450gds - x 400; B) dg0gdzs dolmb
G®0gdHMBom. 3500qJds - x 200

693mbLEGHOMJ300B ghmo ™30l 909y, SbMgdoMmo  M9od30900  LoMAbMdEIS©
99030605 30039  X3MRBA0, bmwm BRI  xaMmzgddo  LBogMOME MM
9906086903m@s. 50539 390090330, dgmeg s gLsdy xaMzdo 990b0dbgdm©s sdbombmEo
39906560l HgBMOBdE00L 60dbgdo, sHSEo LOLbEAsMM3900L FsBMYS0dYdS S SHIEO
30¢00960L Fo0dmddbs (L. 37, 38).

81



bo@somo 37. s3bombmMo 89806600 IGstmo ULTRAPRO™ ds@g. ©53306039d0L
35005 9O M3Y. ) 39090835 3995@MJLoEr0b JMBobom. 350EYds - x 200;

LMo 38. 30QOMYIOM IBIOMEO 5360MbMEMO FgadMBS gobool bofjoemdmog
M9BMMOE0sL. 9330039008 35S - 1 039. Fgmad3s  399s¢MmJloeob gmBoboo.
39000905 - x 200;

693mbLEGHMMJ3006  Lsdo ™30l 999y, 30MOMYIOM  EIBIOETS  5QF05BOL
©I3ICNWIO0HYOMETS OO OMBOWODHGIMds 5360mbMMHTs 99066 2oboEo©.
olgmo 0b@9aMo30s  6M9303096¢)0L JuM30eGdMD, MHMA OHMMEo Asbs Be®MBse©o

Lo®o Jumgz0eoboysb dolo goblbgaggds (Lwy. 39).

82



LMoo 39. M9E03096GoL Jumzowgdmsb 3ommygmwom EsBOHMEo sdbombyemo
3990M560L  0bGYAMS305. ©330M3900L 35s LdBo ™3g. Tgm9dzs  399s@mgboerob
9Bobom. 3500©7ds - x 400;

99mombg X330l 3bMm39wgddo, d0MmEMAoGOo 859 XI-S+® JgamlLsdzOMWwo oym
090590093 gdumgommgsbo  3oxlvom @  930EOmE  oym  Jumz0wgdmb

g0gbo®mgdmo (byme. 40).

-
- -0
v - T B

RSl

83



LyGsmOo 40. d0MEMY0MHO 0509 XI-S+® 399mbsBO3OE0s
39059600909 Jimgomgzsbo  JvxaLywom.  Jgmgdzs  3995¢mdLlogrob  gmboboon.

290000905 - x 400;

30LEGHMEMYOMMO 350M33093900L530L Bb3oLbZS 3500gdT0 VMEOIO0EB S©YdIMTs
3MGHMBLOWMEOTs  Asbogwsd  930B396s, MMI  H93mbLEGHMMI3006 3063900 330601
396053wmdsd0 306390 s IJMEg XaMR3oL 3bMm3gwgddo 500bodbgdms d5YgdOL
068305305 5bMgd0MO VX MJOJdOm. 560900 MR MIO0 6530g0S© FoODMOOS

3b™39wgdol 30639 xamndo (M. 41). H93mbLEHMI300©0 ghmo ™30l 899wy,
36090000 ©954(30900 506 500b0dbJdM..

LYYIHSO 41. 300MHMYgOm ©ORIOHVIEO 5dbombmMo 9933660l

©903m30GVOM00bR0WEME0s. ©933003000L 358 - 1 ™39. d9mgd3s 3gds@mdbomob
90b0bom. 3500©gds - x 400;

84



BoGo®mgdmeds 3300939005 33063965, GMT M93mbLEGHMYI300056 gHmo ™30l 909y,
306390 X330l 3bm39wqddo 900b08bgdMm©s 360MmbmMo 893d3EMHOL M19BMOdE0S

(Le. 42). sbg39 MBS 500BOTEML sboro LolbEdsME3gdol BFMOI0MYds s HOEPO
309960l ©g3mBoEos. M93mbLEHOWJ300056  Lsdo ™30l 90y, 30OMYJO

IR 5Q530560L OEILMEIM0DYIMTs O WOMBOEODYOIETs 5d60MbMMTS
999065659 ©19303096¢30l 0dYd5MY JuM30W G QoBoEIS LMD 0bEHIYMEOs.

bIM500 42. 30MOMAI0 EIBIMMEo 5360MbmEmo 9dd6s6s gsboEol bsfjogrmdmog
H9BMMB300L.  ©330603900L 35S MO0 ™39. 990935  3985FMgboob gmBoboo.
39©09ds - x 200

d9mM9 X3MIRBoL  3bmzgmgddo Lsdo ™30l F9PEIY  VMOOL  396MH0350ME0A0LYSD
3009090 BOMEMAO0MH0 B3 F9dmLsBL3MHMo 0gm 89959000909 Jbmgowm3560
3983900 s 830EOHM® 0Ym Jumz0gdMLb odloGmgdmwo (L. 43, 44).

85



bLo@somo 43, ©mOol  39M0350ovdoligsb  domgdmeo d0MmEMa0MO 059

999mboBE3OHMEos 89859M0gdgemdlmzommgsbo 3x3lmwom. 330603900l 35 6 ™3Y.
9909035 3985 mgloeob gmboboom. gsogds - x 200

bLmGomo 44, Mol 39600350m©0vd0Ld6  Jomgdwyero 30MEMa0vMHO 05009
399mlsb@3MEos 39959000909 Jlimz0mm3zsbo Jsxglmom. ©s33003900L 3ss - 6
039. 3909035 sLMb BHGMogHMTom. 35000Yds - x 400

86



»s30 V

51336900 s M930396s30gd0

©sls33bs

©IBINWIMO0DHYOMO S WOMBOODBOMGOIMEo  sdobombmo 3930 bom
©OxROMeds  Ultrapro™ Lobmg@dogzm®Mds 35090  go0dxmdgls  IamdsMgmds
dgbm®Egool s  Bgmobyomygbgbol  dbGOZ, Mo  30DO0M©IOMS

0533063900l 8oy 350090d0.

30QMOHMYILOD  EIFIONWO  EIBILIWSOODIOYWO 5 WOMBOObYdTIEo
500530560 5360MmbH0 39365 5d0gMHdL doOL dgdsbo3Me M30L9dYdL.
30QMOHMYIWOD  EIBIOYL  EIGILIWSOODIPNL  ©d  WOMBOOboOIRIY
L53QOBEDMI0WGO06 5©5T0bOL 53BOMBME FgddMIBIL goshbos SBEH0BMgdOMO
30090900,  ©930309630L  JuM30wGdMIE  JoMgo  0bFIYMSEO0L,  sboero
3053960l BMOIoMO0L s BgMIbaomygbgBol 0bmdzool Mbsto.
30QMOHMYIWOD  EIFIOYLO  EIBILIWSOODIOYWO 5 WOMBOObYdTIEo
5Q0530560L  5360mboll LRI BMB0gdosbo  8gddMBs  FglodergdgEos
399myggbgdmo  0gbsl  dmaeool  fobs  g39Momo 39000l bbgsslbgs

©93399H900L ©93mbLEMY300LsM30b.
Ultrapro™  Bobmg@ozm®o  dool  499mygbgdsd  asdmofigos  bofiemsggdols

056ym95190056 ©o  05@gJmbmsb  FoMOH™m  5©39D0gdol  BMOI0MYOY;
093wsbBo300lL  808gdsMy  Jumgzgowmgddo sbmgdoMO  WYRMgEIdoL  LoFoMdY,
0930309630 JumzoWgdMb  LBHo  0bFBIYMOE0s s BgMobyomagbgbol

0600994 300L LYLEHO YbsGo.

Bggbl  Boge  F90053900  95T0sbOL Y390 DBIOMEO O
woMBooHoMgdYwo  s3bombmmo  993dGsbs  FoMdmygboos  3meoggbols

15996BMIoWgd0s60 ZMOMZ560 LEGHOMIEHMOO.

87



5360mbmMo 3980656y Q9dMmoMmBI3s  IdIO  039bMYgbMm0  5dBHO3MdOm o
AG®obL3sbGHIE00l  Josdmdo  5dEr0gMgdl 3bg0mqbgBU; 53096l
003905319350 MdOL @S BOMOHIHMMBOMYIOOL M30LYdIBL.

XI-S+® (Colorado Therapeutics Denver,USA) d0m@maom@Mo ds@ob 359mygqbgdobsls
50 50060365  5039HB0gdoL  29b306M0s; MMFEs 90339 Fgdmnbgzg390do
500b0dbgdMm©s  dvOL 06303  F9IogMmgdgEdimgomazsbo  3ox3Lwyeols
RMOI0MYGBS, 35000l 99FdMmb3bs s LYMHMIOL FMEOI0MYdS.

L5393b0gmMm M93m3xbszogdo

30QOMYIL 00 QBOYO QIBIL YL YO0DIOYO ©>
0MGBOOHBOMGINWO  5d0sb0L 58B0MbOL  LHTREDMI0gdosbo TgddMIBOm
930bLEMJ300L F9gxz5L9d0LIMNZ0L LsFoMMS JMIJ350060 330603905, BrOMS

LOdMWMME IER0bEIL FGNMEOL 9539JBH0BMdS s 3w0b03580 IBYMHA30L
d9L5dgOMA.

88



530 VI

39909969070 @oGIOGOS

. Yang JD, Hwang HP, Kim JH, Rodriguez-Vazquez JF, Abe S, Murakami G, Cho BH.
Development of the rectus abdominis and its sheath in the human fetus. Yonsei Med
J. 2012 Sep;53(5):1028-35.

