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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 entiao 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 de}setembro de
2009. Desde o primeiro, organizaram-se congressos em Evora (2007),
Braganca (2009), Coimbra (2011), Espinho (2013), Leiria (2015) e
Guimariaes (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 investigacio 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 estd 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 Biomecénica, 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 internacionalizacio,
reforcando os lagos 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 revisao dos artigos submetidos.

José Anténio de Oliveira Simdes
(Universidade de Aveiro)

Daniel Almeida Marinho
(Universidade da Beira Interior)
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ABSTRACT

Biomechanics is a nuclear Science for the understanding of biological movement, including human move-
ment, no matters if hyper-functional (sports movement), educational (physical and sports education), com-
promised (pathological), assisted (compensatory or boosted) or therapeutic. All considered types of human
water movement (utilitarian, sportive and therapeutic) have been considered quite appealing overtime.
Indeed, knowing how to swim is, since centuries, considered a matter of culture and water sports are
among the most practiced in the world. Moreover, hydrotherapy is more and more prescribed by physi-
cians, mostly due to the nature of dissipative and accommodative hydrodynamic resistance, but also due
to the effect of partial, or total, reduction of weight effect due to buoyancy. So, paying attention both to
water and dryland human biomechanics should be priorities of the scientific community. Nevertheless, a
simple quest on PubMed (January 2019) elucidate that, among general biomechanics (biomechanics =
34258), swimming biomechanics is only a small niche (biomechanics, swimming = 316). Reasons for this
expressive proportion may be searched both on the reach and interest of each area (dry land vs. water
biological movement), as well as on the difficulties imposed to biomechanical research performed on wa-
ter.

The goal of this contribution is to explore force production in water and its kinematical effects and, through
reasoning the other way around — the inverse dynamics approach —, to give note of the first essays on
internal forces assessment during water movements (Lauer et al, 2016; Lauer et al., 2017; Lauer et a.,
2018). Saying this, it will be mandatory to address both force production and evaluation and to explore
kinematical assessment procedures in water and dual media (water and air); and it must be stressed that
kinematical characterization of underwater or dual media movements is not such a simple task. Solutions
from photogrammetry to video and other light based techniques, as well as inertial procedures will be ad-
dressed.

Hydrodynamic forces relevant for biomechanical purposes are, mainly, drag forces (pressure, friction and
wave), and lift forces (hydrostatic pressure and buoyancy are neglected for this purpose). Those forces are
very complex in nature (Gadd, 1963) and vary as a function to water physical characteristics (or fluid phys-
ical characteristics, if we intend to mix water and air biomechanics) and flow patterns (laminar, transient
and turbulent). Due to this complexity, hydrodynamic forces assessment in human biomechanics was, over
years, restricted to five general approaches: (i) segmental experiments through water and wind tunnel es-
says (Schleihauf et al., 1979); (ii) segmental experiments using pressure sensors (Takagi et al., 2014); (iii)
global experimental evaluation of net propulsive forces through tethered (Morougo et al., 2011), semi-
tethered (Dominguez-Castells and Arellano, 2012), towed bodies (Gomes et al., 2017) or instrumented
fixed paddles (Ribeiro et al., 2013) - to allow drag estimation considering swimming velocity as constant;
(iv) inverse dynamics (Vilas-Boas et al., 2010; Costa et al., 2015) and (v) numerical simulation (Silva et al.,
2008; Marinho et al., 2010; Vilas-Boas et al., 2015) and analytical theoretical deductions (as some creative
and very interesting biophysical solutions to hydrodynamic active drag estimation based on energy cost
were waved — Rennie et al., 1975). Out from these approaches, relevant findings were extracted and will
be reviewed, particularly those obtained by our research group. Moreover, once it is possible to assess
external forces on fluid environments and being registered a concomitant kinematics, an inverse dynamics
approach can be implemented to determine internal torques and articular forces on multibody human bio-
mechanical models. This was also tried for the first time by our research group. Results seem to allow the
characterization of kinematical chain joints efforts and, as so, the quantification of load (also work and
power) during water exercises. This is not only relevant for sport training and therapeutic exercise load
assessment, but particularly for the understanding of injury mechanism during water based exercise. Most
of all, these new achievements are relevant for the empowerment of scientific human water biomechanics.

Bringing this topic to the congress of the Portuguese Biomechanics Society is also an initiative to celebrate
the Portuguese Biophysical community protagonism on the science of swimming, especially on swimming
biomechanics, which may serve as an example for further development, in Portugal, of other areas of bio-
mechanics and general science.

Key-words: kinetics, kinematics, underwater, swimming, hydrotherapy
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ABSTRACT

A range of materials and treatments are being developed to treat pathologies of the musculoskeletal
system (e.g. osteoporotic fracture, tumor, spine deformity). Success or failure strongly depend on the
mechanical competence of the construct, including host tissue and implantable material. To elucidate the
failure mechanism of the natural, pathological or treated bone we developed an approach incorporates
different experimental methods at different dimensional scales [1].

Biomechanical in vitro testing has extensively been performed with strain measurement methods such as
strain gauging [2]. While strain gauges allow extremely accurate strain measurements, they provide only
pointwise information in the area of application. Furthermore, they cannot be applied to soft tissue. Digital
image correlation (DIC) has emerged as a very powerful full-field method to measure displacements and
deformation [3]. Essentially, the specimen surface must be prepared with a random speckle pattern so as
to allow the correlation software to track the displacement of the different areas on the specimen’s surface
[4]. We developed proprietary techniques to measure the full field distribution of strain in the hard and soft
tissues [5-7]. While DIC is extremely powerful, it also has some limitations that cannot be neglected,
chiefly random error significantly affecting the strain maps if the measurement method is not suitably
optimized [5]. Such methods are limited to the accessible surface of the test specimen. More recently, it
has also become possible to measure the internal displacements and strains using high-resolution
computed tomography (micro-CT) in combination with Digital Volume Correlation (DVC) [8,9]. The main
limitation of the latter approach lies in the extremely low loading rate, with long time intervals to allow
scanning the specimen during the test. The strengths and limitation of the methods to investigate the
behaviour under physiological loading and up to failure will be presented for different applications,
including the tibia, hip replacement, the spine in the natural, pathological and treated conditions

A selection of the experimental results collected recently will be discussed, to show some strengths and
limitations of the current in vitro test methods. Furthermore, the possible synergies [10,11] with numerical
modeling will be discussed.

Key-words: digital image correlation (DIC), in vitro biomechanical testing, strain measurement
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RESUMO

A necessidade de tratar doengas e perturbagdes do sistema musculo-esquelético e deformidades do
aparelho locomotor motivaram o desenvolvimento dos conhecimentos no dominio da Ortopedia, que
acompanharam a medicina ao longo dos séculos. Diversos vestigios, desde os tempos mais remotos tém
documentado doencas e respetivos tratamentos que hoje se enquadram na especialidade de Ortopedia.
Vérios sdo os indicios do estudo das doencas dos ossos e dos traumatismos ao longo dos tempos,
reforcando a ideia de que a histéria da Ortopedia e da medicina andaram sempre de brago dado.

A Histéria da Ortopedia remonta a quinta dinastia egipcia (2700 a.C.), pois, aparentemente, ja se
realizava a imobilizagdo de membros com talas.

A investigagdo em Ortopedia tem introduzido significativos avancos no tratamento de doengas dsseas,
muito particularmente através de estudos de biomecanica e de biomateriais.

No 8° Congresso Nacional de Biomecanica sera apresentada uma reflexdo pessoal sobre o passado,
presente e futuro na investigacdo em Ortopedia. Para além de apresentar as diversas alteragbes de
técnicas cirurgicas e de tipologias de proteses (materias e texturas) que foram sendo introduzidas no
mundo ortopédico, darei especial atengdo ao atual estado de arte e as perspetivas de novos
desenvolvimentos, como as dos implantes custom-made, a navegagdo assitida por computador e
robotica, o implante “inteligente” e a utilizagdo de céluas estaminais.

Palavras-chave: Histéria, Ortopedia, implante, musculo-esquelético, materiais, inovagao
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RESUMO

Joalharia Medicamente Prescrita (JMP) é um conceito que, para além de questdes sociopsicoldgicas mais
profundas, propde uma joia médica para tornar um corpo estético, naquilo que se quer evidenciar, mas
pode também ser integrada e naturalizada no corpo, ou seja, tornar-se parte do corpo e desempenhar
igualmente uma fungdo. E um modo alternativo ou complementar de utilizagdo de joias médicas, que
ligando a arte e a ciéncia através da tecnologia, ttm como fungéo a reparagéo corporal atribuindo-lhe
valor [1].

A nogéo de que o “objeto se torna o corpo” é central neste conceito, particularmente no que diz respeito a
“tornar-se o corpo para além de suas proprias fronteiras” [2]. Como podem entdo as concegdes tradicio-
nais das fronteiras do corpo ser questionadas, transformadas ou superadas? Aqui, ao unir a divisdo entre
as disciplinas da medicina e da modificagdo corporal, a joia, como objeto, € entendida como meio para
embelezamento do corpo enquanto se torna integrada e integral a esse corpo sujeito a tratamento
medico.

Em JMP, o refinamento da arquitetura biolégica do corpo humano ndo envolve nenhuma tentativa de
esconder a ferida ou a imperfeicdo, mas sim acrescentar-se valor estético e pessoal, individualizando o
processo de reparacéo. A ligagéo da pratica médica com a joalharia espoleta questdes éticas e morais de
alguma complexidade visto que coloca em causa o “paradigma imperativo” [3] que dita a joalharia como
produgdo de meros adornos corporais. Embora as joias possam ser vistas de diferentes prismas, como
objetos que ditam estatuto, pertenga cultural, crenca religiosa, expressdo estética pessoal, etc., no
contexto da investigagdo e do conceito desenvolvido ha uma pretenséo clara para o desenvolvimento de
joias que vao para além do adorno. A joia assume-se como o elemento central na transformagéo e
reparagdo (médica) do corpo humano.

A fungdo primaria da joia é estética e, neste sentido, o objeto estético introduz questbes pertinentes
quando assumido como um dispositivo biomédico e interrogando certamente os efeitos psicofisicos que
esta pode introduzir. Ao transferir a joalharia para um contexto médico visando a reparagdo médica, a
investigacao e sua pratica permitem ensaiar e testar as fronteiras e os limites do que é e néo é a joalharia,
o que podera mobilizar e como se podera apresentar num contexto contrastante. Assim, na investigagéo
realizada, é importante referir que cada pega desenvolvida apresenta uma possibilidade real de utilizacéo
médica, baseada em avaliagdes de biofuncionalidade e biocompatibilidade. Estas caracteristicas foram
estudadas, entre outras, com base no estado da arte referente as placas de fixagdo dssea. Estudos
idénticos foram realizados para outros implantes biomédicos, como, por exemplo, préteses intra-
articulares, tendo sempre como referencia o conhecimento médico/cirurgico.

Embora tenha sido afirmado que a proétese €, em alguns casos, necessaria para ajudar o paciente a recu-
perar a mobilidade e a aptiddo para voltar a ter o desempenho pessoal e social do dia-a-dia, o aspeto
funcional da prétese pode ndo ser capaz de preencher completamente o bem-estar psicolégico e a ima-
gem corporal do paciente [4,5]. A estética do design protésico € uma questdo que tem sido abordada, no
entanto muito pouca investigagdo teve como objetivo estudar a relagdo da atracdo estética das pessoas
para com as préteses e a sua semelhanga humana [6-8]. O papel da prétese vai muito além da sua carac-
teristica funcional, j& que a sua qualidade estética influencia as preocupagdes psicoldgicas dos pacientes.
Pillet e Didierjean-Pillet [9] afirmam que “ninguém é libertado por uma amputagéo, e uma prétese pode
atuar como seguranga, uma garantia ou um mecanismo para exigir a integridade da aparéncia fisica, que
valida a integridade psicoldgica”. “Assim como o retorno da fungéo fisica, a aparéncia cosmética parece
desempenhar um papel importante nas sequelas psicolégicas da amputagéo” [10].

Parece nao haver duvida de que a aparéncia da prétese afeta a sua aceitagdo e que, ao melhorar as suas
qualidades estéticas, podera haver uma melhoria consideravel na imagem e no bem-estar psicolégico do
paciente.

JMP consiste na formulagdo de uma série de hipéteses que exploram cinco ‘camadas arqueoldgicas’ do
corpo humano no sentido de apresentar diferentes propostas de ‘adorno médico’ (de exo-corpdreo para
intra-articular) [1]. Estas resultam da combinagao de conhecimento tedrico e pratico-técnico de médicos,
psicologos, de bioengenharia e biomecéanica e de design, com o intuito de compreender ideias do corpo
fragil e seus tratamentos.

Ao combinar o conhecimento tedrico e técnico dos profissionais das areas da medicina, da engenharia e
dos designers de joalharia, muitas hipoteses surgiram relativamente ao tratamento e fragilidade do corpo.
Apesar dos aspetos negativos, fisicos e psicolégicos, a joalharia médica tem também como objetivo facili-
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tar o processo mental e fisico da cura. Assim, como um corpo de multiplas possibilidades terapéuticas,
pode ajudar na compreenséo do procedimento terapéutico de um modo diferente do convencional. A figu-
ra ilustra exemplos de placas de fixagao 6ssea. Aqui, sugere-se que as placas de fixagdo internas possam
ser feitas de ligas preciosas potencialmente biocompativeis - ouro, prata, platina. Essas fraturas também
requerem estabilizacdo através de procedimentos cirdrgicos que consistem na aplicagdo de implantes de
fixagdo - placas, parafusos e varetas intramedulares com parafusos de blogueio.

Diferentes placas de fixagdo 6ssea em ouro, prata e diamantes.

As placas de fixagdo propostas também podem ser aplicadas na fixagéo interfalangeana, através do pro-
cedimento de artrodese, que é definido pela anulagdo da mobilidade de uma articulagdo com placas de
fixacdo e parafusos. A destruigdo da articulagdo com consequente perda de cartilagem é geralmente cau-
sada pela presenga de uma artrose degenerativa induzida por algum tipo de trauma. A artrodese é consi-
deravelmente mais frequente no pé e tornozelo porque sdo articulagdes que suportam cargas, logo mais
faceis de desgaste ou fratura. As placas sdo projetadas para serem mais leves e de menor densidade,
sendo a superficie principal construida em filigrana fina e detalhada com parafusos cirurgicos de fixagdo.
Deste modo a placa apresenta resisténcia adequada. As placas de fixagdo mais rigidas podem ser
desejaveis em certas situagbes clinicas; em outros, uma placa menos rigida pode ser a melhor solugao
clinica. As questdes biomecanicas estdo relacionadas com compromisso resisténcia-rigidez para melhorar
a cicatrizagéo e fixagdo dssea.

Palavras-chave: Design, Arte, Implante, Biomedicina, Biojoalharia, Joia Medicamente Prescrita, Corpo
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ABSTRACT

Bone tumors grow when cells divide without any control, forming a tissue mass. Bone tumors could be
benign or malignant, and primary or metastatic due to systemic cancer cells dissemination. They destroy
bone and lead to pathologic fractures. The main objective of this work is to study the thermal effect in-
duced by the bone cement polymerization, in the bone metastatic tumor minimization. To assess the clini-
cal effect, it is important to test this methodology before its application and obtain sustained results. In this
work, a numerical model was developed to predict the temperature distribution produced by cement
polymerization. Thus, distinct tests were produced for different cement sizes introduced in a cortical and
spongy bone tumor, with or without an intramedular nail system.

Keywords: bone tumor, metastases, thermal necrosis, cement, PMMA, temperature

INTRODUCTION

Bone metastases, which are frequently diagnosed late, translate an advanced tumor stage and have a
high impact in patients’ quality of life and survival.

After the diagnosis and tumor staging, it is important to characterize the bone tumor lesions with specific
attention to identify the size, type (osteolytic, osteoblastic, mix), location, etc. in the involved bone [1].
Tumors can destroy the spongy and cortical bone and extend to soft tissues. The bone cancer treatment is
complex, and can include surgery, chemotherapy and radiotherapy, or other local or systemic treatments
combinations, with the aim to cure or control the affected anatomic area.

Bone cement (polymethylmethacrylate, PMMA) are widely used in orthopaedic surgeries due to their struc-
tural and physical properties, excellent biocompatibility and easy manipulation. This material has an exo-
thermic reaction where volumetric dimension changes during the polymerization process with heat genera-
tion [2]. The high heat generated can lead to thermal necrosis of bone cells and also residual stresses
formation that can affect the endomedular systems fixation and loosening. Different authors studied the
exothermic reaction of cement polymerization and reported in different publications predictive results re-
garding the temperature rise and residual stresses using time-dependent polymerization function [2], [3].
Others proposed empirical models for the prediction of heat generated using experimental and numerical
tests [4], [5]. In this work, the bone cement PMMA was introduced to fill in a metastatic lytic lesion area,
which the main objective is playing a promising role for bone tumor necrosis due to thermal effects and
biomechanical stabilization for function. All results were presented to promote a discussion for better clini-
cal benefit and if the introduced PMMA is an alternative methodology.

RESULTS AND DISCUSSION

Different numerical models were produced representing a two dimensional bone geometry with an external
diameter equal to 31,2mm and with cortical thickness of 7.35mm. In the middle of the model was intro-
duced a cement bone with the dimensions equal to H=20mm in depth and variable width L=10, 15, 20, 25
mm. Numerical models were building accordingly to average dimensions obtained from digital medical
images from patients in CHP-ICBAS and approved from a biomechanical data control group [6]. All thermal
material properties (cortical, spongy bone, cement, and endomedular titanium nail) are in accordance with
the literature [2], [7] and summarized in Table 1. The time-temperature depend effect in PMMA was intro-
duced in the numerical model according experimental results from literature [5]. According to the cement
polymerization, a total simulation time equal to 1800 seconds was established for the numerical model:
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384 seconds of heating with a peak of temperature equal to 83°C and 1416 seconds of cooling. The time
end of the numerical model was 1800 seconds with an incremental time step equal to 5 seconds.

Four models were reproduced without endomedular nail and another four with internal stabilization system,
with a diameter equal to 11mm. When the intramedulary nailing system was reproduced, the bone cement
was spread in the same quantities through spongy bone.

Table 1. Thermal material properties

Material p [kg/m3] A [W/mK] Cp [J/kgK]
Cortical bone 2100 0.38 1260
Spongy bone 620 0.39 4926
Cement PMMA 1.1x103 0.2 2000
Endomedular Nail (Titanium) 8900 29 377

Figure 1 represents the geometries in the study without the internal stabilization, where blue zone is the
cortical tissue, violet is the spongy bone and red colour the used cement. Figure 2 represents de same
models but including the endomedular nail in dark blue colour. The temperature field due the cement pol-
ymerizing effect is represented in the time instant equal to the maximum polymerization cement peak.

Model without steam — L=10mm, H=20mm Model without steam — L=25mm, H=20mm

| I
37°C 83°C
Figure 1. Geometries without endomedular nail and temperature distribution at high peak cement polymerization.

Model with steam — L=10mm, H=20mm Model with steam — L=25mm, H=20mm

e

——  mm——
| T L —— |
37°C 83°C

Figure 2. Geometries with endomedular nail and temperature distribution at high peak cement polymerization.

The results obtained from the numerical analysis using the finite element method permit to conclude about
the high temperature spread in bone material. In conclusion, values greater than 47°C were obtained in
models without internal endomedular nail, figure 1. With high width dimensions for introduced cement
material, the thermal effect in bone is equal through the horizontal side spread, but increase the bone area
in lateral corners of the cement zone. High quantities of cement material produce thermal necrosis in bone
more pronounced in depth. Figure 2 represents the temperature field located in endomedular nail material.
Here, the quantities effect of cement material induces heat transfer in all model’s domain due to the titani-
um endomedular nail as a good material conductor.
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ABSTRACT

Dysphagia is a pathological prevalent condition characterised by the dysfunction/incoordination of the ana-
tomical structures involved in the swallowing biomechanics [1]. It can be present as a consequence of vari-
ous pathologic conditions of which the stroke should be highlighted due to the high incidence of pathology
itself and dysphagia (37-78%) [1, 2].

About 50-75% of patients with dysphagia present bolus penetration of laryngeal vestibule, which means the
entrance of food material in the laryngeal vestibule, above the vocal cords level. Between 20-25% of these
penetrations result in airway aspiration (passage of food material below the vocal cords) [1].

The presence of food material in the lung area can induce respiratory infections (pneumonia). Dysphagia is
considered the major cause of pneumonia after stroke, affecting about 20% of these patients, and causing
more than 10% of deaths after stroke. Dysphagia can also result in other clinical complications, such as
malnutrition and dehydration until 25% of patients after stroke [1, 2].

It implies a high negative impact on these patients quality of life. In institutional terms, dysphagia may also
represent increased financial costs in order to treat associated complications.

The fast identification of a patient with dysphagia, and its detailed evaluation is, therefore, important to avoid
these serious clinical consequences. A more precise knowledge of the altered mechanisms involved in the
swallowing process may also allow drive the rehabilitation treatment of these patients in a more specific way
(eg.: identifying and targeting rehabilitation to a specific group of muscles) [3].

There are two popular instrumental techniques for dysphagia diagnosis and evaluation, considered as gold
standard: videofluoroscopic swallowing study (VFSS), also known as the Modified Barium Swallow (MBS),
and fiberoptic endoscopic evaluation of swallowing (FEES) [4, 5]. However, these exams are uncomfortable,
invasive, include aspiration risk and other inherent disadvantages/risks related with each technique itself [1,
4]. VFSS, for example, requires patient radiation exposure, has a limited resolution of soft tissues, as the
tongue, and provides insufficient data regarding the applied forces [1, 6-9]. The optical fibre cable inserted
through the nasal cavity, during FEES, can interfere with the normal bolus flow, there is a “white-out” phase
(the visualisation is momentarily interrupted) during this procedure due to the oropharyngeal structures col-
lapse and other complications, although uncommon, can occur during the optical fibre cable insertion [1, 4].
One of the most common forms of dysphagia treatment is the use of thickeners, in order to modify fluids
properties (increase viscosity of liquid drinks) and, consequently, the safety of the patients during food and
medication ingestion as well as of their hydration [1, 8, 10].

In a general way, computer simulation is a very useful tool to simulate and predict the behaviour of structures
of a selected physical process. Thus, simulation area may contribute to a more detailed knowledge of the
swallowing biomechanics and, when applied to pathologic scenarios, to identify higher risk patients and
manage the treatment in a more adequate and specific way [10].

The swallowing computer simulation advantages have motivated several authors, over time, to develop in-
creasingly complex and meaningful models. Some authors investigated the importance of anatomical and
functional details for the efficacy of the swallowing process, namely epiglottis retroflexion movement and
larynx elevation [9]. Other authors have more specifically addressed the tongue biomechanics and the oral
fluids containment capacity [10-14]. More recently, some authors have included more complex rheological
characteristics in their studies. They have analysed the liquids viscosity and density and included Newtonian
and non-Newtonian fluids (representative of thickened liquids, usually used with dysphagic patients) [6-8,
11, 12, 15-19]. Some aspects relative to the bolus flow have also been added: the gravitational force, peri-
talsis-like movement of the pharynx, deformability, flow resistance and frictional resistance [9, 17, 20]. More
recent studies have already considered the role of saliva in their models [9, 19]. Regarding the characteris-
tics included in simulations, some improvements have been proposed to previous models, namely the re-
placement of solid elements by shell elements, the composition of the tongue (in two parts) and the inclusion
of a soft palate [17]. The latest papers have used data from medical images (VFSS, CT scan, MRI and
anatomical dissection images) in order to obtain realistic movement boundaries of oropharyngeal structures
[21-26]. Some authors have already included in their analysis some pathological changes of the swallowing
process. The corresponding conclusions have already allowed us to better understand the biomechanics
underlying some clinical situations [17].



8° Congresso Nacional de Biomecanica, 15 e 16 de fevereiro de 2019, Unhais da Serra, Covilha

This paper presents a finite element model (FEM) to simulate a normal swallowing. In order to obtain a
realistic geometry, the anatomical boundaries were based on medical images (MRI). A model was created
using a medical imaging processing software, Mimics Research 20.0. Using different segmentation masks
it is possible to identify different elements of the model. A segmentation mask is a collection of pixels of
interest that constitute an object. Initially, with a regional growth tool, it was possible to obtain a three-dimen-
sional representation of the hyoid. Subsequently, by analysing the different images through different views,
a segmentation mask was created and all points belonging to the thyroid cartilage were manually selected in
each slice. A three-dimensional representation of thyroid cartilage was obtained using the Smart Expand
tool. This model was analysed according to a FEM. The different behaviours (kinematic data) imputed to the
model were based in the most frequently patterns during a VFSS.

Keywords: Swallowing; Dysphagia; Swallowing simulation; Kinematics; Biomechanics
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ABSTRACT

The breast is a vital organ for women and the pathologies associated to it such as cancer are very fre-
quent. Breast cancer is one of the most common cancers in women, being 25% of all types of cancers
(Ramiao et al., 2016). One of the current therapies is mastectomy, which leads women to do breast recon-
struction to recover their appearance. According to International Society of Aesthetic and Plastic Surgery,
in 2017, there were 1.449.337 breast reconstructions, which represented 15.8% of all reconstructive pro-
cedures in the world (Liu, 2017).

Besides adipose, fibrous and glandular tissues, the breast also presents suspensory ligaments, which are
responsible for the support of the breast (Ramido et al., 2016). All these components are in continuous
change along the life of the woman, according to her age, to her menstrual cycle, menopause, pregnan-
cy/lactation, hormone therapy and her body mass index. There are visible alterations in size and volume of
the breast as well as in its sensibility.

Normal breast tissues and pathologic tissues have been studied and it has been shown that in the pres-
ence of a lesion, the tissue becomes stiffer compared to normal. Also, the malignant cancer is stiffer than
the benign cancer and within the normal tissue, different types (adipose, fibrous and glandular) have dif-
ferent stiffness. Therefore, the mechanical properties of those tissues have been an important target of
research, which leads to improvements in the diagnose of diseases, in the planning of surgeries and in
aesthetic treatments.

These advancements can be also achieved using tissue-mimicking materials. The phantoms are an im-
portant tool to develop breast models and medical image techniques. They allow the training, calibration,
testing and validation of new diagnostic techniques such as elastography (Ismail et al., 2017). To achieve
a good performance, the phantoms must mimic the properties of breast tissue, including mechanical, opti-
cal and acoustic parameters.

The most common materials for breast phantoms are agar, gelatin and silicone (Ismail et al., 2017)
(Lamouche et al., 2012) (Madsen, Hobson, Shi, Varghese, & Frank, 2005) . However, each one still pre-
sents drawbacks and, therefore, the properties of biomaterials for breast phantoms continue to be studied.

Agarose, the main component and the gelling fraction of agar, has been studied for tissue regeneration
(Zarrintaj et al., 2018) and for mimic the breast tissue regarding the nuclear magnetic resonance parame-
ters (Mitchell, Kundel, Joseph, & Axel, 1986). It was mentioned that agarose has unique features such as
excellent biocompatibility, thermoreversible gelation behavior and physiochemical features (Zarrintaj et al.,
2018). Therefore, since there is not a lot of information available in literature about the mechanical behav-
ior of agarose, an opportunity appears to study this hydrogel in terms of mechanical properties, which was
mentioned above to be a relevant feature for the breast tissue.

Thereby, the goal of this work was to evaluate if agarose is a good phantom or not for breast tissue, con-
sidering the mechanical properties. To accomplish this aim, compression tests were performed in small
homogeneous block shaped agarose samples, at different agarose concentrations, ranging from 1% to
4%. The values of the parameters of each trial, such as velocity and strain amplitude, were based on litera-
ture for ex vivo techniques of human breast tissues. Several authors showed that the stiffness of the breast
tissue is influenced by the preconditioning applied on the experimental test (Krouskop, Wheeler, Kallel,
Garra, & Hall, 1998) (Wellman, Howe, Dalton, & Kern, 1999) (Umemoto et al., 2014). Therefore, precondi-
tioning was performed in this work, with different velocities and strain amplitudes, over 25 cycles. Initially, a
preload was applied to stablish the contact between the surface of the sample and the indenter.

In this work, the Young’s modulus was measured at two different regions of the stress/strain curve: the first
region corresponded to low strain (approximately between 2,5% and 10%) and the second region corre-
sponded to high strain (approximately between 15% and 25%). In addition, the maximum force supported
by the sample at failure was measured.

The results showed that agarose can mimic breast tissue since this hydrogel has a stress/strain curve
“similar” to breast tissue. Adjusting the concentration of agarose, different breast tissues can be mimicked.
However, there were some contradictory results in this work when comparing agarose with breast tissue
results from different authors, once in literature the values of stiffness for each breast tissue were different
between studies (probably due to the different testing conditions and the life state of the woman whose
tissue was analyzed in each study).
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Furthermore, the results showed that the stiffness of agarose increased as the velocity of each trial in-
creased, the stress increased as the concentration of agarose increased and the strain at failure also in-
creased with the concentration of agarose but only until 2%, being nearly the same at higher concentra-
tions.

Keywords: Biomechanics, Biomaterials, Agarose, Compression tests
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ABSTRACT

Pathologies such as urinary incontinence or benign prostatic hyperplasia (BPH) have significant prevalence
and unfortunately they are not fully understood by the medical community [1]. Nowadays, this medical prob-
lem is one of the most common in ageing men [2]. Hence the authors aim to understand better the mechan-
ical behavior of the organs affected by this disease, simulating the model created under a rectal examination.

Key-words: urinary-sphincter, urinary system, fem, simulation

INTRODUCTION

The male urinary system has unique characteristics that influence the normal physiology as well as the
pathophysiology. Pathologies such as urinary incontinence or others medical problems have a significant
prevalence and interfere with the day-to-day life of the men [1].

For this reason, it is very important to understand the behavior of the male sphincter-urinary system under
an abnormal situation or in case of a disease such as a block in the urethra, an uncommon pressure on the
bladder or pathological cases like cancer or benign prostatic hyperplasia, always paying a particular attention
to the sphincter.

In order to study all these possible situations, we aim to create a functional model that is able to simulate
the behavior and the interaction between organs, bones and muscles (Fig. 1).

(a) (b)
Fig.1. (@) Male Sphincter-Urinary System model with other elements like rectum or bones surrounding; (b) Simplified
Male Sphinter-Urinary System model.

METHODOLOGY

The development of the model was based on a human atlas [3], [4]. We created, developed and tested each
component of the model using FEM softwares Femap (mesh), Abaqus (simulation).

After correcting the base geometry and mesh of each component, they were assembled (those considered
important for the case in study), into a global FEM model of the male sphincter-urinary system (fig. 1). The
next step is to import it into Abaqus. Then the boundary conditions were defined, as well as the loads/pres-
sures/displacements, interactions and the material characteristics of each organ, bone or muscle. Finally,
we proceeded to the finite element method simulation.

RESULTS/DISCUSSION

In this particular case of the study of the male sphincter-urinary system, two different cases were simulated
and compared in terms of mechanical behavior (loads, deformations, displacements), considering the sim-
plified model (fig. 1 b). A model assuming a healthy prostate and other with a benign prostatic hyperplasia
were compared. In the second one, not only the material characteristics of the prostate were changed, but
also geometric dimensions. We tried to replicate the boundary conditions considering the limited information
available in literature.
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So, we aim to understand what happens in both models at the end of the simulation, specifically how the
sphincter behaves itself in a rectal examination. Unfortunately, the sphincter was not considered in this sim-
ulation, because no adequate material characteristic could be found in literature for using it in model. How-
ever, applying the same displacement in the prostate in both cases (fig. 2 a)), it is observed by the figure 2
the model with prostatic hyperplasia (fig. 2 b)) has bigger displacements in general than the healthy model
(fig. 2 c)). This fact can be justified by the first model has a lower Young modulus.

(a) (b) (c)
Fig.2. (a) Initial conditions of the fem simulation; (b) Model with prostatic hyperplasia; (c) Model with healthy prostate.

With this approach, we hope to contribute for a better understanding of what happens with the male sphinc-
ter-urinary system under some particular condition in terms of normal and/or pathological behavior. Hopefully
this research will contribute to avoid future urinary system problems for men.
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ABSTRACT

The male urinary system plays an important role in the physiology of the human body and can be affected
by several conditions which are not yet fully understood regarding their causes or the consequences of the
treatments for common pathologies. In this context, virtual reality may be an important tool for both educa-
tional and research purposes, allowing the manipulation of the organs and tissues ex-vivo through direct
contact in a virtual scenario, granting health professionals and researchers the ability to study/manipulate
the anatomy in three-dimensions or to practice surgical procedures.

Key-words: virtual reality, male urinary system, sphincter-urinary

INTRODUCTION

The male urinary system (MUS) plays a complex and unique role in the physiology of the human body and
can be affected by diverse pathologies which disrupt the wellbeing and normal functioning of the patients,
such as urinary incontinence, sphincter insufficiency or prostatic hyperplasia. These pathologies can lead
to serious medical interventions, for example prostatectomy, or several daily inconveniences for the patient
[1, 2], and the significant outcomes aren’t yet fully understood by the medical community and only a few
studies have been performed. In order to enable health professionals and researchers the possibility of
study and manipulate the anatomy of the structures in the MUS, a virtual reality (VR) approach has been
proposed, including tools that allow the direct interaction with the pathophysiology, which grants the possi-
bility to practice surgical procedures, observe their results and contact with the actual anatomical model,
before performing them in living patients [3].

METHODS

The MUS geometrical model was constructed based on anatomical features and relevant simulations were
performed in accordance with the correct constraints, such as the pelvic bones and the interactions be-
tween organs, muscles and tendons. The visual information regarding those simulations, partitioned into
several steps in each case, was gathered from the simulation software (ABAQUS) and later translated into
the correct file formats according to previous works, in order to become compatible with the VR environ-
ment, so that they can be rendered and inserted into Unity for later visualization and interaction using the
Oculus Rift and Leap Motion systems [3, 4]. These interactions were implemented using the software Uni-
ty, Leap Motion resources and C# scripts, and have the objective of controlling the animation of the simula-
tions in regard to the sequence of frames or the position and rotation of the models.

RESULTS

The organs and muscles of the MUS are currently implemented in the VR environment, which was previ-
ously developed for other anatomical models [4]. The user can interact and visualize the simulations,
which maintains the numerical and visual properties of the finite element method used. This method allows
the user to navigate through the urinary system and perform intuitive movements which trigger functions
implemented in the system. Such functions are useful for the manipulation of the models and in current
phases of the development work new functionalities are being added, for instance the ability to easily tog-
gle between different simulations. The new functions become challenging to implement due to the scripting
resources being very specific when it comes to VR projects, which leads to several iterations and tests
before an acceptable outcome.

DISCUSSION

This approach to the study of the MUS pathologies and physiology using VR tools increases their under-
standing, granting the user a feeling of immersion in the simulation. The implemented functionalities are
still limited, due to the difficulty associated with the actual simulations and the incompatibilities between the
current updates of the software used in previous versions of this project, as well as the specific scripting



8° Congresso Nacional de Biomecanica, 15 e 16 de fevereiro de 2019, Unhais da Serra, Covilha

necessary for the desired functionalities, as referred previously. However, soon the user will be able to
interact with the model with new functionalities, which can include multiscale travels (from the entire sys-
tem, to the organ simulations, and even go to the tissue and cell fields), and improved manipulation abili-
ties. These tools will potentially allow patient specific applications, consulting and comparing different cas-
es at the same time, store the evolution of a clinical case (in the current project this is applied to the urolo-
gy field, even though there is the possibility to add any case the user desires).
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ABSTRACT

A deep squat is one of the most challenging motion for the hip and knee joints as it generates considerably
high reaction forces and the approximates the fully functional flexion range of the lower limb. Pre-surgical
testing of patient-specific joints undergoing total joint replacements is infeasible as there is no way to
measure the joint reactions forces in vivo. In addition, pre-surgical kinetic data acquisition on a patient-
specific anatomy is also scarce in the literature. Due to the geometric differences in the anatomy, the joint
reaction forces and moments are highly variable amongst a population of individuals. Within this context, a
statistical kinetic model of the lower limb kinetics is thoroughly presented in this paper that accounts for
inter-patient variability and is able to generate new data, which will ultimately allow pre-surgical testing of
the joints. Fifty subjects underwent deep squat motion capture acquisitions and lower limb magnetic reso-
nance imaging (MRI) scans. Joint loads, moments and angles were predicted using a musculoskeletal
model using patient-specific anatomy. A principal component analysis (PCA) was performed over the ki-
netic data in order to reduce dimensionality and identify the its main modes of variation. The model proved
to be accurate and compact as merely 21 principal components (PCs) account for 95% of the total variabil-
ity of the population and is able to reproduce the original data with a root-mean-squared error (RMS) below
0.2 % of the total body weight. In sum, the development a non-invasive alternative for determining lower
limb reaction forces and moments that accounts for inter-personal variability from a reasonably extent da-
taset of clinical is hereby presented. These findings can be relevant in the evaluation of young adult hip
pain pre-surgically and set the starting point for the establishment of the relationship the variability of hip
anatomy and kinematics.

Keywords: Lower limb kinetics, inverse dynamics, PCA, musculoskeletal model

INTRODUCTION

In biomechanics, the safety and efficiency of novel surgical techniques as well as the development of bio-
compatible products ultimately rely on its capability of being tested on humans through clinical trials. Simul-
taneously, due to the high anatomical variability between individuals it is known that patient-specific sur-
gery planning or implant design can improve long-time outcome of implant. Within this context, methodolo-
gies such as statistical models of the human anatomy as well as kinematics or kinetics that account for the
anatomical inter-variability of the population combined with biomechanical simulation studies can provide
non-invasive pre-surgical clinical output.

Lower limb kinetics can be estimated based on musculoskeletal models and ground force plates using
inverse dynamics. These techniques do not often account for patient-specific variability as they use scaled
generic models [1] while it was already widely shown that the geometry of musculoskeletal models is very
sensitive to muscle force predictions [2]. Hence, combining the use of MRI scans with patient-specific
musculoskeletal models with the statistical analysis of kinematic time series is believed to more accurately
represent inter-patient kinetic variability.

MATERIALS AND METHODS

Motion data of sixty-one asymptomatic healthy male volunteers, aged 18 to 25 years old, was acquired
using an eight camera motion capture system and synchronised with two force platforms. Subjects were
trained to perform a smooth maximal depth squat — Figure 1A. The motion capture reflective markers were
then replaced with hyper-intense vitamin A beads and subjects underwent a full lower limb MRI scan in
order to obtain patient-specific lower limb models using an extension of shape model-based segmentation
[3]. Collected data was imported into the Anybody modelling system (Figure 1B) and the system kinemat-
ics were obtained using an overdetermined kinematic solver to track the experimental markers in a least-
squares sense. Consequently, the resultant set of joint angle trajectories was used to drive the inverse
dynamic analysis - Figure 1C.

Squat trial results were trimmed from 0 to 100% of squat activity (start and end being standing position).
The deepest point of the squat, defined as peak knee flexion, was fixed at 50%. The data matrix was nor-
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malized by row-wise standard deviation and then mean centered as a PCA was then applied on the train-
ing matrix. As a result, the statistical model can be described as a set of principal components ranked in
decreasing order according to their significance in the overall shape variance. The number of principal
components retained is determined such that the cumulative variance represented is 98% of the total vari-
ance observed.

Figure 1. Overview of data input for the MoCap model. (A) Squat motion is performed standing on 2 force plates (B)
Markers placed on anatomical landmarks and MRI scan of the full lower limb used for the segmentation (C) MoCap
squat model.

RESULTS AND DISCUSSION

The hip joint reaction force (HJRF), the pelvic tilt, hip flexion, abduction and internal rotation, knee flexion,
dorsiflexion and the knee joint reaction force (KJRF) were considered of the PCA. Reconstructed data ac-
counts for 21 modes of variation or PCs to represent 95% of the whole variance of the statistical kinetic
model. The leave-one-out test presented RMSE values below 1% between the left-out and the recon-
structed data on average, considering each of the 50 subjects’ measurements. Taking in account 21 PCs,
the median normalized RMS values are 0.5469% for the combined components of the HIRF, 0.0739% for
the pelvic tilt angle, 0.1981% for the combined rotation of the hip joint over the three axes, 0.0200% for the
knee flexion, 0.3778 for the dorsi-flexion and 0.6940% for the KJRF. The inter-quartile ranges of the hip
and knee joint reaction forces is considerably higher than the remaining angle measurements at the con-
sidered number of PCs. Figure 4 shows the obtained results in more detail.

The model is able to predict the total variance of measured reaction forces in a population of deep squats
with accuracy and evaluate the influence that lower limb morphology has on joint contact forces. This is
clinically relevant as it is one of the most demanding movements for the hip joint and can be used to esti-
mate the mechanical behavior of a patient-specific anatomy non-invasively. Reconstructed data from the
patient-specific anatomies can be used for finite-element studies on a population of THR or TKR.

PCA analysis revealed that the population of 50 squats was well represented by 10 modes resulting in 20
kinetic models (mean + 2 SDs for each mode). This represented 80% of the population variation. In terms
of dimensionality reduction and compactability, the fact that 25 PCs are required to represent 95% of the
population can be interpreted as limitation of the model as the combined weight of the first few modes are
not significantly higher than the remaining which means acquisition noise or approximations on the inverse
dynamic analysis can have a significant repercussion on data reconstruction.

CONCLUSION

The present study shows that it is possible to recreate clinical input data with accuracy based on a statisti-
cal model of the lower limb kinematics and kinetics using a PCA. The modeling of inter-patient anatomical
variability was achieved based on a study population of 50 healthy individuals and can be used to gener-
ate a population of deep squat load data that accounts for both the angles and forces of the lower limb.
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ABSTRACT

The innovative design of a "Force Simulator for the EMB 312 T-27- Toucan" aircraft was developed
through the regular research support from FAPESP, N° 2005/51519-0. The result of this research project
can be observed through the acquired patent (Privilege of Innovation/Registration number:
0000220708555664), 7 (seven) published articles (3 with impact factor), and presentations at National and
International congresses as a result of research using this equipment. In the period from 2008 to 2017, this
Simulator was widely used in the post-doctoral research of the beneficiary of the project, entitled “Analysis
of Intracranial Pressure (ICP) using a non-invasive method in Brazilian Air Force Aviators submitted to
increases in Gz in flight and simulator force tests”, FAPESP n° 2014/21803-7. Research partnerships were
carried out with researchers from the Medical School of Ribeirdo Preto/USP, Institute of Physics of Sao
Carlos/USP, Technological Institute of Aeronautics, and Center of Aerospace Research in Microgravity of
the Pontifical Catholic University of RS, providing great study possibilities in the area. Aiming at the conti-
nuity of the experiments, we are requesting through FAPESP Regular Aid support for “'Revitalization of the
Force Simulator and suitability of compatible loads on the T-27 Toucan and AT-29 Supertoucan air-
craft”". The objective of this current project is to carry out more advanced research in a sector still little
explored in Brazil (aerospace), but with increasing worldwide expansion, providing continuity to studies
revitalizing the Force Simulator. For this we count on our experience of more than thirteen years of re-
search in the field, highlighting the results already acquired up to the present moment, and will receive
scientific support from researchers and highly specialized institutions. Thus, we won an Regular assistance
and financial support for this project to the Sdo Paulo Research Foundation (FAPESP).

Keywords: Force Simulator, Load Cell, Aerospace, Gz Load, Accelerometers.

HISTORY OF THE FORCE SIMULATOR

The Air Force Simulator (SF) of the T-27 Aircraft was built between 2005 and 2008, in the Precision
Workshop of the Medical Faculty of Ribeirdo Preto, University of Sdo Paulo.The objective of this equip-
ment is to develop a simulator of forces exerted in the joystick of the aircraft EMB 312 Toucan T-27, for
evaluation of forces and physical training of pilots and cadets. The equipment created simulates, through a
joystick and spring system, mechanical forces very close to the actual forces applied to the joystick during
the execution of a maneuvers/acrobatics.

USE OF THE FORCE SIMULATOR FOR RESEARCH

This equipment is extremely useful in research at the Air Force Academy. Many of the physiological altera-
tions that pilots undergo during flight can be analyzed in the force simulator without any risk. Studies have
already been performed to monitor heart rate, blood pressure, and intracranial pressure using, primarily,
physical exertion in the FS.

INNOVATIONS SUGGESTED IN THE REVITALIZATION OF THE FORCE SIMULATOR
The innovations of this equipment can be characterized with regard to the joint adaptability of the Force
Simulator to two aircraft, these being the T-27 and AT-29 (figure 1).
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Figure 1. SUPERTOUCAN AT-29 Aircraft. Source: BAF
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RESUMO

A angiogénese é um processo essencial para manter a homeostasia dos tecidos. Neste trabalho, o modelo
numérico desenvolvido permitiu obter um padréo capilar com estrutura e morfologia similar ao obtido in vivo.
Estes modelos surgem como alternativas aos ensaios experimentais, permitindo estudar o processo angio-
génico e testar novas possibilidades terapéuticas, usando métodos mais econémicos e nédo-invasivos.

Palavras-chave: angiogénese, migracéo de células endoteliais, métodos sem malha

INTRODUGAO

A ocorréncia de feridas cutaneas é frequente durante a vida. Quando o tecido é lesado, o processo de
cicatrizagéo é iniciado com o objetivo de restabelecer a sua homeostasia. Assim, estudar o processo de
cicatrizagdo é um tépico importante na area da saude. A angiogénese, formagao de novos vasos sangui-
neos a partir de vasos pré-existentes, € um processo essencial durante a cicatrizagdo. Este processo bio-
légico garante o aporte de oxigénio e nutrientes e a remog&o dos produtos do metabolismo [1]. O fator de
crescimento do endotélio vascular (VEGF) é o principal fator pré-angiogénico, sendo responsavel por esti-
mular as células endoteliais a proliferar, a migrar, a se diferenciarem e a sobreviverem [2]. Dado que a
angiogénese é um processo bastante complexo, as técnicas avancadas de discretizagdo surgem como
ferramentas valiosas possibilitando estudar todo o processo com o objetivo de promover ou otimizar o pro-
cesso de cicatrizac&o [3]. De facto, ja foram desenvolvidos alguns modelos numéricos [4, 5, 6] que estudam
o papel da angiogénese durante a cicatrizagdo. No entanto, o desenvolvimento de modelos com maior
dimensao e que incorporem a analise multi-escala ao nivel molecular, celular e do tecido permanece um
desafio. Assim, este trabalho tem como objetivo analisar o efeito da difusdo quimica do VEGF na migracédo
das células endoteliais.

MATERIAIS E METODOS

O modelo computacional 2D apresentado estuda o comportamento individual das células endoteliais. No
método sem malha utilizado (Radial Point Interpolation Method), a conectividade nodal é obtida usando o
conceito de “dominio de influéncia”. As fungdes de interpolagdo séo construidas usando a técnica dos in-
terpoladores radiais pontuais, combinando uma funcédo de base radial com uma fungéo polinomial para
obter a aproximagéo [3]. No algoritmo desenvolvido foi criada uma rotina que marca as células tip que vao
iniciar o processo angiogénico. Seguidamente, as células tip migram seguindo o gradiente de difusdo do
VEGF. A difusdo quimica pode ser simulada numericamente usando a forma geral do Helmholtz, apresen-
tada na equagéo:

?¢ ¢ ]
Onde ¢ ¢ a variavel de campo, D, e D, correspondem, respetivamente, ao coeficiente de difus&o na diregéo
x e y, g é ainfusibilidade quimica que neste trabalho foi negligenciada (g = 0) e Q é a concentragéo de
VEGEF de entrada. O coeficiente de difusdo e as concentragbes de VEGF utilizadas foram obtidas através
da consulta da bibliografia disponivel [7, 8]. Usando o método dos residuos ponderados, é possivel formular
a seguinte sistema de equagdes:

[Kp+Kyl®—q=0 )
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Resolvendo a equacéo (2) é possivel determinar a concentragdo de VEGF em cada n6, o que permite obter
o campo VEGF, ®. Depois de calculado o gradiente de difusdo do VEGF a posi¢édo da nova célula tip é
identificada. Por repeticdo deste processo foi possivel obter o padrdo de migragéo das células endoteliais.

RESULTADOS E DISCUSSAO

Os resultados preliminares estdo apresentados na Figura 1. Analisando as imagens é possivel observar
que as células endoteliais migram na dire¢do das feridas (zona a amarelo), seguindo o gradiente de difusdo
do VEGF (Figura 1 A). Com o decorrer da simulagéo, é possivel obter o padrdo de migragéo capilar (Figure
1 B). Adicionalmente, o padrao capilar obtido nas simulagdes apresenta semelhangas ao obtido nos ensaios
in vivo.

;
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Figura 1. (A) Gradiente de difusdo do VEGF. A concentragdo basal de VEGF utilizada foi de 2.35x10"% g
mm-3 e o fluxo de VEGF foi de 6.43x10°'> g mm™. (B) Resultado da simulag&o obtido para o padrdo de mi-
gragéo das células endoteliais usando o software em desenvolvimento.

CONCLUSAO

O modelo computacional em desenvolvido é ainda muito simples e certos aspetos da biologia da célula ou
do tecido foram ignorados para diminuir a sua complexidade. No entanto, verificamos que o modelo numé-
rico em desenvolvimento € uma ferramenta valida que podera ser extremamente vantajosa para compre-
ender qual o efeito de compostos quimicos na angiogénese, complementando assim estudos bioldgicos e
clinicos.
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ABSTRACT

Articular cartilage is a highly organized tissue that it is adapted to the complex mechanical loading in joints.
Given the limited self-healing abilities of this tissue, there is an increasing demand for tissue engineering
approaches to develop successful cartilage replacements. However, it is difficult to mimic the biochemical
and biomechanical microenvironment of the native tissue. Generally, tissue-engineered cartilage does not
possess an anisotropic organization, particularly the collagen fibre alignment, which will induce a suitable
cell response. The combination of electrospun scaffolds, cells and mechanical stimulation have been re-
ported to develop tissue engineered cartilage with spatially-varying properties. Flow perfusion bioreactors
have also been applied to enhance the formation and anisotropy of tissue engineered cartilage, as it imi-
tates the physiological environment of the cartilaginous tissue. A series of anisotropic fibrous/porous elec-
trospun scaffolds of polycaprolactone (PCL), gelatin, collagen and graphene oxide were developed, and
their biocompatibility evaluated in static and perfused conditions. The results revealed that these scaffolds
could not only allow cell adhesion, but also cell proliferation. The cell-seeded scaffolds subjected to flow
perfusion displayed even higher cell viability, suggesting that the dynamic environment was beneficial to
cell proliferation, and in the future, to the formation of tissue engineered cartilage.

Palavras-chave: Cartilage tissue engineering, Electrospun scaffolds, Anisotropic, Perfusion bioreactor

INTRODUCTION

Articular cartilage is a highly organized tissue that is adapted to the complex mechanical loading in joints.
Though, this tissue doesn’t own vascularization or neural networks able to participate on its regeneration
[1]. Given these limitations, there is an increasing demand for tissue engineering (TE) approaches to de-
velop successful cartilage replacements. However, it is difficult to mimic the microenvironment of the native
tissue, and in the long-term, only tissue replacements with biochemical and biomechanical properties simi-
lar to those of the native tissue will resist the loading [1]. The majority of the studies dedicated to TE carti-
lage doesn’t take in account the anisotropic organization of this tissue, particularly the collagen fiber align-
ment, progressing from parallel in the superficial zone, to random in the middle zone, and finally orientating
perpendicular in the deep zone [2]. These topographic indications are essential to induce a suitable cell
response because they influence the morphology and function of the chondrocytes and consequently the
production and maintenance of the extracellular matrix (ECM) elements [3]. Thus, several factors should
be taken in consideration in TE cartilage, namely the already mentioned scaffolds anisotropic organization
and also dynamic mechanical environment to recreate the native one. Electrospinning has been extensive-
ly used to produce fibrous scaffolds able to resemble the structure of the native cartilaginous ECM [4,5].
Flow perfusion bioreactors have been used in TE: to increase mass transport through the interior of the
scaffold, allowing efficient nutrient and oxygen supply and metabolic waste removal; and to apply mechan-
ical stimulation, through shear stress, which will enhance cell proliferation and uniform distribution inside
the fibrous scaffold [6,7].

MATERIALS AND METHODS

A series of anisotropic fibrous and porous electrospun scaffolds of polycaprolactone (PCL), gelatin, colla-
gen and graphene oxide (GO) were developed and tested in vitro using a cartilage progenitor cell line, in
static and dynamic conditions, which were provided by a flow perfusion system. First, the anisotropic fi-
brous layers of PCL and gelatin with depth-dependent variations in the fibrillar size and orientation were
fabricated via electrospinning as described elsewhere [8]. Gelatin was added to improve the PCL surface
hydrophobicity. A sacrificial agent (polyethylene glycol (PEG) particles) was introduced on the scaffolds to
increase the inherent small pore size. The PEG particles, which were co-electrospun with PCL and gelatin,
were then dissolved in water. These were then assembled and incorporated within a microporous GO-
collagen network, already developed in the group [8]. Several anisotropic configurations were produced
and characterized. The scaffolds were then sterilized, washed and slightly dried. A cartilage progenitor cell
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line was seeded on the top and the bottom of the scaffolds, and their viability, morphology and migration
were accessed after 3 weeks of culture under static and perfused conditions (3.75 mL/min).

RESULTS AND DISCUSSION

The results revealed that these new scaffolds could not only allow cell adhesion, but also cell proliferation,
as cell viability increased through the culture period in static conditions. The phenomenon can be attribut-
ed to the following factors: the anisotropic configuration, which has been already reported as beneficial to
cell proliferation [4]; and the gelatin addition and enlarged porosity [9,10], that improve the bio-inductive
properties and pore size of the PCL electrospun anisotropic scaffolds previously developed by our group
[8]. This trend suggests that these new scaffolds are a promising alternative solution for cartilage TE. The
scaffolds were able to withstand flow perfusion without significant degradation, particularly on the fragile
GO-collagen network. The dynamic environment seemed to be beneficial to cell proliferation and migra-
tion, as the cell-seeded scaffolds subjected to flow perfusion displayed higher cell viability and more uni-
form distribution on the inner of the scaffolds. As expected, flow perfusion increased mass transport
through the scaffolds, allowing cells to migrate, which could be why in static conditions the cells did not
migrate to the interior of the scaffolds [11]. The shear stress applied to the cells should be also a factor to
take in consideration, and in the future, several flow rates should be investigated to further improve the
beneficial influence of the flow perfusion on the formation of cartilage TE constructs.

CONCLUSIONS

The anisotropic scaffolds developed promoted cell attachment and proliferation, but flow perfusion condi-
tions generated an even higher degree of cell proliferation, confirming that culture dynamic conditions pro-
vided by a perfusion bioreactor have a beneficial impact on cell behavior, and consequently, tissue for-
mation.
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RESUMO

Este estudo tem como objetivo comparar a efetividade de dois tipos de normalizagdo (normalizagéo relati-
va a massa e normalizagdo ndo-dimensional) frequentemente utilizados para eliminar a correlagdo entre
as variaveis cinéticas e os parametros antropométricos e para reduzir a variabilidade dos resultados rela-
tiva as diferentes caracteristicas dos participantes em estudo. Para tal, foram testados 27 idosos auténo-
mos com mais de 60 anos enquanto caminhavam. Os picos de forga de reagdo do solo foram normaliza-
dos ao peso corporal, enquanto os picos de momento de forga do tornozelo e do joelho no plano sagital
foram normalizados a massa e ao produto peso corporal por altura trocantérica. Os resultados obtidos
mostram que os dois métodos de normalizagdo reduzem a forga da correlagdo entre os parametros cinéti-
cos e 0s parametros antropométricos e a variabilidade dos parametros avaliados.

Palavras-chave: forgas de reagdo do solo, momentos de forga articulares, locomogéao, parametros antro-
pométricos

INTRODUGAO

As forgas de reagdo do solo e os momentos de forga articulares séo frequentemente testados, durante a
analise biomecanica do movimento, por traduzirem as causas do mesmo. Estes parametros sao avaliados
em diversos contextos, como por exemplo, para verificar qual o efeito da idade na execucéo de tarefas
locomotoras. Contudo, a produgdo de forga e momento de foca esta também dependente das caracteristi-
cas antropométricas dos executantes, como a massa e o comprimento dos membros inferiores. Como tal,
ao comparar participantes com caracteristicas diferentes e de modo a isolar o efeito de determinada vari-
avel, como por exemplo, a idade, os parametros cinéticos sdo normalmente normalizados as caracteristi-
cas antropomeétricas dos participantes.

De entre os diferentes processos de normalizagdo, a normalizagcdo dos parametros cinéticos relativamen-
te a massa dos executantes e a normalizagdo nao dimensional proposta por Hof (1996) [1], tém sido das
mais utilizadas. Os resultados relativamente a efetividade do processo de normalizagdo apresentados na
literatura tém revelado alguma controvérsia, existindo autores que mostram que os dois processos de
normalizagdo sdo efetivos a remover o efeito das caracteristicas antropométricas individuais dos dados
cinéticos [2], outros que afirmam que o processo de normalizagdo ndo dimensional € mais efetivo que o
processo de normalizagcdo a massa [3] e ainda outros que nenhum dos processos de normalizagéo elimi-
na completamente a correlagéo entre os paradmetros cinéticos e os dados antropométricos, estando a sua
efetividade dependente da variavel e do tipo de movimento analisado [4].

Face a esta controvérsia, este estudo tem como objetivo comparar a eficacia dos dois tipos de normaliza-
¢do mencionados, testando a correlagdo entre as variaveis cinéticas e os parametros antropométricos e
comparando a variabilidade dos dados normalizados, durante a marcha em idosos.

MATERIAIS E METODOS

Este estudo tem um desenho transversal e foi aprovado pelo Conselho de Etica da Faculdade de
Motricidade Humana, tendo sido previamente assinado e recolhido o consentimento informado. A amostra
foi constituida por 27 idosos autonomos com mais de 60 anos, sem nenhuma patologia reportada que
afetasse o seu padrdo de marcha.

A recolha de dados incluiu: a aplicagdo de um questionario de dados demograficos e de saude, a medigdo
de dados antropométricos (altura, altura trocantérica e massa corporal) e a captura de dados cinematicos
e cinéticos a 3D através do software Qualisys Track Manager (Qualisys AB, Gothenburg, Sweden). Esta
captura foi realizada recorrendo a um sistema com 8 camaras de alta velocidade (Qualisys Oqus 300,
Qualisys AB), a funcionar no espectro infravermelho, com uma frequéncia de amostragem de 200 Hz,
sincronizadas no espago e no tempo com duas plataformas de forca Kistler (9281B e 9283U014). Os mar-
cadores refletores colocados nos participantes tiveram por base a técnica de CAST [5].
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Foram selecionados 3 apoios, referentes a 3 ciclos de marcha diferentes, efetuados por cada participante
enquanto caminhavam a sua velocidade natural, para serem analisados. Utilizando o software Visual 3D
(C-Motion, Inc) foi criado, para cada participante, um modelo de 8 segmentos (pés, pernas, coxas, pélvis e
tronco) em que se restringiram os movimentos de translagdo em todas as articulagdes através do proces-
so de otimizag&o global [6]. Os dados recolhidos foram filtrados com um filtro passa baixo Butterworth a
uma frequéncia de corte de 10 Hz. Os momentos de forca articulares foram calculados através da dinami-
ca inversa e expressos relativamente ao referencial do segmento proximal.

Os picos das forgas de reagdo do solo foram normalizados ao peso corporal, enquanto os picos dos mo-
mentos de forga do tornozelo e do joelho no plano sagital foram normalizados a massa e ao peso*altura
trocantérica (normalizagdo nédo dimensional). Para testar a correlagdo entre os dados antropométricos e
os dados cinéticos calcularam-se, utilizando o software IBM SPSS Statistics (version 25), os coeficientes
de correlagao de Spearman. A medida escolhida para testar a variabilidade dos dados foi o coeficiente de
variagéo (CV).

RESULTADOS E DISCUSSAO

Os participantes tinham uma média de idades de 71.4+5.4 anos, uma massa corporal de 69.6+11.9kg e
uma altura trocantérica de 0.87+0.04m.

Com excegdo do pico de momento de forga do joelho no plano sagital, todas as varidveis ndo normaliza-
das demonstraram ter correlagdes moderadas (rho20,5) a elevadas (rho20,7) com os parametros antro-
pomeétricos (peso e/ou altura trocantérica).

No que diz respeito as forgas de reagdo do solo, o processo de normalizagdo ao peso reduziu todas as
correlagbes para valores iguais ou inferiores a 0,2, com excegdo do 2° pico da componente vertical de
forca de reacdo do solo que manteve um valor superior a 0,5 e estatisticamente significativo. O coeficiente
de variagao reduziu ligeiramente (entre 5 a 10%) nos valores normalizados de forga de reagdo do solo.
Em relagdo aos picos de momento de forga, e em concordancia com [2], os dois processos de normaliza-
¢ado demonstram diminuir a correlagdo com os parametros antropométricos (normalizacdo a massa:
0,01=rho<0,16 vs normalizagdo ndo dimensional: 0,09<rho<0,33) e reduzir ligeiramente a variabilidade
dos dados, (normalizagéo a massa: reducé@o no CV entre 5 e 9% vs normalizagdo ndo dimensional: redu-
c¢aéo no CV entre 2 e 6%).

CONCLUSAO

Este estudo mostra que, embora haja alguma diferenga entre métodos de normalizagéo e variaveis testa-
das, os dois tipos de normalizagédo sao efetivos a reduzir as correlagdes entre os pardmetros antropomé-
tricos e os parametros cinéticos produzidos por uma amostra de idosos durante a marcha. Verifica-se
também que os dois tipos de normalizagdo apenas reduzem a ligeiramente variabilidade dos dados cinéti-
cos testados.
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ABSTRACT

Cartilage tissue engineering (TE) is offering suitable therapeutic solutions for articular cartilage degenera-
tive diseases, such as osteoarthritis, a big problem in contemporary society. TE is able to combine bio-
materials and cells to create biomimetic scaffolds, that can mimic the depth dependent nanostructural or-
ganization of the fibrous collagen network of the native articular cartilage. This work uses the cell electro-
spinning technique, a recently discovered technique that could combine the electrospinning of a polymer
with the electrospinning/electrospraying of cells. The objective was to find the optimal operational parame-
ters for cell electrospraying a concentrated cell suspension of chondrocytes, that could be then coupled
with concurrent electrospinning of a biopolymer. The results showed to be promising, indicating that the
chondrocyte cells were resisting the electrospraying conditions and that were able to be cultured after the
process.

Key-words: Cartilage Tissue Engineering, Cell Electrospraying, Scaffolds, Electrospinning.

INTRODUCTION

Cartilage tissue engineering (TE) is offering suitable therapeutic solutions for articular cartilage degenera-
tive diseases, such as osteoarthritis, a big problem in contemporary society. By using convenient fabrica-
tion techniques, cartilage TE can combine biomaterials and cells to create biomimetic scaffolds, that can
mimic the depth dependent nanostructural organization of the fibrous collagen network of the native articu-
lar cartilage [1].

One of these techniques is electrospinning, a technology capable of producing fibrous scaffolds through
the application of an electric field to a determined suspension [2]. These produced scaffolds could mimic
natural biological environments on which cells can be seeded on [3]. Although being a very promising
technique for TE, it has major setbacks, those being the limited infiltration of cells throughout the thickness
of the scaffolds and the poor penetration and accessibility of nutrients for the cells inside the obtained scaf-
fold [3].

In 2006, Jayasinghe et al., [4], pioneered with a new technique called Cell Electrospinning (CE). This new
procedure proved possible the ability to produce scaffolds containing living organisms in its structure
through a method of co-axial electrospinning, in which the cells were directly electrospun under stable
threading conditions inside of a biopolymer that was electrospun at the same time [4].

CE, as well as bio-electrospraying, have the possibility of ejecting high cell densities to form a controlled
and desired architecture and have even been proved capable of handling whole organisms (Danio rerio,
Xenapus tropicalis, etc) [5]. These technologies showed the capacity of handling living organisms/cells
without cell damage or death being caused, while cells maintained their functions post-electrospinning,
and at the same time forming viable structures that could be used for TE and clinical applications [6, 7].
This study is a preliminary effort to find the optimal operational parameters for cell electrospraying a con-
centrated cell suspension of chondrocytes, that could be then coupled with concurrent electrospinning of a
biopolymer. After cell electrospraying, the cells were seeded on polycrapolactone/gelatin/graphene oxide
(PCL/gel/GO) microporous scaffolds to measure their viability. The intended final product is a scaffold with
expanded and proliferated cells in its structure for use in cartilage TE.

MATERIALS AND METHODS

A chondrocyte cellular suspension (1.24x106 cells) with DMEM/F-12+1% penicillin/streptomycin  +
10%FBS (FETAL BOVINE SERUM) was prepared for the experiments. The experiments consisted in test-
ing several parameters in the cell electrospraying process in order to find the optimal ones for a good cell
viability. Different needle sizes (0.36mm x 12mm and 0.4mm x 15mm), different voltages (range: 9-24 kV)
for set working distances (5 cm; 10 cm; 12.5cm) and different flow rates (1.5 mL/h; 2 mL/h; 3.5 mL/h; 5
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mL/h) for the electrosprayed cellular suspension were tested. For this, a NANON 01 electrospinning
equipment and a syringe with a diameter of 13 mm were used. The collector was a petri dish (90x20 mm)
containing 6 mL of medium equal to the one used in the cellular suspension. After cell electrospray, the
samples were collected and centrifuged (200g, 5 min.) to reduce total volume for 1 mL (containing the
electrosprayed cells) and were seeded on a 24-well plate.

The day after, cell viability was measured through the resazurin method to assess cell metabolic activity.
The electrosprayed cells with the best cell viability values were chosen to be seeded into PCL/gel/GO mi-
croporous scaffolds, and their viability was measured throughout a period of 21 days in static conditions.

RESULTS AND DISCUSSION

After the process of cell electrospraying, cell viability was measured and the results obtained showed
promising outcomes for the conditions used. Especially in the specific case of the experiment at which the
following conditions were used: needle = 0.36mm x 12mm; flow rate = 2 mL/h; voltage = 17.5kV; working
distance = 12.5 cm. Under these conditions a high cell viability was obtained. Apart from having high cell
viability, the obtained conditions are compatible with the conditions used for a concurrent electrospinning
of biopolymers, such as collagen [8, 9].

These electrosprayed cells showed a good viability, that trusted their use for seeding a PCL/gel/GO mi-
croporous scaffold. The viability results from the seeded scaffolds, were measured at day 1, 3, 7, 14 and
21 and showed a progressive increase in viability throughout the 21 days, revealing even higher viability
when compared to the cells that were not electrosprayed. This shows that the electrosprayed cells suc-
cessfully proliferated in the scaffolds which indicates that the chondrocyte cells were resisting the elec-
trospraying conditions and were able to be cultured after this process.
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RESUMO

Foi objetivo deste estudo analisar e comparar as respostas biomecéanicas o Zumba® e o Strong by
Zumba™. Nove praticantes do sexo feminino (idade: 42,56 + 4,13; massa corporal: 65,08 + 5,69kg; esta-
tura: 1,65m + 0,05m) foram sujeitas a uma sessédo de cada vertente para caracterizagdo e comparagao da
resposta biomecéanica dentro da parte fundamental. As variaveis biomecanicas foram adquiridas em tem-
po real com recurso a um sistema de monitorizagdo compacto com acelerémetro incorporado (ZEPHYR,
Anépolis, US). Foram definidas a quantidade de movimento, pico de aceleragéo, aceleracéo vertical, ace-
leracdo sagital e aceleragado lateral como discriminatérias do movimento. N&o se registaram diferengas na
quantidade de movimento, no pico de aceleracdo nem na aceleracao lateral entre as duas vertentes. As
aceleragdes verticais e sagitais demonstraram-se superiores na modalidade do Zumba® comparativa-
mente ao Strong by Zumba™. Conclui-se que existem diferentes respostas biomecanicas entre vertentes,
onde os movimentos revelam-se com maior aceleragdo no Zumba® comparativamente ao Strong by
Zumba™ essencialmente numa perspetiva sagital (e.g. frente-tras).

Palavras-chave: Zumba®, Strong by Zumba™, resposta biomecanica, desportos de academia

INTRODUGAO

As modalidades de grupo tém tido cada vez mais ades&o por parte da comunidade dos praticantes de
fitness, sendo que em 2017 entrou para o Top 20 das tendéncias mundiais, aparecendo em 6° lugar [1].
Recentemente deu-se a criagdo de uma nova vertente (Strong by Zumba™) que difere em determinadas
caracteristicas da aula de Zumba® *“tradicional”, focando-se principalmente em movimentos de alta inten-
sidade intercalados com movimentos de baixa intensidade. Foi objetivo deste estudo analisar e comparar
as respostas biomecanicas agudas entre as duas modalidades do fitness: Zumba® vs Strong by Zumba™
dentro da sua fase fundamental.

METODOLOGIA

Uma amostra de conveniéncia constituida por 9 participantes do sexo feminino com faixa etaria compre-
endida entre os 36 e os 50 anos (42,56 + 4,13 anos), com estatura entre 1,60 e 1,75 metros (1,65 + 0,05
m), massa corporal entre 55 e 73,4 quilogramas (65,08 + 5,69 kg) e frequéncia cardiaca de repouso entre
53 e 72 batimentos por minuto (69,0 + 12,45 bpm). Todos os procedimentos foram aprovados pelo Comité
Cientifico Institucional e realizados de acordo com a Declaragdo de Helsinquia nos que diz respeito a
pesquisa em seres humanos.

As participantes foram sujeitas a duas condi¢cdes de execugdo em dias distintos. A recolha de dados foi
feita em duas sessdes, uma de Zumba® e outra de Strong by Zumba™, com um dia de repouso entre
avaliagdes. Ambas as sessdes foram lecionadas no periodo final de tarde e sem que as intervenientes
estivessem estado sujeitas a qualquer tipo de atividade fisica nesses mesmos dias. Ambas as vertentes
(Zumba® ou Strong by Zumba™) foram lecionadas sempre pelo mesmo instrutor credenciado e com vas-
ta experiéncia (7 anos) na condugdo deste tipo de atividades.

Todas as variaveis foram obtidas dentro da fase fundamental com recurso a um sistema de monitorizagdo
compacto (ZEPHYR, Anapolis, US), o qual contempla uma vertente de acelerometria e foi previamente
usado na area do exercicio fisico demonstrando elevada fiabilidade na aquisicdo de dados mesmo em
ambientes extremos [2]. Como indicadores foram determinadas a quantidade de movimento (Q, em
Kg.m/s), o pico de aceleragéo (Pico Acel, em m/s?) e as aceleragdes vertical, sagital e lateral (em m/s?),
em duas condigdes de execugao em dias distintos, com um dia de repouso entre avaliacdes.

Recorreu-se a estatistica ndo paramétrica para a abordagem inferencial. As diferengas entre vertentes
foram analisadas recorrendo ao teste de Wilcoxon. O nivel de significancia foi determinado para p < 0,05.

RESULTADOS
A figura 1 representa a reposta biomecénica entre as duas vertentes. A aceleragdo vertical demonstrou
ser mais elevada (p = 0,04) no Zumba® (0,35 + 0,15 m/s?) do que no Strong by Zumba™ (0,29 + 0,15

23



8° Congresso Nacional de Biomecanica, 15 e 16 de fevereiro de 2019, Unhais da Serra, Covilha

m/s?). A aceleragdo sagital também se apresentou mais elevada (p = 0,04) no Zumba® (0,29 + 0,15 m/s?)
quando comparado com o Strong by Zumba™ (0,18 + 0,09 m/s?). Nas restantes variaveis néo se regista-
ram diferengas.
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Figura 1. Comparacéo da resposta biomecanica entre as vertentes de Zumba® e Strong by Zumba™.

DISCUSSAO

Nas respostas biomecanicas verificaram-se diferengas significativas na aceleracéo vertical e sagital, com
valores superiores na vertente Zumba®. Este facto pode estar associado as caracteristicas tradicionais da
aula, onde mais de metade da aula (6 faixas) solicitaram deslocamentos frontais e a retaguarda, enquanto
no Strong by Zumba™ os deslocamentos sobre este plano foram reduzidos. Na variavel da aceleragéo
vertical, onde se registaram também valores mais elevados na vertente Zumba®, a justificagdo pode pas-
sar pelo facto de existirem muitos momentos de saltos e mais consistentes em toda a aula, o que néo se
verificou no Strong by Zumba™. Parece-nos que o menor valor de aceleracéo vertical nesta Ultima verten-
te se deve ao facto de existirem menos momentos de salto por este serem executados com maior intensi-
dade.

CONCLUSAO

Existem diferentes respostas biomecanicas entre uma aula de Zumba® e uma aula de Strong by
Zumba™. Embora o estudo assuma uma perspetiva caracterizadora, estes dados poderdo no futuro
ajudar a um melhor entendimento de cada vertente e a aconselhar a envolvéncia de cada praticante tendo
em conta o seu estado de aptidao fisica.
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RESUMO

Introdugao: O controlo postural faz parte do dia-a-dia dos individuos e desempenha um papel preponde-
rante em todas as atividades. As mulheres sdo muitas vezes excluidas de estudos devido a incerteza sobre
a influéncia que as flutuagdes hormonais inerentes ao ciclo menstrual tém na sua performance motora.
Objetivo(s): observar a aplicacéo de dois instrumentos de avaliagcdo do controlo postural, bem como avaliar
a influéncia da flutuagéo hormonal no controlo postural - nas fases pré-ovulatéria e pés-ovulatéria do ciclo
menstrual Métodos: estudo observacional descritivo e analitico longitudinal realizado a 16 estudantes vo-
luntarias saudaveis da Escola Superior de Saude do Porto. Foram realizados dois momentos de recolha,
em dois momentos diferentes dos ciclos menstruais, onde as participantes foram avaliadas pelo Biodex
Balance System e o Y Balance System. Resultados: Ndo se observaram alteragdes coerentes entre a fase
folicular e a fase lutea ao nivel do controlo postural. Na fase Iutea foi alcangcada uma maior disténcia pdstero-
medial no membro dominante com o Y Balance Test. Conclusao: O Y Balance Test foi o Unico instrumento
a detetar diferengas no controlo postural entre fases do ciclo menstrual. Genericamente, as flutuagdes hor-
monais parecem ndo afetar o controlo postural.

Palavras-chave: Controlo Postural, Ciclo Menstrual, Avaliagdo Instrumental, Flutuagdes Hormonais

INTRODUGAO

O controlo postural (CP) é a capacidade de, usando estratégias adequadas, orientar e manter o corpo
dentro dos limites da base de suporte [1].

O ciclo menstrual divide-se em trés fases, a fase folicular, onde o foliculo comega a desenvolver-se e se-
creta estrogénio. A ovulagado, nesta fase ocorre um pico na produgdo de estrogénio [2]. Por Ultimo, a fase
lutea compreende a formagao do corpo luteo e ha produgdo estrogénio e progesterona, ocorrendo um se-
gundo pico hormonal no ciclo [2].

Assim, o presente estudo pretende observar a aplicagédo de dois instrumentos de avaliagdo do CP, com o
intuito de verificar qual o mais sensivel as alteragdes que o ciclo menstrual possa induzir no CP. E também
objetivo do estudo avaliar a influéncia da flutuagdo hormonal no CP - nas fases pré-ovulatéria e pds-ovula-
téria do ciclo menstrual.

MATERIAIS E METODOS
Desenho de estudo: O desenho de estudo foi observacional descritivo e analitico longitudinal.

Amostra: O presente estudo teve como populagdo 16 voluntarias do sexo feminino da Escola Superior de
Saude (ESS) do Porto, com idades compreendidas entre os 18 e os 34 anos.

Instrumentos: Biodex Balance System® (BBS) eY Balance Test (YBT).

Procedimentos: A parte experimental do estudo foi desenvolvida no Centro de Estudos do Movimento e
Atividade Humana (CEMAH) da ESS do Porto. A recolha de dados realizou-se em dois momentos, durante
a fase folicular e durante a fase lutea. As recolhas nos instrumentos foram sempre aleatérias. A avaliagdo
através do BBS deu-se em trés condigdes: plataforma estavel; plataforma estavel com superficie de esponja
(8 cm); e plataforma com superficie instavel (nivel 4). Os testes foram realizados aleatoriamente para os
trés pisos com dois diferentes apoios: unipodal esquerdo ou direito. A segunda parte de cada recolha deu-
se no Y Balance Test (YBT).

25



8° Congresso Nacional de Biomecanica, 15 e 16 de fevereiro de 2019, Unhais da Serra, Covilha

Etica: A todos os participantes, foi entregue uma declaragdo de consentimento informado. O estudo foi
também submetido a comissado de ética da ESS do Porto e aprovado pelo diretor do CEMAH.

Estatistica: Para a analise estatistica foi utilizado o software SPSS 22.0 (Statistical Package for the Social
Sciences®, IBM Portugal, Lisboa, Portugal), tendo-se considerado um nivel de significancia de 0,05. Rela-
tivamente a estatistica descritiva, recorreu-se a média e a mediana e aos respetivos desvios padréao e per-
centis, como medidas de tendéncia central [3]. De forma a comparar o comportamento do CP entre as duas
fases do ciclo menstrual recorreu-se ao teste de Wilcoxon, para comparagdo do comportamento do CP
entre as duas fases do ciclo menstrual.

RESULTADOS E DISCUSSAO

A amostra final, constituida por 16 participantes, foi caracterizada quanto a dados antropométricos, valores
médios e respetivos desvios padrédo: 21,7 (4,6) anos, 51,7 (0,9) quilogramas, 165,7 (14,8) metros.

De uma forma global, na avaliagéo do CP através do BBS os valores médios obtidos foram maiores na fase
folicular em relagéo a fase lutea, em relagdo ao YBT os valores médios alcangados foram superiores na
fase lutea. Foram encontradas apenas diferengas estatisticamente significativas (p<0,05) na avaliagéo atra-
vés do YBT na condigéo de apoio unipodal do membro dominante, na diregdo pdstero-medial, sendo que
na fase lutea é alcangada uma disténcia maior. Na interpretagéo destes resultados foi formulada a hipotese
de que o CP seria afetado negativamente durante a fase folicular. Os recetores de estrogénio encontrados
no tecido conjuntivo das mulheres e o seu efeito positivo na produgdo de colagénio leva-nos a crer que em
fases de maior concentragdo sanguinea de estrogénio haja uma maior produgdo de colagénio [4,5]. Por
outro lado, existe evidéncia que constata que ha uma maior incidéncia de lesdes na ovulagao e fase lutea,
precisamente quando existe esse pico de produgdo de estrogénio, alegadamente protetor pela influéncia
positiva na producéo de colagénio. Também nesta linha de pensamento varios autores afirmaram que a
laxidez ligamentar estaria aumentada durante a ovulagéo e a fase lutea em comparagéo com a fase folicular
do ciclo menstrual, sugerindo que nestas fases encontrariamos um CP afetado pela diminuigdo da congru-
éncia articular [6-8]. Os resultados do presente estudo ndo permitem apoiar nenhuma das duas hipéteses.

CONCLUSOES

Nao é possivel afirmar com clareza qual o instrumento mais sensivel as alteragdes que o ciclo menstrual
parece induzir no controlo postural. Nao foi possivel observar uma influéncia pela parte das flutuagdes
hormonais no CP, mas esta auséncia de diferengas pode estar relacionada com as limitagdes ao nivel da
metodologia, pelo que futuros estudos devem ser realizados tendo em conta estas questdes a melhorar.
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RESUMO

O uso de dispositivos intraorais na pratica desportiva ndo é recente, mas so a partir de 1960 surgiu a sua
utilizagdo associada ao incremento do desempenho desportivo. Desde entéo, varios desportistas tém
usado dispositivos de reposicionamento mandibular procurando a otimizagdo do rendimento individual.
Estes dispositivos tém sido associados a modificagdes anatémicas (como descompressdo muscular e
articular) e a alteragdes fisiolégicas (como incremento do consumo de oxigénio). Baseado no
reposicionamento mandibular, tém sido estudadas alteragdes em varidveis intimamente relacionadas com
o rendimento desportivo, tais como a forga muscular, a capacidade aerdbia e os niveis de cortisol e
lactato sanguineos. O objetivo deste estudo foi observar o efeito de um dispositivo interoclusal de
reposicionamento mandibular na fungdo cardiorrespiratéria e na lactatemia de individuos saudaveis e
praticantes de atividade fisica regular. Nove jogadores de futebol realizaram duas repeticdes de um
protocolo incremental continuo de corrida em passadeira (H/P/Cosmos Quasar 4.0, Nussdorf, Germany),
uma vez com um dispositivo placebo e outra com um dispositivo de reposicionamento mandibular. Cada
patamar teve 4 min de duragdo, num total de sete patamares, com incremento de 1 km/h entre cada um
até a exaustéo voluntaria. O dispositivo de reposicionamento mandibular foi realizado através de placas
de etileno vinil acetato para termoformacédo (Erkodur 2,0 x 120 mm, ERKODENT®, Germany), em
modelos da arcada mandibular dos participantes e em cada dispositivo colocou-se resina de
metilmetacrilato (UNIFAST™ Trad No. 8 Live Pink, GC America Inc, U.S.A) na regido pdstero-inferior da
placa termoformada, bilateralmente, de modo a serem criadas edentagdes dos dentes posteriores
superiores. Para quantificar o avango mandibular a ser reproduzido no dispositivo interoclusal, calculou-se
o valor resultante de 25% da maxima protrusdo de cada desportista. Para transpor este valor para a
confegdo do dispositivo utilizou-se o kit George Gauge® Bite Registration (SCHEU-DENTAL,
Deutschland). Cada dispositivo foi individualizado e adaptado a cada participante. As varidveis analisadas
foram a percegdo subjetiva do esforco (PSE), o consumo de oxigénio (VO2), a ventilagdo (VE), a
frequéncia cardiaca (FC), a frequéncia respiratéria (FR), o quociente respiratério (R) e a concentragdo de
lactato sanguineo ([La-]) em repouso e 3 min apdés o término do exercicio. Durante o protocolo
experimental, todos os pardmetros respiratérios foram obtidos através de um sistema de gases
telemétrico portatil (Cosmed K4 b2, Cosmed, Italy). Os valores da FC foram obtidos com recurso a um
cardiofrequencimetro (Polar electro Oy, Kempele, Finland) e emitidos telemetricamente para o sistema
portatil Cosmed K4 b2. A [La-] foi avaliada através de uma recolha sanguinea no dedo indicador direito de
cada desportista, recorrendo a um doseador de lactato (Lactate Pro; Arkay Inc., Kyoto, Japan) e a PSE foi
avaliada utilizando a escala de Borg. Os valores do VO:2 absoluto e relativo, da VE e da FR foram
superiores (p <0.05) na prova com o dispositivo de reposicionamento mandibular no que se refere
especificamente ao dominio severo de intensidade de exercicio (zona de intensidade correspondente ao
consumo maximo de oxigénio). Nas intensidades de corrida baixa a moderada e alta (abaixo e acima do
limiar anaerdbio, respetivamente) ndo existiram modificagdes significativas nas varidveis
cardiorrespiratérias avaliadas comparativamente ao dispositivo placebo. Estes resultados parecem
corroborar o facto de os dispositivos de avango mandibular levarem a repercussdes esqueléticas e
neuromusculares indutoras de alteragbes importantes na dindmica respiratéria e ventilatoria,
nomeadamente a contracdo muscular lingual e do genioglosso, a criagédo do pursed lips breathing, o
relaxamento das vias aéreas superiores e o aumento do didmetro faringeo. Alguns desportistas reportam
sentirem-se mais fortes e relaxados quando usam um dispositivo interoclusal, o que parece ser justificado
pelo facto de que alteragdes no posicionamento da mandibula tém repercussdes ndo sé a nivel da
musculatura orofacial, mas também em varios determinantes fisiolégicos corporais. Os dispositivos
interoclusais de avango mandibular tém sido associados a um incremento da via aérea faringea,
resultante de um efeito neuromuscular que proporciona a contragdo do musculo genioglosso quando
estes dispositivos sdo utilizados. Outras das alteragbes mencionadas com a utilizagdo destes aparelhos
incluem a posicédo antero-inferior da lingua e antero-superior do osso hioide. A contragdo de cadeias
musculares da lingua, cabeca e pescogo, resultantes da alteracdo da posigdo mandibular, esta descrita
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como ampliadora da dimensado da via aérea e como facilitadora da ventilagdo. A avaliagdo do VO: e da
VE tem sido considerada em estudos que procuram mostrar o efeito de diversos dispositivos interoclusais,
baseado na melhoria da capacidade aerdbia e ventilatoria e, consequentemente, na potenciagdo do
desempenho desportivo. Os resultados permitem concluir que a utilizacdo de um dispositivo interoclusal
de reposicionamento mandibular interferiu positivamente na corrida no que respeita aos parametros
analisados, nomeadamente no dominio de intensidade severo. A utilizagdo destes dispositivos podera
constituir um beneficio na melhoria dos parametros ventilatorios a intensidades préximas do VOzmax,
possivelmente devido ao incremento da via aérea proporcionado pelos mesmos.

