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N
providing some key characteristics of the native extracellular matrix. Compared to other 

to recent developments and improvements, electrospinning is becoming a popular technique 

in the fabrication of three-dimensional (3D) scaffolds. In general, 3D scaffolds can provide 

a better link between single cells and organs than conventional 2D scaffolds. To date, 

This article summarizes the production of 3D scaffolds using electrospinning techniques 

by physical methods including combining rapid prototyping and direct-write with 

electrospinning, post-processing after electrospinning (laser process, physical punching 

method), liquid-assisted collection, template-assisted collection, porogen-added 

electrospinning, co-axial electrospinning, and needleless electrospinning. Furthermore, the 

role of various factors like voltage and humidity in electrospun scaffolds is discussed.

j.mokhtari@guilan.ac.ir



...................................................................................................................................................

j.mokhtari@guilan.ac.ir

ISSN: 2252-0449



ECM
cold-plate

rapid prototyping

DWES direct-write

porogen addition

Wang

PLGA

cage rotor



Jin

interconnected pores

DCM

DMF

(biomineralization)

SBF

h PLGA SEM

h

hμmg/cm3



Hild

chiller

°C

Faheem

CPE

TE

PLLA

PLLA

PLLA SBF PLLA

HA SBF

SEM



SLE

PEO

PEO

CPE

SLE TE

CPE

Kim

PCL

SLE

CPE TE



PCL SEM

SEM



Hyung Kim Seong Kim

°C

PCL

DWES

sharp-pin

Lee

lattice pores

DWES



PCL Lee

PS

DMF THF

SEM DWES

DWES



°C DMF

°C DMF

PCL

Jin

PVP

h

PVP

PCL/

PS

PVP PCL



Kim

HA

DMF

SEM



Wang

PDLLA PVA

Li



1. Ravichandran R.K., Sundaramurthi D., Gandhi S., Sethura-

man S., and Krishnan U.M., Bioinspired Hybrid Mesoporous 

Silica–Gelatin Sandwich Construct for Bone Tissue Engineer-

ing, Microporous. Mesoporous. Mater., 187, 53–62, 2014.

2. Ramier J., Bouderlique T., Stoilova O., Manolova N., Rash-

kov L., Langlois V., Renard E., Albanese P., and Grande D., 

Biocomposite Scaffolds Based on Electrospun Poly(3-Hy-

-

tite Nanoparticles for Bone Tissue Engineering Applications, 

Mater. Sci. Eng. C., 38, 161–169, 2014.

3. Sundaramurthi D., Krishnan U.M., and Sethuraman S., Elec-

Polym. Rev., 54, 348-376, 2014.

4. Pham Q.P., Sharma U., and Mikos A.G., Electrospinning of 

Review, Tissue Eng., 12, 1197-1211, 2006.

5. Cai S., Xu H., Jiang Q., and Yang Y., Novel 3D Electrospun 

Scaffolds with Fibers Oriented Randomly and Evenly in Three 

Dimensions to Closely Mimic the Unique Architectures of Ex-

tracellular Matrices in Soft Tissues: Fabrication and Mecha-

nism Study, Langmuir, 29, 2311–2318, 2013.

6.

Tissue Engineering, J. Mater. Chem., 21, 10243-10251, 2011.

7. Kim M.S. and Kim G., Three-Dimensional Electrospun Poly-

caprolactone (PCL)/Alginate Hybrid Composite Scaffolds, 

Carbohyd. Polym., 114, 213–221, 2014.

8. Lee S., Cho S., Kim M., Jin G., Jeong U., and Jang J.H., 

Three-Dimensional Scaffolds, ACS Appl. Mater. Interfaces., 6,

9. Jeong S.I., Burns N.A., Bonino C.A., Kwon I.K., Khan S.A., 

Charge Repulsions and Ultra-Sonication, J. Mater. Chem. B.,

2, 8116-8122, 2014.

10. Ng R., Zang R., Yang K.K., Liu N., and Yang S.T., Three-Di-

mensional Fibrous Scaffolds with Microstructures and Nano-

textures for Tissue Engineering, RSC. Adv., 2, 10110-10124, 

2012.

11. Vaquette C. and Cooper-White J.J., Increasing Electrospun 

Scaffold Pore Size with Tailored Collectors for Improved Cell 

Penetration, Acta Biomater., 7, 2544–2557, 2011.

12. Blakeney B.A., Tambralli A., Anderson J.M., Andukuri A., 

Growth in a Low Density, Uncompressed Three-Dimensional 

Biomaterials, 32, 1583–

1590, 2011.

13. Rogers C.M., Morris G.E., Gould T.W., Bail R., Toumpaniari 

S., Harrington H., Dixon J.E., Shakesheff K.M., Segal J., and 

Rose F.R., A Novel Technique for the Production of Electro-

spun Scaffolds with Tailored Three-Dimensional Micro-Pat-

terns Employing Additive Manufacturing, Biofabrication, 6,

035003, 2014.

14. Wang F., Zhang W., Shao Z., Sun Y., and Ru C., Electrospin-

ning System with Tunable Collector for Fabricating Three-

Micro. Nano. Lett., 9,

24–27, 2014.

