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Novel silk protein barrier membranes for guided bone regeneration

Introduction

Different types of bioresorbable and nonresorbable
membranes have been widely used for guided tissue
regeneration(GTR)Analternativecouldbe the useof silk-
membranes (Fig 1) which exhibit several advantages
During manufacturing individual modifications are
possible, no Infection risks are associatedwith their
implantation and the mechanical characteristics are
excellent[1-8]. In this study we examinedthe binding of
hydroxyapatite (HA) and beta-Tricalcium phosphate ([3-
TCP)o silkmembranesand evaluatedthe effects on cell
proliferation in vitro and effects on faclilitating bone
formation and defect repair during guided bone
regeneration

Fig. 1: Bombyxmori silk worm (A), unmodified silk membrane (B) scanningelectron micrographsof an unmaodified silk membrane (D, E) a hydroxyapatitemodified silk
membrane(F)anda 3-TCHnodified silkmembrane(C,G)at two different magnificationsMagnification 20x (left) and 500x (right).

Material and Methods

Two calvarianbone defectsof 12 mm (Fig 2) in diameterwere createdin eachof a total of 38 rabbitsandfour R L
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range for all animalsand histologicanalysisdid not show any adversereactionsin any of the defect sites, —
demonstratinggoodbiocompatibilityof all silk protein membranes M/ Stk
Fig. 2. Schematidllustration of the two surgicallycreated calvarialbone defectsin eachrabbit. One of the two defects (in the illustrated case,the left one), was coveredwith a silk-barrier membraneprior to Defect covered with Defect covered with
repositioningof the full thicknessskinflap and subsequentvound closure With the other cranialdefectwound closurewasachievedby directly repositioningthe full thicknessskinflap. Thisdefectservedasa control. test ftem and skin ki
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cover The hlgheSt rate Of new Fig. 3: Diagramdepicting the results of the histomorphometricevaluation of bone formation and Fig. 4: Micro-CTscansof the defectareaobtainedin the sameanimal 10 weeksafter the surgery 2D scang(left
bone |ngrowth was Observed in ingrowth into the defect 5 (A) and 10 (B) weeks after surgery (SISAnalysisM software) Diagrams column), 3D visualizationof the volumetric data (right column). Defectswithout barrier membranes(upper
depictingthe resultsof the micro-CTanalysis(C) Visualizeshe meanvaluesof the differencebetween images) and membranecovereddefects(lower images), utilized with: native silk membrane(A), a HAmodified
defects protected W|th B_TC PS”k bone volume fraction (bone volume / total defect volume) in membranevs without membrane- silkmembrane(B), a B-TCPmodified silkmembrane(C), and collagenmembrane(D).
_ protected defects (D) Showsthe percentageof defectswith visiblemembrane A significantdifference (E): Strongstainingfor type 1 collagenand alkaline phosphatasen bone marrow space(green arrows), weak
mem bran eiF|g 3 4) ] (p=0.003) was noted between groupsregardingpercentageof defect sitesin which membraneswere stainingfor alkalinephosphatasen the mineralizedbone matrix (yellow arrows) showsactivebonehealing
’ presentwithout resorption (F): Histomicrographcontrol: crosssection of an empty cranial defect 10 weeksafter surgery Only beginning
woven bone formation and ingrowth into the defect at the periphery (pink arrows). Smallareasof beginning
ConCI usion woven bone formation in more central defect areas(yellow arrows). Immunodetectionof alkalinephosphatase,

undecalcifiedsawedsectioncounterstainedwith hematoxylin Scalebar=100um.
(G): Histomicrographcrosssectionof a membraneprotected cranialdefectwith TCPmodified silk membrane(10

The highestrate of new bone ingrowth was observedin defects protected with B-TCPsilk 1 & e srrows) showngtwo cortoal ayers Orginaldefect marginsgreen arrows), Deacryized
membranes No other membraneshoweda comparableeffect on guidedbone regeneration e e e Ascmsnr o wesk
with respectto promotingsignificantlygreaterboneregenerationanddefectbridging orrows) towardthe cefootcentor femaingaot issue(areen arrows) showsiesematLre bonerestoraton (only

one corticallayercomparedto two with the B3-TCPmodified silkmembrane)
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