Palavras-chave: Dispositivo interoclusal de reposicionamento mandibular, goteira oclusal, rendimento,
corrida, VO2max.
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RESUMO

Nos dias de hoje cada vez mais sdo os jovens que se dedicam a atividade desportiva. A ginastica acroba-
tica apresenta um elevado numero de praticantes, sujeitos a impactos importantes no solo no decurso da
realizagao de exercicios. No entanto, muitas vezes surgem lesées nos membros inferiores, as quais ainda
ndo sdo totalmente compreendidas. Assim, este estudo visa avaliar e quantificar a presséo plantar dos
ginastas em fungdo da superficie de contacto, através do uso do sistema Pedar® (Novel, Alemanha). Fo-
ram avaliados trés ginastas volantes de competicdo e dois pisos de recegdo diferentes. Os resultados
permitiram concluir que o tipo de praticavel tem influéncia nos valores de pressao plantar, e que o uso de
colchdes de amortecimento permite reduzir o nivel de presséo plantar induzida nas atletas.

Palavras-chave: Ginastica, Pressdo Plantar, Sistema Pedar®, Superficies de contacto

INTRODUGAO

A ginastica acrobatica, devido a sua complexidade, necessita de elevado numero de repeti¢cdes dos varios
exercicios para encontrar a perfeicdo. Assim os atletas estdo muito tempo em contacto com a superficie
de treino, vulgarmente designada por praticavel, sendo que o momento de receg¢éo no solo, pode induzir
elevadas forgas de reagéo, que podem atingir 10 vezes o valor do peso corporal de cada atleta [1]. Duran-
te os anos foi-se assistindo a um melhoramento dos praticaveis, no entanto as lesdes musculo- esqueléti-
cas continuam a ser frequentes [2]. De acordo com [3] o pé é constituido por 26 ossos, 33 articulagdes,
musculos, tenddes e ligamentos, podendo ser dividido em 3 partes, nomeadas por antepé, mediopé e
retropé. Em conformidade com a Federagéo Internacional de Ginastica (FIG), os elementos que constitu-
em a equipa séo identificados de acordo com a fungdo que desempenham, sendo que o ginasta que se
posiciona no topo (volante), é o ginasta a ser projetado pelos restantes elementos da equipa, deve ser o
mais leve, mais pequeno e apresentar bastante flexibilidade e tonicidade muscular. O objetivo deste traba-
Iho é quantificar e comparar a influéncia de duas superficies de contacto, analisando a presséo plantar em
ginastas de competicéo, neste caso volantes, no momento da recegéo ao solo.

METODOS

Este estudo foi realizado com a participacédo de 3 atletas de competicdo, volantes, da Secg¢éo de Ginastica
da Associagdo Académica de Coimbra, com idade de 12 anos e massa de aproximadamente 40 kg. A
pressao plantar foi avaliada através do sistema Pedar® (Novel, Alemanha), o qual se baseia em sensores
capacitivos de forga (99) distribuidos de forma homogénea ao longo de uma palmilha. A frequéncia de
amostragem foi de 50 Hz. Recorreu-se ao uso de 2 praticaveis, com diferentes caracteristicas, sendo que
o designado por vermelho, é constituido por um conjunto de rolos e um estrado de madeira onde estdo
colados blocos de espuma dinamicos, com 4 cm de lado e 10 cm de espessura, respetivamente. O prati-
cavel identificado por azul é formado por uma cobertura em rolos, possui um complexo de espuma em
forma de “puzzle” com 56 mm de espessura, que inclui trés niveis de rigidez diferentes, incluindo uma
camada de conforto ultra-suave de 16 mm (espuma e rolos). As placas de espuma encontram-se sobre
um estrado em madeira contraplacada, o qual esta instalado em cima de um conjunto de molas flexiveis,
0 que permite uma maior impulsdo do atleta durante o impacto na recegdo ao solo. Sob os praticaveis
foram colocados colchdes de amortecimento, Colchdo 1 com 5 cm de espessura e Colchdo 2 com 10 cm
de espessura, sendo que este Ultimo foi utilizado em conjunto com o Colchdo 1. Os saltos foram efetua-
dos de uma altura de 1,15 m, Figura 1.

Cada atleta realizou pelo menos 5 saltos, considerando 3 situagdes diferentes, sem colchdo (A - verme-
Iho, B - azul), com o colchdo 1 (C - vermelho, D - azul) e com o conjunto de colchdes (E - vermelho, F -
azul). As imagens obtidas pelo sistema de aquisi¢cdo foram construidas considerando-se apenas os valo-
res dos sensores que registaram pressdes acima de 75% da presséo de pico (valor mais elevado de
presséo registado num sensor).
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Figura 1. Altura do salto.

RESULTADOS E DISCUSSAO

Na Tabela 1 apresentam-se os resultados para o pé direito e na Figura 2 um exemplo da presséo plantar
avaliada, neste caso para o volante 1. Pm10 [kPa] representa a pressdo média com base nas dez pres-
sbes mais elevadas. Da tabela 1 constata-se que a presenga de colchdes de amortecimento diminui a
pressao plantar, sendo que devido as caracteristicas do praticavel azul, o qual permite uma maior impul-
séo dos atletas (em caso de salto), a pressdo plantar induzida nos atletas neste praticavel é, na generali-
dade, superior a observada para o praticavel vermelho.

Tabela 1. Comparagédo de praticaveis: pé direito.

Volante 1 Volante 2 Volante 3
Seq Pm10 Desv.P. Pm10 Desv.P. | Pm10 Desv.P.
[kPa] [kPa] [kPa] [kPa] [kPa] [kPa]
A 245,3 14,7 408,7 3,9 319,7 3,9
B 322,2 19,0 491,2 3,2 434,9 1,6
[ 222,1 3,1 309,4 2,9 277,5 5,6
D 247,0 23 379,5 2,7 387,1 4,6
E 175,0 6,7 230,8 6,2 179,6 51
F 167,1 13,7 209,6 4,7 179,1 7,2

Figura 2. Comparagéo de praticaveis.

CONCLUSOES

Para o praticavel vermelho, o uso de colchdes de amortecimento é bastante importante, sendo que o con-
junto de colchdes (E) diminui mais o valor da pressdo, quando comparado com a utilizagdo de apenas 1
colchéo (C). Para o praticavel azul o amortecimento observado é maior quando comparado com o verme-
Iho, quer se utilize o conjunto de colchdes de a ou apenas 1.
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RESUMO

Aincidéncia de procedimentos cirtirgicos com o intuito de substituir as articulagdes do ser humano tem sofrido um enorme
aumento ao longo dos ultimos anos, prevendo-se que este sera ainda mais significativa num futuro préximo. O objetivo
deste trabalho incidiu no desenvolvimento e analise de desempenho de um inovador sistema de monitorizagdo para
detecéo de variagdes da interface osso-implante. Trata-se de um sistema capacitivo planar com arquitetura listrada que,
assim, se pretende integrar em implantes instrumentados ativos. Foi concebido um aparato experimental para testes in
vitro que simula diferentes interfaces, através de deslocamentos relativos entre a amostra 6ssea e a interface sensorial.
Foram usadas amostras de osso porcinas. Resultados experimentais mostram variagbes de capacidade elétrica de 1
fF/um. Esta andlise entre a variagdo da capacitancia e os deslocamentos impostos na estrutura éssea foi ainda comple-
mentada com a identificagdo da area de contacto entre as trabéculas e a interface.

Palavras-chave: Integragédo 6ssea, Monitorizacéo interface osso-implante, Sensor capacitivo

INTRODUQAO

A utilizagdo de implantes 6sseos por pacientes jovens e ativos é cada vez mais frequente e, consequente-
mente, o tempo de vida util dos implantes sera superior. O tipo de préteses correntemente utilizadas nos
procedimentos ortopédicos nédo é eficientemente capaz de substituir as fungdes mecanico-biolégicas das
articulagdes naturais (Soares dos Santos et al., 2015). Devido a alteragéo dos estimulos mecanicos apds a
insercao do implante, séo varios os fendmenos associados ao seu insucesso, tais como o “stress shielding”
e consequente perda 6ssea, conduzindo frequentemente ao descolamento asséptico. Nos tempos de hoje,
no que toca ao desenvolvimento de novos implantes, as metodologias utilizadas tém-se centrado no de-
senvolvimento de geometrias e texturas customizadas, novas interfaces com multiplos materiais e novas
superficies quimicamente e biologicamente modificadas (Soares dos Santos, 2016). Apesar de todos os
avangos, a taxa de faléncia dos atuais implantes (n&o instrumentados) ainda é consideravel. Além disso, a
controlabilidade dos mesmos ¢ limitada, visto que o seu comportamento n&o pode ser alterado ap6s a sua
insercdo. Além disso, o tipo de atuagéo terapéutica ndo considera os estados bioquimicos e biomecanicos
da respetiva interface e suas variacdes (Torrdo, dos Santos, 2015). Um novo conceito de implante, o Im-
plante Instrumentado Ativo, que inclui sistemas de atuagao terapéutica biofisica, sistemas de monitorizacédo
da interface osso-implante e sistemas de comunicagdo com o exterior, foi recentemente proposto (Soares
dos Santos et al., 2016). Contudo, os atuais sistemas de monitorizagéo tém baixa resolugéo, impedindo que
perdas ésseas na interface sejam detetadas eficazmente. Igualmente nao sdo capazes de obter informagao
referente ao sucesso dos processos de mineralizagédo ou de reabsorgdo 6ssea. De modo a prevenir proce-
dimentos de reviséo, é fundamental aimplementagéo de um sistema que monitorize eficaz e eficientemente
o processo de integragdo 6ssea microscopicamente, garantindo assim a possibilidade de uma atuagao te-
rapéutica personalizada que evite a revisdo do implante. Neste estudo realizaram-se varios ensaios in vitro
para validar um novo conceito de monitorizagéo relativo ao estado de ligagcdo entre a interface osso-im-
plante.

MATERIAIS E METODOS

Um aparato experimental foi concebido para realizar os testes in vitro. Foi projetado um condensador com
arquitetura listrada (10x1x0.1 mm), constituido por dois pares de elétrodos paralelos, o qual foi elaborado
numa PCB. As variagdes de capacitancia com a aproximagéo ou contacto entre o osso e sensor, foram
detetadas com um conversor analdgico (AD7746, Analog Devices). Este circuito de condicionamento foi
configurado para transferir os dados em tempo real para um computador via USB. Foi ainda integrada uma
camara de visdo (U3-3480ML, IDS), com o propdsito de captar imagens que quantificassem o contacto
entre as trabéculas ésseas e a interface sensorial. Por Ultimo, arquitetou-se uma estrutura de acrilico que
alojasse todos os componentes anteriormente mencionados. Nos testes experimentais utilizaram-se trés
amostras cubicas trabeculares (10x10x10 mm), as quais foram conectadas individualmente a uma maquina
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de compressao (AGS-10kNX, Shimadzu). Inicialmente a amostra éssea foi posicionada a 4 mm da interface
sensorial. Foi realizado um conjunto de medigbes da capacidade elétrica de acordo com as seguintes es-
pecificagdes: 250 ym de deslocamento para interfaces sem contato com o 0sso; e 10 um de deslocamento
apos o contato inicial e até o total contacto osso-interface sensorial (e a consequente deformacéo da estru-
tura trabecular).

RESULTADOS E DISCUSSAO

Os ensaios experimentais revelaram variagdes de capacidade de 0.3 pF (1 fF/um) no decurso de todo o
ensaio, como mostra a Figura 1. O movimento de aproximacéo do osso a interface sensorial resulta num
aumento da capacidade elétrica global (Figura 1a). Aumentos significativos sdo observados apés o inicio
da situagdo de contato (e consequente aplicagdo de carga), como ilustrado na Figura 1b, os quais estdo
diretamente correlacionados com os padrdes do contato osso-interface sensorial (Figura 2). Verificou-se
que a capacidade elétrica varia linearmente ([C (fF) / %Contacto] = 24.4, R* = 0.98) com a area de contato
das estruturas trabeculares. Ensaios de repetibilidade evidenciam semelhanca de comportamento na mo-
nitorizagdo da capacidade elétrica. Os padrdes do contato osso-interface sensorial revelaram progressées
da area de contato das trabéculas idénticos aos ilustrados na Figura 2.

Capacidade Elatrica [pF]

s - 28
a5 s 28 2 48 4 08 0 04 200 450 00 50 0 50 100 130 200 230
Deslocamentos Aiais [mm] Deslocamentos Axiais [m]

Figura 1 - Variagéo da capacidade em fungéo dos micro deslocamentos impostos entre a interface osso-interface sen-
sorial. (a) Gradiente global. (b) Pré e pds contacto com a interface.

Numa aplicagéo real, este estudo possibilita averiguar se o processo de integragdo éssea de uma proétese
progride, ou n&o, ao longo do tempo, através da monitorizagao da capacitancia, permitindo aos profissionais
de saude quantificar o estado da interface osso-implante em tempo real. Além disso, estes resultados apre-
sentam uma nova metodologia de monitorizacdo da interface osso-implante, podendo esta ser integrada
futuramente em implantes ativos instrumentados.

Figura 2 - Progresséo da area (%) de contacto entre o osso e a placa de acrilico ao longo do ensaio de compressao
(Regido de cor branca — Osso; Regi&o de cor preta — Ar). (a) 4.3%, (b) 17.5%, (c) 38.2%.
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RESUMO

Uma tendéncia crescente na incidéncia da substituicéo e revisdo 6ssea primaria tem sido observada nas
ultimas décadas, principalmente devido a perda o¢ssea peri-implantar. Em estudos anteriores foram
encontrados resultados promissores para o controlo otimizado da osseointegragéo, através do uso de
implantes instrumentados multifuncionais que incluem atuadores terapéuticos baseados em estimulagao
capacitiva e indutiva para promover e controlar a regeneracéo 6ssea. Neste estudo, um novo modelo de
estimulagdo magnético é proposto: um estimulador magnético (intracorporal) com capacidade de fornecer
estimulos biofisicos controlados e personalizados para os tecidos-alvo, empregando baixa corrente. Tal
inovagéo é necessaria, uma vez que os modelos atuais de estimuladores usam elevadas correntes que
ndo se conseguem gerar no interior dos implantes ésseos multifuncionais instrumentados.

Palavras-chave: Dispositivos Médicos, Estimulagdo Magnética, Campo Magnético, Tecidos Celulares

INTRODUQAO

Estratégias ndo farmacoldgicas baseadas em estimulagdo biofisica tém sido enfatizadas para o tratamen-
to e prevencgao de disfungdes musculo-esqueléticas (Soares dos Santos, 2016). A perda éssea é um fe-
noémeno que frequentemente conduz a faléncia dos implantes ésseos. As taxas de insucesso séo signifi-
cativamente promovidas pela remodelacdo éssea adversa em resposta ao stress-shielding, que pode re-
sultar em descolamento asséptico (Soares dos Santos, 2016). Tém sido desenvolvidos diversos modelos
promissores para o controlo otimizado da osseointegracdo através da atuagéo terapéutica baseada na
estimulagdo indutiva (Bonmassar 2012, 2013). Diferentes arquiteturas de estimuladores magnéticos tém
sido propostos para dispositivos intracorporais com o objetivo de aplicar estimulos magnéticos em teci-
dos-alvo com elevada precisdo, controlabilidade e eficiéncia energética (Bonmassar 2012, 2013). Os re-
quisitos de alimentagédo de energia elétrica sdo de grande importancia para estes tipos de dispositivos,
principalmente quando s&o multifuncionais (como os implantes instrumentados). No entanto, os estimula-
dores biomagnéticos de pequena escala atuais requerem elevadas correntes elétricas (geralmente supe-
riores a 1 A) a fluir nos seus enrolamentos (Bonmassar 2012). Este estudo propde uma nova tecnologia
de estimulagdo magnética com potencialidade para fornecer campos magnéticos osteogénicos usando
baixas correntes elétricas. Este assegura uma ampla gama de estimulos eficazes caracterizados por dife-
rentes formas de onda, magnitudes, frequéncias, periodicidades, etc. Modelos computacionais foram de-
senvolvidos para analisar as densidades e distribuicdes de fluxo magnético em fungéo das excitagdes de
corrente elétrica. Este trabalho esta focado na capacidade deste dispositivo inovador fornecer estimulos
magnéticos aos tecidos celulares 6sseos em testes in vitro, tendo em conta que as intensidades de fluxo
magnético que induzem respostas osteogénicas estéo na faixa de 0,1-7 mT.

METODOS

Uma arquitetura indutiva quasi-planar foi explorada neste estudo, uma vez que foram recentemente utili-
zadas para implementar estimuladores magnéticos em pequena escala (Bonmassar 2012, 2013). Uma
nova arquitetura quasi-planar (Fig. 1) foi projetada para a entrega de estimulos magnéticos em células
ésseas em cultura durante os dois primeiros estagios de renovacéo 6ssea (proliferagéo e diferenciagéo).
Esta arquitetura € composta por um nucleo cilindrico rodeado por uma bobina helicoidal com mudltiplas
camadas com uma grande quantidade de enrolamentos (1000) e didametro de fio de microescala (5 um).
Foi desenvolvido um modelo computacional em COMSOL Multiphysics (v. 5.3, COMSOL) para a simula-
¢éo da intensidade e distribuicdo dos fluxos magnéticas em tecidos celulares com células 6sseas oste-
oblasticas MC3T3-E1 durante as fases de proliferagéo e diferenciagdo (Fig. 1a). O estimulador foi posicio-
nado sob a placa de Petri, que contém uma cultura de células composta de uma camada celular ou de
tecido. As camadas relativas a proliferacédo e diferenciagdo foram consideradas aproximadamente homo-
géneas. Este aparato assegura que ndo existem contatos célula-estimulador, garantindo assim uma tera-
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pia baseada numa metodologia ndo invasiva. O estimulador foi eletricamente alimentado com uma fonte
de corrente até 10 mA com forma de onda quadrada (PEMF), a frequéncia de 15 Hz.

a) b)

Figura 1. Arquitetura indutiva: (a) Aparato experimental, 1 - Meio Fisioldgico, 2 - Meio Celular, 3 - Caixa de Petri, 4 -
Estimulador Indutivo, 5 - Substrato; (b) Esquematico de estimulador quasi-planar, 7- Enrolamento, 8 - Nucleo.

RESULTADOS E CONSLUSOES

Estimulos magnéticos de aproximadamente 3.5 mT s&o aplicados pelo estimulador aos tecidos celulares
que se encontram acima do mesmo, aplicando apenas uma corrente de excitagdo de 5 mA (Fig. 2). O
campo magnético maximo (=3.7 mT) ocorre acima do enrolamento (Fig. 2a,b). A intensidade do estimulo
de campo magnético pode ainda ser ajustado consoante a corrente elétrica, obtendo-se assim uma maior
gama de estimulos osteogénicos (Fig. 2c). Esta analise demonstra assim a capacidade deste novo mode-
lo de ser implementado em implantes ativos instrumentados, devido a sua potencialidade em fornecer
estimulos para regides alvo da interface osso-implante, tendo por fim o controlo da osseointegragao.
Apresenta-se, neste estudo, um contributo para o desenvolvimento de dispositivos magnéticos bio-
eletrénicos altamente sofisticados e implantaveis.
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Figura 1. Resultados da simulagdo usando o COMSOL Multiphysics: (a) Campo magnético gerado ao longo de x; (b)
Campo magnético gerado; (c) Variagcdo do campo Magnético vs Corrente aplicada no estimulador.
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RESUMO

Devido ao envelhecimento da populagdo, o procedimento médico que consiste na colocagéo de implantes
traqueobrdnquicos é cada vez mais comum. No entanto, os implantes de silicone tém algumas limitagbes
devido a migragéo do implante, ao desenvolvimento de tecido granuloso e a acumulagédo de secregdes.
Por outro lado, o desempenho dos implantes esta intimamente relacionado com a sua geometria € 0 mo-
do como se fixa a arvore traqueobrénquica do paciente. De facto, o nimero e a geometria das pequenas
saliéncias de fixagdo é um dos fatores essenciais no sucesso da cirurgia.

De modo a estudar a geometria das pequenas saliéncias de fixagdo esta a ser realizado um estudo com-
putacional comparativo entre diversas geometrias parametrizadas.

Os resultados iniciais mostram que a formagéo de tecido granuloso e a acumulagéo de secregdes podem
ser minimizadas com implantes menos rigidos. Inversamente, a migragdo ¢ minimizada com maiores sali-
éncias de fixagao.

Palavras-chave: Implante traqueobrénquico, estenose, analise computacional, interagao fluido-sélido

INTRODUGAO

Traqueomaldcia e traqueobroncomalacia sédo doengas que se caracterizam pela flacidez da cartilagem da
traqueia ou da traqueia e dos brénquios, respetivamente. Esta flacidez da cartilagem leva ao colapso da
arvore traqueobronquica sobretudo quando ha um aumento do volume respiratério, nomeadamente com
tosse e degluticdo. Quando o grau de estenose é elevado, o paciente pode apresentar dificuldades em
respirar. Para além da malacia da arvore traqueobrénquica existem outras razdes que podem provocar
estenose, tais como cancro da arvore traqueobrénquica ou lesdes traumaticas devido a acidentes. Fistu-
las na arvore traqueobrénquica s&o outro problema comum que provoca dificuldade respiratéria, devido a
perda de pressao, e cujo tratamento é idéntico ao da estenose. Sendo que o tratamento consiste na colo-
cagéo de um implante traqueobrénquico, e que devido ao envelhecimento da populagcdo é um procedi-
mento médico comum e crescente [1].

Atualmente existem no mercado implantes em nitinol e em silicone. Os implantes de silicone apresentam
uma taxa de sucesso de 60% [1,2] que é superior ao desempenho dos implantes de nitinol. No entanto,
os implantes de silicone apresentam algumas limitagdes relacionadas com a migragéo do implante, o de-
senvolvimento de tecido granuloso e a acumulagdo de secreges. O desempenho dos implantes esta for-
temente relacionado com a geometria e com o processo de fixagdo ao tecido adjacente. De facto, a fixa-
céo e o sucesso, dos implantes de silicone depende do numero e da geometria das pequenas saliéncias
de fixagdo. Na Figura 1 é possivel observar os implantes de silicone Dumon da Novatech que apresentam
saliéncias cilindricas. Mas ha outros implantes de outros fabricantes com saliéncias diversas e, conse-
quentemente, com taxas de sucesso diferentes.

MATERIAIS E METODOS

Com o objetivo de estudar a relagdo entre a geometria das saliéncias de fixagcdo e o desempenho dos
implantes, esta a ser realizada uma analise computacional para comparar diversas geometrias parametri-
zadas das saliéncias de fixagdo. A parametrizagdo das geometrias permitira, no futuro, a realizagdo da
otimizagéo geométrica das saliéncias de fixagdo. A formacéo de tecido granuloso esta relacionada com as
tensbes de contacto entre o implante e o tecido adjacente. Por sua vez, a migragéo depende dos deslo-
camentos relativos entre o implante e os mesmos tecidos adjacentes. Por Ultimo, a acumulagéo de secre-
cOes esta relacionada com a velocidade do fluxo de ar na arvore traqueobronquica. Consequentemente, a
andlise de elementos finitos tem de incluir a interagéo fluido-solido. As propriedades do tecido cartilagino-
so, e dos musculos lisos também sdo consideradas na analise.
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Figura 1. Implantes Dumon, em silicone, da Novatech

A criagdo do modelo geométrico e da malha de elementos finitos da arvore traqueobrénquica deve ser
personalizada. Com base nas tomografias computorizadas (TC) define-se, inicialmente, um modelo esta-
tistico (statistical shape model — SSM) e um modelo de local geométrico (local appearance model — LAM).
Posteriormente, e com base nos modelos ativos de forma (active shape models — ASM) e nos modelos
previamente definidos, SSM e LAM, é possivel gerar a geometria (Figura 2) e a malha de elementos fini-
tos personalizada do paciente.

Figura 2. Modelo personalizado da arvore traqueobrénquica

RESULTADOS E DISCUSSAO

Os primeiros resultados, para apenas um paciente, mostram que a formagdo de tecido granuloso e a
acumulacéo de secregdes podem ser minimizadas com implantes menos rigidos. Inversamente, a migra-
¢d0 é minimizada com maiores saliéncias de fixagdo. E necessario avaliar mais pacientes, para compre-
ender se ha uma tendéncia geral, ou se as caracteristicas de cada paciente sdo fundamentais para o de-
sempenho dos implantes.

O processo de otimizagdo, que se pretende realizar no futuro préximo, podera ajudar a definir implantes
personalizados que podem ser produzidos por prototipagem rapida, e com o objetivo ultimo de aumentar a
taxa de sucesso.
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RESUMO

Tendo como objetivo reduzir as complicagdes da artroplastia do ombro relacionadas com a haste, surgiu
um novo tipo de implantes, implantes sem haste. Apesar de apresentarem bons resultados em estudos
clinicos, ndo existe um conhecimento vasto sobre a influéncia destes implantes a longo prazo, critico para
o sucesso do procedimento, especialmente considerando as diferengas na geometria dos implantes comer-
cializados. O objetivo deste trabalho foi analisar a influéncia da geometria de 5 implantes sem haste no
processo de adaptagdo éssea do umero. Para tal, simularam-se virtualmente as artroplastias do ombro e
foi utilizado um modelo de remodelagdo éssea com modelos tridimensionais de elementos finitos. Deste
trabalho concluiu-se que, do ponto de vista de remodelagdo 6ssea, o implante SMR tem o melhor desem-
penho, enquanto o implante Eclipse tem o pior, originando a maior perda de massa 6ssea.

Palavras-chave: Umero, Artroplastia do ombro, Implantes sem haste, Remodelagédo éssea, Método de
elementos finitos

INTRODUGAO

A artroplastia do ombro é considerada um tratamento eficaz para varias formas de osteoartrite e degenera-
¢ao da articulagéo do ombro. No entanto, o desempenho a longo prazo desta cirurgia apresenta complica-
¢des, que podem estar relacionadas com a ocorréncia do efeito de stress shielding. De acordo com a lei de
Wolff, o processo de adaptacédo 6ssea é influenciado pelos esforgos aplicados no osso. Desta forma, a
introdugao de um implante no osso altera a distribuigdo de esforgos originando um aumento da reabsorgéo
dssea, que por sua vez enfraquece o osso e compromete a fixagdo do implante, podendo resultar na sua
faléncia. Para resolver complicagbes associadas as hastes, tem-se assistido a uma tendéncia de encurta-
mento destas, culminando na criagcdo de implantes sem haste, cuja fixagdo é feita na metafise do osso.
Apesar de estudos recentes apresentarem bons resultados radioldgicos e funcionais a curto, médio e longo
prazo, a prevaléncia de complicagdes, como por exemplo a perda de massa 6ssea, associada a falta de
um conhecimento vasto sobre a influéncia destes implantes cria a necessidade deste estudo. Tendo em
conta as significativas diferengas nas geometrias destes implantes, este trabalho tem como objetivo analisar
o efeito da geometria de 5 implantes sem haste, disponiveis no mercado, no processo de adaptagédo dssea
do umero apds uma artroplastia do ombro usando modelos tridimensionais de elementos finitos.

MATERIAIS E METODOS

Um modelo tridimensional do umero direito foi obtido através da segmentagao das imagens de CT do Visible
Human Project. Os implantes analisados foram modelados em Solidworks® com base nas proéteses
ECLIPSE™ Stemless Shoulder Arthroplasty da Arthrex, GLOBAL ICON™ Stemless Shoulder System da
DePuy Synthes, SMR® Stemless da Lima Corporate, SMIPLICITI™ Shoulder System da Wright, e Sidus™
Stem-Free Shoulder da Zimmer. Estes implantes séo referidos futuramente como Eclipse, Global Icon,
SMR, Simpliciti e Sidus, respetivamente. As artroplastias do ombro foram virtualmente simuladas em
Solidworks®, e os modelos de elementos finitos foram criados em Abaqus® usando malhas tetraédricas
lineares. Nas interfaces osso-implante, as interagbes com superficies revestidas foram definidas como to-
talmente ligadas, admitindo uma condigao ideal de osteointegracdo, enquanto as restantes foram definidas
com contato com atrito. Foram considerados valores para o modulo de elasticidade de 230 GPa e 115 GPa
para as cabegas dos implantes (liga de cobalto de cromio) e componentes metafisarias (liga de titanio),
respetivamente. As propriedades do osso sdo obtidas pelo processo de remodelagao éssea considerando
um moédulo de Young de 17,5 GPa para osso cortical. Para todos os componentes foi considerado um
coeficiente de Poisson de 0,3. O modelo foi sujeito a seis casos de carga que incluem a acdo de 11 mus-
culos e a acgéo da forga de reagdo da articulagdo glenoumeral. Trés casos de carga correspondem ao mo-
vimento de abdugéo no plano coronal e os restantes trés ao movimento de flexao anterior no planto sagital.

37



8° Congresso Nacional de Biomecanica, 15 e 16 de fevereiro de 2019, Unhais da Serra, Covilha

Os carregamentos foram estimados através de dinamica inversa utilizando um modelo multicorpo do mem-
bro superior [1]. Para simulagéo do processo de remodelagao 6ssea foi utilizado o modelo desenvolvido por
Fernandes et al. [2]. Este modelo consiste num problema de otimizacdo de topologia cuja fungéo objetivo
tem em conta a rigidez estrutural e um custo metabdlico associado a manutengéo éssea. Partindo de uma
distribuicdo de densidades inicial obtida através das imagens de CT, determinaram-se quais os parametros
que melhor permitem a simulacéo da distribuicdo de densidades normal do umero. A solugdo de densidades
obtida foi definida como a condigao inicial para as simulagdes com implantes. Os resultados foram analisa-
dos quantitativamente através do calculo da variagdo de massa 6ssea para oito regides de interesse e,
qualitativamente, observando a diferenga absoluta de densidades em relagdo ao osso intacto.

RESULTADOS E DISCUSSAO
A Figura 1 apresenta a variag&o de densidade, A,, entre a distribui¢éo final de densidades, ap6s a adapta-
¢éo ao implante, e a distribuigao inicial.

>
>

Absorcao Equilibrio Formagéo

Eclipse Global Icon Simpliciti Sidus

Figura 1- Remodelacédo 6ssea do Umero ap6s artroplastia do ombro para os cinco implantes analisados. A cor verde
corresponde ao estado de equilibrio (—0,1 g cm® < A,<01g cm™). A condigdo de reabsorgéo dssea esta represen-
tada a vermelho (4, < —0,2 g cm™) e laranja (—0,2 g cm™® < A, < =019 cm?). A condigéo de formagéo dssea esta
representada a azul escuro (A, > 0,29 cm®) e azul claro (0,1 g cm™ < A,< 029 cm?®). L, P, A, e M, representam,
respetivamente, os termos anatémicos de relagéo lateral, posterior, anterior e medial.

De um modo geral, a perda de massa éssea foi mais pronunciada nas regides proximais e centrais, como
também relatado em estudos radiolégicos sobre os implantes Eclipse e Sidus [3, 4]. O implante Eclipse con-
duziu a maior perda de massa 6ssea, enquanto o implante SMR teve o impacto menos negativo na adaptagao
do Umero. Nas regides em torno das extremidades dos implantes observou-se formagdo de osso.

CONCLUSOES

O modelo de remodelagado 6ssea foi validado no presente estudo através da simulagdo da distribuigao de
densidade 6ssea das imagens de CT, reforcando a confianga nos resultados obtidos. Do ponto de vista de
remodelagdo dssea, o implante SMR teve o melhor desempenho, apresentando um impacto reduzido na
remodelagdo do umero, enquanto que o implante Eclipse originou a maior perda. No melhor conhecimento
dos autores, este é o primeiro trabalho a comparar computacionalmente o efeito da geometria de diferentes
implantes sem haste, disponiveis no mercado, no processo de remodelagdo éssea do Umero apés uma
artroplastia do ombro.
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RESUMO

O presente estudo buscou por diferengas qualitativas posturais entre dois grupos de atiradores esportivos
militares, distintos entre si por tempo de experiéncia em treino. A hipdtese principal foi a influéncia longi-
tudinal de tempo de experiéncia de treino relacionada com maiores graus de assimetria apresentados na
analise postural proposta e a relagéo entre peso e estatura do atirador com dados qualitativos posturais,
utilizando a fotogrametria digital. As medidas foram comparadas entre o angulo inferior da escapula direita
e esquerda e terceira vértebra toracica. As variaveis de interesse foram aquelas medidas e compreendi-
das como variaveis respostas e buscou-se por associagdes entre dados obtidos na fotogrametria com as
medidas posturais em graus comparadas em dois grupos de atiradores. Para andlise dos dados foi apli-
cado a técnica de modelos lineares generalizado. Como a variavel resposta assume valores negativos e
positivos, a distribuicdo de probabilidade adotada foi a distribuicdo normal. Para verificar o efeito das
covariaveis foi utilizado a analise de deviance e o nivel de significancia adotado foi de 5%. O modelo
sugere que o grupo com mais experiéncia de treino apresenta em média um aumento de 350% no angulo
da assimetria horizontal da escapula em relagéo a terceira vértebra toracica quando comparado com o
grupo com menor experiéncia. As covariaveis peso corporal do individuo e estatura ndo foram significati-
vas para explicar o comportamento da variavel resposta. A ndo significancia das assimetrias relacionadas
com maior ou menor estatura e peso corporal do atirador presume que a homogeneidade dos individuos,
mediante especificagdes de ingresso na carreira militar da Forga Aérea brasileira, como limite de estatura
e peso corporal, possa ter contribuido para este resultado.

Palavras-chave: Avaliagdo postural, Fotogrametria, Tiro Esportivo.

INTRODUGAO

Este estudo buscou por contribuigbes para um entendimento mais efetivo sobre os efeitos do treinamento
do tiro esportivo em jovens atiradores militares a fim de demonstrar diferengas qualitativas na postura
entre integrantes e também associagdes na avaliagdo postural com dados antropométricos de estatura e
peso. O tiro esportivo pode ser compreendido como um esporte estatico que requer habilidades especifi-
cas de combinar uma boa postura técnica e capacidade de estabilizacdo postural [1]. Sob demanda de
uma determinada modalidade, posicdes atreladas a biomecanica do esporte sdo treinadas e ajustadas
para cada individuo, resultando em uma estética propria de cada modalidade, padrdes corporais tipicos,
que podem, em determinados casos, causar lesdes devido as demandas técnicas [2]. Os resultados pre-
liminares aqui apresentados séo oriundos de uma pesquisa de doutorado em andamento, desenvolvida
pela Faculdade de Medicina de Ribeirdo Preto no Programa de Ciéncias da Saude Aplicadas ao Aparelho
Locomotor juntamente com a Academia da Forca Aérea Brasileira.

HIPOTESES

A hipotese principal é que o grupo de atiradores com maior experiéncia, fator longitudinal, apresenta re-
sultados qualitativos de avaliagdo postural diferentes ao se comparar com dados do grupo de atiradores
iniciantes. Considera-se que ha relagédo entre peso e estatura do atirador com dados qualitativos postu-
rais.

OBJETIVOS

O objetivo foi avaliar e comparar dados posturais entre dois grupos de atiradores esportivos militares em
busca de diferencas qualitativas e associagdes com dados antropométricos e tempo experiéncia na mo-
dalidade, sendo grupo 1 atiradores com até trés meses de treino na modalidade, considerados iniciantes
com pouca experiéncia e grupo 2, composto por atiradores com experiéncia de treino acima de trés me-
ses e com até quatro anos de treino.

39



8° Congresso Nacional de Biomecanica, 15 e 16 de fevereiro de 2019, Unhais da Serra, Covilha

MATERIAIS E METODOS

Para avaliagdo postural utilizou-se a fotogrametria digital através do software de analise S.A.P.O.
(Software para Avaliagdo Postural) desenvolvido por pesquisadores da Universidade de Sado Paulo,
proporciona um nivel de obtengdo de informagéo confiavel sobre objetos fisicos, sendo de baixo custo
operacional e fundamenta-se pela digitalizacdo e fungdes de calibragdo de imagens, marcacédo livre de
pontos, medicdo de distdncias e de angulos corporais [3]. A tomada das fotografias seguiu as
recomendagdes do protocolo do software utilizado. As referéncias dsseas do protocolo foram tomadas na
vista anterior, denominadas pontos 1 e 2, angulo inferior da escéapula direita e esquerda e ponto 3,
terceira vértebra toracica. Apdés marcagao, por apalpagdo e medigdo, realizadas por um Unico avaliador,
foram colocadas esferas de isopor de 1cm de didmetro fixadas com fita adesiva dupla face e entédo as
imagens foram tomadas em vista posterior dos atiradores na posigdo bipodal, postura ereta, natural,
anatémica.

Sujeitos, grupos e amostra

Participaram deste estudo 36 militares, cadetes da Forga Aérea Brasileira, sadios, integrantes da equipe
de tiro esportivo nas modalidades de carabina e pistola de ar olimpicas, aptos em instrugdes técnicas das
inspegbes de saude periddicas da Aeronautica [4]. Os sujeitos participantes possuiam idade de 18 até 26
anos, homens e mulheres. A obtengdo das medidas de peso e estatura foram realizadas para que os
dados antropométricos pudessem ser analisados e confrontados em busca de associagbes com os
resultados da avaliagéo postural obtidos. Os grupos foram divididos em grupo 1, atiradores iniciantes com
até trés meses de experiéncia e grupo 2, atiradores com experiéncia acima de trés meses de treino e até
quatro anos de experiéncia na modalidade. Pesquisa devidamente submetida ao comité de ética da co-
missdo nacional de ética em pesquisa (CONEP), CAAE 86154918.0.0000.5440, parecer aprovado nime-
ro 2.690.358.

RESULTADOS E DISCUSSAO

As variaveis de interesse neste experimento foram aquelas medidas e compreendidas como variaveis
respostas, onde buscou-se por associagdes entre dados obtidos na fotogrametria com as medidas postu-
rais em graus comparadas em dois grupos de atiradores. Entretanto, outras variaveis puderam afetar a
resposta e entdo foram consideradas variaveis explicativas, como o tempo de experiéncia na modalidade,
dados antropométricos de peso e estatura. Para andlise dos dados foi aplicado a técnica de modelos
lineares generalizado. Como a variavel resposta assumiu valores negativos e positivos, a distribuigao de
probabilidade adotada foi a distribuicdo normal. Para verificar o efeito das covariaveis foi utilizado a anali-
se de deviance e o nivel de significancia adotado foi de 5%. Para a validagdo do modelo utilizou-se o
grafico half-plot. O modelo sugere que o grupo com mais experiéncia de treino apresenta em média um
aumento de 350% no angulo da assimetria horizontal da escapula em relagéo a terceira vértebra toracica
quando comparado com o grupo com menor experiéncia. As covariaveis peso corporal do individuo e
estatura nao foram significativas para explicar o comportamento da variavel resposta.

CONCLUSAO

A hipotese foi confirmada referente aos angulos e graus encontrados quando comparados entre dois
grupos de atiradores, entre iniciantes e experientes, reforcando a tese que ha efeitos deletérios posturais
aos praticantes do tiro esportivo a medida que se tornam mais experientes. A ndo significancia das assi-
metrias relacionadas com maior ou menor estatura e peso corporal do atirador nos sugere que tal fato
seja relacionado com as caracteristicas ao ingresso do militar na Academia da Forga Aérea, que atende
aos padrdes antropométricos com limite de estatura e peso entre outras relagdes que nos permitem con-
siderar que a homogeneidade dos individuos tenha contribuido para isso.

REFERENCIAS

lhallainen, S., Kuitunen, S., Mononen, K., and Linnamo, V. (2016). Determinants of elite-level air rifle shooting
performance. Scandinavian Journal of Medicine and Science Sport, 26(3), 266-274.

Ball, K.A., BEST, R.J., Wrigley, T.V. (2003). Body sway, aim point fluctuation and performance in rifle shooters: inter-
and intraindividual analysis. Journal of Sports Science. 21(7), 559-66.

Alves Gongalves Ferreira, E. (2005). Postura e controle postural: desenvolvimento e aplicagdo de quantitativo de
avaliagdo postural. (Tese de doutorado, Universidade de Sao Paulo).

BRASIL. Ministério da Defesa. Comando da Aeronautica. Saude. ICA 160-1./nstrugées Reguladoras das Inspegdes de
Saude (IRIS). Brasilia, DF, 2003.

40



8° Congresso Nacional de Biomecanica, 15 e 16 de fevereiro de 2019, Unhais da Serra, Covilha

Rest Length Reflexes for Self Regulated Running — Summary *

André S. Carvalho, Jorge M. Martins
IDMEC, Instituto Superior Técnico, Universidade de Lisboa, Portugal
andre.s.carvalho@tecnico.ulisboa.pt, jorgemartins@tecnico.ulisboa.pt

ABSTRACT

An interaction force model, that allows the modeling of bipedal running, is here proposed through a
generalization of the spring-mass model. The proposed generalization imbues a desirable compliant leg
behavior with energetic balance terms, enabling not only the description of a periodic gait, along flat and
sloped surfaces, but also the transposition of obstacles. The proposed regulatory terms arise from analogy
with neuromuscular reflexes, to define phase variables which contribute to an emerging description of
locomotion. The proposed force model is deployed through a previously developed force control
framework to simulate the running behavior of a mechanical archetype.

KEYWORDS: Locomotion, Self Regulated Gait, Force Feedback, Force Control

INTRODUCTION

So far, the model that yields the most insight into the external dynamics of human locomotion is the spring-
mass model [1], where the stance leg is modeled after a massless spring connected to a point mass,
meant to represent the center of mass of the locomotor. The model can be shown to be stable to small
perturbations and able to approximate the contact force patterns observed in human walking and running.
Ultimately, the spring mass model introduces locomotion as an emergent outcome of compliant interaction
with the ground.

Although able to emulate the energetic efficiency with which animal locomotors interact with the
environment, it is important to note that the spring-mass model does not depict all of the interaction
dynamics observed in locomotion, making it impossible to functionally fit this model with experimental data
[2]. Added the impossibility of a purely conservative system to accommodate moderate perturbations and
return to its locomotion cycle [3], it remains to be found a simple model that rivals the adaptive capabilities
of highly detailed musculoskeletal models, such as [4].

To address these issues, and further the modeling of locomotion systems, one must then assume that
animal locomotion emerges from an automatic energy regulation mechanism, to further imbue elastic
models with energetic balance terms. Moreover, evidence suggests that locomotion is not solely tuned for
efficiency [5], as the paradigm introduced by the spring-mass model might suggest. One could then argue
on the basis of stability and robustness, for which an energetic regulation mechanism is more suited.

In this article, the issue of modeling the external dynamics of running is addressed through the introduction
of a simple model that describes a stabilizing contact force arising from the locomotor's configuration and
contact force. The force model is briefly described as being a generalization of the spring-mass model,
along the leg's parallel direction, while along the perpendicular direction an additional term is added to
stabilize the locomotor's posture. This desired interaction force can be written in an elastic form as

Fa=he(L—Lo(f,0)) 7 +ra(f) (0—0o) 71, (1

being k¢ and k¢ the elastic terms for leg compression £ — L, and the torso's pitch 8 — 0, . Being reflexes
of regulatory importance in human locomotion [6], a systemic interpretation can be employed to modulate
the stance parameters in (1) through the definition of phase variables [7] arising from the contact force §
and the leg's compression velocity v. Such reflexes are integrated into an energetic balance by employing
the force feedback as both a synchronizing and an energy incrementing agent [8], which is counteracted in
relation to a viscous stimulation to imbue the locomotor with perturbation rejection and a stable running
gait. These reflexes are defined through a filtered saturation of the delayed contact force and the leg's
compression velocity, written here as
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Figure 1: (a) Biped's stabilizing force composition; (#y) Floating structure's mass center [9]; ((®)) Contralateral leg and
torso's mass centers. (b) Periodic motion along a downward slope and (c) the corresponding contact dynamics.

which can be introduced into (1) to further define the leg's modulated rest length £, = £, + f (1 — % [
and the posture stiffness k¢ = f, ko, whose decomposition is illustrated in Fig.1(a).

The proposed stabilizing force can be introduced into a previously developed force control framework for
bipedal running [9], which through an appropriate parameterization is able to emulate the dynamics of
habitual forefoot runners [10], through explicit control of the ground reaction force exerted by a mechanical
archetype (Fig.1c). Moreover, this new contribution allows the extension of the previously modeled
periodic running motions along flat surfaces [9] into the description of periodic motions along sloped terrain
(Fig.1b), owing to the more appropriate embedding of the dissipation term along rest length variations,
following the reflex analogy. Through the energetic regulatory terms, emerging from force feedback and
velocity dissipation, the locomotor is also able to transpose rough terrain, to return to its periodic motion.
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ABSTRACT

Usage of a PC mouse is a kind of task where muscle activation levels, while low in general, can indicate
potential for musculoskeletal disorders due to prevalence of static muscular activity. This is believed to
represent a higher risk for musculoskeletal health than dynamic muscular activity. The study reported in
this paper proposes a two-dimension approach to comparative evaluation of muscular activity during
mouse use, based on the percentage of Maximum Voluntary Contraction of selected forearm muscles
(APL, ED, ECR, ECU - Abductor Pollicis Longus, Extensor Digitorum, Carpi Radialis and Ulnaris) relative
to Maximum Voluntary Contraction as well as on the dynamics of muscle activation. The latter is computed
as a ratio between the difference between APDF90 and APDF10 divided by APDF50 (APDF-Amplitude
Probability Distribution Function for the 90th, 50th and 10th percentiles). The paper demonstrates the ap-
proach with results of comparative evaluation of a horizontal and a slanted prototype PC mouse, through
surface EMG monitoring of 20 participants performing standardized graphical task with the devices. The
paper, hence, demonstrates a parametric approach to assessing the dynamics of muscular activity. Ergo-
nomic evaluation of PC mice, besides usability, concerns risks for musculoskeletal health, which are as-
sessed from posture and muscular activity. Low levels of activation may be balanced with more dynamic
contractions, springing from device geometry features, diminishing risks.

Keywords: Ergonomics, Abductor Pollicis Longus, Extensor Carpi Radialis, Extensor Carpi Ulnaris,
Extensor Digitorum

INTRODUCTION

Interlaced research methodologies enabled development and ergonomic evaluation of new computer
handheld pointing device shapes [1]. Sanders et al. [2] describe the general steps of any research process
using an onion metaphor, which progresses in successive steps from a peripheral layer towards the core.
Using this process in the improvement of the PC mouse led to product development of new PC mouse
shapes [3] and comparative evaluation against existing benchmark models. Thus, the proposed methodol-
ogy, presented in detail elsewhere [1, 4], deals with product design and specific experimental design inte-
grating usability assessment [1, 5, 6, 7] and muscle activity assessment [8]. This study also focuses the
assessment of specific muscles’ activity of the subjects’ right forearm in computer mouse usage. The com-
parative tests are based on standardized tasks [1, 5, 7] to achieve replicability in usability evaluation and
specific muscle activity assessment. Sggaard et al. [9] define ‘low level’ static effort as a condition associ-
ated to muscular work in which the muscle is activated at such a low order of contraction that it allows the
work to be maintained over a long period of time. Surface electromyography (S-EMG) measures the activi-
ty levels of muscles during activity, such as the use of the device [10]. S-EMG data was collected from 20
subjects (10 male), performing standardized tasks [5, 7, 11] interacting with distinct PC mouse shape [1,
8].

DEVELOPMENT

The development process of new shapes (PC mice) is based on specialized literature recommendations,
mostly in the form of applicable standards [12, 13, 14, 15]. The complete specification list and a flowchart
of the operational model adopted for that purpose can be found in Lourengo et al. [3]. The operational
model is adapted from Lewis and Bonollo [16] and Hales [17]. The comparative tests are based on stand-
ardized tasks [5, 7, 11], to achieve replicability in both usability evaluation and specific muscle activity as-
sessment. Table 1 shows the prototype of a new PC mouse that arose from the product development pro-
cess briefly characterized in the present paper and explained in detail by Lourenco et al. [3]. This prototype
and a standard (traditional) model, depicted Table 1, both using the same hardware, were comparatively
assessed through several tests for usability and forearm muscular activity evaluation.
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RESULTS

According to Hagberg [18], the probability of a certain level of amplitude of muscle contraction over time is
the probability of the myoelectric activity being less than or equal to that level of contraction. APDF10 has
been recognized as related with baseline activity, APDF50 as median activity level and APDF90 as peak
activity [19]. Table 1 depicts the mean values of APDF10, 50 and 90, as well the standard deviation, aver-
aged from 7 standardized graphical tasks performed by 20 subjects.

Table 1. Mean APDF values (and standard deviation) of muscular activity as a percentage of MVC for ED, ECR, ECU
and APL muscles, for the standard PC mouse and the prototype tested (Source: authors’ experimental data)

Standard Prototype Standard Prototype Standard Prototype
@@ e

S e e

Muscle Mean APDF10 (SD) Mean APDF50 (SD) Mean APDF90 (SD)
ED 13.18% 12.95% 16.19% 16.48% 20.62% 21.75%
(5.34%) (6.55%) (5.38%) (6.91%) (6.61%) (8.36%)

ECR 9.83% 9.80% 10.49% 10.42% 11.44% 11.32%
(5.85%) (6.01%) (5.81%) (6.02%) (5.82%) (6.11%)

ECU 13.75% 14.45% 15.37% 16.60% 17.99% 19.71%
(6.41%) (6.82%) (6.81%) (7.92%) (7.59%) (9.72%)

APL 6.96% 7.22% 8.80% 9.13% 11.33% 11.96%
(5.33%) (6.29%) (6.14%) (6.89%) (7.47%) (8.15%)
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ABSTRACT

The amount of wedging required to induce a biomechanical response with clinical significance is not well
known. Therefore, the aim of this study was to assess the immediate effects of lateral wedge insoles on
lower limb’s kinematics in healthy population. Twenty-three healthy volunteers (15 males, age of 21.0 +
5.13, weight of 65.8 + 8.7 kg, and height 170 + 5.13 cm) were recruited. Eleven cameras three-
dimensional motion analysis and four force platforms were used to collect the kinematic and kinetic data.
Six wedge experimental conditions were tested: 0°, 2°, 4°, 6°, 8° and 10 degrees. There was no significant
difference (p < 0.05) in the kinematics of the lower limb’s and pelvis, except in the ankle eversion angle at
first peak external knee adduction moment with insoles higher than 8 degrees. Other indicators should be
studied, particularly in kinetic analysis to understand better the mechanism of action of lateral wedge in-
soles.

Keywords: Kinematics, lateral wedge insoles, gait; peak angles

INTRODUCTION

Human motion analysis is the systematic study of human motion through instrumentation for measuring
body movements [1]. In healthy population appears to be important in order to assess the influence
caused by different interventions and provides the critical information needed to understand the role of
diseases and to design therapeutic interventions [2]. Wedge insoles are regularly used to correct altered
gait pattern and particular used in individuals with knee osteoarthritis [3]. The mechanism of action pro-
posed undertook a reduction of external knee adduction moment [4]. In a recent study the application of
different types of wedge showed significant variations in range of movement (ROM) of the ankle, knee and
hip joints in healthy individuals [5]. However, the effects on lower limbs’ kinematics of the application of
wedge insoles are not yet well known. Therefore, the aim of this study was to assess the immediate effects
of lateral wedge insoles on lower limb’s kinematics in healthy population.

METHODS AND MATERIALS

Twenty-three healthy volunteers (15 males, with mean age of 21.0 + 5.13, weight of 65.8 + 8.7 kg, and
height 170 £ 5.13 cm) were recruited. The subjects included were healthy young adults, without any symp-
toms or neuromuscular disorders and freely gave their written consent to participate after a verbal and
written explanation of the study. Eleven cameras three-dimensional motion analysis (Qualisys,
Gothenburg, Sweden) sampling at 200 Hz and four force platforms (Bertec, Columbus, USA) sampling at
1000 Hz, were used to collect the kinematic and kinetic data from participants walking along a 10-meter
walkway. The Calibrated Anatomical System Technique (CAST) [6] was employed. Forty-two reflective
markers were attached on the principal bony prominences on the subject’s lower limbs and pelvis. The feet
were assumed to be a rigid body. Six experimental conditions were tested in a randomized order: a control
condition (0° insole), and insoles with 2°, 4°, 6°, 8° and 10 degrees. Post-processing calculation was con-
ducted using Visual3D software (Version 6.00.12, C-Motion, Rockville, USA). Kinematic data were filtered
(6 Hz) using a Butterworth 4th order filter. Peak values for lower limb joint angles were computed for each
cycle for each participant. The joint angles were expressed in degrees (°) and time normalized to 100% of
the stance phase. Repeated measures analysis of variance was used with post-hoc Bonferroni correction
for multiple pairwise comparisons. Statistical software SPSS 24.0 was used (IBM, Chicago, IL) and all
tests were performed at the 95% confidence interval (p < 0.05).

RESULTS

Lower limb’s kinematic waveforms were presented in Figure 1. The overall effect of lateral wedge insoles
resulted in a greater peak eversion especially when the first peak of external knee adduction moment oc-
curs and increases gradually with increasing wedge angulation. This increase is statistically significant for
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wedge with ten degrees (p = 0.027). For the other joints in the several planes, no statistically significant
values were found.
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Figure 1. Ankle, knee, hip and pelvis waveforms during the stance phase. Each colour line represents the mean of dif-
ferent wedge insole. Vertical dashed lined represents the timing of first peak external knee adduction moment.

DISCUSSION

This is the first study to our knowledge to evaluate the immediate effects of the incremental application of
lateral wedge insoles with minimal differences on lower limbs’ kinematics. Previous studies investigating
the effects of lateral wedge insoles focus mainly on the knee [7] or used only one or two lateral wedges
insoles [3]. Our study considered six different lateral wedge insoles with a variation of 2 degrees between
them. We verify immediate effects on ankle eversion it is consistent with previous reports [5].

CONCLUSIONS

Lateral wedge insoles seems to promote a greater peak eversion on the foot. Other indicators should be
studied, particularly in kinetic analysis to understand better the mechanism of action of lateral wedge in-
soles.
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ABSTRACT

Knee osteoarthritis (OA) is characterized by weakness in the quadriceps femoris muscle and knee joint pain
that affects the ability to perform various movements in daily life. Patients with knee OA have alterations on
sit-to-stand (STS) biomechanics. The aim of this study was to evaluate the strategy used by patients with
moderate knee OA when they perform the 30-second chair sit-to-stand test, and their relationship with symp-
tomatology and function. Eleven patients with symptomatic knee OA were recruited in orthopaedic service
of Porto Hospitals to participate in this study. A 3D 11-camera motion analysis system was used to capture
the lower body motion during the STS task and two force plates embedded in the floor were used to capture
the ground reaction forces under each leg. No difference (p < 0.05) between the first three and the last three
STS trials for joint moment and power was found. However, there is a tendency for the last three repetitions
to present a lower joint moment value. No difference between the most painful knee in comparation to the
contralateral knee was found. However higher values were found in the most painful knee either in sit-to-
stand and in stand-to-sit. A significative correlation was found in different subscales of KOOS and biome-
chanical parameters. Patients with best score in KOOS subscales showed better performance in STS.

Keywords: Sit-to-stand test; power; joint moment; knee osteoarthritis

INTRODUCTION

Functional alterations in patients with knee OA are well recognized. Studies have already demonstrated
modifications in several tasks of daily-life like sit-to-stand (STS) [1]. Knee osteoarthritis (OA) is characterized
by weakness in the quadriceps femoris muscle and knee joint pain that affects the ability to perform various
movements. A STS movement, which is defined as a movement of standing up from a chair to an upright
posture, is a motion routinely repeated and is much more difficult for persons with reduced function due to
OA [2]. Previous studies have already demonstrated changes in the STS biomechanics in patients with knee
OA [3]. Understand better these changes and their association with symptoms is a key issue in adapting
rehabilitation protocols to this specific group of patients. The aim of this study was to evaluate the strategy
used by patients with moderate knee OA when they perform the 30-second chair sit-to-stand test, and their
relationship with symptomatology and function.

METHODS AND MATERIALS

Eleven patients (5 men; mean age 61 + 7,8; weight 79,9 + 11,9 kg, and height 177 + 6,9 cm) with sympto-
matic knee OA were recruited in orthopaedic service of Porto Hospitals to participate in this study. Written
informed consents were obtained from all subjects and the study approved by hospital and university ethics
committees. Symptomatology and function were measured by visual analogue scale (VAS) and Knee injury
Osteoarthritis Outcome Score (KOOS), previously validated for Portuguese culture [4]. A 3D 11-camera
motion analysis system (Qualisys Oqus, Gothenburg, Sweden) was used to capture the lower body motion
during the STS task. Reflective markers were placed on the pelvis and on both lower limbs according to the
Calibrated Anatomical System Technique (CAST) protocol [5]. Two force plates (Bertec, Columbus, USA)
embedded in the floor were used to capture the ground reaction forces under each leg. The motion and force
plate data were synchronized and sampled at 200 and 1000 Hz, respectively. The joint kinematics and ki-
netics were obtained using Visual3D software (Version 6.00.12, C-Motion, Rockville, USA). The peak joint
moments and peak power were normalized for body weight (Nm/kg and W/kg respectively). Each subject
completed the STS task during 30-second. The first three and the last three STS trials from sit-to-stand and
stand-to-sit were used for data analyses. Only data from sagittal plane was analysed. T-test for independent
samples and spearman’s correlation were used for statistical analyses. Tests were completed with SPSS
24.0 (IBM, Chicago, IL) and all tests performed at the 95% confidence interval (p < 0.05).
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Figure 1. KOOS profile. Mean scores at subscales. ADL: (function in daily living); QoL: Quality of life; Sport & rec (func-
tion in sport and recreation)

RESULTS

No difference (p < 0,05) between the first three and the last three STS trials for joint moment and power was
found. However, there is a tendency for the last three repetitions to present a lower joint moment value. No
difference between the most painful knee in comparation to the contralateral knee was found. However
higher values were found in the most painful knee either in sit-to-stand and in stand-to-sit. The forces em-
ployed to standing are clearly superior in relation to the sitting motion. Figure 1 shows KOOS profile. A
significance statistical difference was found in the correlation between the power in sit-to-stand in the most
painful knee and the subscale KOOS ADL (r=,645; p=,032) and KOOS QOL (r=,617; p=,043). Also, was
found a negative correlation between the external knee flexion moment in stand-to-sit in the less painful
knee and the subscale KOOS Sport (r= -,613; p=,045).

DISCUSSION

In this study was found a tendency to higher force in the most painful knee either in the sit-to-stand and in
stand-to-sit. These findings suggest that knee joints of patients with knee OA do not exhibit enhanced motor
control ability to absorb and generate kinetic energy efficiently. This result is contrary to the study of Turcot
et al [2]. The authors found an overload of the contralateral limb. However, that study was performed in
patients with advanced osteoarthritis. In this study, patients were recruited in a moderate stage, which may
justify this discrepancy in the results. Significant difference was expected between the first three and the last
three repetitions. He hoped that in the last repetitions of the test the patients presented some signs of fatigue.
However, this has not happened and may be due to the duration of the test which comprises only 30 sec-
onds. This question may be examined in future studies. A significative correlation was found in different
subscales of KOOS and biomechanical parameters. Patients with best score in KOOS subscales showed
better performance in STS.

CONCLUSIONS

Patients with higher scores in KOOS subscales (ADL and QoL) shows higher capacity to produce power
and force in the most painful knee.

Due to the constrained nature of the task further analysis are therefore needed to identify the modification
of patients’ strategy in the realization of the STS task in individuals with knee OA.
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ABSTRACT

There is a growing research interest for medical devices to repair soft tissues, particularly the anterior cru-
ciate ligament (ACL). The choice of the materials to produce the ACL augmentation device is critical for its
performance after ACL surgery. The device should act as a scaffold, sustaining the mechanical loads,
while the tissue regenerates. This requires a challenging balance between biocompatibility and mechanical
functionality [1].

Bioabsorbable scaffolds have been proposed as an alternative solution, allowing proper tissue regenera-
tion and healing before being absorbed by the organism. Some, like polylactic acid (PLA), have been al-
ready approved by Food and Drug Administration (FDA) for medical applications. Despite that, the PLA
mechanical performance needs to be improved [2], especially its mechanical resistance to creep and fa-
tigue, to prevent laxity or premature rupture of the device [3].

Bio-sourced polymers, like PLA, exhibit a complex mechanical behaviour, non-linear time-dependent, vis-
coelastic/viscoplastic. Fatigue and excessive laxity due to the viscoelastic/viscoplastic behaviour are con-
sidered the main reasons for material failure.

The PLA (Mw~50000, Ingeo™ 2003D, Natureworks LLC, EUA), polymer-matrix nanocomposites were
reinforced with functionalized multi-walled carbon nanotubes (NC3150, 9.5 nm average diameter and less
than 1 ym average length, more than 95% carbon purity, Nanocyl™, Belgium). The specimens were pre-
pared by melt blending, followed by compression moulding in a hot plates press, in 0.3 mm thickness thin
films. Then specimens were cut in a rectangular format, with a total length of 10x80 mm. Nanocomposites
were  produced with  different contents of reinforcements, ie. PLA/MWCNT-COOH
(99.8:0.2;99.7:0.3;99.5:0.5;99.3:0.7;99:1).

The fatigue performance of PLA was assessed for each weight percentages of reinforcement. The ex-
perimental tests comprised measurements of tensile properties, observation of strain field using open-hole
specimens with non-contact techniques (Figure 1) and determination of S-N curves for each nanocompo-
site composition (Figure 2).

Comparing to neat PLA, PLA/CNT-COOH nanocomposites exhibit higher elastic modulus and toughness,
and improved fatigue life. This is most likely related with nanofillers good dispersion that ameliorates the
mechanical response of PLA matrix.

Keywords: Nanocomposites; Poly Lactic Acid; Functionalized Carbon Nanotubes; Experimental
Mechanics
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Figure 1. Strain fields measurements of PLA (left) and PLA/CNT-COOHO0.7 (right)
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Figure 2. S-N curves of PLA and PLA/CNT-COOH nanocomposites
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ABSTRACT

Bone tissue is regulated by numerous factors that rule its trabecular structure and ultimately its function.
Any disruption to this regulation leads to bone remodeling, in which bone adapts its morphology to a new
scenario. This work proposes a novel mechanobiological bone remodeling model as it considers mechani-
cal and biological factors simultaneously. Thus, distinct external loads are applied and their impact on
bone mass is analysed. Moreover, cell density of bone cells (osteoblasts and osteoclasts) is also de-
scribed during the remodeling process, allowing a correlation between the cellular activity and the mechan-
ical microenvironment. The simulations are conducted using two numerical techniques — Finite Element
Method (FEM) and Natural Neighbour Radial Point Interpolation Method (NNRPIM). Results reveal that,
using this remodeling model, bone is capable to correctly adapt its trabecular structure to the different me-
chanical stimuli tested.

Keywords: bone remodeling, meshless methods, FEM, mechanobiology

INTRODUCTION

Bone is able to respond to several external and internal stimuli through bone remodeling. In computational
simulation, imposing an external load is a very common stimulus applied to trigger remodeling. During this
process, the trabecular structure of bone is optimized according to the loading scenario. High strains
stimulate bone formation and inhibit its resorption, while bone zones in disuse (i.e. low strain levels) suffer
from aggravated bone resorption (Hillam & Skerry, 2009; Weinreb, Rodan, & Thompson, 1989). This re-
sponse is ruled by bone cells — osteoclasts, osteoblasts and osteocytes. This work only considers osteo-
clasts, that are responsible for bone resorption, and osteoblasts, that can secrete new bone matrix. To
assure an accurate remodeling, these cells have to be in full coordination.

MATERIALS AND METHODS

The novel bone remodeling model used in this work combines the biological model of Komarova-Ayati
(Ayati, Edwards, Webb, & Wikswo, 2010; Komarova, Smith, Dixon, Sims, & Wahl, 2003) and the mechani-
cal model of Belinha-Peyroteo (Belinha, Jorge, & Dinis, 2012; Peyroteo, Belinha, Vinga, Dinis, & Natal
Jorge, 2018). Remodeling is described as an iterative process, in which bone mass varies along space
and time due to the action of osteoclasts and osteoblasts. In this work, the process starts when a certain
loading case is imposed on bone, leading to new levels of strain energy density (SED). Osteoclasts and
osteoblasts respond to this mechanical stimulus targeting specific zones of bone. Bone presenting low
levels of SED recruit osteoclasts, while osteoblasts are called to bone zones with high levels of SED.
However, this dynamic response only occurs at the surface of bone, since it is where bone can communi-
cate with blood vessels that carry the required bone cells to the remodeling site. This is assured by an aux-
iliary mask that identifies the boundary nodes at each iteration.

The numerical examples analysed in this work follow the work of Mullender and Huiskes (Mullender &
Huiskes, 1995) using 2D bone micro-patches to reproduce bone remodeling. Starting with a uniform bone
distribution, a pre-orientation phase occurs by imposing an external load that triggers the remodeling pro-
cess. When an equilibrium morphology is achieved, a second simulation is performed. A new orientation of
the load is considered and a new remodeling process is initiated. The simulation is performed using two
numerical techniques - FEM and NNRPIM. Thus, running simulations with a mesh-dependent method (i.e.
FEM) and a meshless method (i.e. NNRPIM) allows a comparative evaluation of their performance and the
results obtained.
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RESULTS AND DISCUSSION

Results are presented in Figure 1 and consist in bone mass isomaps taken at the end of each simulation.
In both examples, bone is able to achieve an equilibrium morphology coinciding with the orientation of the
load applied. Moreover, bone acquires a branched structure resembling the trabecular distribution ob-
served in high resolution medical images of bone.

In the pre-orientation phase, bone remodeling takes place as osteoclasts resorb portions of bone with low
levels of SED. Only bone resorption occurs since this simulation starts from a uniform bone distribution.
However, during the second phase of the simulation, the trabecular structure updates its morphology to the
new loading scenario, leading to formation of new trabeculae from pre-existing ones. Thus, bone mass
isomaps reveal the dynamical response of bone, forming new trabeculae in high mechanical stimulated
zones and resorbing bone in low mechanical stimulated zones.

The differences in the results obtained with each numerical technique are mainly due to the nodal connec-
tivity inherent to each method. FEM isomaps have more stiff outlines while NNRPIM solutions have
smoother contours.

PRE-ORIENTATION LOAD ADAPTATION 2.1 gfem?

Ml
BN
SN

FEM NNRPIM FEM NNRPIM

I
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Figure 1 — Trabecular distribution obtained at each phase of the simulation.

CONCLUSIONS

This work presents a novel mechanobiological model of bone remodeling capable to spatio-temporally
describe the process. Under an external stimulus, bone adapts its trabecular structure according to the
orientation of the load applied. Both methods revealed good agreement with the literature.
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ABSTRACT

TiBAI4V cellular structures produced by Selective Laser Melting were experimental and numerical investi-
gated. SLM accuracy for fabricating porous materials is a noteworthy hindrance for the fabricate cellular
structures owing precise geometry, porosity, open-cells dimension and mechanical properties as outcomes.
The dissimilarities between the CAD and the as-produced structures were obtained by image analysis and
were used to develop predictive tools. The dimensional deviations inherent to SLM fabrication were system-
atically found for the seventeen different levels of porosity empowering the need of predictive tools that help
engineers to design and really obtain Ti6Al4V cubic-like structures matching the desired porosity and elastic
modulus. The compression tests performed showed that the structures produced exhibit a strain and elastic
modulus that complies with that of bone, thus being suitable for orthopedic implants.

Keywords: Selective Laser Melting, Ti6AI4V, Cellular structures, Predictive tools, Elastic Modulus

INTRODUCTION

Selective Laser Melting (SLM) is an additive manufacturing process that fabricates 3D components based
on computer-aided design (CAD) data (Bartolomeu et al., 2018). SLM versatility allows the fabrication of
customized and complex geometries such as Ti6Al4V cellular structures. These materials multifunctionality
(mechanical, biological, chemical, physical, etc.) is currently in great demand due to their potential/benefits
to be used in orthopedic implant applications (Wang et al., 2016). SLM accuracy for fabricating porous ma-
terials is usually limited once significant differences are detected when comparing CAD data with the pro-
duced components (Bagheri, Melancon, Liu, Johnston, & Pasini, 2017). This aspect is crucial considering
that cellular structures are designed aiming to obtain specific geometry, porosity, open-cells dimension and
mechanical properties as outcomes. Ti6AI4V dense materials are still being extensively used as implant
material due to suitable mechanical properties, corrosion resistance, relative low weight and elastic modulus
and biological compatibility (WeiBmann, Bader, Hansmann, & Laufer, 2016). Nevertheless, the over-high
elastic modulus Ti6AI4V dense materials is still being related to implant failure. A morphological study was
performed to measure the differences between the as-design and the as-produced structures. This study
proposes predictive tools capable to predict the real elastic modulus and real porosity using as input the
original CAD dimensions for a given cubic-like geometry.

EXPERIMENTAL DETAILS

Ti6AI4V spherical powder (SLM Solutions, Germany), D90=40um was used to fabricated Ti6Al4V SLM spec-
imens. Ti6AI4V cast/forged commercial alloy from Titanium Products Ltd. (United Kingdom) was also used.
Ti6Al4V cellular structures were produced according these group of authors methodology reported else-
where (Bartolomeu et al., 2018). In order to estimate the elasticity modulus, compression tests were made
by using a universal servo hydraulic testing equipment (Instron 8874, USA) according to ISO 13314 stand-
ard. The load gauge of the equipment was used for the load signal acquisition. The compression tests were
performed with a crosshead speed of 0.005 mm/s and the strain signal was obtained using a dynamic ex-
tensometer from Instron (model 2620-601). Finite element analysis software COMSOL Multiphysics 5.3 was
used to simulate compression stress-strain tests. A structural mechanical module was set for the mechanics
simulations and tetrahedral elements were used as the mesh element types for all the numerical models.
SEM images were used to measure the differences between the as-designed (Original CAD) and the as-
produced TiBAI4V cellular structures and then were used to modelled Equivalent CAD designs.

RESULTS AND DISCUSSION

SLM technique was used to produce a variety of TiBAI4V cellular structures with different levels of porosity.
Figure 1 shows some representative examples (SP3, SP11, SP18 and SP19) regarding the differences
between the original CAD, the produced specimens and the equivalent CAD. Figure 2 shows the correlations
between the CAD porosity and the measured porosity and also the correlation between the open-cell and
wall sizes when comparing the CAD design and the produced Ti6AI4V cellular structures measurements.
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Figure 1. Original CAD, top view SEM images of the produced specimens and equivalent CAD.
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Figure 2. Correlation models to predict the porosity and dimensions of Ti6Al4V cellular structures.

The differences between the CAD design and the produced Ti6Al4V structures were systematically meas-
ured. Equivalent CAD models were modelled and the numerical results were compared to the experimental
data. This study aims to be a useful tool help the engineers to design and really fabricate Ti6AI4V cubic-like
structures matching the desired porosity and elastic modulus. By predicting these dimensional and geomet-
rical dissimilarities it is possible to design, for instance, a customized implant that exhibits a required porosity
and mechanical behavior. The numerical and experimental compression tests showed that by using these
AM structures design it is possible to fabricate components exhibiting a strain and elastic modulus that com-
plies with that of bone, thus being suitable for orthopedic implants.
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ABSTRACT

Multi-material structures made of Ti6Al4V Cellular Structures obtained by Selective Laser Melting (SLM)
impregnated with bioactive materials (Bioactive Glass 45S5 or BTricalcium Phosphate) were fabricated to
gather Ti6Al4V mechanical properties and bioactives’ bioactivity to create a multifunctional solution for
load-bearing applications (hip implants). This study assesses the influence of this multi-material design on
the biological response namely cellular viability and proliferation.

Keywords: Cellular structures, Ti6Al4V, Bioactives, Multi-material, cellular response

INTRODUCTION

Multi-material approaches are great solutions to introduce multifunctionality on hip implants by gathering
properties arising from different materials. The loss of fixation between implant and the surrounding bone
(aseptic loosening) is the major complication that occurs in hip implants and, it was reported, that is related
with Young’s modulus (YM) mismatch between implant and bone (Holzwarth & Cotogno, 2012). Although
Ti6AI4V owes suitable mechanical properties for load bearing applications, its YM is still high when com-
pared with that of bone. However, it is possible to tailor Ti6AI4V YM to desired values by creating cellular
structures with lower modulus, that will, therefore, minimize this stress shielding effect and, at the same
time, allow a free flow of nutrients and vascularization that will promote bone ingrowth (Bartolomeu et al.,
2017; Melo-Fonseca et al., 2018). These open cellular structures can be manufactured by additive manu-
facturing Selective Laser Melting technique (SLM) once it is a technology that allows to produce 3D parts
with complex geometries using a layer-by-layer approach (Bartolomeu et al., 2017). Moreover, Ti6AI4V
bioinertness can also be overcome by introducing bioactivity to promote a good interaction between im-
plant surface and the surrounding tissues. This could be accomplished by using bioactive materials such
as Btricalcium phosphate (BTCP) and 45S5 bioactive glass (BAG) once these materials are similar to
those present in the mineral phase of the bone matrix (Ducheyne & Qiu, 1999). Due to these bioactive
materials’ brittle nature, the ideal solution for load-bearing applications is to combine these materials and
create TiBAI4V cellular structures in which the open cells are filled with these bioactive materials. An effec-
tive procedure to fabricate these bioactive multi-material structures is to combine AM with press and sinter-
ing technique, thus avoiding the high temperatures involved in laser processing that can chemical degrade
the bioactives (Melo-Fonseca et al., 2018). This study is focused on the design and development of multi-
material TiBAI4V-bioactive cellular structures to assess its biological performance.

EXPERIMENTAL DETAILS

Two types of Ti6Al4V-bioactive impregnated cellular structures were produced: Ti6AI4V impregnated with
BTCP and Ti6Al4V impregnated with BAG. As control groups, Ti6Al4V casted SLA samples were devel-
oped and, for each bioactive material group, non-reinforced structures were also produced. In this sense,
the developed groups were: G1- Ti6Al4V-casted SLA; G2- Non-reinforced Ti6Al4V cellular structure; G3-
Ti6AI4V cellular structures impregnated with 1.58 wt.% of BTCP; G4- Ti6AI4V cellular structures impreg-
nated with 2.98 wt.% of BTCP; G5- Non-reinforced Ti6AI4V cellular structures produced by SLM; G6-
Ti6AI4V-BAG cellular structures with 2.05 wt.% of impregnated BAG; and, G7- Ti6Al4V-BAG cellular struc-
tures with 2.50 wt.% of impregnated BAG.

For G1, a Ti6Al4V casted commercial rod was obtained and cut in 6x3mm discs that were further subject-
ed to a sandblast-acid etched treatment (SLA). G2 and G5 were produced in a SLM equipment (SLM
Solutions, 125HL) using processing parameters reported in another study (Bartolomeu et al., 2016). G2
samples have a pore size and wall thickness of 400 and 300 um, respectively. G5 samples have a pore
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size and wall thickness of 450 and 300 pym, respectively. Furthermore, while G5 has only one floor of cellu-
lar structure, G2 owes two floors, resulting in different percentages of porosity, with G2 having a higher
percentage of porosity when compared to G5. G3 and G4 were produced using a batch of samples of G2,
in which these were impregnated with BTCP using a hydraulic press and sintered at 1100°C for 2h. Finally,
G6 and G7 were produced using a batch of samples of G5, in which these were impregnated with BAG at
600°C for 2h. Cell viability, distribution, morphology and proliferation on the surface and inside the pro-
duced samples were assessed, as described elsewhere (Melo-Fonseca et al., 2018).

RESULTS AND DISCUSSION

Figure 1 shows SEM cross-sections micrographs of human mesenchymal stem cells (hMSCs) adhesion on
produced groups. The top row of this figure shows non-reinforced Ti6AI4V cellular structures (G2), Ti6AI4V
structures impregnated with 1.58 wt.% of BTCP (G3) and with 2.98 wt.% of BTCP (G4). Bottom row in-
cludes images of non-reinforced Ti6AI4V cellular structures (G5) and Ti6AI4V structures impregnated with
2.05 wt.% of BAG (G6) and 2.50 wt.% of BAG (G7). By observing these images, cell viability after 7 days
of cell culture is proven by the presence of cells attached to the samples’ surface. There are no statistical
differences observed between groups which suggests that bioactive materials incorporation does not bring
any cytotoxicity to cells. Moreover, pH measurements were performed, and it was concluded that bioactive
impregnation contributes to a more alkaline medium. Comparing both impregnation ratios for both materi-
als, it can be concluded that a lower impregnation ratio leads to higher pH values and, therefore, toxicity. In
this sense, higher ratios enhance a more suitable environment for cells growth. Furthermore, by these
cross-section micrographs, it can be possible to conclude that cells grew through and inside the pores of
these structures, suggesting bone ingrowth as the bioactive materials are absorbed and replaced by newly
formed bone.

G2- non-reinforced TiBAI4V structures  G3-Ti6AI4V-BTCP Structures (1.58wt.%)

G4-TiBAI4V-BTCP Structures (2.98wt.%!

Ti6AI4V

Protusion

/
¥ R Protusions

i

Cross-Sections

Protusions
”
// /

Protusions

!

20 pm

20um

G5- non-reinforced Ti6AI4V structures GB6-TiBAI4V-BAG Structures (2.05wt.%) G7-Ti6AI4V-BAG Structures (2.50wt.%)

Figure 1 — hMSC adhesion on Ti6AI4V SLM impregnated with B-TCP with an impregnation ratio of 1.58 wt.% (G3) and
2.98 wt.% (G4) and Ti6AI4V SLM impregnated with BAG with an impregnation ratio of 2.05wt.% (G6) and 2.50 wt.%
(G7), after an incubation of 7 days.
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RESUMO

O fémur é o maior osso do corpo humano e um dos principais responsaveis pela locomogéo do individuo.
No entanto, este fica sujeito a varias solicitacdes exteriores que podem conduzir a sua fratura, bem como
conter malformagdes que originam problemas diversos, tais como o nanismo ou tumores 6sseos. No caso
de problemas oncoldgicos, um dos tratamentos possiveis é o recurso a aloenxertos. Para isso séo reali-
zadas osteotomias no fémur para colocacédo destes, sendo a estabilizagdo 6ssea conseguida através de
placas de osteossintese. Nestes casos, tem interesse perceber se o uso de duas placas de osteossintese
é vantajoso para promover uma recuperagdo mais rapida do paciente, quando comparada com o uso de
apenas uma placa. Assim, neste estudo fez-se uma comparagéo entre a utilizagdo de uma e duas placas
de osteossintese na estabilizagcdo de osteotomias em fémures sintéticos. Recorreu-se a extensometria
elétrica para analisar a distribuicdo de deformagdes e tensdes nas placas. Concluiu-se que a introdugéo
de uma segunda placa de osteossintese conduz a uma melhor estabilizagéo das osteotomias do fémur.

Palavras-chave: Placa de Osteossintese, Osteotomia, Fixacéo Interna, Extensometria Elétrica

INTRODUGAO

A fixacdo interna ou externa possibilita um correto alinhamento 6sseo, permitindo a estabilizagdo do osso
afetado. Os fixadores externos sdo essencialmente constituidos por um sistema mecanico o qual é ligado
ao osso através de pinos, fios ou parafusos [1]. Os fixadores internos sdo colocados junto ao osso, po-
dendo ser introduzidos no espaco intramedular ou extramedular. Destes destacam-se os fios, pinos, para-
fusos, hastes intramedulares e placas de osteossintese [2]. Apesar de ambos os métodos terem indica-
coes especificas, a fixagdo interna continua a apresentar varios problemas, tais como n&o-unido ou infe-
¢ao, perda de implantes, fissura de placas, faléncia dos parafusos e refratura apés remogao do fixador [3].
A placa de osteossintese de compressao dinamica (DCP) foi desenvolvida em 1967 e, devido ao posicio-
namento dos furos excéntricos, admite que se observe a compressao interfragmentaria, garante um ali-
nhamento mais correto e melhora a estabilidade da fixagdo [4]. Com o desenvolvimento das placas de
osteossintese, e 0 seu crescente uso no tratamento de osteotomias, e em particular no caso de aloenxer-
tos, comegaram a surgir vozes discordantes em relagdo ao nimero de placas a usar. Tinao et al. [5] recor-
reram ao uso de duas placas de osteossintese para a reconstrucdo de tumores ésseos. Existem ortope-
distas que defendem o uso de apenas uma placa, enquanto outros dizem que para se obter uma fixagéo
mais rigida e com estabilidade nos trés planos se deve recorrer a dupla fixagédo [6]. O presente estudo
visa comparar, através de andlise experimental, as deformacdes e tensdes observadas no caso de utiliza-
c¢éo de uma ou duas placas de osteossintese.

MATERIAIS E METODOS

Para a realizacdo deste estudo recorreu-se a dois fémures esquerdos, da marca SAWBONES®, modelo
artificial da 42 geragdo. As placas de osteossintese, uma de oito furos e outra de seis furos, foram desen-
volvidas e construidas num ago X42Cr13, com as dimensdes de 135x16 [mm] e 73x10 [mm], respetiva-
mente. O uso de 2 placas de diferentes dimensées ¢é justificado por forma a se ter a zona média das 2
placas (onde é realizada a compressao) ao nivel de osteotomia, permitindo a aplicagéo de todos os para-
fusos sem estes conflituarem entre si. A placa de maiores dimensdes tem de ser colocada na zona de
carga mais importante, isto é, na face lateral do fémur. A fixagdo das placas de seis e oito furos foi conse-
guida através do aperto de parafusos corticais e de fixagdo com os comprimentos de 25 mm e 32 mm, e
didmetros de 3,5 mm e 4,5 mm, respetivamente. Ambas as placas foram instrumentadas com extenséme-
tros elétricos tipo roseta e lineares, Figuras 1 e 2. Os fémures foram sujeitos a ensaios a compresséo por
recurso a maquina SHIMADZU AUTOGRAPH do modelo AG-10, impondo a carga maxima de 300N que
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reflete a distribuicdo do peso corporal, aplicado na cabega do fémur. Os valores de deformagao foram
obtidos através do programa LabView®.

Figura 2. Extensémetros nas placas com fixagao simples.

RESULTADOS E DISCUSSAO

Na Figura 3 é apresentado um exemplo dos resultados, onde é possivel verificar que a fixagdo dupla
apresenta valores de deformagao inferiores aos obtidos para o caso de fixagdo simples. Os resultados em
termos de tensdes, apresentados na Tabela 1, confirmam que a utilizagdo da fixagdo simples conduz ao
aparecimento de tensdes superiores (Roseta 3) aos valores observados na fixagdo dupla (Roseta 2).

250
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Figura 3. Deformacéo obtida por uma das rosetas.

Tabela 1. Tensdes maximas, minimas e de von Mises em cada roseta.

[MPa] Ty oy Tvon Mises
Roseta 1 6,45 -0,21 9,27
Roseta 2 4,08 -0,47 6,13
Roseta 3 34,07 -11,32 57,87

CONCLUSOES
Pode-se concluir que as deformacgdes e tensdes sdo superiores no caso da fixagdo simples e que a pre-
senca de uma segunda placa de osteossinte permite melhorar a estabilidade da fixagao.
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ABSTRACT

Numerical analysis provide an approximation of the behaviour of the real world. Such analyses can be
employed to the human ear with the aim of study and investigate the normal and pathological dynamic
behaviour and also the surgical techniques available to date. In the American population, hearing loss af-
fects about twenty three percent of the population aged over 12 years [1]. The mild hearing loss category
is the level more notorious among the individuals, nevertheless individuals aged over 80 years the moder-
ate hearing loss category is more prevalent. The study pretends to develop a 3D finite element model that
can assist the medical community in the diagnosis and treatment of the several pathologies associated
with the human ear.

Keywords: inner ear, hair cells, mechanoelectrical transduction, finite element method

INTRODUGAO

The human ear as a sensory organ is by far more complex than other sensory organs. The sound waves
are directed through the ear canal towards the tympanic membrane, forcing its vibration. This vibration is
after transmitted through three ossicles. The stapes is the smallest bone present in the human body. This
ossicle is connected to the cochlea through the oval window and its movement leads to the development
of the pressure waves in the perilymph present in the scala vestibular. The travelling wave induced in the
basilar membrane causes the displacement of the hair bundle, stretching the tip links, and, as result the
cation-selective mechanoelectrical transduction channels located at the end of the link are opening, depo-
larizing the hair cell. At the end, the inflow of ions results in the release of one or more neurotransmitters at
the base of the hair cell [2]. Usually, the hearing loss begins at the highest frequencies and progresses
towards lower frequencies, where the hearing loss become more severe, in cochlear pathologies. The
most common cochlear pathologies are the presbycusis, the Méniére disease, and hearing loss induced by
exposure to loud sound, medications, trauma, skull fractures and perilymphatic fistulae.

When the auditory nerve is intact and functional, the sensorineural hearing loss can be restored with the
use of cochlear implants composed by an array of electrodes which stimulate the auditory nerve at strate-
gic sites, according to the sound frequency. The complications due to the insertion of the implant average
from 8 to 18%, where the infections are the major concern and often leading to explantation [3].

MATERIALS AND METHODS

The mechanoelectrical transduction will be described with an user material subroutine implemented in
Fortran and then introduced in the finite element software Abaqus. This subroutine should describe the
opening of the potassium channels that occurs due to the deflection of the stereociliary bundle during the
acoustic stimulation, thus representing the mechanoelectrical transduction. The formulation of a dielectric
elastomer is able to demonstrate the conversion of mechanical energy into electrical energy a priori. The
contribution derived from the electric field is identical to that derived from the Maxwell equations. The
equations of state exhibit one-way of coupling, thus the deformation does not affect the electrical behav-
iour, but the electric field contributes to the stress-stretch relation. At first, the electrostatic boundary prob-
lems in terms of the true fields are solved, and then added to the mechanical problem to solve the elastic
field. In order to find the equilibrium, the Newton-Raphson method is employed.

