
Author's Accepted Manuscript

Ultrasonic assessment of the elastic func-
tional design of component tissues of
phormium tenax leaves

M.D. Fariñas, T.E.G. Álvarez-Arenas

PII: S1751-6161(14)00211-2
DOI: http://dx.doi.org/10.1016/j.jmbbm.2014.07.018
Reference: JMBBM1210

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

Received date:15 April 2014
Revised date: 6 July 2014
Accepted date:
17 July 2014

Cite this article as: M.D. Fariñas, T.E.G. Álvarez-Arenas, Ultrasonic
assessment of the elastic functional design of component tissues of
phormium tenax leaves, Journal of the Mechanical Behavior of Biomedical
Materials, http://dx.doi.org/10.1016/j.jmbbm.2014.07.018

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://dx.doi.org/10.1016/j.jmbbm.2014.07.018
http://dx.doi.org/10.1016/j.jmbbm.2014.07.018
http://dx.doi.org/10.1016/j.jmbbm.2014.07.018
http://dx.doi.org/10.1016/j.jmbbm.2014.07.018
http://dx.doi.org/10.1016/j.jmbbm.2014.07.018
http://dx.doi.org/10.1016/j.jmbbm.2014.07.018


Ultrasonic assessment of the elastic functional design of component 
tissues of Phormium tenax leaves. 
 

M. D. Fariñas and T.E.G. Álvarez‐Arenas 

Sensors and Ultrasonic Technologies Department, Information and Physics Technologies 

Institute (ITEFI), Spanish National Research Council (CSIC), Serrano 144, 28006, Madrid, Spain 

md.farinas@csic.es ;  t.gomez@csic.es 

 

 

 

Corresponding author:  

Tomás E. Gómez Álvarez‐Arenas, 

Serrano 144, 28006 Madrid, Spain 

t.gomez@csic.es 

 

Abstract 
Different  tissues  in  Phormium  tenax  leaves  present  different morphologies  and mechanical 
properties according to the different roles or functions that they play during the plant life. This 
is  an  example  of what  is  known  as  functional  design,  a  concept which  is  used  in  different 
scientific fields. Four different ultrasonic techniques comprising air‐coupling and gel coupling, 
longitudinal  and  shear  waves,  normal  and  oblique  incidence  and  low  (0.2 MHz)  and  high 
frequencies  (2.25  MHz)  have  been  employed  to  study  these  leaves.  By  changing  these 
experimental  conditions  it  is  possible  to  propagate  longitudinal  and  shear  waves  in  the 
different tissues present  in these  leaves  (spongy mesophyll, chlorenchyma and sclerenchyma 
fibres)  and  in  different  directions  so  it  is  possible  to  determine  their  ultrasonic  properties 
(velocity  and  attenuation)  and  hence  their  main  elastic  mudulii.  Additional  analysis  of 
microscopic  images  of  the  tissues  permit  to  study  the  correlation  between  this  elastic  and 
ultrasonic tissues properties and main microscopic features like cell size and cell wall thickness, 
which are determined by the different function of these tissues. 

1. Introduction 
 

Functional Design is a concept used in engineering and software and refers to a simplified 
design approach for complex systems.  It  is based on the assumptions that the system can be 
divided into several parts, that each of these parts has only one function and that performs it 
with  the minimum  side  effects  on  other  parts.  It  is  also  used  in  biology  where  form  and 
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