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Biomechanics: A Current Perspective

Angelo Carini, and Riccardo Pietr abissa?

Biological structures and tissues are very complex sysoper muscle contraction and nervous signal transmis-
tems, whose behaviour is of particular relevance in agen. From a strictly mechanical viewpoint, the loads
sessing their healthy or pathological state, in applyirapplied to the bone cause stress and deformation pat-
diagnostic criteria, in designing prostheses and devidesns depending on bone shape and mechanical proper-
and, more generally, in interpreting their functions. Medies. Thisis basically the same for a piece of metal, which
ical and biological sciences offer the basic knowledge ofainly differs from a piece of bone, in purely mechani-
biological matter at different scale levels from molecule=sl terms, in that it is representable as an isotropic, ho-
to organism. This knowledge is largely based on observaegeneous and linear elastic continuum, while bone is
tions, experimentations, statistical analyses and usually anisotropic and viscoelastic composite. But from the
there is a lack of a physical and mathematical approabiomechanical point of view, what is crucial is the quan-
Biomechanics is one of the emerging disciplines whidhative determination of the bone evolution as a conse-
contributes to the understanding and interpreting of tlggence of the stress and deformation local pattern. Bi-
mechanical behaviour of biological matter. ology gives a qualitative description of this behaviour

It is very common to suppose that biomechanics is tMéhich consists in the deposition or resorption of ground
application of mechanics to biology, thus implying thasubstance in order to adapt to functional requirements.
biological matter is only that part of the physical world his is the so called bone remodelling. Similar phenom-
where biological phenomena occur. This approach seeph@ of functional adaptation are displayed by different
to be dated, and biomechanics is being more and méfBes of living tissues, and biomechanicists in the third
frequently regarded as a different way to make progré'gglennium are presented with the challenge of writing
in biology. One of the most widely acknowledged book&e laws which predict the reaction of the living matter
on biomechanics was written by Y.C. Fung in 1981 witdnder load.
the subtitle "Mechanical properties of living tissuesBiomechanics has different fields of application and dif-
What is characteristic and enlightening in this conciderent methods of investigation. It is very difficult, and
definition of biomechanics is the woriving, which probably futile and improper, to give a complete list of
refers to the exclusive feature of the biological mattdopics in biomechanics. The following is only a selec-
Living meansable to react, grow, modify, reproduce and tions of subjects which serves to emphasize the vastness
die. As an example of a typical biomechanical prolsf this field. Cellular biomechanics, tissue biomechanics
lem one can refer to bone remodelling. Bone is a livirgnd system biomechanics are all macrosubjects, which
tissue composed of cells, which provide the living beefer to the biological way of organizing biological mat-
haviour, and extracellular matrix and ground substandet according to a hierarchical scheme. Among these
which provide the mechanical properties. Bone sustatiopics, tissue biomechanics includes different approaches
the loads due to external forces and muscle contractioasgd methods, as tissues display very different features de-
bone also accumulates and releases calcium, which is paading on their role in a specific application. Generally
of the prominent bioelements as its concentration infour main types of tissue are considered from a mechan-
the extracellular fluids must be kept constant to provideal point of view: hard tissue including bones and teeth;
collagen rich soft tissues including tendons, ligaments,
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mal function. Bone behaviour depends on the hydroxyi#en is very often difficult even with the most recent and
patite content as this is a rigid mineral of calcium phosophisticated automatic mesh generation software. Ow-
phate produced by bone cells; soft tissue behaviour ieg to the complexity of the models it is often difficult
lies on the relative amounts of collagen and elastin (baih impose the boundary conditions in a realistic way.
are structural proteins) in the tissues and on their thréie computational cost is often very high, because of
dimensional arrangement. the enormous number of spatial degrees of freedom in-

Muscle is a very interesting tissue in that it is able to ré/0lved, and the high number of time steps necessary to
act very rapidly to signals in such a way as to shorten gimulate biomechanical problems, which are almost al-
produce forces, if external constraints oppose its contrd¢ays time dependent. Finally, the enormous amount of

tion. This is a very peculiar feature of muscle tissue th@@ta collected from the processing must be manipulated
has no S|m||ar|ty to any other material_ in Ol‘der to CO”eCt Signiﬁcant and Useful information in a

Blood is also very special from the mechanical point 5?61' time.