Static, steady-state-dynamics and implicit dynamic analyses will be carried out with the objective of inves-
tigating the static and transient behaviour of the hair cells as well as the basilar membrane.
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The construction of the 3D model of the human ear will be based on “The visible ear” project. The model
should incorporate the fluids present in the inner ear, endolymph and perilymph, which will be modelled as
acoustic elements. The acoustic stimulus will be applied at the entrance of the ear canal, the frequency
band in study will be between 100Hz and 10kHz, which is part of the human hearing range. Figure 1
shows part of the finite element mesh that constitute the middle and the inner ear.

Figure 1. Finite element mesh of the human ear.

RESULTS

The numerical analyses will enable to develop an in-silico study, allowing a better understanding of the
inner ear and the mechanoelectrical transduction, as well as to investigate the cochlear implants that are
able to restore the hearing after the death of the hair cells. The present study will subsequently allow to
optimize the design of the cochlear implants in order to reduce the damage at the cochlea when these
implants are inserted, thus preserving the residual hearing. The modelling will also help in a better interpre-
tation of the changes that the several pathologies cause in the sensory structures, such as the basilar
membrane and the hair cells.
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ABSTRACT

This study reveals a pioneer characterization of bovine trabecular bone tissue under dynamic compressive
loading in the range of 20-140 °C, within physiological loading frequencies (1-20 Hz). The presented
results demonstrate that the viscous behaviour in compression mode up to 140 °C is regulated by the
collagen viscoelastic properties, showing three frequency-independent main peaks in tans and loss
modulus at 75, 100, and 130 °C. The referred peaks are, respectively, related to crystalline structure
breakdown, water structural evaporation, and the glass transition temperature (T;) of collagen. At these
low frequencies, the system is governed by a frequency-dependent elastic response and a frequency-
independent energy dissipation. However, an additional experimental test at physiological temperature (37
°C), in the range of 10-200 Hz, has shown that bone trabecular tissue submitted to compressive loading at
higher frequencies is ruled by a frequency-dependent behaviour of the viscous component.

Keywords: Trabecular bone tissue, compression, viscoelasticity, dynamic mechanical analysis

INTRODUCTION

Long bones, such as femur and tibia, have been widely studied in the past few years to evaluate the
mechanical response in tensile and compressive viscoelastic loading environments. Despite many
investigations, the complex multi-lamellar bone composition left many other topics for studying, since bone
mechanical behaviour depends on different imposed loading, preferential bone fibrils direction, harvesting
location, mineral and organic relative compositions, and time. Bone comprises a well-organized
hierarchical, anisotropic structure [1] that is essentially composed of mineral and organic phases, and
water [2]. Different cell groups, responsible for production and maintenance of the extracellular matrix
composed by type-I collagen, and hydroxyapatite are the most important elements in the bone structure.
Trabecular bone, which is highly porous (50 to 95%), represents 15-20% of the whole bone in body and
has lower mineral contents than cortical bone tissue [1]. Despite this lower relative composition, trabecular
bone plays an important role in the global mechanical strength, support, and energy absorption, and it is
continuously modifying as a function of external stimuli and regeneration/resorption phenomena [1]. The
contribution of the mechanical response of trabecular bone in dynamic and long-term responses is thus
fundamental. According to [3], poro-viscoelasticity parameters in bone are frequently associated to water
and collagen contents, which contribute to the main bone response under loading [4]. The possibility to
establish a relation between microstructure and viscoelasticity at a microscopic scale is even more
interesting to figure out promising bone tissue substitutes [5] to solve relevant clinical issues (bone fracture
and bone-implant systems) [4]. Despite the high interest in the mechanical behaviour of bones, no
comprehensive dynamic mechanical analysis (DMA) under compression was found in the literature. In this
study, a fundamental compressive mechanical characterization of bovine trabecular-oriented specimens
was carried out, in the full range of physiological loading frequencies, by dynamic compressive testing
protocols.

MATERIALS AND METHODS

Cylindrical specimens harvested from desiccated bovine femoral heads were used in this study. Bone
samples were cut perpendicularly to the intertrochanteric line, from flattened epiphyses regions, using a 10
mm diameter trephine, with 9 mm height (on average). Extremities were then faced against sandpaper
(180 and 260 grit size) in a grinding machine, while keeping bone samples in a prismatic slab previously
drilled to guarantee the parallelism of specimen ends. The direction of the biggest dimension was chosen
according to the pseudo principal loading direction [4]. A physiological saline solution (PBS) was
continuously buffered onto bone samples to preserve the hydration condition. Following these processes,
bone specimens were fully cleaned, measured (height and cross-area), and immersed in saline solution
inside Eppendorf tubes. Then, bone samples were stored in a freezer at -20 °C. Bone thawing occurred at
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room temperature (22 °C), which has been previously shown not to change the dynamic mechanical
properties [6].

Dynamic mechanical analysis (DMA) was performed using a DMA 7100 from Hitachi® (Japan) in
programed compression methods. The analyses were carried out in a nitrogen atmosphere (200 mi/min) to
ensure an inert environment. The values of compression moduli were registered over a range of
frequencies from 1 to 20 Hz, in synthetic oscillation (the first frequency was set to 1 Hz, while the
remaining ones were automatically displayed at 2, 4, 10, and 20 Hz). Temperature dependence of tans,
storage and loss moduli (E" and E”) were measured in the temperature range of 20-140 °C, at 3 °C/min.

RESULTS AND DISCUSSION

DMA compression analysis of trabecular bovine bone tissue at different frequencies (1, 2, 4, 10, and 20
Hz) shows that storage modulus (E’) between 20 and 60 °C remains unchanged in the range of 160-190
MPa (Figure 1). From 70 °C to 100 °C, a large peak in the storage modulus was observed, which
increased with the imposed frequency (1-20 Hz). Moreover, after 120 °C a rapid increase in the storage
modulus reaches more than 350 MPa for all the frequencies, suggesting that type-1 collagen component of
the bone structure is undergoing structural and viscoelastic modifications. This behaviour is attributed to a
phase transition of the amorphous regions of collagen at approximately 130 °C [3, 7]. The values of the
loss modulus (E”) showed three main peaks at 75, 100, and 130 °C without a clear relationship between
the imposed frequency and the dissipated energy (Figure 1). The first temperature is related to the well-
known shrinkage of collagen due to crystalline structure breakdown that increases the viscous component.
The second temperature is related to water mobility within the pores of the solid structure and bounded to
collagen [8]. The peak at 130 °C is associated to the glass transition temperature (Tg) of collagen, as
confirmed by the peaks shift in tand plot (Figure 1). Another test at fixed temperature (37 °C) up to 200 Hz
(data not shown) indicates, as expected, that the system is governed by a viscous behaviour under
compression, in which the storage modulus (150 MPa) does not change within the applied frequency.
However, the loss modulus increases with the applied frequency from 10 to 20 MPa, indicating growing
energy dissipation.

Tomperature (°C) Tomperature ()

Figure 1. Tang, loss, and storage moduli of DMA compressive analysis.

CONCLUSIONS

Bovine trabecular bone is a very complex porous tissue formed by solid and fluid materials that govern its
viscoelastic behaviour as a function of the applied frequencies. Above 120 °C, a phase transition was
clearly identified in both storage modulus and tand curves. Three peaks were registered through tané plots
associated to collagen viscous modifications, including a Tgat 130°C. A frequency-dependent behaviour of
the viscous component is only observed at higher frequencies (40 Hz up to 200 Hz).
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ABSTRACT

The development of new surface designs to enhance the implant integration and subsequently its primary
stability is an actual challenge. Taking into account such issues, in this work, laser technology was
explored to produce novel surface textures onto green zirconia discs fabricated by cold pressing
technique. Two strategies regarding line design (8 and 16 lines design) as well as different laser
parameters (laser power and number of laser passages) were investigated to assess their influence on
surface topographies, namely on geometry and depth of created textures, to select the most suitable
condition or even a set of conditions capable of creating surface textures with improved ability to biological
response, mechanical resistance and primary stability. For comparison purposes, zirconia discs as
sintered and zirconia discs subjected to a sandblasting and acid-etching treatment were also produced
and investigated. Results demonstrated that laser technology is an advantageous method to develop new
surface designs and consequently improve implant—bone integration as compared to the gold standard
surface treatment (sandblasting and acid-etching treatment), validating this procedure for the production of
zirconia-based implants with improved primary stability.

Keywords: zirconia, Nd:YAG laser, textures, implant stability.

INTRODUCTION

In recent years, 3% yttria-stabilized tetragonal zirconia polycrystal (3Y-TZP) has become one of the most
used ceramics in biomedical field not only because of its aesthetic properties, but also due to its good
chemical and dimensional stability, mechanical strength and toughness (Piconi & Maccauro, 1999). In
spite of these excellent properties, the chemical inert nature of this biomaterial can hampers
osseointegration since bone cannot naturally grow on zirconia surface (Caravaca et al., 2016). In that
sense, several researches have been performed in order to develop surface treatments to promote a
better implant-bone integration. Among current surface treatments (machining, polishing, ultraviolet light
treatment and coatings) sandblasting followed by an acid-etching is known as the gold standard surface
treatment present in the most implants available on the market (Park, Park, & Cho, 2016). However, it has
been reported that after this treatment, some ceramic particles may become embedded and therefore
contaminate the implant surface, compromising the clinical survival of zirconia-based implants (Guo,
Matinlinna, Tsoi, & Tang, 2015). In this context, the use of laser technology on zirconia surfaces has
emerged as a promising processing technique to modify the surface properties of zirconia implants, mainly
due to its ability to create localized and complex microstructures at micro-nano scale without surface
contamination since there is no contact between the material and laser (Soon, Pingguan-Murphy, Lai, &
Akbar, 2016). However, some undesirable side-effects like poor thermal shock resistance that conduct to
initiation and propagation of micro-cracks; spatter and heat-affected zones have been reported when laser
surface treatment is made onto sintered ceramic surfaces (Liu et al., 2017). Thus, to overcome all these
problems, in this work a Nd:YAG laser was used to produce novel textures on the surface of green zirconia
discs fabricated by cold pressing technique, aiming propose new zirconia-based implant designs.

EXPERIMENTAL DETAILS

Production of green zirconia discs

The base material of this research work was a 3 mol% yttria-stabilized zirconia spray-dried powder (TZ-
3YSB-E Tosoh Corporation, Japan). This commercial powder was pressed at 200 MPa under biaxial
pressing, resulting in green zirconia discs with 18 mm of diameter and 2 mm height. It is important to
highlight that discs-shaped geometry is often used in powder metallurgy to produce green discs owing to
the easiness in fabricating the specific molds.
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Laser surface modification of green zirconia discs

Green zirconia discs were irradiated in the surface using a Nd:YAG laser (OEM Plus 6W) with a
wavelength of 1064 nm, a spot size of 3 ym and a pulse width of approximately 35 s. The surface
modification was performed in normal air under atmospheric pressure and assisted with a jet of air braided
to remove debris produced during process. In this approach two laser parameters were varied namely
laser power (from 0.3 to 1.5 W) and the number of laser passages (1, 2, 4 and 8 passages) to evaluate
their influence on the depth of produced textures. Additionally, two strategies regarding line design (8 and
16 lines design) were investigated to assess their influence on the geometry of produced textures.

After laser surface modification, green zirconia discs were sintered at heating and cooling rates of 8°C/min.
up to 1500°C for 2h. In final, discs with 14.4 mm in diameter and 1.8 mm height were obtained.

RESULTS AND DISCUSSION

First, it is worth noting from Figure 1(a)-(d) the high quality on the laser texturing once well-designed and
reproducible textures were produced for all tested laser parameters and strategies, proving therefore that
laser technology is useful for producing complex textures at micro-scale. Furthermore, no micro-cracks;
spatter and heat-affected zones are observed on zirconia surfaces subjected to laser treatment. This fact
demonstrates that green texturing is an effective way for producing textures without the introduction of
harmful defects to zirconia mechanical resistance. Apart from this, it can be verified from Figure 1(a)-(d)
that textures with different geometrical characteristics were achieved using different laser strategies. In the
case of strategy 1 - 8 lines design (Figures 1(a) and (b)), cavities were produced through the removal of
material by laser, whereas pillars were achieved from strategy 2 - 16 lines design (Figures 1(c) and (d)).
Additionally, it can be concluded that when increasing the number of laser passages or laser power, there
is an increase on depth of created textures, being this behavior more pronounced in the case of number of
laser passages.

Figure 1. SEM micrographs of the laser textures produced using: strategy 1 ((a) - (b)) and strategy 2 ((c) - (d)).

Acknowledgments

This work is supported by Fundag&o para a Ciéncia e Tecnologia (FCT) through the grant SFRH/BD/112280/2015 and
the reference project UID/EEA/04436/2013, by FEDER funds through the COMPETE 2020 — Programa Operacional
Competitividade e Internacionalizagdo (POCI) with the reference project POCI-01-0145-FEDER-006941 and the project
with reference NORTE-01-0145-FEDER-000018-HAMaBICo.

REFERENCES

Caravaca, C., Shi, L., Balvay, S., Rivory, P., Laurenceau, E., Chevolot, Y., ... Chevalier, J. (2016). Direct silanization of
zirconia for increased biointegration. Acta Biomaterialia, 46, 323-335.

Guo, C. Y., Matinlinna, J. P., Tsoi, J. K., & Tang, A. T. H. (2015). Residual Contaminations of Silicon-Based Glass ,
Alumina and Aluminum Grits on a Titanium Surface After Sandblasting. In Silicon. Springer Netherlands.

Liu, Y., Liu, L., Deng, J., Meng, R., Zou, X., & Wu, F. (2017). Fabrication of micro-scale textured grooves on green ZrO2
ceramics by pulsed laser ablation. Ceramics International, 43(8), 6519-6531.

Park, S.-H., Park, K.-S., & Cho, S.-A. (2016). Comparison of removal torques of SLActive® implant and blasted, laser-
treated titanium implant in rabbit tibia bone healed with concentrated growth factor application. The Journal of Advanced
Prosthodontics, 8(2), 110.

Piconi, C., & Maccauro, G. (1999). Zirconia as a ceramic biomaterial. Biomaterials, 20, 1-25.

Soon, G., Pingguan-Murphy, B., Lai, K. W., & Akbar, S. A. (2016). Review of zirconia-based bioceramic: Surface
modification and cellular response. Ceramics International, 42(11), 12543—-12555.

64



8° Congresso Nacional de Biomecanica, 15 e 16 de fevereiro de 2019, Unhais da Serra, Covilha

Development of TPMS scaffolds for bone tissue engineering

A. P. G. Castro', R. B. Ruben?, J. M. Guedes', P. R. Fernandes’

"IDMEC, IST, Universidade de Lisboa, Portugal,

andre.castro@tecnico.ulisboa.pt, paulo.rui.fernandes@tecnico.ulisboa.pt jmguedes@tecnico.ulisboa.pt
2ESTG, CDRSP, Instituto Politécnico de Leiria, Portugal, rui.ruben@ipleiria.pt

Keywords: Bone Scaffolds, TPMS, Tissue Engineering, Numerical Modelling, Biomechanics

INTRODUCTION

In biomechanics, scaffolds can be defined as porous structures that act as cellular support for the growth
of new tissue [1]. The present work is devoted to the development of triply periodic minimal surfaces
(TPMS) scaffolds, combining numerical and experimental methods. The objectives are to assess the me-
chanical properties of these scaffolds as function of the porosity, to evaluate the quality of additive manu-
facturing techniques for bone tissue engineering (TE) applications and to explore its potential mechanical
behaviour once in contact with bone and soft tissues. TPMS are defined mathematically as infinite and
periodic surface curvatures, which allow for fully controllable homogenous scaffold projects, parting from
the design of the repeatable unit cell. This method targets the development of scaffolds with optimal rela-
tion between levels of porosity and stiffness, towards promoting different cellular growth rates.

MATERIALS AND METHODS

The TPMS scaffold considered in this work are Schwartz D, Schwartz P and Gyroid, which have been
previously studied for bone TE [2], with 50 and 70% porosity (ahead referred as SD50, SD70, SG50,
SG70, SP50 and SP70). The samples tested in the present work were printed in the Tissue Biomechanics
Lab of Instituto Superior Técnico, using a 3D MultJjet printer from 3D Systems (MJP 3600®). One of the
major advantages of the selected TPMS scaffolds is their internal geometry, which allows for the creation
of a suitable environment for cell seeding and also for an efficient removal of the support material used
during 3D MultiJet printing. The accuracy of the printing process was assessed with microCT analysis
(1174 Skyscan scanner of Instituto Politécnico de Leiria), namely by calculating the real porosity of the
samples after automated reconstruction of the microCT slices.

From the numerical point of view, the scaffolds were created in STL format with a custom TPMS generator
[3] and then meshed into Finite Element (FE) models. Scaffold pores were filled with collagen hydrogel,
following the method described by Castro and Lacroix [1]. Quadratic eight-node hexahedral elements
(C3D8RPH) were used to comply with the poroelastic behaviour of collagen. Figure 1 shows a comparison
between 3D printed and FE representation of two of the TPMS scaffolds. Each one of the six FE models
was built with 58621 nodes and 54000 elements, since they all share the same basic cubic structure.

The asymptotic homogenisation method described by Guedes and Kikuchi [4] allows the calculation of the
equivalent elastic coefficients for periodic porous structures, used as material inputs for the scaffolds on
the models (Table 1). The FE simulations were ran on ABAQUS® and consisted of confined vertical com-
pression imposed on the top of the scaffold (10% ramp compression for 10s and then 50s hold).

Figure 1. 3D printed vs FE model of Schwartz P TPMS scaffolds (left: 50% porosity; right: 70% porosity). On the FE
models, dark green represents the scaffold and Ilght green the collagen substrate [1].

Table 1. Young’'s Modulus of the TPMS scaffolds calculated by the homogenisation method of Guedes and Kikuchi [4].
Scaffold SD50 SD70 SG50 SG70 SP50 SP70

Young’s Modulus (MPa) 338.31 186.36 299.15 151.27 283.10 110.72

65



8° Congresso Nacional de Biomecanica, 15 e 16 de fevereiro de 2019, Unhais da Serra, Covilha

RESULTS

The average difference between the designed porosity and the porosity calculated from the microCT im-
ages was 7%. In what concerns to the FE simulations, the minimum fluid velocity calculated within the
collagen layer in contact with each TPMS scaffolds is shown in Table 2. This output is an evaluator of the
effectiveness of the scaffold in terms of allowing fluid passage within its microstructure and subsequently
of the potential for cell growth and proliferation [5]. It is worth noting that SD models had very close mini-
mum fluid velocity values for the two porosity levels.

Table 1. Minimum fluid velocity at peak compression in-between the microstructure of the TPMS scaffolds.
Scaffold SD50 SD70 SG50 SG70 SP50 SP70

Fluid velocity (um/s) 0.074 0.078 0.122 0.075 0.528 0.288

Fluid velocity (um/s)
500

250

Figure 2. Fluid velocity distribution at peak compression over the collagen substrate in contact with SP50 (left) and
SP70 (right) scaffolds.

DISCUSSION

The porosity assessment with microCT images has shown that the production process is accurate enough
to ensure repeatability and reliability, from the 3D printing to the wax removal procedures. This means that
the porosity chosen on the generation of the STL file can be assumed as being the real porosity of the
TPMS scaffolds under evaluation in this study. The FE simulation outcomes suggest that the interaction
between scaffold and collagen substrate is sufficient for cell differentiation towards bone formation [1,5],
particularly in the internal layers, i.e., the fluid velocity peaks seen in Figure 2 are mostly located on the
superior and outside layers, which is probably related to the applied compression.

CONCLUSIONS

For the TPMS scaffolds and porosity levels selected for this study, 3D MultiJet printing allows for high
accuracy and can be used in further studies on TE innovations. More experimental tests will be performed
for validation purposes, namely uniaxial compression tests. On the numerical side, microCT-based FE
models will be compared to the original FE models. To sum up, this work gives a good perspective over
the development and manufacturing of scaffolds for bone TE applications, namely in what concerns to
scaffold-substrate potential interaction.
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RESUMO

O fenédmeno de stress shielding, e a consequente perda de massa dssea, € identificado como um dos fatores
que contribui para a faléncia da artroplastia total do joelho (ATJ). Considerando que é extremamente impor-
tante compreender o comportamento mecanico osso-implante para prolongar o sucesso a longo prazo da ATJ,
o objetivo deste trabalho foi analisar o processo de adaptagdo 6ssea de uma tibia a 6 implantes diferentes no
que diz respeito ao tamanho da haste e o uso de uma sleeve metafisaria. Utilizando modelos de elementos
finitos tridimensionais, a remodelagdo éssea foi simulada através de um modelo matematico baseado num
problema de otimizag&o que tem em conta a rigidez estrutural e um custo metabdlico associado a manutengao
de tecido 6sseo. Seis casos de carga, relativos a diferentes posigdes do ciclo de marcha, foram considerados.
Os resultados preliminares sugerem que a geometria dos diferentes implantes tem um impacto relevante no
processo de adaptacédo 6ssea, demonstrando que diferentes configuragdes podem apresentar diferentes ni-
veis de risco de faléncia.

Palavras-chave: Tibia, Artroplastia do joelho, Stress shielding, Remodelagéo 6ssea, Método de elementos
finitos

INTRODUQAO

A artroplastia total do joelho (ATJ), na qual os tecidos 6sseos e cartilaginosos danificados sdo substituidos por
componentes artificiais, € um dos procedimentos ortopédicos mais comuns. O descolamento assético é a
causa mais comum de faléncia do procedimento. Tendo um cariz multifatorial, uma das causas de descola-
mento assético pode estar relacionada com o fendmeno de stress shielding, isto €, a transferéncia de esforgos
através do implante, com redugéo de esforcos no osso e consequente reabsorcéo éssea. Uma vez que a
perda de massa Ossea na tibia proximal € uma das principais preocupacdes apos a ATJ, o estudo do compor-
tamento mecanico osso-implante é extremamente importante para prever e melhorar o resultado do procedi-
mento. Este trabalho tem como objetivo analisar o processo de adaptagédo 6ssea de uma tibia apos a substi-
tuicdo da articulagéo utilizando 6 implantes diferentes no que diz respeito ao tamanho da haste e ao uso de
uma sleeve metafisaria.

MATERIAIS E METODOS

Um modelo tridimensional da tibia direita foi construido a partir de imagens médicas de CT. Os diferentes
componentes protésicos foram desenhados em Solidworks (Dassault Systémes, Waltham, MA, USA). A com-
ponente tibial é tipicamente composta por um prato tibial, uma componente de polietileno e uma haste. Em
algumas situagdes, uma sleeve metafisaria pode ser utilizada para aumentar o suporte mecanico quando o
dano tibial € mais significativo. Considerando as hastes standard, de 75 mm, e de 115 mm e a aplicagéo da
sleeve metafisaria, foram definidas 6 configuragdes diferentes que podem ser aplicadas na ATJ ou na sua
revisdo. Nas configuragbes sem sleeve foi aplicado cimento ésseo na base do prato tibial.

Os modelos de elementos finitos foram definidos em Abaqus (Dassault Systémes, Waltham, MA, USA) utili-
zando elementos tetraédricos lineares C3D4. Com excegéo do osso, que foi modelado como um material
ortotrépico linear elastico, todos os materiais foram considerados homogéneos, isotrépicos e linear elasticos.
As propriedades materiais consideradas para os diferentes componentes sdo resumidas na Tabela 1. As pro-
priedades do osso resultam do processo de remodelagao 6ssea considerando um moédulo de elasticidade de
17 GPa para osso cortical. As interagdes osso-cimento, prato-polietileno, prato-cimento e prato-haste foram
consideradas como totalmente ligadas, e as interagdes, osso-haste, prato-osso foram modeladas através de
uma formulagéo de contato utilizando um coeficiente de atrito de 0.3 e 0.4, respetivamente. A interagéo sleeve-
osso foi modelada como totalmente ligada na regido com superficie revestida e através de contato com um
coeficiente de atrito de 0.3 na restante interface. Para remover movimentos de corpo rigido, a extremidade
distal da tibia foi fixa nas 3 diregdes. Como carregamento foram consideradas forgas musculares e de reagao
na articulacéo para 6 casos de carga relativos a 6 instantes de tempo do ciclo de marcha.
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Tabela 1. Propriedades materiais dos diferentes componentes protésicos

Material Médulo de elasticidade (GPa)  Coeficiente de Poisson
Cobalto-Croémio (prato tibial) 210 0.3

Titanio (hastes e sleeve) 110 0.36

Polietileno 0.5 0.3

Cimento dsseo 25 0.3

O processo de remodelagéo 6ssea foi simulado utilizando o modelo matematico desenvolvido por Fernandes
et al. [1], que descreve a adaptagdo 6ssea como um processo de otimizagdo que tem em conta a rigidez
estrutural e um custo metabolico associado a manutencéo de tecido 6sseo. Para validagdo do modelo, os
parametros do modelo de remodelacdo éssea foram determinados de forma a aproximar a distribuicdo de
densidades da tibia retirada das imagens de CT. Considerando a distribuicdo de densidades obtida para a
tibia intacta como solugao inicial, a adaptagdo do osso aos diferentes implantes foi simulada. Os resultados
foram analisados quantitativamente através do calculo da variagdo de massa éssea para diferentes regides
de interesse e, qualitativamente, observando a diferenca absoluta de densidades em relagéo ao osso intacto.

RESULTADOS E DISCUSSAO

A Figura 1 apresenta resultados preliminares para a variagéo de densidade, A,, entre a distribuicéo final de
densidades, apos a adaptagao aos implantes sem sleeve e com haste standard, de 75 mm e de 115 mm, e
a distribui¢do inicial. Na regido proximal da tibia observa-se perda de massa 6ssea, que é mais significativa
quanto maior o tamanho da haste. No modelo com haste standard, a perda de massa éssea esta limitada
a regido imediatamente inferior ao prato tibial, enquanto nos restantes casos se estende para a metafise.
Nas regides adjacentes a haste existe formagao de osso.

-Formagéo -Equilibrio -Absorgéo

ITTTIT

Figura 1- Remodelagéo 6ssea da tibia apds a substituicdo da articulagéo por um implante sem sleeve e: (a) com haste
standard, (b) com haste de 75 mm e (c) com haste de 115 mm. A cor verde corresponde ao estado de equilibrio
(—=0.072gcm?® < A, < 0.0729g cm?). A condigéo de reabsorgdo 6ssea esta representada a azul (4, < —0.072g cm?)
e a condicéo de formac&o 6ssea esta representada a vermelho (4, > 0.072 g cm’).

CONCLUSOES

Neste trabalho, a adaptagao éssea da tibia a diferentes implantes foi avaliada usando o modelo matematico
desenvolvido por Fernandes et al. [1]. Para reforgar a confianga nos resultados, a aplicagdo do modelo
remodelagdo éssea foi validada através da simulagdo da densidade 6ssea das imagens de CT. Os resulta-
dos preliminares sugerem que a geometria dos implantes condiciona significativamente a adaptacdo do
o0sso, demonstrando que algumas configuragbes podem apresentar um risco mais elevado de fratura ou
descolamento da componente tibial devido a maior perda de massa dssea.
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INTRODUCTION

For tissue engineering (TE) applications, scaffolds shall permit the diffusion of oxygen, nutrients and meta-
bolic waste, as they shall ensure adequate cellular growth and proliferation on the targeted tissue. In the
specific case of bone TE, the structural integrity of the scaffolds is also important to enhance bone shape
and function during and after the regeneration and remodelling processes [1]. Therefore, scaffolds must be
optimized for appropriate porosity, permeability and mechanical properties [2]. In addition, with the advent
of 3D printing, it is an advantage if these scaffolds can be manufactured through this technology. 3D MultiJet
printing has proven to be a good option for scaffold manufacture, benefiting from efficient cost control and
high production accuracy [3]. This work deals with the analysis of permeability as a function of geometry and
porosity level of 3D printed triply periodic minimal surfaces (TPMS) scaffolds. The objective is to understand
if these scaffolds allow for sufficient fluid flow for bone TE applications and also what the relation between
geometry and measured permeability.

MATERIALS AND METHODS

There are various scaffolds designed from the TPMS method. This work makes use of Schwartz D, Gyroid
and Schwartz P models with 50 and 70% porosity, which will be further referred as SD50, SD70, SG50,
SG70, SP50 and SP70. The selection of the porosity levels was based on the permeability, since this is one
of the main requirements for cellular growth [4]. The samples tested in the present work (Figure 1) were
printed in the Tissue Biomechanics Lab of Instituto Superior Técnico, using a MultJjet printer from 3D Sys-
tems (MJP 3600®) and the commercial material Visijet M3 Crystal [5].

Figure 1. 3D printed scaffolds: SD50, SD70, SG50, SG70, SP50 and SP70 (from left to right).

The choice of this material is related to its properties, which presents a tabled Young’s Modulus value of
1.46 GPa, similar to the values observed in trabecular bone, and it is certified with USP Class VI norm,
allowing its use in several medical applications [5]. It is important to note that for using MultiJet techniques,
the printed geometries should consider paths large enough to allow for the draining of support wax from the
interior of the scaffold.After designing the geometries, the scaffolds are printed in 13 mm sided cubes and
subsequent treated with a 60 °C heating for several hours to fully dewax them [2]. The validation of the wax
removal was made by comparing the weights of each specimen with a solid geometry with the same dimen-
sions. Having completed the fabrication of the scaffold cubes, they are placed, one at a time, in the experi-
mental apparatus for the permeability tests shown in Figure 2.

Figure 2. Experimental apparatus for the permeability tests.
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The apparatus consists of a syringe mounted in a machine that allows a controlled constant flow rate; a
central piece where the scaffolds are placed; a sensor responsible for measuring the difference in the water
pressure before and after the scaffold and a software which registers these differences in pressure along a
given period. The difference in pressure is then used to calculate the permeability of the tested model. Due
to limitations on the system a constant volume of 50mL of water was chosen for each of the tests.

Before conducting each test, the scaffold must be placed in the central part, making sure all the valves are
closed, and the system must be purged of all air. The tests were conducted with increasing flow rate steps
of 20 mL/min, from 20 mL/min to 100 mL/min.

RESULTS

Three samples of each different scaffold geometry were tested as described before, with permeability ob-
tained through the filtering and averaging of the difference in pressure given by the sensor. The only geom-
etry whose permeability was not calculated is the SP50, whose results appeared to reflect an error in their
manufacturing or design process, i.e., the pressure measurements were above the limit of the sensor, re-
flecting also the variability observed in the weights of these specimens. The permeability calculated for the
remaining five scaffolds is shown in Figure 3.
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Figure 3. Results of the permeability tests for the different scaffolds, as a function of flow.

DISCUSSION

The results shown in Figure 2 appear to be, in the most part, according to expectations, with higher flow-
rates resulting in a lower permeability and a higher porosity resulting in a higher permeability. The only
exception to this is the calculated permeability of SG70 for a flow-rate of 60 mL/min, that is lower than the
following flow-rate of 80 mL/min. This inconsistency may be because of improper measurements by the
sensor or a small pocket of air in the system influencing the results.

Disregarding this, the results show that, although the major factor to the permeability of the scaffolds was
their porosity, the geometry of the scaffolds was also an influencing factor, with SG70 and SG50 having a
higher permeability when compared to SD70 and SD50, respectively.

CONCLUSIONS

It is possibly to observe that both the porosity and the geometry influence the permeability of the scaffold,
with the former having a higher impact than the latter, as expected. The results also show that Schwartz D
geometry will also lead to lower permeability values than the Gyroid one.

This work shows that TPMS scaffolds can bear with fluid passage above 50% porosity. Further work will
investigate if Schwartz P scaffolds can be effective with porosity inferior to 70%. Different porosity levels and
fluid flow velocities may also be considered.
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INTRODUCTION

Low Back Pain (LBP) is a common condition that affects the inferior portion of the spine. Due to the major
role that the spine plays in weight support and movement in the daily activities, this condition is a primary
source of pain. Recent studies show that around 80% of the world population will suffer from LBP at some
point in life [1]. Some studies have shown that LBP might occur as a symptom of a Degenerative Disc
Disease (DDD). In this condition, LBP appears as a result of age-related wear and tear of the Intervertebral
Disc (IVD). The wide range of treatments include medication, massage therapy, physical therapy, and, in
cases of severe and debilitating DDD, surgical treatment, such as: lumbar decompression, lumbar arthro-
plasty and lumbar interbody fusion, which was approached in this present study [2]. A lumbar interbody
fusion involves the use of a cage to restore the intervertebral and foraminal height, while promoting the
fusion of the two adjacent vertebrae. A posterior fixation system can also be used, providing even more
stability to the degenerated segment.

Since most of the modern lumbar cages are secured in place by means of a set of screws, it is of most
importance to study new designs and configurations and to study possible improvements in the system.
Nowadays, one of the most used implants in Anterior Lumbar Interbody Fusion (ALIF) procedures is
named Synfix-LR. Despite showing promising results, some studies have mentioned the existence of op-
erative lesions associated with the placement of the implant. One of the most common difficulties associ-
ated with this device is the correct positioning of the four divergent screws, which in several cases leads to
these lesions [3]. Therefore, the motivation for this study comes directly from the fact that, sometimes, the
placement of this intervertebral cages results in morbidities to the patient that should be avoided.

The present study had two main goals: i) development of a new modifiable Finite Element (FE) model of
the human L4-L5 segment and ii) development of new designs of the Synfix-LR system that would require
less space to be inserted and result in a lower risk for the surgeon, while having the same biomechanical
performance as the existent design.

Keywords: Lumbar Interbody Fusion, Finite Elements, Intervertebral Disc, Lumbar Cage

MATERIALS AND METHODS

The new FE model had to be robust and efficient while being easily computed. For this purpose, only the
vertebral body was considered, while the ligaments, the muscles and all the structures that form the neural
arch, were not included. An in vitro study [4] was used to validate the model based on the Range of Motion
(ROM) of the lumbar segment. To achieve the second goal of the study, seven new designs were devel-
oped and tested under several loading conditions. Figure 1 shows the original design of the implant, a new
design of the Synfix-LR system and an instrumented model.

(©) (d)

Figure 1 - lllustration of the original Synfix-LR system and of the geometric models used in the simulations. (a) Original
Synfix-LR system. (b) Anterior view of the new design. (c) Isometric view of the new design. (d) Lateral view of the
instrumented L4-L5.
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As seen in Figure 1, some simplifications were made on the lumbar cage models to reduce the computa-
tional cost of the simulations, such as: the fine tip of the screws was modified, and neither the spikes of the
PEEK spacer nor the screws’ threads were included. FE simulations were ran on Abaqus® (Dassault
Systémes Simulia Corp., USA) and convenient mesh convergence studies were performed prior to the
tests.

RESULTS

All the eight models were subjected to a 150N compressive pre-load in addition to different 7.5Nm mo-
ments (extension/flexion, lateral bending and axial rotation) [5]. Also, all the models were tested under
different situations: postoperative and long-term (mimicking the bone ingrowth and the fusion of the two
vertebrae). The parameters used for the comparison of the different models included the Range of Motion
(RoM), the contact area between the implant and the bony endplates, and the contact pressure at the
implant-bone interface. Table 1 shows the numerical predictions of the RoM obtained for the original de-
sign and for the new design shown in Figure 1.

Table 1. RoM (in degrees) of the original design and of a new design

Original design MNew design

Short-term Long-term Short-term Long-term
Exfension 0.3659 0.3335 0.3721 0.3333
Flexion 1.7745 0.4339 1.7933 0.4355
Right lateral bending 0.3742 0.2815 0.5682 0.25871
Left lateral bending 0.4081 0.25892 0.51685 0.3571
Right axial rotafion 0.4962 0.255 0.3694 0.2611
Left axial rotation 0.5008 0.2556 0.6832 0.2697

DISCUSSION

Comparing the numerical outcomes of both designs, a slight increase of the RoM can be observed for the
new design. Due to its asymmetrical design, this new design shows different behaviors in left and right
movements. Regarding the short-term situation, this new design did not show any decrease in the RoM
when compared with the original design for the six physiological motions being tested. Despite the predic-
tions for both designs being in the same range of values, an average 32% increase on the RoM was pre-
dicted for the new design. For the motions that do not require any lateral moment, extension and flexion,
this new model actually showed good outcomes, resulting in a 0.87% and a 1.04% increase, respectively.
On the contrary, the biggest increase (75.21%) was verified under right axial rotation. In relation to the
long-term situation, the outcomes of the new design were much more favorable. In fact, a smaller RoM
was predicted for this model under extension than for the original design. The average difference between
the outcomes of the original and the new design was approximately 4.7%. Despite this value, the biggest
difference in RoM values was observed under left lateral bending and it was only 0.0579 degrees. As seen
in this situation, the difference in percentage should not be the only parameter to be taken into considera-
tion when comparing two models, since this difference may not be significant to the correct functioning of
the implant. Once again, the physiological motions that do not require any lateral movement, extension
and flexion, were the ones associated with the smaller differences between models: 0.15% and 0.35%,
respectively.

CONCLUSION

This study raised attention for the fact that the development of fixation systems for lumbar spinal cages
that require less complex surgical access is of major importance. The FE simulations have shown that new
designs can be created without resulting in a significant increase in the RoM values, which was proved to
be essential for the biomechanical performance of both spinal adjacent levels and implant. Further devel-
opments can bring light to the wide comparison of different fixation systems in various time points post
implantation.
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ABSTRACT

The restoration of seriously damaged teeth often requires an endodontic post. A number of different
materials and shapes of dental posts have been manufactured, which leads to different mechanical
behaviors. The currently used post systems frequently result in failure or fracture of the tooth, due to the
difference between tooth and dentin mechanical properties. Recently, a bundle of fine individual posts
made of reinforced fiberglass has been developed. This new approach is not a single-post and it can be
spread apart, being individually distributed in the tooth canal. With this configuration, the fine posts can
adapt to suit into any root canal anatomy. Biomechanical properties similar to the dentin are being reported
as an advantage for the use of this new dental post. The purpose of this study is to understand if the
bundle post introduces an improvement in the results of endodontic treatment, compared with the currently
used post systems. This study was carried out using the finite element method to determine the influence
of stress distribution on dentin, when these two different approaches are used. The results show that
stresses at the dentin changed with the dental post used. The use of bundle post appears to better
accommodate the developed stress, reducing the stresses in the tooth.

Keywords: Dental post, endodontic treatment, bundle post, single-post, finite element analysis

INTRODUCTION

The reconstruction of a damaged teeth often require an endodontic treatment. Usually, when the tooth
function is seriously compromised, a dental post is needed to enable the rebuilding of the tooth structure.
There are multiple systems of dental posts, so, to achieve a good result in endodontic treated teeth when a
post is used, some parameters have a significant role. Post material and design, core build-up material,
ferrule height and the amount of coronal tooth surface are some of the parameters to care about. The
selection of the most suitable system is left to the dentist, who ultimately has the responsibility to balance
all the factors and to choose the system for each patient case [1].

A common complication after a restoration of endodontic treated teeth is the tooth fracture. This
complication can be associated to the mechanical properties of the post. Some research has been done in
this subject, however, there is no literature in consensus to what could be the better post material or
configuration for the tooth restoration. For many years, metal posts were the preferred choice of dentists.
In fact, metal posts have a high stiffness, i.e., they have a modulus of elasticity significantly greater than
the one of the dentin. Nevertheless, the use of metal posts can lead to a higher stress concentration in
apical region, and consequently can result in the fracture of the tooth. Fiber reinforced resin posts were
introduced in the endodontic treatment, since they show a homogeneous stress distribution when
compared to the metal posts. This type of posts was reported to be an alternative as a restorative dental
material for fabricated posts, because they have a modulus of elasticity similar to dentin [1]-[6].

MATERIALS AND METHODS

A 3D model of mandibular first premolar tooth was build using DICOM images (Digital Imaging and
Communications in Medicine) of a computerized tomography (CT) of the natural teeth.

Two 3D models of the tooth were created accordingly with the averaged anatomical dimensions found in
the literature [4]. The geometry of these two models consist of dentin, post cement, dental post, core, layer
cement and artificial crown. The models were assembled with two kinds of dental post: (1) endodontically
treated teeth with single-post (SP); and (2) endodontically treated teeth with bundle glass fiber-reinforced
post (BP). A thickness of 0.5 mm and 0.1 mm was considered for the crown and for the bonding layers at
all interfaces, respectively. The post occupied two-thirds of the length of the root [4]. The single-post has a
conical shape with its end with 0.8 mm and its top with 1.5 mm. The new type of dental posts can have a
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different number of fine individual posts [6]. In the present work, a bundle of 12 fine individual posts was
used with a 0.3 mm of diameter each.

The simulations were conducted by the finite element method to evaluate stress distribution. The models
were imported into FEA software Abaqus®. Each component of the tooth was defined in term of its
mechanical properties (Young’s modulus and Poisson’s ratio). All materials were assumed to be
homogeneous, isotropic and linearly elastic. The values used for dentin, post cement, fiberglass post, core,
layer cement and crown (lithium dissilicate) are reported in the literature [4], [6], [7]. The 3D model of the
tooth was then fixed in an aluminum base that promotes an angulation of 45° degrees. A concentrated
vertical load of 250 N was applied on a small area on the surface of the crown, to simulate the masticatory
force [3]. Perfect bonding was assumed without any gaps at the interfaces between different components.
A linear static analysis was carried out to calculate the stress distribution in both models.

RESULTS AND DISCUSSION

Von Mises equivalent stress were chosen as parameters for the evaluation of the results. The main focus
of the results was on the stress concentration at the dentin. In both systems, the highest stress distribution
at the dentin is accumulated at the third cervical region of the root. However, the results also show that
stresses at the dentin changed with the dental post used. The single-post induced a high stress
concentration (229 MPa) in this region as it can be seen in Figure 1a. On the other hand, this stress
concentration has a lower value (195 MPa) when a bundle post is used (Figure 1b). Furthermore,
concerning to the individually behavior of the posts, the results show that the stresses at the bundle post
were higher (107 MPa) than the stresses at the single-post (52 MPa). This can indicate that the bundle
post accommodates and supports a higher stress concentration, for this stress to not be transferred to the
tooth structure.

(b)

Figure 1: Von Mises stress distribution (MPa): (a) dentin with single-post; and (b) dentin with bundle post.

CONCLUSION

Finite element analysis results indicate that the bundle post may be a more suitable approach than the
single-post, since it appears to better accommodate the developed stress, reducing the stresses in the
tooth. Moreover, the use of bundle post may reduce the possibility of root fracture.

To evaluate the fracture resistance the authors predict to perform experimental tests on tooth restorations
with both single and bundle post, in order to validate the present FEA model.
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INTRODUCTION

Cataract is a disease that leads to visual impairment, and eventually to blindness, worldwide. With the ag-
ing of the population, the incidence and prevalence of cataract is increasing, as well as the number of pro-
cedures performed to remediate to it, consequently. For the years 2030 and 2050, a prediction of the
prevalence of cataract was made for the Unites States, with the numbers of cases growing from 38 million
to 50 million [1]. A cataract is a disease that usually occurs in late adult life, when the crystalline lens of the
eye loses too much transparency and becomes opaque, leading to a blurred vision. The crystalline lens is
part of the human eye lens complex, enclosed in the capsular bag and connected to the ciliary body by the
zonular fibers. This complex is of extreme importance since it allows the eye to focus objects, i.e., to ac-
commodate. Nowadays the most common solution available is the complete removal of the cataract, fol-
lowed by an implant of an intraocular lens (IOL) to replace it. With the increase of cataract surgeries, an
increase in post-operative complications arose, the most serious being posterior chamber IOL dislocation
[2][3]. In this work, we propose a Finite Element (FE) of the crystalline after surgery, with an IOL implant,
and to understand if there is a mechanical influence on post-operative complications.

Keywords: Cataract, Intraocular Lenses, accommodation, axisymmetric

MATERIALS AND METHODS

The FE method, through the software Abaqus®, was applied to reproduce an axisymmetric model of the
crystalline lens and its associated structures before and after cataract surgery, during the process of ac-
commodation, i.e., the process of focusing objects, through an equatorial pull of the zonular fibers. The
dimensions of the crystalline and the ciliary body were adapted from values used by Lanchares et al. [4].
The capsular bag and the zonules were modelled as membrane elements, with no bending stiffness,
whereas the cortex and nucleus that compose the crystalline were modelled as solid homogeneous closed
shells.

The first simulation performed was of an eye before surgery, to compare our choices of parameters with
other studies to validate it. Afterwards, a set of 24 simulations after surgery were performed, where few
parameters were altered to understand their importance for the outcomes of the model. In total, three IOL
materials were compared: hydrophilic acrylic, hydrophobic acrylic and polymethyl methacrylate (PMMA). A
small and large capsulorhexis, i.e., 73% and 81% of the diameter of the IOL optic [5], were also studied, as
well as the effect of a traction force on the edge of the capsulorhexis. The parameters studied in every
simulation were the von Mises stresses on every element on the model, the radial displacement of the
capsular bag and the resulting force computed at the tip of the zonular fibers.

Figure 1. Final assembly of the human lens complex after surgery, with a small capsulorhexis.
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RESULTS

After validating the model of the complete human lens complex, a comparison between the eye before
(model M7) and after surgery with a small capsulorhexis, a hydrophilic acrylic IOL and no traction force
(model M2) was possible. The values of stresses, radial displacement and resulting force are shown in
Table 1 for both models. As we can see, the values of stresses in the zonular fibers duplicate from M1 to
M2, going from 4.732 x 102 — 4.737 x 102 MPa to 8.433 x 102 — 9.737 x 102 MPa, and from the crystalline
to the IOL it also increases from 3.98 x 105 — 2.14 x 10-® MPa to 3.03 x 10-® — 4.35 x 102 MPa, whereas in
the capsular bag the values decrease substantially, going from 6.92 x 102 — 1.46 x 10" MPa to 3.25 x 10
— 3.72 x 102 MPa. The radial displacement in M2 is almost fifty times smaller than in M1. Another value
that increases from M1 to M2 is the resulting force at the tip of the zonular fibers, with computed values of
0.071078 N and 0.128325 N for the model before and after surgery, respectively.

Table 1. Values of von Mises stresses in the zonular fibers, capsular bag and IOL, as well as radial displacement and
resulting force at the tip of the zonular fibers for the models M1 and M2.

M1 m2
Stress in Zonular Fibers (MPa) 4.732 x 102 - 4.737 x 102 8.433 x 102 -9.737 x 10
Stress in Capsular Bag (MPa) 6.92x 102 - 1.46 x 10™ 3.25x10%-3.72x 102
Stress in Crystalline/IOL (MPa) 3.98x10°-2.14 x 10% 3.03x10°-4.35x 102
Radial displacement (mm) 3.465x 10" 7.248 x 10°
Resulting Force (N) 0.071078 0.128325

DISCUSSION

Since the hydrophilic acrylic IOL is stiffer than the natural cortex and nucleus of the crystalline (a 1000
times larger Young’s modulus), it was expected that the radial displacement of the capsular bag would
become smaller after IOL implantation. Even though the equatorial pull through the zonular fibers is the
same in both models, the zonules put more effort in pulling the IOL and the capsular bag leading to a
smaller radial displacement and consequently to an increased state of stress in them as well as an in-
crease in the resulting force at their tip. As the stress in the natural crystalline increases with its substitu-
tion by the IOL, with a consequent decrease of stress in the capsular bag, it is suggested how the 10L
gives a bigger support to minimize stresses in the capsule.

CONCLUSION

The increase of force and stress in the zonules could in fact explain why years after surgery some zonules
would break leading to an IOL-capsular bag complex dislocation. This assumption could not be simulated,
since there is no information about the tensile strength of the zonules. Even though there is a lack of in-
formation about certain properties of the materials that could improve this model, no modelling of the eye
under cataract surgery like the one proposed here was found in the literature, turning this work into a com-
plement of the already existing studies about the crystalline complex.

A lot of limitations exist in the field, such as more information about all the in vivo mechanical properties of
all the components of the human lens complex and the real values of traction force exerted in the opening
of the capsulorhexis, and it is of extreme importance that new in vivo data becomes available in order to
further study cataract surgery, its post-operative complication and to find new solutions to avoid them.
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RESUMO

A consolidagdo de uma fratura tratada cirurgicamente, é influenciada, entre outros fatores, pelas condi-
¢bes mecanicas impostas pelo material de osteossintese utilizado. Este trabalho tem por objetivo descre-
ver com um estudo preliminar sobre o comportamento mecanico de fixadores externos. Sensores 6pticos
baseados em redes de Bragg foram utilizados neste trabalho, para instrumentagdo de um fémur sintético
com fixador externo circular. Os resultados mostram que a instrumentagdo com os sensores Opticos foi
sensivel ao valor da carga transferida (sensibilidade variou entre 0,012 pe/N e 0,224 pe/N) o que permite
analise da rigidez do fixador externo e posterior analise biomecéanica da consolidagéo da fratura.

Palavras-chave: Fémur, biomecéanica, fixador externo, sensores a fibra 6ptica, redes de Bragg.

INTRODUGAO

Durante o tratamento das fraturas submetidas a osteossintese, € de amplo interesse o conhecimento so-
bre os processos de reparo e do remodelamento 6sseo por parte do médico ortopedista. Entre as formas
de tratamento de fraturas, principalmente em fraturas graves, os fixadores externos sdo comumente utili-
zados no tratamento de politraumatizados, pois favorecem a mobilizagéo precoce do individuo e o trata-
mento adequado de partes moles (pele, tenddes, musculos) diminuindo os riscos de complicagdes. As
condi¢des mecanicas impostas a uma fratura por um fixador externo influenciam significativamente a taxa
de consolidagdo e o modo pelo qual a unido ocorre [1, 2], portanto, ha necessidade de se conhecer o
comportamento mecéanico dessas estruturas e como transferem suas cargas ao tecido 6sseo de forma a
estimular o reparo e a consolidagéo da fratura.

Uma forma promissora de analisar o comportamento do tecido ésseo e do fixador externo, é através da
utilizagao de sensores FBGs (Redes de Bragg em fibra dptica — Fiber Bragg Gratings). As redes de Bragg
séo estruturas periédicas gravadas no nucleo da fibra dptica e respondem a variagdes de temperatura e
deformagdes longitudinais [3]. Nas ultimas décadas, sensores a fibra éptica tém mostrado eficiéncia para
monitorar grandezas biomecanicas, principalmente para aplicagdes in vivo devido as suas caracteristicas,
como flexibilidade, baixo peso, dimensao reduzida, estabilidade quimica, biocompatibilidade e imunidade
a interferéncia eletromagnética [4].

Portanto, o objetivo deste trabalho foi estudar o comportamento mecéanico do aparelho de fixador externo
fixado ao osso, utilizando redes de Bragg em fibra éptica.

MATERIAIS E METODOS

Para realizagdo do arranjo experimental foi utilizado um fémur sintético quarta geragéo fabricado pela
Sawbones® integro, submetido a colocacéo (insergéo) de um fixador externo circular de ago tipo llizarov
fabricado pela Minas Med® e pinos de Schanz (parte do fixador externo) fabricado pela Traumedica®. O
conjunto, fémur e fixador, foi instrumentado com 31 FBGs gravadas em 6 corddes 6pticos (fibra monomo-
do padréo para uso em telecomunicagdes), coladas com cola a base de cianoacrilato, de forma distribuida
por todo o conjunto, sendo 23 sobre o fémur e 8 sobre os pinos de Schanz do fixador. Os pinos séo as
estruturas que fixam os arcos e anéis do fixador externo circular ao fémur, podem ser vistos na Figura 1.
Esse conjunto foi submetido a carregamentos mecanicos feitos por um dispositivo contruido exclusiva-
mente para este fim e que reproduz uma situagdo de um ser humano adulto em posic¢éo ortostatica, des-
carregando o peso sobre os membros inferiores. O fémur foi posicionado 11° no plano frontal e posigdo
neutra no plano sagital. A carga aplicada variou de 0 até 700 N, de 100 em 100 N, mensurada pela célula
de carga Excel® com capacidade para medir 200 kgf, conectada ao sistema de aquisigdo Quantum X
(HBM®). Os sinais dpticos foram adquiridos por um interrogador SM130 da MicronOptics®.
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RESULTADOS

A partir dos dados gerados pelas FBGs, observa-se que os pontos monitorados no fémur sofreram com-
pressao, com excegdo de duas regides que sofreram tragdo, a regido inferior anterior do fémur e a regiao
superior lateral do fémur. Os valores de deformac¢des foram maiores na regido medial e lateral do fémur,
variando de 426 pe de trag@o na regiao lateral até 662 pe de compressao na regido medial, para a carga
maxima de 700 N.

Na regido superior dos pinos (4 pinos proximais e 4 pinos distais), os valores de tracédo detectado pelas
FBGs para uma carga de 700 N variaram de 8,3 pe até 157 pe. A maior deformagéo foi observada no pino
lateral mais distal e a menor deformacéao foi observada no Unico pino medial. O desenho esquematico do
fémur e os graficos com os resultados referentes a medigao dos pinos sdo apresentados na Figura 1.
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Figura 1. A) Desenho esquematico do fémur sintético com o fixador externo circular. B) Grafico mostrando os dados
das FBGs (coladas sobre os pinos do fixador) em pye em resposta a carga aplicada em N.

Os dados mostram comportamento linear da variagdo da deformagéo medida em relagao as forgas apli-
cadas ao conjunto. As FBGs apresentaram sensibilidade de 0,012 pe/N até 0,224 pe/N, sensiveis para a
finalidade desejada. As informagdes obtidas pelo sistema proposto permitem avaliar quais pinos sofrem
maior deformagdo mecéanica em uma situagéo especifica, portanto, avaliar o comportamento das forgas
sofridas pelo conjunto.

CONCLUSOES

O sistema de medigédo proposto se mostra promissor para avaliar o comportamento mecanico do fixador
externo. Mais testes sdo necessarios para caracterizar o sistema de medigéo, objetiva-se repetir o expe-
rimento com o fémur fraturado e ainda realizar as medigdes no fixador externo in vivo, para entdo com-
preender melhor a distribuicdo de forgas que afetam o equipamento durante o precesso de consolidagdo

dssea.
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ABSTRACT

Extensor muscles of the wrist and fingers may lose their function partially or totally due to various conditions
ranging from diseases (neural, cardiovascular or orthopedic) to trauma. This work presents a new forearm
muscle movement sensing process. It is based on fiber Bragg gratings (FBG) embedded in Sylgard® silicone
elastomer fixed over the forearm extensor muscles position. The preliminary results obtained in this work
indicate that the sensor can measure different middle finger extending angles. The sensor characterization
will allow using it as a tool for functional diseases/trauma patients’ treatments as well as for prosthetic control.

Key-words: Fingers extensors muscles, wrist extensors muscles, Fiber Bragg Grating, silicone elastomer

INTRODUCTION

There are several medical conditions that may affect the forearm extensor muscles, such as Tendinitis,
Epicondylitis, trauma (repetitive or direct), impairment of peripheral nerves, central nervous system disorders
(Stroke, Cerebral Palsy, Parkinson, dystrophies, syndromes), etc. [1].

Optical fiber sensors are being widely used as a biomechanics sensing element because of their intrinsic
advantages, such as flexibility, low weight, reduced size, chemical stability, biocompatibility and immunity to
electromagnetic interference [2]. One of their applications is to implement a method to gather additional
information to surface electromyography (SEMG) [3]. The sEMG sensors require a perfect contact over the
skin to perform a suitable measurement. Otherwise, even the humidity or a slight increase of the temperature
over the contact surface of the sensor can change the results [4].

In this work, a displacement forearm extensor muscles sensor is proposed, using FBGs embedded in sili-
cone elastomer. This sensor can measure skin strains caused by the muscle movements. Future works will
involve using this sensor for the diagnosis and treatment of several diseases, especially those affecting the
extensor muscles of the wrist and fingers.

MATERIALS AND METHODS

Fiber Bragg gratings are typically formed by a periodic modulation of the refractive index within the core of
a single-mode optical fiber. This modulation makes a narrow portion of a white light original spectrum to be
back-reflected. This back-reflection band is centered at the Bragg wavelength As. The value of Bragg’s peak
wavelength can determine the temperature and strain applied to the sensor [5]. The FBGs used in this work
were inscribed into single-mode optical fiber model Thorlabs’ GF1®, using an excimer laser Xantos® laser
operating at 193 nm wavelength in the Sensors Laboratory at Federal University of Technology (Parana,
Curitiba). The package was fabricated using a mix of silicone elastomer base 35 mg and its curing agent
under a ratio proportion of 10:1, respectively, both from Sylgard®. Then, the FBG was immersed in the
mixture and it was finally annealed inside a regular oven applying a constant 65 °C temperature for 4 h.

To perform the tests, the FBG was fixed using an elastic band over the posterior forearm region, considering
a higher muscles displacement under the skin. A device was used to limit the fingers movement until the
predefined test angle only. The subject positioned the forearm in pronation over a flat surface. The elbow
was fixed at 45°, with relaxed wrist (Figure 1A) and performed the fingers extension one at a time.
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RESULTS AND DISCUSSIONS

The obtained preliminary results show different temporal patterns from the movement of different fingers as
well as to each angled position. In Figure 1 (B, C and D) is shown the temporal series data for the middle
finger test to 10°, 20° and 30° angled extension. The data are presented with respect to the wavelength
variation (AA) in nanometers (nm) over a time period (s).
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Figure 1. Forearm positioning and acquisition system (A). Graphics of the 10° (B), 20° (C) e 30° (D) angled position of
the middle finger extension measured with the developed sensor embedded in silicone elastomer.

It can be observed that, as the finger angle increases, a compression force takes part over the measurement
just after the major tension (wavelength increase) in Figures 1C and 1D. It is known that as the movement
amplitude increases, more muscle fibers are recruited to perform the action. The muscle fiber contraction
leads to a forearm local volume raise. Furthermore, the local volume raise pushes the non-recruited muscle
fibers causing a pronounced muscle separation and thus, a local skin depression where they are contracted.
On the other hand, when the extensor muscles relax, the local volume increases, and the skin depression
recovers.

More specifically, at 10° finger position, the sensor measures the skin strain coming from the slight extension
muscle contraction. At 20° finger position, the results show the tensioning skin movement with a slight com-
pression right after the return finger movement. Finally, at 30° the sensor behaviour is inverted initiating with
the sensor traction followed by a strong compression caused by the repositioning muscle volume due to the
requested movement. This behaviour is understood to be peculiar to this test sensor positioning and could
not be present in another forearm position. Additionally, the subject could have moved their arm/body as
well as the sensor package referred to the forearm.

CONCLUSIONS

The proposed sensing system shows different signals for distinct finger angles, which is promising for the
movement pattern recognition. Knowing that different angled movement cause singular results, it is possible
stablishing a healthy movement pattern, which is the way to the early diseases detection. More tests should
be performed, the sensor positioning must be settled suitably to allow sensing repeatability and more reliable
results. The proposed optical fibre movement system could afford a diagnosis and treatment platform for the
tested muscles and, additionally, being used as prothesis control over a software with pattern recognition
applied to robotics.
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RESUMO

Contextualizagdo: A osteoporose é um disturbio osteometabdlico caracterizado pela diminuicdo da
densidade mineral 6ssea e deterioragdo da microarquitetura 6ssea. Uma das propostas de tratamento é a
pratica de exercicio fisico regular. Objetivo: Avaliar o comportamento biomecanico de ossos de ratas
osteopénicas submetidas a diferentes tipos de protocolo de treinamento combinados com impacto (salto),
forga (escalada) e resisténcia (natagédo). Método: Foram utilizadas 50 (cinquenta) ratas da raca Wistar e
divididas em 5 grupos (n=10): OC1 (Ovariectomia + treinamento de Impacto, Forga e Resisténcia), OC2
(Ovariectomia + treinamento de Impacto e Resisténcia), OC3 (Ovariectomia + treinamento de Forca e
Resisténcia), CONT (Ovariectomia) e SHAM ( Cirurgia simulada). O treinamento dos grupos ocorreu
durante 8 semanas. Apds a eutanasia, os umeros e tibias foram dissecados e encaminhados para andlise
mecanica. Os dados foram analisados com o programa SPSS™ e foi utilizado o teste de Kolmogorov-
Smirnov com nivel de significancia de 5%. Resultados: Quando comparados os grupos treinados ao grupo
controle houve diferenga significativa da forga maxima (p=0,00) e rigidez relativa (p=0,00) de tibia e tmero.
A comparagao entre os grupos que receberam treinamento néo revelou diferengas significativas em relagéo
a forga maxima (p=0,081) e rigidez relativa (p=0,877) de umero e tibia. Conclusdo: Os protocolos de
treinamento combinado modificaram o comportamento biomecanico aumentando a rigidez e forga maxima
dos ossos de ratas osteopénicas.

Palavras-chave: Osteoporose, Exercicio, Ovariectomia, Menopausa, Fendmenos biomecanicos

INTRODUQAO

A osteoporose é um disturbio osteometabdlico caracterizado pela diminuicdo da densidade mineral éssea
(DMO), com deterioragao da microarquitetura dssea 1 . As principais manifestagdes clinicas da osteoporose
sdo as fraturas, sendo as mais frequentes as de vértebras, radio distal e no fémur proximal2 . Essas fraturas
tém grande importancia na sociedade brasileira, considerando o seu envelhecimento progressivo com
graves consequéncias fisicas, financeiras e psicossociais, afetando o individuo, a familia e a comunidade.
Atualmente muitos estudos vém sendo realizados a fim de tratar a perda 6ssea pds- menopausa e uma das
propostas de tratamento € a pratica de exercicio fisico regular. Estudos encontrados na literatura mostram
efeitos benéficos de diversos tipos de exercicios fisico como salto, corrida, natagdo e resisténcia em
modelos animais 3,4,5,6 no entanto, pouco se sabe dos efeitos da combinagéo de exercicios sobre o tecido
6sseo. Portanto o objeto deste estudo foi avaliar o comportamento biomecanico de ossos de ratas
osteopénicas submetidas a diferentes tipos de protocolo de treinamento combinados com impacto (salto),
forca (escalada) e resisténcia (natagéo).

MATERIAIS E METODOS

Cinquenta (50) ratas da raga Rattus Norvegicus Albinus, da variedade Wistar com idade de 10 semanas e
peso inicial de 202,34+20,20 foram divididos aleatoriamente em 5 grupos (n=10), sendo: O C1 - OVX +
circuito 1 (Impacto, forga e resisténcia); O C2 - OVX + circuito 2 (Impacto e resisténcia); O C3 - OVX +
circuito 3 (Forga e resisténcia); GC - OVX + Sem treinamento e SHAM - Cirurgia simulada + Sem
treinamento. Os animais dos grupos O C1, O C2, O C3 e GC foram submetidos a cirurgia de ooforectomia
sob anestesia, por meio da associagdo de Xilazina (0,1ml para cada 100g) e Ketamina (0,1ml para cada
100g) intramuscular. Apés 90 dias da cirurgia, tempo necessario para instalagdo da oseopenia, os animais
foram submetidos aos protocolos de treinamento por 8 semanas. Os protocolos consistiram de treinos em
circuito, envolvendo treinamento de impacto, treinamento de forga e 8° Congresso Nacional de
Biomecanica, 15 e 16 de fevereiro de 2019, Unhais da Serra, Covilha treinamento de resisténcia. O
treinamento de impacto foi realizado por meio de saltos em queda livre, aproveitando somente a fase
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descendente do salto, ou seja, a fase de aterrissagem. Foram realizados 10 saltos diarios, durante 5 dias
por 8 semanas. Para o treinamento de forga, foi utilizada uma escada prépria para roedores com dimensdes
de 1,17m x 0,18m e espagamento de 2,0cm entre os degraus. O protocolo de treinamento consistiu de 10
subidas por dia durante 8 semanas. O treinamento de resisténcia aerdbia foi realizado na agua. Esse
protocolo de natagéo teve a duragdo de 60 minutos, cinco vezes por semana, durante oito semanas, em
um sistema de natagdo adaptado para ratos. Apds todo o periodo de experimento proposto neste projeto,
as ratas foram submetidos a eutanasia por meio quimico mediante administragdo de Cloreto de Potassio
(KCI) 19,1% na dosagem de 1 a 2 mmol/Kg (sendo, 1 milimol de KCI = 74,5 mg) aplicado diretamente no
musculo cardiaco. Antes da administragdo do KCI, os animais foram anestesiados com Xilazina e Ketamina
(0,1ml para cada 100g), via intramuscular.

RESULTADOS E DISCUSSAO

Os dados revelaram que houve diferenca significativa da forga maxima da tibia quando comparados os
grupos treinados e o grupo controle GC e OC3; GC E OC1; GC E OC2 (p=0,001;p<0,001; p=0,001,
respectivamente). A comparagéo da Forga maxima das tibias entre os grupos que realizaram treinamento
ndo se mostrou estatisticamente diferente quando comparado entre si (OC3 e OC1: p=0,967; OC3 e OC2:
p=1,000; OC1 e OC2: p=0,980). Houve diferenca significativa quando comparado o grupo controle aos
grupos que realizaram treinamento: GC e OC3; GC E OC1; GC E OC2 (p<0,001; p<0,001; p<0,001
respectivamente), e ndo houve diferenca estatistica entre os grupos que treinaram (OC3 e OC1 : p=0,081;
OC3 e OC2: p=0,540; OC1 e OC2: p=0,844). Com relagéo aos valores para rigidez do iUmero, observaram-
se diferengas estatisticamente significativas quando comparados os grupos submetidos a treinamento com
o grupo controle, GC E OC3; GC E OC1; GC E O C2 (p=0,003, p=0,000, p=0,001, respectivamente). Nao
foi revelada diferenca significativa na comparagéo entre os grupos que realizaram exercicios (OC3 e OC1:
p=0,877; OC3 e OC2: p=0,997; OC1 e OC2: p=0,976). Segundo Oh et al,7 em 2016, ¢é dificil prevenir a
perda éssea por meio do treinamento de natagédo isoladamente. Porém, como observado neste estudo, a
associacdo da natagdo com outras modalidades de exercicios, pode ser benéfica para melhorar as
propriedades biomecanicas 6sseas. No presente estudo o treino de impacto foi combinado com o treino de
resisténcia e forca, mostrando que diferentes estimulos trazem alteragdes positivas nas propriedades
mecanicas dos ossos dos animais. Contrariando os resultados deste estudo, Frajacomo et al8, em 2013,
investigaram o treinamento combinado em ratas osteopénicas. Os exercicios combinados se mostraram
eficazes no aumento de rigidez e forga maxima nos ossos osteopénicos, mostrando-se capazes de reverter
esse enfraguecimento significativo da resisténcia 6ssea, uma vez que é de extrema importancia o
conhecimento do comportamento mecanico em situagdes como a menopausa e osteoporose, pois estima-
se o risco de fraturas.

CONCLUSAO
Os protocolos de treinamento combinado modificaram o comportamento biomecanico aumentando a
rigidez e forgca maxima dos ossos de ratas osteopénicas.
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RESUMO

O sistema vestibular é a estrutura do ouvido interno que contribui, juntamente com a visdo e a locomogao,
para a manutengao do equilibrio do corpo humano [1]. A enfolinfa € um fluido que se estabelece como um
dos seus principais constituintes e encontra-se no interior da estrutura 6ssea e membranosa que constitui
o sistema vestibular. A vertigem é um dos principais sintomas resultante de perturbagdes associadas ao
sistema vestibular. Sendo esta uma das patologias mais frequentes em todo o mundo e a principal queixa
em idosos, é essencial o seu estudo de modo a prevenir as complicagdes que podem advir de uma tontu-
ra, como por exemplo uma queda [2].

O objetivo do trabalho apresentado é contribuir para um melhor entendimento relativamente a biomecani-
ca do sistema vestibular. Na consequéncia deste estudo pretende-se associar este conhecimento a uma
das terapéuticas mais comuns em caso de patologia de vertigem que é a reabilitagdo vestibular, a qual
resulta de um processo empirico.

O modelo computacional usado no presente estudo foi construido com base nas dimensées de um ouvido
interno humano. A parte exterior do modelo, que reproduz a membrana exterior do canal, foi discretizada
utilizando elementos de casca (S4R). Relativamente a representagdo da cupula e da endolinfa, que se
encontram do interior da membrana, foram utilizados elementos tetraédricos (C3D4) e elementos de parti-
culas (PC3D), respetivamente. A densidade e a viscosidade utilizadas para a endolinfa sdo respetivamen-
te 1.0kg/m3 e 4.8x10-3Pa.s. As simulagdes foram realizadas com o software ABAQUS.

A utilizacdo de elementos finitos para simulagdo e construgdo de modelos biomecanicos mostrou, como
esperado, ser uma opgao eficiente. Os resultados obtidos com este trabalho foram um primeiro passo
para compreender a diferenga do funcionamento mecéanico da estrutura da clpula em casos saudaveis e
patolégicos relacionados com a vertigem. Este estudo permitira melhorar a tomada de decis&o no proces-
so de reabilitagéo vestibular.

Palavras-chave: Ouvido Interno, Biomecanica, Sistema Vestibular, Simulagdo Computacional, Vertigem
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ABSTRACT

Background: Gait characterization allows the knowledge of what adjustments individuals who
have cruciate ligament injuries do during this activity. For Physiotherapists it also contributes to
build a gait database of individuals with pathology that helps in clinical context to identify injuries
based on gait and also to help and establish a differential diagnosis, evaluate the severity, ex-
tension and nature of the condition, monitor the progression in the presence or absence of
treatment and to establish objectives according with the alterations observed during the gait
cycle.

Purpose: The present study aims to quantify spatiotemporal gait parameters in individuals with
anterior cruciate ligament injuries and compare them to healthy subjects.

Material and Methods: This was a cross sectional observational study. Two hundred and twen-
ty-five walking trials of 15 subjects, 10 healthy (150 trial, or 15 trials per subject) and 5 (75 trials,
or 15 trials per subject) with previous Anterior Cruciate Ligament (ACL) injury that volunteered
to participate were analyzed with a 3D motion capture system of 10 cameras, one force plat-
form. Exclusion criteria, based on medical history, were the presence of any disturbance that
might affect gait like an orthopedic, neurological or visual impairment or other, including current
injury and pain. 11 females and 4 males with mean age 21,33 years (+2,637) were asked to
walk in a comfortable speed. A full-body marker setup based in the IOR model was used for this
study. The markers used to obtain the spatiotemporal gait parameters were the ones placed in
the distal end of the posterior aspect of the calcaneus, making possible to calculate the distance
travelled, the distance between both feet and the time it took to travel the distance.

Results: Using IBM® SPSS® v.24 software, it was possible with the non-parametric test U-
Mann Whitney to analyze and compare the parameters in the two groups. Main results show
that individuals with previous ACL injury presented a lower cadence (50,70;+4,42 vs
53,80;+4,21 steps per minute), stride (1,12;+0,33 vs 1,21;£0,14 m) and speed (0,95;+0,30 vs
1,08;£0,15 ms-1) than healthy subjects while the step width is greater (0,094;+0,03 vs
0,089;+0,03 m).

Conclusion: Significant differences in the gait speed (sig.=,000) and cadence (sig.=,000) of the
gait were found between groups of previous ACL injured and healthy subjects that translate
some gait adaptations caused by this pathology. It would be noteworthy to analyze kinematic
and kinetic parameters during gait.

Implications: This study highlights the spatiotemporal differences in gait of previous ACL injured
people and healthy ones which can easily be assessed during physiotherapy exam. It also con-
tributes for the construction of a pathologic gait database that could provide normative data of
pathologic conditions.

Keywords: gait; Anterior Cruciate Ligament injury; spatiotemporal parameters
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ABSTRACT

Urinary incontinence (Ul) affects millions of people worldwide, harming their emotional, psychological and
social life. Only overactive bladder (OAB), which occurs during bladder filling, affects ~20% of the adult US
population. Urodynamics study has been a crucial tool to assess the functioning of the lower urinary tract,
being useful in diagnosis, in monitoring the progress of a disease, and in evaluating objectively the results
of a therapy. This urological examination uses a catheter to fill the bladder while pressure is measured,
evaluating the behavior and functioning of the bladder in the filling and emptying phases, also evaluating
the function of the urinary sphincter. Computational modeling thus emerges as a tool capable of deepening
knowledge about the coordinated performance of the bladder and urethra during the micturition cycle.
Whereas, if progress is to be made in the neuromuscular field, a grasp of the purely mechanical behavior
is essential.

The goal of this work was to obtain a biocomputational model of the lower urinary tract and to identify and
compare the mechanical changes that lead to a diagnosed Ul. A 3D model of the bladder and urethra,
based on magnetic resonance imaging data of a nulliparous female without pelvic floor dysfunction
complaints, was used. To characterize the bladder tissue behavior, experimental tests from the literature
were reproduced using different constitutive models. A thorough focus on the mechanical properties to
characterize its typical mechanical behavior (large deformations with slight pressure variations) was taken.
Then, computational analysis with fluid-structure interaction was performed, simulating the bladder’s filling.
Lastly, to calibrate the computational model, experimental data from urodynamics was used.

As far as isotropic hyperelastic constitutive models are concerned, the Yeoh and Ogden models showed to
mimic the bladder’s wall behavior in an extremely satisfactory way. The conducted simulations regarding
the bladder’s filling suggested that both stress urinary incontinence and overactive bladder patients exhibit
a stiffer bladder’s wall.

They also suggested that a more complex constitutive model, such as Martins’s model, should be used in
order to obtain rigorous results, since in this way it is possible to mimic muscle contractions which are
crucial to represent data from urodynamics

Keywords: Finite Element Method, Urinary Incontinence, Modeling
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RESUMO

O tornozelo é uma articulagdo complexa, tendo nos ligamentos os principais estabilizadores que, quando
lesionados, induzem instabilidade e uma alteragédo das pressdes de contacto ao nivel das cartilagens. Este
trabalho pretende estudar as alteragdes nessas pressdes de contacto recorrendo ao método dos elementos
finitos. Trés niveis de rotagéo interna, medidos experimentalmente, foram aplicados no tornozelo para trés
configuragdes ligamentares diferentes. Os resultados demonstram que existe ndo sé um aumento da pres-
sdo maxima sentida nas cartilagens, como também um aparecimento de pressdes ao nivel lateral e medial,
possiveis precursores de lesdes cartilaginosas e com implicagbes degenerativas.

Palavras-chave: Articulagao do tornozelo, Pressdes de contacto, Ligamentos, Método de elementos finitos

INTRODUQIT\O

O tornozelo é um sistema complexo composto por trés articulagdes individuais - a articulagao tibiotalar, a
articulagao talofibular e a articulagao tibiofibular — agindo como uma ligagao entre a perna e o pé. As carac-
teristicas anatémicas e biomecanicas desta articulagdo permitem que esta seja um dos principais suportes
do peso do corpo durante as atividades do dia-a-dia, auxiliando na transferéncia de cargas entre a perna e
o pé. A grande quantidade de forgas geradas e aplicadas na perna e no pé, bem como a complexidade
desta articulagéo levam a que haja uma elevada incidéncia de lesbes, sendo que as entorses e a artrite
possuem uma grande taxa de ocorréncia. De facto, as lesdes no tornozelo foram classificadas como as
mais comuns em todo o corpo, com uma percentagem superior a 34% e, dentro deste conjunto, as entorses
s&o as mais comuns. Este trabalho pretende, através do método dos elementos finitos, avaliar as alteragdes
nas pressoes de contacto das superficies cartilaginosas das articulagdes talofibular e tibiotalar para o caso
bioldgico e para o caso da leséo ligamentar.

MATERIAIS E METODOS

Para construgdo do modelo geométrico foi efetuada a segmentagéo das superficies distais da tibia e da
fibula, bem como do talus, calcaneo, navicular e cuboide. Uma vez que as imagens médicas ndo permitiram
uma segmentagao precisa das cartilagens, as superficies cartilaginosas da tibia, fibula e talus foram criadas
em Solidworks (Dassault Systémes, Waltham, MA, USA), por forma a preencher o espaco entre as diferen-
tes superficies articulares. O modelo de elementos finitos foi criado em Abaqus (Dassault Systémes,
Waltham, MA, USA) considerando elementos tetraédricos lineares para os ossos e elementos hexaédricos
lineares para as cartilagens. A agéo de 9 ligamentos, incluindo os ligamentos talofibular anterior (ATFL) e
posterior (PTFL), o ligamento calcaneofibular (CFL), os ligamentos tibiotalares anterior (ATTL) e posterior
(PTTL), o ligamento tibionavicular (TiNL), o ligamento calcaneonavicular (CNL), o ligamento cuboideonavi-
cular (CuNL) e o ligamento calcaneocuboidal (CaCL) foi considerada, utilizando elementos barra e tendo
em conta imagens e arquivos médicos para definigdo das origens e insergdes. O osso e a cartilagem foram
modelados como linear-elasticos, homogéneos e isotrépicos, com médulo de Young de 7300 MPa e 10
MPa, e coeficiente de Poisson de 0.3 e 0.4, respetivamente. As propriedades materiais dos ligamentos,
modelados também como linear-elasticos e homogéneos, sdo apresentadas na Tabela 1.

As interacdes osso-cartilagem foram definidas como totalmente ligadas e as intera¢des cartilagem-cartila-
gem foram modeladas através de contacto com um coeficiente de atrito de 0.01. Por uma questao de efici-
éncia computacional, ao conjunto constituido pelo astragalo, calcaneo, navicular e cuboide foi atribuido um
constrangimento de corpo rigido. A base da tibia e da fibula foi fixada para eliminar movimentos de corpo
rigido e uma forga compressiva de 10N foi aplicada no conjunto para iniciar o contacto entre cartilagens. A
rotacdo interna foi simulada considerando trés situagdes diferentes dependendo da integridade dos liga-
mentos. No primeiro caso foi aplicada uma rotagao de 3.67° para os nove ligamentos presentes. No segundo
caso, e depois da cisdo do ATFL, foram aplicados 9.6°, e no terceiro caso, apds o corte do ATFL e do CFL,
foi aplicada uma rotagéo de 13.43°. Os valores de rotagado interna aplicados foram medidos experimental-
mente por Guerra-Pinto et al. [1]. A variagédo das pressdes de contacto nas cartilagens do astragalo, tibia e
fibula foram analisadas para avaliar o impacto da les&o ligamentar no contacto articular.
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Tabela 1. Propriedades mecanicas — médulo de Young, coeficiente de Poisson e drea da secgéo transversal — para os
ligamentos presentes no modelo de elementos finitos desenvolvido.

Moédulo de Young, E Area da secgéo transversal

Ligamento (MPa) Coeficiente de Poisson, v (mm?)
ATFL 225.5 0.46 12.9
PTFL 216.5 0.46 21.9
CFL 512 0.46 9.7
TiNL 320 0.46 71
ATTL 184 0.46 13.5
PTTL 99.54 0.46 45.2
CNL 260 0.46 0.7
CuNL 260 0.46 105
CaCL 260 0.46 98.67

RESULTADOS E DISCUSSAO

Os resultados, apresentados na Figura 1, demonstram um aumento da area de presséo de contacto com o
aumento da rotagao interna, bem como dos valores das pressdes maximas nas cartilagens do tornozelo.
Para uma rotagao de 3.67° ndo houve qualquer tipo de contacto na cartilagem da fibula. Para rotagdes de
9.6° e 13.43° existe um aumento nas pressdes de contacto nas zonas anteromedial e posterolateral da
cartilagem do astragalo e das zonas correspondentes das cartilagens tibiais e fibulares.

CARTILAGEM
FIBULA
+4,2900e+00
+4. 492 +00
+4.083e+00
+3.675e+00
CARTILAGEM 13855100
TIBIA +2.450e+00
+2.042e+00
+1.633e+00
+1.225e+00
+8.167e-01
+<4,.083e-01
+0.000e+00
CARTILAGEM
ASTRAGALO

Figura 1- Pressdes de contacto, em MPa, para as cartilagens do tornozelo para rotagdes de 3.67°, 9.6° e 13.43°.

CONCLUSAO

A variagdo da pressao de contacto, analisada neste estudo, demonstra o aparecimento de focos de pressédo
nas zonas descritas anteriormente com um crescente valor de pressao para valores mais altos de rotagao.
Estes resultados relacionam a instabilidade exclusivamente rotacional do tornozelo com cargas patolégicas
sobre a cartilagem, sugerindo assim que a lesdo dos ligamentos laterais do tornozelo tem repercussdes
degenerativas principalmente ao nivel medial da cartilagem do astragalo e da tibia, como descrito por Hirose
etal. [2].
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RESUMO

Os beneficios da pratica regular de exercicio fisico de intensidade moderada estdo bem documentados na
literatura cientifica, nomeadamente no sistema cardiovascular, metabdlico e musculo-esquelético (1). O
impacto negativo da pratica de exercicio fisico no pavimento pélvico emergiu dos resultados de diversos
estudos, que revelaram valores elevados de prevaléncia de IU em mulheres atletas (2). A Sociedade
Internacional de Continéncia define IU como a queixa de qualquer perda involuntaria de urina (3). Dos
diferentes tipos de 1U, o mais comum em mulheres praticantes de desporto, € a IU de esforgo (IUE) definida
pela ocorréncia de perda involuntaria de urina em situagdes de esforgo fisico, exercicio, espirro ou tosse
(3).

A prevaléncia de IU em mulheres desportistas varia em fungdo do tipo de desporto praticado, sendo re-
portados valores mais elevados nas modalidades de alto impacto, tais como o salto e a corrida. Durante
essas atividades, a forca de reacéo gerada no contacto dos pés com o solo pode aumentar em 16 vezes o
peso corporal (4), sendo que a forga transmitida para o pavimento pélvico pode afetar o mecanismo de
continéncia. Para além disso, o aumento da pressao intra-abdominal resultante da atividade desportiva,
aumenta o stress nas estruturas do pavimento, especialmente na posigao ereta, devido ao peso dos 6rgéos
pélvicos.

Cada modalidade tem um gesto técnico especifico que desencadeia diferentes forgas de reagéo do solo e
aumento da pressao intra-abdominal, com maior ou menor impacto no pavimento pélvico.

O objetivo do presente estudo foi analisar o impacto da pratica de desporto no desenvolvimento de IU em
atletas e comparar a prevaléncia de IUE entre diferentes modalidades desportivas.

O estudo, de tipo transversal, incluiu mulheres com idade compreendida entre os 15 e os 48 anos. Foram
formados dois grupos: um grupo de atletas (GA) constituido por 371 atletas de elite, que integravam as
selegbes nacionais portuguesas ha pelo menos 1 ano, e um grupo controlo (GC) constituido por empare-
Ihamento no ratio de 1 para 1, tendo como referéncia o ano de nascimento. Estabeleceu-se como critérios
de excluséo, estar gravida ou ter estado gravida ha menos de 1 ano e referéncia a qualquer doenga. Um
critério adicional para o GC foi a pratica de exercicio fisico superior a 2 vezes por semana.

Os dados foram recolhidos através de questionario de autopreenchimento. A IU foi identificada através do
International Consultation on Incontinence Questionnaire — Urinary Incontinence - Short Form.

A amostra final foi constituida por 742 participantes, com idade média (dp) de 20.8 (5.19) anos. A média
(dp) do Indice de Massa Corporal foi de 21.8 (2.29) no GA e de 20.9 (2.46) no GC. As modalidades des-
portivas representadas na amostra foram: basquetebol, voleibol, andebol, rugby, natagdo/natagéo sincro-
nizada, polo aquatico, judo/karaté, futebol/futsal, ténis/ténis de praia/ténis de mesa/paddle, héquei em
patins, remo/canoagem, trampolim, ginastica acrobatica/ginastica ritmica e hipismo. A média (dp) dos anos
de pratica foi de 11.6 (6.71) e das horas de pratica semanal de 9.8 (5.15).

A prevaléncia de IU de qualquer tipo foi de 29.6% no GA e de 13.2% no GC (p<0.001). Relativamente a
IUE obtiveram-se valores de prevaléncia de 25.3% no GA e de 4.3% no GC (p<0.001). As atletas apre-
sentaram um risco trés vezes superior de desenvolver IlU (OR=2.70, 1.86-3.92).

Individuos com obstipacdo (adjOR=1.81, 1.09-3.02), histéria familiar de IU (adjOR=1.60, 1.07-2.04) e
historia de infec¢des urinarias frequentes (adjOR=2.04, 1.16-3.58) apresentaram maior risco de IU, mesmo
quando ajustado para a pratica desportiva (atleta ou controlo).

Em todas as modalidades desportivas a prevaléncia de IUE foi superior a obtida no GC. Entre as diferentes
modalidades desportivas e, quando considerada a IU de esforgo, a prevaléncia mais elevada foi verificada
nas trampolinistas. Entre as atletas que relataram IUE, 82 (86.3%) referiram que as perdas de urina ocorriam
com a pratica desportiva (Figura 1).

A prevaléncia de sintomas de IUE foi superior nas atletas em comparagdo com o GC. Este estudo encontrou
uma alta prevaléncia de IU em desportos de alto impacto.

O numero de atletas de alta competicdo do sexo feminino tem aumentado nos ultimos anos. Estratégias de
prevengao e tratamento devem ser desenvolvidas, implementadas e avaliadas em jovens atletas de elite.