Seeras K, Qasawa RN, Ju R, Prakash S. StatPearls [Internet]. StatPearls Publishing;
Treasure Island (FL): Jul 27, 2020. Anatomy, Abdomen and Pelvis, Anterolateral
Abdominal Wall.

. Blotta RM, Costa SDS, Trindade EN, Meurer L, Maciel-Trindade MR. Collagen I and III
in women with diastasis recti. Clinics (Sao Paulo). 2018 Jun 07;73:e319.

. Tsai HC, Yoshida T, Chuang TY, Yang SF, Chang CC, Yao HY, Tai YT, Lin JA, Chen
KY. Transversus Abdominis Plane Block: An Updated Review of Anatomy and
Techniques. Biomed Res Int. 2017;2017:8284363.

. Joseph A, Scharbach S, Samant H. StatPearls [Internet]. StatPearls Publishing; Treasure
Island (FL): Jun 2, 2020. Anatomy, Anterolateral Abdominal Wall Veins.

Srinivas JS, Panagatla P, Damalacheru MR. Reconstruction of Type II abdominal wall
defects: Anterolateral thigh or tensor fascia lata myocutaneous flaps? Indian J Plast
Surg. 2018 Jan-Apr;51(1):33-39.

. Brogi E, Kazan R, Cyr S, Giunta F, Hemmerling TM. Transversus abdominal plane block
for postoperative analgesia: a systematic review and meta-analysis of randomized-
controlled trials. Can J Anaesth. 2016 Oct;63(10):1184-96.

. Natsis K, Piagkou M, Repousi E, Apostolidis S, Kotsiomitis E, Apostolou K, Skandalakis
P. Morphometric variability of pyramidalis muscle and its clinical significance. Surg
Radiol Anat. 2016 Apr;38(3):285-92.

. Hellinger A, Roth I, Biber FC, Frenken M, Witzleb S, Lammers BJ. [Surgical anatomy of
the abdominal wall]. Chirurg. 2016 Sep;87(9):724-730.

89



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Turatti RC, Moura VM, Cabral RH, Simionato-Netto D, Sevillano MM, Leme PL.
Sonographic aspects and anatomy of the aponeurosis of transversus abdominis
muscle. Arq Bras Cir Dig. 2013 Jul-Sep;26(3):184-9.

Fernandez-Alvarez JA, Barrera-Pulido F, Lagares-Borrego A, Narros-Gimenez R, Gacto-
Sanchez P, Gomez-Cia T. Coverage of supraumbilical abdominal wall defects: The
tunnelled-pedicled ALT technique. Microsurgery. 2017 Feb;37(2):119-127.

Jensen KK, Kjaer M, Jorgensen LN. Abdominal muscle function and incisional hernia: a
systematic review. Hernia. 2014;18(4):481-6.

Monkhouse WS, Khalique A. Variations in the composition of the human rectus sheath: a
study of the anterior abdominal wall. J Anat. 1986 Apr;145:61-6.

Pannu HK, Oliphant M. The subperitoneal space and peritoneal cavity: basic
concepts. Abdom Imaging. 2015 Oct;40(7):2710-22.

Lambert G, Samra NS. StatPearls [Internet]. StatPearls Publishing; Treasure Island (FL):
Jul 27, 2020. Anatomy, Abdomen and Pelvis, Retroperitoneum.

Selguk I, Ersak B, Tatar I, Giingér T, Huri E. Basic clinical retroperitoneal anatomy for
pelvic surgeons. Turk J Obstet Gynecol. 2018 Dec;15(4):259-269.

El-Mrakby HH, Milner RH. The vascular anatomy of the lower anterior abdominal wall:
a microdissection study on the deep inferior epigastric vessels and the perforator
branches. Plast Reconstr Surg. 2002 Feb;109(2):539-43; discussion 544-7.

Wade CI, Streitz MJ. StatPearls [Internet]. StatPearls Publishing; Treasure Island (FL):
Jul 27, 2020. Anatomy, Abdomen and Pelvis, Abdomen.

Varacallo M, Scharbach S, Al-Dhahir MA. StatPearls [Internet]. StatPearls Publishing;
Treasure Island (FL): Jul 31, 2020. Anatomy, Anterolateral Abdominal Wall Muscles.
Lipa JE. Breast reconstruction with free flaps from the abdominal donor site: TRAM,
DIEAP, and SIEA flaps. Clin Plast Surg. 2007 Jan;34(1):105-21; abstract vii.

Jelinek LA, Scharbach S, Kashyap S, Ferguson T. StatPearls [Internet]. StatPearls
Publishing; Treasure Island (FL): Aug 10, 2020. Anatomy, Abdomen and Pelvis,
Anterolateral Abdominal Wall Fascia.

Stecco C, Azzena GP, Macchi V, Porzionato A, Behr A, Rambaldo A, Tiengo C, De Caro
R. Rectus abdominis muscle innervation: an anatomical study with surgical implications

in diep flap harvesting. Surg Radiol Anat. 2018 Aug;40(8):865-872.

90



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Sadler TW. The embryologic origin of ventral body wall defects. Semin Pediatr
Surg. 2010 Aug;19(3):209-14.

Ramirez OM, Ruas E, Dellon AL. "Components separation" method for closure of
abdominal-wall defects: an anatomic and clinical study. Plast Reconstr Surg. 1990
Sep;86(3):519-26.

Kulaylat MN, Karakousis CP. Large gaps of midline abdominal incisions and their
management. Am Surg. 2008 Nov;74(11):1094-9.

Cherla DV, Moses ML, Viso CP, Holihan JL, Flores-Gonzalez JR, Kao LS, Ko TC,
Liang MK. Impact of Abdominal Wall Hernias and Repair on Patient Quality of
Life. World J Surg. 2018 Jan;42(1):19-25.

Cho JE, Helm MC, Helm JH, Mier N, Kastenmeier AS, Gould JC, Goldblatt MI. Retro-
rectus placement of bio-absorbable mesh improves patient outcomes. Surg Endosc. 2019
Aug;33(8):2629-2634.

Petro CC, Haskins IN, Perez AJ, Tastaldi L, Strong AT, Ilie RN, Tu C, Krpata DM,
Prabhu AS, Eghtesad B, Rosen MJ. Hernia repair in patients with chronic liver disease -
A 15-year single-center experience. Am J Surg. 2019 Jan;217(1):59-65.

Schlosser KA, Arnold MR, Otero J, Prasad T, Lincourt A, Colavita PD, Kercher KW,
Heniford BT, Augenstein VA. Deciding on Optimal Approach for Ventral Hernia Repair:
Laparoscopic or Open. J Am Coll Surg. 2019 Jan;228(1):54-65.

Charles N Trujillo, Aaron Fowler, Mohammed H Al-temimi et.al. Complex Ventral
Hernias: A Review of Past to Present. Perm J. 2018; 22: 17-015.

Smietaniski M, Szczepkowski M., Alexandre J. A, Berger D, Bury K, Conze J et. al.
European Hernia Society classification of parastomal hernias. Hernia 2014;18(1): 1-6.
Huttinger R, Sugumar K, Baltazar-Ford KS. StatPearls [Internet]. StatPearls Publishing;
Treasure Island (FL): Jun 27, 2020. Spigelian Hernia.

Skandalakis PN, Zoras O, Skandalakis JE, Mirilas P. Spigelian hernia: surgical anatomy,
embryology, and technique of repair. Am Surg. 2006 Jan;72(1):42-8.

Baucom C, Nguyen QD, Hidalgo M, Slakey D. Minimally invasive spigelian hernia
repair. JSLS. 2009 Apr-Jun;13(2):263-8.

91



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Pearson LK. 2016. Hernias. Merck and the Merck Veterinary Manual, 11 ed. [Cited 8
April 2017]. Available at: http://www.merckvetmanual.com/digestive-system/congenital-
and-inherited-anomalies-of-the-digestive-system/hernias.

Sadler TW, Feldkamp ML. The embryology of body wall closure: relevance to
gastroschisis and other ventral body wall defects. Am J Med Genet C Semin Med
Genet. 2008 Aug 15;148C(3):180-5

D'Antonio F, Virgone C, et al. Prenatal Risk Factors and Outcomes in Gastroschisis: A
Meta-Analysis. Pediatrics. 2015 Jul; 136(1):¢159-69.

Zens T, Nichol PF, Cartmill R, Kohler JE. Management of asymptomatic pediatric
umbilical hernias: a systematic review. J Pediatr Surg. 2017 Nov;52(11):1723-1731.
Campbell KH, Copel JA. Omphalocele. Obstetric imaging: fetal diagnosis and Care. 2ed,
Elsevier, Philadelphia; 2018. p. 85-91.

Lamquami S, Mamouni N, Errarhay S, Bouchikhi C, Banani A (2015) Antenatal
diagnosis of isolated omphalocele. Pan Afri Med J 21:233.

Garmane A. Omphalocele : diagnostic et traitement. Thése N°175, 29 juin 2017,
Marrakech 2017.

Deepak Sharma, et al. A Newborn with Omphalocele and Umbilical Cord Cyst: An
Interesting Entity. Iran J Pediatr. 2014 Aug; 24(4): 449-450.

Rattan KN, Singh J, Jakhar R, Dalal P, Sonika P (2018) Omphalocele: 15-years
experience from a single center in developing country. J Clin Neonatol 7:125-129.
Kristin M. Corey, Christoph P. Hornik, et al. Frequency of Anomalies and Hospital
Outcomes in Infants with Gastroschisis and Omphalocele. Early Hum Dev. 2014 Aug;
90(8): 421-424.

Ayachi A, Mourali M (2016) Prenatal diagnosis of omphalocele in a woman in the first
trimester of pregnancy. Pan Afri Med J 25:187.

