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—— Resumo dos Artigos Apresentados

0 documento resume os artigos do 8° Congresso Nacional de Biomecanica
(CNB2019), evento que se realizou nos dias 15 e 16 de fevereiro de 2019 na
unidade hoteleira H2otel, em Unhais da Serra, uma bonita e tipica vila da
Serra da Estrela do Concelho da Covilhi e do Distrito de Castelo Branco.
A aventura na organizacio destes congressos, o primeiro em forma de
encontro, comecou em Martinchel, Abrantes, em 2005. Esse encontro teve
como objetivo primordial conhecer os investigadores que realizavam
investigaciio na area da Biomecanica, estimular o contacto e a colaboracao
entre eles, promover a partilha de projetos, trabalhos e resultados,

assim como revitalizar a entao Sociedade Portuguesa de Biomecanica

e Biomateriais, promovendo os passos necessérios a constituicio de uma
sociedade cientifica de “biomecanicos”, que se veio a designar oficialmente
de Sociedade Portuguesa de Biomecanica (SPB) em 17 delsetemhm de
2009. Desde o primeiro, organizaram-se congressos em Evora (2007),
Braganca (2009), Coimbra (2011), Espinho (2013), Leiria (2015) e
Guimaraes (2017). Procurando promover e incentivar a participacio da
comunidade académica, cientifica e técnica, no sentido de potenciar o
crescimento e a intervencao da disciplina em territorio nacional, todos
foram de sucesso cientifico assinalavel.

E inegavel que a biomecanica tem contribuido marcadamente para

o alargamento das fronteiras do saber, fruto de uma investigacao de
exceléncia que tem conduzido ao desenvolvimento de projetos de
investigaciio com relevancia, entre outros, na medicina, na bioengenharia,
na biologia, na automacio, no desporto, na ergonomia, na reabilitaciio, na
terapia ocupacional, no design de produtos e servicos e na ciéncia dos
biomateriais. Este facto esta bem patente nas diferenciadas ofertas
educativas na area cientifica, no nimero de projetos nacionais e europeus
que se tém desenvolvido, na quantidade de eventos tematicos que as
instituicoes de ensino e de investigacio vao realizando anualmente, e no
nimero significativo de artigos publicados em importantes revistas
cientificas nesses diferentes dominios do conhecimento.

A organizaciio do 8° Congresso Nacional de Biomecanica, para além de
promover a apresentacio e discussio dos trabalhos e potenciar desejadas
relacoes de colaboracio entre os investigadores, teve ainda como objetivo
incentivar a discussio de projetos de interesse comum, assim como
estreitar lacos e aproximacio entre investigadores portugueses e
estrangeiros, em particular com os investigadores da Comunidade dos
Paises de Lingua Portuguesa. Também temos a esperanca que o congresso
tenha dado um contributo importante para a sua internacionalizacao,
reforcando os lacos de colaboracio com membros investigadores da
International Society of Biomechanics e da European Society of
Biomechanics, sociedades cientificas da qual fazem parte a SPB.
Finalizamos com um sentido agradecimento a todos os membros da Comissio
Cientifica pelo trabalho realizado na revisio dos artigos submetidos.

José Antonio de Oliveira Simodes
(Universidade de Aveiro)

Daniel Almeida Marinho
(Universidade da Beira Interior)
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ABSTRACT

Mechanical loading plays a crucial role throughout humans’ lifetime since their embryonic development up to the tis-
sues’ homeostasis. Depending on the cell type and location, these mechanical stimuli regulate specific cell functions,
namely gene expression, cell growth, differentiation and death. Cells are highly dynamic and it still remains unclear how
cells sense these forces and convert them into biochemical responses. This review aims to provide an introductory re-
search of the load-sensitive cells’ mechanobiology present in the bone tissue. Subsequently, this study will contribute to
design novel orthopedic implants that overcome their current impaired fixation to the natural bone.
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INTRODUCTION

The human blastocyst is an early embryonic structure which contains less than 100 cells. During human’s
development and growth this number increases, as the reported total cell number of a human being ranges
between 10'2 and 106 (Bianconi et al., 2013). Cells are constantly subjected to mechanical stimuli, both
intrinsic tensions generated by active cell contraction that occur in the absence of external forces, and ex-
trinsic shear, tensile and compressive forces applied from external loads (Vining & Mooney, 2017). The
ability of cells to sense and respond to the mechanical properties of the matrix by generating forces and
sensing the deformation field induced in their environment is called mechanosensing (Perrault, 2016). The
mechanism through which cells convert mechanical stimuli on their environment into biochemical respons-
es is called mechanotransduction (Humphrey, Dufresne, & Schwartz, 2014; Li, Eyckmans, & Chen, 2017;
Perrault, 2016; Vining & Mooney, 2017), much faster than the chemical transduction (Perrault, 2016).
Cells’ complex structure and their integration with the extracellular matrix (ECM) facilitates the mecha-
notransduction, for example, by the presence of glycoproteins attached on cells’ surface. Among other
constituents, bone tissue is composed by bone basic multicellular units including osteoblasts (bone form-
ing cells), osteoclasts (bone resorption cells) and osteocytes (responsible for bone tissue maintenance)
(Florencio-silva et al., 2015; Roseti et al., 2017). Mechanical unloading results in an unbalance between
osteoclast bone resorption and osteoblast bone formation, leading to bone loss. This unloading also re-
sults in a decrease of the differentiation capacity of Mesenchymal Stem Cells (MSC) into osteoblasts
(Blaber et al., 2014). Hence, mechanical stimulation at the bone-implant interface is crucial to prevent bone
loss and ultimately impaired fixation of orthopedic implants (Apostu, Lucaciu, Berce, Lucaciu, & Cosma,
2017; Gasik, 2017).
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Figure 1. Intrinsic and extrinsic forces and mediators of mechanotransduction.
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Cells are constantly subjected to shear flow, stretching, cyclic strain and generated tensions, where stimuli
magnitude is highly dependent on the tissue itself (Uto, Tsui, Deforest, & Kim, 2017). The bone tissue is
mechanically stimulated due to the gravitational forces and muscle contractions. These, in turn, result in
small deformations of the tissue which generate matrix strain and interstitial flow. While the first is applied
directly through the cell attachments, fluid flow is sensed through the cell membrane and both cause cell
deformation (Perrault, 2016). Several cellular structures play an important role on mechanosensing, includ-
ing integrins, cytoskeleton, primary cilium, glycocalyx, connexins and voltage sensitive channels, as it is
represented in Figure 1.

RESULTS AND DISCUSSION

The majority of the mechanobiology studies use polymeric substrates to cultivate MSC in vitro which ena-
bles the manipulation of physical, chemical and biological parameters of interaction. Although it allows to
investigate how mechanical forces regulate stem cell behavior, these polymeric substrates strains are far
from those achieved by metallic orthopedic implants and also do not directly correlate with the microscale
loading promoted on the cells (Vining & Mooney, 2017).

Overview studies on the mechanotransduction are crucial since the fundamental study on the preferred
loading (type of stress, strain magnitude and frequency) would allow the design of a pro-active implant that
can induce the appropriate strain (and stress) to achieve a physiological osteogenic activity.
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