Palavras Chave: atletas, forca de reacéo, incontinéncia urinaria de esforgo, pavimento pélvico, pressédo
intra-abdominal
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Figura 1. Prevaléncia total de IUE e de IUE durante a pratica desportiva, nas atletas dos diferentes desportos
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RESUMO

The ankle mechanical impedance describes the intrinsic properties of the ankle joint, which are modulated
by the neuromusculoskeletal system. In this study, we used a stochastic linear system identification model
to estimate the ankle stiffness in six healthy subjects in sitting position, while relaxed. We compared the
ankle stiffness in dorsi-plantarflexion and inversion-eversion between dominant and non-dominant leg and
found no correlation between leg dominance and ankle stiffness in sitting and relaxed subjects. Further
studies should be conducted in tasks where ankle joint muscles are active.

Keywords: human joint mechanical impedance, ankle stiffness, leg dominance, relaxed muscles

INTRODUCTION

Human locomotion encompasses a highly coordinated motion of the limbs, able to maintain stability upon
contact with the ground. The neuromusculoskeletal system modulates the mechanical impedance of the
joints, a relationship between displacement and torque, in order to accommodate for contact and environ-
mental changes [1]. The ankle-foot complex joint plays a pivotal role in the stability of the walking gait. The
bones, muscle, tendons, ligaments, skin and other soft tissues determine the intrinsic mechanical impedance
of the ankle, which can be regulated voluntarily or reflexively by the central nervous system to achieve the
desired dynamics [1]. Neurological disorders such as cerebral palsy or strokes may affect the intrinsic dy-
namics of the joints. A common effect of such disorders is the drop foot pathology, which is described as the
inability to perform dorsiflexion of the foot, distorting normal gait [2]. Understanding the underlying dynamics
of the neuro-mechanical system of the ankle is paramount to the development of active orthotic devices
which aim to restore normal gait to impaired people.

The mechanical impedance of a joint can usually be approximated by a second order linear system, such
that the relationship between torque T and angular displacement 6 at the joint is given by © = 18 + bé + k6,
where [ is the inertia, b the damping and k the joint stiffness.

The estimation of the mechanical impedance of different joints has been widely studied using different meth-
ods [3]-[6], both in time domain and frequency domain, using parametric and non-parametric models.

In this study, we estimated the ankle joint impedance in healthy subjects in sitting position with no muscle
activation (relaxed) using a frequency domain, MIMO non-parametric model [4], [6]. We then compared the
stiffness values between dominant and non-dominant leg in both dorsi-plantarflexion (DP) and inversion-
eversion (IE) directions, to determine the influence of leg dominance in the ankle joint stiffness.

METHODS

In this study, a wearable ankle robot, Anklebot [7] and a surface electromyography (EMG) were used. The
Anklebot was mounted on a knee brace and the two linear, highly back-drivable actuators were attached to
a custom designed shoe. Each actuator can apply actively controlled forces and a linear optical encoder
measures its displacement, using a sampling frequency of 1KHz. The torques and angular displacements
were computed through a nonlinear kinematic conversion [7]. Muscle activity on the tibialis anterior, gas-
trocnemius, soleus and peroneus longus was measured by placing surface EMG electrodes on the belly of
these muscles. Maximum voluntary contraction level of each muscle was measured and used to normalize
EMG signals.

Data from six young (ages between 20-30) male, unimpaired subjects was collected. Following procedures
pre-approved by MIT’s institutional review board, the Committee on the Use of Humans as Experimental
Subjects, informed consent was obtained from all subjects. Leg dominance was inferred by asking the sub-
ject “which foot would you use to kick a ball?”. Each subject was asked to sit on a chair, then the Anklebot
was mounted on one leg at a time (random order). The weight of the robot was further supported by sus-
pending it using straps. The subjects were asked to remain relaxed such that the foot was hanging at its
natural posture, which corresponds to a slightly plantarflexed and inverted position. Four trials were per-
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formed on each leg, with 15s rest between trials. Each trial corresponds to applying random torque pertur-
bations for a duration 50s, with ranges +6Nm/rad for DP and +4Nm/rad for IE, and measuring angular dis-
placement. Multivariable ankle impedance was identified using a linear time-invariant MIMO system identifi-
cation method in the frequency domain [4]. Partial coherence matrix was computed to validate the LTI sys-
tem approximation. Stiffness values were computed by using a mean of the low frequency impedance values
(< 1Hz), where impedance is mainly dominated by the stiffness component.

RESULTS AND DISCUSSION

The ankle impedance frequency response function was estimated for the different subjects, with high partial
coherence (>0.9) in the diagonal terms up to 30Hz (not shown). The estimated ankle stiffness of each subject
in DP and IE for left and right foot is presented in Figure 1. Subjects 1 to 5 were right-foot dominant, whereas
subject 6 was left-foot dominant.

Anke Stifiness - Left vs Right Foot

1 2 3 4 5 )
Subject
Figure 1. Ankle stiffness in healthy subjects for Left and Right leg, in dorsi-plantarflexion (DP) and inversion-eversion
(IE). Subjects were sitting and relaxed (no muscle contraction).

The results suggest that self-reported leg dominance and stiffness are not correlated. In the DP direction,
subjects 2 and 6 have higher stiffness in the dominant leg, whereas the remainder have higher stiffness in
the non-dominant side. The difference in stiffness in IE seems to follow the same trend as in DP, except for
subjects 1 and 6. The exceptions may be due to a difference in initial IE angle, since in relaxed position the
ankle may be inverted close to the limit of the joint, which would increase the value of the estimated stiffness.
All subjects present similar stiffness values between left and right, except for subject 2. Subject 2 practices
a combat sport on a regular basis, whereas the remainder of the subjects are mostly inactive. In such a
sport, leg dominance plays a major role and may contribute to an unbalanced increase in ankle stiffness.

CONCLUSION

We studied the difference in ankle stiffness between left and right leg in healthy subjects in sitting position
while passive. We applied a stochastic system identification method to estimate the two degree-of-freedom
ankle mechanical impedance using a wearable ankle robot. We then estimated the ankle stiffness from the
low frequency components of the frequency response function of the ankle impedance. We concluded that
self-reported leg dominance has no effect on the ankle stiffness in sitting position and relaxed state. Further
studies should be conducted in standing and walking tasks, and also between sportspeople and inactive
people, where leg dominance may play a more important role.
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RESUMO

No dominio da medicina dentaria, a restauragdo de um dente danificado com recurso a restauracdes indi-
retas & uma das atividades mais comuns. No processo de restauragao, e de acordo com as técnicas utili-
zadas, existe a necessidade de aplicagdo de for¢a na insergdo da peca que reabilitara o dente e, em par-
ticular quando sdo usados agentes de cimentacgéo, esta forgca torna-se essencial para provocar o escoa-
mento do material cimentante, melhorando assim o progndstico e longevidade do conjunto restauragéo-
dente. Uma forga excessiva pode originar danos na estrutura dentdria ou restauradora e uma forga com
pouca intensidade ndo sera suficiente para o correto assentamento da pega. Contudo, a forga aplicada
esta dependente da sensibilidade do médico dentista, ndo havendo dispositivos que garantam a ajuda na
sua monitorizagdo. Este trabalho descreve o desenvolvimento de um dispositivo biomecanico para moni-
torizagdo e registo das forgas que sdo aplicadas na insergdo de restauragdes indiretas em dentes prepa-
rados. O dispositivo que se apresenta, além da sua importancia na utilizacdo em ambiente clinico, sera
uma ferramenta relevante na aprendizagem dos estudantes de medicina dentaria, em particular no domi-
nio e calibragéo da forga que é exercida neste tipo de procedimentos de restauragao dentaria.

Palavras-chave: Biomecanica Orofacial, Restauragdo Dentaria, Cimentagdo Adesiva

INTRODUGAO

Em medicina dentéria, os procedimentos de restauragdo decorrente de fraturas ou lesdes cariosas, ou
procedimentos de reabilitagdo estética dentaria sdo muito comuns. As restauragdes podem ser diretas,
quando uma preparacao é imediatamente obturada in situ apds a sua execugéo; ou indiretas quando pro-
cessadas de forma diferida ou em laboratdrio (coroa, onlay, overlay, faceta, etc) e posteriormente cimen-
tadas a uma preparagdo dentaria previamente inserida na zona do dente a restaurar. Uma restauragéo
indireta tem como vantagens principais o controlo sobre a contragdo de polimerizagdo do cimento, uma
maior rigidez do material e uma melhor anatomia no que diz respeito ao ponto de contacto, podendo ser
executada em resina composta ou ceramica. Esta possui uma maior dureza e resisténcia a fraturas.
Qualquer restauragéo indireta necessita de um agente de cimentagédo que a una ao dente preparado [1].
A cimentagdo é um passo determinante para garantir a retengdo, selamento marginal e durabilidade das
restauragdes. Neste procedimento, é aplicada pelo médico uma forga que garanta a adesdo adequada
entre as partes a cimentar (dente-restauracgéo). Esta forga deve de ser de tal ordem que provoque o esco-
amento do material cimentante e o adequado assentamento da peca, melhorando assim o prognéstico e
longevidade do conjunto restauragcdo-dente, mas sem se apresentar excessiva dado que pode originar
danos na estrutura dentaria ou restauradora [2].

Apesar de ser claro na literatura que o controlo da forga é importante no contexto da inser¢éo da restau-
racdo no dente, ndo existem ainda dispositivos que permitam, de modo simples e eficaz, garantir o contro-
lo da forga que é aplicada, estando esta dependente da sensibilidade e experiéncia do médico dentista
que mesmo com a experiéncia, pode nunca ter tido a oportunidade de treinar este procedimento de forma
calibrada. Este trabalho descreve o desenvolvimento de um dispositivo biomecanico que permite que a
forga aplicada no procedimento de restauragdo do dente seja monitorizada.

MATERIAIS E METODOS

O dispositivo que se apresenta baseia a sua morfologia em instrumentos habitualmente utilizados para o
assentamento de restauracdes. A solugao desenvolvida recorre a informagéo estrutural do préprio disposi-
tivo para, de modo indireto, quantificar a forga exercida. O dispositivo divide-se em trés elementos estrutu-
rais, um deles instrumentado com extensometria elétrica por resisténcia, que possibilita a aquisicdo da
deformagéo numa zona especifica. Pela calibragédo do dispositivo, a deformagao obtida neste elemento, é
traduzida em forca. A geometria do dispositivo foi desenvolvida com recurso ao software de modelagéo
3D SolidWorks A figura 1 apresenta uma visualizagdo do modelo 3D do dispositivo. A previsdo do com-
portamento estrutural do dispositivo, € em particular das zonas de deformagao localizada para colocagao
dos extensémetros, foi feita recorrendo ao método dos elementos finitos, através do software Solidworks.
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Foi feita uma andlise estatica linear, com elementos sdlidos tetraédricos de 10 nds e trés graus de liber-
dade por no, nas trés diregcdes ortogonais, o elemento SOLID da biblioteca do software. O estudo de con-
vergéncia de malha conduziu a um modelo com 108701 elementos.

Figura 1 — Modelo 3D do Dispositivo.

A prototipagem inicial do dispositivo foi feita em impressdo 3D, que permitiu avaliar a sua ergonomia e
proceder posicionamento adequado dos varios componentes, de modo a garantir uma correta utilizagéo
pelo médico dentista. O protétipo final foi produzido em liga de aluminio, através de fabrico subtrativo, a
partir de técnicas de maquinagéo convencional. Na instrumentagao foram usados extensémetros da mar-
ca HBM, referéncia 1-LY11-1.5/120 (120 Q). O dispositivo é conectado a um computador, com ligagéo a
uma placa NI 9219 (National Instruments), tendo sido desenvolvida uma aplicagdo em linguagem
LabView, cuja interface permite a monitorizagéo e o registo em tempo real da deformacéo adquirida atra-
vés dos extensdmetros quando é aplicada forga na sua extremidade. A calibragdo do dispositivo foi feita
em laboratério, de modo a converter para forga a deformagao obtida a partir dos extensémetros.

RESULTADOS E CONCLUSOES

O teste funcional ao dispositivo foi efetuado por um médico dentista, experiente, primeiro numa prepara-
c¢éo em laboratorio e depois em ambiente simulado, com um voluntério. A figura 2 ilustra os testes efetua-
dos, assim como a interface com o utilizador. Ao realizar o ensaio experimental na preparagdo em labora-
tério, os valores de forca obtidos e a deformagao revelaram-se favoraveis, validando deste modo o con-
ceito do dispositivo. A partir do teste funcional em ambiente simulado, foi reportada pelo médico a ade-
quada maneabilidade do dispositivo e a sua estabilidade, assim como a facilidade em aplicar a forga de
modo controlado.

O dispositivo que se apresenta representara uma mais-valia no controlo da insergédo de restauragdes indi-
retas, podendo tornar-se importante na forma como o médico dentista menos ou mais experiente conse-
gue adequar a sua pratica clinica ao que a literatura refere como sendo o procedimento mais correto e
eficaz. Além disso, com o conceito apresentado, o dispositivo sera uma ferramenta importante no contexto
de aprendizagem dos alunos de medicina dentaria e mesmo de médicos dentistas experientes que nunca
tiveram oportunidade de analisar ou calibrar a forga que exercem em procedimentos de restauragdo den-
taria.

Figura 2 — a) Ponta do dispositivo na colocagéo de uma faceta; b) Dispositivo com interface para computador.
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INTRODUGAO

Atualmente, qualquer jovem possui o seu préprio telemovel que, entre outras fungdes, permite aceder a
um conjunto variado de musicas, seja através da sua lista pessoal, de aplica¢des, da radio ou até mesmo
disponiveis online. Os auscultadores sdo a interface mais utilizada para o efeito, sendo que jovens
utilizadores de auscultadores s&o ja uma imagem do quotidiano de qualquer pessoa.' Posto isto, colocam-
se varias questdes acerca do uso indiscriminado de auscultadores com o intuito de ouvir musica e do seu
impacto na capacidade de realizagdo de atividades da vida diaria. De facto, é importante perceber a
influéncia deste habito no equilibrio e, consequentemente, as suas repercussdes nas atividades
realizadas durante o uso destes dispositivos. A manutencado do equilibrio resulta da integragéo no sistema
nervoso central de estimulos provenientes dos recetores vestibulares, visuais e somatossensoriais.?* Os
estimulos auditivos tém mostrado ser também influentes neste processo, embora a forma como
influenciam o equilibrio ainda n&o seja clara, apesar dos varios estudos desenvolvidos acerca desta
tematica.> Através da pesquisa efetuada foi possivel concluir que a evidéncia acerca da influéncia do uso
de auscultadores no equilibrio é ainda escassa. Nos estudos analisados, o principal objetivo consistia em
perceber qual a influéncia do som no equilibrio independentemente da interface utilizada para a sua
reprodugdo, ndo havendo comparacédo entre o uso de auscultadores e a utilizagdo de outras fontes
emissoras. Face a crescente utilizagao de diferentes fontes de som especialmente em populagdes mais
jovens, importa perceber qual a influéncia dos estimulos auditivos no equilibrio de modo a permitir que os
fisioterapeutas desenvolvam programas de prevencéo de alteragdes de equilibrio em jovens adultos se tal
se mostrar necessario. O equilibrio pode ser estudado tendo em conta diferentes variaveis e medidas. A
bibliografia disponivel tem utilizado as oscilagdes posturais, nomeadamente a sua amplitude, velocidade e
pico de energia gerado, como principal variavel relativamente a analise do equilibrio. Assim, o objetivo
deste estudo consiste em perceber qual a influéncia da utilizagcdo de auscultadores no equilibrio, avaliado
através da velocidade das oscilagbes posturais, em jovens adultos, utilizando mdusicas ouvidas
habitualmente pela populagdo em estudo.

Palavras-chave: Equilibrio, CoP, Auscultadores

MATERIAL E METODOS

Este estudo é do tipo quase experimental e todos os individuos pertencentes a amostra fizeram parte do
grupo experimental e de controlo. A amostra é classificada como n&o-probabilistica por conveniéncia e foi
constituida por 50 individuos jovens, 42 do sexo feminino e 8 do sexo masculino. A populagdo em estudo
foi composta por todos os jovens adultos que se mostraram disponiveis para participar no estudo com
idades entre os 18 e 25 anos, que n&do apresentassem problemas relacionados com o equilibrio e audigcao
ou lesdes no membro inferior que interfiram com o equilibrio ou impedissem o individuo de assumir a
posicao teste e que ndo tomassem medicagdo que pudesse influenciar estes sistemas. A velocidade das
oscilagbes posturais foi avaliada na plataforma de forcas em diferentes condiges. Os resultados relativos
a velocidade nas diferentes condi¢des foram analisados com recurso ao teste de Friedman, para
amostras emparelhadas.

RESULTADOS

Realizou-se a comparagao das variaveis em estudo (velocidade média total, velocidade média antero-
posterior [velocidade média AP] e velocidade média médio-lateral [velocidade média ML]) cor-
respondentes a cada condi¢édo (auscultadores, altifalante e siléncio) para cada musica reproduzida. Este
facto permitiu-nos ndo s6 perceber se existiam alteragdes significativas nas variaveis da velocidade
provocadas pelo tipo de fonte emissora, como também, se se verificaram as mesmas conclusdes utilizan-
do mdusicas e estilos musicais diferentes. Para a velocidade média total, tendo em consideragdo a
reprodugdo de uma musica do estilo pop, constatou-se que a média desta variavel foi maior aquando da
utilizagdo dos auscultadores e menor em siléncio. Apesar disto, ndo foram encontradas diferencas
estatisticamente significativas (p=0,538) entre as condigcbes em estudo. O mesmo se verificou para a
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reproducdo das musicas jazz e favorita do individuo, apresentando significancias de 0,980 e 0,830,
respetivamente. No que diz respeito a musica rock, a velocidade média total mostrou ser maior aquando
da reproducéo da musica no altifalante e menor no siléncio. No entanto, também para este estilo musical,
as diferencas encontradas ndo foram estatisticamente significativas, apresentando uma significancia de
0,487. Relativamente a velocidade média antero-posterior aquando da reprodugdo de uma musica pop e
rock, verificou-se no presente estudo que esta foi superior com a utilizagcdo de altifalante e inferior em
siléncio apesar de ndo se encontrarem, diferencas estatisticamente significativas (p=0,375 para o pop e
p=0,538 para o rock). Com a reproducéo de uma musica do estilo jazz os resultados inverteram-se, sendo
o siléncio a condigdo que verifica uma velocidade média antero-posterior maior e a utilizagao do altifalante
a menor. Ainda assim, ndo existe diferengas estatisticamente significativas (p= 0,942). No que diz respeito
a reproducdo da musica preferida de cada sujeito, a utilizacdo dos auscultadores foi a condigdo que
registou maior média, sendo a reproducéo através dos altifalantes a condigdo com menor média. Apesar
disto, as diferengas registadas ndo foram estatisticamente significativas (p= 0,686). Por fim, para a
velocidade média médio-lateral verificou-se que a sua média foi superior na condigdo de utilizagdo dos
auscultadores, independentemente do estilo musical e musica ouvidos. Na musica pop, a utilizagdo do
altifalante revelou ter a velocidade média médio-lateral menor. Para os restantes estilos e para a musica
preferida, foi o siléncio que registou menor valor desta variavel. No entanto, tal como na analise das
outras variaveis as diferencas ndo foram estatisticamente significativas (p= 0,869 para o pop; p= 0,223
para o rock; p= 0,423 para o jazz e p= 0,478 para a musica favorita do individuo).

DISCUSSAO

No presente estudo, a intensidade do estimulo auditivo utilizada foi adaptada ao volume confortavel de
cada individuo da amostra e regulada pela percentagem do som emitida pelo computador usado.
Intensidades mais elevadas mostram produzir maior influéncia no equilibrio, podendo ser um dos fatores a
ter em consideragédo em futuras publicagbes.® A populagdo em estudo foi composta por jovens adultos,
dos 18 aos 25 anos, sem alteragbes que comprometessem o equilibrio. Provavelmente, individuos de
uma faixa etaria mais elevada revelariam maior influéncia nas variaveis em analise pois partiriam de uma
condi¢do basal (siléncio) mais instavel e portanto mais suscetivel a alteragdes. A instabilidade referida
néo pressupde alteragdes no equilibrio. Na bibliografia disponivel, foram utilizados sons puros, compostos
por uma unica frequéncia, e sons brancos, constituidos por varias frequéncias emitidas ao mesmo tempo.
Estes sons mantém as suas frequéncias ao longo do tempo. O mesmo ndo acontece com as musicas
utilizadas neste estudo, que tém caracteristicas sonoras que se alteram no tempo.”® O facto de haver
constante alteragdo deste parametro pode proporcionar um aumento da reatividade do individuo,
impedindo que este altere as variaveis em estudo consideravelmente.

Por fim, a maioria dos estudos em andlise obteve resultados estatisticamente significativos na condigcdo
de olhos fechados. Esta condigdo néo foi reproduzida neste estudo, assim, ndo houve uma potenciagédo
do sistema vestibular através de uma supressdo do sistema visual, sendo este menos influenciavel. A
comparacéo dos resultados obtidos com a bibliografia disponivel torna-se dificil uma vez que, estudos que
contemplem a andlise da velocidade das oscilagbes posturais séo ainda escassos. As limitacdes deste
estudo relacionam-se com o facto de a amostra ndo ser representativa da totalidade dos individuos da
faixa etaria usada. Para além disso, as condigbes de siléncio poderem ter sido afetadas pelo ineficaz
isolamento sonoro do laboratério utilizado para o efeito permitindo que ruidos vindos do exterior fossem
ouvidos, essencialmente, na condigado de siléncio.

CONCLUSOES

Em suma, a utilizagdo dos auscultadores ndo mostrou influenciar o equilibrio avaliado através da
velocidade das oscilagdes posturais mais do que outra fonte sonora, neste caso o altifalante, ou até
mesmo do que o siléncio, tendo em consideragao diferentes musicas.
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ABSTRACT

The aim of this study was to investigate the neuromechanical adjustments induced by isotonic eccentric
exercise and delayed onset muscle soreness (DOMS) of the quadriceps throughout a range of motor
tasks. Fifteen healthy volunteers (age, mean + SD, 23.2 + 2.9 years) performed maximum voluntary con-
tractions (MVC) and explosive isometric contractions of the knee extensors, followed by isometric contrac-
tions at 10, 20, 30, 40 and 60% MVC at baseline, immediately after and 24 h after isotonic eccentric exer-
cise of the quadriceps (4 sets of 10 reps at 120% 1RM). Coefficient of variation of the force signal (CoV)
was computed from the submaximal contractions and rate of force development (RFD) was estimated from
the explosive isometric contraction. The maximal force decreased by 17.9% immediately after exercise (P
< 0.01) and remained reduced by 13.6% 24h following exercise (P < 0.01) with respect to baseline. The
maximum RFD decreased by 11.3% immediately after exercise (P < 0.01) and remained reduced by
12.5% at 24h (P < 0.01). When compared to baseline, the CoV for force during the submaximal contrac-
tions was greater immediately after eccentric exercise (P < 0.05) and returned to baseline values following
24h. During the explosive contractions, the normalized EMG of the vasti muscles increased immediately
after exercise, but returned to baseline values 24h after exercise. Reduced force steadiness was accom-
panied by a general increase in normalized EMG amplitude of the vasti muscles.

Key words: eccentric exercise, isotonic load, rate of force development, force steadiness, EMG

INTRODUCTION

Human neuromuscular system are able to produce an extensive repertoire of force and movement, which
ranges from powerful to precise movements. Depending on the motor task characteristics, several features
of motor control determine the muscle activation and consequently the precision and speed of the force
patterns to accomplish the task[1]. These features can be affected by heavy eccentric exercise that typical-
ly leads to myofibrillar damage inflammatory reaction and disturbance of the extracellular matrix [2]. Re-
search on eccentric exercise have been mainly performed with isokinetic loads and less attention was giv-
en to eccentric exercise with isotonic loads.

MATERIALS AND METHODS

Subjects

Fifteen healthy volunteers participated in the experiment (age, mean + SD, 23.2 + 2.9 years) with no histo-
ry of musculoskeletal disorders of the lower limbs participated in the study. The subjects were requested to
avoid physical exercise and medication during the experimental period. The study was conducted in ac-
cordance with the Declaration of Helsinki and subjects provided informed written consent prior to participa-
tion in the study.

Experimental procedure

Maximum voluntary contractions (MVC), explosive isometric contraction and submaximal isometric con-
traction of the knee extensors of the dominant lower limb were tested at baseline, immediately following
eccentric exercise, and 24 h after isotonic eccentric exercise. The isotonic eccentric exercise was per-
formed in a knee extensor machine (Panatta, Italy). Each subject performed 4 sets of 10 repetitions with a
load of 120% of the 1RM (previously estimated by a 3RM test). A rest interval of 1 minute and 30 seconds
were given between sets. The subjects only performed the eccentric phase of the exercise while load in
the concentric phase was moved by 2 spotters.

During the experimental sessions, force and EMG parameters, as well as pain ratings were assessed. All
measures were performed while the subject was comfortably seated in a customized home-made chair,
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with their hip and distal thigh firmly strapped to the chair. The dominant leg was secured to the load cell
(SENSOR, load cell 615, United Kingdom), above the lateral malleolus, with the ken at 90° of flexion. Each
subject performed e isometric MVCs of 5s each, separated by 2 minutes of rest. Then, the subjects were
asked to perform 3 explosive contractions, exerting their maximal force as fast as possible. Trials were
separated by 2 min of rest and subjects were verbally encouraged to give their maximum. Following 15
minutes of rest, subjects performed isometric contractions for 12 s at target forces of 10, 20, 30, 40 and
60% of the MVC measured in each experimental condition. Subjects were provided with visual feedback of
the force exerted, which was displayed on a computer screen in front of them. The isometric tasks required
the subject to match the target force level within two error bars of 2% MVC centred around the target force
level. For all conditions, knee extension force and surface EMG of the quadriceps and hamstrings mus-
cles were recorded simultaneously. Surface EMG signals were recorded from the vastus medialis (VM),
vastus lateralis (VL), biceps femoris (BF), and semitendinosus (ST), according to SENIAM recommenda-
tions. The average rectified value (ARV) was computed from the surface EMG signals in consecutive non-
overlapping signals. Coefficient of variation of the force signal (CoV) was computed from the submaximal
contractions and maximum rate of force development (RFD) was estimated from the explosive isometric
contraction. To confirm the presence of DOMS 24 h post-exercise, participants were asked to verbally
rated their perceived pain on a scale from 0 (“no soreness”) to 10 (“worst soreness imaginable”).

The effects of eccentric training on MVC, RFD CoV and ARV of the vasti muscles and hamstrings were
assessed with one-way repeated measures ANOVA with a factor of time (baseline, immediately following
eccentric exercise, and 24 h after). Pair-wise comparisons were performed with Bonferroni post hoc when
ANOVA was significant.

RESULTS AND DISCUSSION

Twenty-four hours following exercise, the subjects rated their perceived pain intensity as 3.6 + 2.6 (score
out of 10). The maximal force decreased by 17.9% immediately after exercise (-121.9 + 52.8 N; P < 0.01)
and remained reduce by 13.6% 24h following exercise (-92.7 + 54.5 N; P < 0.01) with respect to baseline.
The maximum RFD decreased by 11.3% immediately after exercise (-289.6 + 170.1N.s”"; P < 0.01) and
remained reduced by 12.5% at 24h (-230.2 + 221.9N.s"'; P < 0.01). During the explosive contractions, the
normalized EMG of the vasti muscles increased immediately after exercise, but returned to baseline values
24h after exercise. Assessment of the maximal force during isometric contractions is the most common
method of assessing muscle function following eccentric exercise and is considered a reliable indicator of
muscle damage. Nevertheless, the initial damage may not parallel the early decline in force [3]. This sug-
gests that other alterations, mostly resulting from fatigue, determine the force loss.

When compared to baseline, the CoV for force during the submaximal contractions was greater immedi-
ately after eccentric exercise (up to 22% higher than baseline, P < 0.05) and returned to baseline values
following 24h. Reduced force steadiness was accompanied by a general increase in normalized EMG am-
plitude of the vasti muscles. No changes were observed in the antagonist activity. Alterations in recruit-
ment and rate coding properties of the motor units and activation pattern of the motor unit population (e.g.,
motor unit synchronization and coherence) are determinant factors of force variability [4].

CONCLUSIONS

In conclusion, isotonic eccentric heavy resistance exercise of the quadriceps induced different magnitudes
of impairment across motor tasks immediately after exercise. These changes were accompanied by in-
creased EMG amplitude of the vasti muscles. The DOMS produced by this type of exercise only impaired
MVC and RFD of the knee extensors in the following 24h. The present study indicate that neural adjust-
ments followed a different time course depending on the characteristics of the force task. These compen-
satory mechanisms may increase the risk of further injury.
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RESUMO

O uso de polimeros biodegradaveis na medicina regenerativa e engenharia de tecidos possibilita a
concepgao de estruturas que substituem temporariamente as fungées biomecanicas de tecidos. Durante a
neoformagdo do tecido ocorre degradacdo hidrolitica do dispositivo biodegradavel, e este é
posteriormente absorvido pelo tecido hospedeiro. Um projeto adequado deve levar em consideragédo a
compatibilidade entre a evolugdo do comportamento mecanico e o tempo de regeneragdo do tecido. O
objetivo deste trabalho é apresentar uma metodologia numérica capaz de prever o comportamento
mecanico de estruturas poliméricas biodegradaveis apods certo tempo de degradagdo. Os resultados de
ensaios de tragdo monotdénicos em amostras degradadas serdo futuramente utilizados para calibrar uma
relagdo entre tensé@o e taxa de degradacédo e entre o modulo de cisalhamento do modelo constitutivo de
neo-Hookean e o dano hidrolitico local. Assim, por meio do Método dos Elementos Finitos, o
comportamento mecanico da estrutura apés um dado periodo de degradagao pode ser simulado.

Palavras-chave: Polimeros biodegradaveis, Degradacao hidrolitica, Modelo hiperelastico,
Comportamento mecéanico

INTRODUGAO

A previsdo do comportamento mecénico dos materiais € de grande importancia no projeto e relagbes
constitutivas séo utilizadas com este proposito. Além das condigdes de compatibilidade biolégica, os
dispositivos biomédicos devem possuir uma compatibilidade entre a taxa de degradagéo e a recuperagédo
do tecido biolégico no qual o dispositivo foi implantado.

Na literatura sdo poucos os trabalhos encontrados a respeito de metodologias capazes de simular o
comportamento mecanico de polimeros biodegradaveis [1, 2, 3, 4, 5, 6]. Nestas metodologias os
parametros materiais dos modelos séo obtidos em funcdo de um campo escalar, que quantifica o dano
hidrolitico do material. Porém estes modelos s&o aproximagdes, uma vez que n&o séo considerados todas
as varidveis que influenciam na taxa de degradagdo do material. Vieira et al. [3] desenvolveram uma
metodologia capaz de prever o comportamento mecanico de estruturas biodegradaveis, considerando
uma taxa de degradagéo constante do material. Conhecido como método 4D (geometria tridimensional
mais tempo de degradagédo), esta metodologia combinou modelos da cinética da hidrélise com modelos
constitutivos. O objetivo deste trabalho é implementar esta metodologia, considerando também a
distribuicdo heterogénea do campo de tensdes, uma vez que a taxa de degradacéo local depende do
estado de tensdo. Desta forma, sera possivel realizar simulagdes 5D, onde a taxa de degradagdo nao
sera constante ao longo do volume.

DEGRADAGAO HIDROLITICA

De acordo com Gopferich (1996), o mecanismo de degradagdo mais importante em polimeros é a
degradagdo quimica hidrolitica, que ocorre na presenga de agua e enzimas. Um dos modelos mais
simples para descrever matematicamente a cinética da hidrélise, considera a hipétese da cisdo aleatdria
das macromoléculas poliméricas e qualquer grupo éster no interior da molécula [3]. De acordo com este
modelo, a redugédo do peso molecular médio do polimero é dada por:

Mnt = Mm)e_ke‘w = Mm)e_Wt (1 )

sendo k a constante de taxa hidrolitica, e é a concentragdo de grupos éster, w é a concentragdo de agua
no polimero e t é o tempo de degradagao. O produto u é a taxa de degradagéo. Mt € o peso molecular do
polimero apos a degradagéo e Mno € o peso molecular inicial antes da degradacéo.

A taxa de degradacdo u é afetada por muitos fatores que podem variar ao longo do volume ou durante a
degradacéo. Por exemplo, a temperatura aumentara a constante de taxa hidrolitica k, que esta associada
a probabilidade de cisdo das ligagdes poliméricas. A influéncia de tensdo mecanica na taxa de
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degradagao também foi relatada. Da mesma forma que a temperatura, a tensdo mecanica e deformagao
também aumenta a probabilidade de cisdo das ligagdes. No caso de geometrias e condigdes de fronteira
complexas o campo de tensdes vai variar ao longo do volume, promovendo assim uma degradagéo
heterogénea.

O comportamento mecéanico dos polimeros biodegradaveis ird evoluir ao longo do tempo devido a
redugdo do peso molecular. Como mostrado por Vieira et al. [3], a resisténcia mecéanica durante a
degradacéo pode ser prevista por:

S =S, =Se " 2)

sendo St a resisténcia do polimero em um determinado periodo t de degradacédo e So € a resisténcia
inicial. Assim, o dano hidrolitico foi definido por Vieira et al. [3]:

M
d —1-Se g My pu
S() MnO

(3)

Para simular a evolugdo do comportamento mecanico de polimeros biodegradaveis, os parametros
materiais dos modelos constitutivos sdo fungéo do dano hidrolitico que é considerado um campo escalar.
Desta forma se relaciona o modelo da cinética da hidrélise com o modelo constitutivo. Neste trabalho sera
apresentado um método, baseado nos principios até aqui estabelecidos, para simular o comportamento
mecanico de uma estrutura que promove uma degradagdo heterogénea devido a um campo de tensdes
variavel ao longo do volume.

Na metodologia proposta (ver Figura 1), o tempo de degradacéo ¢ dividido em varios incrementos. Tendo
encontrado a relacdo entre a tensdo equivalente de von Mises e a taxa de degradagéo (com base em
resultados experimentais), uma metodologia 5D pode ser implementada. Neste trabalho foi considerado
que a taxa de degradacdo u(o’) cresce linearmente em fungéo da tenséo equivalente de von Mises o’. O
software deve determinar, em cada elemento finito do modelo e em cada incremento de tempo, o dano
hidrolitico acumulado até entdo, para posteriormente calcular o médulo de cisalhamento e atualizar o
campo de tensdes. O dano hidrolitico dn (u,t) acumulado em qualquer incremento de tempo e em um
elemento determinado, depende do intervalo de tempo considerado e da taxa de degradagéo local, de
acordo com a equagdo 3. Por sua vez a taxa de degradagéo u(o’) depende do campo de tenséo, e deve
ser calculado considerando a tens&o equivalente aplicada nesse elemento particular no incremento de
tempo anterior. Isso permite um tipo de "modelagdo 5D", a quarta e quinta dimensdes sdo o tempo de
degradacdo e o campo de tensdo, respectivamente. A metodologia foi implementada no software de
elementos finitos ABAQUS?®, utilizando User Material sub-routines (UMAT).

n+1
din+1) 1)
Sdlido 3D
+ 1(0) iy
>0y —>uly)
Modelo i do material néo

Solugdo

Figura 1. Fluxograma dos calculos numéricos da metodologia 5D
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RESUMO

As tecnologias aditivas sdo, por definigdo, tecnologias capazes de produzir produtos camada-a-camada.
Devido as suas caracteristicas tecnoldgicas, os produtos podem ser produzidos com multi-materiais e
sem qualquer limitagédo face a complexidade geométrica. Ao associar a utilizagdo de matérias biocompati-
veis, esta a tornar-se uma tecnologia de exceléncia para desenvolver produtos e/ou dispositivos para a
area da saude. As presentes tecnologias de fabricagao aditiva no setor da saude criaram um dominio tec-
noldgico ainda mais restrito, nomeadamente a biofabricagéo (que tem sido capaz de responder a exigente
complexidade geométrica da anatomia com a combinagdo de biomateriais), a utilizagdo de farmacos e
fatores de crescimento e a utilizagédo de células durante a producéo dos implantes biomédicos. As tecno-
logias de fabricacé@o aditiva e biofabricacdo tém, assim, demonstrado serem capazes de responder as
exigéncias do atual setor da saude, em especial na medicina. Todavia, as respostas as necessidades ndo
podem assentar somente no contexto atual, mas também no contexto de futuro.

Face ao crescimento e diversidade que estas tecnologias podem alcancar, o presente estudo propde-se a
analisar o impacto futuro das tecnologias de fabricagao aditiva no horizonte temporal de 2030, no setor da
saude. Para cumprir este objetivo, recorreu-se ao método de Delphi que € uma técnica que consiste na
aplicagdo de questionarios a peritos da area, por rondas, até se atingir o consenso relativo as predigdes
destas tecnologias do setor em questao.

Palavras-chave: Fabricacdo Aditiva, Setor da saude, Método de delphi, Ano 2030

INTRODUGAO

Ao longo dos ultimos anos, tém emergido varias tecnologias de fabrico e processamento que tém revolu-
cionado a producao de produtos customizados. Estas tecnologias tém ultrapassado os limites geométricos
e de design que antigamente eram limitagdes e/ou constrangimentos para o fabrico dos produtos que es-
tavam a ser desenvolvidos. Contudo, essas mesmas tecnologias tém ainda emergido para dominios em
que as solicitagdes sdo ainda mais exigentes, em particular, a utilizagdo das tecnologias de fabricacdo
aditiva no setor da saude.

Atualmente, as tecnologias de fabricagéo aditiva sdo capazes de produzir dispositivos médicos e implan-
tes (Almeida et al., 2018). No caso dos dispositivos médicos, temos como exemplo as ortéteses e exo-
esqueletos (Almeida et al., 2018). No caso dos implantes, estes ainda podem ser exteriores ao corpo e
interiores ao corpo. Como exemplos de implantes exteriores ao corpo, temos as préteses de perna, de pé,
de méo, oculares, etc. (Almeida et al., 2018). Exemplos de préteses interiores ao corpo temos os implan-
tes permanentes como as préteses femorais, de joelho, etc. (Almeida et al., 2018).

As tecnologias de fabricagéo aditiva no setor da satide evoluiram para um dominio tecnolégico ainda mais
exigente, nomeadamente a biofabricagdo, capaz de responder a complexidade geométrica exigida da
anatomia em biomateriais, com a combinagéo de farmacos, fatores de crescimento e células durante a
produgdo. As tecnologias de biofabricacdo servem para produzir implantes temporarios, designados por
scaffolds, que sao utilizados em aplicagdes de engenharia de tecidos e medicina regenerativa, sendo que
0s mesmos sdo absorvidos pelo organismo durante a regeneragao do tecido (Almeida et al., 2018).

As tecnologias de fabricagéo aditiva e biofabricagdo tém demonstrado, assim, serem capazes de respon-
der as exigéncias do atual setor da saude e medicina (Almeida et al., 2018). Todavia, as respostas as
necessidades ndo podem assentar somente no contexto atual, mas também no contexto futuro. Na figura
1, é visivel o dominio das tecnologias aditivas no sector da saude.

Para qualquer um dos casos, € necessario definir a geometria anatémica a utilizar (que podera ser sim-
ples ou complexa), os materiais adequados as aplicagdes médicas (quer seja exterior ou interior ao corpo)
e a fungéo final do produto. As tecnologias de fabricagdo tém de ser capazes de responder a estas exi-
géncias. Mas serdo as mesmas capazes de o fazer futuramente? Qual o caminho que as tecnologias po-
deréo ter? Seréa que as tecnologias irdo serem impedidas de avangar por questdes éticas ou regulamenta-
res? Ou sera que as mesmas irdo implicar uma mudanca legislativa de saude? Em suma, qual sera o
impacto das tecnologias de fabricagéo aditiva no futuro? Para ser possivel dar resposta a estas questdes,
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foi desenvolvido o presente estudo de investigagdo, em que o objetivo do estudo é prever o impacto das
tecnologias de fabricagéo aditiva para o horizonte do ano de 2030, a nivel mundial, nos dominios politico-
legal, econémico, social e tecnolégico.

Figura 1. Exemplos de dispositivos e implantes médicos produéidos com auxilio de tecnologias aditivas (adaptado de
Almeida et al., 2018).

METODOLOGIA

Para responder aos objetivos propostos, iniciou-se por uma reviséo tedrica para compreensao das tecno-
logias de fabricagdo aditiva e as tecnologias de biofabricagcdo. A etapa seguinte consistiu em escolher
uma metodologia que fosse capaz de ajudar a prever o impacto das tecnologias na medicina para o futu-
ro, nomeadamente para o ano 2030. Para este caso em especifico, verificou-se que a melhor técnica se-
ria aplicar o método de Delphi. Considerando que o tema é de impacto mundial, decidiu-se convidar inves-
tigadores a nivel internacional para darem a sua contribui¢gdo no estudo. Os fatores de selegdo dos inves-
tigadores foram: 1) n° publicagdes na area 2) n° patentes e 3) niumero de projetos de investigagdo na
area. Apos ter sido definida essa lista, foram escolhidos 2 participantes de cada continente para fazerem
parte do estudo e responderem aos inquéritos. A fase seguinte consistiu na realizagdo de inquéritos, sen-
do a primeira ronda de questéo aberta, que depois de analisadas as respostas, serdo identificadas métri-
cas. Essas métricas sdo associadas a uma escala de importancia onde os inqueridos terdo de classificar
as mesmas nas rondas seguintes. O nimero de rondas sera ditado pela convergéncia das classificagdes.

CONCLUSOES

As tecnologias de fabricacédo aditiva e biofabricagdo tém demonstrado serem capazes de responder as
exigéncias do setor clinico. Este setor tende a crescer de forma exponencial, bem como os utentes a de-
pender dele no futuro. O presente estudo de investigagdo tem como objetivo prever o impacto das tecno-
logias de fabricagéo aditiva para o horizonte do ano de 2030 a nivel mundial. Como ¢é possivel verificar, o
estudo ainda esta em curso, o que significa que ainda ndo ha conclusdes concretas, mas ja é possivel
verificar que o estudo apresentara resultados relevantes para a comunidade médica e cientifica refletirem
sobre os seus impactos que sdo cada vez mais marcantes e emergentes e perceber qual o caminho a
percorrer na implementagao das tecnologias de fabricagédo aditiva no sector da saude.
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RESUMO

A técnica da somatotipagem € uma técnica com crescente popularidade devido a sua utilidade na deter-
minagado, categorizacéo e classificacdo do perfil corporal de um individuo, abrangendo a morfologia e
composigao corporal. Uma vez determinado o somatétipo com base nas medigdes antropométricas de um
individuo, este pode pretender otimizar o seu somatdtipo para que o mesmo se aproxime, por exemplo, do
de um atleta de elite de um determinado desporto. Com este objetivo desenvolveu-se uma aplicagédo que,
recorrendo a um algoritmo genético multiobjectivo, pretende ajudar a identificar quais as medidas antro-
pométricas que devem ser modificadas para que o somatétipo de um individuo se aproxime o mais possi-
vel do somatoétipo desejado.

Palavras-chave: Somatétipo, Antropometria, Algoritmos Genéticos, Otimizagdo Multiobjetivo

INTRODUGAO

A técnica da somatotipagem avalia o corpo humano dos individuos quanto a forma corporal e quanto a
composigao corporal. Com auxilio a medigdes antropométricas medidas diretamente no individuo, obte-
mos os parametros para a avaliagdo do somatétipo do individuo. Ao todo, sdo dez medidas que sdo ne-
cessarias para a avaliagdo do somatétipo: estatura, massa corporal, didmetros biepicondilares do umero e
do fémur, circunferéncias do brago em flexdo e em tensdo e pantorrilha, e por fim as dobras cutaneas
(triceps, subescapular, supra-espinal, pantorrilha medial).

Com o crescente interesse geral da populagdo relativamente a desporto, fitness, aparéncia corporal e
aptidéo fisica cresce também o interesse por métodos de otimizagdo de desempenho do corpo humano
para que seja possivel alcancar os objetivos pretendidos mais eficazmente (UKactive, 2018).

O primeiro passo para essa otimizagao corporal, consiste na caracterizagcdo e medigdo do estado corporal
em que o individuo se encontra. O conhecimento de quais as melhores medidas antropométricas a serem
trabalhadas para se obter um somatétipo que se pretende alcangar permite orientar na escolha dos gru-
pos musculares a isolar e a trabalhar de modo que o atleta melhore a sua performance no desporto que
pratica. Para determinar o conjunto das medidas antropométricas que o atleta deve trabalhar, por forma a
melhorar o seu desempenho desportivo, foi desenvolvida uma aplicagéo informatica que devolve um con-
junto de possiveis solugdes para o atleta atingir o seu objetivo. Os resultados sao obtidos recorrendo a um
algoritmo genético (AG) multiobjectivo.

OTIMIZAGAO DO SOMATOTIPO

A aplicagédo desenvolvida necessita dos valores das medidas antropométricas, do género do individuo e
dos valores dos biétipos do desporto que se pretende alcancar (Figura 1). Para facilitar a interagdo com o
utilizador, a aplicagéo disponibiliza um conjunto de desportos pré-definidos para os quais sdo conhecidos
somatoétipos de referéncia (Lentini et al., 2006) bem como a possibilidade do utilizador inserir um somato-
tipo diferente dos pré-definidos na aplicagdo. Dado que a estatura e os diametros biepicondilares do Ume-
ro e do fémur ndo sédo passiveis de alteragdo, a aplicagdo devolve como resultados apenas as restantes
sete medidas antropométricas que podem ser alteradas. As solugdes resultantes da otimizagédo séo mos-
tradas ao utilizador e podem ser selecionadas para se consultarem detalhes das mesmas. Na Figura 1 (a)
apresenta-se a aplicagdo com os dados iniciais de um individuo do sexo masculino cujo objetivo é otimi-
zar as suas medidas antropométricas de modo que o somatétipo resultante seja o mais préximo possivel
do somatétipo do desporto selecionado. A Figura 1 (b) apresenta o detalhe de uma das solugdes obtidas.
Para otimizar o somatétipo foi desenvolvido um AG multiobjectivo de modo a minimizar a diferenga entre
cada bidtipo do somatétipo inicial e do somatétipo desejado. Tratando-se de um problema de otimizagédo
multiobjectivo o resultado consiste num conjunto de solu¢des (denominadas solu¢des ndo dominadas) e
ndo apenas numa unica solugdo. O facto de o AG devolver varias solugées, como se pode observar no
exemplo que se apresenta na Figura 1, permite ao utilizador selecionar a que mais Ihe convém permitindo
escolher os grupos musculares que pretende trabalhar.
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Figura 1. Aplicagdo de otimizagdo do somatétipo e detalhe de uma das solucdes.

Os resultados apresentados na aplicagdo foram obtidos apds testes exaustivos para determinar os para-
metros do AG, nomeadamente dimensao da populagdo do AG, probabilidade de crossover, probabilidade
de mutagéo, numero maximo de geragdes do algoritmo entre outros. Nos testes realizados teve-se em
conta a qualidade das solugdes, o nimero médio de geragdes e o tempo médio por execugdo do algorit-
mo. Apds os testes e andlise de resultados, decidiu-se considerar uma populagéo de 100 individuos, a
probabilidade de crossover usada foi de 100%, a probabilidade de mutagéo de 50% e o numero maximo
de geragdes de 500.

CASO DE ESTUDO E ANALISE DE RESULTADOS

Nesta seccéo apresentam-se alguns resultados baseados no caso de estudo de um individuo do género
masculino cujas medidas sdo as apresentadas na Tabela 1 e cujo valor do seu somatétipo é 2,0-3,03-
3,57. Nesta tabela apresentam-se também exemplos de solugbes obtidas com a aplicacdo desenvolvida,
considerando que o individuo pretende que o seu somatétipo se aproxime de um somatétipo que ndo se
encontra pré-definido na aplicagdo 1,84-5,2-2,52, do somatétipo de um atleta de basebol (3,8-6,4-1,0) e
de um atleta de judo (2,3-7,1-0,8). Note-se que, as solugdes apresentadas tém um somatétipo muito pro-
ximo do somatétipo desejado apesar de serem solugdes cujas medidas antropométricas apresentam al-
guma diversidade para cada um dos somatétipos desejados e serem solugdes fisicamente admissiveis.

Tabela1. Apresentagdo de seis solugdes obtidas pelo algoritmo desenvolvido.

Indi_vi_duo Sezr;:‘t:ioftilcpoo i':r;:éiofti?: Basebol Basebol Judo Judo
Inicial Sol. 1 Sol. 2 Sol. 1 Sol. 2 Sol. 1 Sol. 2
Prega adiposa tricipital (mm) 8 8,533 6,816 12,566 22,988 8,753 8,526
Prega adiposa subscapular (mm) 7 6,476 8,072 9,510 6,642 7,659 7,298
Prega adiposa suprailiaca (mm) 5 3,712 3,833 13,889 6,336 6,082 6,673
Prega adiposa geminal (mm) 9 6,892 6,650 6,204 6,201 11,337 10,670
Perimetro do brago (cm) 30 30,478 37,119 37,547 41,147 32,472 32,797
Perimetro geminal (cm) 31,2 43,983 35,975 44,291 40,555 36,949 32,436
Peso (kg) 53 58,574 58,574 68,954 68,954 71,224 72,018
Endomorfia 2,0 1,840 1,840 3,800 3,800 2,3 23
Mesomorfia 3,03 5,200 5,196 6,514 6,394 4,367 3,717
Ectomorfia 3,67 2,520 2,520 1,000 1,000 0,8 0,732

CONCLUSOES E PERSPETIVAS FUTURAS

Neste trabalho desenvolveu-se uma aplicagdo para auxiliar desportistas a melhorar o seu desempenho
desportivo. A aplicagdo permite determinar quais as medidas antropométricas a serem alteradas e quais
0s possiveis valores para estas medidas de modo que o somatétipo se aproxime de um somatétipo dese-
jado. As varias solugbes obtidas pelo algoritmo permitem que o utilizador escolha a que mais se adapta
ao seu perfil ou ao seu gosto pessoal tendo em conta o trabalho de ginasio que tera de realizar para al-
cangar o seu objetivo. A aplicagdo permite ainda ajudar a identificar o desporto para o qual o individuo
tera mais aptidao e capacidade de atingir o somatétipo em causa através de treino fisico.

Futuramente pretende-se desenvolver uma aplicagdo mével com as mesmas funcionalidades desta apli-
cagao desktop.
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ABSTRACT

Remodeling is responsible for the removal of the micro-damage and consequently the increase in the use-
ful life of mineralized tissues. The theory chosen in this study to represent the remodeling was the conti-
nuum micromechanics. It characterizes the hierarchical, anisotropic, heterogeneous and multiscale consti-
tutive behavior of the bone and cementum. A dynamic interaction model was adopted to describe the cellu-
lar interactions and the influence of paracrine signaling on the millimeter-sized representative volume ele-
ment. A computer code, entitled Remold 2D, was developed and programmed in MATLAB. The spatial
discretization was performed using the Finite Element Method and the temporal evolution of biological var-
iables and volume fractions was solved by the fourth-order Runge-Kutta method. The theory was applied
in the orthodontic movement of a central incisor. The mechanical stimulus used to trigger cellular activity is
the strain energy density at the microscale. The results shows the temporal evolution of the bone volume
fraction and the microstrain energy density distribution in the bidimensional model. These distributions
have shown to be in agreement when compared with other models in the literature.

Keywords: Cementoblasts, Cementoclasts, multiscale, bone remodeling, Orthodontics

INTRODUCTION

Bone tissue is a living organ capable of adapting to the mechanical environment and is characterized as a
composite material, because of its complex composition and hierarchical levels of organization. Biological
factors that influence the bone removal and replacement balance are diverse [1].

During orthodontic movement, the applied forces provoke an inflammatory response [2] and induce stress-
strain fields in the extracellular matrix. This inflammatory response can activate cells from tissues surroun-
ding the tooth, facilitating tooth movement through bone resorption and formation. In some cases, there is
also a clinical evidence of root cementum resorption during orthodontic movement [3]. The tooth root ce-
mentum is a thin, mineralized tissue that covers the root dentin and is surrounded by the periodontal liga-
ment (PDL). It consists of acellular cementum on the cervical root and cellular cementum covering the api-
cal root [4].

The objective of this work is to propose a constitutive model for mineralized tissues that can represent the
remodeling process during orthodontic movement. The main issue is to apply the model not only to bone
but also to the cementum. The mathematical formulation is based on the micromechanics of the continuum
and the biological processes are described by a cellular interaction model between osteoclasts, oste-
oblasts, cementoclasts and cementoblasts.

Models for cells interactions

Mechano-bio-regulation of the mechanical stimulus is the ability of cells to act as microdeformation sen-
sors at the level of the extravascular matrix and to send signals for other cells to work on bone or cemen-
tum remodeling. The microstrain energy density at the microscale is the stimulus for a cell to produce cyto-
kines that, once signaled, stimulate cellular differentiation.

One has found a great variability in the value of the vascular volume fraction of the materials in the litera-
ture. Therefore, the range of variability (minimum and maximum values) found in the articles of vascular
volume fraction were taken into account.

MATERIALS AND METHODS

The algorithm of the Remold 2D developed code represents the coupling of a micromechanical model with
the biological model of cellular interaction. The spatial discretization of the geometry was performed by the
Finite Element Method (FEM) and the temporal evolution of biological variables and bone density (volume
fractions) was solved by the Runge-Kutta method. This model was used to study bone remodeling around
a central incisor.
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The geometric model was obtained from the scanning of a radiograph, as shown in the left image of Figure
1. The two-dimensional model represents a cut in the mesio-distal direction, in the middle section of the
central incisor. For this reason, the visualization of the orthodontic bracket, where the forces are usually
applied, was omitted. The finite element model consists of 12,474 elements and 25,283 nodes. A force of
2.0 N (Mercuri, 2013) in the horizontal direction was applied to simulate the orthodontic load (right image of
Figure 1).

o Enamel —

©Dentn

35.8 mm

X ;

Figure.1 Left - Geometric model; Right - Finite element mesh with applied load conditions.

RESULTS AND DISCUSSION

Figure 2 shows the bone and cementum volume fraction distribution and variation on days 1 and 10 of
simulation. The initial vascular volume fractions adopted in the simulation are 0.17 for cortical bone and
0.08 for cementum.

Figure 2. Bone and cementum volume fraction distribution: left — at first day; right — at tenth day.

The results of the time evolution of the volume fraction in the cortical bone show that the regions where the
volume fraction of the bone matrix decreased are mostly in state of compressive stresses and the regions
where the volume fraction increased are mostly in traction stress state. These results are in agreement
with the theory that explains the dental movement.

CONCLUSION

The application of the micromechanical theory of the continuum with the model of cellular interaction in the
microscale allowed to develop a methodology to estimate the bone and cementum remodeling, exploring
aspects of the tissue microstructure.

The coupling result of the micromechanical and biological models provides a research tool for the transient
analysis of the evolution of the distribution of bone density due to the action of osteoblasts, osteoclasts,
cementoblasts and cementoclasts.
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ABSTRACT

The ankle joint plays an important role in the achievement of general movements and its’ malfunctioning is
often related to the lack of dorsiflexion. This study aims study the effectiveness of the Mulligan MWM Manual
Therapy technique to increase dorsiflexion and its influence on the gait pattern in subjects with limited ankle
dorsiflexion. 38 ankles of nineteen participants (17 males and 2 females), 26 ankles in the experimental
group with limited dorsiflexion and 12 ankles in the control group without any limitation were analyzed after
delivering a Mulligan MWM Manual Therapy Technique in Experimental and none in the control group. Data
showed that experimental group increased ankle dorsiflexion and time to heel-off during the gait and nor-
malized the gait pattern.

KeyWords: Limited ankle dorsiflexion, ankle joint, mobilization with movement, Mulligan's Concept, gait
pattern

BACKGROUND

The ankle joint plays an important role in posture and movement, both during the maintenance of static
positions and in the achievement of general movements. Any structural or functional change in this joint
complex may have repercussions on posture and movement. (Cruz-Diaz, Lomas Vega, Osuna-Pérez, Hita-
Contreras, & Martinez-Amat, 2015; Davenport, Kulig, & Fisher, 2010; Delahunt, Cusack, Wilson, & Doherty,
2013; Loudon, Reiman, & Sylvain, 2014; Teixeira, Luciana MundimDe Resende, Pires, & Silva, 2013) In
adults it is common that injuries can occur on the ankle joint, which is the most affected joint complex of the
lower limbs. (Brison et al., 2016; Chinn et al., 2014; Davenport et al., 2010; Gilbreath, Gaven, Van Lunen, &
Hoch, 2014; Marréon-Gémez, Rodriguez-Fernandez, & Martin-Urrialde, 2015; Punt, Ziltener, Laidet, Armand,
& Allet, 2015; Truyols-Domi Nguez, Salom-Moreno, Abian-Vicent, Cleland, & Fernandez-de-Las-Pefias,
2013)These changes, injuries or not, are often related to the limitation of the dorsiflexion movement of the
ankle joint that can lead to pathological compensations and contribute to the development of foot and ankle
disorders.(Baumbach et al., 2014; Delahunt et al., 2013; Kang et al., 2015; Krause, Cloud, Forster, Schrank,
& Hollman, 2011; Shashua et al., 2015; Terada, Pietrosimone, & Gribble, 2013)

PURPOSE
The purpose of this study was to investigate the effectiveness of the Mulligan MWM Manual Therapy tech-
nique to increase dorsiflexion in subjects with limited ankle dorsiflexion and its influence on the gait pattern.

MATERIAL AND METHODS

The longitudinal study and clinical trial was carried out at RoboCorp Laboratory - Physiotherapy, at the
Coimbra Health School, at the Polytechnic Institute of Coimbra. The sample consisted in nineteen partici-
pants (17 males and 2 females) comprising of a total of 38 ankles, 26 ankles in the experimental group with
limited dorsiflexion and 12 ankles in the control group without any limitation. In the experimental group, 5
sets of 10 repetitions of the Mulligan MWM Manual Therapy technique were applied to increase dorsiflexion,
while the control group received no intervention. Each group was subjected before and after the application
of the technique to kinetic and kinematic measurements using a 3D system of capture and analysis of move-
ment and a force platform. Variables were analyzed using the software Qualisys Track Manager (Qualisys
AB, Sweden) and the data was exported to Visual3D (C-Motion, USA). Markers trajectories were analyzed
using a 6 Hz Low-Pass Butterworth Filter and a 3D model was created to analyze ankle, knee and hip ROM.
The force data was processed with the Visual 3D software. The data was filtered using a 50 Hz Low-Pass
Butterworth filter. Time to Heel-Off was automatically identify by the software pipeline. Differences in maxi-
mum ankle, knee and hip ROM, and time to heel-off during the stance phase of gait were assessed using a
t-test to analyze the variables between pre- and post-intervention and a U-Mann Whitney test to analyze the
variables between groups. All the statistical analyses were realized with the SPSS 23.0 software (SPSS Inc.
Chicago, USA) with a p-value of 0.05.
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RESULTS

After application of the Mulligan MWM Manual Therapy technique, the ankle joint increased maximum ROM
(p<0.001) and gait pattern (p<0.001) with statistical significance. The knee and hip joints also normalize
ROM, thus adjusting the gait pattern. Time to heel-off has also improved, with a statistically significant in-
crease (p <0.001).

CONCLUSION

The study showed the effectiveness of the Mulligan MWM Manual Therapy technique to increase maximum
ankle dorsiflexion in adults with a limited ankle dorsiflexion and time to heel-off during the gait as well as
indirectly normalized the adjacent joints ROM of the lower limbs, the knee and the hip. Our conclusion is that
the technique had an influence on normalization of the movement and gait pattern.
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RESUMO

A moda esta presente na vida quotidiana, especialmente no que diz respeito a roupa, calgado, acessorios,
maquiagem, entre outros aspetos. A produgédo de produtos de moda requer diferentes processos e tecno-
logias. Apesar das crescentes exigéncias e avangos tecnologicos, o desenho e producdo continuam a ser
desenvolvidos com o objetivo de se adaptarem o melhor possivel ao corpo humano. O ajuste adequado de
qualquer peca de moda, em particular do vestuario, € um dos principais fatores que influenciam a decisdo
de compra do consumidor. Para projetar melhor os produtos de moda é importante caracterizar as popula-
c¢des em termos de dados antropométricos, nomeadamente, para que as empresas de vestuario tenham
em conta o mercado em que operam, garantindo assim a possibilidade da sua producdo se ajustar ao
publico-alvo. O objetivo deste artigo € comparar dados antropométricos obtidos a partir de um conjunto de
jovens de Portugal e da Albania. A amostra é constituida por 130 alunas do ensino superior politécnico, das
duas nacionalidades, para as quais foram analisadas cinco medidas corporais. O indice de Massa Corporal
e a Relagéo Cintura/Quadril, foram igualmente determinadas para caracterizar a composigdo corporal e a
morfologia de cada grupo. Os resultados deste estudo demonstram a existéncia de algumas diferencas nas
medidas para as alunas observadas das duas nacionalidades, com as alunas portuguesas a evidenciar
valores médios e medianos mais elevados que as albanesas. As médias de massa corporal, altura e peri-
metros da cintura e toracico séo mais elevadas na populagéo portuguesa. Estes resultados podem fornecer
uma orientagdo para promover a satisfagdo do consumidor com o ajuste de vestuario em cada um dos
paises.

Palavras-chave: Analise Antropométrica, Albania, Portugal, Design de Moda

INTRODUGAO

A moda é um dos aspetos importantes do dia a dia de uma pessoa porque se reflete na componente visual
de cada individuo em sociedade, nomeadamente no que se refere, por exemplo, a vestuario, calgado ou
acessorios. A fim de projetar o melhor design de vestuario, as empresas desta area devem ter em conta
dados antropométricos de populacdes locais devidamente atualizados. A industria da moda envolve diver-
sas industrias que incluem os fornecedores e processadores de matérias-primas, o processo de fabrico e a
utilizagao de tecnologias ou servigos utilizados desde a concretizagdo das pegas de moda a sua distribui-
¢ao. Apesar dos avangos tecnolégicos que acompanham o surgimento de novos materiais e a inovagéo em
equipamentos e metodologias de desenho e produgéo, todos dependem de medidas concretas, uma vez
que sdo para uso no corpo humano (Roriz et al., 2014). Em tempo de globalizagéo, para as marcas é
importante conhecer a morfologia corporal nos diferentes paises para os quais distribuem ou pretendem
distribuir os seus produtos. Um dos fatores determinantes para que o consumidor tome a decisdo de com-
prar uma peca de vestuario € a forma como esta lhe assenta, se na perfeigdo ou ndo. Os dados antropo-
métricos devem ser usados como indicadores para caracterizar a composi¢ao corporal e morfolégica da
populagéo alvo, de modo a garantir o ajuste, a qualidade e o conforto do vestuario (Heinrich, 2008).
Devido a globalizagédo, para marcas multinacionais, € importante avaliar as diferengas na morfologia das
populagdes dos diferentes paises nos quais distribuem os seus produtos. O objetivo deste estudo foi avaliar
e comparar dados antropométricos de jovens mulheres de Portugal e da Albania. Um total de cinco medidas
corporais foi recolhido de um grupo de 100 albanesas e 30 portuguesas e determinadas duas medidas de
composigao corporal e a morfologia (Almeida et al., 2018).
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METODOLOGIA

Para este estudo foi considerada uma amostra constituida por 130 estudantes do ensino superior politéc-
nico, do sexo feminino, com idade entre os 18 os 25 anos. Foram observadas 100 jovens albanesas e 30
portuguesas, para as quais se analisaram cinco medidas antropométricas. Para as estudantes albanesas,
os dados foram recolhidos usando um sistema de digitalizagao laser 3D Konica Minolta VIVID 910 (Maksi-
movic¢ et al., 2016), enquanto que para as estudantes portuguesas os dados foram recolhidos usando mé-
todos tradicionais de medicdo de acordo com as normas ISAK (Norton & Old, 2000). As medicdes sao:
massa corporal [kg], altura [cm], perimetros toracico, da cintura e da anca [cm]. As outras caracteristicas a
analisar foram o indice de Massa Corporal (IMC) e a Relagéo Cintura/Quadril (RCQ). Os dados foram ana-
lisados estatisticamente, nomeadamente estatistica descritiva (média, desvio padrao e quartis), represen-
tacdo em graficos boxplot e correlagées de Pearson usando o software R.

RESULTADOS E DISCUSSAO

Tal como se referiu anteriormente, os dois grupos de estudantes observadas tém dimensdes distintas. No
entanto, apesar dessas diferencas, a assimetria verificada para as cinco medidas observadas é relativa-
mente baixa nos dois grupos, com excecgao para o perimetro da anca, no caso albanés, que evidencia uma
assimetria positiva com valor bastante mais elevado do que os observados para as restantes medidas. De
acordo com a amostra recolhida, os dados evidenciam que, no que se refere a altura, 75% das mulheres
portuguesas observadas tém uma altura superior a altura mediana das mulheres albanesas observadas.
Nao considerando os valores outliers, a altura maxima observada é semelhante para as duas nacionalida-
des embora a altura minima seja consideravelmente mais baixa no caso albanés. A altura média é superior
para as estudantes portuguesas observadas, com um desvio padrdo também ligeiramente superior (165,15
cm * 6,18) comparando com a amostra albanesa (161,46 cm * 5,17). Em termos de massa corporal, 75%
das mulheres portuguesas observadas s&o mais pesadas quando comparadas com a mediana da massa
corporal das albanesas. O valor médio da massa corporal é superior para a amostra de mulheres portugue-
sas (63,6 kg £10,6) quando comparado com o valor médio da amostra albanesa (56,04 kg +7,8). Os dia-
gramas de extremos e quartis (boxplots) para esta variavel apresenta uma dispersdo semelhante para am-
bos os casos, embora o desvio padrao seja um pouco mais elevado, no caso portugués (+10,6 vs +7,8). Os
resultados mostram ainda que 50% das mulheres portuguesas observadas pesam 61,8 kg ou menos, en-
quanto 50% das mulheres albanesas observadas tém uma massa corporal inferior ou igual a 54,4 kg.
Analisando a correlagdo de Pearson, a variavel massa corporal apresenta uma correlagédo superior a 0,70
com as variaveis perimetro da anca, para a amostra albanesa (0,7003) e com os perimetros do térax (0,77)
da cintura (0,78) e da anca (0,89) da populagdo portuguesa. No que respeita ao perimetro toracico, as
mulheres portuguesas observadas apresentam valores superiores (88,49cm +9,44) quando comparadas
com as mulheres albanesas analisadas (85,58cm 15,83). Os perimetros da cintura e da anca nas jovens
portuguesas apresentam valores mais elevados (74,52cm +9,99 e 99,05cm +8,77) quando comparadas
com as albanesas (69,34cm +6,96 e 95,76cm +9,41). Desconsiderando os outliers, os limites do boxplot
sdo mais altos tanto para os valores maximos como minimos para as mulheres portuguesas; estes valores
sao determinantes para o design de pecas de vestuario. Os parametros de IMC e RCQ apresentam valores
médios superiores na amostra portuguesa (25,6kg/m? +4,52 e 0,7 +0,07) quando comparada com a amostra
albanesa (24,34kg/m? +3,10 e 0,73 +0,05), estando mesmo acima do valor considerado saudavel
(25,0kg/m?).

CONCLUSAO E PERSPETIVAS

De acordo com este estudo e considerando a populagéo analisada, € notéria a existéncia de diferencas
entre os dois grupos observados de estudantes, portuguesas e albanesas. As estudantes portuguesas
apresentam, de forma global, valores mais elevados para as medig¢des discutidas bem como para os para-
metros antropométricos calculados. Observando a correlagao entre as variaveis analisadas, foram determi-
nados valores mais elevados no caso portugués. Face as diferengas nas varidveis dos perimetros do térax,
cintura e anca, deve ser dada atengdo a existéncia de diferengas morfolégicas no mercado da moda para
desenho de camisas, camisolas, saias e calgas. Tendo entdo como finalidade a projecdo do design de
vestuario adequado a populagdo de cada pais, as empresas de vestuario devem ter os dados antropomé-
tricos de populagdes locais em constante avaliagéo e atualizacéo.
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INTRODUCTION

Physical interaction between the human body and the environment occurs in many situations of the daily
life. The human ankle, for instance, plays a major role in the lower extremity during the mechanical interaction
of the foot with a contacting surface i.e., it behaves as a shock absorber during foot strike and maintains
upright posture throughout stance for normal gait. Understanding and controlling this mechanical interaction
may provide the foundation for future development of biologically inspired prostheses and may enable many
other applications as versatile use of tools or close cooperation of robotic systems with humans. For this, a
precise quantitative description of the ankle dynamics is crucial. Thus, developing a conceptual model based
on theory and detailed observations of the neuro-musculo-skeletal system and motor control pathway is one
of the key steps toward formulating the algorithms which should further allow precise control of movement
in changing environments.

In our work, under the hypotheses that impedance shaping, achieved through a control network of muscle
actuation and proprioceptive sensing (the human capability for detecting movement and limb position pro-
vided by muscle mechanoreceptors (muscle spindles (MS)), which respond to rate of muscle stretch, and
by Golgi tendon organs (GTO), which signal the overall muscle tension), regulates human motion, we intend
to establish a theoretical and computational basis for describing and investigating the neuromuscular
mechanisms underlying human locomotion to understand how the central nervous system adapts the im-
pedance of our limbs during posture control.

METHODOLOGY

The goal of this research was to define the ankle joint dynamics and to determine the contribution of muscle
force feedback to human motion control behavior. Limb dynamics was described by admittance, which is
the dynamic relation between a force input and a position output (i.e. admittance = position deviation/force
deviation).

During the experiment, the subject sat in a chair and the subject’s foot was securely attached to the manip-
ulator. The manipulator was force controlled i.e. the angle of the foot’s support depended on the torque
exerted by the subject. To the subject the manipulator behaved as a mass-spring-damper system. The pa-
rameters of this dynamics (stiffness, damping, and inertia) were adjusted by the experimenter. The exper-
iment consisted of many short trials. During each, an external torque perturbation was applied to the subject.
The corresponding response (angular position) of the foot's support was measured. The conditions that were
varied in the experiment were: the bandwidth of the external torque perturbation, and the task instruction to
the subject. The task instructions were: ‘suppress the perturbation, minimize the position deviations’, ‘do not
intervene’, and ‘give way to the perturbation, minimize the torque deviations’.

Given an external torque and corresponding output angular position, the admittance was estimated using
the (closed loop) system identification (SI) methods. For this, non-parametric mathematical models were
used. The obtained admittance was then used to estimate a unique set of physiologically meaningful param-
eters (neuro-musculo-skeletal (NMS) properties), by fitting a parametric NMS model onto the identified non-
parametric model. The parameter fit was done in the frequency domain. The method is fully explained in
(Mugge et al., 2010).

RESULTS AND DISCUSSION

We disclose herein the initial results of the analysis (Table 1), we discuss some limitations of the methodol-
ogy, and we present some clues for future investigations.

The parameter identification revealed how reflexive feedback and muscle co-contraction interact to yield the
observed admittances. As was expected, for the relax task, little intrinsic muscle visco-elasticity and reflexive
feedback were present. Therefore, it constitutes a good reference condition for studying reflexes. The small
inhibitory effect of GTO, and small excitatory effect of MS correspond to the role for these two proprioceptors.
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Table 1. Estimated ‘invariant’ model parameters. The results were obtained for three different tasks (force task (FT):
‘minimize the torque deviations’, relax task (RT): ‘do not intervene’ and position task (PT): ‘minimize the position devia-
tions’). The parameters uncertainty is calculated as a standard error of the mean.

* MS: Positive gain indicates an excitatory effect resulting in activity that resist muscle stretch (admittance decreases).
Negative gain indicates an inhibitory effect (admittance increases). ** GTO: Positive gain indicates an inhibitory effect
(admittance increases). Negative gain indicates an excitatory effect (admittance decreases).
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Force task evoked inhibitory (admittance increases) force feedback gain, whereas the position task evoked
excitatory (admittance decreases) force feedback gain. Those results suggest an important behavioral role
for GTO activity in face of low-frequent perturbations. The admittance increase of force task with respect to
relax task was not accompanied by significant changes in intrinsic visco-elasticity suggesting that the main
contributor to the increased admittance was the GTO feedback and MS feedback.

The presented method can only be used to describe the linear response to the perturbations. The lower
variance accounted for (VAF) (Table 2) obtained for force task indicated that some non-linear behavior was
present that could not be described by the model. Another concern is the choice of the model structure that
neglects the presence of other feedback pathways (e.g. visual, tactile) that could also contribute to the
changes in admittance. In addition to this, the parameter interplay must be considered in the future studies
(multiple combinations of parameters can yield approximately the same admittance). Finally, we used used
a simple mass-spring-damper (MBK) mechanical model to describe the ankle admittance estimated from
small mechanical displacements around a constant mean joint angle i.e. working point. In the future work
we will try to describe the admittance for several working points over a wide range of motion (RoM) of the
ankle.

Table 2. Validation of the ARMAX approximations and parameter fits.
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ABSTRACT

The number of women affected with pelvic floor dysfunction (PFD) was estimated to increase from 28.1
million in 2010 to 43.8 million in 2050, 11% of these women will need correction surgery for PFD at least
once in their lifetime with a re-operation rate of 30%.

For this purpose, we implemented an inverse finite element analysis (FEA), involving a Genetic algorithm
(GA) and the finite element method (FEM), in order to estimate the material properties of the
pubovisceralis muscle (PVM). In this study, participated five women and the numerical models of the PVM
were built from static axial magnetic resonance (MR) images, and the hyperplastic Mooney-Rivlin
constitutive model was used.

The material parameters this constitutive model were higher for the GA than for the Powell’s algorithm, but
when comparing the magnitude of the displacements [mm] of the PVM there was only a 5% difference,
and 4% for the principal logarithmic strain.

Keywords: Pubovisceralis Muscle, Biomechanical Properties, Magnetic Resonance Imaging, Genetic
Algorithm, Computational Models
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ABSTRACT

Osteoarthritis is a problem of great social and economic importance in elderly populations, mostly in devel-
oped countries. Current treatments aim to relief the clinical signs and slow the disease development, rather
than cure it.

Beyond this point, cartilage regeneration has recently received much attention from bioengineering industry,
mostly because it's now that early treatments of osteochondral defects are crucial for slowing or even
preventing the chronic development of osteoarthritis.

The aim of this study was to develop a modified medial parapatellar approach to the creation of osteochon-
dral defects in sheep to further test novel biomaterials and scaffolds, with the goal of favoring early weight
bearing.

Keywords: ovine, stifle joint, modified parapatellar approach, osteotomy, osteochondral defect

INTRODUCTION

Osteoarthritis (OA) is a problem of great social and economic importance in elderly populations [1], mostly
in developed countries. Current treatments aim to relief the clinical signs and slow the OA development,
rather than cure it. Beyond this point, cartilage regeneration has recently received much attention from bio-
engineering industry, mostly because it's now known that early treatments of osteochondral defects (OCD)
are crucial for slowing or even preventing the chronic development of OA.

Merino sheep is frequently used as a large animal model because of its potential to support preclinical trans-
lation. The classical medial parapatellar approach to the medial condyle of the femur is unsafe due to its
high risk of posterior patellar luxation and the development of secondary osteoarthritis [2].

The aim of this project was to develop a modified parapatellar approach for the creation of load-bearing
osteochondral defects in the sheep’s medial femoral condyle that would allow the study of the biological and
biomechanical response of the osteochondral unit to biomaterials.

EXPERIMENTAL

Animal handling and surgical procedures were conducted according to European Community guidelines.
Twenty-four skeletally mature female Merino sheep were divided into three groups: group A (n=8), control
group, where the osteochondral defect was left empty; group B (n=8) and group C (n=8), experimental
groups where a ceramic and a polymeric scaffolds were inserted, respectively.

Premedication included atropine, xilazine, butorphanol, and carprofen; induction was achieved with thiopen-
tal sodium 5% and maintenance with isoflurane 1%-2% under spontaneous ventilation. The sheep was
positioned in right lateral recumbence with the left hind limb in physiologic extension fixed to the surgical
table. The surgical field was prepared, and the anesthetic monitoring equipment connected.

An innovate parapatellar technique, developed previously in an ex vivo model, was the chosen approach. A
skin incision was performed extending from the medial side of the tibial tuberosity to the immediate proximal
side of the patella. At this point, the limb was temporarily hyperflexed. Subcutaneous tissue was debrided,
and the medial patellar retinaculum incised to expose the joint capsule (Figure 1a). An incision was made
over the joint capsule to acede the medial condyle. The incision of the oblique medial vastus muscle was
prevented. With the limb in flexion, an osteochondral defect with 7 mm of depth was manually drilled in the
center of the medial condyle, approximately 1.5 cm apart from the femur trochlea. This last procedure was
performed under the guidance of a drill depth gauge and a drill stop to standardize the defect size (Figure
1b). The defect was then rinsed with physiologic saline and, when required, the scaffold inserted (Figure 1c).
Limb extension was restored, and the joint capsule, retinaculum, subcutaneous tissues and skin were su-
tured, following this order.
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incision of the retinaculum with the limb flexed; b) manual drill with drill stop key; c)
defect in the medial condyle.

Figure 1. Some surgical steps: a)

The 7-day postsurgical period was spent in a pen of the veterinary hospital. 15 days postsurgery and presac-
rifice two different fluorochromes (calcein green and alizarin complexone, respectively) were subcutaneously
injected. During the 6-month implantation time sheep remained in pasture. After sacrifice, biological re-
sponse and material integration were assessed by x-ray, micro-CT, and histologic and immunohistochemis-
try studies.

RESULTS AND DISCUSSION

The in vivo procedure was performed based on literature review and the surgeon’s own experience. A min-
imally invasive technique, where the limb was flexed to accede the medial condyle, was developed. Thus,
the disruption of the oblique medial vastus muscle, as preconized in the classical medial parapatellar ap-
proach [3], was avoided, reducing the postsurgical morbidity and the possibility of complications like the
luxation of the patella and osteoarthritis [2].

All sheep recovered well and rapidly stood up after surgery, immediately supporting weight in the intervened
limb; yet, in the immediate postsurgical period a lameness of grade Ill/IV (out of V) was patent. After the
postsurgical period (8 days) all the animals were released to the pasture with no evident signs of lameness
(grade I-1l). In vivo procedures were successful with all animals completing the 6 months implantation period
with obvious signs of welfare, such as an average weight increment of 6.37+4.13 kg.

Ancillary imaging, like x-ray and microCT, were crucial in offering visualization of the osteochondral defects
and the biomaterial integration at the time of the surgery and after the sacrifice (Fig. 2).

e

(a) (b)
Figure 2. Ancillary imaging of two samples from the control group: a) immediate postsurgical plain x-ray; b) microCT
cross-section image of the osteochondral defect (postmortem)

CONCLUSIONS

A new ovine model of the parapatellar approach has been developed, wherein the intra-operative flexion of
the limb allows to create a condyle defect without disrupting the oblique medial vastus muscle, thus reducing
postsurgical complications as recurrent patellar luxation and OA and allowing early limb loading.
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ABSTRACT

The use of the bicycle is common in physical-motor rehabilitation procedures. An indicator of the follow-up
rehabilitation process can be the reduction of the difference between the forces exerted by the feet in pedals,
as also the force applied by the hands on the handlebars and the asymmetry of force distribution in the
saddle. This work presents an instrumented saddle and handlebar that allow the identification of the force
applied by the user during the pedalling.

Keywords: Instrumented Handlebar, Instrumented Seat, Biomechanics of Rehabilitation, Neural Network

INTRODUCTION

The bicycle can be used indoor for leisure purposes or in rehabilitation of musculoskeletal injuries in the
lower limbs. The user is seated in a saddle, with the hands in the extremity of the handlebar and feet on the
pedals. In the case of rehabilitation exercises, the user's tendency during pedalling will be to protect the
affected limb by exerting more force with the unaffected limb, which alters his posture during exercise. In the
rehabilitation follow-up, patient positioning and force distribution can be a very important instrument for mon-
itoring the patient evolution. There are several studies involving the development of instrumented pedals to
evaluate the pedalling force [1]. Other studies have been directed to the development of systems that allow
the quantification of the distribution of the force exerted by the patient on the saddle as well as the identifi-
cation of their posture [2]. Also, the quantification of the force exerted in the support of the handlebar has
been studied [3]. Although the studies performed are important in this field, there is still a way to go in
developing simple devices that provide an interface that interacts with the user, if possible in a biofeedback
line. This work presents the development of an instrumented saddle and handlebar, with the main objective
of monitoring the force exerted by the user of a bicycle on the seat and on the handlebar.

MATERIALS AND METHODS

The system considers a common bicycle, instrumented in the seat and handlebar, fixed to a TACX system
(Booster Model), with TacX Trainer software, in order to be used in static conditions. The instrumentation of
the bike was divided into two parts: the seat force identification system and the handlebar force identification
system. The seat force identification is based on three different measurement points. The force is obtained
with a mechanical adaptation system with an upper and lower aluminium plate, which are linked by three
traction/compression load cells, reference HMB0200635R with 1000N of load capacity, and positioned in a
triangular way, as illustrated in figure 1 (a). The handlebar force identification system is based on the infor-
mation collected from the handlebar strain deformation. A Prototypes aluminium adjusted handlebar was
instrumented with four linear 120 Q strain gauges (HBM, reference 1-LY13-6/120), two in each side. The
strain gauges were placed in the section of the handlebar with expected bigger deformation, two in the
vertical plane and the others in the horizontal plane, as can be observed in the figure 1 (b).

Loft Side Strain

Lo

(b)

Figure 1. (a) - Seat load measurement device with three load cells; (b) - Instrumentation of the handlebar with strain gauges.
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The load cells and the strain gauges were connected to a National Instruments board, model NI9219. A
Labview program was developed, in order to acquire and register the data from the load cells and strain
gauges in a synchronized way, and provide an interface with the user.

The identification of the forces in the seat is obtained directly from the load cells. However, to obtain the
forces on the handlebar it was necessary to develop an inverse identification methodology. For this purpose,
a metaheuristic methodology, using neural networks, have been developed in Matlab software. The idea
was to quantify the force and the position of the hand-arm, based on the deformation obtained from the two
strain gauges placed on each side of the handlebar. A feed-forward neural network, with four layers have
been programmed with two neurons in the input layer, corresponding to the two deformations from the strain
gauges and two output neurons, corresponding to the force and position of the hand arm. The tangent sig-
moid was considered for each layer as the transfer function. In order to obtain the necessary patterns to
train the neural network, a laboratory setup has been prepared, corresponding to the direct problem, force
and position — deformation in the strain gauges. A group of 234 different data was obtained, varying the
applied force and its position according to the axis of the handlebar. Only the force in the sagittal plane was
considered, admitting that the hand-arm axis is parallel to the sagittal plane. The scaled conjugate gradient
backpropagation algorithm was considered to training the neural network, based on 70% of aleatory pat-
terns. A cross validation methodology was applied to stop the train, with 15% of the remaining patterns. The
last 15% of the patterns was used to test the neural network performance, showing that the neural network
identifies the force and its orientation with an error lower than 0.5%.

RESULTS AND CONCLUSIONS

The methodology was tested with five inexperienced volunteers without any disease, two woman and three
man. The volunteers have a mean age of 23,2 years, with a mean body mass of 77 kg and a mean height
of 1,80 m and signed an informed content to participate in the study. The position of the bike was the same
for all the volunteers. Each volunteer pedalled at a constant rhythm during 180 seconds, and the data was
collected from the load cells and the strain gauges, with a frequency of 15 Hz. Table 1 shows the results,
corresponding to mean values of force and position, considering all the data acquired. The results show a
position of the hand-arm from 40° to 47° according to the vertical plane, with a force from 64 N to 100 N. It
can be observed the differences between the right and left force in the seat, as also the front force, which
can be used to identify the asymmetries in the position of the volunteer.

Table 1. Mean results of force and position obtained from the test with the volunteers

Volunteer 1 2 3 4 5
Front Force [N] 218 130 149 140 235
Seat Right Force [N] 97 96 194 155 125
Left Force [N] 74 101 110 162 139
Hand Force [N] 65 64 91 100 64
Handlebar
Hand-arm position [°] 40 41 45 44 47

The results show that the methodology is promising, possible to be applied and can be improved with the
introduction of the force obtained by the instrumented pedals, work that is in the implementation phase.
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ABSTRACT

Chitosan and chitosan biofilms have been widely studied and applied among the most diverse areas of
science and technology, namely in the field of agricultural industry and food science; tissue engineering
and biomechanics; drug delivery, clinical rehabilitation and biomedical engineering; water treatment and
biotechnology. Chitosan can be obtained by deacetylation of chitin, a poly[B-(1—4)]-N-acetylglucosamine
polysaccharide, naturally present in the exoskeletons of crustaceans, invertebrates, insects and cell walls
of some fungi. The use of chitosan of different origins not only presents important advantages in terms of
extraction and purification of this polysaccharide, but also in terms of the different chemical and biome-
chanical properties exhibited. To evaluate and compare the chemical and biomechanical properties pre-
sented by chitosan’s of fungal origin with chitosan obtained from crustaceans, we extracted, purified and
analysed the chitosans obtained from two fungal sources, namely from the fungi Absidia coerulea (marine
fungus) and Cunninghamella sp (filamentous fungi present in plant and soil debris). Chitosan solutions
were analysed and characterized by refractometry, circular dichroism (DC), UV-Visible spectroscopy and
'H NMR. Chitosan biofilms were analysed by differential scanning calorimetry (DSC) and optical microsco-
py. Chitosan and chitosan biofilms of fungal origin have relevant chemical and physical properties, with
respect to the degree of polymer chain deacetylation, viscosity, thermal resistance and structural confor-
mation in solution. Cell cultures of chitosan-producing fungi can be industrially used with numerous ad-
vantages over other cell cultures and extracts, that are costlier, more time-consuming and labour-intensive.

