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Fabrication and Properties of Electrospun Double-Layered Nanofibrous
Membranes for Guided Bone Regeneration

Gyeong Tae Lee, So Yun Heo, and Young Ki Hong'

Department of Biomedical Materials, Konyang University, Daejeon 35365, Korea

Abstract: Guided bone regeneration (GBR) is a surgical technique that promotes bone for-
mation by using a barrier membrane during implant placement or in cases of alveolar
bone defects. The membrane prevents the infiltration of rapidly proliferating fibrous con-
nective and epithelial tissues while providing a physical space for osteogenic cell growth.
However, conventional membranes often exhibit hydrophobic properties, which limit cell
adhesion and proliferation. To address this limitation, a hydrophilic nanofibrous barrier
layer was fabricated by electrospinning a blend of biodegradable poly(e-caprolactone)
(PCL) and hydrophilic polyvinylpyrrolidone (PVP). Subsequently, to ensure sufficient
mechanical integrity, a double-layered nanofibrous membrane was prepared by electro-
spinning a PCL/poly(glycolic acid) (PGA) solution. The membranes were characterized by
attenuated total reflectance-Fourier transform infrared spectroscopy (ATR-FTIR) and scan-
ning electron microscopy (SEM). Surface hydrophilicity was evaluated via water contact
angle (WCA) measurements, mechanical properties were analyzed using a universal test-
ing machine (UTM), and cytocompatibility was assessed through a lactate dehydrogenase
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(LDH) assay based on extract testing. The PCL/PVP layer exhibited a tensile strength below
1 MPa, which increased to 8.62 MPa after forming the double-layered structure. All samples

demonstrated over 70% cell viability in the LDH-based cytotoxicity test, confirming the
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regeneration.

nanofibrous

potential of the developed membranes as biodegradable barrier materials for guided bone
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Table 1. Composition of electrospinning solutions for Hy_x and H_x

PCL (Wt%) PVP (wt%) CF (Wt%)
Hy_1 7 1 92
Hy._3 7 3 90
Hy_5 7 5 88
Hy._7 7 7 86
Hy._9 7 9 84
Hy_11 7 1 82
PCL(Wt%) CF(Wt%) PGA(Wt%) HFIP (wt%)
H_5 7 93 5 95
H_7 7 93 7 93
H_10.5 7 93 105 89.5
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Figure 1. Schematic diagram of the fabrication process for double-layer membranes via electrospinning.
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Figure 2. ATR-FTIR spectra of the double-layer membranes; (a) PCL, PVP and CF, (b) Hy_x with varying PVP contents, (c) PCL, PGA, CF and HFIP,

and (d) H_x with different PCL/PGA ratios.
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Figure 3. Surface SEM images of Hy_x samples; (a) Hy_1, (b) Hy_3, (c) Hy_5, (d) Hy_7, (e) Hy_9, and (f) Hy_11.

Table 2. Fiber thickness and diameter measurements of Hy_x samples

Sample name Hy_1 Hy_3 Hy 5 Hy_7 Hy 9 Hy_11
Thickness (um) 749 8217 92+11 82+13 86+18.2 98+19.2
Diameter (um) 3.595+0.609 3.741+£0.379 3.947+0.533 3.684+0.680 3.818+0.705 3.541+0.776

o] A 7L 0916+0.537 um, 3.201£0.707 pm, 1.628+0431 um ¢l A4 FAo] HAWE PGAE BEA7E Ab3akgo] H7
2 SAEAE PGAY] H[Zo] & H_10.50014 Aol & ZHsh7] miwo] B4 Aks f-a4d0] Wol A2l A&
A7F et A PCLE =8 Hzbdo] £p5to] ¢+ o] P el 4= glom, S = ARgH HFIPO| 7%
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Table 3. Fiber thickness and diameter measurements of H_x samples
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Figure 6. Tensile strength results of Hy_x, H_x, and DLM samples.
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Figure 7. Cell viability of Hy_x, H_x, and DLM samples evaluated by
LDH release in NIH3T3 cells.
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