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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 associated with their
implantation and the mechanical characteristics are
excellent[1-8]. In this study we examinedthe binding of
hydroxyapatite (HA) and beta-Tricalcium phosphate (ß-
TCP)to silk-membranesand evaluatedthe effects on cell
proliferation in vitro and effects on facilitating bone
formation and defect repair during guided bone
regeneration.

Material and Methods

Results

Conclusion

The highestrate of new bone ingrowth was observedin defectsprotected with β-TCPsilk
membranes. No other membraneshoweda comparableeffect on guidedboneregeneration
with respectto promotingsignificantlygreaterboneregenerationanddefectbridging.

Twocalvarianbonedefectsof 12 mm (Fig. 2) in diameterwerecreatedin eachof a total of 38 rabbitsandfour
different types of membranes,(silk-, hydroxyapatite-modified silk-, β-TCP-modified silk- and conventional
collagen)were implanted to cover one of the two defects in each animal. Hematology,body weight and
generalhealthwere monitored throughout the 10 weeksof the studyperiodwhichwere all within the normal
range for all animalsand histologicanalysisdid not show any adversereactionsin any of the defect sites,
demonstratinggoodbiocompatibilityof all silkprotein membranes.
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Fig. 1: Bombyxmori silk worm (A); unmodified silk membrane(B); scanningelectron micrographsof an unmodified silk membrane(D, E), a hydroxyapatite-modified silk
membrane(F)anda ß-TCPmodifiedsilkmembrane(C,G)at two different magnifications. Magnification: 20x (left) and500x (right).
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After 10 weeks, the collagen
membrane was resorbed in all
cases,while the silk membrane
was still visible in 1/5 (20%) and
the hydroxyapatite-silk membrane
in 4/5 (80%) casesin the micro-CT
scans. β-TCP-modified silk
membranesremainedvisiblein all
cases. Histomorphometric
evaluation revealed significantly
higher (p=0.002) new bone
ingrowth into defects covered
with β-TCP modified silk
membranes compared to new
bone ingrowth into defects
without any barrier membrane
cover. The highest rate of new
bone ingrowth was observed in
defects protected with β-TCPsilk
membranes(Fig. 3,4).
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Fig. 2: Schematicillustration of the two surgicallycreated calvarialbone defects in each rabbit. One of the two defects (in the illustrated case,the left one), was coveredwith a silk-barrier membraneprior to
repositioningof the full thicknessskinflap andsubsequentwoundclosure. With the other cranialdefectwoundclosurewasachievedby directly repositioningthe full thicknessskinflap. Thisdefectservedasa control.
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Fig. 3: Diagramdepicting the results of the histomorphometricevaluation of bone formation and
ingrowth into the defect 5 (A) and 10 (B) weeksafter surgery(SISAnalysisTM software). Diagrams
depictingthe resultsof the micro-CTanalysis. (C) Visualizesthe meanvaluesof the differencebetween
bone volume fraction (bone volume / total defect volume) in membranevs. without membrane-
protecteddefects. (D) Showsthe percentageof defectswith visiblemembrane. A significantdifference
(p=0.003) wasnoted betweengroupsregardingpercentageof defect sitesin which membraneswere
presentwithout resorption.

Fig. 4: Micro-CTscansof the defect areaobtainedin the sameanimal10 weeksafter the surgery; 2D scans(left
column), 3D visualizationof the volumetric data (right column). Defectswithout barrier membranes(upper
images) and membrane-covereddefects(lower images), utilized with: native silk membrane(A), a HA-modified
silkmembrane(B), a β-TCP-modifiedsilkmembrane(C), andcollagenmembrane(D).
(E): Strongstainingfor type 1 collagenand alkalinephosphatasein bone marrow space(green arrows), weak
stainingfor alkalinephosphatasein the mineralizedbonematrix (yellow arrows) showsactivebonehealing
(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
wovenbone formation in more central defect areas(yellow arrows). Immunodetectionof alkalinephosphatase,
undecalcifiedsawedsectioncounterstainedwith hematoxylin. Scalebar= 100µm.
(G): Histomicrograph: crosssectionof a membraneprotectedcranialdefectwith TCP-modifiedsilkmembrane(10
weeks post placement). Almost complete restoration of the original calvarial bone morphology and
microarchitecture(pink arrows) showingtwo cortical layers. Originaldefect margins(green arrows). Deacrylized
sawedsectionimmunostainedfor type I collagenandcounterstainedwith hematoxylin. Scalebar = 2 mm.
(H): Histomicrograph: crosssectionof a membraneprotected cranialdefect with collagenmembrane(10 weeks
post placement). Progressingboneformation andalmostcompletedefectbridgingfrom the defectmargins(pink
arrows) towardsthe defectcenter; remainingsoft tissue(green arrows) showslessmaturebonerestoration(only
onecorticallayercomparedto two with the β-TCP-modifiedsilkmembrane).
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