Keywords: chitin, Absidia coerulea, Cunninghamella sp, polysaccharide, chitosan, biofilms.

INTRODUCTION

Chitosan is an amino-polysaccharide composed by D-glucosamine and N-acetyl-D-glucosamine and is
known to be the most abundant basic polysaccharide and second most abundant biopolymer on earth.
Chitosan can be obtained from deacetylation of chitin under alkaline conditions [1-3]. Chitin is widely found
in invertebrates, such as in crustacean exoskeletons and shells or in insect cuticles, but also among green
algae, mushroom envelopes, yeasts and other fungi [1-2]. Due to its strong intra and intermolecular hydro-
gen bonding network, although chitin is quite insoluble, both in organic and inorganic solvents, chitosan
instead, due to its amino and hydroxyl groups, is more soluble and presents favorable film forming features
[1-3]. More importantly, chitosan has proven to have relevant biotechnological and biomedical properties,
by being biocompatible; biodegradable; non-toxic; antioxidant; antimicrobial; non-allergic; immunoadjuvant;
anti-thrombogenic and anti-tumor [1-2]. Therefore, several are the applications of chitosan and of chitosan
biofilms in agriculture, food and wine production, waste treatment, chemical, textile and pharmaceutical
industries, as well as, in tissue engineering, rehabilitation and medicine [1-6]. Production of chitosan from
crustacean chitin comprises demineralization, deproteination and deacetylation steps that can be accom-
plished by either chemical or biological processes [1-3]. Although more ecological, sustainable and bio-
compatible; biological extraction processes are still more laborious and time-consuming than chemical
processes. Here we propose the use of new chitin sources based on chitin-producing fungi, namely, Absid-
ia sp and Cunninghamella sp. If presenting good biophysical, biochemical and biomechanical properties,
chitosan and chitosan biofilms produced from these alternative sources can bring financial, temporal and
eco-sustainable advantages to all industrial fields. Hence, we have extracted, purified and characterized
the chitosan produced by the fungi cell walls, via refractometry and UV-vis, circular dichroism (CD) and 'H
NMR spectroscopy, as well as analyzed through microscopy and differential scanning calorimetry (DSC),
the chitosan biofilms produced.
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MATERIALS AND METHODS

Chitin-producing fungi Absidia coerulea and Cunninghamella sp were growth in ym (yeast malt) and pdb
(potato dextrose broth) media under controlled temperature and CO.. Fungal mycelia were obtained
through filtration and submitted to naoh, 121°c, for 15 min. Mycelial samples were washed and summitted
to a second heat treatment in CH3COOH, 95°C, 24 h. Samples were centrifuged, filtered, dialysed and
lyophilized. Chitosan solutions were checked by refractometry (Rudolph J157 Automatic Refractometer)
and UV-Vis (Thermo Scientific Genesys 10); and were analyzed by CD (Olis, Inc. DSM 20) and 1D 'H
NMR according to ASTM F2260-03, at 80°C, with D20, TMSP-referenced (Bruker Avance Il Ultrashield at
400 MHz 'H frequency). Chitosan biofilms were casted and dried on a Petri Dish (Figure 1), under
controlled temperature and atmosphere, for 3 days. Chitosan biofilms were analyzed by optical microscopy
(Zeiss/Epiplan Neofluar objectives) and differential scanning calorimetry (DSC).

Figure 1. Chitosan biofilms of Absidia coerulea ((a) PDB and d) YM) and Cunningnulla sp. ((b) YM and c) PDB)

RESULTS AND DICUSSION

Chitosan solutions were prepared by dilution and checked for concentration by refractometry and for the
absence of protein and other cell contaminants by UV-Vis spectroscopy (200-500 nm). Absorbance spec-
tra showed no major peaks between 260 and 280 nm, indicating that no other macro biopolymers (proteins
or nucleic acids) were present. Far-UV dichroism spectra (190-260 nm) of the chitosan solutions tested,
showed, as expected [3], two main peaks related to the presence of the -NHCO- chromophore, namely, a
positive peak at 190 nm, atributed to -1 * transitions and a negative peak at 210 nm, associated with n-1r
transitions. The degree of deacetylation (DA) of the chitosan samples produced was determined by 1D 'H
NMR (Figure 2). All chitosan samples presented an identical profile with major signals at 4.9 ppm (D-
glucosamine H1D), 4.7 ppm (N-acetyl-D-glucosamine HDO), 3.2 ppm (H2D) and 2.1 ppm (-CHas) of the
acetyl group [3].

£
i
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Figure 2. 1D '"H NMR spectrum of fungal chitosan (ASTM F2260-03).

Despite the different DA values obtained and of the lower (164°C) melting temperatures (Tm) than crusta-
cean chitosan (174°C), all chitosan 1.5% m/v solutions were able to form continuous and regular biofilms,
as judged by the optical microscopy data. Further physical and mechanical assays will be carried out to
attest for the biomechanical proprieties of the chitosan biofilms produced.
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RESUMO

Este estudo teve como objetivo avaliar o impacto de 12 semanas de treino funcional (GTF) versus 12 se-
manas hidroginastica (GH), na forga muscular e na oscilagdo do centro de pressédo de idosos ativos. A
amostra foi constituida por 19 idosos voluntarios (média de idades = 70,63 + 4,26), divididos em dois gru-
pos: GTF (n =7) e GH (n = 12). Antes (TO) e ap6s 12 semanas de treino (T1), procedeu-se a avaliagédo do
deslocamento da oscilagéo do centro de pressdo (COP) em diferentes condi¢cdes de base de sustentacédo
e da forca isométrica maxima dos membros inferiores. Apds 12 semanas de treino funcional, a forga iso-
métrica aumentou 20,8% (P < 0,05), ndo se tendo observado alteragdes no grupo de hidroginastica. Na
andlise do deslocamento da oscilagdo total do COP (DOT), ambos os programas de treino reduziram
significativamente o DOT do COP de forma similar (P <0.001). Este efeito observou-se também no deslo-
camento da oscilagdo do COP nas diregbes antero-posterior (AP) e medio-lateral (ML), (P < 0,001 para
ambas as diregdes).

Palavras-chave: Envelhecimento, Treino funcional, Hidroginastica, Forga muscular, Centro de pressao

INTRODU(}AO

A alteracdo demografica € uma realidade inegavel, em particular em continentes considerados desenvol-
vidos. O processo de envelhecimento caracteriza-se por iniUmeras mudangas fisioldgicas com consequen-
tes implicagdes funcionais [1]. Sabe-se que diminuicdo da forga muscular leva a perda gradual da inde-
pendéncia fisica e ao aumento da probabilidade de ocorréncia de quedas. Nos Ultimos anos, varias inves-
tigacOes realgaram os beneficios da pratica regular de exercicio fisico que estimule o sistema neuromus-
cular para contrariar estas alteragdes, contribuindo assim para o prolongamento da autonomia e qualida-
de de vida do idoso [2]. No entanto, importa compreender o impacto de diferentes tipos de modalidades
de exercicio fisico na funcionalidade e equilibrio dos idosos.

MATERIAIS E METODOS

Para este estudo foram recrutados 27 idosos, tendo apenas 19 cumprido a totalidade do protocolo expe-
rimental. A amostra foi composta por 19 sujeitos [7 no GTF (idade: 70,86 + 4,74 anos; massa corporal:
68,27 + 5,21 kg; altura; 164 + 8,29 cm) e 12 no GH (idade: 70,50 * 4,17anos; massa corporal: 66,36 +
10,20kg; altura; 157,33 + 7,90cm)].Todos os sujeitos foram informados sobre os procedimentos e partici-
param de forma voluntaria. O GTF foi submetido a 2 sessdes semanais de treino funcional constituido por
exercicios baseados nos padrdes de movimento fundamentais (agachamentos, levantamentos,
locomogdo em carga, empurrar/puxar e rotagdes). Cada sessdo de treino incluiu um periodo de
aquecimento de baixa intensidade, realizado na passadeira ou bicicleta ergométrica (5 a 10 min), um
periodo de exercitagdo com recurso a pesos livres, elasticos e maquinas de cabos (duracéo entre 35 a 45
minutos) e um periodo de retorno a calma (5 a 10 min). As sessdes de hidroginastica incluiram um
periodo de aquecimento (3 a 5 min), um periodo de treino cardiorrespiratério (20 a 30 mim), um periodo
de reforgo muscular (5 a 15 min) e, por fim, um periodo de alongamentos (5-10 min).

Para averiguar o impacto das 12 semanas de treino funcional vs. hidroginastica na estabilidade postural e
forca muscular os participantes deslocaram-se ao laboratério antes (TO) e apds os programas de inter-
vengdo (T1). A estabilidade postural foi avaliada em diferentes condigdes de base de sustentagdo: pés
paralelos a largura dos ombros (“Pés Paralelos”); pés posigdo tandem (“Pés Tandem); pés paralelos em
cima de uma esponja (“Sup. Inst.”). Estas posi¢des foram realizadas 3 vezes na condigdo de olhos aber-
tos, cada um delas com uma duracéo de 20 segundos. Todos os testes foram realizados sobre uma plata-
forma de forgas (Kistler, modelo 9260AA6, Suica) e posteriormente foi calculado o deslocamento da osci-
lagéo total do centro de presséo (DOT) e nas dire¢cdes antero-posterior (AP) e medio-lateral (ML) através
de rotinas escritas para o efeito em MATLAB®.

A avaliagéo da forga isométrica dos membros inferiores foi realizada através de um exercicio de cadeia
cinética fechada — isometric mid-thigh pull (IMTP) — sobre uma plataforma de forgas. O teste foi realizado
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com o sujeito na posigdo de semi-agachamento, sobre a plataforma de forgas, segurando a barra da ma-
quina multipower, que foi fixada, em altura, a meio da coxa do sujeito.

Para verificar o impacto dos programas de treino na forga muscular dos membros inferiores (IMTP) e es-
tabilidade postural (DOT e diregbes AP e ML), procedeu-se a analise das variancias, através do modelo
geral linear (GLM), para medidas repetidas com dois fatores [grupo (GTF e GH) x tempo (TO e T1)]. Sem-
pre que a hipdtese nula (igualdade de variancias entre células) foi rejeitada, estabeleceram-se compara-
¢des multiplas a posteriori, recorrendo-se ao teste de Bonferroni. Em todos os procedimentos estatisticos
foi adotado o nivel de significancia de 5% (p < 0,05).

RESULTADOS E DISCUSSAO

Apds 12 semanas de treino funcional, a forgca isométrica dos membros inferiores aumentou 20,8% (P <
0,05), ndo se tendo observado alteragdes deste parametro no GH. Os resultados alcangados com o GTF
estdo em consonancia com a revisao sistematica de Liu et al. [2], indicando que este tipo de treino pode
ter um impacto positivo na melhoria da forga muscular dos idosos. Ja na hidroginastica, outros estudos
verificaram o aumento da forca dos membros inferiores [3], ao contrario do nosso estudo que néo obtive-
mos diferengas significativas na melhoria da forga dos membros inferiores.

Na figura 1 estdo representados os valores DOT do COP, nas diferentes condi¢cdes de base de sustenta-
¢ao com olhos abertos, antes e apds as 12 semanas de intervencéo. Na realizagéo dos testes, pré e pds
treino, verificou-se um efeito tempo (P <0.001; Fig.1B), indicando que ambos os programas de treino re-
duziram significativamente o DOT do COP de forma similar em todas as condigdes (Fig.1A). Tal como
verificamos para o DOT global, observou-se um efeito tempo para o deslocamento da oscilagdo do COP
nas diregdes AP e ML, ou seja, ambas as metodologias produziram um decréscimo deste parametro (P
<0.001, para ambas as diregées).
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Figura 1 — Média e erro padréo do deslocamento da oscilagéo total do COP (DOT), obtida nas condi¢des de manipulagéo de
base de sustentagao (“Pés Paralelos”, “Posi¢do Tandem”, “Superficie instavel): (A), antes (To) e apos treino (T,); (B) média e
erro padréo do (DOT) de todas as condi¢cdes com visdo (média dos dados de todas as condigdes, momentos e grupos). *
para ambos os grupos, T4 significativamente diferente de Ty (P < 0,05). ** P < 0,001.

CONCLUSOES

O presente estudo indica-nos que 12 semanas de treino funcional ou de hidroginastica induzem uma di-
minuicdo do deslocamento de oscilagdo do COP semelhante. No entanto, a melhoria de forga muscular
apenas ocorreu apés 12 semanas de treino funcional, ndo se verificando alteragdes deste parametro no
grupo de hidroginastica.
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ABSTRACT

The present work consists of the development of finite element models in LS-DYNA to support the certifi-
cation of aircraft seats. The certification tests are based on dynamic tests with a properly positioned an-
thropomorphic testing device (ATD). The cumbersome of the certification tests are the time and cost, relat-
ed to the rigor and complexity associated with these, as well as the preparation for the correct positioning
of the ATD. The development of computational models to support certification promotes time and cost
reduction associated to these tests. Through the simulations carried out, the biomechanical response of
the ATD was evaluated by comparing the numerically obtained injury indices with the thresholds defined in
the regulations. The passenger kinematics during the dynamic tests was also analysed, being obtained a
good correlation of head trajectory with the experimental testing. Moreover, the stress distributions in the
structural components and their deformation, as well as the stresses in the restraint system were quanti-
fied, being crucial for the design of both structural components and restraint system, in order to improve
the crashworthiness of the seats and consequently reduce the severity of the injuries suffered by the occu-
pants.

KeyWords: Numerical Modelling, Crashworthiness, Injury Biomechanics, LS-DYNA

INTRODUCTION

The work is divided in two parts, the numerical model construction of the seat and its implementation in
order to carry out the simulations based on Part 25 regulation [1]. From the geometric model of the seat
represented in Figure 1 a) [2], and based on the simulations to be carried out, an analysis and decision
was made on which components would be modelled with Solid and Shell elements type. Since it is a quite
detailed model, both in terms of geometric details and in quantity of the constituent components, some
simplifications and care were taken to an appropriate and correct modelling as suggested by Bhonge and
Lankarani [3,4].

After defining the finite element mesh, the material models, section properties and contact modelling, the
connections of the structural parts were modelled for subsequent assembly of the final numerical model of
the seat. After this phase the existing ATD model for the LS-DYNA, Hybrid Ill percentile 50" Fast, is posi-
tioned and the constraint system (seat belt) is modelled as represented in Figure 1 b). Finally, the crash
pulse was imposed to carry out the numerical simulations that replicate the Certification Test Il depicted in
Figure 1 c).

.

a) b) c)
Figure 1. a) Geometric model of the seat; b) Numerical model; c) Certification Test Il

RESULTS AND DISCUSSION

Through the simulations carried out by Gomes [5], the biomechanical response of the ATD was evaluated
by comparing the numerically obtained injury indices with the thresholds defined in the regulations [1]. The
passenger kinematics during the simulation was also analysed and compared with the experimental tests
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carried out by [6], with emphasis on the assessment of the head trajectory depicted in Figure 2. Moreover,
the stress distributions in the structural components and their deformation, as well as the tensions in the
restraint system were quantified.
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Figure 2. Head trajectory during simulation of the Certification Test II

CONCLUSION

In this work a finite element model in LS-DYNA is presented to support the certification of aircraft seats. In
the analysis performed during the development of the model, several problems were detected associated
with the use of the numerical model of the passenger used, the Hybrid Ill Fast which is available in the LS-
DYNA. The ATD’s developed for the users of this commercial software are, in global terms, focused for
simulations of impact in the automotive area, for which the accelerations experienced are considerably
lower than the crash pulse in aviation regulations. After some corrections performed in order to properly
use the ATD model available, the numerical model developed based on a discontinued seat presents a
qualitatively good kinematic correlation with the experimental tests conducted in actual prototypes of a
different seat. Furthermore, the seat model presented a very rigid behavior with almost zero deformation
levels, which corresponds to the older aircraft seat design that were not intended to absorb energy during
crash event. The conservation of a survival space to safely guide the passenger kinematics is crucial in a
crash event, therefore both structural components and restraint system are essential parts to be consid-
ered in the design of an aircraft interior, in order to improve the crashworthiness of the seats and conse-
quently reduce the severity of the injuries suffered by the occupants.
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ABSTRACT

A pre-clinical test to discriminate shoulder performance is purposed. It consists of a finite element model
(FEM) of the implanted glenohumeral joint. Strain distribution inside the bone structures agree with the
clinical observations present in literature, suggesting that the FEM predicts bone behaviour in the presence
of a prosthesis and may be considered a pre-clinical test to evaluate shoulder implants performance.

Key-words: pre-clinical test, glenohumeral joint, anatomical prosthesis, finite element model

INTRODUCTION

Joint prosthesis are largely used and thousands are implanted in the most developed countries every year
[1]. With the popularity of hip and knee replacements, shoulder arthroplasty has been gaining space and
many prosthesis concepts and designs have appeared, assuring better success rates. However, the reality
shows that there continue to exist prostheses withdrawn from the medical market due to high failure rates.
According to Prendergast and Maher [2], the European regulations for medical devices does not evaluate
prostheses efficacy, not detecting problems leading to an unsuccessful surgery. Thus, the main goal of this
study was to develop a pre-clinical test to predict shoulder prosthesis performance after implantation.

MATERIALS AND METHODS

A FEM of the implanted shoulder joint, previously developed and validated by the authors, was used. The
FEM considers fourth generation composite left humerus and scapula (Sawbones®), and a
Comprehensive® Total Shoulder System (Biomet®), comprising a humeral implant and a glenoid implant
(two distinct designs). The muscles considered in the analysis were the subscapularis, supraspinatus and
the deltoid, and the joint was analysed in a 90° abduction. The CAD model of the prosthesis and the im-
planted glenohumeral joint are depicted in Figure 1, with mesh representation.

Figure 1. A, B, C: Modular Hybrid® Glenoid Base; D: Porous titanium post; E: polyethylene post, with evidence of the
titanium core; F: Comprehensive® Shoulder System, BIOMET®; G: FE mesh of the implanted shoulder model.

The FEM simulated a short-term condition considering a Coulomb friction between the prosthesis compo-
nents and the surrounding bone structure. The humeral shaft was constraint on all translational degrees of
freedom. The humerus was modelled with isotropic linear elastic properties [3], as well as the cortical bone
of the scapula [4]. Its trabecular bone was assumed as an anisotropic linear elastic material [5].
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RESULTS AND DISCUSSION

The clinical outcomes of the Comprehensive® Total Shoulder System available in literature [6], were eval-
uated, showing evidence of new bone next to the central titanium post in nearly all regions. The clinical
outcomes of the Anchor Peg Glenoid Component (DePuy) (polyethylene post) [7] were also evaluated,
where signs of bone ingrowth were identified around and between the flanges of the central fixation post.
The computed tomography scans (CT-scans) of both clinical outcomes were compared with FEM results
(see Figure 2). On the titanium-fixation-post, regions of bone ingrowth ((2500, 4000) pe) and of bone col-
lapse ((4000, 25000) pe) are found around the entire structure. On the contrary, those are mainly at the
flanges of the polyethylene-fixation-post (see regions 2, 3, 6 and 7 in Figure 2 (E and F)). These results
are in accordance with clinical observations, suggesting that the titanium-fixation-post is a better option, as
it allows new bone to grow around its entire porous surface, promoting better implant fixation.

The FEM also allowed comparison with humeral prosthesis component, not shown in this abstract.

J \_ij | Titanium-fixation-post

polyethylene-fixation-post

E, Min. Principal (pe)
(Avg: 75%)

| 8 7 e
:
i (0

\ 4000
.\ B

Figure 2. Titanium and polyethylene fixation post vs clinical results.

Coronal Plane

CONCLUSIONS
From the comparison between the clinical predictions available in literature and the numerical results
obtained, it is concluded that the developed FEM allows the prediction of short-term prosthetic behaviour.
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RESUMO

As orteses convencionais de joelho-tornozelo-pé (KAFO) sdo geralmente prescritas a criangas com
fraqueza muscular e instabilidades nestas articulagdes. A fungdo principal das KAFO é garantir a
estabilidade durante a marcha, bloqueando a articulagdo do joelho em completa extensdo. Porém,
caminhar com o joelho totalmente estendido requer um maior consumo energético, provocando cansago e
induzindo padrdes de marcha néo fisiolégicos. Uma nova geragdo de KAFO foi desenvolvida nos ultimos
anos que permite a flexdo do joelho durante a fase de balango mas bloqueia-o na fase de apoio,
garantindo desta forma a estabilidade. Esta nova geragéo é designada de SCKAFO (stance-control knee-
ankle-foot orthosis). Porém, esta nova geragdo ainda ndo esta disponivel comercialmente para a
populagéo pediatrica. Por outro lado, durante o crescimento, as criancas necessitam de trocar
frequentemente de ortese por outra de maior dimenséo. A solugédo apresentada de SCKAFO com hastes
ajustaveis ao comprimento, pode ser adaptada para diferentes comprimentos.

Palavras-chave: Ortese, SCKAFO, tecnologia assistiva, projeto biomédico

INTRODUGAO

A marcha humana é um processo complexo no qual diferentes segmentos do esqueleto se movimentam
de forma coordenada. Assim, os membros inferiores devem suportar todo o peso corpéreo durante a fase
de apoio do ciclo da marcha e devem coordenar os movimentos articulares para promover o avango
suave do centro de massa e ajustar o comprimento através da flexdo do joelho durante a fase de balango.
Isto exige forga muscular, mobilidade articular e coordenagdo dos movimentos pelo sistema nervoso
central. Assim, uma incapacidade de alguma destas fun¢des podera resultar em instabilidade da marcha.
Nestes casos, é prescrito o uso de KAFO’s. As KAFQO’s convencionais sdo constituidas por duas hastes
rigidas, unidas por uma articulagéo, que sao fixas paralelamente ao membro inferior. A articulacdo esta
normalmente bloqueada em completa extensdo, promovendo assim a estabilidade articular do joelho
durante ambas as fases de apoio e de balango, evitando o colapso da perna ao sustentar todo o peso
corporeo. Esta articulagdo poder ser manualmente desbloqueada para permitir sentar. Porém, estas
KAFO'’s convencionais ndo permitem a flexdo do joelho na fase de balango. Criangcas sem o joelho
articulado, apresentam um membro funcionalmente longo, recorrendo a movimentos compensatorios para
promover o seu avango na fase de balango, como a rotagao interna e inclinagéo posterior [1].

Novos conceitos de SCKAFQO'’s foram recentemente desenvolvidos, que permitem o bloqueio/desbloqueio
automatico da articulagdo do joelho em fungdo da fase do ciclo da marcha. Entre os diversos conceitos,
encontram-se sistemas mecanicos, electromecanicos ou hidraulicos [2, 3].

O projeto de érteses infantis continua a ser um desafio de engenharia, pois a maior parte das solugdes
disponiveis ndo sdo adaptadas a populagdo pediatrica, apesar de ser esta a etapa critica da aquisigao
definitiva do esquema corporal e dos padrées de ativagdo motora [4]. Atualmente, as criangas precisam
trocar de orteses conforme crescem, utilizando diversos dispositivos durante o periodo de aprendizagem
da marcha, e por esse motivo tém o seu desenvolvimento prejudicado pelo tempo de adaptacéo e,
algumas vezes, pela indisponibilidade da ortese que deveria ser disponibilizado pelo Sistema Nacional de
Saude.

O principal objetivo deste projeto foi o de desenvolver uma oértese infantil ajustavel, para criangas dos dois
aos seis anos de idade, capaz de estabilizar o joelho do paciente na fase de apoio e que permita a
rotacdo na articulagdo durante a fase de balango, desta forma reduzindo o consumo de energia,
facilitando a marcha de criangas com o joelho desarticulado. Tal projeto foi desenvolvido utilizando
ferramentas de desenvolvimento de produto e calculos analiticos e numéricos de dimensionamento dos
componentes, comuns aos projetos tradicionais de engenharia mecanica.

METODOLOGIA
O processo de desenvolvimento de produto pode dividir-se em trés etapas de projeto: projeto
informacional, projeto conceitual e projeto detalhado. Durante o projeto informacional, recolhem-se
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informagdes de produtos semelhantes e verifica-se o desenvolvimento cientifico da area. Os requisitos do
utilizador devem ser estabelecidos para que possam ser posteriormente traduzidos em caracteristicas
técnicas. Tais requisitos frequentemente estéo relacionados ao desempenho do produto durante o ciclo
de vida, ergonomia, seguranga etc. O levantamento dos requisitos para desenvolvimento da ortese foi
feito através de uma analise das solugdes de orteses para membros inferiores disponiveis no mercado,
das pesquisas cientificas na area e também baseado num questionario destinado a profissionais da
saude que possuem contato semanal com utilizadores de érteses para membros inferiores. Na fase de
projeto conceitual, sdo feitos os primeiros esbogos e decisdes de projeto de acordo. Algumas ferramentas
de desenvolvimento de produto s&o geralmente usadas para auxiliar o projetista na tomada de decisbes
no desenvolvimento de conceitos. Uma dessas ferramentas € o QFD (Quality Function Deployment). A
tradugéo das informagdes adquiridas, através dos questionarios, foi traduzida em requisitos de engenharia
através desta metodologia de projeto para planeamento e controle da qualidade denominada QFD.
Usando esta metodologia comum de desenvolvimento de produtos, os requisitos do utilizador sdo
convertidos em caracteristicas técnicas do produto.

Na ultima fase do projeto detalhado s&@o elaborados os desenhos a produgdo de protétipos funcionais e
testes de validagdo dos requisitos do produto. Na Figura 1 é apresentado um modelo do conceito de
SCKAFO desenvolvido neste trabalho.

Figura 1. Ortese projetada com vistas do mecanismo de acionamento de articulagéo (A), do mecanismo de bloqueio da
articulagdo (B) e do mecanismo de ajuste de comprimento da értese (C).
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ABSTRACT

A validated framework developed to analyse railway occupant safety is presented here. Contrary to road
passengers that are belted and have their kinematics guided during a crash accident, the inexistence of
restraints and the larger distance between contact features for the railway cabin interior decreases the
predictability on the kinematics of its occupants. Simulation results are evaluated considering the uncer-
tainty of the experimental procedures and the severity of the injuries is assessed and quantified using the
relevant criteria. It was found that introduction of a head padding conducted to a remarkable reduction of
the Head Injury Criterion (HIC), as intended, but at the cost of compromising the value of Neck Bending
Moment in Extension (NBME), which became critical. Finally, a selection of interior design variables are
considered and multi-objective optimization procedures are applied to achieve relevant reduction of inju-
ries.

Keywords: railway crashworthiness; secondary collision; impact biomechanics

INTRODUCTION

Passive safety research area deals with the study of structural components and systems of the vehicle,
including the different types of protection systems which ultimately protect its occupants and with the oc-
cupant impact biomechanics itself. The study presented here is concerns the identification of improved
coach interior layouts the inline seating layout during crash of railway vehicles, focusing on the protection
of its occupants.

Although there is a large body of work done in the biomechanics of impact in the automotive passive safety
research, not all criteria and injury thresholds can be directly used in railway passive safety either because
the occupant postures are different from those of the road vehicle occupants or due to the unconstrained
kinematics during impact. The lack predictability on the kinematics of the occupants when a railway acci-
dent occurs, requires the choice of appropriate modelling techniques, skill and care to develop the model
and simulation inputs, and relevant measurable output criteria, to obtain simulation scenarios that attest
the reality [2, 3]. The inline seating layout analysed here uses two rows of seats with a first-class pitch,
being the seats supported by a cantilever beam that is fixed to the side wall of the vehicle, being modelled
using nonlinear finite elements. The occupant is a multibody model of the Hybrid 11l 50" dummy seated in
the wall side seat, where the occupant is more exposed to injury [4]. The simulation of the inline seating
layout developed in MADYMO is presented in Figure 1 and was validated with the experimental test, being
the head injuries the most critical due to the contact with the frame of the front seat [4]. Consequently, a
padding improvement is proposed for analysis in this work, which consists in assembling a foam pad
around the backseat tube structure at head level. This foam increases ability for the energy absorption by
the backseat during the collision of the head, preventing direct contact of the head with the tubular struc-
ture.

PADDING IMPROVEMENT SCENARIO MODELLING AND RESULTS

Concerning the seat certification process in compliance with the EN 15085 [5], the modifications to analyse
for occupant protection must not change the global seat geometry and materials. With this essential prem-
ise, in previous works of the authors [6], improvements in the occupant safety were achieved at the cost of
the existent structural characteristics of the seat. Even with the significant reduction of the injury indices,
the HIC value obtained is above the moderate threshold level. Therefore, the concept proposed here is to
define a foam pad located on the backseat at head level, leading to a 59% reduction of the HIC value ob-
served. The drawback is the 200% increasing of the NBME value, becoming this injury index critical. Fig-
ure 1 presents selected frames of the occupant kinematics resulting from the padding improvement model.
The frames emphasize the contact of the head with the front seat, the maximum neck bending and the
rebound of the head from the contact.
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Figure 1. Selected frames of the kinematics of the occupant for the padding improvement scenario

For complying both injury indices below non-critical thresholds, a Design of Experiments is performed, for
which the design variables and limits are the modelling parameters identified in a sensitivity analysis: the
thickness of the backseat plate and the thickness of the padding. Consequently, a multi-objective optimiza-
tion problem is defined as the minimization of the functions defined by the surrogate models of the HIC and
NBME, implemented using NSGA-II [7], through the ‘gamultiob/ MATLAB function. Several designs in the
Pareto Front were achieved, being represented in Figure 2. These were analysed through a detailed nu-
merical simulation to evaluate the difference between surrogate and detailed model responses.
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Figure 2. Representation of the Pareto Front for the optimization problem with two objective functions (Surrogate models
of the HIC and NBME) and corresponding values in MADYMO model

DISCUSSION OF RESULTS AND CONCLUSION

In this work is proposed a methodology to improve the railway vehicle occupant passive safety for an inline
seating layout. The modifications of the seats not only address the injury indices that are more serious for
the reference scenario, but also that are feasible to implement without a significant increase in the costs of
development. A padding improvement concept analysis that consists in a foam pad mounted around the
backseat tube structure at head level is proposed here. This foam increases the ability for the energy ab-
sorption by the backseat during the head collision, preventing direct contact between head and the tubular
structure, being the drawback the significant increase of the value of the neck bending moment in exten-
sion. Therefore, it is proposed an identification of the parameters of the scenario with padding improve-
ment through optimization methods, to achieve solutions that conduct to a decrease of the HIC value, but
at the same time keeping the remaining indices below the lowest threshold values. The padding improve-
ment can be implemented with success, for example with a pad foam with 44.5 mm thickness and a reduc-
tion of 9.6% of the backseat plate thickness, the HIC reduces 47% at the cost of an increase of 54% of the
neck bending moment in extension index, though this value is kept below moderate threshold value.
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RESUMO

O acidente vascular cerebral (AVC) é uma das principais causas de incapacidade fisico-motora e morte
em todo o mundo. O numero de sobreviventes também aumentou, embora, na maioria dos casos, apre-
sentem sequelas graves e necessitem de procedimentos de reabilitagédo para melhorar a qualidade de
vida apés um AVC. Embora existam muitas ferramentas para apoiar a reabilitagdo destes pacientes, a
emergente evolugdo tecnolégica permite o desenvolvimento de sistemas que tornam a reabilitagdo mais
estimulante, auténoma e eficaz. Este trabalho expde uma contribuigdo para essa evolucédo, apresentando
um protétipo funcional para reabilitagdo de méo, designado por HRS - Hand Rehabilitation System.

Palavras-chave: Biomecanica de Reabilitagdo, AVC, Scratch

INTRODUGAO

O Acidente Vascular Cerebral (AVC) é uma das principais causas de morte e incapacidade no mundo,
afetando todos os anos milhares de pessoas. Gragas a consciencializagdo da populagdo com os sintomas
e perigos do AVC, e a melhoria na rapidez de intervengdo médica apds a ocorréncia dos acidentes, o nu-
mero de sobreviventes tem aumentado. Porém, mesmo com a rapida intervencéo, na maioria dos casos,
as pessoas vitimas de AVC sofrem graves sequelas, sendo necessario entrar em processo de reabilitagdo
fisica para poder recuperar algumas das fungbes fisicas perdidas aquando do acidente [1]. Contudo, ten-
do em conta a grande evolugao tecnoldgica a que se tem assistido e as mais-valias que estas trazem no
auxilio das avaliagdes médicas, é cada vez mais usual a utilizagdo de sistemas automatizados no apoio
as avaliagdes clinicas permitindo desta forma diminuir o erro obtido [2]. Também é consensual que o re-
curso a tecnologia podera dar um contributo valioso na recuperagao destas e doutras doencas, e fazé-lo
de forma mais motivadora para o paciente. O sistema biomecéanico que se apresenta, designado por HRS
(Hand Rehabilitation System) permite a implementacéo de protocolos de recuperagdo com diversas ativi-
dades associadas a méo, de uma forma descontraida e dindmica, contrastando com o padrdo dos habitu-
ais exercicios baseados na manipulagcdo de objetos e atividades do quotidiano. A inclusédo de sistemas
dinamicos e com avaliagdo em tempo real, permite integrar os pacientes de uma forma mais efetiva no
processo de recuperagdo, acompanhando os seus proprios progressos e fazendo a sua propria autoavali-
acdo. Sendo o HRS um sistema automatizado, este da maior autonomia ao paciente na realizagdo dos
exercicios, uma vez que o processo de avaliagao é feito pelo sistema, ndo sendo necessario um acompa-
nhamento a tempo inteiro do terapeuta durante a realizagéo dos exercicios.

HAND REHABILITATION SYSTEM (HRS)

O desenvolvimento do HRS conjugou a aplicagéo de diversas areas do conhecimento, desde o desenho e
producao de placas de circuito impresso (PCB), a modelacédo 3D, fabrico aditivo e subtrativo a programa-
¢ao e desenho grafico de aplicagdes informaticas. O prototipo (figura 1), combina o uso de componentes
estruturais com um conjunto de sensores conectados a uma unidade de processamento. O HRS integra
dezasseis elementos que podem ser divididos em quatro grupos principais: Base de Suporte, que permite
acoplar e proteger todo o circuito eletrénico, bem como servir de base para os demais componentes que
compdem o protétipo; Interface Grafica, composta por um computador, equipado com sistema operativo
Windows, que garante as comunicagdes entre os jogos e a aplicagcdo desenvolvida, assim como a apre-
sentagdo grafica das aplicagdes que interagem com o utilizador; Sistema de Jogos, composto por dez
componentes: duas luvas instrumentadas (méo esquerda e mao direita), seis botdes de acionamento,
distribuidos em forma de meia-lua, para facilitar o acesso da mao do utilizador e dois sensores piezoresis-
tivos (FSR). Estes elementos funcionam como interface de comando para a execugéo dos jogos que fo-
ram criados. O sistema de medigao de forga integra quatro componentes (uma folha, uma caneca, uma
bola e uma caneta) que fazem a interface entre o paciente e a célula de carga e visam simular diferentes
tipos de atividades do quotidiano, de modo a avaliar a forga de preensao do utilizador.
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Figura 1. Componentes do HRS

Tendo em conta um dos principais objetivos do projeto, a concegdo de um equipamento interativo com o
paciente, utilizando jogos para a realizagédo de exercicios e avaliagdes, foi necessario recorrer a software
de desenvolvimento grafico para elaborar as interfaces. Para o efeito foi selecionado um software especi-
ficamente desenvolvido para ser utilizado com o microcontrolador Arduino. Optou-se pela utilizagdo do
S4A, baseado no software Scratch [3], que permite elaborar jogos interativos com Interfaces simples.
Sendo que um dos objetivos passava por criar um conjunto de exercicios para avaliar e estimular a exe-
cugdo dos movimentos do membro superior, foram elaborados quatro jogos distintos e com carateristicas
especificas para cada exercicio implementado, designados por: Jump Ball; Rebenta a Bola; Coleta Estre-
las; Reagdo Luz. A interface destes jogos pode ser visualizada na figura 2.

Jump Ball

Rebenta a Bola

Coleta Estrelas

Reacéo Luz
Figura 2. Interface Grafica dos Jogos do HRS

TESTES FUNCIONAIS E CONCLUSOES

Os testes de funcionalidade foram feitos com terapeutas e pacientes, que participaram de forma voluntaria
e consciente nos testes, assinando um consentimento livre, esclarecido e informado. Os resultados obti-
dos evidenciaram a relevancia do HRS, permitindo concluir que redne as condi¢des necessarias para ser
uma ajuda efetiva no processo de reabilitacdo de pacientes vitimas de AVC, assim como podera ser uma
ferramenta de apoio aos terapeutas no exercicio da sua fungao.
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RESUMO

As ortoteses do tipo tornozelo-pé (AFO) sao produtos de apoio frequentemente prescritos a doentes com
hemiparesia espastica, tendo como objetivo o controlo mecanico da espasticidade, do enfraquecimento
muscular e da instabilidade articular na ligagao tornozelo pé, permitindo, desta forma, uma melhoria no
padréo de marcha destes individuos. Este trabalho apresenta um conjunto de ideias e o estudo inicial com
vista a introdugdo de diversos sensores numa AFO, que permita a interpretacdo de parametros associa-
dos a marcha espastica, a partir da informagao proveniente do seu comportamento estrutural.

Palavras-chave: AVC, Marcha Espastica, Biomecanica de Reabilitagdo, AFO Instrumentada

INTRODUGAO

Anualmente, em todo o mundo, milhares de pessoas sofrem de acidente vascular cerebral (AVC) e de
traumatismos do trato corticoespinhal, muitas delas com consequéncias fisicas permanentes como por
exemplo, a hemiplegia espastica [1]. Essa incapacidade fisica reflete-se num conjunto de défices motores,
sensoriais, visuais e cognitivos, resultando numa desorganizagdo dos mecanismos reflexos complexos,
que constituem a base do movimento voluntéario elaborado. Os efeitos dessas deficiéncias acabam refleti-
dos nas caracteristicas cinematicas e dindmicas do ciclo da marcha. A diminuigdo da velocidade e do
comprimento da passada, a alteragdo da cadéncia e as modificagdes dos padrdes da marcha sdo algu-
mas das consequéncias da marcha hemiplégica espatica [2-4].

A evolugdo clinica de um paciente portador de uma deficiéncia motora resultante de lesdo do neurénio
motor superior depende, entre outros fatores, dos mecanismos de plasticidade cerebral que sdo potencia-
lizados por estimulos externos repetitivos ao longo de meses ou anos de reabilitagdo com fisioterapeuta
[5]. Além das diversas modalidades fisioterapéuticas disponiveis para o tratamento de pacientes com he-
miplegia espatica, a medicina oferece também recursos farmacoldgicos que incluem a aplicagao de toxina
botulinica. Acresce ainda, o consenso internacional de que a redugdo da espasticidade localizada (ou
seja, nos membros superiores ou inferiores) e a melhoria do desempenho funcional dos pacientes é mais
eficiente com uma combinacgéo de toxina botulinica e fisioterapia [6-7]. Contudo, o efeito da aplicagdo da
toxina botulinica tem duracéo limitada, necessitando de repetidas aplicagdes para que o efeito seja manti-
do.

Além disso, deve ser tido em conta que alguns individuos com hemiplegia podem beneficiar com a utiliza-
¢ao de algum tipo de ortétese para estabilizar a articulagéo, ajudar com a caminhada e manter o tronco
ereto durante as atividades de fisioterapia. Com esse objetivo, propomo-nos a desenvolver uma ortétese
tornozelo-pé (AFO) instrumentada, que permita a interpretagcdo biomecanica da postura do pé, a evolugédo
da recuperacdo da marcha espatica e também, a evolugdo do efeito da toxina botulinica de modo a ante-
ver a proxima aplicacdo, que depende, entre outros fatores, da intensidade da resposta a aplicagdo, do
tamanho do musculo, da atividade muscular e de fatores individuais.

O foco deste trabalho consiste em estimar os movimentos patolégicos das trés articulagdes mais impor-
tantes do pé (articulagao tibiotarsica - dorsiflexdo e flexdo plantar; articulagédo subtalar - inversao e ever-
sdo; articulagdo médio-tarsica - adugdo e abdugdo), tendo como base a informacdo do comportamento
estrutural de uma AFO. Analisando as deflexdes e as deformagdes da AFO na zona inferior da perna,
estes movimentos podem ser quantificados. Dessa forma, analisando a flexdo maxima do movimento e a
deformacéo produzida em diferentes zonas da AFO ¢é possivel idealizar o local onde colocar os respetivos
sensores. Os movimentos de dorsiflexao e flexao irdo impor elevadas amplitudes de flexdo. A escolha do
sensor que ird monitorizar esse movimento tera de ter em conta a sua amplitude maxima. Por outro lado,
a monitorizagdo dos movimentos de inversdo e aversdo assim como adugdo e abdugdo requerem uma
analise cuidada das dire¢des principais de deformacéo, em planos diagonais da parte anterior da perna,
de modo a otimizar o sensor a colocar. Para além disso, pretende-se implementar técnicas de “energy
harvesting” neste tipo de instrumentagdo. Assim, importa determinar os pontos de maxima deformacéo
para maximizar do rendimento dos transdutores piezoelétricos a utilizar. Para a correta avaliagdo dos pa-
rametros envolvidos, é necessario identificar e estimar o comportamento mecéanico da AFO a instrumen-
tar, por forma a escolher a melhor posigdo para colocar os sensores que se pretendem implementar, no-
meadamente de flexdo, inclinagao, forga, geradores piezelétricos de energia, acelerémetros, entre outros.
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ESTUDO NUMERICO PRELIMINAR

A avaliagdo numeérica preliminar considera uma AFO em material polimérico (figura 1 a), habitualmente
utilizada por pacientes com hemiparesia ou hemiplegia espastica. A primeira etapa do trabalho inclui um
processo de engenharia inversa, recorrendo a um Scanner Sense 3D e ao software Geomagic, que permi-
tiu obter a geometria 3D da AFO considerada (figura 1 b). O estudo numérico da AFO foi desenvolvido
com base no método dos elementos finitos, através do software Solidworks, com um modelo do tipo casca
obtido com elementos triangulares parabdlicos de 6 nés e 6 graus de liberdade por n6 (3 translagdes e 3
rotagbes). A figura 1 — ¢) mostra a malha de elementos finitos, (21230 Elementos), e a figura 1 c) uma
distribuicdo de deformagdes numa diregéo definida no plano sagital. As condigdes de fronteira do modelo
consideram a restricdo de todos os graus de liberdade na zona superior da AFO, correspondente a zona
equivalente ao contacto com o musculo da perna numa situacgao de utilizagéo.

Figura 1. AFO considerada: a) Instrumentada com a extensémetros lineares; b) Modelo 3D da AFO; c) Malha de ele-
mentos finitos; d) Distribuicdo das deformagdes numa direcéo aproximada ao eixo da perna.

A figura 2 apresenta a distribuicdo de deformagdes na diregao relativa ao eixo da perna, para a solicitagao
considerada (10 N na extremidade da AFO), assim como a a curva com um conjunto de valores discretos
de deformacéo.

P L r—
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Figura 2. Distribuigéo de deformagdes e valores discretos para um teste com carga de 10N.

A partir dos resultados da simulagdo preliminar é ja possivel identificar a posicdo mais adequada para
colocar um “energy harvester’ de forma a maximizar a sua poténcia gerada, ou ainda escolher a localiza-
¢ao que salvaguarde as restrigdes mecanicas impostas por um sensor de flexdo.
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ABSTRACT

The advancement of virtual reality technology has enabled new systems to be developed for physical re-
habilitation purposes. Although these types of systems are just starting to be used, studies have shown
they are effective and improve patient’s enjoyment and motivation. This document presents a prototype of
a computer interface and features of a future web application to be developed in the context of the
ExoBike project. This is a system with rehabilitation purposes enabling the recovery, training and early
diagnosis of patients with physical and neurodegenerative diseases. The ExoBike project is a work still
under development, which not only includes mechanical and electronic equipment but also computer
applications. The current step, which is the main aim of this paper, is to improve the prototype of the
computer interface, in order to proceed to the development of a web application to be used by medical
professionals and patients. Subsequently, usability and user experience tests will be conducted in order to
evaluate and validate the ExoBike system.

Keywords: Rehabilitation, Stationary bicycle, Virtual reality, Biomechanics

INTRODUCTION

In recent years, advancements in technology associated with innovative methodologies have allowed the
development of innovative systems based on virtual reality, with the purpose of studying and analysing the
impact of such systems in the rehabilitation process of patients. Virtual Reality technology (VR) has been
used for several decades in different areas, including physical rehabilitation (Greenleaf & Tovar, 1994;
Kuhlen & Dohle, 1995). Although traditional face-to-face rehabilitation methods have been used for many
years, one study (Howard, 2017) concludes that, even though virtual reality-based rehabilitation systems
are just starting to be used, they are already more effective than traditional rehabilitation methods, bringing
additional enjoyment and motivation. The work component presented is an integral part of the deve-
lopment of a system called ExoBike (Gomes et al., 2018) for the rehabilitation of individuals who suffered
injuries, as well as in the recovery, training and early diagnosis of patients with physical and neuro degene-
rative diseases. The ExoBike is a mechanical equipment similar to a bicycle that takes over the function of
an exoskeleton, with a set of sensors and actuators that enables a dynamic system that adapts to the
needs of patients. Patient movements are monitored through a set of wireless sensor networks, comple-
mented by a virtual reality solution strongly correlated with reality. The ExoBike allows medical professio-
nals to put into practice adapted therapies with adjusted efforts for different patients until a specific goal is
achieved.

ARCHITECTURE

The architecture of the ExoBike system (Figure 1) is divided into three main modules: Bicycle and sensors,
Central processing and Clients. The sensors module is composed of the mechanical component and the
multiple sensors (inertial and force sensors, oximeter, electrocardiogram, electroencephalography and
electromyography). The central processing module is where all processing, storage and data flow from
sensors and clients takes place. The client’'s module is composed of web clients (Professional Medic and
Patient) and the virtual reality client. The data captured by the sensors is transmitted to the "Input/Output”
component. This component is responsible for receiving the raw data and sending it to the several "post-
processing modules". These modules are responsible for processing and analysing the raw data, using
sensor fusion algorithms, to generate usable data to be used in other components of the system and to
generate useful information for medical professionals. As raw data is processed, it is inserted into the da-
tabase and sent to the "Medical Professional" and "Virtual Reality" clients through the "Data Access" com-
ponent. The data flow that takes place while the patient is having a session on the bicycle is performed in
real time. The "Data Access" component also allows the "Medical Professional" and "Patient" clients to
access the data stored in the database at any time through a web API (Application Programming Inter-
face).
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Figure 1. Architecture of the ExoBike system

MEDICAL PROFESSIONAL PROFILE

The web application allows a medical professional to monitor patient’s therapy sessions, as well as evalu-
ate their progress. A medical professional can customize a session according to the patient and his/her
medical condition, in order to monitor the patient in the way the professional considers to be the most con-
venient. Before a medical professional starts a session, it should be set up using the following steps:
choosing a patient, which includes selecting a patient from the patient list; set the bike parameters, in other
words, adjust the height and the inclination of the saddle as well as the height of the handlebar; define the
goals of the session, which means, the type of session (training or evaluation) and other objectives such
as the number of laps of the circuit, a minimum speed to be achieved during the course or a minimum ses-
sion duration to be achieved; and choose the data to be viewed/monitored (such as heart rate, blood pres-
sure, oximetry, current speed, distance travelled, pedal force, grasp force, centre of gravity on the saddle,
back inclination and knee angle). The goals are not only intended to challenge the patient to do better, but
also avoid the monotony of the rehabilitation process, improving the effectiveness of the treatment. When
there’s an ongoing session, the values related to the sensors are updated according to the frequency de-
fined for each one, and in this way the medical professional monitors the session in real time. During a
session the medical professional has the possibility to change the data that is being monitored, adding or
removing data that is needed, and also to view how near or far the patient is from his/her goals when com-
pared to the defined goals. The session ends after the patient has reached the defined goals or if the med-
ical professional stops it manually.

PATIENT PROFILE

The patient, who rides the bicycle during the therapy sessions, is motivated by a virtual environment, visu-
ally attractive, composed of several gamification strategies and a scenario that simulates a real environ-
ment. The scenario intends to represent a natural landscape, where there are several trees, a lagoon,
buildings, and several fixed circuits that the patient will have to follow. The choice of a scenario based on a
natural landscape aims to provide the patient with a fun yet calm and serene experience. As the patient
rides the bicycle during the therapy session, the carried-out effort is reflected in the virtual environment,
which can be viewed through a monitor that will be in front of the patient, or through a virtual reality head-
set. The patient can authenticate in the web application, where personal information and several session
details could be viewed.

CONCLUSION AND FUTURE WORK

This document presents a prototype of a computer interface and features of a web application being de-
veloped in the context of the ExoBike project. In the ExoBike system, the computer interface has a great
importance in the functioning of the whole system. It is through the computer interface that information
collected in real time from sensors, included on the bicycle and on the patient, can be used by the medical
professionals, directly or after processing, in the adequacy of the efforts and in the training plan to be per-
formed by a patient, in the analysis and evaluation of a patient's progress. Subsequently, usability and
user experience tests will be conducted in order to evaluate and validate the ExoBike system.
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RESUMO

O objetivo do estudo foi comparar um sistema de sensores inerciais (SSI) com um sistema de 6tico (SO)
de camaras infravermelhos na recolha de variaveis cinematicas do membro superior dominante (ombro e
cotovelo) durante execugdo do gesto técnico de direita no ténis. Seis jogadores experientes e quatro de
nivel amador realizaram cinco batimentos de direita contra uma lona de algodédo de 4x3 metros. Os dados
cinematicos foram capturados através do SSI (Xsens MVN) sincronizado com SO através do software
Qualisys Track Manager. O processamento de dados foi realizado com software Visual 3D. Para compara-
¢ao dos dados de ambos os sistemas foi utilizado um coeficiente de correlagdo multipla (CMC) e a raiz do
erro quadratico médio (RMSE). Os resultados demonstraram maior precisdo do SSI na rotagdo inter-
na/externa do ombro com valores médios de CMC de 0.96 e de RMS de 5,1°. De forma geral o SSI apre-
sentou uma muito boa precisdo comparativamente ao SO.

Palavras-chave: Xsens MVN, performance, direita no ténis, sensores inerciais.

INTRODUQAO

No ténis o gesto técnico de direita € o segundo batimento mais importante ', no qual a pericia desenvolvida
pelos atletas representa um fator critico para atingir uma performance de exceléncia 2. Os estudos cinema-
ticos nesta area utilizam na maioria das vezes SO 3* assim como em outras modalidades. Apesar de serem
considerados os sistemas de referéncia para analise cinematica ° os sistemas de camaras sdo normalmente
utilizados dentro dos laboratorios representando um consideravel esforgo quando utilizados fora do labora-
torio 8.Um Sistema alternativo sdo os SSI, apresentado vantagens por serem mais leves, portateis e terem
um baixo consumo de energia, simplificando a recolha de dados fora do laboratério 7. Estudos nesta area
avaliaram a precisdo dos SSI| comparando-os com sistemas optoelectrénicos. Robert-Lachaine et al.,
(2017b) demonstrou que as diferengas ao nivel do ombro quando comparados 2 modelos biomecéanicos
diferentes podem chegar aos 40°RMSE, por outro lado demonstrou que os Sll Xsens MVN apresentaram
uma maior precisdo quando através da “T-pose” comparativamente com a “N-pose” Robert-Lachaine et al.,
(2017a). Outro estudo ° comparando os dois sistemas durante a marcha refere que o SSI Xsens é mais
preciso na flexdo/extenséo do joelho (CMC>0,96). Blair, Duthie, Robertson, Hopkins, & Ball, (2018)'° de-
monstraram niveis aceitaveis de validagao nos sensores inerciais para os membros inferiores quando com-
parado com um sistema optoelectrénico em remates de diferentes modalidades, defendendo o uso de SSI
em movimentos de alta velocidade. Varios estudos demonstraram a precisao e confiabilidade dos SSI, no
entanto o grau de precisdo é especifico da tarefa, sendo normalmente comparados com sistemas optoe-
lectronicos®. Apesar de existirem varios estudos realizados, ndo encontramos referéncias a comparagéo
deste sistema no ténis, mais especificamente no gesto técnico de direita. Deste modo, o objetivo deste
estudo foi comparar a cinematica do membro superior dominante e tronco com um sistema optoelectrénico
durante a execugao do gesto técnico de direita no ténis.

METODOS

Participaram neste estudo 10 jogadores de ténis (6 experientes e 4 amadores). As recolhas experimentais
foram realizadas no laboratério de biomecanica e morfologia funcional da faculdade de motricidade humana.
Cada participante realizou 5 repeticbes do batimento de direita contra uma superficie de algoddo de 4X3
metros. Medidas antropomeétricas de altura, envergadura, altura do joelho e coxa, largura e altura dos om-
bros foram utilizadas no modelo de SSI. Estas medidas combinadas com os procedimentos de calibragao
(n-pose, walk e t-pose) serviram para o alinhamento dos sensores com os segmentos de cada participante
1. Para a construgdo do modelo construido a partir de marcas refletoras ao qual chamaremos modelo 6tico
(MO), o qual serviu para comparar os resultados do SSI foi obtido através de 9 camaras (Oquos 300). Foram
utilizadas 84 marcas refletoras (25mm de didametro), colocadas no 1°, 2° e 5° metatarso, calcaneo, maléolo
medial e lateral, epicondilo lateral e medial do fémur, espinhas iliacas antero-superiores e espinhas iliacas
postero-superiores, C7, T10, externo, apéndice xifoide, cabega do radio e ulna, acromio clavicular, epicon-
dilo lateral e medial do umero e 2° e 5° metacarpo. Foram também utilizados oito clusters com 4 marcas
refletoras cada que foram colocados nas pernas, coxas, bragos e antebragos. O SSI consiste em 17 Sl que
foram colocados nos pés, pernas, coxas, pélvis, externo, cabega, omoplatas, bragos, antebragos e méaos.
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Os dois sistemas foram sincronizados entre o software Xsens MVN Analyse (version 2018.0.3) e o Qualisys
Track Manager (version 2.17) e capturados a 240Hz. Os dados cinematicos foram tratados no software
Qualisys Track Manager 2.17 e processados no Visual 3D (C-motion, Inc. Germantown, USA). A seme-
Ihanga entre as curvas dos dois sistemas foram avaliadas entre os angulos medidos pelo SSI e pelo SO
utilizando um coeficiente de multipla correlagdo (CMC)'2. Estes valores foram previamente utilizados para
quantificar a semelhanca entre curvas onde valores entre 0.75-0.84, 0.85-0.94 e 0.95-1 sdo considerados
bom, muito bom e excelente'® respetivamente. Foi também utilizada a raiz do erro quadratico médio (RMS)
para comparar as curvas entre os sistemas.

RESULTADOS E DISCUSSAO

Os resultados representativos de um participante sdo apresentados na figura 1. A rotagéo interna e externa
do ombro parecem ser as curvas que mais se assemelhas, sendo esta semelhanga entre as duas reforgada
pelo maior valor de CMC (0.97). Os valores médios de RMSE e de CMC para dos 10 sujeitos comparando
entre os dois métodos foram de 12.8+5.4° e 0.83, 16.0£7.8°¢ 0.93, e de 16.2+5,1° e 0,96 no que diz ao
ombro no eixo antero-posterior, medio-lateral e axial respetivamente. Os valores médios para os para o
cotovelo no eixo medio-lateral foram de 12.38+6,0° RMSE e CMC 0,80.

Cotovelo

77a

ExtoFieie)
cSmMc(o.93) ,

.0 =o' "Yoo.0

Figura 1 — Curvas e valores de CMC durante uma execugéo do batimento de direita de um participante desde o inicio
da fase de aceleragdo até ao final da fase de finalizagdo. A linha sélida representa o SO e a linha a tracejado repre-
senta o SSI. A linha vertical o instante do impacto.

O sistema de sensores inerciais parece ter uma excelente capacidade de estimar a rotacéo interna e externa
do ombro e muito boa em movimentos de flexdo/extenséo e abdugdo/adugdo do ombro, com uma elevada
semelhanga nas suas curvas durante a fase de aceleracéo até ao final da fase de acompanhamento numa
direita no ténis. Os resultados de RMSE nos trés eixos articulares do ombro sdo inferiores ao reportados
num estudo® que comparou um SSI com um SO em tarefas de manuseio de materiais, sendo os de CMC
superiores. Por outro lado, esse mesmo estudo apresentou um valor de CMC para a flexdo/extensdo do
cotovelo ligeiramente superior (0.96). Valores semelhantes (CMC<0.96) foram reportados® nos movimentos
de flexdo/extenséo das trés articulagdes do membro inferior.na execugdo de varias atividades. Podemos
considerar que os resultados representam uma boa validagdo relativamente do SSI quando comparado
com o SO. Todavia é necessaria alguma cautela sempre que se comparam sistemas e movimentos distin-
tos.
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RESUMO

As tecnologias em geral tém avancado significativamente ao longo dos anos. A fabricagéo aditiva € uma
das tecnologias que estd em constante crescimento numa questao de aplicagdes, materiais, processos e
maquinas. Existem alguns constrangimentos em consequéncia do crescimento acelerado, sendo que em
alguns casos os modelos precisam de construir estruturas de suporte o que torna o processo de produgéo
mais lento, acrescido do facto de modificar a rugosidade da superficie de contacto entre a pega e as es-
truturas de suporte. No caso de pegas frageis, a remogdo manual ou por dissolugdo das estruturas de
suporte, podera ainda danificar a pega pretendida. Um exemplo de pegas frageis, onde a remogéo das
estruturas de suporte podera por em causa a viabilidade da pega sédo os scaffolds, que sdo implantes
temporarios para aplicagdes de engenharia de tecidos e/ou medicina regenerativa no sector da saude. Os
scaffolds sdo geometrias altamente porosas, tornando complexo a remogéo das estruturas de suporte de
forma manual e ndo podem ser contaminadas por solventes como no caso da dissolugdo das estruturas
de suporte. Assim sendo, o foco deste estudo é avaliar a necessidade da existéncia de estruturas de su-
porte num conjunto de modelos definidos com uma geometria especifica. O trabalho consistiu por produzir
modelos com paredes inclinadas através do processo de FDM para perceber os diferentes comportamen-
tos das formas e concluir até que ponto é possivel produzir uma peca sem estruturas de suporte dentro
dos parametros definidos.

Palavras-chave: Fabricacéo aditiva, FDM, Material de Suporte, Paredes Inclinadas, Aplicacdes Médicas.

INTRODUGAO

As tecnologias aditivas tém emergido de forma exponencial em varios sectores industriais, nomeadamen-
te no sector da sauide. Neste sector em especifico, os processos de fabricagéo aditiva tém sido utilizados
para a produgdo de implantes exteriores e interiores ao corpo com solu¢des de implantes permanentes e
implantes temporarios. Os implantes temporarios, também designados por matrizes de suporte
(scaffolds), séo utilizados para aplicacdes de medicina regenerativa e engenharia de tecidos (Almeida et
al. 2018). Neste caso em particular, os processos de fabricagdo por extrusao tém sido bastante desenvol-
vidos pela capacidade de processar uma larga gama de materiais poliméricos, sendo o processo de fabri-
co mais utilizado.

O processo de fabricagao aditiva por extrusao foi desenvolvido por Scott Crump sob designagéo de Fused
Deposition Modelling (FDM). Este processo baseia-se na extrusdo de um material termoplastico através
de uma pequena fieira. O material sob a forma de fio é alimentado através de uma bobine. Uma cabega
de extruséo varre a area requerida para depositar o material de modo homogéneo em cada camada, no
qual vai solidificando durante o arrefecimento. Quando a camada se encontra completamente preenchida
a plataforma que suporta o objeto em construgéo é ajustada em altura e o ciclo de extrusdo para deposi-
¢do de uma nova camada € iniciado (Almeida et al. 2018). Para auxiliar a produgdo da pega no espago
tridimensional, a cabega de extrusdo possui um segundo bico para a extrusdo de material para o fabrico
de suportes. No final do fabrico da pega, as estruturas de suporte séo removidas de forma manual ou por
dissolugdo num liquido solvente.

Em relagdo a produgdo dos scaffolds por processos de extrusédo aditiva apresenta um cuidado adicional.
Os materiais a serem utilizados para a produgéo dos scaffolds tém de ser biopolimeros e possuir proprie-
dades de biocompatibilidade (Almeida et al. 2018). O facto de os materiais em si ja serem sensiveis, ma-
nusear os implantes manualmente ou aplicar uma solucdo solvente para os remover, resultara numa con-
taminagao do scaffold. Inumeros investigadores e fabricantes de maquinas tém desenvolvido estratégias
de fabrico por forma a evitar a construgao de estruturas de suporte.

Considerando que os processos de fabricagédo aditiva sdo capazes de produzir modelos fisicos sem qual-
quer limitagdo geométrica, a mesma tem de ser garantida quando a produgdo ocorre sem estruturas de
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suporte. Para que se possa dar resposta a esta questéo, o objetivo consiste em proceder a avaliagéo di-
mensional de pegas que foram produzidas sem estruturas de suporte.

MATERIAIS E METODOS

Em aplicagbes médicas, os scaffolds podem ter geometrias altamente complexas, que neste caso, iria
tornar o estudo mais complexo e de dificil execugdo. Neste sentido, para que se possa fazer o estudo
proposto, decidiu-se produzir geometrias conicas com varias inclinagdes de parede (ver figura 1) em ma-
terial ABS e na impressora Mojo da Stratasys. O equipamento Mojo é um sistema de produgdo fechado
onde ndo é possivel mudar varidveis de processamento, ficando somente em analise a necessidade de
estruturas de suporte em fungdo da geometria. Apos a sua produgao, recorreu-se a um equipamento de
digitalizagdo 3D ATOS Core para captar o modelo digital da pega produzido. Apds a obtengédo dos mode-
los digitais dos modelos fisicos, o passo seguinte consistiu em efetuar uma comparagdo geométrica entre
os modelos digitais obtidos e os modelos CAD originalmente modelados para a produgdo das pegas no
equipamento de FDM.

v I

Figura 1. llustragdo dos modelos utilizados no estudo.

RESULTADOS E DISCUSSAO

Esta pesquisa detalha uma analise experimental em modelos impressos por FDM com diferentes paredes
inclinadas sem a existéncia de estruturas de suporte durante a produgdo. De acordo com os resultados
observados, tornou-se evidente que paredes inclinadas necessitam de estruturas de suporte quando é
necessario garantir o rigor dimensional das pegas na produgéo. A figura 2 ilustra uma avaliagdo 3D e uma
avaliagdo 2D entre o modelo CAD e respetivo modelo fisico.

Figura 2. Comparagéo entre o modelo CAD original e o modelo digitalizado: a) avaliagdo 3D e b) uma avaliagéo 2D no
plano.

Ainda foi possivel observar que quando o angulo diminui, o0 modelo torna-se mais fragil. Devido a forma
como o modelo esta a ser construido, em cone invertido, faz com que a quantidade de material deposita-
do em cada camada va aumentando porque o perimetro da deposigéo é cada vez maior. Deste modo a
maior quantidade de material a aderir na nova camada é cada vez mais dificil e entdo, para angulos me-
nores, a estrutura colapsa sendo necessaria a utilizacdo de estruturas de suporte.

A remocéao da estrutura de suporte pode danificar o modelo, criando uma superficie aspera. Em casos de
modelos de paredes com espessuras muito finas, o modelo pode colapsar durante a remogao dos supor-
tes.
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ABSTRACT

The design of medical devices is a very complex domain that requires profound knowledge in many differ-
ent fields. For that reason a multidisciplinary team should be involved during the development of the de-
vice. This fact generates in many cases several problems during the development process. A way to solve
this is by establishing a designing methodology that will structure the designing process. The present work
developed an orthosis design methodology to guide the mechanical designer during the development of
articular orthosis. This methodology was then applied to the development of a postural brace to help in the
treatment of camptocormia.

Key words: Biomedical devices, biomedical design, design methodology, orthosis, brace.

INTRODUCTION

The domain of medical devices is very demanding since the pleasant contact between device and user is
a huge requirement. Orthotics is a good example of this. However, being a class 1 medical device, there
are no strict rules imposed during the development process. Because of that, it often lies on the empirical
knowledge of the companies, which may originate unadapted products and consequently the abandon by
the users.

One way to work around this problem is by applying design methodologies that should be used during the
orthotics development process, taking into account the different knowledge domains that are required for
the development of an orthosis.

According to this, the objective of this work was to establish a design methodology to structure the orthosis
development process and then apply it to the development of a new orthosis to help in the treatment of
camptocormia.

This disease is characterized by the anterior-flexion of the trunk during both walking and standing posi-
tions. This flexion increases with the fatigue, but it is completely reversible, which means that the patient
may redress himself by pushing the waist with his hands or laying against a wall [1], [2].

MATERIALS AND METHODS

An orthosis typology (orthosis with mechanism and orthosis without mechanism) and its life cycle were
defined, in order to identify precisely which needs and domain knowledge is necessary in each step of the
development process (Figure 1).

The proposed methodology was composed by six stages (mechanism research, concept, displacement
and dimensional constraints, comfort adaptations, blocking definition, orthosis definition and orthosis de-
sign qualification) and was based on Pahl & Beitz typical development process (conceptual design, em-

bodiment design, and detailed design) [3].

| |

Without mechanism With mechanism
(ONW) (OWMm)

| \
\ [

Defarmable { Rigid } [ Positioning }

Figure 1: Orthosis typology.
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Through the medical domain that composes the designing team the orthosis specifications were defined
(Table 1).

Table 1: Brace design specifications.

N Functions Criteria Level
1 Admit a vertical adjustment Ty 0<Ty<200mm
E 2 Be easily removable Tasks Tasks < 4
€ 3  Reducethe number of Solids Solids < 4
£ solids
[5] H ’
3 4 Resist to the collapse of Euler's Euler’s force < 100N
= the trunk force
5 Be lightweight Mass m < 300g
N Functions Criteria Level
6 Easy positioning Steps Steps < 5
£ Reproducible positioning Mass m < 500g
2 7 Admit a morphological fit Visual Visual marks > 1
2 marks
n 8 Easy opening Squashing 5% < Squashing <15%
9 Easy positioning Steps Steps < 2

RESULTS

Based on the defined specifications the mechanical design team developed a design methodology and a
brace capable to redress the trunk of the camptocormia patient. An articular mechanism composed by
three pivot links which permits vertical displacements between the two supports.

DISCUSSION/CONCLUSIONS
The orthosis design methodology developed in this work, used in the development of a brace to treat
camptocormia, permits to structure any orthosis design process.
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ABSTRACT

Despite antibiotics preventive treatment, before and after an implant implementation, risks of infection are
real. These infections at the implant surface develop in a few months after applying them into the body. To
prevent the development of bacteria and to reduce the risk of infection, implants coated with nanoparticles
come into use.

The Mechanical Department of the Technical University of Gdansk carried out a research with the use of
bone cement and metal nanoparticles used as an alternative to antibiotics [1-3]. Thus far, bone cement
was used without supplement or with one or two drugs.

These new experiments included pure bone cement with nanometals, without drugs. The titanium speci-
mens were covered with such coatings. Some specimens were inserted into rat's thigh for six weeks.
Afterwards the implant was removed from the body and examined by means of scanning electron micro-
scope. The results of the research were positive: there was a good adhesion of osteoblasts on the implant
surface and there were no traces of infection.

Biological researches have also been carried out. Boneless samples were placed into a bacterial liquid
generated by the researcher (Registered patent no P409082). This liquid contains the five most common
bacteria in the human body. Simultaneously mechanical and corrosion researches were carried out.

As a result, this study concerns bone cement with nanoparticles, used as an alternative to antibiotics.

Key words: titanium, bone cement, nanoparticles, bacteria, biomedical applications

INTRODUCTION

Joint replacement procedures (JRP), such as hip and knee replacements, are increasing worldwide due to
an aging population and risk factors such as obesity. Joint prosthetic infection (JPI) is a serious problem
that not only reduces the success rate and increases the need for revision surgery, but can also lead to
death. The treatment of this infection is complex and requires aggressive surgery and long-term antimicro-
bial therapy, which is costly for health systems [1, 2].

The bone cements™ major function is to fix the implant to the adjacent bone; they are also frequently used
to release antibiotics for the prophylaxis and treatment of JPI. The use of antibiotics loaded bone cements
is a standard practice in JRP with concomitant systemic antibiotics. Local release of antibiotics is preferred
over systemic release, because of higher concentrations and local delivery avoiding side effects associat-
ed with systemic therapy [1, 3, 4].

MATERIALS AND METHODS

The insertion of implants into human body carries the risk of bacterial infection, mainly as a result of biofilm
formation on the implant surface. The first step in forming the biofilm is bacteria adhesion. The biofilm is an
aggregate of microorganisms attached to the surface, embedded in an extracellular polysaccharide matrix.
Biofilm-forming bacteria act as effective barriers against antimicrobial agents and the host's immune sys-
tem, resulting in persistent colonization and / or infection at the site of biofilm formation. Bacteria living in
the structure of the biofilm are more difficult to destroy by the immune system; they are also more resistant
to antibiotics and can cause a general infection of the body in case of low immune resistance.

Antimicrobial resistance has reduced the effectiveness of many antibiotics in the treatment of infections,
particularly JPI. This problem requires the development of new antimicrobial agents to monitor the emer-
gence of antibiotic-resistant bacterial strains. Nanotechnology has been successfully applied to improve
drug delivery in the treatment of many diseases such as cancer [5], inflammation [6] and hypertension [7].
Nanotechnology can therefore be used as an approach to address the limitations of antimicrobial therapy
and, most importantly, antimicrobial resistance by developing platforms for effective drug delivery and
developing new antimicrobial nanomaterials, which pathogens may not be able to develop resistance [8-
13]. The development of antimicrobial resistance is much faster than the discovery of new antimicrobial
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agents, due to the frequency of occurrence, to resistant bacterial strains and to the long approval process
of new drugs, which increases the demand for long-lasting solutions term [1].

RESULTS AND DISCUSSION

An alternative to the fight against infection is to use metal nanoparticles, with antimicrobial and especially
bactericidal properties. The main advantage is the absence of resistant bacteria as in the case of antibiotic
therapy [14]. Their bioactive properties are mainly due to their high activity. The result, among others, is
that the nanoparticles have a substantially dispersed metallic phase, that they are constantly in motion,
present a high surface / volume ratio and do not comprise anionic groups. Thanks to these properties,
nanoparticles are able to generate positive charges that provoke mutual repulsion. As a result, they may
be able to penetrate the internal cells of the bacteria, which have negative charges. Nanoparticles have
toxic effects on microbes [15].

This study describes the use of nanotechnology in bone cements, the mechanical and antimicrobial prop-
erties using nanoparticles. The biomaterials defined in medicine as bone cement are used mainly to fasten
the prosthesis, as well as filling bone wholes. However, the main function of bone cement is to fix the pros-
thesis. The knee and hip joints are frequently subjected to the injury. The bone cement performs any im-
portant role in stabilizing; it fills the space between the bone and prosthesis and overtakes the loading. The
authors pointed out in this work, that nanoparticles can be used in bone cement to prevent from infections.
The results prove that nanoparticles are an alternative to antibiotics, whose activity is gradually decreasing
as a consequence of the rise in antibiotic-resistant microorganisms. Furthermore, the nanoparticles are
effective also against bacterial strains already resistant to some of the common antibiotics used in bone
cements.

CONCLUSION

It has been confirmed that the modifications of bone cement using nanometals have no significant nega-
tive effect for the following properties: setting time, its hardness and value of contact angle of the bone
cement. In addition, bone cement coatings (with or without nanometals) improve corrosion resistance. The
contact angle allows the assumption that the surface of the obtained bone cement (with or without nano-
metals) will enable cells to deposition and their proliferation. Furthermore this has been confirmed in ‘in
vivo’ studies. The scanning electron microscope observation revealed very good adhesion osteoblasts on
the surface. The porosity and wettability of the bone cement allow the bone tissue to fit properly into the
pores.
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ABSTRACT

In this work, a clinical software under development is presented. The clinical software combines imaging
techniques with the finite element method to assess the failure risk of femur bones. The main objective is
to provide a definitive computational tool to assist clinicians. The software will provide in-loco a more pre-
cise response regarding the structural response of the patient’s femur bone, allowing the clinician to make
a more efficient decision regarding the therapeutic action. Up to now, the clinical partners of the project
have provided several clinical cases to be studied using the developed software. Thus, trainee engineers
and orthopaedists have studied the provided cases and synergetic discussions regarding the quality of the
results allowed to improve the software up to this point. Presently, the software is capable to consistently
identify the femur bone domain and attribute heterogeneous material properties. Automatically (without the
user interference), after providing the patient’s height and weight, the software delivers the femur’s failure
risk. The results are in agreement with more complex computational mechanics analyses.

This is a never-ending project, under permanent improvement and development. Nevertheless, due to the
robustness and consistency of the obtained results, the research team believes that the software has the
potential to assist the clinical practice in a near future.

Keywords: femur, clinical software, FEM, biomechanics

INTRODUCTION

Nowadays, it is commonly accepted by the medical community that radiography is an efficient and low-cost
imaging technique to visually analyse bone integrity and to diagnose bone pathologies, such as bone tu-
mours. Although such pathology is easily recognized by experienced clinicians, to them it is not clear if and
how bone tumours influence bone tissue structural response. This work is a long term research, that has
as main goal the development of a novel and user friendly clinical software capable to automatically read
medical radiographies of femur bones and deliver its failure risk, regardless the pathology (bone tumour,
osteoporosis, etc.).

MATERIALS AND METHODS

First, in order to automatically recognize from the radiography the femur contour and domain, a new image
segmentation technique was developed. The developed segmentation technique is simple to apply and for
now focusing only on the femur bone. The technique allows to build a computational model of the femur
bone and simultaneously attribute mechanical properties to each point of the model. The mechanical
properties are defined based on a phenomenological law that correlates the grayscale of the radiography
with the local Young’s modulus and ultimate compression stress. Afterwards, to the virtual model is applied
a load set corresponding to a normal gait. The load magnitude is proportional to the patient weight. Then,
the virtual model is analysed with the finite element method using plain strain triangular elements, and in
the end the stress field is obtained, allowing to measure bone failure risk.

RESULTS

Several clinical cases were provided by the clinicians involved in this research work. Then, the software
was tested by trainee engineers and orthopaedists using those several clinical cases. Each analysis was
discussed by the research team, involving engineers and orthopaedists in order to improve the software
and the delivered results. From the discussions, several topics were addressed and improved, such as: the
femur shape from the segmentation technique, the material assignment algorithm, the usability of the soft-
ware, the graphical interface, the computational cost, the numerical accuracy of the results, among many
other topics. Presently, the software possesses a graphical user interface, figure 1, being capable to con-
sistently identify the femur bone domain and provide its failure risk. The results obtained are in agreement
with more complex computational mechanics analyses.

147



8° Congresso Nacional de Biomecanica, 15 e 16 de fevereiro de 2019, Unhais da Serra, Covilha

-
-

Figure 2 — Software output — Equivalent von Mises stress maps, stress ratios and damage risk.

CONCLUSIONS

Since the developed software is an ongoing project, it allows recurring improvements and enhancements.
The feedback provided by the testers allowed to improve significantly the software interface and usability.
The computational tool developed so far is still far from being a final product. Several features have to be
improved and enhanced, such as the segmentation technique, the final mesh quality, the material distribu-
tion, among many others. Nevertheless, the robustness and consistency of the obtained results shows that
the developed software has the potential to assist the clinical practice.
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ABSTRACT

The loss of teeth adversely affects a patient’s daily activities, having a negative impact on the individual’s
quality of life. Therefore, many patients decide to replace the missing teeth. Today, this can be achieved
using adhesive dental bridges (also known as Maryland bridges), which is a type of fixed prosthesis in
which the pontic tooth is attached to a structure that is cemented on the abutment teeth (teeth adjacent to
the space of the missing tooth, serving as support pillars). In this work, the structural response of an adhe-
sive dental bridge is studied using advanced discretization computational techniques, such as meshless
methods. Thus, it were studied several features, such as: the effect of different resin-cements; the adhe-
sive’s thickness and the use of a two-retainer design or a single-retainer design on the mechanical re-
sistance of an adhesive dental bridge. Two- and three-dimensional biomechanical simulations of the adhe-
sive/tooth bio-system were performed using three numerical methods: Finite Element Method (FEM), Ra-
dial Point Interpolation Method (RPIM) and Natural Neighbour Radial Point Interpolation Method
(NNRPIM). Elasto-static and nonlinear-elasto-plastic analysis were performed, and the results show that
both adhesive’s thickness and resin-cement influence the stress concentration. It was found that the sin-
gle-retainer design increases the risk of debonding. In addition, the results obtained using meshless meth-
ods agree with FEM.

Keywords: adhesive, meshless methods, FEM, dental bridges

INTRODUCTION

Age is directly related to tooth loss. Therefore, aging is one of the main factors contributing to the large
number of teeth lost in the world population. As such, although presently the number of teeth lost per pa-
tient is decreasing, due to improvements in dental health care, it is expected that in the next decades the
total number of teeth lost will continue to increase, due to the aging population. Adhesive dental bridges
are a type of fixed prosthesis that allows the replacement of one or more missing teeth. The replaced
tooth, called pontic, is supported by the adjacent teeth, named abutment. Thus, for the application of this
restoration, it is necessary a solid/robust abutment [1]. This type of prosthesis is distinguished from others
due to the conservation of dental structures and their reversibility.

MATERIALS AND METHODS

Numerical-experimental approaches serve as comprehensive methodologies of in vitro research for the
study of complex mechanical behaviour of prostheses and surrounding structures. In this work, since it is
proposed to study the biomechanical structural response of an adhesive dental bridge, it is necessary to
build a virtual model representing the real biomechanical structure. Due to the complexity of the structural
system composing the assembly of “restored tooth”/” natural teeth”/” mandibular bone”, the numerical
model construction was in a first stage obtained with 3D segmentation techniques. The discretized model
was then analysed using advanced discretization techniques, such as meshless methods [2]. The 3D
model of the mandibular bone and existent teeth were obtained from available medical images. Then, the
restored tooth and the adhesive bridge were built in a CAD software. In the end, the 3D complete model
was studied using a meshless academic software and the relevant variable fields (displace-
ment/stress/strain fields) were obtained and analysed. Several materials were considered in the simula-
tion, allowing to register their performance and obtain relevant practical conclusions. In figure 1 is present-
ed a preliminary 2D geometry used in the study and in figure 2, the obtained results are shown.

RESULTS

It was found that higher adhesive’s thicknesses increases the bridge punctual displacement. Regarding
the bridge design, for the single-retainer, higher displacements of the pontic were registered, which can
represent a higher discomfort for the patient. It was also verified that the single-retainer design increases
stresses on the adhesive, therefore increases the probability of occur debonding. Thus, the use of two
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retainer wings, adhesively bonded with an adhesive’s thickness of 0.1 mm, appears to be the most favour-
able combinations.
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Figure 1 — Geometric model and boundary conditions.
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Figure 1 — Output results: von Mises stress maps obtained for distinct methods and bridge materials.

CONCLUSIONS

This work allowed several conclusions. For instances, regarding the meshless techniques, the use of
meshless methods also proved to be adequate, as shown by the significant and recurring overlay of results
between these methods and the well-known FEM (mostly in the elasto-plastic numerical analysis). In gen-
eral, meshless methods revealed smoother results, without abrupt variations of stress values (particularly
NNRPIM), when compared to FEM results. Nevertheless, one evident disadvantage of meshless is the
higher computational cost, once the analysis time of meshless methods was always superior to the analy-
sis time of FEM (about 2 to 4 times higher).
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ABSTRACT

Chitosan is a natural polymer obtained from the full or partial N-deacetylation of chitin, which is the second
most abundant polymer in nature. Its biodegradability, biocompatibility and non-toxicity have turned it into a
candidate biomaterial for the development of nerve guidance channels (NGCs) for peripheral nerve inju-
ries. Chitosan NGCs can be implanted between the nerve stumps to potentiate the nerve regeneration
process. Thus, it is important to know their biomechanical behaviour and also that of peripheral nerves. For
the construction of the constitutive model, the mechanical properties of chitosan were obtained from the
literature. The bibliographic research only considered studies that used pure chitosan scaffolds in a hy-
drated state, since the goal is to understand how this biomaterial behaves under physiological conditions.

Keywords: chitosan, peripheral nerve, constitutive model.

INTRODUCTION

For the past years, chitosan has been considered as a preferable candidate for peripheral nerve regenera-
tion. It has a set of characteristics that make it a viable choice as a biomaterial for the production of NGCs.
These include its biodegradability, biocompatibility and excellent reproducibility [1]. An important property
of chitosan is the degree of deacetylation, which is determined by the conditions selected during the
deacetylation process and generally ranges from 50% to 90-95%. It influences the physical, chemical and
biological properties of chitosan, such as cell response, crystallinity and the tensile strength [2]. As a po-
rous biomaterial, chitosan shows an elasto-plastic behavior, demonstrated by the load-displacement
curves of [3] and [4]. Constitutive models for porous materials can be adapted to the case of chitosan, in-
cluding the concrete elasto-plastic model [5] and the thermoplastic damage model [6]. Therefore, the goal
was to build a constitutive model that demonstrates chitosan’s behavior and relates it with its degree of
deacetylation.

MATERIALS AND METHODS

To capture the nonlinear behaviour of an elastoplastic material it is necessary to define the mathematical
law for the plastic component of the deformation. Thus, three aspects must be considered: a yield criterion
(permitting to analyse the beginning of the plastic regime and indicating the stress level in terms of the
stress tensor); a flow rule (defining the relationship between stress and deformation after plastification);
and a hardening law (describing if, and how, the yield criterion depends on the plastic deformation) [7].
The mechanical properties used to construct this constitutive model were obtained from previous studies
documented in the literature. These properties, including the Young’s modulus, the yield stress and the
strain for both tension and compression tests, were correlated with the degree of deacetylation.

RESULTS AND DISCUSSION
In Figure 1 is represented the variation of both the Young’'s modulus and the elastic limit strain with the
increase of the degree of deacetylation, in tensile and compressive states.

CONCLUSION

From the literature it was possible to conclude that chitosan has a non-linear elasto-plastic behaviour,
since it behaves differently under tensile and compressive forces. Also, the constitutive model can be used
as a tool to relate the states of stress and strain of the biomaterial.
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Figure 1. Representation of the evolution of the Young's modulus and the elastic limit strain for both tension and
compression tests.
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ABSTRACT

Peripheral nerve injuries affect 3% of trauma patients worldwide and they frequently lead to unsatisfactory
functional recovery and life-long disabilities. They are commonly attributed to direct mechanical trauma
and surgical resection. The most severe type of injury is neurotmesis, which in the most extreme case re-
sults in a completely transected nerve, leading to a nerve gap. Although autografts are the gold standard
technique to treat these gaps, nerve guidance channels (NGCs) made of biomaterials have been consid-
ered an alternative approach. As a biomaterial, chitosan is viewed as one of the preferable candidates for
the fabrication of these NGCs. In order to understand how these channels behave at the injury site, dis-
crete models of the NGCs containing a segment of a peripheral nerve were built and analyzed using ad-
vanced discretization techniques, such as the finite element method (FEM) and the radial point interpola-
tion method (RPIM).

Keywords: chitosan, meshless methods, finite element method, peripheral nerve

INTRODUCTION

Every year, more than 500.000 peripheral nerve injuries are registered worldwide. Reports show that 3%
of patients admitted in trauma centers present an injury that might have resulted from high-speed trauma
and that half of these patients were drivers/passengers of motor vehicles [1]-[3]. The most severe type of
injury is neurotmesis, which can result in the complete transection of the nerve and total interruption of the
structural integrity of the nerve support structure. A spontaneous recovery does not occur, leading to a
complete motor and sensory dysfunction [2], [4]. Neurotmesis injuries require surgical intervention, and
when tensionless suture is not feasible, surgeons resort to autografts, the gold standard technique [5]. One
of the main disadvantages is that autografts can only be used in nerve gaps shorter than 3 cm. To over-
come this limitation, tissue engineered nerve guidance channels (NGCs) have been developed using bio-
materials such as chitosan [6]. As a natural polymer, chitosan promotes cell adhesion and proliferation,
besides being biocompatible and biodegradable and promoting the repair of peripheral nerves [7], [8].

MATERIALS AND METHODS

The numerical models of chitosan NGCs were built using the FEMAP software (cmech.webs.com). Two
different models were developed, each one with a different geometric variable. In the first model, the varia-
ble was the length of the tube (LT), which varied from 15 mm to 35 mm. In the second model the variable
was the thickness of the NGC wall (TW) and it varied from 1 mm to 2.5 mm. Both numerical models in-
cluded a segment of peripheral nerve. Under the premise that the NGCs are subjected to external forces
after implantation, a displacement of 1 mm was applied to one extremity of the NGC while the opposite
one was fixed. The elastic constants considered for both chitosan and peripheral nerve were the Poisson’s
coefficient and the Young’s modulus. They were obtained from the literature and they correspond to pure,
hydrated chitosan samples. Afterwards, the numerical models were analyzed using advanced discretiza-
tion techniques, such as the finite element method (FEM) and the radial point interpolation method (RPIM),
which is a meshless method. Stress fields were obtained in order to comprehend the structural response of
the NGCs when subjected to external forces.

