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Silk fibroin membrane was prepared and examined to

know the feasibility of SF membrane as guided bone

regeneration. The morphology of silk membrane was

flat and smooth surface. The conformation of silk

fibroin was β-sheet structure. When the silk mem-

brane was applied on the rat calvarial defect model, it

showed significantly higher new bone formation than

uncovered control in histomorphometric analysis. The

silk membrane was covered by thin fibrotic tissue and

there was not observed any inflammatory cells infil-

tration. In conclusion, silk fibroin membrane could be

useful materials for guided bone regeneration. 

Key words: Silk fibroin, Guided bone regeneration, Cal-

varial defect 

Introduction

Silk fibroin (SF) is a typical natural polymer spun by silk-

worm Bombyx mori L. Traditionally SF has been used as

a textile fiber and a surgical suture with human beings. SF

has good mechanical and biological properties including

low inflammatory reaction (Santin et al., 1999), good

water vapor and oxygen permeability (Kweon et al.,

2001; Minoura et al., 1990), blood compatibility (Sakabe

et al., 1989), alkaline phosphatase activation (Kim et al.,

2010a), and acceleration of collagen formation, and pro-

liferation of cultured human skin fibroblasts (Yeo et al.,

2000; Yamada et al., 2004). Therefore, SF has been

attempted in wide varieties of biomedical applications

such as matrix for mammalian cell culture and enzyme

immobilization (Minoura et al., 1995), scaffold for bone

substitution (Sofia et al., 2001), wound dressing (Kweon

et al., 2008), and drug delivery carrier (Hanawa et al.,

1995). Recently, SF membrane was applied into the arti-

ficial tympanic membrane (Kim et al., 2010b). 

The guided bone regeneration (GBR) technique has

been widely used for the alveolar ridge preservation or the

alveolar ridge reconstruction (Fowler et al., 2000). A vari-

ety of membranes have been used for GBR technique

clinically including expanded polytetrafluoroethylene

membrane (e-PTFE) (Gotfredsen et al., 1993), bovine

type I collagen (Gottlow 1993), titanium mesh, and poly-

lactic and glycolic acid membrane. However, these mate-

rials can not satisfy the following criteria; ideal GBR

membrane must have proper mechanical stability to keep

anatomical contour, biocompatibility, free exchange of

water and nutrient, resist to fibroblast migration into bone

defect, proper velocity of biodegradation, clinical man-

ageability, and cheap. In case of titanium mesh and e-

PTFE, it has excellent mechanical stability, biocompati-

bility, and clinical manageability. However, it is expensive

and not biodegradable. Therefore, removal surgery is

required for them (Gotfredsen et al., 1993). The biode-

gradable membrane has some advantages compared to the

non-biodegradable materials because it does not require

the operation for removal (Gottlow, 1993). Even, the

bovine collagen membrane is exposed into the oral cavity,

GBR technique becomes successful (Karring et al., 1993).

However, the material originated from cow may have a

problem such as disease transmission and it is expensive
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compared to the alloplastic material (Gottlow, 1993). In

addition, there needs long time for degradation for poly-

lactic and glycolic acid based biomaterials. And it is too

rigid to adapt into bony contour. 

The objective of this study was to examine that the SF

membrane could be used for GBR technique. SF mem-

branes were prepared and investigated the conformation

and morphology using FT-IR and SEM. The rat calvarial

model was used for in vivo test. New bone formation was

evaluated by histomorphometrical evaluation.

Materials and Methods

Production of silk membrane

Silkworm cocoon, harvested in Rural Development

Administration (Suwon, Korea), was used for experimen-

tal resources. Cocoon was sliced and degummed twice

with 0.5% on the weight of cocoon (o.w.c.) Marseilles

soap and 0.3% o.w.c. sodium carbonate solution at boiling

temperature for 1 h and then washed with distilled water.

Degummed cocoon was dissolved in CaCl2:H2O:ethanol =

1:8:2 in volume. The fibroin solution was obtained after

dialysis against distilled water for 4 d, and then was cast on

the polystyrene dish to make transparent SF membrane. 

FT-IR

Fourier transform infrared (FT-IR) absorbance spectra

were obtained using FT-IR spectrometer (Spectrum 100,

Perkin Elmer, USA) in the spectral region of 2000 ~

700 cm-1 at a resolution of 2 cm-1 and 32 repeated scans

were averaged for each spectrum. 

Scanning electron microscopy

Morphology of SF membrane was obtained through scan-

ning electron microscope (JEOL, JSM 5410LV, Japan)

after gold coating.

In vivo test

Thirty male Spargue-Dawley rats with body weight range

200~300 g were used in this experiment. For research of

guided bone regeneration effect of SF membrane in vivo,

SF membrane was used after ethyelene oxide treatment.