view, because it is a particle suspension in a fluid thd§e most common and important numerical method to
showing no Newtonian viscous properties. When stud§imulate biomechanical problems is surely the Finite El-
ing blood motion in the cardiovascular system, its actug@nent Method. It is the most popular technique, being

viscosity plays a more and more remarkable role, as théeliable tool to analyse physical phenomena in many
vessel lumen decreases from arteries into capillaries. fields such as structural mechanics, solids and fluids me-

All these specialized features should be properly reprcehamcs’ as well as being a useful tool to simulate various

sented when studying the mechanical behaviour of a flR9INEering processes.

ological structure. A large number of research studidsMackerle assembled a bibliography composed of 2188
in biomechanics are devoted to setting up experimeng4ftions regarding biomechanics using the Finite Ele-
tests to understand the mechanical properties of tissuégent Method which had been published in the ten year

The experimental approach to the analysis of biologid%?md_ fr.om 198710 199_7 {Mackerle (1998)].
structures is fundamental, since the complexity of the§g€ bibliography, containing references of works pub-
systems, as well as the lack of knowledge about théfhed in journals, conference proceedings and the-

structure and behaviour, often make analytical and ris/dissertations regarding biomechanics, shows the vast
merical analyses unreliable. use of this method that has the advantage of not only

Even though the experimental studies are necessary, tp@ng very effective but also of being based on a solid

. L . . ; me}{thematical structure and having numer mmer-
present various limitations. It is often expensive and time and having numerous comme

consuming to collect quantitative data from the exper(lz-'aI codes.

mental tests, particularly where the quantities to be méane of the biggest drawbacks in using the Finite Element
sured are vector or tensor fields. Also for this reasdfethod regards the creation of a three-dimensional mesh
computational techniques are being used more and mdhét, as already mentioned, in many problems of biome-

with enormous advantages, by researchers in all field<chnics results in being problematic and expensive. This
biomechanics. drawback can be overcome by the new and promising

In the last two decades, great efforts have been direc?é%smess methods [Atluri & Shen (2002 a, b)]. These

toward numerical simulations in biomechanics resultinmethOdS’ developed to avoid the creation of a mesh for

in not only describing the mechanical behaviouroftissutg,r?r?,;g'mensm??l proglims mt\_/olvmg domlfun changtgs,
but also of complex structures and organs. as € case oflarge detormaltions or crack propagation,

- ] i ) lend themselves well to the solution of complex biome-
The difficulties encountered in applying the various Comy, 4 nical problems.

putational techniques for the simulation of biomecha

cal processes can be summarized as follows. n1‘he most recent method of Finite Volumes [Atluri &

o _ _ Shen (2002 a)], having good conservation properties, has
Itis difficult and costly, in terms of time, to creaté NUpeen widely used in biomechanics for all problems re-
merical models having the complexity required by regljing the fluid dynamics (for example vascular hemo-

biomechanical models. It is almost always nece_zssaryot%amics)_ Furthermore, with this method, it is possible
produce a mesh of a geometric model, and this opera-
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to discretize complex domains in a more simplified waghanical field approach to the problem of reflection from
than with the Finite Element Method. a granular thin layer embedded between two solid sub-

Other methods have been used recently in the bionf&ates to study the direct relationship of the microstruc-
chanical field including Spectral Methods, the Boundural parameters and the overall reflection coefficients of
ary Element Method and the Cell Method. The Specti&€ thin layer. Vena and Contro present an anisotropic
Methods are not used extensively, their field of applic@mage model able to describe the mechanical behaviour
tion essentially concerning vascular fluid dynamics. Al composite artificial ligaments, with specific reference
the Boundary Element Method is not yet being widelp the tensile load carrying capacity. Corradi and Genna
used in biomechanics. However, the greatest advant§ggpare critically several Finite Element models, with
of this method is the need to model and to discretize Orﬂ?ference to the analysis of the stress and strain states
the surface of the continuum to be studied without havir@gound a tooth or a fixed dental implant. Genna, Pa-
to discretize the volume. The most frequent fields of aganelli, Salgarello and Sapelli study the mechanical be-
plication regard the three-dimensional analysis of bon@aviour of a prototype osseointegrated dental implant
and implants, bone remodeling and skeletal mechaniégntaining a thin, non-linear, internal layer, designed in
There have been very few applications using the Sy§tich a way as to simulate the existence of the periodon-

metric Galerkin Boundary Element Method, also becauiligament. Alexander, Bregler and Andriacchi describe
of the lack of commercial codes. a new approach to human motion capture for biome-