15. Jin L., Feng Z.Q., Wang T., Ren Z., Ma S., Wu J., and Sun 



D., A Novel Fluffy Hydroxyapatite Fiber Scaffold with Deep 

Interconnected Pores Designed for Three-Dimensional Cell 

Culture, J. Mater. Chem. B., 2, 129–136, 2014.

16. Hild M., Toskas G., Aibibu D., Wittenburg G., Meissner H., 

-

ber 3D Composite Scaffolds for Regenerative Medicine, Com-

pos. Interface., 21, 301–308, 2013.

17. Sheikh F.A., Ju H.W., Lee J.M., Moon B.M., Park H.J., Lee 

O.J., Kim J.H., Kim D.K., and Park C.H., 3D Electrospun Silk 

Nano-

med-Nanotechnol., 11, 681-691, 2015.

18. Hong S. and Kim G., Fabrication of Size-Controlled Three-

Dimensional Structures Consisting of Electrohydrodynami-

Appl.

Phys. A., 103, 1009–1014, 2011.

19. Yokoyama Y., Hattori S., Yoshikawa C., Yasuda Y., Koyama 

H., Takato T., and Kobayashi H., Novel Wet Electrospinning 

-

sional Fabric, Mater. Lett., 63, 754–756, 2009.

20. Meli L., Miao J., Dordick J.S., and Linhardt R.J., Electrospin-

ning from Room Temperature Ionic Liquids for Biopolymer 

Fiber Formation, Green Chem., 12, 1883–1892, 2010.

21. Kim M.S., Son J.G., Lee H.J., Hwang H., Choi C.H., and Kim 

with an Electrospinning/Laser Process, Curr. Appl. Phys., 14,

1-7, 2014.

22. -

terswijk C.A., 3D Fiber-Deposited Electrospun Integrated 

Scaffolds Enhance Cartilage Tissue Formation, Adv. Funct. 

Mater., 18, 53–60, 2008.

23. Lee J., Jang J., Oh H., Jeong Y.H., and Cho D.W., Fabrica-

-

tice Pores Using Direct-Write Electrospinning, Mater. Lett.,

93, 397-400, 2013.

24. Lee J., Lee S.Y., Jang J., Jeong Y.H., and Cho D.W., Fabrica-

-

trospinning, Langmuir, 28

25. Milleret V., Simona B., Neuenschwander P., and Hall H., Tun-

ing Electrospinning Parameters for Production of 3D-Fiber-

Fleeces with Increased Porosity for Soft Tissue Engineering 

Applications, Eur. Cell. Mater., 21, 286- 303, 2011.

26. Sun B., Long Y.Z., Yu F., Li M.M., Zhang H.D., Li W.J., and 

Xu T.X., Self-Assembly of a Three-Dimensional Fibrous 

Polymer Sponge by Electrospinning, Nanoscale, 4, 2134-

2137, 2012.

27. Jin G., Lee S., Kim S.H., Kim M., and Jang J.H., Bicomponent 

Electrospinning to Fabricate Three-Dimensional Hydrogel-

Biomed. Microdevices, 16, 793-804, 2014.

28. Nam J., Huang Y., Agarwal S., and Lannutti J., Improved Cel-

Tissue Eng., 13, 2249-2257, 2007.

29. Kim T.G., Chung H.J., and Park T.G., Macroporous and Nano-

by Concurrent Electrospinning and Deposition/Leaching of 

Salt Particles, Acta Biomater., 4, 1611–1619, 2008.

30. Wang Y., Wang B., Wang G., Yin T., and Yu Q., A Novel Meth-

od for Preparing Electrospun Fibers with Nano-/Micro-Scale 

Porous Structures, Polym. Bull., 63, 259–265, 2009.

31. Simonet M. and Schneider O.D., Ultraporous 3D Polymer 

Meshes by Low-Temperature Electrospinning: Use of Ice 

Crystals as a Removable Void Template, Polym. Eng. Sci., 47,

2020–2026, 2007.

32. Tong H.W. and Wang M., Electrospinning of 

Poly(Hydroxybutyrate-Cohydroxyvalerate) Fibrous Tis-

sue Engineering Scaffolds in Two Different Electric Fields, 

Polym. Eng. Sci., 51, 1325–1338, 2011.

33. Tong H.W. and Wang M., Electrospinning of Fibrous Poly-

mer Scaffolds Using Positive Voltage or Negative Voltage: A 

Comparative Study, Biomed. Mater., 5, 054110-054125, 2010.

34. Tong H.W. and Wang M., A Novel Technique for the Fabrica-

-

tive Voltage Electrospinning and Negative Voltage Electros-

pinning, Mater. Lett., 94, 116–120, 2013.

35. Niu H. and Lin T., Fiber Generators in Needleless Electrospin-

ning, J. Nanomater., 2012, 1-13, 2012.

36. Li D., Wu T., He N., Wang J., Chen W., He L., Huang C., 

Ei-Hamshary H.A., Al-Deyab S.S., Ke Q., and Mo X., Three-

Dimensional Polycaprolactone Scaffold via Needleless Elec-

 Col-

loids Surf., B., 121, 432–443, 2014.