Zahouani T, Mendez MD. StatPearls [Internet]. StatPearls Publishing; Treasure Island
(FL): Oct 1, 2020. Omphalocele.

Islam S. Clinical care outcomes in abdominal wall defects. Curr Opin Pediatr. 2008
Jun;20(3):305-10.

Wilson RD, Johnson MP. Congenital abdominal wall defects: An update. Fetal Diagn
Ther 2004; 19:385-98.

92



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

Henrich K, Huemmer HP, Reingruber B, Weber PG. Gastrochisis and omphalocele:
Treatments and long-term outcomes. Pediatr Surg Int 2008; 24:167-73

Albino FP, et al. Does mesh location matter in abdominal wall reconstruction? A
systematic review of the literature and a summary of recommendations. Plast Reconstr
Surg. 2013 Nov. 132(5):1295-1304

Snyder CW et al (2011) Effect of mesh type and position on subsequent abdominal
operations after incisional hernia repair. ] Am Coll Surg 212(4):496-502

Harth K, Rosen M. Repair of ventral abdominal wall hernias. ACS Surgery: Principle and
practice. Ontarlo, Canada: Decker Intellectual Properties; 2010.

Bedewi MA, El-Sharkawy MS, Al Boukai AA, Al-Nakshabandi N. Prevalence of adult
paraumbilical hernia. Assessment by high-resolution sonography: a hospital-based study.
Hernia 2012; 16:59

Heller L, Chike-Obi C, Xue AS. Abdominal wall reconstruction with mesh and
components separation. Semin Plast Surg. 2012 Feb; 26(1):29-35

Martindale RG, Deveney CW. Preoperative risk reduction: Strategies to optimize
outcomes. Surg Clin North Am. 2013 Oct; 93(5):1041-55.

Seker G, Kulacoglu H, Oztuna D, Topgiil K, Akyol C et al. Changes in the frequencies of
abdominal wall hernias and the preferences for their repair: a multicenter national study
from Turkey. Int Surg. 2014 Sep-Oct; 99(5):534-42.

MacFadyen BV, Mathis CR Inguinal  herniorrhaphy:  complications and
recurrence. Semin Laparosc Surg1994; 1:128.

Cengiz Y, Israelsson LA. Incisional hernias in midline incisions: an eight-year follow up.
Hernia 1998;2:175-7.

Mudge M, Hughes LE. Incisional hernia: a 10 year prospective study of incidence and
attitudes. Br J Surg 1985;72:70—1.

Santora TA, Rosylin JJ. Incisional hernia. Surg Clin North Am 1993;73:557-70.

Pollock AV, Evans M. Early prediction of late incisional hernia. Br J Surg 1989;76: 953—
4.

Anthony T, Bergen PC, Kim LT, et al. Factors affecting recurrences following incisional
herniorrhaphy. World J Surg 2000;24:95-100.

Cassar K, Munro A. Surgical treatment of incisional hernia. Br J Surg 2002;89: 534-45.

93



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Ionescu S, Mocanu M, et al. Differential diagnosis of abdominal wall defects -
omphalocele versus gastroschisis. Chirurgia (Bucur). 2014 Jan-Feb; 109(1):7-14.

Roux N, Jakubowicz D, Salomon L, Grangé G, Giuseppi A, Rousseau V, Khen-Dunlop
N, Beaudoin S. Early surgical management for giant omphalocele: Results and prognostic
factors. J Pediatr Surg. 2018 Oct;53(10):1908-1913.

Kirby RS. The prevalence of selected major birth defects in the United States. Semin
Perinatol. 2017 Oct;41(6):338-344.

Stallings EB, Isenburg JL, Short TD, et al. Population-based birth defects data in the
United States, 2012-2016: A focus on abdominal wall defects. Birth Defects Res. 2019
Oct 23.

Lap CC, Brizot ML, Pistorius LR, Kramer WL, Teeuwen IB, Eijkemans MJ, Brouwers
HA, Pajkrt E, van Kaam AH, van Scheltema PN, Eggink AJ, van Heijst AF, Haak MC,
van Weissenbruch MM, Sleeboom C, Willekes C, van der Hoeven MA, van Heurn EL,
Bilardo CM, Dijk PH, van Baren R, Francisco RP, Tannuri AC, Visser GH, Manten GT.
Outcome of isolated gastroschisis; an international study, systematic review and meta-
analysis. Early Hum Dev. 2016 Dec;103:209-218.

Rasmussen SA, Frias JL. Non-genetic risk factors for gastroschisis. Am J Med Genet
2008;148C:199-212.

Castilla EE, Mastroiacovo P, Orioli IM. Gastroschisis: international epidemiology and
public health perspective. Am J Med Genet 2008;148C:162-79.

Loane M, Dolk H, Bradbury I. Increasing prevalence of gastroschisis in Europe
1980e2002: a phenomenon restricted to younger mothers? Paediatr Perinat Epidemiol
2007;21:363-9.

Alvarez SM, Burd RS. Increasing prevalence of gastroschisis repairs in the United States:
1996€2003. J Pediatr Surg 2007;42:943-6

Lausman AY, Langer JC, Tai M, et al. Gastroschisis: what is the average gestational age
of spontaneous delivery? J Pediatr Surg 2007;42:1816-21.

Berrevoet F. Prevention of Incisional Hernias after Open Abdomen Treatment. Front

Surg. 2018;5:11.

94



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Feldkamp ML, Alder SC, Carey JC. A case control population-based study investigating
smoking as a risk factor for gastroschisis in Utah, 1997-2005. Birth Defects Res A Clin
Mol Teratol. 2008 Nov;82(11):768-75.

Goodman M, Mandel JS, DeSesso JM, Scialli AR. Atrazine and pregnancy outcomes: a
systematic review of epidemiologic evidence. Birth Defects Res B Dev Reprod
Toxicol. 2014 Jun;101(3):215-36.

Agopian AJ, Langlois PH, Cai Y, Canfield MA, Lupo PJ. Maternal residential atrazine
exposure and gastroschisis by maternal age. Matern Child Health J. 2013
Dec;17(10):1768-75.

Skarsgard ED, Meaney C, Bassil K, Brindle M, Arbour L, Moineddin R, Canadian
Pediatric Surgery Network (CAPSNet).Birth Defects Res A Clin Mol Teratol. 2015 Feb;
103(2):111-8.

Shariff F, Peters PA, Arbour L, Greenwood M, Skarsgard E, Brindle M. Maternal and
community predictors of gastroschisis and congenital diaphragmatic hernia in
Canada. Pediatr Surg Int. 2015;31(11):1055-1060. doi: 10.1007/s00383-015-3797-6.
Baer RJ, Chambers CD, Jones KL, Shew SB, MacKenzie TC, Shaw GM, Jelliffe-
Pawlowski LL. Maternal factors associated with the occurrence of gastroschisis. Am J
Med Genet A. 2015;167(7):1534—1541. doi: 10.1002/ajmg.a.37016.

KRoese LF, Sneiders D et. al. Comparing different modalities for the diagnosis of
incisional hernia: a systematic review. Hernia. 2018; 22(2): 229-242.

Page R, Ferraro ZM, Moretti F, Fung KF. Gastroschisis: antenatal sonographic predictors
of adverse neonatal outcome. J Pregnancy. 2014;2014:239406.

Barisic I, Clementi M, Husler M, et al. Evaluation of prenatal ultrasound diagnosis of
fetal abdominal wall defects by 19 European registries. Ultrasound Obstet Gynecol
2001;18:309-16

Rogers FB, Camp PC. A strangulated Spigelian hernia  mimicking
diverticulitis. Hernia. 2001;5:51-2.

Aguirre DA, Santosa AC, Casola G, Sirlin CB. Abdominal wall hernias: imaging
features, complications, and diagnostic  pitfalls at multi-detector row

CT. Radiographics. 2005;25:1501-1520.

95



86.

87.

88.

&9.

90.

91.

92.

93.

94.

95.

96.

97.

Pasorino A, Alshuqayfi A. A, StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2020 Jan. Strangulated Hernia.

Poaty H, Pelluard F, et al. Omphalocele: a review of common genetic etiologies.
Egyptian Journal of Medical Human Genetics volume 20, Article number: 37 (2019).
Williams AP, Marayati R, Beierle EA. Pentalogy of Cantrell. Semin Pediatr Surg. 2019
Apr;28(2):106-110.

Revels JW, Wang SS, Nasrullah A, Revzin M, Iyer RS, Deutsch G, Katz DS, Moshiri M.
An Algorithmic Approach to Complex Fetal Abdominal Wall Defects. AJR Am J
Roentgenol. 2020 Jan;214(1):218-231.

Pauli EM, Rosen MJ. Open ventral hernia repair with component separation. Surg Clin
North Am. 2013 Oct; 93(5):1111-33.

Luijjendijk RW, Hop WC, van den Tol MP, et al. A comparison of suture repair with
mesh repair for incisional hernia. N Engl J Med 2000; 343(6):392-8.

Kossler-Ebs JB, Grummich K, Jensen K, Hiittner FJ, Miiller-Stich B, Seiler CM, Knebel
P, Biichler MW, Diener MK. Incisional Hernia Rates After Laparoscopic or Open
Abdominal Surgery-A Systematic Review and Meta-Analysis. World J Surg. 2016
Oct;40(10):2319-30.

Eker HH, Hansson BM, Buunen M, et al. Laparoscopic vs. open incisional hernia repair:
a randomized clinical trial. JAMA Surg. 2013 Mar; 148(3):259-63.

Earle D, Roth JS, Saber A, et al. SAGES Guidelines Committee. SAGES guidelines for
laparoscopic ventral hernia repair. Surg Endosc. 2016 Aug; 30(8):3163—83.