All animals were anaesthetized with intraperitoneal

Zoletil® (tiletamine chloridrate, zolazepan chloridrate,

1.5 mg/kg) and xylazine hydrochloride (5 mg/kg) injec-

tions. A dental-trephine bur was used under copious saline

irrigation to create a bilateral full-thickness calvarial

defect. Two 5-mm-diameter defects were created, one on

each side of the midline. The silk membrane was placed

on the right side calvarial defect. It was covered defect

same as conventional GBR technique. And the left side

was left empty. Then the pericranium and skin were

closed in layers with 3-0 silk suture. After surgery, each

rat was received gentamicin 1 mg/kg (Kookje, Seoul,

Korea) and Pyrin 0.5 ml/kg (Green Cross veterinary prod-

ucts, Seoul, Korea) intramuscularly 3 times daily for

3 days. Animals were individually caged and received

food and water. Animals were killed at 2 and 4 weeks and

cut the calvarial specimens to examine the healing pro-

cess. They were fixed in 10% formalin and underwent his-

tological evaluation. 

Histomorphometric evaluation

After radiodensitometry analysis, the calvaria samples

were subjected to dehydration and embedding. The bones

were dehydrated in ethanol and decalcified using 5%

Nitric acid for 1 week. The right and left parietal bones

were separated through the midline sagittal suture. Both

segments were embedded to show the sagittal sections in

paraffin blocks. Then the paraffin blocks were sliced and

stained with hematoxylin and eosin to evaluation newly

regeneration bone and connective tissue. 

Results and Discussion

Recently SF has been considered one of promising bio-

materials. Silk fibroin has many advantages, which are

cheap and has proper biocompatibility, slow degradability

and plasticity. These properties of silk fibroin allows to

proper biomaterial as a scaffold. Kim et al. (2010b)

reported that transparent silk membrane can be used as

eardrum patch for regeneration of acute tympanic mem-

brane perforation.

Fig. 1 showed the photographs of SF membrane pre-

pared. Clinical photogragh (Fig. 1a) showed that SF mem-

brane is transparent. At the point of clinical situation,

transparency of GBR membrane is one of strong merits.

SEM showed that the surface of SF membrane (Fig.1b)

was smooth and the cross-section (Fig.1c) was solid.

Commercial GRB membranes, mainly composed of

bovine collagen, are opaque. The opaque GBR mem-

branes are inconvenient when it is used clinically. 

The conformation of SF has been investigated because

it is strongly related to the performance of SF materials

for practical applications. The conventional technique to

measure the conformation of SF is IR spectroscopy

because the position and intensity of specific absorption

bands, the amide bond, are sensitive to the molecular con-

formation of SF. The absorption bands of SF are assigned

as follows; the bands at 1660 (amide I), 1540(amide II),

and 1235 cm-1 (amide III) were assigned to the random

coil structure, the bands at 1630 (amide I), 1530(amide II),
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and 1265 cm-1 (amide III) β-sheet conformation.(Kweon

et al., 2001; Tsukada et al., 1994; Magoahi et al., 1985)

Typical FT-IR spectrum of the SF membranes used for

GRR was shown in Fig. 3. SF film treated with 70% eth-

anol showed 1650 (amide I), 1530 (amide II), 1265 and

1235 cm-1 (amide III), which means that the conformation

of the film is β-sheet structure. The conformation of SF

membranes affects the physical and mechanical properties

of SF membranes. To confirm the solubility of the mem-

Fig. 1. Photographs of silk fibroin membranes; (a) clinical

photograph, (b) surface observed by SEM, and (c) cross-sec-

tion, SEM. 

Fig. 2. Typical FT-IR spectrum of silk fibroin membrane. 

Fig. 3. Surgical procedure of guided bone regeneration; (a) full

thickness flap on cranium, (b) creation of circular defect in the

calvarium. 
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brane, it was immersed in warm water at 37oC, but it has

not dissolved for 1 hr. Therefore, the author used SF

membrane for GBR technique. 

Animal experiment

To examine SF membrane for guided bone regeneration,

animal test was performed (Fig. 3). When the dry state,

the wet SF membranes were easy to cover the calvarial

defect. However, it was some difficulties in managing at

surgical sites. Fig. 4 showed that the comparison of his-

tological view of SF membrane. Histomorphometric anal-

ysis was shown that the newly form bone was higher in

the silk membrane group than control group at 4 weeks. 

In the animal experiment, silk membrane restored bony

defect and used as a scaffold. These result is similar to the

previous study, electrospun silk fibroin membrane showed

excellent biocompatibility and new bone formation (Kim

et al., 2005). Desirable characteristics of ideal barrier

membranes using for GBR technique include biocompat-

ibility, cell occlusion properties, integration by the host tis-

sues, clinical manageability, space making ability and cost-

effectiveness (Karring et al., 2000). In case of biodegrad-

able materials, when it was grafted in hydrophilic envi-

ronment, such as a hemorrhage condition, undergo four

stages of degradation; hydration, strength loss, loss of mass

integrity and degradation through phagocytosis. The nature

of the polymer, the pH, the temperature, the polymer crys-

tallisation degree and the membrane volume effects on the

time of overall degradation. Therefore, it is not easy to

strictly control of resorption rate during the barrier func-

tion period (Warrer et al 1992; Hämmerle et al., 2003).

The calvarial defects in rat model covered with SF

membranes were more healed than those with uncovered.

However, there are needed to improve some managing

difficulties. From the above results, SF membranes might

be one of useful materials for GBR techniques, but further

study is needed. 
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