, chanical analysis, providing a complete solution to the
In recent years, new numerical methods have mge y P 9 P
f

progress in resolving problems in physics and engine ynamic skeletal modeling problem. Fischer, Bastidas,

ing and have inverted the classical treatment that usuarll dii Ti\:gihrgv;ls:z ?Zﬂm:tsf thr?)xri?rllztll\gi)sizﬁldes\/;?s tirr:e
begins with the differential formulation of the problem : rang Pro . .
he forearm, accounting for all in vivo mechanical stim-

to find a discrete formulation through one of the ma&é/

methods of discretization. E. Tonti (2001) has sho r%" The adopted computational technique is based on

that, thanks to a series of reflections and observations ae remodeling theory and computed tomography data

very intuitive concepts, it is possible to make a discrefs the bones. _Skpvoroda and Gold_steln dIS-CUSS the re-
covery of the distribution of the elastic moduli of a strat-

formulation of a physical problem from the beginninq . .
: , . : fied layer, based on measures of the surface displace-
without going through the differential treatment of the onts )l/mder localized surface loads. The problerE and

problem itself, by using basic notions of algebraic topoﬁT-1

ogy. The method thus obtained, called the Cell Metho'&?tiSOIli)t;O”r\]/;re {S:Jgg toRt;\s T_ﬂr]:oﬂpeg Ogr?(;a;g?aprgpél
permits a direct discrete formulation, starting from the 1o>. ngwl ) ' d1 N trp in 3& mixt rJ r?1 % |
experimental data, and highlights precious informati(fr%(amme a newly proposed constraine ure moce

: . o or growth and remodeling process. They present il-
that is lost in the limit process.

_ lustrative computations in a representative, transversely-
We know of only one work that has been published whefg, i soft tissue subjected to homogeneous deforma-

the Qell Method was used for the solutlon of a b'om‘%l'ons under uniaxial loading. Auricchio, Petrini, Pietra-
chanical problem. However, we are convinced that s, ang sacco present a beam finite-element with a one-
finite formulation, such as the Cell Method, of comple¥neansional constitutive law, able to describe the “shape
physical problems, as are found in bioengineering, Wilemory alloys” superelasticity and shape memory ef-
undergo significant development in the future. fect, with orthodontics applications. Thiriet, Naili and
The spread of articles included in this special issue prRibreau study the laminar steady flow of incompressible
vide a representative scope of the type of research ayewtonian fluid in rigid pipes with cross configuration
rently being pursued in the biomechanics field. The paf a collapsed tube to determine both the entry length
pers report mainly works on bone/skeletal mechaniggd the wall shear stress. The goal is to design flow
joint mechanics, artificial ligaments, dental and implaghambers in order to explore the mechanotransduction
mechanics, biological flow, biological growth and refunction of the endothelial cells. Ho Ba Tho, in order
modelling, and bioheat transfer. to model bone and joints with appropriate geometric and
Liu and Ferrari apply a microstructure-accounting me&iechanical properties, apply a methodology based on a
semi-automatic generation of a three dimensional geo-
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metric model of bone and joints anatomy derived frol Vena, R. Contro (2003): An Anisotropic Damage
medical Computed Tomography or Magnetic Resonarndedel for Evaluation of Load Carrying Capacity of
Imaging data. Mochnacki and Majchrzak present ti@mposite Artificial LigamentSCMES: Computer Mod-
analysis of transient temperature field of biological tigling in Engineering & Sciences, Vol. 4, No. 3&4, pp.
sue subjected to an external heat source. The first &9¥-506.

second order sensitivity of the so-called Henriques intg: Corradi, F. Genna (2003): Finite Element Analysis
grals with respect to the thermophysical parameters gf&he Jaw-Teeth/Dental Implant System: A Note about
analyzed. Majchrzak and Mochnacki discuss the biologzometrical and Material ModelingMES: Computer

ical tissue freezing process using one domain approag{bdding in Engineering & Sciences, Vol. 4, No. 3&4,
In order to estimate the influence of cryoprobe tip temyy, 381-396.

perature on the course of freezing, the direct approacr]:o&enna C. Pagandlli, S. Salgarello, P. Sapdlli (2003):
sensitivity analysis is applied. 3-D Numerical Analysis of the Stress State Caused by
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Finally, it is our hope that the publication of this specia?
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