Parshikov VV, Loginov VI, (2016) Components Separation Technique in Treatment of
Patients with Ventral and Incisional Hernias (Review). Modern technologies in medicine
8(1):183-194.

Eriksson A, Rosenberg J, Bisgaard T, (2014) Surgical treatment for giant incisional

hernia: a qualitative systematic review. Hernia 18(1):31-38.

Krpata DM, Blatnik JA, Novitsky YW, Rosen MJ. Evaluation of high-risk, comorbid
patients undergoing open ventral hernia repair with synthetic

mesh. Surgery 2013;153:120-5.

96



98. Le D, Deveney CW, Reaven NL, Funk SE, McGaughey KJ, Martindale RG. Mesh choice
in ventral hernia repair: so many choices, so little time. Am J Surg 2013;79:602—
7. discussion 607.

99. Booth JH, Garvey PB, Baumann DP, Selber JC, Nguyen AT, Clemens MW, Liu J et. al.
Primary fascial closure with mesh reinforcement is superior to bridged mesh repair for
abdominal wall reconstruction. J Am Coll Surg 2013;217:999-1009.

100. Patel KM, Nahabedian MY, Gatti M, Bhanot P. Indications and outcomes
following complex abdominal reconstruction with component separation combined with
porcine acellular dermal matrix reinforcement. Ann Plast Surg 2012;69:394-8.

101. Henry CR, Bradburn E, Moyer KE. Complex abdominal wall reconstruction: an
outcomes review. Ann Plast Surg 2013;71:266-8.

102. Souza J, Dumanian G. An evidence based approach to abdominal wall
reconstruction. Plast Reconstr Surg 2012;130:116-24.

103. Holihan JL, Nguyen DH, Nguyen MT, Mo J, Kao LS, Liang MK. Mesh location
in open ventral hernia repair: a systematic review and network meta-analysis. World J

Surg (2016) 40(1):89-99. 10.1007/s00268-015-3252-9.

104. Koller R, Miholic J, Jakl RJ. Repair of incisional hernias with expanded
polytetrafluoroethylene. Eur J Surg 1997; 163:261-6.
105. De Vries Reilingh TS, van Goor H, Charbon JA, et al. Repair of giant midline

abdominal wall hernias: “components separation technique” versus prosthetic repair:
interim analysis of a randomized controlled trial. World J Surg 2007; 31: 756-63.

106. Nguyen MT, et al. Comparison of outcomes of synthetic mesh vs suture repair of
elective primary ventral herniorrhaphy: a systematic review and meta-analysis. JAMA

Surg. May 2014. 149(5): 415-421.

107. Berger RL, et al. Suture versus preperitoneal polypropylene mesh for elective
umbilical hernia repairs. J Surg Res. 2014 Dec. 192(2): 426-431.
108. Cox TC1, Huntington CR1, Blair LJ1, Prasad T1, Lincourt AE1, Heniford BT2,

Augenstein VAI. Predictive modeling for chronic pain after ventral hernia repair. Am J

Surg. 2016 May 12.

97



109. Gronnier C1, Wattier JM, Favre H, Piessen G, Mariette C. Risk factors for
chronic pain after open ventral hernia repair by underlay mesh placement. World J Surg.
2012 Jul;36(7):1548-54.

110. Falagas, M. E. and Kasiakou, S. K. (2005), Mesh-related infections after hernia
repair surgery. Clinical Microbiology and Infection, 11: 3-8.

I11. Zieren J, Neuss H, Paul M, Miiller J. Introduction of polyethylene terephthalate
mesh (KoSa hochfest) for abdominal hernia repair: an animal experimental study.
Biomed Mater Eng. 2004;14(2):127-32.

112. Tsimoyiannis EC, Tsimogiannis KE, Pappas-Gogos G, Nikas K, Karfis E, Sioziou
H. Seroma and recurrence in laparoscopic ventral hernioplasty. JSLS. 2008 Jan-Mar;
12(1):51-7.

113. Yann-Rong Su and Pei-Hui Chan. Mesh Migration into Urinary Bladder after
Open Ventral Herniorrhaphy with Mesh: A Case Report. Int Surg. 2014 Jul-Aug; 99(4):
410-413.

114. E. C. Nelson and T. J. Vidovszky. Composite mesh migration into the sigmoid
colon following ventral hernia repair Hernia. 2011 Feb; 15(1): 101-103.

115. Szitkar B, Yzet T, Auquier M, Robert B, Lafaye-Boucher N, Verhaeghe P,
Remond A. Late complications from abdominal wall surgery: report of three cases of
mesh migration into hollow viscus. J Radiol. 2010 Jan; 91(1 Pt 1):59-64.

116. Falk GA, Means JR, Pryor AD. A case of ventral hernia mesh migration with
splenosis mimicking a gastric mass. BMJ Case Rep. 2009.

117. Cobb WS. A current review of synthetic meshes in abdominal wall
reconstruction. Plastic and Reconstructive Surgery. 2018;142(3S):64S-718S.

118. Rosen MJ, Bauer JJ, Harmaty M, Carbonell AM, Cobb WS, Matthews B, et al.
Multicenter, prospective, longitudinal study of the recurrence, surgical site infection, and
quality of life after contaminated ventral hernia repair using biosynthetic absorbable
mesh: The COBRA study. Annals of Surgery. 2017;265(1):205.

119. Atema JJ, de Vries FE, Boermeester MA. Systematic review and meta-analysis of
the repair of potentially contaminated and contaminated abdominal wall defects. Am J

Surg. 2016 Jun 12.

98



120. Nikkolo C, Vaasna T, Murruste M, Seepter H, Kirsimigi U, Lepner U. Three-
Year Results of a Single-Centre Single-Blinded Randomised Study Evaluating the Impact
of Mesh Pore Size on Chronic Pain after Lichtenstein Hernioplasty. Scand J Surg. 2016
Feb 29.

121. Prakash P, Bansal VK, Misra MC, Babu D, Sagar R, Krishna A, Kumar S, Rewari
V, Subramaniam R. A prospective randomised controlled trial comparing chronic groin
pain and quality of life in lightweight versus heavyweight polypropylene mesh in
laparoscopic inguinal hernia repair. J Minim Access Surg. 2016 Apr-Jun;12(2):154-61.

122. Shahan CP, Stoikes NN, Roan E, Tatum J, Webb DL, Voeller GR. Short-term
strength of non-penetrating mesh fixation: LifeMesh™, Tisseel™, and ProGrip™. Surg
Endosc. 2016 Jul 21.

123. Greca F, Paula J, Biondo-Simoes M, Costa F, Silva A, Time S, et al. The
influence of differing pore sizes on the biocompatibility of two polypropylene meshes int

the repair of abdominal defects. Hernia. 2001;5(2):59-64.

124. Donald P, Baumann D, et al. Bioprosthetic Mesh in Abdominal Wall
Reconstruction. Semin Plast Surg. 2012 Feb; 26(1): 18-24.
125. Cobb WS, Warren JA, Ewing JA, Burnikel A, Merchant M, Carbonell AM. Open

retromuscular mesh repair of complex incisional hernia: Predictors of wound events and

recurrence. Journal of the American College of Surgeons. 2015;220(4):606-613.

126. Patel KM, Bhanot P. Complications of acellular dermal matrices in abdominal
wall reconstruction. Plast Reconstr Surg. 2012 Nov; 130(5 Suppl 2):216S-248S.
127. Karrouf G, Zaghloul A, Abou-Alsaud M, Barbour E, Abouelnasr K. Prosthetics

and Techniques in Repair of Animal's Abdominal Wall. Scientifica (Cairo)
2016;2016:9463186.
128. Santhini Elango, Sakthivel Perumalsamy, et al. Mesh materials and hernia repair.

Biomedicine (Taipei). 2017 Sep; 7(3): 16.

129. James F. FitzGerald, et al. Biologic versus Synthetic Mesh Reinforcement: What
are the Pros and Cons? Clin Colon Rectal Surg. 2014 Dec; 27(4): 140—148.
130. Baylon K, Rodriguez-Camarillo P, Elias-Zuifiiga A, Diaz-Elizondo JA, Gilkerson

R, Lozano K. Past, Present and Future of Surgical Meshes: A Review. Membranes

(Basel) 2017;7(3):47

99



131. Yang HW, Kang SH, Jung SY, Min BW, Lee SI. Efficacy and safety of a novel
partially absorbable mesh in totally extraperitoneal hernia repair. Ann Surg Treat Res
2017; 93(6): 316-321.

132. Furnée E, Hazebroek E. Mesh in laparoscopic large hiatal hernia repair: a

systematic review of the literature. Surg Endosc. 2013 Nov;27(11):3998-4008.

133. Bauer JJ, Salky BA, Gelernt IM, Kreel 1. Repair of large abdominal wall defects
with expanded polytetrafluoroethylene (PTFE). Ann Surg. 1987 Dec;206(6):765-9.
134. Hawn MT, Gray SH, Snyder CW, Graham LA, Finan KR, Vick CC. Predictors of

mesh explantation after incisional hernia repair. The American Journal of Surgery.
2011;202(1):28-33

135. Kim M, Oommen B, Ross S, Lincourt A, Matthews B, Heniford B, et al. The
current status of biosynthetic mesh for ventral hernia repair. Surgical Technology
International. 2014;25:114-121.

136. Sbitany H, Kwon E, Chern H, Finlayson E, Varma MG, Hansen SL. Outcomes
Analysis of Biologic Mesh Use for Abdominal Wall Reconstruction in Clean-
Contaminated and Contaminated Ventral Hernia Repair. Ann Plast Surg. 2015
Aug;75(2):201-4.

