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Abstract

In this preliminary study, 3D nanofibrous porous 

scaffolds in the form of spiral tubes for future appli-

cation as nasal cartilages implants were fabricated 

by combining polycaprolactone electrospun fibers 

with drug modified hyaluronic acid gel. It is expected 

that the spiral form of the scaffold with open geo-

metries, large surface area, and distance between 

the scaffold walls will be helpful for improving future 

cell penetration into the scaffolds, nutrient transport 

and metabolic waste removal, which are otherwise 

limited in conventional electrospun tissue-engineered  

scaffolds. The tubular scaffolds structure, its porosity 

and fibers’ diameter were assessed via scanning 

electron microscopy, and biological properties of the 

scaffolds were evaluated in an in vitro study using 

Simulated Body Fluid (SBF). SEM results showed 

that apatite formed within a short period on tubular 

scaffolds after its immersion in SBF, demonstrating 

high in vitro bioactivity of the scaffolds.
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Introduction

the surface of articulations between the bones, in rib cage, 

ction tissue for different organs and it is mostly composed of 

mechanical origins: naturally with aging or by trauma, which 

-

ing and constructing the form of the nose and for restoring 

the respiratory functions. The main nasal cartilages are: the 

greater alar cartilage, the lateral nasal cartilage, the lesser 

 

in front of the nose, making it crucial for the respiratory sys-

 

-

ability to produce such materials has been limited.

high porosities, large surface-to-volume ratios, and vari-

electrospun nonwovens have limited cellular penetration 

diameter cannot allow cell migration within the structure. 

in scaffolds by using the strategy of creating a spiral tubes 

where additional porosity is created between the walls of the 

tubes. Therefore the purpose of this preliminary work was 

to create an easy method to small nasal cartilage implant 

production. By using post-processes after electrospinning 

-

scaffolds of desired morphology for further application.  

geometries, large surface areas, and distance between the 

scaffold walls will be helpful for improving cell penetration 

into the scaffolds, nutrient transport and metabolic waste 

removal, which are otherwise limited in conventional elec-

trospun tissue-engineered scaffolds [8].

The materials chosen to make spiral scaffolds tubes are 

-

chanical properties and easy to process. Implants produced 

limited mechanical load and are well suited for the fabrication 

of scaffold for the regeneration of cartilage and bone tissue. 

-

able scaffold material for cartilage tissue engineering in facial 

some disadvantages, as limited bioregulatory activity and 

-

glycan, distributed widely throughout connective, epithelial, 

and neural tissues. In particular, it is one of the main compo-
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of the scaffold with dual and designed porosity that would 

be impossible to obtain by using only an electrospinning 

The aim of our preliminary research was to determine the 

parameters of scaffolds production and to assess the bio-

activity of the scaffolds produced in the form of spiral tubes.

-

2

suspension was achieved by sonication of the solution.  

 

of Osteo.

properties of the solution, the operational conditions and 

ambient parameters. Operational conditions (controlled vari-

between tip and collector, needle tip design, and collector 

-

the distance between needle and the collector was 200 mm. 

The rotary collector was wrapped with silica-coated paper. 

In order to make three-dimensional tubular scaffold, 

surface. By pressing the metallic shaft into the surface of 

was achieved. Then a metal spin was used for rolling 

 

-

ture and hyaluronic acid coating on the properties of the  

scaffolds, three groups of scaffolds have been prepared: 

White or almost white powder, 

1.32

pH 6.6

Intrinsic viscosity [m3

Residual isopropanol [%] <0.5

3.4

<0.05

3

20

25

415

20

Temperature [o

Humidity [%] 40
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value and the standard deviation. The sample microstructure 

image was separated from the whole area of the picture and 

In vitro

The bone-bonding ability of a material is often evaluated 

-

tion of tubes in order to check their osteoinductive behavior. 

calcium phosphates on immersed osteoinductive materials 

from a few days to 2 weeks. Therefore it is a good way to 

-

cal tests (for instance: cell culture or animal in vivo studies).  

The purpose of the in vitro tests is to observe the forma-

is that their surfaces develop a biologically active apatite 

layer after implantation, which is essential for establishing 

bonding with natural tissue [16]. It is believed that if material 

has the ability to induce apatite formation on its surface after 

, it will be bioactive in vivo as well.  

-

was prepared, in order to accelerate the apatite formation.  

of coating deposition is commonly used by other researches. 

o

in vitro simulation, 

of the surface structure of immersed spiral tubes and 

 

The aim of this preliminary study was to fabricate 

three  -dimensional composite scaffolds in shape of spiral 

our study electrospinning method was used to fabricate 

the geometric structure (which is very important, regard-

ing nasal cartilage replacement application) one obvious 

degradation time, which may help maintain the desired 

-

plement the scaffold with this function. The electrospinning 

process was successfully used to fabricate randomly ori-

obtained nonwoven had open-pore geometry and poros-

 

2.28 0.76 2.4

2.73 1.21 52.1 3.7
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However, the accuracy of this method depends on the 

that the region being imaged is characteristic of the whole 

material. The disadvantage is that it often underestimates 

was in the range from 400 nm to 3.6 µm, and an average 

nonwovens had high surface area and interconnected pore 

a facile transport of metabolic nutrients and waste through 

too small. The porosity of obtained scaffold was improved 

-

-

[18]. In order to overcome this disadvantages, and to im-

 

-

 

The measurements showed that the average diameter 

 

appeared, which represent space between scaffold walls 

be observed on the cross section of obtained spiral tubes. 

can be regulated during fabrication process in order to ob-

step of biological evaluation of tubes the bioactivity tests in  

-

 

7 days, and covered most regions of the surface of the sam-

slow and gentle apatite formation after 7 days was observed.  
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Our study indicated that the apatite layer was formed con-

which means that such samples had greater ability to induce 

the formation of minerals in vitro

that it would improve cell-scaffold interactions, however 

further biological study in cell cultures need to be performed.

method is very simple, easy, and effective for obtaining 

shapes has been a major obstacle for use in tissue engi-

neering. In this study, a new fabrication method to produce 

scaffolds in the form of spiral tubes hold a promising future 

for cartilage tissue engineering applications. The cartilage 

unable to replicate the behavior of cells in vivo. The structure 

of the tube proposed in our preliminary work consists of dual 

pores formed between the walls of the rolled scaffold.  

The microscopic observation indicates that the obtained 

scaffolds in the form of tubes have an open pore geometry 

and additional porosity between the spiral walls which will 

be helpful for improving cell penetration into the scaffolds, 

nutrient transport and metabolic waste removal. The addition 

 

for establishing bonding with natural tissue after implanta-

tion. By controlling appropriate processing conditions, we 

 

Our spatially designed scaffold could provide more bio-

electrospun scaffold, however further cellular study will be 

engineering.
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