
Author’s Accepted Manuscript

Matrix architecture plays a pivotal role in 3D
osteoblast migration: the effect of interstitial fluid
flow

Cristina Del Amo, Vanesa Olivares, Mar Cóndor,
Alejandro Blanco, Jorge Santolaria, Jesús Asín,
Carlos Borau, José Manuel García-Aznar

PII: S1751-6161(18)30476-4
DOI: https://doi.org/10.1016/j.jmbbm.2018.04.007
Reference: JMBBM2758

To appear in: Journal of the Mechanical Behavior of Biomedical Materials

Received date: 14 January 2018
Revised date: 28 March 2018
Accepted date: 9 April 2018

Cite this article as: Cristina Del Amo, Vanesa Olivares, Mar Cóndor, Alejandro
Blanco, Jorge Santolaria, Jesús Asín, Carlos Borau and José Manuel García-
Aznar, Matrix architecture plays a pivotal role in 3D osteoblast migration: the
effect of interstitial fluid flow, Journal of the Mechanical Behavior of
Biomedical Materials, https://doi.org/10.1016/j.jmbbm.2018.04.007

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/jmbbm

http://www.elsevier.com/locate/jmbbm
https://doi.org/10.1016/j.jmbbm.2018.04.007
https://doi.org/10.1016/j.jmbbm.2018.04.007


 

1 

 

Matrix architecture plays a pivotal role in 3D osteoblast migration: the 

effect of interstitial fluid flow  

 

Cristina Del Amo
1,2

, Vanesa Olivares
1,2

, Mar Cóndor
1,2

, Alejandro Blanco
1,3

, Jorge 

Santolaria
2,3

, Jesús Asín
4
, Carlos Borau

1,2
, José Manuel García-Aznar

1,2
 

1. Multiscale in Mechanical and Biological Engineering, Department of Mechanical Engineering, University of Zaragoza, Zaragoza, Spain 

2. Aragon Institute of Engineering Research, University of Zaragoza, Zaragoza, Spain 

3. Department of Design and Manufacturing Engineering, University of Zaragoza, Zaragoza, Spain 

4. Department of Statistical Methods, University of Zaragoza, Zaragoza, Spain 

 

*Corresponding author 

Prof. J. Manuel García-Aznar. Mechanical Engineering Department. Betancourt Building - Rio Ebro Campus - University of 

Zaragoza. María de Luna s/n. 50018 Zaragoza (Spain) E -mail: jmgaraz@unizar.es Tel: +34 976 762 796. Fax: +34 976 762 670 

 

Abstract 

Osteoblast migration is a crucial process in bone regeneration, which is strongly regulated by interstitial 

fluid flow. However, the exact role that such flow exerts on osteoblast migration is still unclear. To 

deepen the understanding of this phenomenon, we cultured human osteoblasts on 3D microfluidic devices 

under different fluid flow regimes. Our results show that a slow fluid flow rate by itself is not able to alter 

the 3D migratory patterns of osteoblasts in collagen-based gels but that at higher fluid flow rates 

(increased flow velocity) may indirectly influence cell movement by altering the collagen microstructure. 

In fact, we observed that high fluid flow rates (1 µl/min) are able to alter the collagen matrix architecture 

and to indirectly modulate the migration pattern. However, when these collagen scaffolds were 

crosslinked with a chemical crosslinker, specifically, transglutaminase II, we did not find significant 

alterations in the scaffold architecture or in osteoblast movement. Therefore, our data suggest that high 

interstitial fluid flow rates can regulate osteoblast migration by means of modifying the orientation of 

collagen fibers. Together, these results highlight the crucial role of the matrix architecture in 3D 

osteoblast migration. In addition, we show that interstitial fluid flow in conjunction with the matrix 

architecture regulates the osteoblast morphology in 3D.  
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