137. Kempton SJ, Israle JS, Capuano S III, Poore SO. Repair of a Large Ventral
Hernia in a Rhesus Macaque (Macacamulatta) by Using an Abdominal Component
Separation Technique. Comp Med 2018;68(2): 177181

138. Bilsel Y, Abci I. The search for ideal hernia repair; mesh materials and types. Int J
Surg 2012;10(6):317-21.

139. El-Hayek KM, Chand B. Biologic prosthetic materials for hernia repairs. J Long
Term Eff Med Implants. 2010; 20(2):159-69.
140. Luciano Zogbi (2011). The Use of Biomaterials to Treat Abdominal Hernias,

Biomaterials Applications for Nanomedicine, Prof. Rosario Pignatello (Ed.), ISBN: 978-
953-307-661-4, InTech, Available from: http://www.intechopen.com/books/biomaterials-
applications-for-nanomedicine/the-use-of-biomaterials-to-treatabdominal-hernias

141. King KS, Albino FP, Bhpanot P, (2014) Biologic mesh for abdominal wall
reconstruction. J Wound Manag Res 2014:1:57-65.

100



142. Costa A, Adamo S, Gossetti F, D'Amore L, Ceci F, Negro P et al. Biological
Scaffolds for Abdominal Wall Repair: Future in Clinical Application?. Materials
(Basel) 2019; 12(15):2375.

143. Pascual G, Pérez-Kohler B, Rodriguez M, et al (2014) Postimplantation host
tissue response and biodegradation of biologic versus polymer meshes implanted in an
intraperitoneal position. Surg Endosc 28:559-569.

144. Ditzel M, Deerenberg EB, Grotenhuis N, et al (2013) Biologic meshes are not
superior to synthetic meshes in ventral hernia repair: An experimental study with long-
term follow-up evaluation. Surg Endosc 27:3654-3662.

145. Pascual G, Rodriguez M., Sotomayor S, Moraleda E, Bellon J. M. Effects of
collagen prosthesis cross-linking on long-term tissue regeneration following the repair of
an abdominal wall defect. Wound Repair Regen 2012;20(3):402-13.

146. Bluebond-Langner R, Keifa ES, Mithani S, Bonchiccio GV, Scalea T, Rodriguez
ED. Recurrent abdominal laxity following interpositional human acellular dermal matrix.
Annals of Plastic Surgery. 2008;60910:76-80.

147. Clemens MW, Selber JC, Liu J, Adelman DM, Baumann DP, Garvey PB, et al.
Bovine versus porcine acellular dermal matrix for complex abdominal wall
reconstruction. Plastic and Reconstructive Surgery. 2013;131(1):71-79.

148. Novitsky YW, Rosen MJ. The biology of biologics: basic science and clinical
concepts. Plast Reconstr Surg. 2012 Nov; 130(5 Suppl 2):9S-17S.

149. Patton JH Jr , Berry S, Kralovich KA. Use of human acellular dermal matrix in
complex and contaminated abdominal wall reconstructions. Am J Surg. 2007
Mar;193(3):360-3; discussion 363.

150. Garcia A, Baldoni A. Complex ventral hernia repair with a human acellular
dermal matrix and component separation: A case series. Ann Med Surg (Lond). 2015 Jul
29;4(3):271-8.

151. Roth JS, Brathwaite C, Hacker K, Fisher K, King J. Complex ventral hernia repair
with a human acellular dermal matrix. Hernia. 2015 Apr;19(2):247-52.

152. Guerra O. Noncrosslinked porcine-derived acellular dermal matrix for single-
stage complex abdominal wall herniorrhaphy after removal of infected synthetic mesh: a

retrospective review. Am Surg. 2014 May;80(5):489-95.

101



153. Guerra O, Maclin MM. Non-crosslinked porcine-derived acellular dermal matrix
for the management of complex ventral abdominal wall hernias: a report of 45 cases.
Hernia. 2014 Feb; 18(1):71-9.

154. Shaikh FM, Giri SK, Durrani S, Waldron D, Grace PA. Experience with porcine
acellular dermal collagen implant in one-stage tension-free reconstruction of acute and
chronic abdominal wall defects. World J Surg. 2007 Oct;31(10):1966-72.

155. Ho CH, Liao PW, Yang SS, Jaw FS, Tsai YC. The use of porcine small intestine
submucosa implants might be associated with a high recurrence rate following
laparoscopic herniorrhaphy. J Formos Med Assoc. 2015 Mar;114(3):216-20.

156. Nie X, Xiao D, Wang W, Song Z, Yang Z, Chen Y, Gu Y. Comparison of Porcine
Small Intestinal Submucosa versus Polypropylene in Open Inguinal Hernia Repair: A
Systematic Review and Meta-Analysis. PLoS One. 2015 Aug 7;10(8):e0135073.

157. Suckow MA, Wolter WR, Fecteau C, Labadie-Suckow SM, Johnson C.
Bupivacaine-enhanced small intestinal submucosa biomaterial as a hernia repair device. J
Biomater Appl. 2012 Aug;27(2):231-7.

158. Catena F, Ansaloni L, Di Saverio S, Cocccolini F, Vallicelli C, Lazzareschi D,
Campanelli G, Pinna A. Use of porcine small intestine submucosa prostheses in
contaminated hernia repair. ANZ J Surg. 2011 Jul-Aug;81(7-8):576-7.

159. Ricci KB, Daniel VC, Sai-Sudhakar C, Higgins R. Bovine pericardium diaphragm
repair of diaphragmatic hernia after LVAD explantation and heart transplantation. Am J

Transplant. 2014 Aug;14(8):1941-3.

160. Decurtins M, Buchmann P. Bovine pericardium - a new graft material for hernial
repair. Res Exp Med (Berl). 1982;180(1):11-4.
161. Logman MY, Wong CM, Hair-Bejo M, Zuki AB, Hafeez YM. The use of freeze-

dry bovine pericardium (FDBP) in diaphragmatic herniorrhaphy in dogs. Med J
Malaysia. 2004 May;59 Suppl B:113-4.

162. Nahabedian MY, Sosin M, Bhanot P. A current review of biologic meshes in
abdominal wall reconstruction. Plastic and Reconstructive Surgery. 2018;142(3S):74S-
81S.

163. Zheng MH, Chen J, Kirilak Y, Willers C, Xu J, Wood D. Porcine small intestine

submucosa (SIS) is not an acellular collagenous matrix and contains porcine DNA:

102



possible implications in human implantation. J Biomed Mater Res B Appl Biomater.
2005 Apr; 73(1):61-7.

164. Petter-Puchner A, Fortelny R, Mittermayr R, O” hlinger W, Redl H. Fibrin sealing
versus stapling of hernia meshes in an onlay model in the rat. Hernia, 2005, 9: 322—-329.

165. Raghavan D, Kropp BP, Lin HK, Zhang Y, Cowan R, Madihally SV. Physical
characteristics of small intestinal submucosa scaffolds are location-dependent. J Biomed
Mater Res, 2005, A 73A: 90-96.

166. Moses K. Shieh, DO, FACOS. Use of Bovine Pericardium in Complex Hernia
Repair. Bariatric Times. 2011;8(8):14-16.

167. Luigi D’Ambra, Stefano Berti, Cosimo Feleppa, Prospero Magistrelli,
Pierfrancesco Bonfante, and Emilio Falco. Use of bovine pericardium graft for abdominal
wall reconstruction in contaminated fields. World J Gastrointest Surg. 2012 Jul 27; 4(7):
171-176.

168. Godden AR, Daniels IR, Giordano P.The role of biologic meshes in abdominal
wall reconstruction. Colorectal Dis. 2012; 14 (Suppl 3):7-11.

169. Butler CE, Langstein HN, Kronowitz SJ. Pelvic, abdominal, and chest wall
reconstruction with AlloDerm in patients at increased risk for mesh-related
complications. Plast Reconstr Surg. 2005;116:1263—1275. discussion 1276-1277.

170. Liang HC, Chang Y, Hsu CK, Lee MH, Sung HW. Effects of crosslinking degree
of an acellular biological tissue on its tissue regeneration pattern. Biomaterials. 2004

Aug;25(17):3541-52.

171. Kim H , Bruen K, Vargo D. Acellular dermal matrix in the management of high-
risk abdominal wall defects. Am J Surg. 2006 Dec; 192(6):705-9.
172. Ansaloni L , Catena F, Gagliardi S, Gazzotti F, D'Alessandro L, Pinna AD.

Hernia repair with porcine small-intestinal submucosa. Hernia. 2007 Aug;11(4):321-6.
Epub 2007 Apr 19.

173. Limpert JN, Desai AR, Kumpf AL, Fallucco MA, Aridge DL. Repair of
abdominal wall defects with bovine pericardium. Am J Surg. 2009 Nov;198(5):e60-5.
174. Hodde J, Hiles M. Constructive soft tissue remodelling with a biologic

extracellular matrix graft: overview and review of the clinical literature. Acta Chir Belg.

2007 Nov-Dec; 107(6):641.

103



175. Sosin M, Nahabedian MY, Bhanot P. The perfect plane: A systematic review of

mesh location and outcomes, update 2018. Plastic and Reconstructive Surgery.

2018;142(3S);107S-116S.

176. Rhemtulla Al, Fische PJ. Retromuscular Sublay Technique for Ventral Hernia
Repair. Semin Plast Surg. 2018 Aug; 32(3): 120-126.
177. Baracs J, Sajjadi GS et. al. Open Treatment of Abdominal Wall Hernias: Mesh

Repair is Superior to Suture Repair and Onlay Mesh is Better than Sublay Mesh — Five-
Year Multicentric, Prospective, Randomised Clinical Trial. Baracs, Surgery Curr Res
2016. 6:4

178. Evangelos P. Misiakos, MD,corresponding author Paul Patapis, MD, Nick Zavras,
MD, Panagiotis Tzanetis, MD, and Anastasios Machairas, MD. Current Trends in
Laparoscopic Ventral Hernia Repair. JSLS. 2015 Jul-Sep; 19(3): €2015.00048.