RESULTS AND DISCUSSION
Stress fields were obtained for both models using the FEM and the RPIM and the corresponding equiva-
lent von Mises stresses are represented in Figure 1.
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Figure 1. Distribution of the equivalent von Mises stress.

CONCLUSION

This study allowed to understand how the chitosan NGCs behave when subjected to external forces when
different geometric variables are considered. It also made to possible to analyze the differences between
the FEM and the meshless method RPIM. Ultimately, the goal is to achieve an ideal formulation and de-
sign for the chitosan NGCs, in order to turn them into the first choice for the repair of peripheral nerve inju-
ries.
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ABSTRACT

Bone sarcomas in the femur usually represent a high risk of fracture. Thus, finding a patient-specific pre-
dictive method to evaluate the risk of fracture is an imperative need. This work conducted a study to evalu-
ate the influence of the size and location of a bone sarcoma. Four different locations in the femur were
tested, considering sarcomas with three distinct sizes. The risk of fracture was analysed through spatial
distribution maps of the von Mises effective stress and first and second principal stresses. The simulations
were performed using the Finite Element Method (FEM), the Radial Point Interpolation Method (RPIM) and
the Natural Neighbour Radial Point Interpolation Method (NNRPIM). The study found that sarcomas near
the femoral head and with large dimensions represent a high risk of fracture. The use of meshless meth-
ods revealed to be an asset in this study, producing smoother and more accurate stress maps than FEM.

Keywords: bone, sarcoma; meshless methods, FEM, numerical simulation

INTRODUCTION

Bone is a highly frequent site of metastasis (Coleman, 1997; Post, Cremers, Kerbusch, & Danhof, 2010).
Bone sarcomas usually locate at long bones, such as the femur, and are associated with a high risk of
bone fracture. 71% of these fractures occur at the proximal zone or at the diaphysis of the femur bone.
During simple activities, such as walking or climbing the stairs, bone sarcomas weakens the bone, affect-
ing its levels of flexion and torsional strength (Tanck et al., 2009). However, identifying the risk of fracture
using medical images still remains a problem in the field of orthopaedics since there are no reliable indica-
tors (Hipp, Springfield, & Hayes, 1995; Miller & Whitehill, 1984). Thus, this work proposes to simulate dif-
ferent clinical cases of bone sarcomas in the proximal femur and find some predictive factors of fracture.

MATERIALS AND METHODS

The geometry of the femur bone was obtained with X-ray images of healthy patients. Bone sarcomas were
added to the model at distinct sites and with distinct sizes. Four different locations were analysed in the
proximal region. For each location, sarcomas with three different sizes were tested - A (189 mm2), B (440
mm?2) and C (792 mm?). All sarcomas were designed with an ellipse shape. The simulations applied the
first load case proposed by Beaupré et al. (Beaupré, Orr, & Carter, 1990). Thus, a distributed parabolic
compressive load was applied at the femur's head and a tensile load at the greater trochanter. The magni-
tude of the load corresponded to a patient of 100 Kg and the orientation was adapted to the geometry of
the femur under analysis. The numerical model was constituted by three distinct materials - cortical bone
tissue, trabecular bone tissue and bone sarcoma. All materials assumed a linear elastic homogenous and
isotropic behaviour, with distinct Young's modulus. A static linear elastic analysis was performed in order
to evaluate the risk of fracture in the presence of a bone sarcoma. Simulations tested and compared three
distinct numerical methods — FEM, RPIM and NNRPIM.

RESULTS AND DISCUSSION

The spatial distribution of the von Mises effective stress and first and second principal stresses were ana-
lysed. Results shown that von Mises effective stress increased as the size of the sarcoma also increased.
Thus, regardless of its location, a sarcoma with size A had always lower levels of von Mises effective
stress than a sarcoma with size C. Moreover, higher values of von Mises effective stress were obtained
when the sarcoma was nearer the femur's head and had size C. The most critical zone for a sarcoma lo-
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calization was then the femoral head, since it increased the risk of fracturing the femoral neck. This risk
increased as the size of the sarcoma also increased. Therefore, the case with higher risk of fracture was
the one with a sarcoma with size C and at the femur’s head. FIGURE 1 presents the von Mises effective
stress maps obtained for this case, comparing the solutions produced by each numerical method tested.
By analysing the first and second principal stresses, this study found that tensile stresses concentrated at
the right diaphysis and the superior region of the femoral neck, while the left diaphysis and the femoral
head were under compression. The tensile zones obtained were due to the tensile load applied in the
greater trochanter that reproduced the action of the abductor muscles during gait. The compressive region
derived from the compressive load applied at the femur's head simulating the hip joint. Once more, stress
levels were higher in the cases with a large sarcoma (size C). Regarding the numerical method tested,
meshless methods (RPIM and NNRPIM) produced smoother stress distribution maps than FEM.

460 MPa 1 710 MPa 1
0 MPa 0 MPa

FEM RPIM NNRPIM

595 MPa

0MPa

Figure 1 — von Mises effective stress maps obtained for the most critical case — sarcoma at the femur’s head with size

CONCLUSIONS

This work evaluated the risk of fracture for different sizes and locations of a bone sarcoma. Results
showed that the risk was higher for cases where the sarcoma was located at the femoral head. Moreover,
the size of the sarcoma was also an important factor, since larger sarcomas led to more severe bone
weakening. Meshless methods revealed to be a trustworthy and accurate alternative to FEM.
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ABSTRACT

This project aims to study the biomechanical behaviour of human chromosomes by calculating its first free
vibrations modes using the finite element method (FEM) and the radial point interpolation method (RPIM).
Thus, 2D and 3D geometric models of human chromosomes (before and after chromatid replication) were
constructed and a free-vibration analysis was performed with both FEM and RPIM in the academic
software FEMAS (cmech.webs.com). For each model, the first vibration modes were obtained and the
corresponding vibration frequencies. The vibration modes of chromosomes show a more complex pattern
as the frequency increases. The resulting frequency values for both methods were similar, which shows
some significance in the study. However, in order to understand which of the two is the most reliable, a
deeper study is required.

Keywords: human chromosomes, meshless methods, FEM, biomechanics

INTRODUCTION

This work proposes to study the structural behaviour of human chromosome using advanced discretization
numerical techniques, such as meshless methods [1]. A chromosome is in fact a DNA molecule,
containing part or all the genetic material of a living organism. Today, it is possible to visualize and virtually
reconstruct the shape of human chromosomes using light microscopy, allowing the construction of detailed
discretized models of human chromosomes. Furthermore, using distinct micro measurement techniques, it
is possible to gauge the mechanical properties of human chromosomes [2].

MATERIALS AND METHODS

In this work, human chromosomes are discretized and numerically analysed using the finite element
method (FEM) and the radial point interpolation (RPIM) meshless method [1]. Nowadays, finite element
procedures are extensively used in engineering analysis and this is expected to continuously increase
significantly in the next years. Meshless methods are advanced discretization techniques, which had fast
development recently [1]. In opposition to FEM, meshless methods are not challenged by mesh distortion
and it is not necessary to re-mesh during the analysis. Regarding the obtained variable fields, meshless
methods show in general more smoothness and higher accuracy than FEM. Experimental studies estimate
the Young’s modulus of human chromosomes about 400+20 Pa [2]. The Poisson’s coefficient of human
metaphase chromosomes is apparently not present in the literature. That was however experimentally
obtained for newt lung cells and since the chemical and structural constitution of the chromosomes is
universal to all living eukaryotes, the proximity of this mechanical property was assumed and consider v=
0.069+0.005 [3]. Regarding the density, chromosomes have in the nucleus an average 1.7 g/cm3 [3]. For
the study, two models on FEMAP were developed, both on their 2D and 3D version. The aim was to create
a single chromatid human-based chromosome as Figure 1 shows and the after replication, a chromosome
with two chromatids. The largest human chromosome contains about 250 Mbp, which is approximately 10
pm long and slightly more than 1 pm thick [1,4]. A model with slight shape of an eight was created using a
mean value of 5 ym for the chromosome length.

RESULTS

As mentioned, this study aims to understand the vibration mode of human chromosomes using two
methods, initially the FEM and then the RPIM. For the analysis, it was used the Free Vibrations —
Variational Mass Lumping of FEMAS academic software (cmech.webs.com). The first free vibration modes
of each model were obtained with both FEM and RPIM as seen in Figure 1. Transforming the vibration
modes into fictitious deformation fields, it was possible to obtain the fictitious von Mises stress fields,
allowing to understand the potential locations in which stress concentration will occur.
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The obtained fictitious von Mises stress distribution allowed to understand that the higher potential
deformation occurs in the zone next to the centromere, probably due to the type of structure and the most
strangled, thin and fragile format in this region. Results abled to confirm that the last modes of vibration
present a greater potential deformation compared to the previous ones, which was also observable by the
continuously increasing frequency throughout all modes. This suggests a tendency of the bodies to
experience a larger and more complex deformation as the frequency increases. This work also allowed to
observe that the models in the same dimension show values within the same order of magnitude. On the
other hand and finally, it is noteworthy that the results of both methods are quite similar, although the
values corresponding to the RPIM are always slightly lower than those of FEM.

Figure 1. 3D model created of a human-based chromosome and the image results from the FEM and meshless
methods simulations.

CONCLUSIONS

A biomechanical computational simulation is an excellent tool, since it allows a non-invasive approach to
perform several tests in order to perceive virtually the functioning and the resistance of the various
structures, so that, once the required results are collected, it can be upgraded to a more drastic and
definitive method - the in-vivo/in-vitro experiments. Biomechanical applied to the health field is a study
strand in expansion, of great relevance and that will surely also extend its area of approach to the
chromosomes for the next years since it is a gap nowadays. In this paper the structural behaviour of
human chromosomes is studied by calculating its first free vibrations modes using FEM and RPIM. All the
simulation depend on the mechanical properties of the materials under study. Thus, in order to obtain
results closer to reality, previous experimental studies are recommended. This is indeed relevant since the
Poisson’s coefficient for human chromosomes has not been found in the literature and perhaps this whole
process should be initiated by this particular study. Finally, in order to compare the results of the two
discrete methods studied, to perceive the tendency of relatively lower values for RPIM and to conclude on
which it is the best method to be applied, a supplementary work is proposed. Although FEM has some
disadvantages that RPIM tries to overcome and the kind of elements usually used (2D triangles and the 3D
tetrahedral) are not the best for deformability conditions of this study, only a deeper study on this subject
may reveal certainties in this topic. Thus, as foreseen developments, such mesh-dependence study is
suggested, in order to understand which of these methods will be the most reliable for the biomechanical
analysis of chromosomes.
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ABSTRACT

Cardiovascular diseases are one of the leading causes of death in the world, with around 15 million deaths
per year. Therefore, it is important to develop strategies to allow the study of these types of diseases, in
order to minimize these numbers. As such, biomechanical simulation using discrete numerical techniques
appears as a unique technique to study haemodynamics. Thus, the aim of the present work is to compare
the velocity profile of some discretized models of an artery, with two different shapes (tubular and bifurcat-
ed) and different meshes, using the Finite Element Method (FEM) and the Radial Interpolation Point
Method (RPIM). Hence, FEMAS software (cmech.webs.com) was used and it was possible to conclude
that regular meshes are preferable when compared to irregular meshes since, the latter, influences the
velocity profile of the blood flow, presenting worse results. Besides that, RPIM presented better results
when compared with FEM.

Keywords: Clot, Blood Flow, Velocity, meshless method, Finite Element Method

INTRODUCTION

Cardiovascular diseases cause around 15 million deaths per year. Thus, it is important to develop strate-
gies to allow the study of these disorders, such as biomechanical simulation [1]. An injury of a blood vessel
promotes loss of blood so, an intervention of the hemostatic system is required [2]. A clot is an aggregation
of blood components (Fig. 1) that becomes pasted up and acts as a barrier to prevent blood loss and re-
establish haemostasis [3]. Thrombosis can generate vessel occlusion and this may lead to myocardial
infarction or stroke. Annually, in the United States alone, this condition costs about $15 billion to $30 billion
and 15% to 45% of all strokes are caused by emboli [4]. Thus, the aim of the present work is to compare
the velocity profile of some discretized 2D models of a rigid artery, using the FEM and meshless methods,
with and without a clot.

Release of:

«t-PA (fibrinolysis)

+ thrombomodulin
(blocks coagulation

Figure 1. Schematic representation of clot. Adapted from [5].

MATERIALS AND METHODS

In order to numerically simulate blood flow, the flow theory of Zienkiewcz (suitable to simulate the flow of
viscous-elastic fluids) was considered [5]. Afterwards, this rate deformation theory, initially developed for
FEM, was combined with a radial point interpolation meshless method. The full formulation is now availa-
ble in the academic software FEMAS software (Finite Element and Meshless Analysis Software —
cmech.webs.com). Thus, using FEMAS, simplified models of arteries were constructed and the boundary
conditions imposed, and the corresponding numerical analyses were performed.
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Figure 2. Representation of the imposed boundary conditions, in FEMAS.

RESULTS

The main results were the velocity profiles of the used models with and without the presence of a clot. Fur-
thermore, it was observed that the presence of the clot significantly reduces the flow velocity and, conse-
quently, increases blood velocity where blood was allowed to pass. The use of these two different methods
(FEM and RPIM), allowed to understand that RPIM presents better results since the velocity profiles were
smoother and more uniform when compared with FEM.

DISCUSSION

It was expected that the models would present a parabolic constant velocity profile along its length in the
absence of any obstacle. When it comes to the models that presented a defined clot, they manifested dif-
ferent profiles along the artery. In the clot area, the velocity was zero since the blood flow could not pass
through the clot. In the area where blood could flow, the velocity increased, and this can be explained ac-
cording to the equation of flow rate. The results obtained using RPIM were better than the ones obtained
with FEM (Fig.3), since this numerical technique is able to produce smoother fields and higher accuracy.

a) b)
——— ..
Figure 3. Color map of the velocity profile of the mixed mesh with the medium clot, using RPIM (a) and FEM (b).
CONCLUSIONS

The experience acquired with the development of this preliminary work allowed to understand better the
effect of a blood clot in haemodynamics. Furthermore, it was possible to conclude that the meshless meth-
od is more suitable numerical technique to simulate blood flow.
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ABSTRACT

Cardiovascular diseases are the most common cause of death in world. Some of the causes that lead to
this type of complication are aneurysms or atherosclerosis, since they promote disturbances in blood flow.
Thus, computational simulation emerged as an alternative solution to traditional methods, used to under-
stand the behaviour of blood flow, in order to contribute to the decrease of the numbers related with these
types of diseases. As an alternative to the FEM, this work uses meshless methods - Radial Point Interpola-
tion Method (RPIM) and Natural Neighbour Radial Point Interpolation Method (NNRPIM) - to simulate the
blood flow, with two and three dimensional models. For this, the velocity profiles and the discharge are
used to compare the methods. Besides that, the blood was assumed as a Newtonian fluid and different
geometries were used. The results allow to conclude that meshless methods are suitable to simulate blood
flow.

Keywords: Cardiovascular Diseases, Blood Flow, Meshless Method, Finite Element Method

INTRODUCTION

The cardiovascular system is vital for human beings to carry on with their daily lives. However, despite the
development in healthcare systems, cardiovascular diseases are still prevalent in our society, with an es-
timated economic cost of €210 billion a year in the European Union [1]. So, the simulation of blood flow
became an important way to understand the function of the cardiovascular system under normal and ab-
normal conditions, to design cardiovascular devices, and to diagnose and treat diseases [2]. The main
objective of the present work is the development of a new computational approach to simulate blood flow.

MATERIALS AND METHODS

In order to numerically simulate the blood flow, the flow theory of Zienkiewicz (suitable to simulate the flow
of viscous-elastic fluids) was considered [3]. Then, this rate deformation theory, initially developed for
FEM, was combined with a radial point interpolation meshless method. The full formulation is now availa-
ble in the academic software FEMAS software (Finite Element and Meshless Analysis Software —
cmech.webs.com). Thus, using FEMAS, simplified models of arteries were constructed (Fig.1), and the
corresponding numerical outputs were analysed.
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Figure 1. Representation of the quarter circular crown model in FEMAS.
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RESULTS

The acquired results allowed to build colour maps of the obtained velocity field of 2D and 3D models using
FEM, RPIM and NNRPIM. Comparing the three methods (Fig. 2), it was possible to observe that FEM pre-
sents better results in some of the studied cases, when compared with the ones obtained with the mesh-
less methods. Nevertheless, generally, meshless methods are more adequate, since they promote a
smoothed and uniform flow when the optimal parameters are used.

A) B)

.
Figure 2. Obtained results with the different methods: a) FEM, b) RPIM and ¢) NNRPIM

DISCUSSION

Although FEM presents better results in some cases, RPIM and NNRPIM consistently provided smoother
solutions. Meshless methods require more computational power (which was not available), so it was diffi-
cult to properly test new parameters and to achieve better solutions. For this reason, in some cases, FEM
presented better results. Thus, in the future, with a higher computational power (capable to test the optimal
parameters), it should be expected that meshless methods present better results than FEM.

CONCLUSIONS

In the present work, it was possible to conclude that meshless methods are an alternative numerical tool to
simulate blood flow. However, the optimal NNRPIM and RPIM parameters for solid mechanics are not al-
ways suitable for analysing fluids. So, in future work, a deeper investigation of the optimal parameters for
fluid flow analysis should be considered.
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RESUMO

O estudo apresentado teve como objetivo comparar trés tipos de hastes aplicadas na artroplastia total da
anca: haste longa (Corail) e duas hastes curtas (Silent Hip e Proxima), de conceitos distintos no que se
refere ao apoio e fixagdo. Foram desenvolvidos quatro modelos numéricos, um fémur intato e trés com as
hastes femorais referidas. Nas simulagdes considerou-se um sistema de cargas referente a subir esca-
das. Os resultados revelaram que a haste curta apresenta melhor distribuicdo de deformagdes na zona
proximal, permitindo uma redugéo do efeito stress shielding. Contudo, podem provocar a fratura na zona
do colo femoral mais faciimente que a haste longa.

Palavras-chave: artroplastia da anca, press-fit, hastes curtas, modelo numérico

INTRODUGAO

A artroplastia total da anca é considerada uma das de maior sucesso, atingindo taxas da ordem de 95% a
10 anos de sobrevida [1]. Contudo, este tipo de substituicdo da articulagdo tem vindo a apresentar solu-
¢des minimalistas com hastes mais curtas de forma a preservar osso e permitir cirurgias mini invasivas.
Os registos clinicos ainda sé@o escassos e séo referentes ao curto prazo, tendo mesmo alguns fabricantes
removido os dispositivos do mercado. O presente estudo teve por objetivo aferir o comportamento de trés
solugdes distintas para a articulagéo da anca.

MATERIAIS E METODOS

Foram desenvolvidos quatro modelos, um modelo intato do fémur e trés modelos implantados com préte-
ses comerciais com registos clinicos. Os modelos selecionados sdo todos de fixagédo press-fit: haste longa
da Corail, uma das mais aplicadas segundo diversos registos ortopédicos [1]; haste curta Proxima, com
apoio no pescogo e lateralmente; e a haste Silent Hip que permite preservar os osso na regido proximal. A
figura 1 apresenta uma vista sagital do fémur em corte para visualizar a geometria das diferentes hastes.

Figura 1. Diferentes hastes em estudo, Corail, Silent Hip e Proxima

A posigao de implantagdo de cada haste foi considerada de acordo com a bibliografia, seguindo o proce-
dimento cirlrgico referente a cada uma das hastes. Foram considerados materiais isotrépicos e de com-
portamento linear elastico. Considerou-se um mdédulo de elasticidade de 19 GPa para o osso cortical, 500
MPa para o osso esponjoso e 105 GPa para haste em titanio [2]. As forgas aplicadas sdo as referentes a
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situagdo de subida de escadas e encontram-se na tabela 1, onde apenas foram considerados os princi-
pais musculos [3].

Tabela 1. Forgas musculares consideradas na simulagdo

Forga (N) X Y z
Forga Reacéo -405 246 1719
Tensor da fascia lata 54 -87 -99
(proximal)
Abdutores 435 -32 -649
Tensor da fascia lata -4 53 143
(distal)
Vasto lateral -7 -139 697

As forgas musculares foram objeto de corregdo apoés a colocagdo dos implantes. A corregcdo das cargas
era necessaria devido as diferencas de posi¢do do centro de colocagdo da cabega, comparativamente ao
centro geométrico do fémur. No estudo foram consideradas duas situagdes: prétese totalmente integrada,
ou seja a interface colada e protese com interface em atrito; e com um coeficiente de atrito de 0.3.

RESULTADOS E DISCUSSAO

Os resultados dos modelos numéricos permitiram a comparagéo entre o modelo intacto e as trés situa-
¢Oes artroplasticas simuladas. Os resultados da distribuicdo das deformagdes sem (colado) e com atrito
revelaram que as hastes curtas transferem a carga na zona do colo femoral, semelhante ao fémur intato.
As deformagdes principais minimas da figura 2 mostram também uma maior transferéncia de carga na
zona distal da haste da Corail. Relativamente a micromovimentos na interface na condigdo de atrito, am-
bas as artroplastias apresentaram valores inferiores a 50pu€, garantindo a sua estabilidade.
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Figura 2 - Deformagdes principais minimas; a) Fémur intacto; b) Haste Silent; c) Haste Proxima; d) Haste Corail

CONCLUSOES

A comparacdo efetuada entre o modelo intacto e modelos implantados permitiu concluir que os modelos
que apresentam comportamento semelhante ao fémur intacto sdo os modelos com haste curta, destacan-
do-se a haste Silent, que apresentou um comportamento semelhante quer na situagdo de osseointegra-
¢ao, quer na situacdo do imediato pds-operatério.
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ABSTRACT

Mandibular angle fractures can be a consequence of several situations including primarily violence and
traffic accidents. This study analyses the new design of a plate for improving the stability in mandible angle
fractures. It compares the load transfer obtained with a commercial mini plate. The finite element model
(FEM) was developed based on a condyle CT scan and implements a mini plate from DePuy Synthes. The
FEM considers the 4 screws of the fixation and successively a complete and an incomplete mandible frac-
ture. The analysis allows studying the fracture stabilization for both type of fractures and the screw diame-
ter influence of 1.5 and 2mm diameter. The new design and the DePuy Synthes plate guarantee the frac-
ture stabilization with less than 50pe.

Key words: mandible, fracture, load transfer, screws

INTRODUCTION

Fracture in the mandible angle represents 30% of all mandibular fractures [1]. The fracture localization is
difficult to predict due to the complex mandible geometry [2]. This type of fracture presents some biome-
chanical challenges and anatomical difficulties: the thin cross-sectional area, the masticatory muscle inser-
tions, the presence of the third molars in some cases (figure 1) are critical aspects. The surgery technique
consisting in fixing one small bendable plate on the monocortical screws (developed by Michelet, consoli-
dated by Champy) [3] does not really improve the stabilization but improve the acess to the fracture. Then,
the main goal of this study was to analyze the standard plate and to propose a new one.

MATERIALS AND METHODS

The geometry of the mandible was constructed from the CT scan of a 45-year-old patient to create the
FEM [4]. Two complementary geometries were considered in the model, the cortical and the cancellous
bone tissues. A complete fracture, a partial fracture in the mandiblem in left side was considered, A mini
plate from DePuy Synthes were simulated to stabilize the angle fracture. The plate was applied using four
unicortical screws - 2mm and 1.5mm in diameter successively, 6mm in length according to the Champy's
method. The mandible external surface was smooth to improve the contact with the plate and simutaing a
surgical procedure.

Figure 1. a) Fracture in the mandible angle, b) CAD model with a commercial plate, c) Positions of the screws.

The complete and the incomplete fractures were simulated in the mandible angle. The boundary conditions
considered a load of 200N on the incisive tooth, in the load on the condyle and the action of the masseter
muscles. The mechanical characteristics of the materials were borrowed from our previous studies for the
bone tissues, the plate and the screws. Cancellous and cortical Bone tissues were glued. A friction factor
(0.3) was taken into account between the plate and the mandible cortical bone. The fracture was simulated
considering no penetration. A new design of the plate was proposed and tested according to the same
conditions and considering 6 screws with different diameters.
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RESULTS AND DISCUSSION

The results of the FE analysis point out the high level of the strains around the screws when loading the
mandible. Critical strain values are reached around screws #4 and #1 for the complete fracture for 1.5 and
2mm screw diameters. For the fracture line the critical strains are reached in two positions, close to the
fracture, the most critical for the bone consolidation. The screws with 2mm in diameter allow better stabili-
zation of the fracture; the effect, presented in figure 2, is not significant. The maximum principal strain was
critical for screws #1 and #2 with 5000p¢ in traction; the two other screws present lower values.
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Figure 2 — Principal strains around screws

The effect of the strains around the screws depends on the plate geometry. Figure 3 proposes a new ge-
ometry. In that case, around the screws, the critical stress reached 348MPa for screw #3; the strains
around the screw holes affect the fracture line. Relatively to the fracture stabilization, the two systems, with
2.0 and 1.5mm diameters, presented lower values, under 55um (figure 3). The 2mm screws guarantee a
better stabilization. The new design reduces the maximum micromovents in fracture line, up to 45 pm, with
the 1.5mm screw.
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Figure 3 — Micro movements in fracture line for different screws and plates

CONCLUSIONS

The maximum micro movements observed in the fracture were 55um, which is not critical for the bone
reconstruction. Then the system stabilizes the fracture independently of the diameter and the 1.5mm di-
ameter is high enough. The results revealed that if the screws in the condyle side are near the line of frac-
ture, the stabilization is affected. The new design improves the stabilization and reduces the micro move-
ments when using 1.5mm diameter screws.
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ABSTRACT

Bone is a material that can be classified as a hierarchical structure, where the different structural levels
can be identified from the microscale to macroscale. Multiscale models enable to model the material using
homogenization techniques. In this work, an innovative 3D homogenization technique for trabecular bone
tissue is proposed, which uses the fabric tensor concept and a bone phenomenological material law, link-
ing the apparent density with the trabecular bone mechanical properties. The proposed methodology effi-
ciently homogenizes highly heterogeneous medium, allowing to define its homogenized microscale me-
chanical properties and to reduce the analysis computational cost (when compared with classical homoge-
nization techniques). This methodology was validated using a set of tests with different examples to evalu-
ate the sensibility of the correspondence of the ODF data with the input micro-CT image Representative
Volume Element (RVE), representative of the trabecular micro structure. At last, some mechanical simula-
tions, using Finite Element Methods and a meshless method, prove that exists a mechanical correlation
between the models with highly heterogenous problem domains, with mechanical properties obtained from
the literature, with the models with homogeneous problem domains, with mechanical properties obtained
using the developed methodology.

Keywords: Multiscale, 3D Homogenization Technique, FEM, Meshless, Trabecular Bone.

INTRODUCTION

Bone biomechanics is based on the idea that load bearing bone tissues are structurally optimized for their
mechanical function (Mow, Ratcliffe, & Poole, 1992; Wolff, 1986). Being one of the main computational
mechanics field, bone biomechanics includes bone tissue engineering, mechanical characterization, bone
remodeling and bone regeneration. Bone can be classified as a hierarchical structure, where the different
structural levels can be identified from the macroscale to microscale (Wnek & Bowlin, 2008). The mac-
roscale (the entire bone) and the microscale (the trabecular architecture level) can be defined by different
physical properties due to its different functional requirements, such as bone density and corresponding
mechanical properties. At the microscale, it is possible to recognize a non-homogeneous trabecular struc-
ture, which after being homogenized allows to define local anisotropic homogeneous mechanical proper-
ties, such as apparent density and directional Young moduli. Being bone a living tissue, it renews itself in
the course of life by a biological process called bone remodeling (Wolff, 1986). To study the remodeling
process of the bone some authors developed models that considered bone as an isotropic material, a sim-
plistic approach on the behavior of trabecular bone, disregarding the importance of orientation in the re-
modeling process (Beaupré, Orr, & Carter, 1990; Carter, Fyhrie, & Whalen, 1987; Hart, Davy, & Heiple,
1984). Recent works are starting to characterize bone mechanical properties with the fabric tensor concept
(Hazrati Marangalou, Ito, & van Rietbergen, 2015; Moreno, Smedby, & Pahr, 2016). The fabric tensor is a
symmetric second rank tensor that characterizes the arrangement of a multiphase material, encoding the
orientation and anisotropy of the material.

Back in 1985, Cowin (Cowin, 1985) developed a relation between the fourth rank elasticity tensor Ciw and
a fabric tensor A, proving that an ellipsoid may be associated with the varieties of material symmetries.
The fabric tensor can be obtained using morphologic-based methods, using the interface between phases
of the material to estimate the fabric tensor. Most of the available techniques, using morphologic-based
methods, obtain the fabric tensor applying an orientation distribution function (ODF), which is estimated
from an orientation-dependent feature of interest. In mechanics, and in biomechanics, the accurate deter-
mination/characterization of the material’'s mechanical properties is a key parameter, which will allow to
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describe and predict numerically the behavior of such materials for different scenarios. In this work, it is
described a methodology that efficiently homogenizes highly heterogeneous medium, allowing to define its
homogenized microscale mechanical properties and to reduce the analysis computational cost (when
compared with classical homogenization techniques).

MATERIALS AND METHODS

To define the fabric tensor, it was used a similar methodology from the one developed by Whitehouse,
1974. In this methodology the number of interceptions between a parallel family line set, with direction ¢,
with the interface between both phases of the material is counted, Int(:). The length of the parallel line
family, h for the ¢ direction is also obtained. With h and « it is possible to define an orientation distribution
function (ODF), which in this case is called mean interception length (MIL). Using the ODF data, it is pos-
sible to fit and ellipsoid, from which can be extracted the corresponding ellipse parameters allowing to cor-
relate it with the material orientation (its anisotropy). Using the phenomenological material law defined by
Belinha and co-workers (Belinha, Jorge, & Dinis, 2013), and using the ellipsoid parameters, it is possible to
define the mechanical properties of the respective RVE. Afterwards, with resource to the numerical meth-
ods, using the finite element methods and the meshless methods, it is possible to verify the correspond-
ence of the obtained mechanical properties.

RESULTS

The current work provided a methodology that allows to define the mechanical properties of a micro-CT
trabecular bone cuboid patch without any a-priory knowledge. Using the MIL methodology, it is possible to
acquire data to define the material orientation using a distribution function. The studies performed concern-
ing the modification of the RVE rotation, demonstrated that the methodologies used to create the fabric
tensor and to obtain the mechanical properties are stable and provide good results.
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ABSTRACT

In the last years, the use of dental implants has increased exponentially. Nowadays, this reliable treatment
shows a high success rate. Thus, due to the interest of the clinic/scientific community, it is necessary to
continually study the response to the insertion of dental implant of the surrounding bone tissue. The im-
plant changes the biomechanical environment of the mandible bone tissue, triggering the adaptation and
remodelling of the bone tissue around the implant. The main purpose of the present work is to study the
bone tissue remodelling of the mandibular bone due to the insertion of a dental implant. Thus, today, com-
putational simulation methods and techniques are being used to simulate biological structures in a non-
invasive and time efficient way. In order to perform the numerical analysis, meshless methods were used —
the Natural Neighbour Radial Point Interpolation Method (NNRPIM). Then, the NNRPIM was combined
with a mechanologic remodelling algorithm, based on the assumption that bone reorganization depends
mainly on mechanical stimuli (in this case, the strain energy density field). It was possible to observe that
the algorithm predicts critical regions of high and low density, as the ones found in clinical observations.

Keywords: bone remodelling, meshless methods, dental implants

INTRODUCTION

Edentulism is the designation used for partial or total absence of teeth. This condition affected about 158
million people worldwide in 2010, which corresponds to about 2.3% of the world's population. The loss of
teeth is influenced by several factors, which are directly related to oral health, some examples include
food, oral hygiene, smoking and alcoholism. The total number of missing teeth tends to increase as a con-
sequence of the aging of the population. Thus, the need for solutions for partially edentulous patients in-
creases. There are several solutions available, such as removable dental prosthesis, fixed partial denture
(or bridge) and dental implant. The placement of dental implants is currently a valid treatment and with a
high success rate. Its use has increased exponentially in recent years, with more than 5 million implants
per year in the United States, equivalent to about 800 billion euros. It consists of a biocompatible device,
placed in the maxilla / mandible bone, providing support for a prosthetic reconstruction. Currently, there
are several types of implants, which can be classified as to their macro and microstructure. The character-
istics of the implant aim to increase primary stability, a factor that is essential for osseointegration. Thus,
this work proposes to study the bone tissue remodelling response due to the insertion of dental implants,
and to compare the solutions of distinct numerical approaches — the finite element method (FEM) and
meshless methods.

MATERIALS AND METHODS

Numerical methods have been playing a very important role in the biomechanical simulation of biological
structures, especially when it is difficult or time-consuming to obtain results through clinical trials. Thus,
computational modelling and simulation become a viable option due to its non-invasive nature and time
efficiency. Thus, in order to perform a numerical analysis using a discrete numerical technique (such as
the FEM or the meshless), first, it is necessary to construct a virtual discrete model of the mandibular bone
structure. In turn, the dental implant will be drawn and added to the jaw. Subsequently, the external forces
and physical constrains are applied to the model and then, both FEM and meshless methods are used to
obtain the structural response of the bone tissue (its stress/strain fields). The stress/strain fields are used
to understand the most stressed zones, in which bone should grow, and the least stressed zones, in which
bone tissue should decrease. The algorithm performs this analysis iteratively, leading to a final bone tissue
configuration [1].
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RESULTS

The obtained results shown that below the implant it was possible to observe that the algorithm predicts
high density regions oriented horizontally, which connect the cortical outer layers. However, in the region
just below the implant (apical region), large resorption zones are observed. Additionally, it was possible to
observe that the general density distributions of both FEM and meshless methods are similar. It was also
observed that the results obtained with the remodelling algorithm, combined with the numerical method
NNRPIM, are in agreement with other studies found in the literature, but using FEM [2,3].

CONCLUSIONS

The results obtained in this work show that, combining the material phenomenological law with the preci-
sion and smoothness of the tensile field obtained with the meshless methods (RPIM and NNRPIM), the
remodelling algorithm allowed to accurately predict the main trabecular structures. In this study, it was
used an algorithm that considers only the loading as a stimulus for bone remodelling. Thus, in the future it
would be interesting to use an algorithm that besides considering the mechanical forces, consider together
the relations between the metabolic activities and the trabecular architecture.
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RESUMO

Objetivo: avaliar a influéncia do uso da ortétese AFO nos tempos de variagdo da atividade muscular dos
musculos tibial anterior, solear e gastrocnémio medial, durante os ajustes posturais na janela temporal com-
preendida entre os -250 até os 50 ms relativamente ao inicio da marcha, sentar e levantar. Oito sujeitos
voluntarios com idade entre os 25-35 anos, foram avaliados com recurso a eletromiografia de superficie e
a plataforma de forca em dois momentos 1) sem a ortotese 2) com ortétese. Entre os dois momentos de
recolha os sujeitos realizaram mudltiplas tarefas funcionais basicas como marcha e sentar-levantar-sentar,
com a AFO, durante o periodo de uma hora. Foi possivel observar uma tendéncia para um atraso nos
tempos de variagdo da atividade muscular dos musculos tibial anterior, solear e gastrocnémio medial nas
tarefas funcionais em estudo mais pronunciada no membro homolateral a ortétese. A utilizagao da ortétese
do tipo AFO parece induzir uma modificagdo dos tempos de variagdo da atividade muscular do tibial anterior,
solear e gastrocnémio medial (homolateral e contralateral) correspondente aos ajustes posturais, nas se-
quéncias de movimento sentado para de pé, de pé para sentado e inicio da marcha.

Palavras-chave: ajustes posturais, ankle foot orthoses, controlo postural, eletromiografia, feedforward

INTRODU(;AO

Os ajustes posturais da tibio tarsica (TT) dependem de um input proprioceptivo adequado para que se
possa garantir um correto output motor [1,2,3]. Ortéteses do tipo ankle foot orthoses (AFO) que mantém a
TT proxima da posigdo neutra para auxiliar a elevagdo do pé durante a fase de balango e estabilizar a TT
durante a fase de apoio [4], podem condicionar o input periférico interferindo com a regulagéo neural na
ativagao dos ajustes posturais. A referéncia as vantagens da utilizagao desta ortétese no que respeita as
caracteristicas cinematicas da marcha como cadéncia, comprimento do passo, velocidade da marcha e
mobilidade, tem sido uma constante ao longo dos anos [5,6,7,8]. No entanto, importa perceber também o
impacto da ortétese AFO no controlo postural da TT através do estudo de variaveis diretamente relaciona-
das com esta fungdo como o timing de ativacdo dos musculos envolvidos nas estratégias dos ajustes pos-
turais.

OBJETIVO

Avaliar a influéncia do uso da ortétese AFO nos tempos de variagdo da atividade muscular, durante os
ajustes posturais na janela temporal dos -250 até 50 ms nas tarefas funcionais sentado para de pé, de pé
para sentado e inicio da marcha dos musculos tibial anterior (TA), solear (SOL) e gastrocnémio medial (GM)
de ambos os membros inferiores em sujeitos saudaveis.

METODOS

Oito sujeitos voluntarios com idade entre os 25-35 anos, saudaveis e sedentarios segundo o Centro de
Controlo de Doengas do American College of Sports Medicine [9], foram avaliados em dois momentos 1)
sem a ortétese 2) com ortétese. Entre os dois momentos de recolha os sujeitos realizaram multiplas tarefas
funcionais basicas como marcha e sentar-levantar-sentar durante o periodo de uma hora utilizando a orto-
tese AFO. Nesses dois momentos, a atividade muscular do TA, SOL e GM, em ambos membros inferiores
foi recolhida, com recurso a eletromiografia de superficie para avaliar os tempos de variagéo da atividade
muscular durante a janela temporal dos ajustes posturais definida para esse estudo. Para o registo das
forgas de reagdo ao solo foram utilizadas duas plataformas de forca embutidas no solo que permitiram
identificar o inicio das sequéncias de movimento através do componente antero-posterior do centro de pres-
sdo. Foram tidas consideragdes especificas para as recolhas de cada uma das tarefas como posigdo de
sentado sem apoio do tronco e com os membros superiores ao longo do corpo; 2/3 do fémur em contato
com a superficie de apoio; altura do assento ajustada a 100% do comprimento da perna. Na tarefa funcional
de pé para sentado cada participante assumiu a posi¢do de pé, com os membros superiores ao longo do
corpo, sendo solicitado que mantivesse esta posicao durante 60 segundos [10,11]. A recolha do inicio da
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marcha foi precedida de uma recolha na posicéo de pé, com os membros superiores ao longo do corpo e
os dois pés na plataforma de forca pelo periodo de 60 segundos. Utilizou-se a componente antero-posterior
do centro de pressao para determinar T0. Este foi definido como o inicio do intervalo de tempo com duragéo
minima de 50 ms durante o qual este componente assumiu um valor superior ou inferior a média do seu
valor basal mais ou menos, respetivamente, 3 desvios padrdo (M+3DP).

RESULTADOS E DISCUSSAO

De acordo com os resultados obtidos foi possivel observar uma modificacdo dos tempos de variagdo da
atividade muscular do TA, SOL e GM em todas as tarefas funcionais avaliadas traduzida por um atraso dos
ajustes posturais dos musculos estudados. Na sequéncia sentado para de pé com a ortétese, um atraso no
tempo de variagao da atividade no sentido da inibigao foi observado, especialmente no SOL e GM homola-
teral com um atraso de -85 e -90 ms, respetivamente em relagdo a T0. Ja no inicio da marcha, o membro
homolateral ao uso da ortétese foi o que apresentou maior atraso nos tempos de variagédo durante a ativa-
¢ao do TA (-65ms) e inibicdo dos seus antagonistas SOL (-105 ms) e GM (-110 ms) Na tarefa de pé para
sentado, as maiores alteragdes foram detetadas no comportamento do TA homo e contralateral no sentido
da ativacéo, alcangando 0 ms no caso do TA homolateral e -90 ms no contralateral. O condicionamento
mecanico induzido pela ortétese relativo a deslocagdo de carga sobre o retropé [12], pode justificar em parte
os resultados pela possivel interferéncia com as variagdes da relagdo comprimento/tenséo dos flexores
plantares e consequente input para o cerebelo. Este através da sua influéncia sobre os nucleos vestibulares
em conjunto com o sistema reticular pode influenciar varios segmentos corporais no ambito do controlo
postural [13,14]. Estes resultados reforcam a importancia dos pés, enquanto referéncia propriocetiva na
transigdo entre sequéncias de movimento [15], com possivel enfoque a ser dado a importancia da variagdo
da relagédo tensao/comprimento muscular em particular dos musculos posteriores da perna, que a AFO
condiciona ao manter a TT na posigao neutra. Esta limitagcdo pode interferir com o input oriundo das fibras
tipo Ib, necessario a ativagdo de interneurdénios inibitérios e possivel interferéncia na ativagdo de mecanis-
mos de inervagao reciproca [15].

CONCLUSAO

O uso da ortétese do tipo AFO parece levar a uma modificagdo dos tempos de variagdo da atividade mus-
cular do TA, SOL e GM (homolateral e contralateral) enquadrado nos ajustes posturais, nas sequéncias de
movimento sentado para de pé, de pé para sentado e inicio da marcha.
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ABSTRACT

O objetivo deste estudo foi comparar um conjunto de caracteristicas biofisicas e técnicas entre nadadores
masculinos e femininos jovens, do mesmo escaldo competitivo. A amostra foi composta por 100 nadado-
res jovens (48 rapazes e 52 raparigas). Um conjunto de variaveis antropométricas, cinematicas, cinéticas
e de eficiéncia foram avaliadas. Na performance dos 100m crol, verificou-se uma diferenga de 10.27%
entre sexos. Nas varidveis antropométricas, a maior diferenga verificou-se na massa corporal (7.38%),
nas variaveis cinematicas foi o racio flutuagao intraciclica da velocidade-velocidade de nado (14.11%), na
cinética foi na poténcia para sobrepor o arrasto (30.86%), e na eficiéncia foi o indice de nado (12.08%).
Pode-se concluir que em cada conjunto de caracteristicas analisadas (antropometria, cinematica, cinética,
eficiéncia), existem varidveis que sao significativamente diferentes entre sexos.

Palavras-chave: técnica, diferenga competitiva, rendimento

INTRODUGAO

O treino de nadadores jovens, e do mesmo escaldo competitivo, agrupa nadadores dos dois sexos (rapa-
zes e raparigas). Devido as hipotéticas diferengas que possam existir entre sexos em varios parametros
nesta faixa etaria (os mais analisados em nadadores jovens sdo antropométricos e relacionados com a
mecanica de nado), pode especular-se se nadadores dos dois sexos devem ou néo treinar da mesma
forma e/ou agrupados. Alguns estudos referem que ndo existem diferengas significativas entre nadadores
pré-puberes de ambos os sexos [1]. Ainda assim, outros estudos verificaram diferencas entre sexos prin-
cipalmente a nivel técnico (parametros cinematicos) [2]. O objetivo deste estudo foi comparar nadadores
jovens (rapazes com raparigas) através de uma bateria de testes alargada (antropometria, cinematica,
cinética e eficiéncia), de forma a perceber as principais diferencas entre sexos e a sua magnitude.

MATERIAIS E METODOS

A amostra foi constituida por 48 nadadores (rapazes: 12.52 + 0.77 anos de idade) e 52 nadadores (rapari-
gas: 12.23 + 0.70 anos de idade), participantes regulares em competicdes regionais e nacionais. Todos os
nadadores faziam parte de um programa de identificagao de talentos desportivos.

Recolha de dados antropométricos

A massa corporal (MC) foi avaliada com uma balanca digital (TANITA, BC-730). A area de secgéo trans-
versa do tronco (ASTT), a estatura (EST) e envergadura (ENV) foram avaliadas através de fotogrametria
digital [3].

Recolha de dados cinematicos e eficiéncia

As variaveis cinematicas e de eficiéncia foram recolhidas durante trés percursos de 25m crol realizado ao
maximo (a média foi utilizada para analise), com recurso a velocimetro mecéanico (Swim Speedometer,
Swimsportec, Hildesheim, Alemanha). A velocidade de nado média (Vel, m-s™) foi calculada durante os
15m intermediarios (entre os 5 e 20m). Dois avaliadores mediram a frequéncia gestual (FG, ciclos-min-',
ICC=0.997) com um crono-frequencimetro (base 3) e, posteriormente, convertido em unidades do sistema
internacional (Hz). Foram calculadas ainda a distancia de ciclo (DC, m), variagéo intra-ciclica da velocida-
de (dv, adimensional), os racios entre a DC e ENV (DC_ENV, adimensional) e a dv e Vel (dv_Vel, adi-
mensional), velocidade hull (Vel_hull, m-s™'). As variaveis de eficiéncia selecionadas foram a eficiéncia
propulsiva (np, %) e o indice de nado (IN m?-s™).

Recolha de dados cinéticos

O método de perturbagdo de velocidade foi utilizado para calcular as variaveis cinéticas. Os nadadores
realizaram dois percursos maximos de 25m. Um percurso em crol, e outro percurso com um corpo hidro-
dindmico acoplado. Foi registado o tempo de deslocamento entre o metro 11 e 24. Foram calculados o
arrasto ativo (Da), o coeficiente de arrasto ativo (Cpa) e a poténcia para sobrepor o arrasto (Pad) [4].
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RESULTADOS E DISCUSSAO

A tabela 1 apresenta a estatistica descritiva de todas as variaveis analisadas, o intervalo de confianga de
95%, e ainda a diferenca entre sexos (%) assim como o efeito dessa magnitude (d). A performance apre-
sentou uma diferenga de 10.27% (d = 0.90, elevado). A maior parte das variaveis analisadas apresenta-
ram diferencas significativas entre sexos, variando entre 1.50% (d = 0.75, moderado) na Vel_hull e
30.86% (d = 0.60, moderado) na P4. Ainda assim, existiram variaveis em que nao se verificaram diferen-
cas estatisticamente significativas (por exemplo: DC = 0.12%, d = 0.26, moderado; np = 0.38%, d = 0.03,
baixo). Este estudo teve como principal objetivo comparar um conjunto de varidveis antropométricas, ci-
nematicas, cinéticas e de eficiéncia entre nadadores jovens masculinos e femininos [1,2]. Na literatura
existente sobre a diferenga entre sexos, em nadadores pré-puberes, ndo parece existir uma evidéncia
concreta sobre a existéncia ou auséncia de diferengas. Ainda assim, neste estudo foi possivel constatar
que para além de diferengas nas dimensdes corporais (antropometria), verificaram-se diferengas cinema-
ticas (mecanica de nado), cinéticas e de eficiéncia. A hipotética existéncia de diferencas (ou ndo), tem um
efeito direto no planeamento do treino destes atletas. Isto deve-se ao facto de os treinadores optarem por
prescrever o mesmo treino a atletas masculinos e femininos, do mesmo escaldo competitivo, nestas fai-
xas etarias.

Tabela 1. Dados descritivos e intervalo de confianca de 95% (IC95) para a amostra completa (rapazes e raparigas
juntos), s6 rapazes, s6 raparigas e o efeito do sexo. E apresentada a diferenca média (%) entre rapazes e raparigas, e
o efeito da magnitude da diferenca (d de Cohen).

Todos Rapazes Raparigas
Médiat1DP 1c95 F P n Médiat1DP 1c95 Médiat1DP clos A d

Antropometria
MC (kg) 48.85:8.29 47205050 581 0018 0.06 50.76:8.58 48.20,53.22 47.01:7.65 44.86:49.17  7.38%  0.46
EST (m) 1.59£0.07 1.57,1.60 951 0003 009 1.61£0.08 1.59;1.64 1.56£0.06 1.54;1.59 299% 071
ENV (m) 1.66+0.08 1.65:1.68 915 0003 009 1.69£0.08 1.67:1.71 1.64+0.07 1.62:1.66 2948  0.66
ASTT (m?) 0.066£0.010 0.0640.068  0.102 0750 000  0.067+0.010 0.064,0.070 0.066:0.010 0.063,0.069  1.14%  0.10
Cinematica
Vel (m-s) 1.30£0.14 1.28,1.33 2758 <0001 022 1.38£0.13 1.341.42 1.24£0.11 121127 978% 116
dv (adimensional) 0.09:0.02 0.08:0.10 0299 0586  0.00 0.090.03 0.08,0.10 0.09+0.02 0.08:0.10 337%  0.00
FG (Hz) 0.84:0.10 0.82:0.86 1162 0001 0.1 0.880.10 0.85:0.91 0.810.09 0.79,0.84 761 074
DC (m) 1.55£0.19 1.51,1.59 164 0202 0.02 1.58:0.19 1.52,1.64 1.53:0.19 1.48:1.59 305% 026
DC_ENV (adimensional) 0.93:0.09 0.91:0.95 0015 0904  0.00 0.93:0.09 0.90,0.96 0.93:0.10 0.90,0.96 0.12%  0.00
dv_Vel (adimensional) 0.07+0.02 0.06:0.08 359 0061 003 0.07+0.02 0.06:0.07 0.08+0.02 0.07:008  14.11% 050
Vel_hull (m-s*) 1.90£0.04 1.89;1.91 933 0003 009 1.92+0.04 1.90;1.94 1.89£0.04 1.88;1.91 150%  0.75
Eficiéncia
IN (m?s) 2.05:0.42 197214 1049 0002  0.10 2.19:0.44 206:2.32 1.9240.36 1.82;2.02 12.08% 067
(%) 29.8243.92 29.0430.60 0002 0962  0.00 29.88+4.27 28.66;31.11 29.77+3.60 28.7530.78  0.38%  0.03
Cinética
D, (N) 52.76:29.26 46965857 492 0029 005  59.90+32.54 50.56,69.25 45.9024.09 30125268  23.37% 049
Coa (adimensional) 0.43:0.20 0.39:0.47 0565 0454  0.01 0.4240.17 0.37,0.47 0.4410.23 0.37:0.51 495%  0.10
Pq (W) 71.17+44.96 62.25:80.10  7.84 0006 007 84475131 69.73,99.21 58.40+33.70 48.92/67.88  30.86%  0.60
Performance (s) 74.25:8.80 7250,7600  18.16  <0.001  0.15 70.55:8.41 68.14,72.97 77.80£7.70 75647997  1027%  0.90

CONCLUSOES

Pode concluir-se que de todas as variaveis analisadas, na sua maioria verificaram-se diferengas significa-
tivas entre sexos. As principais diferencas registaram-se em parametros relacionados com a mecanica de
nado. Assim, sugere-se que os treinadores prestem alguma atencdo no planeamento do treino, quando
englobam nadadores de ambos os sexos.
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ABSTRACT

The present work evaluates the influence of different optimization cost functions in the three-dimensional
(3D) simulation of human motion. The analysis focuses on the simulation of several movements of the hu-
man arm, considering a multibody dynamics formulation with natural coordinates combined with an optimal
control strategy. The applicability of each condition will be evaluated by comparing the simulation outcomes
with experimental data. Preliminary results indicate that dynamic effort cost functions tend to produce good
predictions of the human movement.

Keywords: Motion Simulation, Optimization, Multibody System Dynamics, Natural Coordinates,
Biomechanics

INTRODUCTION

The advent of computers allowed the application of simulation methodologies in the study of human motion.
Biomechanics and gait analysis are good examples where these methodologies have been successfully
applied. Several works analyse not only the mechanical aspects behind human movement but also their
physiological mechanisms. Others use simulation methods to predict the outcome of different surgical pro-
cedures or rehabilitation protocols [1,2].

The success of these methodologies is in part related with their ability in simulating new inputs and conditions
in silico, avoiding time-consuming, and sometimes expensive, experimental tests. However, the simulation
of intricate mechanical systems with a large number of degrees-of-freedom, such as full-body models, is still
an issue due to the complexity of the problem to solve. Within the different methods used to simulate this
type of problems, multibody dynamics methodologies stand out due to their efficiency during the simulation
of complex models. When used alongside with optimization methodologies, multibody dynamics can be used
to model not only the motion of the human body, but also the mechanical behaviour of the muscle and tendon
apparatus [3].

An important issue when optimization techniques are used is the strategy and the optimization cost function
applied during the simulation. Several works address the influence of the cost function in the quality of the
obtained results, showing that different performance criteria can result in different patterns [4,5]. Therefore,
this work aims to analyse the influence of different cost functions and optimization strategies in the simulation
of the human movement. The simulation makes use of the methodology proposed in [6], in which a multibody
dynamics formulation with natural coordinate is used alongside with an optimal control strategy. The perfor-
mance of different energy-related and trajectory control functions will be tested, while simulating different
arm movements, considering single objective and multi-objective optimization methodologies. Results are
compared with experimental data and discussed accordingly.

METHODOLOGY

For running the simulation, the methodology proposed in [6] is applied. The methodology considers a multi-
body dynamics formulation with natural coordinates alongside with an optimal control strategy, to study the
human movement. It follows a predicative approach, i.e. both the state variables, defined as the drivers of
the biomechanical model in study, and the control variables, representative of the force and torques, are
optimized simultaneously, while the equations of motion (EOM) are treated as equality constraints. This way,
the coordinates of the system are optimized directly without using integration steps, which are in general
computationally heavy. The methodology was successfully applied in the simulation of different biomechan-
ical models, representative of the human arm [6,7], considering several cost functions.

In the present work, three optimization strategies are considered. The first one considers the analysis of
each cost function individually, considering a nonlinear optimization. Different energy-related cost functions,
namely mechanical energy, dynamic effort, metabolic energy, jerk, are tested (see Tab. 1). The second
strategy considers also the use of a nonlinear constrained optimization, however the cost function is com-
puted as a weighted sum of different performance criteria. In this analysis, trajectory control functions, i.e.,
functions that relate the kinematic outputs with some control patterns, are also considered. Finally, the third
strategy considers the use of a multi-objective goal optimization, considering all the performance criteria

175



8° Congresso Nacional de Biomecanica, 15 e 16 de fevereiro de 2019, Unhais da Serra, Covilha

addressed before. The evaluation of each function/strategy is performed by comparing the simulation out-
comes with the results obtained for inverse dynamic analysis of the same movement.

Two programs are used to run the simulation: Apollo — an in-house 3D multibody dynamics software used
in the definition of the mechanical system from a multibody perspective and in the evaluation of the EOM;
and MATLAB — a computational environment used to solve the NLP problem (fmincon with SQP and fgoalat-
tain).

Table 1. Performance criteria used in optimization cost function

Performance Criteria

Dynamic Effort . T/Tmax T — Joint Torques
nt
Mechanical Energy Z |t q; q — Generalized coordinates of the model
i
Metabolic Energy E E — Metabolic Energy
Jerk it q* — Reference coordinates
"q
Trajectory Control Z |q; — qi
=1
RESULTS AND DISCUSSION

The implemented methodology allowed to successfully simulate the movement of catch an object in 3D.
Preliminary results show slightly differences between the different cost functions used and different weights
(see Fig. 1). As suggested in literature, dynamic effort-related cost functions tend to present good represen-
tations of the human movement. As expected, the use of control trajectories alongside with energy-related
criteria yield patterns similar to the ones observed experimentally. The use of weighted functions resulted in
some problems in the methodology convergence, in particular for cases in which the weights of the control

trajectory function were higher than 0.4.
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Figure 1. Results obtained for an inverse dynamics analysis (ID) and 3 multi-objective optimizations of the catch an ob-
ject movement (1% entry of each list in the legend represent the weight used for the dynamic effort criteria and the sec-
ond one the weight for the trajectory control): a) Kinematics; b) Dynamics; c) 3D model kinematics.
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ABSTRACT

Some therapeutic strategies are used to treat bone lesions. One possibility is the use of the vibrating plate.
The vibratory wave is obtained from technological innovation equipment used to mechanically improve the
bone mineral density and muscle tone. Another possibility is the strontium ranelate drug. It is used prophy-
lactically for osteopenia and osteoporosis, and its potential toxic effects, such as gastrointestinal disorders
and increased risk for thromboembolism, are debatable. Combined systemic therapeutic strategies are the
alternative to reduce regeneration time and tissue repair in critical injury situations, but mechanisms and
potential outcomes are poorly understood. The objective of this research is to evaluate the tissue response
after the application of vibratory waves in the critical defect caused in rat calvaria, treated with vibratory
plate and administration of strontium ranelate. Twenty male rats (Rattus norvegicus), albino, with a body
mass between 350 and 450 grams were used. After performing a critical defect of equal diameter (8.5mm)
in their calvaria, they were distributed in four experimental groups: empty defect (DV), defect and late
vibratory waves (VTD), vibratory wave and strontium ranelate (OVRE), and strontium ranelate (ER). After
48 hours of surgery, vibration wave therapy was instituted in the DOVT and OVRE groups, according to
the experimental protocol (60 Hz, 3 times a week, for 20 minutes, for 15 days). On the 16th postoperative
day, all animals were sacrificed and their specimens processed for histomorphological analysis and serum
analysis. The following were observed: neoformed osteoid matrix; Metabolic and serum changes. Combi-
nation therapy favored bone repair in the critical defect provoked. However, the variations in the coagulo-
gram and metabolic indicate potential toxic effects in part of the samples studied.

Keywords: Innovation, Biotechnology, Toxicity, Moviment vibrating plate, Strontium
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ABSTRACT

Therapeutic strategies are increasingly used and promote the repair of tissues in situations of critical mus-
culoskeletal injuries, such as biomaterial, movement and vibratory wave. Biomaterial is the natural or artifi-
cial substance, which acts in biological systems, partially or totally as a biological substitute. Mimetiza,
restores or increases tissues, organ and / or function in the body, temporarily or permanently. Hydroxyap-
atite (ha) is a hexagonal arrangement mineral, the main constituent of the inorganic phase of the bone,
and may form some biological substitutes. Due to its high rate of biocompatibility and osseointegration, it
has been widely used in the biomedical area, in the production of prostheses and implants. Another thera-
peutic possibility is the vibrating plate. A recent biotechnological resource used to promote, biomechanical-
ly, the increase in bone mineral density and muscle tone. Combined therapeutic strategies (local or sys-
temic) are increasingly employed in an attempt to optimize tissue repair time, including in situations of
critical defect. The objective of this research was to evaluate the tissue response after bioceramic implan-
tation (calcium hydroxyapatite and 5% alginate - haalg 5%) in the critical defect caused in calvaria of rats
treated with the vibrating plate. Twenty male rats (rattus norvegicus), albino, with a body mass between
350 and 450 grams were used. After performing a critical defect of equal diameter (8.5mm) in their calvar-
ia, they were distributed in four experimental groups: empty defect (dv), defect and vibratory waves (dov),
defect and biomaterial haalg 5% (db), defect and combination therapy (dtc). After 48 hours of surgery,
vibration wave therapy was instituted in the dov and dtc groups, according to the experimental protocol (60
hz, 3 x / week, for 20 min, for 15 d). On the 16th postoperative day, all animals were anesthetized. The
biopsies were collected, which were processed for histomorphological analysis. Bone neoformation was
observed, with recruitment of active osteoblasts, neovascularization, mononuclear inflammatory infiltrate
and diffuse distribution fibroblasts; presence of osteocytes in the remaining bone. Metabolic and serum
changes. In skeletal muscle tissue, preservation of the distribution and regularity of its fibers. Combination
therapy favored bone repair in the critical defect provoked. Preserved the distribution pattern of muscle
fibers.

Keywords: innovation, biotechnology, vibration plate, movement, regeneration repair
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RESUMO

A consisténcia cinematica dos dados experimentais € um passo essencial para garantir a qualidade dos
resultados produzidos em andlise cinematica do movimento humano com modelos biomecanicos de cor-
pos rigidos. Neste trabalho propde-se uma metodologia que associa a utilizagdo de coordenadas total-
mente Cartesianas (CTC) com coordenadas mistas (CM) e que permite, simultaneamente, através da
solugdo do problema cinematico numa perspectiva de minimos quadrados, obter a consisténcia cinemati-
ca do modelo biomecéanico e minimizar a diferenga entre as coordenadas consistentes e as adquiridas
experimentalmente. A metodologia proposta é aplicada na analise cinematica da marcha humana e os
resultados obtidos discutidos em conformidade.

Palavras-chave: Reconstrucdo do Movimento; Coordenadas Totalmente Cartesianas; Coordenadas
Mistas; Minimos Quadrados.

INTRODUGAO

A analise do movimento humano em ambiente clinico ou académico tem como principio de funcionamento
a utilizagédo, em associagéo, de sistemas Opticos de aquisigdo de movimento com modelos biomecéanicos
deterministicos de natureza computacional. Enquanto os primeiros garantem a aquisigdo experimental
das trajectérias tridimensionais de um conjunto de marcadores retro-reflectores colocados em eminéncias
dsseas previamente definidas e que, no seu conjunto, definem o movimento em analise (ver Fig. 1(a)), os
segundos proporcionam a infra-estrutura matematica que suporta a definicdo da topologia e cinematica do
modelo e que permite relacionar a componente experimental adquirida com as caracteristicas fisicas in-
trinsecas ao sistema bioldgico em analise.

Na sua definicdo matematica, um modelo biomecanico requer a utilizagdo de um conjunto de coordena-
das generalizadas que especifiquem, de forma inequivoca, a sua cinematica, i.e., a posi¢do e a orienta-
¢ao de cada um dos seus segmentos anatémicos durante o decurso da analise [1-3]. Neste trabalho fo-
ram utilizadas coordenadas totalmente Cartesianas (CTC) para esse efeito [3]. Estas coordenadas, como
o préprio nome indica, utilizam apenas as coordenadas cartesianas de um conjunto criterioso de pontos e
vectores para definir a cinematica do sistema, sendo, por esse motivo, a sua utilizagdo de particular inte-
resse atendendo a natureza, ja referida, dos dados experimentais colhidos pelos sistemas épticos.

A utilizagdo de CTC na construgdo do modelo biomecanico requer a discretizagdo do sistema biolégico
num sistema multicorpo onde cada segmento anatémico é definido como um corpo rigido genérico consti-
tuido por um ponto localizado no seu centro de massa e por um vector unitario de direcgdo [3], como se
observa na Fig. 1(b). As coordenadas do ponto localizado no centro de massa séo utilizadas para definir a
trajectéria do corpo no plano e para dar suporte a origem do seu referencial local, ao passo que as com-
ponentes do vector unitario de direcgdo sdo utilizadas para definir a orientagcdo do corpo e do referencial
local.

Uma das dificuldades inerentes a aquisigdo e analise do movimento humano relaciona-se com o mapea-
mento das coordenadas dos marcadores, obtidas experimentalmente, com as trajectérias e orientagbes a
prescrever aos corpos rigidos do modelo biomecanico, e que melhor reproduzam os dados experimentais
adquiridos. A resolucédo deste problema nao é trivial dado que as coordenadas de cada marcador sdo
reconstruidas de forma independente das coordenadas dos restantes e também porque, como em todos
os procedimentos experimentais, os dados adquiridos estao afectados de erro (e.g. erro do movimento da
pele[4]), o que faz com que as distancias entre marcadores ndo se mantenham constantes ao longo da
andlise, confrontando a existéncia de corpos rigidos na definicdo do modelo biomecanico. Este problema
é usualmente designado por problema da consisténcia cinematica dos dados experimentais e é frequen-
temente resolvido através da realizagdo de um pré-processamento cinematico destes dados que visa a
obtencao da referida consisténcia e que antecede a andlise cinematica [5].

Neste trabalho propde-se uma solugéo alternativa para o problema descrito anteriormente, na qual as
trajectérias angulares dos graus-de-liberdade do modelo sdo calculadas ao mesmo tempo que a realiza-
¢ao da analise cinematica do sistema, sendo que o método proposto garante simultaneamente a consis-
téncia cinematica das trajectérias obtidas e a minimizagéo da diferenga entre estas e as adquiridas expe-

181



8° Congresso Nacional de Biomecanica, 15 e 16 de fevereiro de 2019, Unhais da Serra, Covilha

rimentalmente. O método proposto passa por associar um conjunto de coordenadas angulares — designa-
das por coordenadas mistas (CM) [6] — ao vector de CTC utilizadas na definicdo do modelo biomecanico,
sendo que serd adicionada uma nova CM por cada grau-de-liberdade angular do sistema. Por cada CM
adicionada sera também introduzida uma equacédo de constrangimento cinematico que ira expressar a
interdependéncia entre as CM e as CTC. Para completar o método serdo também introduzidos constran-
gimentos cinematicos adicionais de guiamento associados as coordenadas de cada marcador experimen-
tal e que relacionam estas com as CM e com as CTC.

Fig 1: a) Aquisi¢ao experimental; b) Corpo rigido genérico em CTC; c) Protocolo de aquisi¢éo utilizado.

Procedendo deste modo o vector de constrangimentos cinematicos do modelo tera dimens&o superior ao
numero total de coordenadas, pelo que a resolugéo deste sistema de equacgdes, sobre-constrangido, rea-
lizar-se-a utilizando uma abordagem com minimos quadrados [7], a qual permite obter a solugdo das
equagdes do problema de cinematica que melhor se ajusta aos dados experimentais recolhidos. Assim,
no presente trabalho realizou-se uma analise cinematica de um modelo planar da parte inferior do corpo
humano composto por 7 segmentos anatémicos e 18 marcadores, adaptado do modelo PluginGait[8]. A
modelagéo e anadlise foram realizadas através de um programa desenvolvido em Python 2.7 pelos autores
que permite realizar a andlise cinematica de sistemas multicorpo com CTC e no qual foi adicionada a me-
todologia proposta com CM. A aquisicdo dos dados experimentais foi realizada no Laboratério de
Biomecanica de Lisboa utilizando 14 camaras Qualysis™ de infravermelhos com uma frequéncia de obtu-
ragdo de 100 Hz. As variaveis cinematicas obtidas foram comparadas com os dados disponiveis na litera-
tura recorrendo ao coeficiente de correlagao intraclasse (ICC) [9] e ao grafico de Bland Altmann [10]. Com
base nos resultados obtidos foram retiradas conclusdes relativamente & eficacia da reconstrugdo do mo-
vimento humano planar através da associagdo de CM com CTC e a sua resolugdo através da utilizagdo
de minimos quadrados.
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ABSTRACT

Ergonomic risks are one of main causes of development of muscle skeletal disorders. Biomechanical anal-
ysis of ergonomic risks is one of the most important tasks in labor context in order to prevent muscle skeletal
disorders. A descriptive study was conducted purpose of analyze the risk of work-related muscle skeletal
disorders in shoulder joint among automotive industrial workers. Ergonomic risk assessment methodology
by body area was used in order to evaluate the biomechanical risk of worker develop injuries and implement
preventive strategies in work context. Visual input of risk in bodychart immediately allow the need of preven-
tive organizational measures.

Keywords: work-related muscle skeletal disorders, biomechanics, ergonomic, labor task

INTRODUCTION

Work-related muscle skeletal disorders (WMSDs) are common among assembly line employees, especially
in the shoulder region due to the static, monotonous and repetitive work'. Ergonomic evaluation of the work-
station allows us to characterize of the level of risk and definition of intervention priorities in related MSDs.
One of the fundamental bases of this evaluation is the biomechanical analysis of the tasks performed by the
worker. The prevention of WMDDs has been particularly studied in order to find solutions that enable the
promotion of a correct ergonomic behavior in the workplace 2. Operators of industrial sewing machines per-
form mainly manual tasks and repetitive movements in very short cycles during the working hours.

MATERIAL AND METHODS

A descriptive study was developed using a convenience sample with the purpose of analyze the risk of work-
related muscle skeletal disorders in shoulder joint among automotive industrial workers. Sewing operators
from automotive industry were chosen due to task requirement. Ergonomic assessment was based on er-
gonomic risk assessment methodology by body area (MARZC) 3. According with MARZC’s methodology
the risk of developing WMDs is presented in 4 categories (table 1).

Risk
1 Low risk of WMDs-acceptable workstation, where posture is acceptable if not maintained or re-
peated for long periods.
2 Moderate risk of WMDs — Detailed analyses of workstation and modifications may be necessary.
3 High risk of WMDs — Detailed analyses of workstation and modifications are needed (in a short

time period).
4 - Very high risk of WMDs - Detailed analyses of workstation and modifications are urgent.

Table 1 - MARZC’s methodology of WMDs risk.

This evaluation is based on an initial collection of several video recordings of the work cycles used to deter-
mine the type and duration of the main tasks associated with the functions of the operator. For each of these
tasks observed, recorded and analyzed with the worker, a large joint bilaterally complex (head/cervical,
trunk/ dorsal/lumbar, shoulder/arm, elbow/forearm, wrist/hand/finger, hip, knee, ankle/foot) is determined for
its risk classification (with the use of digital Goniometry), per task, task’s cycle and body area. Then a risk
level is attributed according ergonomic and physical risk based in posture, level of force undertaken and
repeatability of the task.
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RESULTS AND DISCUSSION

The evaluation of the tasks using the MARZC method allows a visual picture of the main areas at risk through
a body chart. This representation is based on the overall postures during the tasks, application of force and
repetitive movements.

Using the MARZC method ergonomic risk is presenting in bodychart that characterizes risk for each of the
body regions evaluated. This methodology found movements that were excessive to the joints, especially
because of the range of movement and repetitions performed. The ergonomic risk assessment allows us to
prevent a possible short-term development of MSDs. Determination of ergonomic risk is an important tool in
workplaces in order to prevent and minimize muscle disorders and develop strategies to reduce prevalence
and incidence of these impairments that reduce the productivity and quality of life of workers. The ergonomic
considerations presented are based on the anthropometrical study Of the Portuguese population
(Universidade do Minho, 2007) and Standard EN ISO 14738:2002 — Safety of Machinery — Anthropometric
requirements for the design of workstations at machinery.

Job Past: Stitching pocket line

Musculoskeletal

Reriis Issues

Organizational data

Position of the pedal in incorret aligment with hip
joint,

Chair bad adapled to the work dimensions
Turnover task; no rotativity

Tools and work equipment; Use of saissors an
nard matenal, incresing the risk of mechanical
campression injury.

Load risk: Low risk

Job break: High ris<

Goncentration technical process: Medium ris<
Visual space and visual acuity: Medium risque
Fine motrisity: High risque

Task concentration: High risk

Monoteneus of work: High risk

Conflicts with colleagues: Medium risk

oIl | Hish risk of cervieal
Ly dus b0
meintained  neck
flacn {placement of
the piscal.

. High nsk of tunk
inury  due to
w

Carries the piscs to mark:

Puts packat liner on top

of the machine;

maintained  posiion
ks.

Prass pedal to sew; during the tasks.

High risk of shoulder,
lcow ang cuff injury

que o repettive
movemants

CONCLUSION

The ergonomic risk assessment allows us to conclude that the technical work gesture of these sewing ma-
chine operators presents high levels of musculoskeletal injury, which may trigger short-term development of
WMDs. A specific and judicious biomechanics analysis adjusted to the work task is of utmost importance in
the ergonomic evaluation of the workplace.
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ABSTRACT

This work investigates Selective Laser Melting (SLM) technology capability to fabricate Ti6AI4V thin-walled
plates and to assess the influence of laser power and scan speed on their dimensions, as isolated parame-
ters but also their interactions, by applying response surface methodology (RSM). Complex correlations of
SLM process parameters were found, giving rise to a non-linear equation. This analysis resulted in a mod-
el that can be used to optimize the manufacture of Ti6AI4V thin-walled plates by SLM, which can be used
for the design of customized load-bearing implants with suitable strength and stiffness.

Keywords: Thin-walled plates, Ti6AI4V, Selective laser melting, Processing parameters, Predictive
models

INTRODUCTION

Additive Manufacturing technologies gather several advantages over other conventional routes, like a low
material wastage and the possibility to fabricate parts having a high degree of complexity without the need
of expensive tooling and post-processing [1, 2]. These technologies allow the production 3D parts directly
from a CAD model that is sliced into successive layers by software, for preparing the fabrication of the part,
layer by layer [3]. One of the most used AM technologies is Selective Laser Melting. SLM processing pa-
rameters highly influence the properties of the final component, both their mechanical (strength, stiffness,
etc.) and physical (density, etc.) properties as their dimensional and geometrical accuracy. SLM parame-
ters like laser power; scan speed; hatch spacing and powder layer thickness [4] need to be attentively se-
lected in order to obtain parts with minimum manufacturing defects and therefore minimizing their effects
on their properties. In addition, in order to reduce the need of post-processing steps it is necessary to fore-
seen the deviations inherent to SLM technology, in order to fabricate near-net shape parts with accurate
dimensions. An isolated energy density analysis during SLM fabrication is not sufficient, once it has been
reported that similar energy densities can lead to different outcomes [4], thus it is necessary to assess the
influence of isolated processing parameters and also their correlations.

Ti6AI4V is a titanium alloy abundantly used in biomedical applications mainly due to a high corrosion re-
sistance, biocompatibility and mechanical properties [5]. The emergence of SLM for manufacturing
Ti6Al4V thin-walled parts require a deep understanding of the process, in order to achieve higher repeat-
ability and quality [6]. These thin-walled parts can be an excellent choice for the design of customized
load-bearing implants with suitable strength and stiffness. Mathematical models based on experimental
data can help to predict the influence of SLM parameters on a specified property or on a given part dimen-
sions.

EXPERIMENTAL

Ti6Al4V powdered alloy purchased from SLM Solutions GmbH, Germany was used to produce the thin-
walled plates on a SLM equipment from SLM Solutions (model 125 HL). This equipment, equipped with a
Yb-Faser-Laser having a spot of 87 ym, provides an inert gas flow during the production of the parts. For
the production of these specimens, a powder layer thickness of 30 um was used, while scan spacing was
maintained constant. The platform temperature was maintained constant at 200°C. The thin-walled plates
(see Figure 1) were produced with an average height of 5 mm (not including supports).

The plan of experiments for the production of the thin-walled plates included 24 different combination of
processing parameters, selected in order to assess the influence of laser power and scan speed on the
obtained specimen’s thickness. Scanning Electron Microscopy (SEM) images were acquired on the top
face of the thin-walled plates in order to perform thickness measurements.
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Multiple regression analysis was applied to the experimental data obtained as described above, in order to
obtain the mathematical models for the thickness of these plates as a function of the selected variables
(laser power and scan speed). The significant main factors and their interactions were assessed by per-
forming analysis of variance (ANOVA).

Figure 1. TiBAI4V thin-walled plates on the building platform after SLM fabrication.

RESULTS AND DISCUSSION

The developed model shows that by increasing power, higher thickness is obtained, as proven by the ex-
pressive positive values obtained for the coefficients of laser power. Higher energy density, promoted by
increasing laser power, promotes a larger melt pool, thus leading to thicker parts. As for scan speed, the
mathematical model shows an opposite influence as proven by the negative coefficients found for scan
speed. When increasing speed, lower thickness is obtained and energy density can explain this trend,
once a lower energy is delivered per second in a given area, when scan speed is increased. Figures 2 (a)
and (b) show thin-walled plates produced using the same laser power (100 W) but different scan speeds
(600 and 1250 mm/s), demonstrating the aforementioned influence of speed on these plates thickness.

Figure 2. Ti6AI4V thin-walled plates fabricated using (a) 100 W, 600 mm/s and (b) 100 W, 1250 mm/s.

CONCLUSIONS
The obtained model unveils complex correlations of SLM processing parameters, through a non-linear
equation. This model can be used to optimize the manufacture of Ti6AI4V thin-walled plates by SLM.
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RESUMO

Com a evolugao da ciéncia e das novas tecnologias de diagnostico, foi possivel observar uma melhoria
continua nos tratamentos em geral e no auxilio da qualidade de vida dos doentes. Os tumores podem ser
benignos, podendo verificar-se um crescimento anormal de células sem capacidade de invadir outros tipos
de tecidos e 6rgdos (metastase) ou malignos, em que as células crescem mais rapido e invadem outros
tecidos. Podem ainda ser primarios ou metastaticos, devido a disseminacgao de células cancerigenas sisté-
micas. Os sarcomas sdo tumores malignos raros formados a partir de tecido mesenquimatoso e que fre-
quentemente se situam nas extremidades. O objetivo deste trabalho relaciona-se com a avaliagdo da mini-
mizag&o da evolugdo de sarcomas 6sseos através da inje¢cédo de ampolas de cimento PMMA que preen-
cherdo o espaco da leséo litica tumoral. A produgdo de calor devido ao efeito da polimerizagédo do cimento
6sseo pode resultar em danos irreversiveis de necrose no tecido adjacente. No entanto, este fenémeno
pode, em alguns casos, beneficiar clinicamente situa¢des patoldgicas. Pretende-se assim obter, uma ava-
liagéo do efeito benéfico da producao de calor em tecidos com sarcoma. A analise cuidada dos parametros
clinicos e dos materiais envolvidos sdo essenciais na avaliagédo deste estudo.

Palavras-chave: sarcoma, tumor 6sseo, cimento PMMA, temperatura

INTRODUQAO

Os sarcomas do osso e dos tecidos moles sdo tumores heterogéneos que se formam a partir de tecido
ésseo, tecido conjuntivo, tecido cartilageneo, tecido muscular, tecido adiposo, nervos periféricos e vasos
sanguineos, geralmente nas suas extremidades. Estes tumores incidem em qualquer idade e em qualquer
regido do corpo do doente.

Até ha poucas décadas, o tratamento cirurgico dos sarcomas passava quase exclusivamente pela amputa-
¢ao do membro afetado. A partir dos anos 70-80, os avangos na quimioterapia, avaliagao radioldgica, téc-
nicas cirurgicas e a propria tecnologia de materiais e implantes de reconstrugédo, conduziram a avangos
com o desenvolvimento da cirurgia de preservagao do membro e consequente melhor qualidade de vida do
doente [1].

A cimentagdo é uma técnica utilizada por exemplo em procedimentos percutdneos como vertebroplastia,
cifoplastia, osteoplastia e sacroplastia [2]. O desenvolvimento de substitutos dsseos sintéticos tem vindo a
ganhar cada vez mais importancia nas ultimas décadas. Os cimentos 6sseos s&o biomateriais sintéticos
compostos por um polimero (pd) e um componente liquido (mondémero), utilizados com muito sucesso em
diversas aplicagdes médicas, tal como na cirurgia ortopédica e dentaria. Uma das principais aplicagdes dos
cimentos dsseos é a fixacdo de préteses, através do preenchimento do espago livre entre a protese e o
osso. A introdugéo de cimento ésseo no tecido tem como objetivo tratar ou prevenir fraturas patolégicas
vertebrais e extraespinhais e aliviar a dor em doentes com osteoporose e metastases 6sseas [2].
Atualmente, ha uma grande variedade de cimentos injetaveis disponiveis para utilizagdo. Todos os profis-
sionais devem estar familiarizados com as diferengas em termos de sintese quimica, viscosidade, tempos
de polimerizacéo, biocompatibilidade, resisténcia mecanica, radiopacidade e propriedades reoldgicas.

Os cimentos 6sseos mais utilizados s&o os acrilicos, nomeadamente o PMMA (polimetilmetacrilato), devido
as suas propriedades estruturais, fisicas, excelente biocompatibilidade, facil manipulagdo e baixo custo.
Uma das desvantagens na utilizagdo de cimentos 6sseos é o desenvolvimento da necrose térmica nos
tecidos, durante o processo de polimerizagdo do préprio cimento. Naturalmente, os profissionais clinicos
devem avaliar cuidadosamente cada situacéo e ter um conhecimento dos resultados esperados e possiveis
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complicagdes. A compreensdo das vantagens e limitagdes dos diferentes materiais de preenchimento é
crucial para um procedimento bem-sucedido.

O PMMA, devido as suas propriedades estruturais e fisicas, possui uma reagao exotérmica em que a di-
mensao volumétrica se altera durante o processo de polimerizagdo com a geracgdo de calor [3]. O calor
gerado pode levar a necrose térmica das células e também a formagéao de tensdes residuais.

Existem varios estudos acerca da reagéo exotérmica da polimerizacdo do cimento e resultados preditivos
sobre o aumento da temperatura, fungdo da polimerizacdo dependente do tempo [3], [4], [5]. O processo
de polimerizagéo liberta uma grande quantidade de calor, podendo a temperatura alcangar 90°C dentro do
organismo. A polimerizacdo muda o volume do cimento, uma vez que a mistura encolhe inicialmente, ex-
pande na fase de libertagdo de calor e diminui novamente quando arrefece. Em teoria 0 monémero perde
20% do seu volume inicial. A apresentagao das propriedades do cimento e o seu manuseio sdo importantes
para que as diferentes fases (mistura, processamento e endurecimento ou cura) permitam alcancgar os re-
sultados esperados.

Neste trabalho, o principal objetivo é avaliar a minimizagdo da evolugado de sarcomas 6sseos através da
inje¢do de ampolas de cimento PMMA no preenchimento do espaco da les&o litica tumoral. Esta metodo-
logia permite verificar na interface cimento - tecido adjacente, um aumento de temperatura que podera
minimizar o crescimento de metastase ésseas.

Serao efetuados diferentes modelos computacionais, obtidos por avaliagdo de imagens médicas, para gru-
pos de andlise (género, idade, 6rgédo afetado e patologia associada). Estes pardmetros serdo obtidos du-
rante a pratica clinica da autora num servigo de radiologia médica.

O modelo computacional incorpora uma andlise térmica, em regime transiente, pela utilizagdo do método
de elementos finitos. As propriedades dos materiais constituintes (cimento, osso) sdo obtidas em fungéo de
valores disponiveis na literatura. Os resultados a obter, serdo campos de temperatura, em que o efeito do
processo de cura do cimento podera determinar o maior alcance da area afetada pelo efeito térmico e
consequente necrose do tecido com lesdo. Serdo comparados resultados, entre os diferentes modelos
computacionais, pela utilizacdo de diferentes composigées de cimento ésseo comerciais e respetivas cur-
vas de polimerizagao.
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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.

Keywords: Mechanobiology, Mechanosensing, Mechanotransduction, Orthopedic Implants

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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ABSTRACT

Wounds have a high economic and social impact in our society. However, there is still a lack of wound
healing non-invasive methodologies able to fully describe this biological process in humans. Computational
models are very useful tools to simulate biomechanical and biochemical problems in order to improve hu-
mans’ health. In fact, computational modelling is a very useful tool to predict stress profiles around the skin
wounds, especially because do not exist methodologies to measured stress experimentally in vivo

Keywords: skin wounds, stress analysis, strain analysis

INTRODUCTION

Human skin is the largest human organ and an important physical barrier that allows body homeostasis.
During wound healing, this mechanically flexible organ is capable to repair itself. Nevertheless, the wound
represents an abrupt change in the skin continuum, leading to stress concentrations in surrounding wound
area. Advanced discretization techniques are suitable computational tools to simulate biomechanical prob-
lems allowing the analysis of the displacement field and the corresponding stress and strain fields [1]. There-
fore, this study aimed to construct a 2D model of skin wounds with different depths and to analyse the stress
and strain fields obtained. Additionally, the same fields were also analysed in a model that simulate the
suturing process.

MATERIALS AND METHODS

In this study, the finite element method (FEM) and two distinct meshless methods - the radial point interpo-
lation method (RPIM) and natural neighbour radial point interpolation method (NNRPIM) - were used to
analyse the stress and strain fields obtained in each simulation. FEM is a widely used numerical method,
however, it is mesh-dependent being the mesh quality very important to obtain accurate results. In order to
overcome FEM limitations other numerical methods were developed. Meshless methods allow to discretize
the problem domain using only a set of nodes without any pre-established relations. These meshless meth-
ods construct the interpolation functions using the Radial Point Interpolators techniques, combining radial
basis functions with polynomial functions to obtain the approximation [2]. Being this a preliminary study, only
small-strain elastic-static assumptions were considered. The typical geometry and mechanical properties of
the several tissues involved in the simulation were obtained from the available literature. In the end, the
results from the FEM and meshless formulations were compared.

RESULTS AND DISCUSSION

For the three advanced discretization techniques used, the simulations’ results demonstrated that higher
levels of stress were observed in the end of the wound (Figure 1). In what concerns to the strain field,
hypodermis presented the higher values (Figure 2). In the model that simulates the suturing process, the
higher levels for stress and strain were obtained in the area around the wound, with the FEM, RPIM and
NNRPIM. Accordingly, computational modelling can be a very useful tool to predict stress profiles around
the skin wounds, especially because today there are no methodologies to measured stress experimentally
in vivo.

CONCLUSION

Although this is a preliminary study to assess the performance of numerical methods in the analysis of stress
profile distribution in the human skin, it was possible to conclude that FEM, RPIM and NNRPIM are valid
tools. In future works, it is intended to refine the model parameters and to include the hyperelastic and the
anisotropic behaviour of the human skin. Numerical simulations of wound closure could be a useful tool to
determine the appropriate surgical technique to close skin wounds. In the future, these methodologies could
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help the surgeons to decide the best incision and surgical technique in order to minimise scarring and pro-
mote healing.
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Figure 1. (A) von Mises stress isomap obtained with FEM. (B) von Mises stress isomap obtained with

RPIM. (C) von Mises stress isomap obtained with NNRPIM. (D) von Mises stress measured in specific

points in the area marked with the rectangle in the images, for the three advanced discretization tech-
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Figure 2. (A) von Mises strain isomap obtained with FEM. (B) von Mises strain isomap obtained with RPIM.
(C) von Mises strain isomap obtained with NNRPIM. (D) von Mises strain measured in specific points in
the area marked with the rectangle in the images, for the three advanced discretization techniques.
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RESUMO

Diabetes mellitus is a serious metabolic and chronic disease, characterized by high blood glucose levels.
As the epidemic continues to expand, diabetes is not only considered a health crisis, but a global societal
catastrophe, responsible for great mortality and morbidity worldwide. More than half of patients who have
diabetes for more than 20 years develop diabetic peripheral neuropathy, one of the most common and
costly complication of diabetes. Diabetic peripheral neuropathy has been associated with biomechanical
alterations in gait, particularly at the lower limb. Indeed, with alteration of walking patterns has a common
characteristic of this disease, the gait analysis of diabetic patients with peripheral neuropathy has been the
subject of several studies.

Assessment of gait aims to increase the knowledge and understanding of the human gait, either as an end
in itself or in order to improve medical diagnosis or treatment in the future. In diabetic patients with
peripheral neuropathy, three-dimensional movement analysis allows the study and identification of
movements and musculoskeletal strategies and may be useful to detect, in an early stage, the influence of
peripheral neuropathy on walking and lower limbs performance, providing decisive information on the
evolution, characteristics and detrimental consequences of this disease.

The aim of this study was to characterize the gait and investigate electromyographic activity deviations of
people with diabetes in early stages of the International Working Group on Diabetic Foot (IWGDF) Risk
Classification System. Data were generated from two groups: diabetic subjects with no peripheral
neuropathy (level 0 of the IWGDF) and diabetic subjects with peripheral neuropathy, with arterial disease
and/or a foot deformity (level 2 of the IWGDF). The study was conducted in Porto Biomechanics
Laboratory, University of Porto (LABIOMEP-UP) by means of a Motion Capture system (MoCap), 3D-
instrumented gait analysis system, and four force platforms. The electromyography activity of the
gastrocnemius medialis and tibialis anterior muscles for both legs was monitored throughout the gait cycle,
in synchrony with the MoCap system.

A range of gait alterations were evident in participants with peripheral neuropathy including significantly
slower gait speed, shorter steps, lower cadence, restriction of lower-limb joint mobility and altered
electromyographic patterns of the lower limb muscles. This group also showed a trend to produce less
ground reaction force in amplitude through the gait cycle and later in time, which could contribute for the
differences observed in speed and cadence.

Overall, the results of this study highlights the biomechanical differences in gait of people with diabetes
classified in distinct risk groups. It's also shown the importance of gait analysis to provide accurate and
reliable knowledge of gait characteristics and compensatory strategies adopted at a given time, and also
over time, as a factor for prevention, diagnosis and innovation for the diabetic population.

Future research is necessary to evaluate gait disorders in diabetic peripheral neuropathy, particularly in
terms of gait under ‘real-life’ conditions in more challenging environments, inverse dynamics and net joint
moments. Further studies to identify the muscle activity pattern alterations, and clarify the specific factors
related to diabetic peripheral neuropathy are also required.

Keywords: Diabetes, Diabetic Peripheral Neuropathy, Gait, Electromyography, Biomechanics.
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ABSTRACT

Dental literature has shown that loss of tooth structure within the coronal aspect of the tooth crown can
alter its stress distribution during masticatory loads [1]. In the same way it has been well demonstrated that
the fracture resistance of the restored teeth is lower than sound ones [2]. So, the combined effect of the
quality and quantity of the remaining coronal tooth structure together with its position and exact dimension
on the teeth strength still need further evaluation. Therefore, the major aim of this research is to map the
strains in the remaining tooth structure and to evaluate the teeth strength with different amounts of tooth
loss. To do this, a numerical model of tooth structure will be created and experimentation will be used to
generate the wear and to measure the remaining resistance of the tooth in an in vitro study.

Key words: dental wear, coronal stress, ESPI, finite elements

INTRODUCTION

The goal of the present work is to create a finite element model of a molar tooth approaching its geometry
and internal constitution which can be used to assess the tooth strength for different tooth wear and
restoration. To achieve this a 3D model of a natural tooth was achieved using a 3D scanning system -
DAVID System® (Figure 1). After assessing the 3D external geometry the point cloud was used in
SolidWorks® CAD software to generate the 3D model, defining the internal channels, different type solid
tissues and boundary conditions.

Figure 1. 3D shape acquisition of the natural tooth with DAVID System®.

All the data produced with CAD was adjusted according to standard dimensions of natural tooth obtained
from a literature search (Figure 2a), however it was not possible to find reliable dimensions for molar tooth.
Being so, it is necessary to define the thickness and the height of the enamel, as well as the dimensions of
the dentin and pulp. In a study conducted by Musani et al. [3], the dimensions described are not in
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accordance with the geometry of the present work. Concerning to dental pulp, there are no dimensions
described. As the enamel is the most resistant material it was decided to consider a thickness of 0.5 mm
the whole surface of the crown. To perform the in vitro measurements the tooth was placed on a resin
base which was also simulated in the numerical model (Figure 2b).

Enamel

Dentin

Resin base

Figure 2. a) Dimensions of the mandibular molar tooth [1] and, b) Final 3D model with the resin base.

The model has been inputted in ABAQUS® software for stress evaluation for several loading conditions
and wearing/restoration geometries. The mechanical properties used to simulate the different dental
tissues and restoration materials are shown in Table 1. The numerical model will be adjusted according to
experimental data obtained by measurements performed with Electronic Speckle Pattern Interferometry
(ESPI). ESPI is a laser interferometry technique that allows to obtain the displacement of the surface of the
tooth with sub micrometric resolution [4]. An experimental setup for tooth wear simulation will be also
assembled using acid etching on the crown surface. The chemical erosion will be controlled by adjusting
the etching time and solution dilution.

Table 1. Mechanical properties of materials: Young's modulus and Poisson's ratio.

Material Young’s modulus (GPa) Poisson’s ratio Reference No.
Pulp 0.002 0.45 [3]

Enamel 84.1 0.33 [5]

Dentin 18.6 0.31 [6]

Bis-acryl resin 4.9 0.3 [7]

Type Il gold 96.6 0.35 [8]

IPS Empress 67.2 0.3 [9]

Panavia 21 resin cement 3 0.35 [10]
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RESUMO

O ciclismo adaptado, também designado por paraciclismo, € um desporto que envolve a pratica de ciclismo
por pessoas portadoras de limitagdes fisico-motoras. Apesar de recorrer a bicicletas convencionais, pelas
particularidades e limitages fisicas de cada praticante, é necessario proceder a adaptagdes que permitam
a sua utilizacdo de modo seguro. Neste trabalho é apresentado um dispositivo biomecéanico para a pratica
desta modalidade desportiva, na classe C5, desenvolvido para um atleta possuidor de agenesia de méao,
representante da Selegao Portuguesa de Paraciclismo. O dispositivo, desenvolvido especificamente para o
atleta, permite a compensacéo necessaria na pratica de ciclismo, a melhoria na postura do atleta, a sua
seguranga e o aumento do seu rendimento. Além disso, o conceito de dispositivo que se apresenta pode
ser adaptavel para compensagdo na pratica de ciclismo noutros tipos de limitagao fisica.

Palavras-chave: Ciclismo Adaptado, Dispositivo de Compensacéo, Biomecénica Desportiva

INTRODUQAO

De amadores a profissionais, os atletas de ciclismo adaptado enfrentam obstaculos e derrubam barreiras
dia ap6s dia. Muitos deles, esforcam-se desde pequenos para ultrapassar as dificuldades que Ihes séo
impostas, mas, na maioria das vezes, ndo conseguem alcangar o objetivo desejado. Uma das maiores
dificuldades que enfrentam passa pelo facto de ndo possuirem as adaptagbes necessarias, que lhes
permitam o ajuste a bicicleta, garantindo o conforto, seguranca e rendimento necessarios para a pratica da
modalidade. Acresce ainda que as adaptagdes padrdo que possam existir no mercado, salvo excegdes,
ndo se enquadram no atleta, dadas as particularidades da limitagdo de cada um. Assim, as solugdes
adequadas devem passar pelo projeto direcionado, numa linha de “alfaiate”, com solugdes desenvolvidas
e implementadas por medida, como é o caso dos dispositivos desenvolvidos para o atleta Telmo Pindo [1].
Neste sentido, a engenharia e em particular a biomecéanica, podem desempenhar um papel relevante no
apoio a este tipo de atletas. E quando se alia o ensino da engenharia com o projeto e implementagéo deste
tipo de solugdes, o resultado final podera ser ainda mais importante.

O presente trabalho descreve um dispositivo de compensagao, desenvolvido para a pratica de ciclismo
adaptado por um atleta portador de agenesia na méao esquerda, uma limitagdo congénita traduzida pela
auséncia da mao. Apds a identificagdo e caracterizagao da limitagao fisica do atleta, o projeto do dispositivo
assentou num sistema de encaixe, baseado no conceito do pedal de encaixe, composto por um conjunto
de elementos estruturais, um deles ajustavel, e que permite ao atleta um posicionamento adequado na
bicicleta, exercer forga em ambos os sentidos, ou seja, empurrar e puxar o guiador na sua diregdo,
aumentado o seu rendimento e conforto, sem comprometer a sua seguranga, dado que e em caso de queda
o desacoplamento é garantido pelo sistema de encaixe.

MATERIAIS E METODOS

O dispositivo apresentado pode ser caracterizado por trés partes, que se apresentam na figura 1. Uma
protese de adaptagéo ao brago, um componente de interface e um sistema de fixagé@o ao guiador, ajustavel.
O fabrico da protese teve por base a obtengdo de um molde em gesso (negativo), desde o coto até a parte
inferior do cotovelo do atleta, sendo depois produzido um positivo apds a consolidagcdo do mesmo. O seu
fabrico envolveu a deposicéo de varias camadas de fibra de carbono em matriz de resina epoxi, sendo a
extremidade embebida na base de um espigédo do tipo parafuso, de modo a ser ancorado o componente de
interface. Este elemento estrutural (figura 1 b), com geometria cilindrica, foi modelado geometricamente em
Solidworks®, de modo a incluir o componente macho de um sistema de encaixe de pedais, da marca Zeray,
e simultaneamente garantir a fixagdo ao espigdo da protese. Este sistema permite a regulagdo com recurso
a uma contraporca. O sistema de encaixe ao guiador foi também modelado geometricamente através do
software Solidworks®. Este sistema é composto por trés elementos estruturais. Dois dos elementos
encaixam no guiador, com aperto através de parafusos, garantindo deste modo a ancoragem do dipositivo.
O terceiro elemento encaixa nos anteriores através de um sistema de posicionamento angular, discreto, e
com bloqueio através de pernos de fixagdo. Neste elemento é aparafusada a fémea do sistema de encaixe
de pedais, permitindo deste modo o simples encaixe e desencaixe do dispositivo.
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a) b)

Figura 1- a) Adaptacéo ao Brago e Mao, em Material Composito; b) Componente de Interface; c) Geometria 3D do
Sistema de Encaixe ao Guiador.

O estudo do comportamento estrutural destes componentes foi feito através do método dos elementos
finitos, recorrendo ao software SolidWorks®, com uma andlise estatica linear. Os resultados mostraram
uma resisténcia e rigidez adequadas para os varios componentes do dispositivo. Os diversos elementos
modelados foram produzidos através de fabrico subtrativo, com recurso a um centro de maquinagem de 5
eixos da marca Haas.

RESULTADOS E CONCLUSOES

A figura 2 mostra o dispositivo produzido e a forma como encaixa no guiador, assim como o posicionamento
no atleta. Os testes funcionais ao dispositivo foram feitos num sistema de simulagéo de prova, em rolo e
em estrada, com sucessivo aumento do nivel de exigéncia para o ciclista. A observagéo visual comparativa
mostrou uma postura do ciclista na bicicleta adequada para a pratica da modalidade. O ciclista reportou
também uma significativa melhoria na sua postura, assim como no seu rendimento, tendo passado a
conseguir pedalar em pé e implementar forca ascendente e descendente no contacto do braco esquerdo
com o guiador. Além disso, a seguranga do atleta passou a ficar garantida com o dispositivo, ja que em
caso de queda, o dispositivo desencaixa.

Figura 2 — a) Dispositivo Final; b) Testes Funcionais.
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ABSTRACT

Football is the most popular sport in the world. It is a mode where there is a high number of injuries. The football
player assumes a semiflexion posture of the hip and knee, in the conduction of the ball, running and passing, and
this semiflexion can be fixed, making the posterior muscular chain susceptible to shortening. With limited flexibility
and imbalance of forces athletes are more exposed to injuries such as muscle stretching, bruising and ligament
ruptures. The objective of this study is to analyze the effects of a physical therapy intervention program by pro-
moting increased flexibility in the lower limbs of soccer players and increased cardiorespiratory endurance. the
data collection for the initial evaluation of the present study was done through the application of adapted question-
naires and two functional tests: Sit and Reach flexibility test to assess the flexibility of the lumbar spine and lower
limb; and the Six Minutes test (adapted) to evaluate the resistance. The sample of the present study had 9 partici-
pants (4 of the experimental group and 5 control group) with mean age of 25.00 +3.78 years. The experimental
group had a significant improvement in flexibility (p = 0.043) and decreased pain (p = 0.036) and some improve-
ment in functional capacity in number of turns to the field. The intense and repetitive training of the athletes pro-
vides muscle hypertrophy and decreased flexibility, a decrease that can lead to injuries. These injuries can occur
from lack of warm-up or stretching before a game or workout. A well-designed stretching program is important to
improve athlete performance, since well stretched muscles tend to increase their efficiency.

Keywords: Sports rehabilitation; sports injuries; incidence of football injuries; flexibility, resistance

INTRODUCTION

According to the Portuguese Institute of Sport and Youth (IPDJ, 2018), high-performance sport is now recognized
as an important factor for sports development. Football, as the most popular sporting modality, challenges the
player's physical fitness since it requires a variety of skills at different intensities, these components play an im-
portant role and require maximum strength and anaerobic potency (Van Beijsterveldt, Van Der Horst, Van De
Port, & Backx, 2013). It is also the modality responsible for a high number of sports injuries (Fonseca et al., 2007)
with the highest occurrence in the dominant lower limb (62.9%) (Rahnama, Bambaeichi, & Daneshjoo, 2009).
Athletes suffer an organic adaptation process, such as a postural deviations and musculoskeletal changes that
added to the technicalities of the sport and errors in the movements performance technique may increase the
prevalence of injury during exercise. Intense and repetitive training of athletes provides muscle hypertrophy and
decreased flexibility (Ribeiro et al., 2003; Leite & Neto 2003; Prado, 2004).

The soccer player assumes a semiflexion posture of the hip and knee, in the conduction of the ball, running and
passing, and this semiflexion can be fixed, with limited flexibility and imbalance of forces athletes are more ex-
posed to injuries such as muscle stretching, bruising and ligament ruptures. Thus, ideal levels of flexibility aim to
improve joint range, strength and speed of movements during exercises, making them more accurate (Prado,
2004; Bertolla, 2007). This research aims to analyze the effects of a Physiotherapy intervention program by pro-
moting increased flexibility in the lower limb of soccer players and increased cardiorespiratory endurance.

METHODOLOGY

The present study was carried out among the male young-adult players aged between 18 and 35 years of the
club Association Os Vouzelenses with training at least 3 times a week.

The data collection for the initial evaluation of the present study was done through the application of the question-
naire characterizing the sport activity with the characterization of the lesions (Fuller et al., 2006); severity of injury
(Fuller et al., 2006) and absence time after injury; as well as the application of the Body Discomfort Assessment
Scale (Corllet and Bishop, 1976); the Sit and Reach Flexibility Test (Wells & Dillon, 1952) and the Six Minute Test
(Cooper, 1968).

An exercise program adapted by FIFA's medical research department called "The 11", has been implemented,
which aims to reduce the most common injuries in football and adapted to the sample with the inclusion of exer-
cises that aim to increase flexibility and endurance.

The intervention program was implemented for all participants, 2 times a week for 35 minutes and over a period of
8 weeks. At this time a reevaluation was carried out. Data were analysed using a statistical analysis program -
SPSS version 24.0. Mann-Whitney Non-parametric test were used (comparing the same group at different times),
setting the level of significance at p< .05.
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RESULTS AND DISCUSSION

The sample of this study was composed of 9 male participants, with average age of 25 +3.78 years, with an aver-
age height of 1.76 +7.05 meters and average weight of 73.56 +4.56, being divided randomly into two groups,
Experimental Group (EG, n= 4) and Control Group (CG, n=5).

Regarding the lesions, 22.2% of the participants reported that they had a ruptured muscle injury, 22.2% had a
meniscus injury and 22.2% had a ligament rupture.

In the analysis of flexibility, the initial evaluation in the EG was the mean of 26.50. In the reassessment of this
same group the mean was 34.00 (p= 0.034). In the CG the mean flexibility was 37.20 in the initial evaluation and
35.80 in the final evaluation (p= 0.074).

Regarding the discomfort / pain, in the initial evaluation in the EG the average amount of discomfort / pain is 3.00.
In the re-evaluation of this same group the mean is already 1.50 (p= 0.036); In the CG, the initial evaluation ob-
tained a mean of discomfort / pain of 2.80 and the final evaluation of 1.80 (p= 0.015).

Regarding heart rate after the test, the EG had a mean heart rate of 141.25 bpm. In the final evaluation the mean
was 153.00 bpm (p= 0.191). The CG mean heart rate was 142.80 bpm at baseline, and 146.00 bpm (p= 0.341).
In relation to the number of laps, the EG obtained the average number of laps in the field of 4.75; In the reevalua-
tion there was an improvement of the mean of turns with 6.25 (p= 0.765). In the CG, the average number of laps
was 4.60 in the initial evaluation and 4.40 in the final evaluation (p= 0.228).

These comparative data can be observed in graph 1.
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Experimental - Control - Experimental - Control - Pain Experimental - Control - Experimental - Control -
Flexibility Flexibility Pain heart rate heart rate Endurance Endurance
M Initial Evaluation 26,5 37,2 3 2,8 141,25 142,8 4,75 4,6
Final Evaluation 34 35,8 1,5 1,8 153 146 6,25 4,4

Graph 1 - Analysis of the variables by group and by phase

CONCLUSION AND DISCUSSION

Intense and repetitive training of athletes provides muscle hypertrophy and decreased flexibility. Some authors
explain that soccer injuries can occur frequently because of lack of warm-up or stretching before a game or training.
One way to prevent such injuries is to implement training plans that aim to increase flexibility through stretching.
Thus, focusing on this reality, this study refers to the importance of the physiotherapist in sports in order to intervene
in an early and preventive way through specific training programs emphasizing the importance of training flexibility
in the preparation of footballers.

The present study demonstrated significant improvements in the experimental group in the variables of flexibility
and pain reduction, and in some factors there were improvements, such as the number of field trips, but that did
not translate into significant differences, due to the reduced number of the sample, as well being, the objective of
the flexibility intervention program was very successive. The same did not occur with the resistance program since
the results obtained were lower than was expected. Then the awakening to this theme.

REFERENCES

Bertolla, F. et al. (2007). Efeito de um programa de treinamento utilizando o método pilates na flexibilidade de atletas juvenis de
futsal. Revista Brasileira de Medicina do Esporte. Sdo Paulo, V. 13(4).

Fonseca, S., Ocarino, J., Da Silva, P., Bricio, R., Costa, C., & Wanner, L. (2007). Caracterizagdo da performance muscular em
atletas profissionais de futebol. Revista Brasileira de Medicina Do Esporte, 13(3), 143-147.

Fuller, C., Ekstrand, J., Junge, A., Andersen, T., Bahr, R., Dvorak, J. Hagglund, M., McCory, P. & Meeuwisse, W. (2006) .
Consensus statement on injury definitions and data collection procedures in studies of football (soccer) injuries. The British Journal
of Sports Medicine; 40:193-201.

IPDJ, I. P. (2018). Medida de apoio ao alto rendimento. Obtido de Instituto Portugués do Desporto e Juventude:
http://www.idesporto.pt/conteudo.aspx?id=13&idMenu=5

Leite, C. & Neto, F. (2003). Incidéncia de lesdes traumato-ortopédicas no futebol de campo feminino e sua relagdo com alteragées
posturais. Revista Digital, Buenos Aires, v. 9(61).

Prado, A. (2004). O método iso-stretching na otimizagao das aptiddes para a pratica do futebol de campo. Saude, Santa Maria,
v. 30(1-2).

Rahnama, N., Bambaeichi, E., & Daneshjoo, A. (2009). The epidemiology of knee injuries in Iranian male professional soccer
players. Sport Sciences for Health, 5(1), 9— 14.

Ribeiro, C. et al. (2003). Relagdo entre alteragdes posturais e lesées do aparelho locomotor em atletas de futebol de saldo.
Revista Brasileira de Medicina do Esporte, Sdo Paulo, v. 9(2), p. 91-97.

Van Beijsterveldt, A., Van Der Horst, N., Van De Port, I., & Backx, F. (2013). How effective are exercise-based injury prevention
programmes for soccer players: A systematic review. Sports Medicine, 43(4), 257-265.

200



8° Congresso Nacional de Biomecanica, 15 e 16 de fevereiro de 2019, Unhais da Serra, Covilha

Dynamic measurement of architectural changes in tibialis
anterior muscle during contractions based on ultrasound
imaging

Vanessa Cunha, Pawel Buljaski, Pedro Jacinto, Jorge Martins
IDMEC, Instituto Superior Técnico, Universidade de Lisboa, Portugal
vanessa.cunha@tecnico.ulisboa.pt, pawel.bujalski@tecnico.ulisboa.pt,
pedro.miguel.jacinto@tecnico.ulisboa.pt, jorgemartins@tecnico.ulisboa.pt

ABSTRACT

An exciting revolution is underway in the fields of rehabilitation and assistive robotics, where technologies
are being developed to actively aid or restore legged locomotion to individuals suffering from muscular
impairments or weakness, neurologic injury, or amputations affecting the lower limbs. For the development
of these assistive technical aids it is important to take into account the intrinsic dynamics of the ankle.

The broad aim of this research project is to arrive at dynamical and realistic models reproducing the ankle
joint motion and its motor control. During this project, functional electrical stimulation (FES) is used to ex-
cite the dynamics of the ankle joint; ultrasound imaging to track the motion of the muscle-tendon junction
and its internal displacement; a wireless optical tracking system for the acquisition of the kinematic data
and a robotic manipulator to estimate both the resultant ankle joint force and torque.

Using this experimental in-vivo setup, where outputs ankle torque, ankle angle and internal tendon dis-
placement during FES activated TA are measured, the black box problem of muscle-tendon dynamics can
be minimized.

KEYWORDS: ankle joint, neuromusculoskeletal system, motor control, muscle-tendon junction

INTRODUCTION

An important issue in motor control is understanding the basic principles underlying the accomplishment of
natural movements.

The possibility to obtain, by means of the system input and output transfer function, data regarding the in
vivo mechanics of the muscle joint unit may represent a novel tool to investigate the functional features of
different muscle groups. In fact, the understanding of the human neuromusculoskeletal system and the
uncovering of its motor control laws may be useful for designing FES equipment as well as training and
rehabilitation procedures.

The aim of this study is to observe the dynamic response of the ankle joint unit by means of the analysis of
the motor response during electrical stimulation of the peroneal nerve. Additionally, we used a convention-
al US imaging technique coupled with corresponding spatial positions to measure the in vivo human tibialis
anterior (TA) muscle architecture features during maximal voluntary contraction and at rest. Understand-
ing these muscle architecture changes of the TA could have implications for rehabilitation, the analysis of
normal gait cycle, biomechanical modelling, as well as the design of neurorehabilitation technologies.

METHODS

Experimental Setup

One healthy young male adult aged 24 years, 1.72 meters tall and 70 kg in weight, volunteered to partici-
pate in the study. The participant has no recent (<12 months) history of lower limb injury or surgery and no
preexisting neuromuscular disorders.

A system combining an ultrasound imaging machine (Aloka Prosound 2) equipped with a linear probe
(UST-568), an optical motion analysis system (Polaris Spectra System, NDI, Germany), a FES device
(ISTIM Modular Stimulation System) and KUKA Ligthweight Robot 4+ with JR3 force sensor was used to
collect the data.

The devices were connected to a personal computer via USB interface. An interactive graphical user inter-
face was developed using MATLAB to facilitate the establishment of the synchronous communication be-
tween devices as well as to store the acquired data. UDP protocol was used for time synchronization (25
Hz) in the system.
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Data Acquisition

Two different experiments were performed. Both were performed with the subject sitting in an upright posi-
tion in a chair with the feet being able to hang freely with an approximate knee flexion of 90 degrees. The
initial experiment A was performed to measure the architectural parameters of human TA muscle in vivo.
Ultrasound scans of the TA muscle belly were performed during the maximum voluntary contraction and at
rest to assess in vivo the following anatomical changes: muscle volume, thickness and width, muscle
cross-sectional area and pennation angle. Conventional B-mode ultrasound images of the TA muscle were
acquired at approximately 25 frames/s and with an image depth of 60 mm. Transverse measurements
were taken by placing the probe perpendicular to the direction of the TA muscle, sweeping scan from the
distal to proximal end of the muscle belly. In order to overcome eventually faulty acquisitions, three trans-
verse US scans of the entire TA muscle belly were performed during the maximal dorsiflexion contractions
of the right foot and at rest to assess muscle volume, muscle cross sectional area, muscle thickness, and
pennation angle.

In experiment B, the subject's TA muscle was activated using the FES device by setting a biphasic square-
wave pulse train with a frequency of 30 Hz, an amplitude of 30 V, and a pulse duration of 400 ps. The
stimulation was delivered to the peroneal nerve placing a surface self-adhesive electrode pair. Throughout
the experiment B, the subject remained sited, in an upright position with a knee joint flexion angle of 90°
and an initial ankle angle of 20° plantarflexion. Tendon displacement was measured by ultrasound system,
while ankle angle and ankle torque were measured with the KUKA LWR and JR3, respectively. Results
from experiment B were used to calculate force output from the TA and tendon stiffness.

RESULTS

The estimated values for TA muscle architecture parameters at neutral ankle position and during MVP are
consistent with in vivo estimated values from the literature [2, 3]. The average value of TA tendon stiffness
was 23.2 + 3.9 N/mm and therefore consistent with other literature [4].

Table 1. Summary of results from experiment A. Changes in TA muscle architecture parameters at 50% of muscle
length at rest and during MVC.

Muscle parameter Rest Maximum Voluntary Contraction
CSA (mm?) 777.8 +46.6 1089.4 + 75.8

Thickness (mm) 289+13 31.3+13

Width (mm) 39.5+1.2 41.8+3.9

Muscle volume (cm®) 2789+11.3 279.9 +10.1

Pennation angle (°) 11.3+0.5 17.3+0.9

Table 2. Summary of results from experiment B. Dorsiflexion torque, tendon stiffness and
estimated TA force during contraction induced by FES device.
FES-induced contraction

Ankle torque (Nm) 6.3+2.0
Tendon stiffness (N/mm) 23.2+3.9
Predicted TA force (N) 178.0 + 33.1

CONCLUSION

The aim of this study was to design and implement an experimental protocol that can estimate quantita-
tively and characterize the dynamic response of the ankle joint unit by means of the analysis of the torque
signal recorded during electrical stimulation of the peroneal nerve.

In this work, the motor response was observed when the stimulation parameters adopt the most used val-
ues. However, further research is required to examine and modeling muscle response under different elec-
trical stimulation signals.

This evaluation of the passive mechanical properties of the muscle can provide some insight on the effect
of applied loading or restriction of movement for both structure and function and how FES can influence
the motor response.
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ABSTRACT

This work explores the potential of Addictive Manufacturing (AM) in the production of Patient Specific
Implants (PSI). AM is commonly known as 3D printing and it is an emerging advanced manufacturing
technique with potential to change the industry of medical prostheses, through the creation of personalized
prostheses adapted to the patient’s body. In fact, the manufacturing freedom of AM allows to create struc-
turally optimized prostheses using topologic optimization, by reducing the amount of material and the
overall weight of prostheses [1]. Within the scope of this work, customized implants are designed using
CAD tools. Additionally, the designed implants are structurally analysed using the finite element method
(FEM) and advanced discretization meshless techniques [2]. In the end, as prove of concept, a final proto-
type of the implant using the AM technique is produced.

Keywords: 3D printing, meshless methods, Finite Element Method

INTRODUCTION

Additive Manufacturing (AM) technologies offer several advantages over traditional manufacturing tech-
niques, such as customization and almost complete freedom in the fabrication. In opposition to subtractive
manufacturing, AM consists in layer-by-layer material addiction, which process can be visualized in Fig. 1.
Today, the world is witnessing a revolution in health care, with the rapidly expansion of biomedical applica-
tion for AM. There are several 3D printing techniques available. Nevertheless, this work focus mainly in the
fuse filament fabrication (FFF) technique using polylactic acid (PLA). The most attracting feature of FFF is
its low cost, allowing to build real scale prototypes and test geometric solutions. Additionally, FFF permits
to fabricate parts with locally controlled properties by changing deposition orientation and deposition densi-
ty.

(a) (b) (c) (d)

Fig. 1. Additive Manufacturing summarized into 3 stages: (a) drawing the object in CAD; (b) preparing its
print with slicing software; (c) 3D printing layer-by-layer; (d) final part. Adapted from [3].

MATERIALS AND METHODS

First, the patient’s local anatomy is obtained from medical imaging techniques, such as computational to-
mography (CT) scan or magnetic resonance imaging (MRI). Using 3D-Slicer ©, the medical images are
segmented and a STL file is generated. Afterwards, the STL file is exported to SOLIDWORKS ©, in which
a 3D model is built. Then, the external or internal implant is virtually built fitted to the patient’s specific ge-
ometry. A 3D tetrahedral mesh is generated and exported to the academic structural analysis software
FEMAS - Finite Element and Meshless Analysis Software (more details in cmech.webs.com). In FEMAS,
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the structural integrity of the virtual implant is analysed using a simple elasto-static analysis with the finite
element method and other advanced discretization techniques, such as meshless methods. In the end,
after the virtual structural validation, the implant is produced using the FFF AM technique using polylactic
acid (PLA), a low-cost and renewable thermoplastic.

RESULTS

The virtual FEM model was submitted to forces and displacement constrains simulating the patient’s daily
activities. Thus, the structural analysis of the Patient Specific Implants (PSI) allowed to identify the PSI's
locations under higher stress. In accordance with stress levels, the locations in which the stress exceeded
the ultimate stress of the PLA were iteratively reinforced with more material. This iterative procedure al-
lowed to achieve a PSI suited to the patient’s anatomy and, at the same time, resistant enough to endure
daily activities.

CONCLUSIONS

This work allowed to understand the full path in the production by FFF-AM technique of patient’s specific
implants, regardless the anatomical location for the implant. Although the implants produced in the scope
of this work are in PLA, the presented production pipeline can be extended to other AM techniques and
materials. This works shows some of the immediate potential of AM in biomechanics and in health care.
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RESUMO

Polymers are extensively used for the fabrication of 3D scaffolds in tissue engineering. One of the most
commonly used is poly(e-caprolactone) (PCL), due to its good solubility, FDA approval, low melting point,
and exceptional blend-compatibility. However, slow degradation rate, poor wettability, low mechanical
properties and lack of cell adhesion and integration are major drawbacks of PCL, namely when aiming to
mimic cartilage compressive properties.

It is well documented in the literature that hyaline cartilage has remarkable mechanical properties (elastic
modulus of ~123MPa; mechanical tensile strength of 17 MPa; compressive modulus varying between 0.53
and 1.82 MPa; and compressive stress between 14-59 MPa) and lasting durability, despite its few
millimetres of thickness. Instead, biodegradable elastomers may offer the possibility to engineer
implantable structures resembling the elasticity of some native tissues.

Poly (glycerol-sebacate) (PGS) is a polyester elastomer with useful properties of biocompatibility and in
vivo biodegradation; remaining the processing conditions difficult to extend the range of applications.
Limited to conventional processes (e.g. freeze drying, melt moulding, electrospinning), it hinders the
fabrication of patient-specific constructs with controlled architectures, interconnectivity between pores,
porosity and pore size.

Thus, the main aim of the present work was to examine the feasibility for producing extrusion-based PCL
scaffolds reinforced with PGS.

MATERIALS AND METHODS

Commercial PGS (Regenerez®) was obtained from Sigma-Aldrich. PCL polymer (CAPA® 6500, Mw: 50
kDa) was purchased from Perstorp Caprolactones (Cheshire, UK). Mixtures were prepared using
chloroform (analytical grade) from Scharlau Chemie (Barcelona, Spain) and ethanol 70%. PGS-PCL and
PCL membranes were prepared by solvent casting, to obtain 3D scaffolds through an additive
manufacturing system. PCL pellets were dissolved in chloroform:ethanol (9:1) mixture at 50°C and the
solution was deposited in Petri dishes and dried at room temperature. The mixtures were prepared through
the dissolution of PCL pellets and PGS in chloroform:ethanol (9:1) mixture at 50°C; PGS-PCL ratios were
0-100%; 15-85%; 30-70%; 45-55%; 60-40%, respectively. After obtaining a homogeneous solution, the
PGS-PCL mixture was deposited in Petri dishes and dried at room temperature; drying time was
dependent on the concentration ratios.

Scaffolds were produced by using a bioextrusion system. All 3D structures were prepared with an inter-
filament distance of 350 ym, nozzle diameter of 300 um and 0°/90° pore configuration. Control PCL and
PGS-PCL scaffolds were obtained using the different processing conditions (depending on the different
concentration ratios). The surface topographies of scaffolds were examined by optical microscope Daffodil
MCX100 (Micros Austria) connected to a digital camera at a magnification of 40x. In addition, A SkyScan
1174™ (software version 1.1, Bruker, Kontich, Belgium) high-resolution uCT scanner was used to access
the 3D microstructure and porosity of the produced scaffolds. The thermal properties of the samples were
evaluated with a STA 6000 (Perkin Elmer). FT-IR analyses of all samples were performed with an ATR
Fourier transform infrared spectrometer (Alpha FT-IR spectrometer, Bruker, Belgium). Scaffolds
mechanical behaviour was assessed by uniaxial unconfined compression tests using a universal testing m
achine with an extension rate of 1 mm.min".

RESULTS AND DISCUSSION

In Figure 1 the PGS-PCL 3D structures are presented. It was possible to obtain a controlled architecture
with a porous structure, and with remarkable flexibility. PGS induced an increase (p<0.01) in TDon and
TDp, suggesting that adding PGS within the PCL network enhances the thermal stability. For PGS-PCL
spectra the main change observed, comparing to PCL alone, was an intense OH stretch indicating that the
hydroxyl groups are hydrogen bonded, C-O stretching in the crystalline phase and a stretching band of a
methylene group.
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These features, promoted that the incorporation of PGS induced higher compressive modulus to the
scaffolds (p<0.01), increasing the resemblance to the properties of native human cartilage.

scaffold_cireutar pm

Figure 1. PGS-PCL extrusion-based production.

CONCLUSIONS

3D scaffolds were successfully produced, with very high reliability (Cv<5%). To the best of our knowledge,
this are the first PGS-PCL scaffolds produced by additive manufacturing, promoting elastic features to
PCL-based scaffolds. Indeed, the present work demonstrated the feasibility of 3D printing PGS-PCL in a
controlled manner, resembling their properties to the ones presented by human cartilage.
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ABSTRACT

A few years ago, it was forecasted that additive manufacturing (AM) would revolutionize the way products
would be designed and manufactured [1]. Nowadays, not just that has been confirmed, but AM also has
revolutionized the way products are distributed to end users. Today, after downloading the STL file of the
product, an end user can comfortably print his/her product at home in his/her 3D printer.

Over the years, due to its capability to manufacture complex geometries, the AM technology has gained
academic and industrial interest. Furthermore, AM technology allows to develop new material solutions
from the combination of two or more materials and from the material spatial distribution at the micro-scale.
Over the years, several AM technologies have emerged, such as: material extrusion; powder bed fusion;
vat photopolymerization; material jetting; binder jetting; sheet lamination; directed energy deposition,
among many other variations. However, there is still a lack of comprehensive set of design principles,
manufacturing guidelines, and standardization of best practices [1]. In the specific case of biomechanics
and biomedical engineering, AM technologies have contributed with the development of environmentally
friendly materials, patient specific implants, ultra-high-performance and multifunctional biological materials
[1]. This work aims to present the state-of-the-art of 3D printing and AM techniques for biomechanics and
biomedical engineering research community, showing the remaining obstacles, recent discoveries and
future trends. Furthermore, the most important aspects of the AM technology and its evolution are pre-
sented and discussed. In the end of this work, the future research directions and exploration fields for
biomechanics and biomedical engineering are presented.

Keywords: 3D printing, Additive Manufacturing, Biomechanics, Biomedical Engineering

INTRODUCTION

Additive manufacturing (AM) is one of the most promising areas in component manufacturing since it ena-
bles the printing of a wide variety of functional prototypes with complex geometries. Therefore, it has be-
come a very popular technique in many areas, as shown in Fig. 1. In the biomedical area, AM has a wide
range of applications, since it provides the fast production of customized components: dental prosthesis,
surgical tools, hearing aids, among others. For the biologic tissues and organs manufacturing, it is still at
an early stage, due to the complexity of its manufacturing and design [2].

@ Industrial
Machines

B Consumer
products

O Motor Vehicles

O Aerospace

B Medical

O Academic

Fig. 1. The use of Additive Manufacturing based on each industrial sector. Database from [3].
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AM TRENDS

In recent years, AM has been extending its range of applicability in biomedics. Therefore, a new concept
has emerged, named 3D bioprinting, which consists in 3D printing with biological materials (with cells). 3D
bioprinting provides biocompatible and biodegradable prototypes which can be implanted in live organisms
[3]. Electron Beam Melt (EBM) and Direct Metal Laser Sintering (DMLS) technologies have been used to
produce customized orthopaedic implants, due to the characteristics of the final material and dimensional
precision [4]. In 2010, it was developed and implanted the first human pelvic implant customized to a spe-
cific patient [4]. This implant was metallic-based, and the bone growing was stimulated to improve the im-
plant long-term fixation [4]. In the last 15 years, the development of this technique has represented a very
important asset in tissues engineering, regenerative medicine and surrounding medical areas. Further-
more, AM has also been used to assist surgical planning [3]. Thereby, it is possible to produce 3D func-
tional tissue, such as bones, blood vessels and so on [3]. Nowadays main trends consist in product inno-
vation and increased research, so manufacturers are focusing on creating and delivering low-volume, low-
cost solutions and products that can be used in a variety of areas or industries [5].

AM CHALLENGES

AM has become a very popular technique due to its error reduction, high-level precision, capacity of cus-
tomized production, simultaneous use of multiple materials, low production time, etc [5]. However, its ap-
plication has been limited by materials’ costs and materials’ (un)availability. Additionally, the lack of know-
how to use this technology [5] has been delaying its progression. Biomedical industry is also concerned
about the mechanical properties, specially related to fatigue, so they have been using AM in low-risk situa-
tions, as body parts with low range of mobility [4]. Therefore, in order to become the dominant technology,
AM must expand to new industries and adopt some trendy strategies to become more popular, such as
being environment-friendly [2]. In the future, this technology must reduce environmental impact, as energy
and material consumption and greenhouse gas emissions [2].

CONCLUSIONS

This work provided an understanding of how the additive manufacturing has been developed in the biome-
chanics and biomedical field. Although the focus of this work is the application in biomedical sector, addi-
tive manufacturing has a large range of application fields, such as aerospace, industrial machines, etc. In
medical field, to produce biological tissue and organs, AM is still at an early stage, so further studies are
required in this area. Also, there are a few parameters that could improve AM popularity, such as reducing
the environmental impact.
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ABSTRACT

Tonus has been considered the basis of central nervous system (CNS) functional adaptation to fulfill the
dual purpose of movement and postural control [1]. Among the multiple pathologies of CNS, stroke has
been the most investigated in the context of tonus dysfunction, typically through measures involving the
evaluation of muscle resistance against stretching at rest [2]. However, the recent evidence demonstrating
that the increased muscle resistance obtained under these conditions is more related to intrinsic compo-
nents, being not associated to movement dysfunction [3], turn relevant the assessment of biomechanical
variables that could reflect tonus dysfunction in a highly demanding postural control functional context, like
upright standing [4] and postural phases of gait initiation and stand-to-sit [5, 6]. By representing muscle
synergies organization within postural tone to increase joint stiffness and postural stability, antagonist co-
activation at the ankle level would reflect tonus dysfunction in poststroke subjects [7]. Furthermore, the
evaluation of ankle stiffness through the analysis of stabilometric data obtained by a force platform during
a functional task such as upright standing [8], here called functional stiffness, may also be used as a func-
tional alternative to intrinsic stiffness assessment. Based on the previously exposed, it can be hypothe-
sized that functional stiffness, rather than intrinsic stiffness, would best reflect the muscle synergies in-
volved in the maintenance of postural stability during functional tasks.

The main aim of the present study was to evaluate the level of correlation between intrinsic stiffness at
rest, functional stiffness in upright standing and antagonist co-activation in upright standing and postural
phases of gait initiation and stand-to-sit, at the ankle joint of post-stroke subjects.

Key words: Tonus; Motor Control; Stroke; Stiffness; Antagonist co-activation.

METHODS

The contralesional (CONTRA) and ipsilesional (IPSI) limbs of eight participants with a history of ischemic
stroke in the subcortical territory of middle cerebral artery for at least 6 months were evaluated (Table 1).
Ankle intrinsic stiffness evaluation at neutral position (NP) was performed in seated position with knee
extension by an isokinetic dynamometer programmed in passive mode at 5%sec, according to Sousa [9].
Functional stiffness values in the anteroposterior direction were obtained during 15sec of upright standing
on a force platform, according to the method proposed in Winter [8]. The antagonist co-activation of the
tibialis anterior (TA)/soleus (SOL), TA/gastrochemius medialis (GM) and Ventral/Dorsal pairs of each limb
was calculated for upright standing and postural phases of the transition to gait and sitting, which were
defined by the analysis of ground reaction forces and center of pressure (CoP) data obtained by two force
platforms. The averaged values of three valid trials of intrinsic stiffness, functional stiffness and antagonist
co-activation were used for analysis.

Table 1. Characterization of the participants according to gender, age (years), weight (kg), height (cm), lesion location
(confirmed by computed tomography), injured hemisphere and evolution time (months).

D | Gender | Age | weight | Heignt | Lesion Location He':f;_!'i‘ire E".I‘Zi':im
1 Female 39 65 170 Cortico-subcortical Left 27
2 Male 47 95 176 Lenticulo-capsular Right 30
3 Male 34 86 185 Lenticulo-capsular Right 18
4 Female 32 60 173 Cortico-subcortical Right 30
5 Female 38 68 163 Lenticulo-capsular Right 24
6 Male 61 89 176 Lenticulo-capsular Right 6
7 Female 57 65 160 Striato-capsular Left 12
8 Female 54 75 158 Fronto-parieto-insular Right 90
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RESULTS

A significant and high correlation was found between antagonist co-activation of IPSI TA/SOL pair in up-
right standing and functional stiffness (r=0.810; p=0.015) (Table 2). There were no statistically significant
correlations between intrinsic stiffness and antagonist co-activation and functional stiffness variables in
none of the limbs.

Table 2. Correlation between intrinsic stiffness, functional stiffness and antagonist co-activation variables (with the
respective correlation coefficient (r) and test value (p)).

C ivati i Stiffness variables
= n = e Functional
Functional task | Muscle pair Limb NP" IPSI e

] TA/SOL 0.036(0.939) | 0.810 (0.015)

HBughE TAIGM 0.143(0.760) | 0.690 (0.058)

VentraliDorsal 0.286 (0.535) | 0.667 (0.071)

SOL/TA 0.486 (0.329) | -0.214(0.645)

Gait initiation GM/TA IPSI | 0.314(0.544) | -0.179 (0.702)

DorsallVentral 0.314(0.544) | -0.179(0.702)

] SOL/TA 0.071(0.879) | -0.190 (0.651)

Bl o GMITA 0.464 (0.294) | -0.333 (0.420)
initiation

DorsallVentral 0.321(0.482) | -0.476 (0.233)

-0.357 (0.432)
Functional task| Muscle pair | Limb | "NP"coNTRA| Functional
stiffness

] TAISOL -0.250 (0.589) | 0.357 (0.385)

Upright TAIGM 0.250 (0.589) | 0.452 (0.260)

Ventral/Dorsal ~0.357 (0.432) | 0.286 (0.493)

SOL/TA 0.600 (0.208) | -0.357 (0.432)

Gait initiation GMTA | CONTRA | 0.543(0.266) | -0.250 (0.589)

DorsallVentral 0.771(0.072) | -0.214(0.645)

] SOL/TA 0.107 (0.819) | 0.143 (0.736)

Standzost GM/TA 0.714 (0.071) | 0.405 (0.320)
initiation

DorsallVentral 0.464 (0.294) | 0.048 (0.911)

~0.214 (0.645)
r (p value)

CONCLUSIONS

The global tendency for significant correlations between antagonist co-activation in upright standing and
functional stiffness, coupled with the absence of significant correlations between intrinsic stiffness and
antagonist co-activation and functional stiffness variables, seems to demonstrate, as hypothesized, the
relation between motor control variables evaluated in dynamic conditions and that muscle resistance to
passive stretching does not seem to reflect the behavior of these muscles involved in muscle synergies
during a functional task.
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RESUMO

The temporomandibular joint (TMJ) is the articulation between the glenoid fossa and articular eminence of
the temporal bone and the mandibular condyle, with a fibrocartilaginous disc interposed. Tissue engineer-
ing (TE) may offer a permanent treatment to eliminate symptoms of the temporomandibular disorders
(TMD), such as chronic and orofacial pain. TMJ disc TE attempts to respond to the lack of regeneration
and self-repairing capacity of this fibrocartilaginous tissue. A proper implant, mimicking the TMJ disc prop-
erties and biomechanical environment and offering a long-term solution for TMD, has not been developed
yet. To contribute to these efforts, scaffolds and hydrogels, mimicking the shape of the sheep TMJ disc,
were produced using different materials, poly(e-caprolactone) (PCL) and poly(ethylene glycol) diacrylate
(PEGDA), in separate, or as a multi-material structure.

MATERIAL AND METHODS

PCL scaffolds were produced using the BioExtruder and different production parameters were evaluated,
namely, (i) nozzle (extrusion head) temperature, which were 78°C, 80°C and 86°C, (ii) fibres’ diameter with
200pm and 300um, and the influence of (iii) the surrounding biological environment, placing the scaffolds
in distilled water (dH20), at 37°C for 24 hours. PCL scaffolds’ geometry was obtained by reverse engineer-
ing of a sheep TMJ disc and the fibers alignment was 0° and 90°. PEGDA hydrogels were produced in a
concentration of 20% w/V, dissolved in aqueous solution of 0.5M of 2-[4-(2-hydroxyethyl) piperazin-1-
yllethanesulfonic acid (HEPES) buffer. Photopolymerization was induced through the addition of 0.1% w/V
2,2-dimethoxy-1,2-diphenylethanone (DMPA) photoinitiator to 10mL of PEGDA solution in a transparent
Petri dish, followed by UV light (A=365nm) exposure.

PCL scaffolds were produced and then, a layer of PEGDA was photopolymerized surrounding the PCL
scaffold, forming the sandwich-type of composite (multi-material) structure. Scaffolds and hydrogels’ me-
chanical behaviour was assessed by uniaxial unconfined compression tests using a universal testing ma-
chine with an extension rate of 1 mm.min-!. Micro-computed tomography was used to access the 3D mi-
crostructure of PCL scaffolds produced at different temperatures and with different filament diameters, to
evaluate the influence of these production parameters. The wettability of the specimens was evaluated by
static CA measurement on a Theta Lite optical tensiometer.

RESULTS AND DISCUSSION

The scaffolds were morphologically analysed, and their final dimensions were 25.74+0.12 mm and
12.77+0.02 mm, in the mediolateral and anteroposterior directions, respectively, and the base area was
298+12 mm?. Through uCT it was possible to analyse the surface per volume ratio (SVR) and porosity of
the scaffolds. SVR was considerably different among the different groups. The group T86 presented the
lowest SVR (0.83x102 um™"), while the @200 group has the highest value (1.68x10-2 ym™', twice the SVR of
the group T86). With exception of the T86 group (31.20 %), all groups have roughly the same porosity,
between 60.13 % and 62.75 % (twice the porosity of the group T86). These values are relatively close to
the TMJ disc reference porosity (70 %). Taking this into account, it can be stated that, for TMJ disc TE, the
scaffolds of the group T78/@300 seem to present the adequate pore size (284+31 um) and SVR (1.53x10-2
um™'). All PCL scaffolds presented a superior compressive modulus compared to the native disc (com-
pressive modulus of 0.050-5 MPa; yield stress of 1,91 MPa), although the scaffolds with filaments of
200um present a closer value of compressive modulus (11.59+0.36 MPa) and vyield stress
(1.98+0.16MPa). Probably, this is due to the fact that pores of @200 have, in the transversal plane, a pore
with an area ~1.7 times bigger than the area of the @300 pores, and the compressive load is applied per-
pendicularly to this plane. The simulation of the in vivo biological environment led to significant mechanical
changes in the compressive modulus but did not present significant differences in the yield stress. After
24h in water at 37°C, the scaffolds of the group BIO @300 presented a compressive modulus almost 20%
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lower than the scaffolds of the group @300 (21.22+1.25 MPa to 17.54+0.95 MPa, p<0.05), and considering
the scaffold with a filament diameter of 200 ym there were no significant changes (11.59+0.36 MPa to
11.67+1.04 MPa). The tested hydrogels presented a compressive modulus of 1.30£0.15 MPa, a maximum
compressive stress of 0.30+0.03 MPa and a shear modulus of 0.43+0.08 MPa. These results are within
the range of reported values for the native TMJ disc (0.05-5 MPa for compressive modulus and 0.3-2.0
MPa for shear modulus). Joining the best of the scaffolds and the PEDGA hydrogels it was hypothesised
that a PCL core would confer the necessary strength to compression loads and a PEGDA shell would pro-
vide the necessary lubrication and diminish friction. The performed tests to the multi-material scaffold
showed significant changes in the compressive modulus, proving that this method offers a long-term solu-
tion for TMD.

CONCLUSIONS

Due to the lack capacity of regeneration and self-repairing of the TMJ disc, combining different materials
through TE, that mimic the properties of the TMJ disc, can lead to alternatives to the current treatments of
TMD. In this study was combined PCL scaffolds, that provide the necessary mechanical properties, with
PEDGA hydrogels, that promotes lubrication and diminish friction, showing a promising solution for TMD.
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RESUMO

Este trabalho tem como objectivo o desenvolvimento no motor de jogos Unity de uma aplicagéo que permita
aos utilizadores realizar exercicios terapéuticos no contexto de um jogo sério, no qual interagem com um
ambiente virtual através de um sistema de sensores inerciais (F.A.B.™ System), recebendo retorno visual
(biofeedback) em relagéo a postura e movimento do seu corpo. O jogo visa providenciar apoio a sessdes de
terapia ocupacional (TO) de utilizadores entre os sete e os treze anos de idade, e nas quais o objectivo seja o
de aumentar a flexibilidade do cotovelo. De modo a ajustar os parametros do jogo a populagao alvo foi criado
um grupo de controlo de dez elementos que jogaram o jogo e providenciaram o seu parecer qualitativo. A
aplicagdo foi depois testada num doente com patologia nesta articulagdo durante sete sessdes de TO. Os
resultados obtidos demonstram interesse clinico na aplicagdo e um aumento de motivagdo do doente mas,
devido ao reduzido nimero de casos patolégicos analisado, néo foi possivel avaliar a sua influéncia na efici-
éncia da terapia. Os resultados obtidos, no entanto, encorajam o desenvolvimento de aplicagdes terapéuticas
com biofeedback, com base em jogos sérios, para utilizacdo em contextos de TO.

Palavras-chave: Biofeedback, Motor Unity, Sensores Inerciais, Jogos Sérios, Terapia Ocupacional

INTRODUGAO

No ambito da terapia ocupacional (TO) com criangas, as actividades ludicas sdo de grande importancia, ndo
s6 pelo papel que tém no seu desenvolvimento motor, mas também por providenciarem uma forma natural de
aumentar a sua motivagao nas actividades terapéuticas em que estao envolvidas, contribuindo para o aumen-
to da eficiéncia dessas mesmas actividades [1].

Os avancos tecnologicos em aquisicdo de movimento, jogos e realidade virtual, ttm levado ao aparecimento
de aplicagdes nas quais é possivel interagir com ambientes virtuais, em tempo real, através de movimento,
recebendo retorno visual (biofeedback) dessa acgdo. A utilizagdo destes sistemas para a criacdo de jogos
sérios (serious games), que promovam a realizagdo de atividades terapéuticas por interacdo em tempo real
com um ambiente virtual, corrijam os movimentos do paciente e permitam ainda a aquisicdo de dados para
posterior andlise e utilizagao na planificagdo de numa reabilitagdo motora de preciséo, especificamente talha-
da para as necessidades de um dado utente, € uma ideia em desenvolvimento mas com resultados prelimina-
res muito encorajadores, estando no entanto ainda por provar que haja um aumento da eficiéncia terapéutica
face a utilizagao de técnicas convencionais de terapia [2, 3].

O propésito deste trabalho € assim o desenvolvimento, no motor de jogos Unity, de uma aplicagdo que permi-
ta aos utilizadores realizar exercicios terapéuticos no contexto de um jogo sério, no qual interagem com um
ambiente virtual através de um sistema de sensores inerciais (F.A.B.™ System), recebendo feedback visual
em relacdo a postura e movimento do seu corpo. A aplicagdo permite também recolher informagdo biomeca-
nica quantitativa que o terapeuta podera utilizar para avaliar o desempenho funcional da estrutura fisioldgica
em terapia e, com essa informagao, planificar as sessdes seguintes do tratamento.

METODOS

A aplicagdo com fins terapéuticos foi desenvolvida no motor de jogos Unity, que é uma plataforma gratuita de
desenvolvimento 2D e 3D, que proporciona ambientes de realidade virtual (RV) e realidade aumentada (RA)
de grande qualidade [4]. O Unity foi apresentado pela primeira vez em 2005 e permite a programacéo das
aplicagdes em diferentes linguagens, sendo que a presente aplicagéo foi desenvolvida em C#. A aplicagéo
tem o ambiente de utilizagcdo apresentado na Fig. 1(a). Para a obtengéo deste ambiente foram associados ao
programa trés assets obtidos da asset store: o voxel scifi environment, que permitiu a criagdo dos cenarios
virtuais onde o jogo se desenvolveu, o database control pro, que permitiu estruturar e gerir a base de dados
para registo e gestao de utilizadores com a estrutura apresentada na Fig. 1(b), e o mesh chart free, que pro-
porcionou a visualizagdo grafica de resultados biomecanicos relevantes, como representado na Fig. 1(c).

O jogo terapéutico foi pensado para o apoio a sessdes de TO de utilizadores entre os sete e os treze anos de
idade, com o objectivo de promover o aumento da flexibilidade do cotovelo através de exercicios sem resis-
téncia, tendo ainda parametros para impedir progresso no jogo no caso da realizagéo de movimentos de subs-
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tituicdo. De modo a avaliar se o jogo criado pode ser considerado terapéutico, foi analisado o seu potencial
terapéutico através da aplicagdo de um método que avalia a relagéo entre os trés aspectos seguintes: o joga-
dor, o jogo e a terapia [5]. De modo a ajustar os parametros do jogo a populagdo em estudo, foi criado um
grupo de controlo de dez sujeitos, de idade 9+2 anos (4 do sexo feminino) que jogaram o jogo e providencia-
ram o seu parecer qualitativo. A avaliagdo da viabilidade da aplicagéo criada, foi testada num caso de estudo
de um sujeito de 13 anos do sexo masculino a realizar TO no Hospital D. Estefania, apés uma luxagao lateral
total do cotovelo esquerdo. O sujeito utilizou a aplicagdo em sete sessdes, sendo também questionado acerca
de parametros subjetivos, nomeadamente o conforto dos sensores, grau de dor durante o uso da aplicagao,
adequagao dos parametros do jogo e a sua opinido em relagdo a experiéncia.

Falviiielutait 1
| Chosen game 1
U sefnas !
LI

P g sl O b0

TECNICO

Remec [ TEE°,
. . . . () o (©
Figura 1. Aplicagao terapéutica: a) ambiente de utilizagao; b) estrutura de gestdo de dados; c) visualizagéo de resultados.

RESULTADOS

Os sujeitos do grupo de controlo reportaram conforto com o equipamento e a sua utilizagao revelou que o jogo
poderia ser utilizado para promover o aumento de flexibilidade de ambos os cotovelos. O tamanho reduzido
da amostra ndo permitiu tirar conclusdes acerca do ajuste de parametros para diferentes idades ou outros
factores. O sujeito com patologia reportou ter sentido um elevado grau de interesse e satisfagao, assim como
referiu auséncia de dor relevante durante o uso da aplicagédo. O jogo foi considerado de dificuldade adequada.
A terapeuta demonstrou interesse na aplicagdo, nomeadamente pela capacidade de permitir a restricdo de
movimentos de substituicdo e de permitir a aquisicdo de dados de relevancia biomecéanica. Em concreto, a
analise dos angulos de extenséo e flexdo do cotovelo denota a existéncia de flutuagdes ao longo das sessdes,
sem uma tendéncia para a recuperacado. Estes resultados estdo de acordo com a avaliagdo da terapeuta e
devem-se ao facto de este paciente ter sofrido calcificagdes, tornando o processo terapéutico mais lento.

CONCLUSOES

Os resultados obtidos a nivel de aumento de motivagédo de pacientes, corre¢cdo de movimentos e obtengao de
dados foram promissores [6]. Os resultados quantitativos estdo de acordo com as medicdes realizadas pela
terapeuta, validando a aplicagdo como meio de obtengéo desses dados. De modo a validar o valor terapéutico
da aplicacéo, seria necessario realizar estudos com um maior nimero de participantes, um maior nimero de
sessfes e a comparagdo com exercicios convencionais semelhantes.
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ABSTRACT

The prosthetic foot options for lower level amputated children are limited and expensive. Available tech-
nologies of tridimensional scanning (3D SCAN), computer-aided design programs (CAD) and additive
manufacturing (AM), offer the possibility of achieving personalized solutions with reduced production costs,
time and intermediary steps. Hence, it is the aim of this work to develop a methodology to design a new
low cost, short production time prosthetic foot, with a natural-aesthetic, using a 3D scan technology, a CAD
program and AM technology. The final goal is to design a low-cost and customized prosthetic foot with
adequate biomechanical characteristics by AM. Both modeling and production of the prosthetic foot include
two components made of different materials: an internal component made of rigid material (PLA) for impact
absorption and pylon connection; and an external component, made of flexible material (Filaflex) for better
aesthetic, energy dissipation and a more natural appearance. Results show that the conducted finite ele-
ment analysis validated the structure during heel strike (HS), midstance (MD) and toe off (TO) of gait.

Keywords: Amputee children, Prosthetic foot, 3D Scanning, Additive manufacturing, PLA, Filaflex

INTRODUTION

Nowadays, improving the quality of life in the early stages of human development has become a big con-
cern amongst the medical community. In developed countries, congenital limb deformity is the most com-
mon cause of amputation in young ages. It is estimated that 2 per every 10,000 live births, every year, are
affected by such condition [1], with higher incidence in the lower limb.

In order to provide stability and balance when standing or moving, the human body uses the feet as the
natural interface between the body and the ground. When this balance is compromised personal and so-
cial fulfilment of an individual may be affected [2]. Accordingly, with the relevance of the ability to walk and
stand, prosthetic limbs have been made to restore normal functions of a missing body part. In the case of
children, it is when they progress from crawling to standing, a phase that occurs between the ages of 9
and 16 months, that a lower limb prosthetic fitting is recommended.

Prosthetic foot solutions for children are scarce. Children's feet are not simply miniatures of adults’ feet.
The foot growth is not linear and simply scaling adults' feet will result in inadequate feet proportions for
children. When deciding on a general medical device, the cost of the device, the person's functional need,
and the availability of a particular device should be considered [3]. Focusing again on children, as they
grow their self-image is still developing and the emotional and aesthetic needs are even more important
[4]. Hence, the aim of this work is to develop a methodology to design and prototype a new low cost, cus-
tomizable, short production time, prosthetic foot with a natural-aesthetic using 3D SCAN technology, CAD
techniques and AM.

MATERIALS AND METHODS

The first step in the design of this patient-specific prosthetic foot consists on performing a 3D SCAN of the
sound foot in order to acquire the foot external geometry. This was carried out using the Shining3D Ein-
Scan Pro. Once the geometry is obtained, it is processed with MESHLAB for simplification of data and,
with the aid of NX software, mesh corrections are performed. After this procedure, the cosmetic external
component of the prosthetic foot is completed. The following stage is to design the internal component of
the foot that assures structural support and adequate connection with the leg module of the prosthesis.
This task is also performed on NX and it takes into consideration the available space in the cosmetic com-
ponent to accommodate the internal one and patient specific features such as height and weight. The final
result is depicted in Fig. 1, where emphasis is given to the design of the base of the rigid component,
where a curvature was introduced near the heel in order to facilitate foot’s roll-over during initial contact.
Different CAD models for the rigid component were conceived encompassing distinct design options. FEA
were carried out to validate the adopted design in terms of biomechanical characteristics and strength. The
prototype was produced for the 2 years-old children to whom the 3D scan was made. Two materials were
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used: rigid PLA for the internal component and flexible Filaflex for the external one. General dimensions of
the prosthetic foot are: 135 mm long, 63 mm height and 52 mm width.

(a) (b)
Figure 1. Prosthetic Foot: a) Sagittal view of the two components; b) Top view of the two components; ¢) 3D printed
physical prototype (multi-material printing of the two components).

RESULTS AND DISCUSSION

FEA were conducted on NX software in each of the three main sub-phases of the support phase of the gait
cycle (heel strike - HS, midstance - MS and toe-off - TO) to validate the adopted design. An external force
equivalent to 300% of body weight was applied for safety reasons. Preliminary FEA results showed accu-
mulation of stress in fundamental areas during each phase as it can be observed from the analysis of
Figure 2.

a | |
| i '

Figure 2 - Stress distribution during heel strike (left), midstance (middle) and toe off (right) phases on the cosmetic
component (top) and on the support component (bottom) after the FEA with both materials.

CONCLUSIONS

In this work the integrated design and manufacturing of a prosthetic foot for young children was proposed
and applied. Considering their customization needs, a model combining two different materials was adopt-
ed and printed directly using AM. The proposed 3D-printable prosthetic foot design shows that prosthetic
feet can be manufactured using AM with PLA and Filaflex filaments, evidencing great potential to be a low-
cost and low-weight customized solution for low-to-moderate activity level amputee children.

The structural integrity of the overall structure is addressed using FEA and preliminary results suggest that
the proposed design is able to prevent material failure for the values of the external forces involved.

Future work will be firstly focused on building a database with acquired foot geometries from 1 to 8 years-
old children with different characteristics. With this database it will be faster to have a personalized pros-
thetic foot ready to be manufactured with AM for children where a sound foot is not available or in cases
where personal foot geometries are difficult to acquire. Secondly, based on this study, future work should
also focus on testing the prosthesis with patients and improving its strength and lifetime.
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ABSTRACT

In this work an anthropomorphic functional prosthetic hand is proposed for additive manufacturing (AM)
with flexible thermoplastic polyurethane (TPU) filament. Resorting to computer aided design (CAD) the
proposed concept can be easily scalable to different hand sizes and assures basic gripping function. It
relies on the use of tendon-like wires to flex each individual finger, while finger position restoration is as-
sured by the elasticity and shape-retention of the flexible filament. Internal hollow chambers, located at the
finger joints, are used to allow finger flexion, replacing the role of standard mechanical joints. A prototype
of the proposed design was manufactured showing promising results in terms of appearance and function.

Keywords: Upper Limb Disabilities, Computer Aided Design, Functional Prosthesis, Additive Manufactur-
ing, Flexible Filament

INTRODUCTION

The hand is a very important anatomical structure of the human body and is the primary instrument for
contact with the exterior world. It is constantly being used to a wide variety of operations, such as grabbing
objects, sensing textures and heat, gestures, just to mention a few. To sum up, the hand is every human’s
personal tool to operate the outside world. To lose such tool represents a heavy toll in ones quality of life.
An upper limb disability is defined as the absence or severe hypoplasia of upper limb skeletal structures
and it is a problem that affects millions of people worldwide. There are two possible causes for this issue: a
congenital defect or an amputation acquired at some point of a person’s life [1]. Patients with these disor-
ders have tried to restore symmetry, appearance and basic function since the early stages of technology
with artificial replacements called prosthesis.

Prosthesis can be divided in two major groups: cosmetic (non-moving) prosthesis devised to restore body
symmetry and for aesthetic purposes, and functional (moving) prosthesis created to restore, to some ex-
tent, hand motion and grabbing function. High quality and very complex upper limb bionic prosthesis are
now available in the market, however, they cannot be afforded by every patient and may not be suitable for
every situation, such as the case of temporary prosthesis for children in developing stages.

Having this in consideration, the objective of this work is to develop a functional anthropomorphic prosthet-
ic hand with scalable 3D geometry modelled resorting to computer aided design (CAD) and specifically
conceived to be produced by means of addictive manufacturing (AM) by fused deposition modelling (FDM)
and flexible thermoplastic polyurethane (TPU) filament. The prosthetic hand is to be passively actuated
through the motion of adjacent biological joints, such as the wrist or the elbow, following the actuation prin-
ciples suggested by the Enabling the Future project (http:/enablingthefuture.org).

METHODS

With the advance of technology, there is a continuous need for innovation and creativity to adapt new solu-
tions in the field of prosthetic devices. AM appears as a very interesting solution for the production of this
type of devices since it allows high customization and fast production, on demand and on site, at particu-
larly low costs. Additionally, with the development of 3D printing with flexible filaments, it became possible
to manufacture rubber-like parts with high elasticity, low rigidity and high shape retention.

The underling design concept that is here proposed for the geometry and function of the prosthetic hand is
schematically represented in Fig. 1(a) and relies on the definition of five independent, self-contained fin-
gers, fitted with internal hollow chambers that act as mechanical joints, to achieve the grabbing motion, as
represented in Fig. 1(b). Fingers are actuated through the use of tendon-like wires that thread through a
channel along each finger part, and that are pulled by the movement of the joints located prior to the hand.
The restoration of the resting position of the fingers, when the pulling force is no longer exerted, is assured
by the elasticity and shape retention of the TPU material. The palm segment of the hand, showed in Fig.
1(c), has the function of housing the base of the five independent fingers, by means of a tailored geometry

217



8° Congresso Nacional de Biomecanica, 15 e 16 de fevereiro de 2019, Unhais da Serra, Covilha

specifically designed for such purpose, channel the tendon-like wires that go from the fingers to the hand
support and assure an efficient connection between the prosthetic hand and the arm supporting structure.
The geometry of the hand, relative size of the phalanges and the relative size of each finger were obtained
from the literature and used to design the finger part and to decide the position of each joint chamber. With
the purpose of obtaining a more efficient design, the metacarpophalangeal joint chamber was included in
the finger geometry rather than in the geometry of the hand palm segment.

Figure1. Prosthetic hand (actuation concept and principal components geometry): a) Schematic finger movement;
b) General finger geometry with internal joint chambers; ¢) Hand palm geometry.

In what respects the manufacturing of a functional prototype, a thorough analysis of the 3D printing quality
with flexible filament was carried out to evaluate the quality of different parts produced using the Lulzbot
TAZ 6 3D printer loaded with Filaflex, a flexible TPU filament commercialized by Recreus. The AM process
was carried out in the Product Development Laboratory (L2ProD) of Instituto Superior Técnico and the
result is presented in Fig. 2. Multiple test prints were made to avoid the presence of visible hinges in the
fingers. During that procedure several aspects of the manufacturing process of the model were identified.
For the final recommended slicing parameters for the prosthesis components the interested reader is re-
ferred to the work of Pinheiro [2].

Figure 2. Functional prosthetic hand design conceived for additive manufacturing with flexible filament (TPU, Filaflex).

CONCLUSIONS

A prototype of the proposed prosthetic hand was manufactured showing good overall printing quality and
good functional performance. For the prototype assembling nylon wires were used to actuate the prosthe-
sis. The prototype proved very capable of grabbing objects and the TPU proved to provide a good grip,
along with exhibiting great resistance and tenacity. However, a reduction on the actuation force is desired
in future versions. Such can be achieved by lowering the bending stiffness of the fingers as well as reduc-
ing the friction between the nylon wires and the underlying structures. Further research is also required at
the level of the mechanism of actuation and on the hand-arm fixation mechanism.
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ABSTRACT

Shoulder disorders are very common and prevalent in the general population, having lifetime prevalence
rates ranging from 1% to 66.7%. Traditionally, clinical diagnosis methods are based on pain, reduced
range of motion and reduced muscle force, which are not specific symptoms to the wide variety of shoulder
disorders. The aim of this study is to evaluate the feasibility of using measurable kinematic variables and
surface electromyography (sEMG) data as a criterion for a more objective and accurate diagnosis of
rotator cuff tendinopathy (RCT). To measure the 3D kinematics of the shoulder, 22 retro-reflective markers
were tracked using an opto-electronic measurement system composed of 14 digital infrared cameras.
SEMG was recorded synchronously with the kinematic data. Twenty-four subjects participated in this
study: 9 subjects diagnosed with unilateral subscapularis tendinopathy (UST) and a control group (CG) of
15 healthy subjects. The movements considered were arm elevation in both frontal and sagittal planes.
Results showed that for both movements symptomatic shoulders decreased upward rotation, posterior tilt
and external rotation of the scapula when compared with the CG. Relevant differences were also found in
the targeted muscles activation rates, as these were higher in the symptomatic shoulders, during the first
30° of humerothoracic elevation, and lower from the 90° elevation onward, except for the posterior deltoid.

Key-words: Shoulder Kinematics, Scapulohumeral Rhythm, Rotator Cuff Tendinopathy, Shoulder sEMG

INTRODUCTION

Shoulder disorders are one of the main causes for seeking medical care, translating in many cases in
movement restrictions that lead, ultimately, to limitations in daily and work activities. Rotator cuff
tendinopathy (RCT) is considered the most common shoulder disorder as it affects 30% of the population
[1]. RCT is generally characterized by pain and weakness occurring at the rotator cuff muscles, during
common shoulder movements such as elevation and external rotation, as result of excessive external
loads [2]. There is high uncertainty as to what are the causes of RCT, as well as to what causes different
patients to experience such different levels of pain and functional limitation.

Traditional clinical tests, based on observation and clinical examination, often present a weak correlation
with the specific diagnosis, while imaging methods cannot provide a fully reliable diagnosis since there is
no direct association between symptoms and structural failure [2]. In order to tackle the referred limitations
at the hospitalar setting, this work aims to evaluate the feasibility of using measurable kinematic variables
and sEMG data as criteria for a more accurate and specific diagnosis of the RCT.

MATERIALS AND METHODS

Twenty-four subjects (15 healthy and 9 patients) were recruited from the university setting and from
Hospital Curry Cabral, in Lisboa, respectively, to participate in this study. The control group (CG) did not
present any history of shoulder pathologies or pain. Because RCT is a broad definition of a group of
different tendinopathies, it is important to study the effect of each tendinopathy on the shoulder motion and
muscle activation separately. Here, participants of the patient group (PG) had been previously diagnosed
with unilateral supraspinatus tendinopathy, a particular case of RCT, by means of an ultrasound scan.

The 3D kinematics of the shoulders was acquired at the Lisbon Biomechanics Laboratory by means of an
opto-electronic measurement system composed of 14 Qualisys digital infrared cameras. Following the
recommendations of the International Society of Biomechanics, 22 retro-reflective markers were used to
track the thorax, clavicle, scapula, humerus and forearm [3] of each CG subject’'s dominant arm, and of
both arms of the PG. Complementarily, two marker clusters were placed per arm: one on the upper arm
and another one on the acromion, according to the acromial tracker method [4].

Using a Delsys Myomonitor lll system, SEMG was recorded synchronously with the movement for 8
muscles of the CG. The targeted muscles were the anterior, medial and posterior deltoid, the superior and
inferior trapezius, the serratus anterior, the pectoralis major and the infraspinatus. For the PG only the
anterior, medial and posterior deltoid, the serratus anterior and the infraspinatus muscles were measured.
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After giving informed consent, all subjects were instructed to perform abduction in the frontal plane and
flexion in the sagittal plane, until their maximum elevation, without moving the trunk. Shoulder kinematics
was evaluated comparing joint angles, the scapulohumeral rhythm, and muscle activation patterns.

RESULTS AND DISCUSSION

As shown in Fig. 1, when comparing the two groups, during abduction the PG presented a less upwardly,
posteriorly tilted and externally rotated scapula, along with higher glenohumeral elevation. These variations
in shoulder kinematics may be associated with a decrease in the subacromial space, which can lead to a
RCT [5]. During flexion, the PG had a lower glenohumeral elevation, along with a slightly more upwardly
rotated scapula, when compared to the CG.

Regarding the muscle activation patterns, the most relevant differences were found during abduction. The
PG presented a faster activation rate on all muscles during the first 30° of humerothoracic elevation.
However, after the 90° of humerothoracic elevation, the activation rates were lower for this group, except
for the posterior deltoid. The increased activation rate of all muscles at the beginning of the motion
suggests a compensatory combination of forces, which however tends to fadeout as the movement
progresses. The slower activation rates of the serratus anterior and infraspinatus, stabilizing shoulder
muscles, when compared to the deltoid muscles, may suggest a lack of counteracting force at higher
humerothoracic elevation and hence contributing to a decrease in the subacromial space by not securing
the humeral head into its proper place, exacerbating the symptoms of impingement [6].
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Figure 1. Scapulothoracic motion during shoulder frontal plane abduction: (a) internal/external rotation;
(b): upward/downward rotation; (c) anterior/posterior tilt.

CONCLUSIONS

Results suggest that subjects with supraspinatus tendinopathy, a particular case of RCT, present not only
alterations in shoulder kinematics and variations in scapulothoracic rhythm, but also abnormal muscle
activation patterns. These results shed new evidence on the use of objective criteria, based on the
evaluation of measurable kinematic variables and sEMG data, to support the diagnose of shoulder
pathologies.
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RESUMO

As fraturas de compresséo vertebrais (VCFs) causam redugdes do corpo vertebral e sdo mais incidentes
na zona toracico-lombar. A vertebroplastia percutanea é uma cirurgia minimamente invasiva que pretende
aliviar a dor causada por estas fraturas e a estabilizar das mesmas. Para tal é injetado cimento 6sseo no
local da fratura, que causa a alteragdo da biomecanica da vértebra. O objetivo do estudo é a reconstrugao
de um modelo numérico da vértebra lombar L4 de ovelha Merino, a validagdo do mesmo e a comparagéao
da biomecanica desta vértebra intacta e apos a vertebroplastia. O modelo numérico foi validado. A analise
dos resultados sugere que, apos a cimentacdo, as deformagdes principais maximas do 0sso esponjoso
sdo transferidas do interior para o exterior da vértebra. Observou-se também a diminuigdo das tensdes no
interior osso esponjoso nas vértebras cimentadas comparativamente as situagdes ndo cimentadas verifi-
cando-se assim algum efeito de stress shielding.

Palavras-chave: Fratura de compressao, Vértebra lombar, Vertebroplastia percutanea, Cimento dsseo,
Modelo de elementos finitos

INTRODUGAO

As fraturas de compressao vertebrais fraturas (VCFs) causam reducdes do corpo vertebral e sdo mais
incidentes na zona toracico-lombar. As VCFs sao maioritariamente causadas por hiperflexdo e sdo a con-
sequéncia mais comum da osteoporose. Na América, 700 mil das 1.5 milhdes de fraturas osteoporoéticas
por ano sdo VCFs, e destas 25% sdo em mulheres na fase pds-menopausa [1], [2].

Na Europa a taxa de incidéncia é, por ano, de 1.1% nas mulheres e 0.6% nos homens na faixa etaria en-
tre os 50 e 79 anos[3]. A vertebroplastia percutanea é uma cirurgia minimamente invasiva cujo objetivo é
o alivio da dor e a estabilizacdo das fraturas. Para tal é injetado cimento 6sseo no corpo vertebral. Os
cimentos 6sseos tém propriedades mecanicas diferentes das propriedades do osso e, portanto, existe
alteragcdo da biomecanica da vértebra com foco na sua rigidez. O objetivo do estudo foi a reconstrugdo de
um modelo numérico da vértebra lombar L4 de ovelha Merino e a comparagéo da biomecanica desta vér-
tebra intacta e apos a vertebroplastia. A elaboragdo do modelo numérico foi baseada no estudo experi-
mental Ex Vivo Model for Percutaneous Vertebroplasty [4]. Neste estudo foi desenvolvida uma nova abor-
dagem modificada reproduzivel para a vertebroplastia percutéanea, testada in vivo, e avaliado o efeito da
vertebroplastia. Posteriormente foi desenvolvido um modelo numérico da vertebroplastia que permitiu va-
lidar o efeito do cimento e comparar as diferencas biomecanicas aplicando uma carga fisiolégica.

MATERIAIS E METODOS

A abordagem parapedicular bilateral limitada a hemivértebra cranial permitiu criar defeitos interligados em
forma de V e com volumes médios de forma a garantir bons efeitos praticos. As vértebras de ovelha foram
divididas no grupo A, B, C de vértebras intactas, com defeito e cimentadas com CERAMENT™|. Para
serem testadas mecanicamente foram realizados testes de compresséo (Figura 1).

S ]
Direciodacarga |

Junta estérica

BE| Prato deaplicagao dacarga

25%dealtura

Figura 1. Ensaio de compressao. A)-Esquematica [1]; B)- Fotografia do ensaio experimental [4].
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As vértebras foram comprimidas uniaxialmente e a carga foi aplicada no ponto ventral da vértebra a 25%
por cento da sua altura a uma velocidade de 1 mm/min. As vértebras foram forradas com uma resina de
polimetiimetacrilato, Vertex®, para garantir a perpendicularidade da carga.

No desenvolvimento do modelo numérico recorreu-se a imagens microtomograficas da vértebra lombar L4
para levantar as geometrias relevantes: osso cortical, esponjoso e defeito. Apos a obtengéo de 3 modelos
-vértebra intacta, com defeito, cimentada com CERAMENT™|- foram feitas simulagdes e aplicadas condi-
¢oes de fronteira e cargas de modo a repercutir os ensaios experimentais efeito de validagdo do modelo.
Foram também realizadas simulagdes com as mesmas condi¢des de fronteira, mas aplicando uma carga
fisiolégica para comparagé@o do comportamento mecanico dos modelos. Adicionalmente foi realizada uma
simulagéo usando propriedades de um cimento acrilico para comparagao. Para contornar a falta de infor-
magéo em relagdo ao cimento usado experimentalmente foram realizados ensaios de compresséo se-
guindo a norma ASTM F451 para aferir sobre as suas propriedades mecanicas.

RESULTADOS E DISCUSSAO

Para avaliar a validade do modelo numérico compararam-se as desloca¢des no ponto central onde a car-
ga foi aplicada com os valores dos deslocamentos verificados no ensaio experimental. Esses valores es-
tao apresentados na Tabela 2. A partir da andlise da tabela é possivel verificar que para o caso da vérte-
bra intacta e com defeito os valores do deslocamento t&ém um desvio de valores inferior a 20 %. E, portan-
to, possivel validar estes resultados. No entanto no caso da vértebra cimentada ja se verifica um desvio
muito elevado. Esta inconformidade dos valores é justificada pela variabilidade entre vértebras dos indivi-
duos dentro do mesmo grupo. E possivel verificar que, no modelo experimental, a vértebra com defeito
(BL4) apresentou mais rigidez e a cimentada apresenta menor rigidez que a vértebra intacta. Era expec-
tavel que a rigidez da vértebra cimentada aumentasse, no entanto isso ndo se verificou devido ao baixo
madulo de elasticidade do cimento que confere uma rigidez inferior a vértebra intacta e também a variabi-
lidade entre individuos. Em relagdo de modelo numérico, este apresenta resultados dos deslocamentos
semelhantes na vértebra intacta e com cimento, contudo apresenta um grande desvio quando comparada
com a cimentada justificada também pela variabilidade entre vértebras de individuos.

Tabela 1. Resultados do deslocamento do modelo numérico e experimental para os modelos AL4(vértebra intacta),
BL4(vértebra com defeito) e CL4(vértebra cimentada com CERAMENT ™).

Experimental Numérico desvio %
Carga [N] Desloc. [mm] Rigidez [N'mm] Desloc. [mm] Rigidez [N/mm]
AL4 7075 1,791 3950,6 1,698 4166,7 5,168
BL4 10687,5 2,079 51411 2,489 3754,9 19,731
CL4 6600 2,871 2298,6 1,520 43421 47,061

Em relag@o aos resultados relativamente as simulagdes aplicando a mesma carga, foi possivel concluir
que a rigidez da vértebra € um fator muito dependente das caracteristicas mecanicas do cimento. As vér-
tebras cimentadas apresentaram maior rigidez relativamente a intacta e no caso da presenga do cimento
acrilico a rigidez é maior relativamente ao cimento de sulfato de célcio. A analise dos resultados sugere
que, apds a cimentagao, as deformagdes principais maximas do osso esponjoso séo transferidas do inte-
rior para o exterior da vértebra. Observou-se também a diminuigdo das tensdes no interior osso esponjoso
nas vértebras cimentadas comparativamente as situagdes ndo cimentadas verificando-se assim algum
efeito de stress shielding.

Tabela 2. Resultados do deslocamento no ponto ventral da vértebra a 25% da sua altura e rigidez aparente para os
casos de vértebra intacta(AL4), vértebra com defeito(BL4), vértebra cimentada com Cerament®(CL4) e vértebra
cimentada com Vertecem®(DL4).

Numérico
Deslocamento Rigidez
CargaNl 10y [N/gmm]
AL4 0.1691 4731
BL4 800 0.1729 4627
CL4 0.1644 4866
DL4 0.1440 5556
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RESUMO

A aspiragdo endotraqueal (AE) consiste em um procedimento invasivo de aspiracdo de secrecdes
pulmonares, em pacientes que estdo em uso ou ndo de uma via area artificial (VAA), e é realizada por
meio de um cateter. A AE ndo é isenta de complicagdes, sendo comuns a hipoxemia, a redugdo da
capacidade residual funcional (CRF), dentre outras. Visando a redugdo dessas complicagdes, foi
elaborado um aspirador de secregdes pulmonares, que necessita de um novo cateter. Pretende-se avaliar
a eficiéncia da aspiragao de secregdes (fluido viscoelastico), por meio da redugédo de secgédo transversal,
destinada a passagem de muco, do cateter duplo lumen (CDL). O trabalho foi dividido em duas etapas:
elaboragéo de solugdes de mimetizadores de muco e testes de bancada, e simulagdes computacionais. A
vazao utilizando o CDL obteve bons resultados, mesmo apresentando menor comprimento € menor area
de segdo interna destinada a passagem de secregdo. As pressdes de sucgdo inferiores a 400 mmHg
podem nao ser eficazes no processo de aspiragdo de solugbes semi-sélidas (SSS). Dessa maneira é
possivel compreender a melhor forma para obtengdo de um CDL. Espera-se que a oxigenagao
umidificada possa evitar complicagdes ao paciente, e torne o procedimento eficaz.

Palavras-chave: sonda, aspiragéo, sucgdo, muco, vazao

INTRODUQAO

A aspiragdo endotraqueal (AE) consiste em um procedimento invasivo de aspiragdo de secregdes
pulmonares, em pacientes que estdo em uso ou ndo de uma via area artificial (VAA). A AE néo é isenta
de complicagdes, sendo comuns a hipoxemia, a redugdo da capacidade residual funcional (CRF) e o
trauma de mucosa das vias aéreas, dentre outras. A AE é realizada por meio de um cateter de aspiragéo,
ligado a uma bomba de vacuo, que fornece pressdo negativa. Um novo aspirador de secregdes
pulmonares que integra a sucgdo e a oxigenagdo umidificada foi desenvolvido no laboratério de
Biomecanica (Mecbio) da Universidade Federal de Minas Gerais (UFMG). Com o oxigénio pretende-se
reduzir complicagdes, como a hipoxemia e com a umidificagdo pretende-se fluidificar a secregao,
facilitando assim a sua retirada, além de reduzir complicagbes como hipoxemia e CRF. Esse novo
aspirador traz a necessidade de um novo cateter, que devera ter dois lumens, sendo um limen destinado
ao fornecimento de presséo negativa e outro para fornecimento de oxigénio umidificado.

OBJETIVO

Avaliar a eficiéncia da aspiracdo de secregdes (fluido viscoelastico), por meio da redugédo de secgéo
transversal, destinada a passagem de muco, do cateter duplo limen (CDL). Vale ressaltar, que foi
utilizado como referéncia o cateter de um Ilimen 12 French (Fr), utilizado freqlientemente na rede
hospitalar.