179. Jin J, Rosen MJ. Laparoscopic versus open ventral hernia repair. Surg Clin North
Am. 2008;88:1083—-1100.
180. Rodriguez ED, Bluebond-Langner R, Silverman RP, Bochicchio G, Yao A,

Manson PN, Scalea T. 2007. Abdominal wall reconstruction following severe loss of
domain: the R Adams Cowley Shock Trauma Center algorithm. Plast Reconstr
Surg 120:669-680.

181. Ross SW, Oommen B, Huntington C, et al (2015) National outcomes for open
ventral hernia repair techniques in complex abdominal wall reconstruction. Am Surg

81(8):778-785.

182. Kumar S, Edmunds RW, Dowdy C, et al (2018) Anterior versus Posterior
Component Separation: Which Is Better? Plast and Reconstr Surg 142(3 Suppl):47S-53S.
183. Hughes MD, Nyberg DA, Mack LA, et al. Fetal omphalocele: prenatal US

detection of concurrent anomalies and other predictors of outcome. Radiology. 1989;
173(2):371-6.

184. Van Eijck FC, de Blaauw I, Bleichrodt RP, et al. Closure of giant omphaloceles
by the abdominal wall component separation technique in infants. J Pediatr Surg 2008;

43:246-50.

104



185. Wijnen RM, van Eijck F, van der Staak FH, et al: Secondary closure of a giant
omphalocele by translation of the muscular layers: a new method. Pediatr Surg Int 2005;
21:373-376.

186. Ikoma N, Chen L, Andrassy RJ. Technical note: Component separation technique
with double-layered biologic mesh placement for neonate with large gastroschisis. J Plast
Reconstr Aesthet Surg. 2014 Sep; 67(9):-230-1.

187. Levy S, Tsao K, Cox CS Jr, Phatak UR, Lally KP, Andrassy RJ. Component
separation for complex congenital abdominal wall defects: not just for adults anymore. J

Pediatr Surg. 2013 Dec; 48(12):2525-9.

188. Abulezz T, (2017) Components Separation Technique (CST) in Reconstruction of
Large and Complex Abdominal Wall Defects. Clin Surg 2:1816.
189. Van Eijjck FC, van Vlimmeren LA, Wijnen RM, Klein W, Kruijen I, Pillen

S, Nijhuis-van der Sanden MW. Functional, motor developmental, and long-term
outcome after the component separation technique in children with giant omphalocele: a
case control study. J Pediatr Surg. 2013 Mar; 48(3):525-32.

190. Ikoma N, Chen L, Andrassy RJ. Technical note: component separation technique
with double-layered biologic mesh placement for neonate with large gastroschisis. J Plast
Reconstr Aesthet Surg. 2014 Sep; 67(9):-230-1.

191. Lowe J B, Garza J R, Bowman J L, Rohrich R J, Strodel W E. Endoscopically
assisted “components separation” for closure of abdominal wall defects. Plast Reconstr

Surg. 2000; 105(2):720-729, quiz 730.

192. Clarke JM, (2010) Incisional hernia repair by fascial component separation:

results in 128 cases and evolution of technique. Am J Surg 200(1):2-8.

193. Kapur S, Butler C. Refninements and Advancments in Anterior Component
Separation. 2019. DOI: 10.5772/intechopen.90346.

194. Ghali S et.al. Minimally invasive component separation results in fewer wound-
healing complications than open component separation for large ventral hernia repairs. J

Am Coll Surg. 2012 Jun;214(6);981-9.

105



195. Novitsky YW, Elliott HL et. al. Transversus abdominis muscle release: A novel
approach to posterior component separation during complex abdominal wall

reconstruction. American Journal of Surgery.2012;204(5):709-716.

196. Khansa I, Janis JE. Chung KC. Hernia repair with components separation. In:
Operative Techniques in Plastic Surgery. 2019.Philadelphia, PA: LWW.
197. Punekar IRA, Khouri JS, Catanzaro M, et al. Redefining the rectus sheath:

implications for abdominal wall repair. Plast Reconstr Surg. 2018;141:473-479.
198. Bogetti P, Boriani F, Gravante G, et al (2012) A retrospective study on mesh
repair alone vs. mesh repair plus pedicle flap for large incisional hernias. Eur Rev Med

Pharmacol Sci 16(13):1847—1852.

199. Novitsky YW, Fayezizadeh M, et. al. Outcomes of Posterior Component
Separation With Transversus Abdominis Muscle Release and Synthetic Mesh Sublay
Reinforcment. Ann Surg. 2016 Aug;264(2):226-32.

200. Liang MK, Holihan JL, Itani K, Alawadi ZM, Gonzalez JRF, Askenasy EP, et
al. Ventral hernia management. Ann Surg (2017) 265(1):80-9.
10.1097/SLA.0000000000001701.

201. Dillon PW, and Cilley RE. 1993. Newborn surgical emergencies: Gastrointestinal
anomalies, abdominal wall defects. Pediatric Clinics of North America 40(6): 1289—
1314.

202. Dhiraj Parihar, Nitin Goel, et al. EARLY PRIMARY REPAIR OF
GASTROSCHISIS WITHOUT GENERAL ANAESTHESIA. Dental Sciences. 2016 Jan.
4802(98):2278-4748.

203. Bauman B, Stephens D, Gershone H, et al. Management of giant omphaloceles: a
systematic review of methods of staged surgical vs. nonoperative delayed closure. J
Pediatr Surg. 2016;51:1725-1730.

204. Ein SH, Langer JC. Delayed management of giant omphalocele using silver
sulfadiazine cream: an 18-year experience. J Pediatr Surg. 2012;47:494-500.

205. Akinkuotu AC, Sheikh F, Olutoye OO, et al. Giant omphaloceles: surgical
management and perinatal outcomes. J Surg Res. 2015;198:388-392.

206. Yaster M, et al. 1988. Hemodynamic effects of primary closure of

omphalocele/gastroschisis in human newborns. Anesthesiology 69(1): 84—88.

106



207. Hershenson MB, et al. 1985. Respiratory insufficiency in newborns with
abdominal wall defects. Journal of Pediatric Surgery 20(4): 348-353.

208. Dunn JC, Fonkalsrud EW. Improved survival of infants with omphalocele. Am J
Surg 1997; 173:284-7.

209. Skarsgard ED. Immediate versus staged repair of omphaloceles.. Semin Pediatr

Surg. 2019;28:89-94.

210. Duggan E, Puligandla PS. Respiratory disorders in patients with omphalocele.
Semin Pediatr Surg. 2019;28:115-117.
211. Di Cesare A. Giant Omphalocele: What’s the Way to Go? J pediatr Neonatal

Care. August 2014. 1(4): 00024.

212. Ryckman J, Aspirot A, Laberge JM, Shaw K. Intestinal venous congestion as a
complication of elective silo placement for gastroschisis. Semin Pediatr Surg 2009;
18:109-112.

213. Dingemann C, Sonne M, Ure B, Bohnhorst B, von Kaisenberg C, Pirr S. Impact
of maternal education on the outcome of newborns requiring surgery for congenital
malformations. PLoS One. 2019;14:214967.

214, Chakhunashvili DG, Lomidze N, Karalashvili L, Kikalishvili L, Chakhunashvili
K, Kakabadze Z. Challenges and management of congenital abdominal wall defects
(Review). Georgian Med News. 2018:24-33.

215. Eltayeb AA, Mostafa MM. Topical treatment of major omphalocoele: Acacia
nilotica versus povidone-iodine: a randomised controlled study. Afr J Paediatr
Surg. 2015;12:241-246.

216. Tran DA, Truong QD, Nguyen MT. Topical application of povidone-iodine
solution (Betadine) in the management of  giant omphaloceles.
Dermatology. 2006;212:88-90.

217. Tenenbaum MJ, Foglia RP, Becker DB, et al. Treatment of giant omphalocele
with intraabdominal tissue expansion. Plast Reconstr Surg 2007;120:1564-7.

218. Health Resources and Services Administration, Organ Procurement and
Transplantation Network, U.S. Department of Health and Human Services, 2016.

219. C. Mason and P. Dunnill, “A brief definition of regenerative

medicine,” Regenerative Medicine, vol. 3, no. 1, pp. 1-5, 2008.

107



220. K. Uematsu, K. Hattori, Y. Ishimoto et al., “Cartilage regeneration using
mesenchymal stem cells and a three-dimensional poly-lactic-glycolic acid (PLGA)
scaffold,” Biomaterials, vol. 26, no. 20, pp. 4273-4279, 2005.

221. Y.-C. Wu, S.-Y. Shaw, H.-R. Lin, T.-M. Lee, and C.-Y. Yang, “Bone tissue
engineering evaluation based on rat calvaria stromal cells cultured on modified PLGA
scaffolds,” Biomaterials, vol. 27, no. 6, pp. 896-904, 2006.

222. J. L. Drury and D. J. Mooney, “Hydrogels for tissue engineering: scaffold design
variables and applications,” Biomaterials, vol. 24, no. 24, pp. 4337-4351, 2003.

223. Gilpin A, Yang Y. Decellularization Strategies for Regenerative Medicine: From
Processing Techniques to Apllications. Volume 2017 |Article
ID 9831534 | https://doi.org/10.1155/2017/9831534.

224, A. Hasan, A. Memic, N. Annabi et al.,, “Electrospun scaffolds for tissue
engineering of vascular grafts,” Acta Biomaterialia, vol. 10, no. 1, pp. 11-25, 2014.

225. J.-H. Jang, O. Castano, and H.-W. Kim, “Electrospun materials as potential
platforms for bone tissue engineering,” Advanced Drug Delivery Reviews, vol. 61, no.
12, pp. 1065-1083, 2009.

226. M. Kitsara, O. Agbulut, D. Kontziampasis, Y. Chen, and P. Menasché, “Fibers for
hearts: a critical review on electrospinning for cardiac tissue engineering,” Acta
Biomaterialia, vol. 48, pp. 2040, 2017.

227. S. J. Paulsen and J. S. Miller, “Tissue vascularization through 3D printing: will
technology bring us flow?” Developmental Dynamics, vol. 244, no. 5, pp. 629-640,
2015.

228. V. K. Lee, D. Y. Kim, H. Ngo et al., “Creating perfused functional vascular
channels using 3D bio-printing technology,” Biomaterials, vol. 35, no. 28, pp. 8092—
8102, 2014.

229. J. An, J. E. Teoh, R. Suntornnond, and C. K. Chua, “Design and 3D printing of
scaffolds and tissues,” Engineering, vol. 1, no. 2, pp. 261-268, 2015.

230. Keane, T.J.; Swinehart, I.T.; Badylak, S.F. Methods of tissue decellularization
used for preparation of biologic Scaffolds and in vivo relevance. Methods 2015, 84, 25—

34.

108



231. Crapo, P.M.; Gilbert, T.W.; Badylak, S.F. An overview of tissue and whole organ
decellularization processes. Biomaterials 2011, 32, 3233-3243.

232. White, L.J.; Taylor, A.J.; Faulk, D.M.; Keane, T.J.; Saldin, L.T.; Reing, J.E.;
Swinehart, 1.T.; Turner, N.J.;Ratner, B.D.; Stephen, F. The impact of detergents on the
tissue decellularization process: A ToF-SIMS study. Acta Biomater. 2017, 207-219.

233. M. Nazari, M. Kurdi, and H. Heerklotz, “Classifying surfactants with respect to
their effect on lipid membrane order,” Biophysical Journal, vol. 102, no. 3, pp. 498-506,
2012.

234, H. C. Ott, T. S. Matthiesen, S.-K. Goh et al., “Perfusion-decellularized matrix:
using nature's platform to engineer a bioartificial heart,” Nature Medicine, vol. 14, no. 2,
pp. 213-221, 2008.

235. B. J. Jank, L. Xiong, P. T. Moser et al., “Engineered composite tissue as a
bioartificial limb graft,” Biomaterials, vol. 61, pp. 246-256, 2015.

236. K. Pang, L. Du, and X. Wu, “A rabbit anterior cornea replacement derived from
acellular porcine cornea matrix, epithelial cells and keratocytes,” Biomaterials, vol. 31,
no. 28, pp. 7257-7265, 2010.

237. B. Wang, A. Borazjani, M. Tahai et al., “Fabrication of cardiac patch with
decellularized porcine myocardial scaffold and bone marrow mononuclear cells,” Journal
of Biomedical Materials Research—Part A, vol. 94, no. 4, pp. 1100-1110, 2010.

238. J. Zhou, O. Fritze, M. Schleicher et al., “Impact of heart valve decellularization on
3-D ultrastructure, immunogenicity and thrombogenicity,” Biomaterials, vol. 31, no. 9,
pp. 2549-2554, 2010.

239, O. Syed, N. J. Walters, R. M. Day, H.-W. Kim, and J. C. Knowles, “Evaluation of
decellularization protocols for production of tubular small intestine submucosa scaffolds
for use in oesophageal tissue engineering,” Acta Biomaterialia, vol. 10, no. 12, pp. 5043—
5054, 2014.

240. D. C. Sullivan, S.-H. Mirmalek-Sani, D. B. Deegan et al., “Decellularization
methods of porcine kidneys for whole organ engineering using a high-throughput

system,” Biomaterials, vol. 33, no. 31, pp. 77567764, 2012.

109



241. P. J. Schaner, N. D. Martin, T. N. Tulenko et al., “Decellularized vein as a
potential scaffold for vascular tissue engineering,” Journal of Vascular Surgery, vol. 40,
no. 1, pp. 146-153, 2004.

242, S. E. Gilpin, J. P. Guyette, G. Gonzalez et al., “Perfusion decellularization of
human and porcine lungs: bringing the matrix to clinical scale,” Journal of Heart and
Lung Transplantation, vol. 33, no. 3, pp. 298-308, 2014.

243, J. D. O'Neill, R. Anfang, A. Anandappa et al., “Decellularization of human and
porcine lung tissues for pulmonary tissue engineering,” Annals of Thoracic Surgery, vol.
96, no. 3, pp. 1046-1055, 2013.

244. J. P. Guyette, J. M. Charest, R. W. Mills et al.,, “Bioengineering human
myocardium on native extracellular matrix,” Circulation Research, vol. 118, no. 1, pp.
56-72, 2016.

245. Q. Xing, K. Yates, M. Tahtinen, E. Shearier, Z. Qian, and F. Zhao,
“Decellularization of fibroblast cell sheets for natural extracellular matrix scaffold
preparation,” Tissue Engineering—Part C: Methods, vol. 21, no. 1, pp. 77-87, 2015.

246. E. Meezan, J. T. Hjelle, K. Brendel, and E. C. Carlson, “A simple, versatile,
nondisruptive method for the isolation of morphologically and chemically pure basement
membranes from several tissues,” Life Sciences, vol. 17, no. 11, pp. 1721-1732, 1975.

247. M. Piccoli, L. Urbani, M. E. Alvarez-Fallas et al., “Improvement of
diaphragmatic performance through orthotopic application of decellularized extracellular
matrix patch,” Biomaterials, vol. 74, pp. 245-255, 2016.

248. B. Mendoza-Novelo, E. E. Avila, J. V. Cauich-Rodriguez et al,
“Decellularization of pericardial tissue and its impact on tensile viscoelasticity and

glycosaminoglycan content,” Acta Biomaterialia, vol. 7, no. 3, pp. 1241-1248, 2011.

249, Gilbert TW, Sellaro TL, Badylak SF. Decellularization of tissues and organs.
Biomaterials. 2006;27(19):3675-83.

250. Dong X, Wei X, et al. RGD-modified acellular bovine pericardium as a
bioprosthetic scaffold for tissue engineering. Journal of Materials Science: Materials in
Medicine. 2009;29(11):2327-36.

251. Hodde JP, Badylak SF, et al. Glycosaminoglycan content of small intestinal

submucosa: a bioscaffold for tissue replacement. Tissue engineering. 1996;2(3):209-17.

110



252. Zahmati AHA, Alipoor R, et al. Chemical Decellularization Methods and its
Effects on Extracellular Matrix. August 2017. Internal Medicine And Medical

investigation Journal 2(3).

253. Gorschewsky O, Puetz A, et al. Quantitative analysis of biochemical
characteristics of bone-patellar tendon-bone allografts. Bio-medical materials and
engineering. 2005;15(6):403-11.

254. E. Rieder, M.-T. Kasimir, G. Silberhumer et al., “Decellularization protocols of
porcine heart valves differ importantly in efficiency of cell removal and susceptibility of
the matrix to recellularization with human vascular cells,” The Journal of Thoracic and
Cardiovascular Surgery, vol. 127, no. 2, pp. 399405, 2004.

255. ASTM International. ASTM F3354-19, Standard Guide for Evaluating
Extracellular Matrix Decellularization Processes; ASTM International: West
Conshohocken, PA, USA, 2019.

256. D. E. Wagner, N. R. Bonenfant, C. S. Parsons et al., “Comparative
decellularization and recellularization of normal versus emphysematous human
lungs,” Biomaterials, vol. 35, no. 10, pp. 3281-3297, 2014.

257. K. Schenke-Layland, O. Vasilevski, F. Opitz et al., “Impact of decellularization of
xenogeneic tissue on extracellular matrix integrity for tissue engineering of heart
valves,” Journal of Structural Biology, vol. 143, no. 3, pp. 201-208, 2003.

258. Poon, C.J.; Pereira, M.V.; Cotta, E.; Sinha, S.; Palmer, J.A.; Woods, A.A.;
Morrison, W.A.; Abberton, K.M. Preparation of an adipogenic hydrogel from
subcutaneous adipose tissue. Acta Biomater. 2013, 9, 5609-5620.

259. S. Funamoto, K. Nam, T. Kimura et al., “The use of high-hydrostatic pressure
treatment to decellularize blood vessels,” Biomaterials, vol. 31, no. 13, pp. 3590-3595,
2010.

260. Y. Hashimoto, S. Funamoto, S. Sasaki et al., “Preparation and characterization of
decellularized cornea wusing high-hydrostatic pressurization for corneal tissue
engineering,” Biomaterials, vol. 31, no. 14, pp. 3941-3948, 2010.

261. B. N. Brown, J. M. Freund, L. Han et al., “Comparison of three methods for the
derivation of a biologic scaffold composed of adipose tissue extracellular matrix,” Tissue

Engineering—Part C: Methods, vol. 17, no. 4, pp. 411-421, 2011.

111



262. L. E. Flynn, “The use of decellularized adipose tissue to provide an inductive
microenvironment for the adipogenic differentiation of human adipose-derived stem
cells,” Biomaterials, vol. 31, no. 17, pp. 4715-4724, 2010.

263. J. Cortiella, J. Niles, A. Cantu et al., “Influence of acellular natural lung matrix on
murine embryonic stem cell differentiation and tissue formation,” Tissue Engineering
Part A, vol. 16, no. 8, pp. 2565-2580, 2010.

264. Jafari-Sabet M, Nasiri H, Ataece R. The Effect of Cross-Linking Agents and
Collagen Concentrations on Properties of Collagen Scaffolds, J Arch Mil Med. 2016 ;
4(4):e42367.

265. Delgado LM, Bayon Y, et al. To Cross-link or Not to Cross-link? Cross-Linking
Associated Foreign Body Response of Collagen-Based Devices. Tissue Eng Part B Rev.
2015 Jun 1; 21(3):298-313.

266. Fan, H.Y.; Duquette, D.; Dumont, M.J.; Simpson, B.K. Salmon skin gelatin-corn
zein composite films produced via crosslinking with glutaraldehyde: Optimization using
response surface methodology and characterization. Int. J. Biol. Macromol. 2018, 120,
263-273.

267. Poursamar, S.A.; Lehner, A.N.; Azami, M.; Ebrahimi-Barough, S.;
Samadikuchaksaraei, A.; Antunes, A.P.M. The effects of crosslinkers on physical,
mechanical, and cytotoxic properties of gelatin sponge prepared via in-situ gas foaming

method as a tissue engineering sca_old. Mater. Sci. Eng. C 2016, 63, 1-9.

268. Stachel I, Schwarzenbolz U, Henle T, Meyer M. Cross-linking of type I collagen
with microbial transglutaminase: identification of cross-linking
sites. Biomacromolecules. 2010; 11(3) : 698 -705.

269. K.S. Weadock, E.J. Miller, E.L. Keuffel, and M.G. Dunn, "Effect of physical

cross-linking methods on collagen-fiber durability in proteolytic solutions", J. Biomed.
Mat. Res. 32 pp. 221-226 (1996).

270. Ratanavaraporn, J.; Rangkupan, R.; Jeeratawatchai, H.; Kanokpanont, S.;
Damrongsakkul, S. Influences of physical and chemical crosslinking techniques on

electrospun type A and B gelatin fiber mats. Int. J. Biol. Macromol. 2010, 47, 431-438.

112



271. Rose, J.B.; Pacelli, S.; El Haj, A.J.; Dua, H.S.; Hopkinson, A.; White, L.J.; Rose,
F.R.A.J. Gelatin-based materials in ocular tissue engineering. Materials 2014, 7, 3106—
3135.

272. Campiglio CE, Negrini NC, et al. Cross-Linking Strategies for Electrospun
Gelatin Scaffolds. Materials (Basel). 2019 Aug 4;12(15):2476.
273. Echave, M.C.; Pimenta-Lopes, C.; Pedraz, J.L.; Mehrali, M.; Dolatshahi-Pirouz,

A.; Ventura, F.; Orive, G. Enzymatic crosslinked gelatin 3D sca olds for bone tissue
engineering. Int. J. Pharm. 2019, 562, 151-161.

274. Bhatia M, Pereira M, Rana H, et al. The Mechanism of Cell Interaction and
Response on Decellularized Human Amniotic Membrane: Implications in Wound
Healing. Wounds. 2007 Aug;19(8):207-17.

275. Gholipourmalekabadi M, Bandehpour M, Mozafari M, et. Al. Decellularized
human amniotic membrane: more is needed for an efficient dressing for protection of
burns against antibiotic-resistant bacteria isolated from burn patients. Burns. 2015
Nov;41(7):1488-97

276. J.C. Francisco et al. Decellularized Amniotic Membrane Scaffold as a Pericardial
Substitute: An In Vivo Study. Transplantation Proceedings Volume 48, Issue 8, October
2016, Pages 2845-2849.

2717. Gholipourmalekabadi M, Sameni M, Radenkovic D, Mozafari M, Mossahebi-
Mohammadi M, Seifalian A. Decellularized human amniotic membrane: how viable is it
as a delivery system for human adipose tissue-derived stromal cells? Cell Prolif. 2016
Feb;49(1):115-21.

278. Karalashvili L, Kakabadze A Vyshnevska G, Kakabadze Z. ACELLULAR
HUMAN AMNIOTIC MEMBRANE AS A THREE-DIMENSIONAL SCAFFOLD FOR
THE TREATMENT OF MUCOGINGIVAL DEFECTS. 2015 Jul-Aug; (244-245):84-9.

279. Zurab Kakabadze, Konstantine Mardaleishvili, George Loladze, et al. Clinical
application of decellularized and lyophilized human amnion/chorion membrane grafts for
closing post-laryngectomy pharyngocutaneous fistulas. 2016 Apr 1; 113(5): 538-543.

280. Salma Amensag, Peter S. McFetridge. Rolling the Human Amnion to Engineer
Laminated Vascular Tissues. Tissue Eng Part C Methods. 2012 Nov; 18(11): 903-912.

113



281. Karalashvili L, Kakabadze A Vyshnevska G, Kakabadze Z. ACELLULAR
HUMAN AMNIOTIC MEMBRANE AS A THREE-DIMENSIONAL SCAFFOLD FOR
THE TREATMENT OF MUCOGINGIVAL DEFECTS. Georgian Med News. 2015 Jul-
Aug; (244-245):84-9.

282. Wang L, Lai DM, Yang B, Jiang ZP, Zhang YC, Zhou J et. al. Reconstruction of
abdominal wall defects using small intestinal submucosa coated with gelatin hydrogel
incorporating basic fibroblast growth factor. Acta Cir Bras 2014;29(4):252-60.

283. Tanaka K, et al. www.witpress.com, ISSN 1743-3509 (online) WIT Transactions
on The Built Environment, Vol 112, © 2010 WIT Press High Performance Structures and
Materials V 197. doi:10.2495/HPSM100191.

114



ms30 VII

OoLYMHES300L MYBoLO (0bgaEolm® gbsby)

Ventral hernias, with 50% reoccurrence rate, still remain to be a real problem for many surgeons
around the world. European Hernia Society (EHS) classifies ventral hernias as primary and
incisional. If left untreated, incisional hernias may cause the reduction in the strength and
integrity of the anterior abdominal wall, as well as the incarceration of the intestines. It is
reported that the use of mesh in the repair of abdominal wall defects reduces the incidence of
reherniation; however, the dispute between surgeons still exist about the ventral hernia defect
reconstruction approach and the selection of the most suitable mesh type in different
circumstances. The development of meshes has evolved and advanced through the years. Meshes
can be made from either synthetic or biologic materials. Despite the popularity of non-absorbable
mesh, its application may lead to certain complications like - adhesions, seroma formation,
infection, chronic inflammation, fibrosis, voiding difficulty, pain. The usage of absorbable mesh
(polyglactin, polyglicolic acid) may have several drawbacks like - lack of mesh strength, high
recurrence rates. Postoperative complications following abdominal wall hernia repair with
prosthetic mesh may include abscess, hematoma, bowel obstruction, mesh retraction, granuloma
formation and erosion into adjacent structures including the intestine, enterocutaneous fistula and
recurrent hernia. However, these complications are quite rare and depend both on the material of
which the mesh is constructed and on the location of the prosthetic mesh, which can be located in
the extrafascial, subfascial, or intraperitoneal position. Biological materials, compared to
synthetic ones provide better neovascularization, fibroblast proliferation, is less prone to
formation of fistula and adhesion formation. Despite the favorable outcomes of the biologic
materials, after the application of biological prostheses several complications like infection,

seroma formation, and evisceration, low mechanical strength of the mesh can also be reported.

One of the main strategies of tissue engineering is to restore, maintain or improve damaged
tissue functions using various biomaterials. In recent years, many works related to the
development of potentially applicable scaffold materials for tissue engineering have been

presented in the literature. Of particular interest in these works was scaffolding in the form of
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three-dimensional porous biomaterials. Scaffold plays a significant role in tissue repair and
regeneration. The amniotic membrane and the possibility of its use as a scaffold for
reconstruction of the anterior abdominal wall attracted our attention. There are many reports
about the usage of amniotic membrane for burns varicose ulcers, urinary bladder reconstructions,
nerve and tendon damage, adhesions control and early healing of peritoneal lesions, dural repair
and transphenoidal surgeries, ophthalmic surgery, vestibuloplasty, periodontal surgical
procedures, gastric mucosal defect repairs, treatment of meningomyelocele and spinal cord
malformations. The hypothesis for this study was that gelatin-coated decellularized and
lyophilized human amniotic membrane grafts (GCDLHAM) may contribute to the effective
reconstruction of the abdominal wall defects, prevent complications, as well as adhesions of

organs and tissues in the abdominal cavity.
Aim of the study

The aim of the study was to develop a method for producing GCDLHAM graft and to determine

its effectiveness in the reconstruction of the anterior abdominal wall defects in experimental

animals.
Objectives
e Creating three-dimensional gelatin-coated decellularized and lyophilized human
amniotic membrane graft
e Anatomical study of the anterro lateral abdominal wall of rat, pig and human
e Development of ventral hernia model in animals
e Reconstruction of the abdominal wall defects using different meshes, including
synthetic ULTRAPRO™, biologic XI-S+® and gelatin-coated decellularized and
lyophilized human amniotic membrane graft
e Studying efficacy of reconstruction with the use of gelatin-coated decellularized
and lyophilized human amniotic membrane graft
Conclusion

Decellularized and lyophilized human amniotic membrane represents a good three-dimensional

scaffold, enhances angiogenesis, is biocompatible and bioresorbable. Covering decellularized
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and lyophilized human amniotic membrane with gelatin hydrogel increases mechanichal
properties of the graft. GCDLHAM has antiminflammatory properties, the ability to integrate
well with the host tissues, induce neoangiogenesis and form new collagen. GCDLHAM can be

used in the reconstruction of different abdominal wall defects.
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