MATERIAIS E METODOS

O trabalho foi dividido em duas etapas: elaboragédo de solugdes de mimetizadores de muco e teste de
bancada; e simulagdes computacionais. Os testes de bancada foram feitos no intuito de validar as
simulagdes realizadas. Os mimetizadores de muco foram feitos utilizando solugbes de Polietilenoglicol,
com peso molecular de ~ 5.000.000 g/mol, em trés concentragdes distintas (solugdo semi-liquida - SSL;
solugdo intermediaria - Sl e solugdo semi-sélida - SSS) as quais apresentam similaridade ao grande
espectro do muco respiratério. Esse teste foi feito utilizando-se um cateter 12 Fr, em um comprimento de
0.4m, e sem a presenga de furos laterais, para aspirar mimetizadores de muco. Para encontrar a area de
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secdo transversal para sucgdo foi levado em consideragdo: o didmetro externo do cateter 12 Fr; a
espessura de parede do cateter da Embramed; a area de secéo transversal minima necessaria para
passagem do oxigénio umidificado; e a geometria de segéo interna do CDL destinada a passagem de
secregdo. Com a area de secédo transversal encontrada, foram feitos modelos computacionais no
programa Rhinoceros, que foram utilizados para simulagdes computacionais no programa Ansys — Fluent
18.2. As geometrias e malhas apresentam apenas a area destinada a aspiragéo de secregao, tanto para o
CDL quanto para o cateter 12Fr. Para descrever o comportamento de fluidos ndo-newtonianos, como o
muco respiratério, cujo comportamento pode ser descrito como pseudoplastico e viscoelastico, empregou-
se um modelo Power Law para permitir a interpolagcdo da viscosidade pelo programa. Com a realizagdo
da simulagdo computacional foi possivel verificar as taxas de remogéao de secrecédo (vazao) e relaciona-
las com a presséo de sucgdo utilizada. Os valores de vazdo encontrados para o CDL foram comparados
com a vazao do cateter 12 Fr. Ainda assim, foram feitas comparacdes dos valores de vazdo apds
simulacdes, entre o CDL com comprimentos de 0.4 e 0.5, com o intuito de verificar a influéncia do
comprimento do cateter mediante sua eficiéncia para remover secre¢des. Sendo assim, este estudo foi
desenvolvido por meio de modelos numéricos, utilizando Dinamica dos Fluidos Computacional (CFD), e
testes de bancada para validagdo dos resultados. Os materiais utilizados no teste de bancada foram:
balanga digital, reservatério para solugdes de mimetizadores de muco, cateter 12 Fr, monovacuémetro,
reservatorio para secrecao com regulador de pressao e bomba de vacuo.

RESULTADOS

A tensdo em fungdo da taxa de deformagdo, da solugdo de muco mimetizado, demonstrou relagdes
diretas com as caracteristicas de fluidos ndo newtonianos. Testes em bancada utilizando o cateter 12 Fr
demonstraram que a taxa de remogao possui relagao linear com o diferencial de pressdo adotado perante
a concentragao (viscosidade) de solugdo de mimetizador de muco aspirado. Pressdes de sucgdo menores
que 400 mmHg ndo geram escoamento eficaz de solugdo semi-sdlida (SSS). Mediante a simulagdo
computacional, a vazdo utlizando o CDL obteve bons resultados, mesmo apresentando menor
comprimento e menor area de segdo interna destinada a passagem de secregcdo. Comparacdes feitas
com diferentes comprimentos do CDL, pode-se perceber que a redugdo do comprimento do cateter de 0.5
para 0.4, teve melhor eficacia da remogéo de secregdo (vazdo). Houve, como esperado, redugéo de
vazao empregando-se o CDL em relagéo ao cateter de limen convencional, entretanto estes calculos ndo
levam em conta a possivel reducéo de viscosidade proporcionada pela instilacdo de agua e oxigénio.

CONCLUSAO

As pressdes de succdo inferiores a 400 mmHg podem néo ser eficazes no processo de aspiragédo de
secregdes pulmonares espessas, assim como as solugdes semi-sélidas (SSS). A diferenga perante aos
valores de vazdo foram minimas entre o CDL e o cateter 12Fr, mesmo com a redugao do comprimento e
da éarea de secgédo interna. A presenga de um menor comprimento do CDL (0.4), assim como o proposto,
tem melhor eficacia perante a vazdo quando comparado ao CDL de mesmo comprimento do cateter 12Fr.
Dessa forma é possivel compreender, a maneira ideal para a obtencdo de um CDL, que tenha a mesma
eficiéncia do cateter utilizado na pratica clinica. Espera-se que a oxigenagdo umidificada possa aumentar
a vazao das solugdes aspiradas, tornando o procedimento eficaz, evitando complicagdes ao paciente.
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RESUMO

Este estudo apresenta analise de componentes principais (ACP) para avaliagdo da variabilidade intra-
sujeito da eletromiografia de superficie (EMGs) nos musculos selecionados dos membros inferiores (M)
em diferentes ciclos de alongamento e encurtamento (CAE). A complexidade e o registo de agbes
musculares ndo postuladas pela anatomia funcional apontam para a necessidade de avaliagdo de
sinergias das agdes musculares bem como da variabilidade intra-sujeito na EMGs neste caso com recurso
a ACP para avaliagdo da reprodutibilidade dos padrdes das agdes musculares dos Ml avaliados em saltos
de maxima impulsao vertical (MIV). Avaliaram-se para isso diferentes saltos de MIV correspondentes aos
saltos sem contramovimento (Squat Jump — SJ), com contramovimento (CM) longo (Counter Movement
Jump — CMJ) e CM curto (Drop Jump — DJ) com recurso a estudo de caso em ACP de EMGs dos
musculos selecionados em CAE dos MI durante a fase de impulsdo em SJ, CMJ e DJ. A andlise de
variabilidade intra-sujeito com recurso a ACP de EMGs permitiu a detegdo de dois componentes principais
explicativos da maxima variabilidade com diferentes perfis e sinergias musculares em CMJ, DJ e SJ
apontando para a necessidade de analise especifica a cada sujeito para avaliagdo do controlo
neuromuscular em cada CAE.

Palavras-chave: ACP, EMGs, CAE

INTRODUGAO

As formas isoladas de agd&o muscular, isométrica, concéntrica e excéntrica tém vindo a ser usadas
tradicionalmente para avaliar as fungdes basicas do sistema de controlo neuromuscular, com a agao
isométrica a concentrar o maior esforco de investigagdo. A forma natural de funcionamento muscular
envolve no entanto, frequentemente, a agdo de alongamento e encurtamento em que a contragdo
muscular é imediatamente precedida de um alongamento com impacto ao nivel da eficiéncia da marcha
bem como do maior desempenho no salto e na corrida [1]. No comportamento da unidade musculo-
tendinosa (UMT) tém vindo a ser reportados desfasamentos nos instantes de alongamento e
encurtamento individual do musculo e do tenddo em varios CAE [2] apontando para a necessidade de
aprofundamento da definigdo do CAE baseado no comportamento conjunto da UMT [1] e da necessidade
de detalhar o comportamento fascicular controlado por agdo do alongamento externo e da ativagdo
interna bem como da regulacéo da elasticidade do tend&o regulada pelo comprimento fascicular [2].

Sobre o controlo do movimento humano Winter [3] apresenta quatro niveis de integragdo do sistema
neuro-musculo-esquelético comegando pela soma neural de todos os sinais de entrada nos moto-
neurdnios, a soma de todos os disparos resultantes do recrutamento de todas as unidades motoras em
cada musculo, a soma algébrica dos momentos de forga dos musculos agonistas e antagonistas em cada
articulagdo e a combinagdo sinergistica dos momentos em cada articulagdo com vista a um objetivo
comum. Nao obstante a marcha, a corrida e o salto fazerem utilizagdo dos mesmos musculos dos
membros inferiores a principal diferenga entre estes modos de locomogdo baseia-se na distribuicdo de
carga entre estes grupos musculares [4]. A complexidade das articulagdes humanas, a sua atuagdo por
multiplos musculos e a atuagdo de um grupo muscular em multiplas articulagdes podem contribuir para a
variabilidade intra e inter-sujeito da atividade muscular em relacdo com a atividade em execugéo [5, 6]
com as limitagdes da analise anatomica funcional na estimagdo das agdes musculares, bem como o
registo de ativagdes musculares complexas e inesperadas frequentemente observadas apontam para a
necessidade de aprofundamento do estudo com vista a melhor compreensao das agdes musculares [7].
Atendendo a dificuldade de medigao direta das a¢gdes musculares com recurso a métodos invasivos em
condi¢des normais de movimento e ao potencial da eletromiografia na estimagao das a¢gdes musculares, o
principal interesse no recurso a EMGs consiste na sua relacdo com alguma estimativa da forca muscular,
explorando a sua facilidade de utilizagao, custo reduzido e carater n&o invasivo [3, 7, 8].
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MATERIAIS E METODOS

Selecionou-se a partir de uma amostra com n=6 estudantes de educacéo fisica e desporto, sem treino ou
aptidao especifica idades (21.5 + 1.4) anos, massa (76.7 + 9.3) kg e altura (1.79 £ 0.06) m um dos sujeitos
(S1) com 20 anos, 84,0 kg e 1,84 m correspondente ao melhor desempenho avaliado com base na
maxima altura vertical em SJ, CMJ e DJ. A superficie da pele foi preparada e aplicados os elétrodos
Skintact F55 Aqua-Wet gel na configuragao bipolar de acordo com a convencdao SENIAN nos musculos
vastus medialis (VM), rectus femoris (RF), vastus lateralis (VL), lateral e medial gastrocnemius (LG/MG)
da perna direita. Durante os ensaios SJ, CMJ e DJ recolheram-se de forma sincronizada os sinais brutos
das atividades EMGs a 2000 Hz com recurso ao sistema sem fios Biotell 99 da Glonner Electronic GmbH
e da forga de reagdo do solo a 1000 Hz com a plataforma de forca AMTI BP2416-4000 CE e sistema de
amplificagdo Mini Amp MAS-6. Os sinais brutos EMG; com i=1,2,3,5,6 correspondentes aos musculos VM,
RF, VL, LG e MG foram normalizados a amplitude da contragdo voluntaria maxima, retificados e filtrados
com filtro passa-baixo de segunda ordem e frequéncia de corte 5,0 Hz aplicado no sentido direto e inverso
para eliminar o deslocamento de fase e obtengéo do envelope linear EMG; para cada um dos ensaios SJx,
CMJk e DJk com k=1,2,3. Foi aplicada ACP para obtengdo dos componentes principais com valores
préprios superiores a 1, scree plot e rotagdo Quartimax dos envelopes lineares EMG;, armazenando os
scores como variaveis para analise. Aplicaram-se os testes de esfericidade de Kayser-Meyer-Olkin e
Bartlett's para avaliagdo da adequagéo da andlise fatorial das variaveis selecionadas.

RESULTADOS E DISCUSSAO

Os resultados dos testes de Kaiser-Meyer-Olkin apresentaram valores de adequagdo da amostragem
para os envelopes lineares EMG; (i=1,2,3,5,6) de S1 em CMJk, DJx e SJk (k=1,2,3) entre 0,677 e 0,852
indicativos da adequagdo da ACP. Estes resultados foram confirmados pelos testes de esfericidade de
Bartlett's com significancias inferiores a 10-® para 10 graus de liberdade, apontando para a rejeigdo da
hipétese nula de n&o-correlagéo das variaveis de partida. Com base em EMG; (i=1,2,3,5,6) foi detetado
um componente para SJk, CMJk e DJk (k=1,2,3) com scree value superior a unidade. Na Tabela 1
apresentam-se os valores cumulativos das variancias totais explicadas por cada componente principal
(CP). Com base nos valores apresentados verifica-se que CP1 apresenta valores superiores da variancia
explicada em DJ e SJ relativamente a CMJ sendo necessario considerar um maior nimero de CP’s de
modo a explicar a mesma percentagem de variancia cumulativa em CMJ do que em DJ e SJ.

Tabela 1. Variancia cumulativa explicada dos envelopes lineares EMG; em CMJ,, DJx e SJx

Variancia cumulativa % PC1 PC2 PC3 PC4 PC5
CMJ1 78,7% 94.1% 97,9% 99,5% 100,0%
CMJ2 84,4% 95,1% 98,0% 99,4% 100,0%
CMJ3 74,2% 92,0% 95,9% 99,0% 100,0%
DJ1 92,2% 97,4% 98,6% 99,4% 100,0%
DJ2 89,2% 94,6% 97,8% 99,8% 100,0%
DJ3 94,2% 97,4% 99,0% 99,7% 100,0%
SJ1 90,5% 97,3% 98,9% 99,6% 100,0%
SJ2 91,6% 96,2% 98,4% 99,5% 100,0%
SJ3 91,8% 97,5% 98,7% 99,7% 100,0%
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RESUMO

Este estudo apresenta e avalia a rigidez dindmica angular nas articulagbes dos membros inferiores (MI)
durante a locomogao normal (Normal Gait — NG), a locomogao com joelho rigido (Stiff Knee Gait — SKG) e
a corrida lenta (Slow Running — SR). A rigidez articular do joelho implica entre outros efeitos a reducédo da
amplitude do movimento desta articulagdo com impacto potencial nas articulagées adjacentes do MI. De
acordo com a associagdo que tem vindo a ser postulada entre a rigidez dinamica angular e a estabilidade
articular o presente estudo tem como objetivo a aplicagédo desta medida para avaliagdo do impacto da
rigidez articular do joelho nas restantes articulagdes do Ml bem como a comparagao da rigidez das articu-
lagdes do Ml em NG, SKG e SR. Realizou-se para isso um estudo de caso com andlise especifica de um
sujeito adulto masculino saudavel avaliado em laboratério de analise do movimento humano. Utilizaram-
se marcas adesivas refletoras nos pontos anatémicos palpados de acordo com o Plug-in-Gait Marker
Placement Protocol. Durante os ensaios NG, SKG e SR foram adquiridas as forgas de reagéo do solo e os
momentos de forga com recurso a duas plataformas de forga AMTI bem como as coordenadas cartesia-
nas 3D das marcas adesivas refletoras a partir da transformagéo linear direta (DLT) das imagens 2D obti-
das com recurso a sistema de camaras Qualisys a 100 Hz. A modelagdo musculo-esquelética foi realiza-
da com AnyGait v.0.92 gerando o modelo de segmentos a partir de ensaio estatico e a analise cinematica
redundante do ensaio dindmico para obtengéo dos angulos articulares por cinematica inversa e fusdo do
modelo TLEM - Twente Lower Extremity Model para adequagdo as dimensdes e morfologia articular do
modelo de segmentos com vista a dinamica inversa. De acordo com os resultados obtidos as articulagcdes
do MI apresentaram diferengas estatisticamente significativas (p<0.005) para a rigidez dinamica angular
em cada fase em NG, SKG e SR apontando para a interdependéncia do movimento angular de cada arti-
culagéo e de diferengas na rigidez dindmica angular entre os modos de locomog&o considerados, e a po-
tencial aplicagdo como marcador no diagndstico precoce de patologia da marcha.

Palavras-chave: Rigidez dindmica angular, membro inferior, locomog¢ao modificada

INTRODUGAO

As pessoas caminham para se deslocarem a baixas velocidades e correm para se deslocarem a veloci-
dades superiores [1]. Em resultado de lesdo ou patologia as pessoas adotam frequentemente modos de
locomocédo modificados como Stiff Knee Gait — SKG e Slow Running — SR em relagdo ao Normal Gait —
NG [2]. A rigidez do joelho carateriza-se por uma redugdo da sua amplitude angular de movimento com
possivel impacto nas articulagdes adjacentes do MI. Atendendo a complexidade das articulagbes huma-
nas, a sua atuagéo por multiplos musculos e atuagdo do mesmo grupo muscular em multiplas articulagdes
bem como por via da sinergia articular, a anca, o joelho e o tornozelo podem apresentar rigidez dindmica
angular variavel em cada instante do ciclo de locomocgéo de acordo com o momento de forga articular e o
deslocamento angular articular. O objetivo deste estudo consiste por isso na avaliagédo da rigidez dinamica
angular no plano sagital das articulagdes da anca, joelho e tornozelo baseado em estudo de caso de su-
jeito especifico em NG, SKG e SR.

Ao longo do tempo o conceito fisico de rigidez correspondente a proporcédo entre a tenséo aplicada e a
deformacéo produzida, desenvolvido inicialmente para aplicagdo a estruturas inanimadas foi sucessiva-
mente adaptado de modo a incorporar carateristicas de multidimensionalidade, auséncia de equilibrio
estatico, viscosidade, massa dos componentes elasticos, distribuicdo espacial de inércia e variagao tem-
poral destes parametros para aplicagédo entre outros aos sistemas biolégicos [3]. As primeiras aplicagdes
do conceito de rigidez a avaliagédo de sistemas biologicos foram realizadas separadamente em tenddes e
musculos ex-vivo ndo ativados em situagdes de ndo-equilibrio a que se seguiram as avaliagcdes de aco-
plamento em série e paralelo de tenddes e musculos com a necessidade de considerar situagdes suces-
sivamente mais préximas do movimento natural com ativagdo muscular por via do controlo central nervo-
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so, reflexos musculares e sinergias articulares [3]. Outros estudos in-vivo fazem aplicagdo da rigidez di-
namica [4] a uma articulagédo durante a locomogao [5] e um segmento dos MI na posi¢do sentado [6].

MATERIAIS E METODOS

De acordo com o interesse em estudo especifico ao sujeito e a dificuldade das médias amostrais na re-
presentagdo de um sujeito especifico foi selecionado estudo de caso de um sujeito saudavel com 70 kg
de massa e 1,86 m de altura para avaliagdo em laboratério de marcha apds consentimento informado.
Foram colocadas marcas adesivas refletoras nos pontos anatémicos palpados com base no Plug-in-Gait
Marker Placement Protocol incluindo as cristas iliacas anteriores e posteriores esquerda e direita, anca
superior, joelho médio e lateral, perna superior, tornozelo médio e lateral, e dedos. Durante os ensaios
NG, SKG e SR foram adquiridas as forgas e os momentos de forga de reagdo do solo durante a fase de
contacto com recurso a duas plataformas de forca AMTI a 2000 Hz. Foram obtidas as coordenadas carte-
sianas 3D das marcas adesivas refletoras com recurso a transformagao linear direta (DLT) das imagens
2D capturadas com sistema de oito camaras Qualisys operando a 100 Hz. Realizou-se a modelagdo mus-
culoesquelética com recurso ao AnyGait v.0.92, gerando modelo de segmentos baseado no ensaio estati-
co e analise cinematica redundante do ensaio dinamico fundindo o modelo TLEM para adequagéo as di-
mensdes e morfologia articular do modelo de segmentos, realizando-se andlise dindmica inversa baseada
nos angulos articulares e nas restricdes cinéticas. Tragaram-se os diagramas dos momentos de forga
articular vs angulos articulares de flexdo-extensdo da anca, joelho e tornozelo durante um ciclo de loco-
mogao completo em NG, SKG e SR e ajustaram-se retas de maxima correlagado linear a cada uma das
fases em cada ciclo de locomogédo para determinagao da rigidez dinamica. Avaliaram-se as significancias
estatisticas da rigidez dindmica e foram comparados os valores obtidos em cada articulagéo, fase e modo
de locomocgédo bem como relacionados os valores obtidos com a poténcia desenvolvida e trabalho meca-
nico realizados.

RESULTADOS E DISCUSSAO

A maior parte das subfases dos ciclos de locomogao apresentou em NG, SKG e SR quase-linearidade
permitindo a discriminagédo da rigidez dinamica angular em cada articulagdo dos membros inferiores. As
correlagdes lineares estatisticamente significativas (ES) detetadas (p<0,05) sdo maioritariamente negati-
vas apontando para a linearidade e variagdo em oposigdo dos momentos de forga e dos angulos articula-
res, tendo-se detetado um menor nimero de correlagdes negativas ndo ES e apenas um caso de correla-
céo ES positiva de valor reduzido. Algumas das carateristicas registadas correspondem as diferencas
detetadas nos valores estimados da rigidez dindmica angular ks=dM/d@ durante a fase de apoio duplo
inicial (ADI) entre NG e SKG, Tabela 1, com NG apresentar valores semelhantes para a anca (A), joelho
(J) e tornozelo (T), enquanto SKG apresenta valores muito distintos em A, J e T com amplitude muito su-
perior em J e reduzida amplitude em T. Ja durante as fases de apoio simples (AS), apoio duplo final (ADF)
e transferéncia (TRF) A, J e T apresentaram comportamentos semelhantes de k¢ em NG e SKG, apon-
tando para ADI como a fase do ciclo de locomogdo apresentando diferengas significativas entre NG e
SKG em virtude da rigidez do joelho em SKG. Adicionalmente SR apresenta também durante a fase de
apoio (AP) comportamento semelhante de ko em A, J e T relativamente a ADI em NG registando-se as
maiores diferengas nas fases inicial de voo (IV), media de voo (MV) e final de voo (FV).

Tabela 1. Declive da reta de maxima correlagéo linear da rigidez dinamica angular dM/dé da anca, joelho e tornozelo.

dm/do NG SKG SR
(Nm/rad) A J T A J T A J T
ADI/AP -383,7  -389,0r -406,7* -337,2* -925,8* -95  -169,1*  -409,0* -369,6*
AS/IV -137,3*  -199,1* -221,2  -200,6* -279,5* -312,6* -52,8 -23,4* 29,0*
ADF/MV  -427,0* 153  -312,00 -276,9 -67,5*  -460,9* -88,9* -19,2* -2,0
TRF/VF -82,0* -33,3* -3,5* -76,6* -30,4* -0,7 57,6 -6,2 2,0
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ABSTRACT

Allowing people with neurological and musculoskeletal disorders to stand can reduce secondary conditions
and increase their life expectancy. Preventing these conditions is as important as helping people who al-
ready suffer from them. This work aims to develop a dual-purpose passive exoskeleton to support both sit-
to-stand movement (STS) and manual handling of loads. For that purpose, a biomechanical analysis of the
STS motion is performed to characterize the power requirements of the solution to be developed. The
analysis focuses on the estimation of the reaction and moment forces at the joints for different conditions,
namely sitting and standing with and without arm support. Results show differences between the analysed
conditions both for kinematics and dynamics patterns. The trials with arm support resulted in a reduction of
35% of the moment forces at the knee and 20% at the hip. Future work will focus on materials selection
regarding the structural design of the exoskeleton, the minimization of moment forces at the selected joints
using optimization methods and the development of a control system.

Key-words: Sit-to-Stand, Exoskeleton Design, Multibody Dynamics, Inverse Dynamics Analysis,
Biomechanics

INTRODUCTION

A large number of people suffer from musculoskeletal or neuromuscular disorders, whether resulting from
traumatic events, degenerative diseases or other pathologies [1]. Allowing these people to stand can min-
imize secondary conditions like obesity, cardiac, respiratory or urinary disorders, reducing health costs and
more importantly, increasing their life expectancy. Exoskeletons arise as a possible solution for these con-
ditions, as they can support the users’ weight and assist in their movements. Moreover, this type of solu-
tions can also be applied in other areas, such as defence or industry, in which the growing competitiveness
requires harder or fatiguing tasks. Its use allows to enhance productivity and efficiency while ensuring the
safety of the user.

Recent developments in this field led to solutions that present restrictions in their portability, in part due to
its weight, the control of the actuated joints and the bulkiness of the structure. Different works point out the
need for lighter solutions, easier to use and with significant increase of energy autonomy [2, 3]. Passive
solutions may, in certain applications, be the answer, as they allow the storing and releasing of energy,
using only the users’ inertia, without comprising significantly the weight of the structure. Complacent appli-
cations can also achieve interesting results, due to their lightweight characteristic and adaptability.

Based on literature, it is reasonable to suggest that STS movement has a major influence in daily life ac-
tivities and is a key aspect in the independency of a person. The inability to perform STS movement can
lead to institutionalization, resulting in the problems addressed before.

There are similarities between sit-to-stand and heavy load lifting, suggesting that a common approach can
be used in both tasks. The STS movement is a rising upward motion aiming to stand still at the end of the
movement [4]. The use of armrests, chair seat height and foot positioning have major influence in this
movement [5].

This work aims to develop a dual-purpose passive exoskeleton to support both sit-to-stand and manual
handling of loads. For that purpose, a biomechanical analysis of the STS motion was performed in order to
estimate the reaction and moment forces at the joints and the arms contributions. These data will be used
to characterize the energy requirements of the solution to be developed.

MATERIALS AND METHODS

Experimental data was acquired in the Lisbon Biomechanics Laboratory (LBL) focusing on STS with and
without arm support. Kinematics was acquired using a 3D motion capture system (MOCAP) with 14 infra-
red cameras (ProReflex MCU 500/1000, Qualisys) at 100Hz and using a marker set composed by 47 pas-
sive reflective markers. Ground reaction forces and forces applied in the chair, were acquired using 2 force
plates (OR 6-7-1000, AMTI) at 1000Hz. The STS movement of one volunteer [male, 34 years old, 73kg
and 1,80m] with no musculoskeletal disorders was evaluated. A multibody inverse dynamics analysis was
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performed using an in-house 3D multibody dynamics software, APOLLO [7], considering the biomechani-
cal model illustrated in Fig. 1.

Figure 1 - Biomechanical model used in the inverse dynamics analysis

RESULTS

Results consider the analysis of the joint angles, internal and moment forces at the hip, knee and ankle,
and the estimation of the reaction forces in the chair. Subject displays a balanced STS movement, pre-
senting kinematic patterns similar to the ones reported in literature [5]. A 35% reduction of the moment
forces developed at the knee can be identified when using arm support, as well as a 20% reduction of the
moment at the hip (see Fig. 2).

Moment Forces at the Hip, Knee and Ankle

Moment Force [Nm/kg]

Time [s]

Hip Knee == m == Ankle s Hip W/ SUPPOFt  smmmmmmm K W/ sUppOrt  emmmms Ankle W/ support

Figure 2 - Moment Forces at the hip, knee and ankle obtained using APOLLO Software

CONCLUSIONS

This study allowed to estimate the internal forces and moments at the joints in order to define the power
requirements for a future exoskeleton solution. Study limitations include the use of only two force plates to
measure both the external forces on the feet, hands and chair. To estimate the forces in the hands and
thighs, some assumptions were made based on several laboratory setups.

Future work will focus on materials selection regarding the structural design of the exoskeleton, the mini-
mization of moment forces at the studied joints using optimization methods and the development of the
control system.
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ABSTRACT

The main goal of this study is the design and development of a passive exoskeleton to reduce the meta-
bolic costs during walking. The solution was developed based on an existing concept, addressing specific
issues like the mobility of the ankle, maintaining the ergonomics of its users’ footwear and the possibility of
structural customization. The prototype was evaluated based on the analysis of the metabolic costs during
walking, performed in the Lisbon Biomechanics Laboratory (LBL), using a gas analyser system and a
medical treadmill. Fourteen subjects, belonging to the Portuguese Army were selected for this study. The
exoskeleton was tested with three different springs to evaluate different force actuation parameters. A
quantitative analysis was conducted in 7 subjects aiming to measure the metabolic costs through the eval-
uation of the oxygen consumption. A qualitative analysis was also performed to all 14 subjects. Results
show a reduction of the metabolic costs during walking in 4 of the 7 subjects. Considering the obtained
results with the most adequate spring for each user, results revealed an average reduction in metabolic
costs of -3.1%. No ergonomic loss in the footwear and no mobility restrictions in the ankle were identified.
The customization and tuning of the force elements and control system play a key role in the efficiency of
the developed solution. Future work will address the selection of different materials for a lighter and less
bulky structure, and the evolution of the control system.

Key-words: Passive exoskeleton, Ankle motion, Metabolic cost, Gait, Ankle-foot orthosis

INTRODUCTION

In the last years an interest for human enhancing systems arose, particularly in areas such as defence,
industry and rehabilitation. For instance, military operations require a high energy expenditure, which could
result in high exhaustion rates and an increase of lesions. In these cases, exoskeletons can be a useful
resource, as they can reduce the metabolic costs associated to the performed task, increasing also the
human capabilities and reducing the risk of derived musculoskeletal pathologies.

The main goal of this study it to develop a passive ankle exoskeleton to reduce the metabolic costs during
walking, aiming to address a broad spectre of users and being able to adapt to a wide variety of terrain. To
do so, specific requirements must be taken into consideration like comfort, ergonomics, range of motion of
the actuated joint, and the adaptability to the physiognomy of the user and its footwear.

MATERIALS AND METHODS

Considering the exoskeleton used as a baseline for this study [1] and the aim of developing a structure
capable of being used by a wide public, on a broad variety of terrain, the following approach was defined:
1) Development of the concept, which consisted in identifying the needs of a possible user through inter-
viewing individuals with experience in military operations and documentation resulting from a North Atlantic
Treaty Organization (NATO) work group [2]. This was followed by the generation of concepts where the
potentialities and vulnerabilities of the elements that might constitute the exoskeleton were analysed. After
that, the selection of the concepts was done by analysing each element according to different parameters
and classifying them.

2) Manufacturing of the physical prototype, in which the structure of the exoskeleton was developed con-
sidering the physiognomy of the user, as well as its footwear. For this, a 3D scanner was used to acquire
these geometries, so that the exoskeleton structure could be custom modelled. After this stage the struc-
ture of the exoskeleton was build using additive manufacturing techniques. The control system was build
based on the data provided by Collins et al. [1]. The force elements, with different spring stiffnesses, were
acquired in the local market, also based in the previously referenced study.

3) Experimental analysis, which involved fourteen subjects belonging to the Portuguese Army, with no
identified musculoskeletal pathologies, were selected to perform the laboratorial acquisitions. Quantitative
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analysis was performed by 7 subjects, measuring the metabolic costs during walking, through the Metabol-
ic Energy Task (MET). The experimental protocol was defined considering the medical protocol of the 6
Minute Walk Test (6MWT) [3] and the compendium of physical activities [4]. The exoskeleton was tested
with three different springs to evaluate different force actuation parameters during walking. Additionally, a
qualitative analysis was also performed to the 14 subjects, addressing the mobility of the ankle, comfort
and overall perception of the systems functionality.

RESULTS AND DISCUSSION

The quantitative results, illustrated in Figure 1, indicate that it is possible to obtain a reduction of the meta-
bolic costs using a passive exoskeleton. This was verified for 4 of the 7 individuals, with a decrease of
metabolic cost oscillating between -27.9% and -0.1%. However, the springs that allowed the reduction of
the metabolic costs were not the same for each subject, suggesting that it must be selected according to
its user. Considering the best results for each user, obtained with the spring that best fitted their character-
istics, the study registered an average reduction in metabolic costs of -3.1%, with overall values ranging
from -27.9% to + 7.5%.
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Figure 1 - Percentual variation in metabolic costs for each individual.

Qualitative analysis indicated no ergonomic loss in the footwear and no mobility issues in the ankle. Also,
most of the subjects could correctly identify if the exoskeleton was reducing or increasing the metabolic
costs during walking. Limited efficiency or ergonomic issues could have resulted from the fact that, for
practical reasons, every subject performed the trials with a structure modelled to best fit the physical char-
acteristics of subject zero (reference subject). During the acquisitions some issues were also identified in
the control system, potentially affecting the overall results.

CONCLUSIONS

It is possible to obtain a reduction of the metabolic costs using a passive exoskeleton, with 4 of the 7 indi-
viduals, revealing a decrease of metabolic costs between -27.9% and —0.1%. The developed structure
maintains the ergonomics of the footwear and the range of motion of the ankle. The use of additive manu-
facturing to build the exoskeleton structure allows a custom-made structure with a low acquisition cost.
Future work will address the selection of different structural materials for a lighter and less bulky structure,
and the evolution of the control system.
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RESUMO

O atual estado envelhecido da populagado reflete uma diminuicdo da autonomia e da independéncia resul-
tante em parte do declinio fisico da pessoa idosa. A procura de estratégias mais adaptadas a este seg-
mento populacional € um desafio, ndo sé para profissionais de saude, mas também para todos os interve-
nientes na sociedade, com destaque para os investigadores ligados a engenharia. Este trabalho apresen-
ta um protétipo de andarilho instrumentado, que resulta da colaboragdo entre estes dois dominios do co-
nhecimento, e que tem como objetivo incrementar a mobilidade de idosos e prevenir o risco de queda. O
protétipo foi avaliado quanto a sua usabilidade por um grupo focal de profissionais de salude, evidencian-
do uma aceitagao global.

Palavras-chave: Biomecanica de Reabilitagdo, Idosos, Andarilho Instrumentado, Risco de Queda

INTRODUGAO

Devido as atuais tendéncias sociodemograficas, a pessoa idosa depara-se com um aumento da sua ex-
pectativa de vida que é acompanhada por uma crescente cumulagdo de comorbilidades geriatricas [1-2].
Este estado de vulnerabilidade contribui, entre outros, para o aumento do risco de queda [2]. Perante este
cenario surge a necessidade de desenvolver solugdes que contribuam para melhorar a autonomia, a in-
dependéncia e a qualidade de vida desta populagdo [3]. E neste cenario de aumento de comorbilidades
geriatricas incapacitantes que os profissionais de saude devem procurar desenvolver e adaptar estraté-
gias para a pessoa idosa a fim de prevenir ou minimizar os efeitos negativos do envelhecimento [1]. Re-
duzir ou prevenir o risco de queda e potenciar a capacidade de marcha através do uso de ajudas técnicas
é sinénimo de um aumento da autonomia do idoso e, consequentemente, de qualidade de vida. A procu-
ra de solugdes técnicas assume-se como uma estratégia a almejar. Assim, com o propésito de incremen-
tar significativamente a mobilidade de idosos com declinio fisico e prevenir o seu risco de queda foi de-
senvolvido o protétipo de um andarilho que integra um conjunto de sistemas eletromecanicos. Alicergado
no Technology Aceptance Model (TAM) foi aplicado um instrumento de avaliagdo da usabilidade com um
grupo focal de profissionais de salde e cujos resultados se apresentam.

INSTRUMENTAGAO DO ANDARILHO

O protétipo desenvolvido foi implementado num andarilho comercial da marca Invacare®. Este andarilho
inclui duas rodas (frente) com mecanismo de travamento/bloqueio assente na utilizacdo de uma unica
mola com rigidez ajustavel. O sistema eletromecanico desenvolvido para integrar o andarilho é composto
por: a) uma unidade de processamento central (UPC) com capacidade de armazenamento de dados em
cartdo de memodria, com a data e hora sempre definidos, possibilitando a diferenciagédo entre idosos e a
comparabilidade de dados, i.e., a monitorizagdo da evolugéo dos idosos; b) uma unidade de massa iner-
cial (UMI), com acelerémetro e giroscopio, para identificagdo e registo da aceleragao/desaceleragdo e a
inclinagdo nos planos sagital e coronal, associados ao movimento do andarilho; c) trés unidades compos-
tas por 5 LED (Light Emitting Diode), dois verdes e trés vermelhos; d) pés instrumentados com integragdo
de um sensor piezoresistivo; e) sistema de alimentacéo por bateria, com integragédo de interruptor on/off,
para completa portabilidade e autonomia do andarilho.

A colocagao em funcionamento do andarilho € feita a partir da ligacéo do interruptor, devendo ser feita em
plano horizontal, de modo a garantir a calibragdo que esta automatizada. A UMI estéa integrada na UPC,
que é posicionada na zona central do andarilho, de modo a nao interferir com a sua utilizagao, e permite
registar o posicionamento e aceleragdo associados a utilizagdo do andarilho. A UMI esta também associ-
ada aos grupos de LED, posicionados dois na lateral e um no central, que acendem um a um em fungao
da inclinagdo do andarilho (frontal e lateral), que resultam numa interagéo visual andarilho-utilizador. Os
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sensores de pressao permitem a aquisicdo da forga exercida pelo utilizador no andarilho em cada um dos
pés.

ESTUDOS DE USABILIDADE/FUNCIONALIDADE

Inscrito nas fases do modelo ADDIE, sustentado no TAM [4-6], e Human-Centered Design Process foi
aplicado um instrumento adaptado para avaliagdo da usabilidade/funcionalidade, escala tipo Likert de sete
pontos (1- discordo totalmente...7- concordo totalmente), com as seguintes dimensdes: utilidade; facilida-
de de uso; facilidade de aprendizagem,; satisfagao/intengéo de uso, realizado com um grupo focal de tra-
balhadores da area de enfermagem, psicologia, biotecnologia e administragdo hospitalar, recrutados por
conveniéncia. Pretende-se reduzir os riscos de doencga ou lesdo associados a sua utilizagdo (EN ISO
14971: 2012) e garantir que o dispositivo se encontra livre de risco inaceitavel (Anexos B, D, F e G da
norma EN ISO 14971: 2012 e norma EN ISO 14971: 2012. A amostra constituiu-se por 10 profissionais de
saude, 50% enfermeiros, 20% psicélogos, 20% biotecnologia farmacéutica e 10% da administragdo hospi-
talar, 70% do sexo feminino, média de idade de 37.7 anos e 14.7 anos de experiéncia profissional. Foi
solicitado ao profissional de saude que utilizasse o andarilho num percurso de 10 metros, com obstaculos
e tarefas (fechar e abrir portas), com posterior preenchimento do questionario de Usabilidade.

A dimensao “UTILIDADE” apresentou os itens com valores médios mais elevados: ltem 1 -“E Gtil no meu
dia a dia” (5); Item 2 - “Facilita o desempenho das suas atividades” (5); Iltem 9 - “Permite um maior contro-
lo no desempenho das minhas atividades” (5.1); ltem 10 - “Ajuda ser mais produtivo(a) no desempenho
das minhas atividades” (5.3); Item 11 - “Permite movimentar com maior seguranga” (5.2); Item 12 - “Permi-
te responder as necessidades de deambulagdo/marcha” (5.2). Todos os itens desta dimensdo apresenta-
ram valores iguais ou superiores a 4, com um score médio de 4.71 e um DP de 1.07, variando entre 3.25
e 6.58 pontos.

A dimensao “FACILIDADE DE USQ” obteve um score médio de 4.95 com um DP de 1.03, variando entre
3.5 e 6.3. O item com valor médio mais baixo (4.6), corresponde ao item 22 - “Permite-me corrigir eventu-
ais erros de modo rapido e facil.”. O valor médio mais elevado foi obtido no item 13 - “E facil de utilizar”
com um valor de 5.4 pontos.

A dimenséo “FACILIDADE DE APRENDIZAGEM” obteve um score médio mais elevado de entre as di-
mensdes atingindo 5.15 com um DP de 0.93, variando entre 3.83 e 6.5. Os valores dos itens variaram
entre 5 e 5.3 pontos.

A dimens&o “SATISFAGAO/INTENCAO DE USO” obteve um score médio de 4.61 e um DP de 0.78, com
uma variagéo entre 3.64 e 6.07. O item com o valor médio mais baixo foi o (37), atingindo 4 pontos
“Transmitir-me-ia seguranca na sua utilizagado” e o item com valor médio mais elevado foi o item 39 - “O
peso do andarilho é adequado” que atingiu 5.2 pontos.

CONCLUSAO

Os contributos resultantes da avaliagdo da usabilidade assinalam a auséncia de pontos criticos e/ou
riscos inaceitaveis nas 4 dimensdes, evidenciando niveis aceitaveis de seguranga e eficacia. Através do
grupo focal, foram também identificadas limitagdes/constrangimentos e propostas de melhoria para a
evolucdo do protétipo. Estes contributos obtidos anunciam a necessidade de incorporar ajustes nos
sistemas electromecéanicos sugerindo mais iteragcdes propostas pelo modelo ADDIE concorrendo para a
melhoria e aprimoramento do protétipo e suas vantagens competitivas, em fase de implementagédo. O
dispositivo revela pois, enquanto ajuda técnica, potencial para reduzir ou prevenir o risco de queda e
potenciar a capacidade de marcha da pessoa idosa.
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RESUMO

Atualmente, os dispositivos protésicos séo fabricados em compdsitos de fibras sintéticas e polimeros de
alto rendimento. Contudo, a utilizagdo indisciplinada e o elevado preco destes materiais podem acarretar
problemas ambientais e socioeconémicos graves. No sentido de colmatar este problema, o objetivo deste
estudo é desenvolver dois biocompositos, um a partir da fibra natural de juta e de uma matriz natural
composta por amido e sacarose (JutaS/V) e outro com adigdo de acido acético (JutaC/V), e verificar a
viabilidade dos mesmos no fabrico de encaixes transtibiais. Foi feita a caracterizagdo mecéanica em tragéo
e flexdo, assim como contagem de bactérias e absor¢gdo de agua aos biocompdsitos desenvolvidos. Foi
fabricado um protétipo de encaixe transtibial e ensaiado em compressao.

Os resultados deste estudo indicam que estes biocompésitos apresentam propriedades mecanicas de
resisténcia e rigidez aliados a parametros fundamentais como baixo custo, baixo peso, biodegradabilidade
e biocompatibilidade. Verifica-se a existéncia de potencial para o desenvolvimento de um material alterna-
tivo de encaixes protésicos, sendo ainda necessario a realizagcdo de mais estudos.

Palavras-chave: protese transtibial, materiais biodegradaveis, materiais compdsitos, amido, fibras de juta

INTRODUGAO

Perante a auséncia de um membro ou parte deste, advém-se, além de debilidade e disturbios funcionais,
possiveis comprometimentos a nivel estético e psicossocial. Contudo, face aos avangos tecnoldgicos al-
cangados na Medicina e Engenharia, deparamo-nos com melhorias na qualidade da vida dos amputados,
possibilitando a sua reabilitagdo nos varios ambitos de vida diaria [1-3].

Destacam-se o estudo dos biomateriais, que pressupde o desenvolvimento de materiais com proprieda-
des e indicagdes especificas, tendo como principal objetivo a biocompatibilidade [4-7].

Alguns plasticos e compositos sédo biomateriais de fundamental importéncia na sociedade atual, possuin-
do diversas aplicagdes, como na fabricagdo de préteses externas ou na substituicdo de inimeros materi-
ais como vidros, metais, madeira, entre outros [4,5,8].

No entanto, a utilizagdo destes materiais compreende alguns problemas:

- Tal tecnologia nZo esta tangivel a nivel global, seja por questdes de origem financeira ou acessibilidade.
Verificamos esse exemplo em paises menos desenvolvidos e/ou vitimas de guerras — minas terrestres e
munigdes - como a Boésnia e Herzegovina, Angola, Camboja ou Afeganistao [9,10,11].

- Os dados de produgdo mundial suscitam grande preocupagéo devido aos problemas ambientais causa-
dos pelo acumulo destes materiais de origem petroquimica em lixeiras e aterros sanitarios, considerando
que estes demoram em média cem anos para se decompor no meio ambiente [12].

Como resultado da crescente consciencializagdo ambiental, a preocupacdo com a sustentabilidade ambi-
ental e o excesso de residuos globalmente, desenvolvem-se alternativas para a diminuigao/substituicdo
do consumo destes materiais e aumento da sua biodegradabilidade. As alternativas aos plasticos conven-
cionais s&o a reciclagem ou a substituicdo destes por plasticos biodegradaveis ou bioplasticos; aos com-
positos a adicdo de cargas organicas durante o processamento destes materiais. Porém, nas ultimas dé-
cadas, tem havido um colossal crescimento do uso de fibras naturais em vez de fibras sintéticas [13]. As
fibras naturais tém sido téo utilizadas devido as suas inimeras vantagens, tais como, baixo custo, baixa
densidade, resisténcia especifica aceitavel, boas propriedades de isolamento térmico, biodegradabilidade,
renovabilidade, manterem-se estaveis durante sua vida util e se degradarem num periodo de tempo curto
apos descartados no meio ambiente [13].

Verificamos recentes avangos na aplicagdo de fibras naturais como a juta, linho, sisal, kenaf (Hibiscus
cannabinus), coco, bambu, entre outras, em compositos. No entanto, em muitos casos a matriz (resina)
utilizada é de origem petroquimica. Assim sendo, o desenvolvimento de materiais compoésitos completa-
mente biodegradaveis, provenientes de fibras e resinas originarias de matérias-primas renovaveis, consti-
tui um marco tanto numa perspetiva ecoldégica como da engenharia [13].
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MATERIAIS E METODOS

No ambito do trabalho realizado foram fabricados diversos biocompésitos de fibra de juta e realizados
ensaios de caracterizagdo mecanica, nomeadamente ensaios de flexdo, tracdo e compresséo, contagem
de bactérias e absorgéo de agua. Para o fabrico do protétipo de encaixe transtibial foi utilizado um molde
negativo em termoplastico, no qual foi vertido gesso liquido. Foi usada como matriz uma bio resina produ-
zida em laboratério, composta por amido proveniente da farinha de trigo, agucar e acido acético, presente
no vinagre. Os produtos foram adquiridos num comércio local. Estes produtos foram selecionados devido
as suas caracteristicas: a viscosidade do amido permite uma boa agregagao entre as fibras-matriz, o agu-
car tem uma agao desidratante, minimizando o crescimento microbiano e também contribui para o aumen-
to da viscosidade, enquanto o vinagre tem propriedades desinfetantes, atuando na degradagéo ou inibi-
céo da proliferagado de microrganismos. A figura seguinte ilustra o protétipo final [14].

Figura 1. Protoétipo final: vista posterior, vista frontal e vista lateral.

CONCLUSAO

De maneira geral, os resultados dos ensaios conduzidos foram satisfatérios. Foi possivel investigar carac-
teristicas e propriedades que devem ser conhecidas de maneira a comprovar a viabilidade do material
para aplicagdo em encaixes transtibiais, pois uma prétese é submetida a uma série de agdes de carga e
outros fatores externos durante o seu uso. Pretende-se dar continuidade aos ensaios criando um novo
protétipo, optando por uma fabricagdo sem acido acético (vinagre), aumentado o periodo de cura e im-
permeabilizando o biocompésito por deposi¢cdo de um adequado revestimento superficial.
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ABSTRACT

Polymethylmethacrylate (PMMA) based cements are widely used for vertebroplasty. However, PMMA has
disadvantages. The purpose of the present work was to test in vivo a new resorbable injectable composite
cement — Spine-Ghost. The paste was percutaneously injected in bone defects manually drilled in L4 ver-
tebral bodies of eight mature Merino sheep (Group B). A control group of eight sheep was injected with a
known commercial calcium sulphate-based biphasic cement (Group A). After the 6-month implantation
period the samples were assessed by micro-CT and histological studies. All sheep completed the 6-month
implantation period. Cement resorption and new bone formation were observed in all samples with no signs
of infection or inflammation.

Keywords: resorbable cement; percutaneous vertebroplasty; in vivo study; sheep.

INTRODUCTION

Synthetic composite biomaterials are widely accepted as valid bone graft alternatives. Presently, most of the
cements used in percutaneous bone interventions are based on a polymeric matrix — polymethyl-
methacrylate (PMMA) —, providing immediate effect and safety. However, PMMA cements present several
disadvantages [1]. Calcium sulphate-based injectable ceramic cements, like Cerament™ are effective, well
documented bone substitutes since they are biocompatible, resorbable, and osteoconductive, displaying
mechanical properties similar to those of cancellous bone, with reduced Young’s Modulus [2].

Sheep are considered an appropriate large animal model for biomedical research because of their anatom-
ical similarities to human bones. To date, only a small number of percutaneous vertebroplasty (PVP) pre-
clinical studies have been performed in large animals, with several drawbacks, including cement leakage
into the vertebral foramen, incomplete defect filling and lack of information on postoperative evolution.

With the goal of reducing long-term post vertebroplasty complications while ensuring immediate pain relief
and mechanical stability, a new bioactive injectable cement for percutaneous vertebroplasty was developed
— Spine-Ghost [3].

In the present work, the in vivo results of Spine-Ghost implantation in a sheep vertebral defect model are
reported. The performance was compared to a commercial biphasic cement — Cerament™.

EXPERIMENTAL

Spine-Ghost is composed of type Il a-calcium sulphate hemihydrate combined with mesoporous particles
of a bioactive glass, and a radiopaque glass-ceramic phase. Prior to the in vivo study, the cement went
through bioactivity and resorbability, ex vivo injection, mechanical and in vitro testing [3]. All the tests were
carried out using a commercial reference as control.

Procedures were conducted according to European Community guidelines. 16 mature Merino sheep were
randomly allocated into 2 groups: control group A, injected with Cerament™; and experimental group B,
injected with Spine-Ghost. All underwent PVP under general anaesthesia. Vertebral body defects were
created in the cranial hemivertebrae, through modified parapedicular approach developed by the authors
[4]. Cements were injected under fluoroscopic guidance using a bone-filler system device (Medtronic Spine
LLC, Portugal) and set for 2 hours in the anaesthetized sheep. Post-surgery care was spent in a pen of the
veterinary hospital of the University of Evora. Fluorochromes were injected two weeks after surgery and two
weeks before sacrifice. During the 6-month implantation period the sheep remained free ranging in the
pasture. At the end of the implantation period, the animals were sacrificed, and the vertebrae explanted.
Biological response and material integration were assessed by micro-CT and histological studies.
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RESULTS AND DISCUSSION

Prior to the in vivo study, the cement went through bioactivity, resorbability, ex vivo injection, mechanical,
and in vitro testing, all of which with favorable results. The experimental cement could be easily injected
without interruption, and it showed a satisfactory radiopacity. Finally, Spine-Ghost exhibited a much higher
compressive strength than the commercial reference. More results are shown in table 1.

Table 1. Comparison between the cements’ in vitro and ex vivo properties - review

Spine-Ghost Cerament™

70% CaS:20% SCNZgc: 10% W-SC 60% a-CaS: 40% HA

Moderate radiopacity: conferred by the glass- - ; L .

. High radiopacity: conferred by the iohexol
ceramic phase (SCNZgc) Li(?uid phaZe' ighexol Y
Liquid phase: water )

_ | Highly bioactive Bioactive

Cement charac: | Resorbable: 83% in 28 days Resorbable: 100% in 28 days
Easy to handle; adequate injectability Easy to handle; adequate injectability
Working/ hardening time = 8-20 minutes Working/ hardening time = 7 minutes
Setting time = 1 hour Setting time = 1 hour
Adequate stiffness and strength Adequate stiffness and strength
Compressive strength: 14+0.7 and 18.1+0.8 Compressive strength: 8.2+0.7 and 7.3+0.6
MPa (wet and dry conditions, respectively) MPa (wet and dry conditions, respectively)

No cement leakage was observed into the vertebral foramina, with just one of the 16 animals presenting
transient postsurgical mild neurologic deficits. A 100% survival rate was obtained.

After the first macroscopic evaluation, micro-CT scanning of the intact vertebrae was performed, for quali-
tative and quantitative analysis (Figure 1).

Figure 1. Micro-CT cross-section images and 3D rendered models of injected vertebrae from both groups.

Histology showed cement resorption and new bone formation; histomorphometric results showed no statis-
tically significant differences between the two groups.

CONCLUSIONS

Spine-Ghost elicited a biological response identical in most aspects, with a higher measured BMD and
BV/TV. In both groups new bone formation was observed, with concurrent cement resorption and integration
into the new trabecular bone, as evidenced by the histological results presented.
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RESUMO

O objetivo deste estudo foi de comparar 2 sistemas de scanner 3D. Como objeto de estudo foi usada uma
caixa com medidas pré-definidas e foi usado o sistema Sense 3D e um sistema desenvolvido pelos
autores, composto por 16 camaras RaspBerry Pi Module V2 para obtencédo do objeto virtual 3D. Foram
selecionadas 5 varidveis para este estudo piloto: comprimento virtual, largura virtual, malha, textura do
objeto e desvio médio entre modelos através de sobreposicdo. Foram encontradas diferengas quando
comparando os 2 sistemas para a malha, textura do objeto e desvio médio por sobreposicdo. Mais
estudos sdo necessarios e com comparagao com outros sistemas scanner 3D para compreender melhor a
vantagem de usar um sistema one-shot por fotogrametria para obtencdo de modelos 3D.

Palavras-chave: ortéteses, scanner 3D, malhas, modelos 3D

INTRODU(}AO

As ortéteses sdo dispositivos médicos usados para melhorar o desempenho nas pessoas com
dificuldades e/ou deficiéncias [1]. Estas sdo amplamente prescritas para corrigir diferentes patologias e as
ortéteses personalizadas sdo amplamente reconhecidas como sendo vantajosas, quer pela sua
funcionalidade em termos médicos quer pelo conforto que proporcionam, permitindo que o paciente a
utilize de forma continuada durante o periodo aconselhado para o tratamento. A adequacédo da forma
geométrica ao paciente permite uma maior eficiéncia na imobilizagdo ou restricdo do movimento. Para
obtencdo da forma geométrica do paciente, cada vez mais sédo usadas diferentes formas de obter
informagdo tridimensional sem contacto, que se pode simplificadamente dividir entre triangulagdo e
fotometria. Entre as técnicas baseadas em triangulagédo, contam-se a fotogrametria, a projegéo de luz
estruturada, e o varrimento por linha laser. As técnicas de projecdo (luz estruturada ou varrimento laser)
permitem a determinagéo da profundidade (distancia relativamente ao plano de formagéo da imagem) a
partir de uma imagem Unica; o conhecimento da posi¢cdo espacial do feixe laser ou de um padrdo de
iluminagédo permite, juntamente com os parametros de formacdo da imagem, resolver a ambiguidade
presente na imagem bidimensional. A fotogrametria utiliza a correspondéncia entre pontos em diferentes
vistas da mesma cena para inferir a posicdo desse ponto no espago. Assim, requer sempre duas ou mais
vistas [2].

O objetivo do estudo consiste em comparar um sistema existente no mercado que utiliza a técnica de luz
estruturada, e um sistema one-shot de baixo custo, desenvolvido pelos autores, que utiliza a técnica de
fotogrametria.

MATERIAIS E METODOS

Como objeto de estudo foi usada uma caixa de tamanho 120mm x 75mm, medidos com recurso a um
paquimetro digital Neiko 01407A (Neiko Tools USA, La Porte, Indiana, USA) . Para efeitos de comparagao
de resultados foram usados 2 tipos de Scanners de captura de imagens 3D com métodos diferentes de
captura. O sistema Sense 3D Scanner (3D Systems, South Carolina, USA) que utiliza o método de luz
estruturada e um sistema de fotogrametria, com 16 camaras Raspberry Pi Module V2 8MP (Raspberry Pi
Foundation, Cambridge, Reino Unido), cada uma ligada a uma placa SBC (Single Board Computer)
RaspBerry Pi 3 Modelo B+ 1Gb (Raspberry Pi Foundation, Cambridge, Reino Unido), sincronizadas e
ligadas em rede. Para a recolha do modelo 3D da caixa através do Sense 3D, foi usado o software
proprietario Sense da 3D Systems. Para o sistema com Raspberry Pi, foram retiradas 16 fotografias num
unico disparo e foi criado o modelo 3D com recurso ao software RealityCapture (CapturingReality,
Bratislava, Eslovaquia). Ambos os modelos 3D em formato .obj foram depois analisados através do
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software 3D Builder (Microsoft, Washington, USA) para comparagédo do comprimento, largura e texturas e
o software Geomagic Studio 12 (3D Systems, South Carolina, USA) para analise da malha e o desvio
existente entre modelos por sobreposicao.

RESULTADOS E DISCUSSAO

Com recurso ao software 3D Builder foram realizados testes para obtencdo da diferenga de tamanhos
virtuais para comparagdo com os reais. O modelo 3D retirado do Sense 3D obteve um comprimento da
caixa de 120,94 mm e uma largura de 75,10mm, enquanto o modelo retirado do sistema com RaspBerry
Pi obteve um comprimento de 120,13 mm e uma largura de 74,97mm, estando mais préximo a nivel do
comprimento e da largura com a medida real da caixa. Para o teste das texturas, como indicado na Figura
1, é possivel observar diferencas visiveis tanto a nivel da cor, como da resolugdo. Para o teste com
RaspBerry Pi, obteve-se uma textura com a cor mais préxima do valor real da caixa, sendo possivel a
leitura de todo o texto na face.

Figura 1 — Comparagao de Texturas entre o sistema Sense 3D (a esquerda) e RaspBerry Pi (a direita)

Para o estudo da malha, a contagem de triangulos na face frontal para o sistema RaspBerry Pi foi 545%
superior ao encontrado no sistema Sense 3D (28318 triangulos vs 5196 triangulos). Nao foram usados
filtros, limpeza ou reparagdo da malha para nenhum dos modelos, sendo estes os valores retirados
diretamente do ficheiro criado inicialmente. A existéncia de um maior nimero de tridangulos demonstra
uma maior resolu¢do de imagem, traduzindo-se numa maior quantidade de informacéo da superficie do
objeto. O teste desvio entre modelos por sobreposigdo de modelos, como indicado na figura 2, demonstra
um desvio médio entre modelos de 1mm, atingindo o maximo de 3mm na zona inferior da superficie. Este
desvio existente na zona inferior é explicado por ser a zona da face onde o objeto se intersecta com a
superficie onde se encontra apoiado. O Sistema Sense 3D, ndo reconhece a alteragédo de superficie,
unindo-as, criando uma superficie arredondada entre elas, levando ao desaparecimento da extremidade
de contacto.

Para além de se conseguir retirar um modelo completo 3D através de um Unico disparo em menos de
1segundo, a qualidade da malha e de textura sdo muito superiores no sistema com RaspBerry Pi em
comparagao com o sistema Sense 3D. Mais estudos sdo necessarios, com diferentes variaveis, objetos e
diferentes sistemas para compreender melhor as vantagens deste sistema para futuras digitalizagées 3D
Full Body do corpo humano.
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Figura 2 — Espectro do Desvio médio do objeto entre o sistema Sense 3D e RaspBerry Pi
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ABSTRACT

This work compares the use of four muscle models for the study of the musculoskeletal dynamics of the upper
limbs. All models are based on Hill's muscle model, but their level of complexity differs in the representation of
the muscle activation and contraction dynamics. Considering the tendon element inelastic or elastic, muscle
models with no activation dynamics and with activation dynamics are considered. The aim of this study is to
understand which model is more relevant to predict muscles forces regarding not only accuracy but also com-
putational effort. Inverse dynamic analyses are performed for 5 repetitions of unloaded and loaded motions of
abduction in the frontal plane and anterior flexion, acquired in the Lisbon Biomechanics Laboratory. The results
show similar muscle activation predictions for all muscle models, which suggests that for slow-speed, standard
movements of the upper limb, the muscle dynamics can be neglected without compromising the muscle force
sharing problem.

Keywords: Shoulder musculoskeletal dynamics, Window moving inverse dynamics optimization, contraction
dynamics, activation dynamics, rigid tendon

INTRODUCTION

Computational simulations of human movement are mainly based on inverse dynamics due to its efficiency.
However, numerical challenges related to the optimization methods limit the simulation of the full muscle dy-
namics either because they cannot handle time-dependent objective functions and constraints or cannot solve
problems with many instants of time and muscles. Recently, a novel method, named window moving inverse
dynamics optimization, was proposed to overcome some of these limitations and allow the simulation of the
muscle contraction and activation dynamics [1]. Considering four muscle models with different complexity levels
regarding the muscle dynamics, the aim of this study is to understand which model is more relevant to predict
muscles forces regarding not only accuracy but also computational effort.

MATERIALS AND METHODS

The musculoskeletal model of the upper limb applied here is composed of the thorax, rib cage, clavicle, scapula,
humerus, ulna, and radius, which are modelled as rigid bodies. The anatomical articulations that constrain the
relative motion between these bodies are modelled as ideal mechanical joints. The sternoclavicular, acromio-
clavicular and glenohumeral joints are considered spherical joints, and the humeroulnar and radioulnar joints
are considered hinge joints. The scapulothoracic joint is modelled by 2 holonomic constraints that constrain the
movement of the scapula over the rib cage [2]. Overall, the upper limb model presents 9 degrees-of-freedom.
The muscular system includes 22 muscles, described by 74 muscle bundles, as illustrated in Figure 1. The
muscle paths are computed through the obstacle-set method.

(b)

a
Figure 1. Musculoskeletal model of the upper limb: (a) anterior view and (b) posterior view.
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The kinematic and EMG data for 5 repetitions of unloaded and loaded motions of shoulder abduction and
shoulder flexion were collected in the Lisbon Biomechanics Laboratory and used in the analysis of the different
muscle models used here, which include a rigid tendon model without activation dynamics (Hmrr), a rigid ten-
don model with activation dynamics (Hmrr+act), an elastic tendon model without activation dynamics (Hmer),
and an elastic tendon model with activation dynamics (Hmer+act). The muscle force sharing problem is solved
using the Window Moving Inverse Dynamics Optimization method [1]. In this form, the complete range of motion
can be analyzed with all muscle models, and with any type of objective function, as the size of the biomechanics
problem is not a limitation. The objective function for the redundant force sharing problem is the muscle energy
consumption being the constraints of the problem the equations of motion of the biomechanical model, the
boundaries of the muscle activations and excitations and the stability of the glenohumeral and scapulothoracic
joints.

RESULTS AND DISCUSSION

The results showed similar muscle activation predictions for all muscle models, which is clearly highlighted by
the negligible difference in the cross-correlations computed between the estimated muscle activations and
EMG signals measured, presented in Table 1. Like in previous studies of gait and shoulder abduction, the
constraints on the muscle excitations produced only a limited smoothing effect on the muscle activations to
prevent fast, unphysiological, variations. The simulation of the activation dynamics limits the rate of force pro-
duction and relaxation, which is likely to be more critical in explosive movements rather than in standard move-
ments, as those studied here, for which the average velocities of elevation ranged only between 36°s and
49°s. Differences due to tendon elasticity were also small, and were only noticeable for muscles whose ratio
of tendon slack length to optimal muscle length was larger than 1, as also observed by Millard et al. [3]. The
influence of the tendon elasticity was limited because most muscles of the shoulder have low ratios.

Table 1. Average cross-correlations between the processed EMG signals and the estimated muscle activations for the 5
repetitions of unloaded abduction in the frontal plane and unloaded flexion.

Unloaded abduction Unloaded flexion
Hmrr  HmRrr+act  Hmer  Hmersact  Hmrr  Hmrreact  Hmer  Hmersact

Upper trapezius 0.984  0.984 0984 0.984 0925 0924 0926 0.925
Middle trapezius 0.929 0.929 0.929 0.929 0.848 0.850 0.847 0.850
Lower trapezius 0.946  0.946 0946 0.947 0729 0.731 0.736  0.739
Serratus anterior 0.893 0.893 0.893 0.893 0.972 0.972 0.972 0.972
Infraspinatus 0.965 0.965 0.966 0.965 0.930 0.930 0.929 0.929
Anterior deltoid  0.967 0.967 0.965 0.965 0.715 0.715 0.707 0.708
Middle deltoid 0.869 0.869 0.860 0.861 0.679 0.680 0.664 0.665
Posterior deltoid  0.934 0.934 0.939 0.940 0.917 0.917 0.919 0.919
Biceps brachii 0.898 0.898 0.911 0.911 0.695 0.694 0.691 0.691
Average 0.932 0.932 0.933 0.933 0.823 0.824 0.821 0.822

Regarding the computational effort, the simulations with the Hmgrr were the fastest whereas those with the
Hmer-+act were the slowest. Compared to the Hmrr, whose simulations took on average 113s, the computational
time increased, on average, 99%, 2496%, and 4367 % for the Hmrr+act, HmeT, and Hmer+act, respectively.

CONCLUSIONS

The influence of the muscle dynamics on the muscle force sharing problem of the upper limb was evaluated
using a fully inverse dynamics approach. Since no major differences were observed between the four muscle
models applied, this study suggests that the muscle contraction and activation dynamics can be neglected for
slow-speed, standard movements of the upper limb without compromising the solution of the muscle force
sharing problem.
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ABSTRACT

A methodology for the inverse dynamic analysis of human gait is presented in this work. In the context of
multibody dynamics, a three-dimensional biomechanical model is presented using Cartesian coordinates. The
motion acquisition was performed first, being data properly filtering technique to remove the noise related to
the experimental process. A kinematic consistency analysis was also performed to ensure the calculation of
consistent positions. The muscle forces developed by the lower extremity apparatus are evaluated using the
Hill type muscle model, in which the activation dynamics is neglected and the tendon is assumed rigid. This
muscular system is redundant, since the number of unknowns is higher than the number of available equations
of motion, being solved by an optimization process. Two minimization objective functions, based on physiolog-
ical criteria, are applied and their results discussed. In the process of the solution of the problems put by the
methodologies involved, different numerical methods are discussed to allow overcoming critical situations in
the solution of the equilibrium equations of the biomechanical model.

Keywords: Gait analysis, Multibody dynamics, Redundant muscle forces, Optimization

INTRODUCTION

The human locomotion apparatus consists of an articulated musculoskeletal system that is controlled by the
central nervous system to perform all sort of movements. Among these, gait is not only the one that better
distinguished man from other animal species but also a fundamental asset for human life quality. The gait
analysis requires a multidisciplinary approach to study the highly complex mechanisms used in the human
body [1]. The multibody simulation of the human biomechanics, using either inverse or forward dynamics, pro-
vides valuable information concerning the external forces, generated by contact with the surrounding environ-
ment, and the internal forces, acting between the anatomical segments. As in all animal with internal skeletons,
the anatomical segments of the human are moved by a musculoskeletal system in which the number of mus-
cles exceeds the number of degrees-of-freedom. Therefore, the number of combinations of the muscle forces
used to achieve a particular movement is infinite, which is known as a redundant muscle force-sharing problem.
Solutions for this redundancy are obtained with optimization methods, in which the selection of the cost function
plays a fundamental role [2]. The results of the solution of the muscle force sharing problem for a gait cycle, as
function of two different objective functions, are presented and discussed here.

MATERIALS AND METHODS
The kinematic, kinetic and EMG data for several repetitions of a gait cycle of a single individual were collected
in the Lisbon Biomechanics Laboratory and used in the analysis. A multibody formulation based on the use of
Cartesian coordinates supports the inverse dynamic analysis of a three-dimensional model of a 50%0 male,
shown in Fig.1. The complete musculoskeletal model of the right lower limb is used while for the rest of the
body joint torques are used to represent the lumped muscle actions.

(b)

Figure 1. Musculoskeletal model of the lower limb: (a) sagittal view and (b) anterior view.
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The muscle force sharing problem is solved using a static optimization method. Two different objective functions
are tested here: the sum of the Square of the Individual Muscle Forces (SINMF) [3]

2

Mg 2 e FLm Fm

R =y (Fy) =y | ~ka )
m=1 m=1 FO

and, the sum of the Cube of the Individual Average Muscle Stresses (CIAMS) [4]
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The constraints of the problem the equations of motion of the biomechanical model, the boundaries of the
muscle activations and excitations and the stability of the lower limb anatomical joints.

RESULTS AND DISCUSSION

The results of the inverse dynamic analysis of the gait cycle include the joint reaction and muscle forces of the
right leg and the joint torques for all other anatomical joints. Among these, the muscle activations and forces of
selected muscles are shown in Figure 2. It is observed that the activation and force profiles, in each particular
muscle, have similarities, implying that for the complete range of motion there are not large variations on their
muscle force-length and force-velocity relations. Here, both objective functions tested here lead to qualitatively
similar results, implying that for gait they do not favor the action of some muscles over others.

lliacus lliacus

____________ AL

0 20 40 6 20 40 60 80 100
Rectus Femoris Rectus Femoris
1 2000
= Z
£ 05 uE_ 1000
0 0
0 20 40 60 80 100 0 20 40 60 80 100
Soleus Soleus
1 4000
= zZ . e
S o0s f\." T 20004 ot
: & | e
0 0
0 20 40 60 80 100 0 20 40 60 80 100

Figure 2. Selected muscle activation and force patterns as function of the gait cycle percentage for two cost
functions: sum of the individual muscle forces (—SINMF) and sum of the cube of the individual muscle
stresses (---*CIAMS).

For all the muscles used in the musculoskeletal muscle model the force profile is characterized by one or two
periods of activity. Although not shown in the selected figures, some numerical problems associated to the
feasibility of the optimal problem solution occur for some of the experimental gait cycle acquisitions, when the
activation of the large muscles reaches the unity. This suggests that the muscle force capabilities of the muscle
system is close to its limits to be able to generate the movement acquired.

CONCLUSIONS

The muscle force sharing problem for a spatial model of the human body, including a detailed musculoskeletal
model of the lower limb, was obtained. It was shown that the choice of the cost function plays a role in the
problem solution but, at least the functions tested, do not lead to a qualitative difference in the results. The
influence of the muscle activation dynamics and tendon flexibility on the muscle force sharing problem of the
lower limb was not explored. At least when the identification of feasible solutions of the muscle force sharing
problem is problematic more components of the muscle dynamics may be needed to solve the problem.
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RESUMO

O presente trabalho teve como objetivo investigar, na populacéo envelhecida, diferengas de sexo na dis-
tancia vertical minima do pé ao solo, e a sua variabilidade durante o caminhar. Fizeram parte deste estu-
do 30 individuos, dos quais 15 eram mulheres e 15 homens. Os participantes caminharam numa passa-
deira rolante durante 14 minutos, a sua velocidade natural de caminhar. Os dados da distancia vertical
minima do pé foram obtidos através de um sistema de captura de movimento 3D usando 8 camaras de
infravermelho com uma frequéncia de amostragem de 100 Hz. Os resultados demostraram uma média na
distancia vertical minima do pé significativamente menor nas mulheres (10.9 mm) que nos homens (14.6
mm). Relativamente a variabilidade da distancia vertical minima ndo foram encontradas diferencas entre
sexos. Os resultados sugerem que apesar de ndo existirem diferengas na variabilidade as mulheres apre-
sentam uma menor média na distancia vertical minima do pé, o que pode aumentar o seu risco de queda.

Palavras-chave: Distancia vertical minima, Complexidade, Caminhar, Idosos, Quedas

INTRODUGAO

Tem sido sugerido que as mulheres apresentam maior risco de queda do que os homens, embora pouco
se saiba se os fatores que afetam o risco de queda variam entre homens e mulheres. A distancia vertical
minima (DVM) do pé durante a passada é considerada um parametro relacionado com o risco de trope-
¢Oes e quedas [1; 2]. Curiosamente, diferencas entre sexos foram encontradas durante esta fase do ca-
minhar em diversas variaveis. Nomeadamente, os homens mostraram um aumento da ativagdo do mus-
culo reto femoral durante a fase média de balango, enquanto as mulheres mostraram maior ativagdo do
gastrocnémio lateral [3]. Estas diferengas sugerem que a DVM pode ser afetada de forma diferenciada
entre homens e mulheres. Devido a variabilidade humana, a DVM sera diferente para cada passo durante
o caminhar. O valor médio da DVM é importante para o risco de queda, mas deve ser explorada em con-
junto com a variabilidade da DVM durante o caminhar, pois flutuagdes na DVM tem o potencial para pro-
vocar quedas, especialmente quando o sujeito se depara com obstaculos imprevisiveis [4]. Portanto, o
presente estudo teve como objetivo investigar, na populagdo envelhecida, diferengas de sexo na DVM
assim como na sua variabilidade, durante o caminhar.

MATERIAIS E METODOS
Participantes

Trinta individuos (15 mulheres, 15 homens) participaram do estudo (Tabela 1). Os individuos eram fisica-
mente ativos e realizavam sessdes de exercicio de 45 minutos, pelo menos, 2 vezes por semana.

Tabela 1. Demografia dos participantes e varidveis espacio-temporais da marcha (média + DP).

o Idade Massa Altura Velocidade da  Cadéncia (pas-
Variaveis .
(anos) (kg) (m) Marcha (km/h) sos/min)
Mulheres (n = 15) 66.0 £5.1 64.4 +10.3 1.5+0.03 3.8+04 113.7£10.3
Homens (n = 15) 61.1+£6.1 76.7+8.3 1.71 £ 0.06 3.8+04 105.9+8.3
Total (n=30) 63.5+6.1 70.5+11.1 1.61+0.11 3.8+04 109.8 £ 10.1

Procedimentos Experimentais

Os dados cinematicos utilizados para determinar a DVM foram obtidos através de 8 camaras de infraver-
melhos Mx T20-S (Vicon Motus, Oxford, UK), utilizando 16 marcas retrorrefletoras de acordo com o mode-
lo PluginGait LowerBody Ai (Vicon Motus, Oxford, UK). Trés marcadores adicionais de 10 mm foram colo-
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cados em cada sapato (iguais entre amostras) para determinar a DVM. Estes marcadores foram colados
na borracha frontal do calgado e alinhados com o primeiro, terceiro e quinto metatarsos (i.e., M1, M3 e
M5). A variabilidade foi avaliada utilizando-se a detrended fluctuation analysis (DFA) utilizando o software
MATLAB R2018a (MathWorks, Inc., Natick, MA, United States). Posteriormente testes t para amostras
independentes foram utilizados para avaliar a existéncia de diferengas entre sexos para duas variaveis
dependentes (i.e., média da DVM e DVM a). Um p < 0.05 foi considerado estatisticamente significativo e
os dados foram analisados no SPSS (IBM SPSS Statistics 25.0, Chicago, IL, EUA).

RESULTADOS E DISCUSSAO

A média da DVM das mulheres (10.9 + 2.04 mm) foi significativa menor (p < 0.001) do que a dos homens
(14.6 = 1.91 mm). Mas ndo foram encontradas quaisquer diferencas (p = 0.638) entre sexos (mulheres
0.82 + 0.09 vs homens 0.84 + 0.10) em relagéo a variabilidade da DVM (i.e., DVM a). Dos resultados obti-
dos verificou-se que a média da DVM de todos os participantes foi de 12.8 mm, valor este que se enqua-
dra com o de outros estudos [5]. Foi sugerido também que diferentes tipos de calgado influenciam a DVM
[6]. Desconhecem-se estudos, que tenham comparado a DVM entre sexos. Contudo, dos estudos dispo-
niveis apenas com o sexo masculino foram reportados valores da mediana da DVM de 13.8 mm para ido-
sos, valor este muito préximo do encontrado no presente estudo (i.e., 14.3 mm). Relativamente a mulhe-
res idosas foram relatadas DVM médias de 10.60 mm [7] e 12.50 mm [8], valores similares aos encontra-
dos no presente estudo (i.e., 10.9 mm). Uma possivel razdo, para as mulheres terem uma DVM menor
que os homens, pode estar associada ao fato de que as mulheres durante a fase média do balango no
ciclo de marcha apresentarem uma maior ativagdo do gastrocnémio enquanto que homens idosos durante
esta fase tendem a apresentar uma maior ativagdo do reto femoral [3]. Os resultados observados do ex-
poente a da DVM para as mulheres foi de 0.82 e para os homens foi de 0.84. Estes valores exibem corre-
lagdes persistentes nas séries temporais durante a passada. Segundo Goldberger et al. [9], quando o
expoente a esta entre 0.7 e 1.2, estamos na presenga de um sistema biolégico que mostra caracteristicas
de adaptabilidade. Os presentes resultados sugerem assim que tanto os homens como as mulheres estdo
num intervalo considerado saudavel no sentido em que os seus movimentos ndo sdo muito instaveis ou
rigidos, mas mostram capacidades adaptaveis. A obtencéo destes valores podera estar relacionada com
o facto de tanto os homens como as mulheres realizarem sessdes de exercicio regularmente. Existem
varias estratégias que podem ser usadas para minimizar o risco de queda, nomeadamente, aumentar a
altura média da DVM, reduzir a variabilidade da DVM e/ou combinar estas duas opgdes [1]. No presente
estudo, a regulagéo da variabilidade da DVM nao parece ter um papel efetivo na populagdo em analise.
Por outro lado, a maior média da DVM nos homens em comparagdo com as mulheres pode ter ocorrido
devido a restrigdes/declinios do sistema motor feminino e ndo a uma estratégia seguida pelos homens.
Contudo independentemente das razdes desta diferenga entre sexos a menor DVM média encontrada
nas mulheres sugere que estas apresentam um maior risco de queda quando comparadas aos homens.

CONCLUSOES
Embora homens e mulheres tenham uma variabilidade da DVM similar, as mulheres exibiram uma DVM
média menor que os homens, 0 que sugere que o seu risco de queda podera ser maior.
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RESUMO

O objetivo deste trabalho foi a nanomoagem da hidroxiapatita biologica, de origem bovina, pela moagem
sequencial em moinhos de bolas e vibratérios em diferentes periodos experimentais com vista a cerami-
zacdo do material. A matéria prima foi proveniente de ossos bovinos com rigido controle de rastreabilida-
de, foi removida a parte organica e calcinado, macerado em almofariz/pistilo até a granulometria da ordem
de 75um, passando a ser moido a Umido nos moinhos de bolas e vibratérios durante um periodo total de
moagem de 96 horas.

Palavras-chave: hidroxiapatita bovina, granulometria, moinho de bolas e vibratério, nanomoagem

INTRODUGAO

A hidroxiapatita Ca10(POa4)3(OH)2 € um dos materiais mais populares na literatura dedicada a produgéo e
investigacéo para a reprodugdo de tecido 6sseo (Parkhomey, et al - 2016). Geralmente este tecido dsseo,
como substituto ou reparo se trata de um suporte (scaffold) que exige materiais e tecnologias de fabrica-
c¢éo promotora de porosidade para formagéo e vascularizagdo éssea e resisténcia mecanica necessaria
durante as fases iniciais de recuperacdo 6ssea. (Miculescu, et al - 2018), caracteristicas contraditérias a
serem resolvidas pelo projeto manufatura e material.

Nestes projetos, as regides densas de um corpo devem ser otimizadas, e requerem processamento ade-
quado da hidroxiapatita para a maximizagdo das propriedades mecanicas através da correta morfologia e
distribuigdo do tamanho de particulas, e isto resulta em um crescimento controlado dos grdos, baixa poro-
sidade intrinseca e menor temperatura de sinterizagdo. (Thangmani; Chinnakali; Gnanam, 2002).

MATERIAIS E METODOS

Os ossos bovinos utilizados nesse trabalho tiveram aprovagdo do comite de ética para uso de animais da
EMBRAPA Pecuéria Sudeste — Sédo Carlos — SP - Brasil. A criagdo e abate dos animais ocorrem de acor-
do com instrugbes normativas regulamentadoras.

A preparagdo da hidroxiapatita bovina aconteceu de acordo com Erbereli (2017), em seguida o material
calcinado, que possuia dimensdes de aproximadamente 1,0 mm foi macerado em almofariz/pistilo até
passar em malha #200 mesh (75 ym). Para moagem da hidroxiapatita bovina e obtengdo de um pé na-
nométrico foi utilizado um jarro de polietileno com volume de 300 cm? carregado com 45 vol% (560 g) de
elementos de moagem, no caso, esferas de zirconia 3Y diametro 10 mm. O jarro foi carregado com uma
barbotina numa concentragao de 25 vol% de sélidos (hidroxiapatita bovina) e 75% de éalcool isopropilico; a
essa mistura foi adicionado 0,05% em massa de &cido para-aminobenzoico (PABA) como defloculante
para garantir a viscosidade liquida da mistura.

O jarro foi entdo colocado em moinho de bolas por 24 horas, e na sequéncia imediata permaneceu em
moinho vibratério por 24, 48 e 72 horas; sendo retiradas amostras a cada 24 horas de moagem; tais
amostras foram caracterizadas quanto a granulometria por Sedigraph (Micrometrics) que é baseado na
velocidade de sedimentagdo por gravidade, vista por raios X e segundo as leis de Stokes e de extingdo de
Beer.

RESULTADOS E DISCUSSAO

A Figura 01 mostra a evolugdo da moagem onde apdés moagem a 24 horas no moinho de bolas seguido
de moagem vibratéria com 72 horas onde foi obtido diametro médio equivalente de 0,141 pm com 14,2%
de fragdo nanométrica (10 a100 nm).
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Figura 01. Curvas de moagem.

A figura 02 apresenta difratogramas da hidroxiapatita bovina comparativos em: padrédo (Sigma Aldrich),
verde (ndo calcinada e sem nanomoagem); calcinada a temperatura de 900°C e calcinada a 1300°C; a
duas Ultimas com a aplicagdo da nanomoagem. E notéria a semelhanca entre os difratogramas e picos de
intensidade de energia (cerca de 32° da varredura) constatando os valores: padrdo: 2578u.a.; verde:
526y.a.; calcinada a 900°C: 1560p.a. e calcinada a 1300°C: 2686.a.; verificando assim que os valores

para a hidroxiapatita bovina calcinada a 1300°C sdo, comparativamente, melhores que a padrdo Sigma
Aldrich.

Difratrogramas para hidroxiapatita (intensidade x &ngulo de varredura)
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Figura 02. Difratogramas comparativos.
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CONCLUSOES

O osso bovino, in natura, apresenta hidroxiapatita com baixa cristalinidade. A calcinagdo deste material
além de completar o processo de remogao da parte organica, colageno e proteinas é também essencial
para a ceramizagdo do material, ou seja, obtengao de poés para conformacéo e sinterizagdo de implantes
em condigdes de usabilidade. A moagem submicrométrica com consideravel fragdo nanométrica do
material calcinado favorece a sinterizacdo de corpos em temperaturas relativamente mais baixas que
evita transformacgdes de decomposicdo e/ou precipitagdo de fases secundarias de baixa bioatividade.
Corpos sinterizados a 1300°C-2h alcangaram 99,8% da densidade tedrica fornecendo 100MPa de
resisténcia a flexao.
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RESUMO

o objetivo do presente estudo foi avaliar o efeito do treinamento resistido no reparo de tibia de ratos. Foram
utilizados 20 ratos Sprague-Dawley com 21 dias distribuidos em dois grupos experimentais (n=10): Grupo
Treinamento Resistido (GTR) e Grupo Controle (GCONT). As tibias foram analisadas por meio de
densitometria, ensaio mecanico e microscopia eletronica de varredura. o presente estudo concluiu que o
exercicio resistido em escada prévio ao defeito désseo na tibia de ratos ndo apresentou diferengas
significativas para a densidade mineral éssea e propriedades mecanicas do osso.

Palavras-chave: tibia, defeito 6sseo, reparo ésseo, exercicio

INTRODUGAO

O osso é capaz de se regenerar apés uma les&o. A relagdo osso-exercicio € apontada na literatura como
positiva, uma vez que o exercicio fisico pode beneficiar as propriedades biomecanicas e a massa 6ssea.
Porém, ainda ndo existem evidéncias se o condicionamento com treinamento resistido pode ajudar
favorecer o reparo 6sseo. Portanto, o objetivo do presente estudo foi avaliar o efeito do treinamento resistido
no reparo de tibia de ratos.

MATERIAIS E METODOS

Foram utilizados 20 ratos Sprague-Dawley com 21 dias distribuidos em dois grupos experimentais (n=10):
Grupo Treinamento Resistido (GTR) e Grupo Controle (GCONT). O GTR passou por um treinamento de 10
semanas de exercicio em escada, enquanto o GCONT n&o passou por treinamento. O treinamento consistiu
em 10 subidas diarias na escada, 5 vezes por semana, durante 10 semanas. A escada continha dimensdes
de 1,03 m x 0,17 m e espagamento de 1,0 cm entre os degraus. Uma inclinagao de 80° em relagéo ao solo
e no topo, e uma caixa com dimensdes 16 cm x 20 cm x 20 cm que serviu para descanso dos animais entre
as escaladas. Apds o periodo de treinamento os animais passaram por uma cirurgia onde foi realizado um
defeito 6sseo nas tibias bilateralmente. O defeito 6sseo foi realizado por uma broca trefina (WF Cirurgicos,
Barueri) de 2,0 mm de didametro externo acoplado a um motor de baixa rotagdo (Micro Motor 210/105L,
Strong®), sob irrigagéo constante de solucéo fisioldgica estéril. Apés o periodo de 21 dias os animais foram
submetidos a eutanasia e as tibias dissecadas. As tibias foram analisadas por meio de densitometria,
ensaio mecanico e microscopia eletronica de varredura (MEV).

A analise estatistica utilizada foi o programa IBM SPSS® (verséo 20.0, EUA). A comparagao entre os grupos
foi realizada pelo teste T-Student. O nivel de significancia adotado para as analises foi de 5%.

RESULTADOS E DISCUSSAO

A DMO dos grupos GTR e GCONT g/cm? ndo apresentou diferenga significativa (p=0,532). No ensaio
mecanico ndo foi observada para forca maxima e para a rigidez relativa diferenga quando comparados os
grupos (p=0,783, p= 0,794, respectivamente). Nas imagens da MEV é possivel observar osso em
remodelagdo em ambos os grupos sem diferencas significativas na analise qualitativa (Figura 1).

O exercicio fisico causa alteragdes benéficas para o tecido ésseo [1]. O treinamento prévio a lesdo nao
gerou uma agao na estrutura e composicao 6ssea como avaliado no presente estudo. O treinamento de
baixa intensidade nado gera alteracdes significativas na morfologia dssea [2]. Para uma mudanca na DMO
e nas propriedades Osseas podem ser necessarios treinamentos combinados onde deve-se realizar
protocolos de treinamento resistido, aerdbico e de impacto. E apontado na literatura que esses
treinamentos, quando associados, tem um ganho maior e mais significativo que quando isolados, devido
ao fato de conseguirem alterar a estrutura 6ssea, sendo que sua intensidade deve ser de moderada a
intensa [3].
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Figura 1. Imagens do o0sso nos grupos GTR (A e C) e GCONT (B e D) em 17x (A e B) e 100x (C e D)

Tabela 1. Densidade mineral ¢ssea (DMO), forca maxima e rigidez relativa do grupo treinamento (GTR) e grupo
controle (GCONT) apresentados em média (desvio padréo).

DMO g/cm? Forga maxima (mm) Rigidez relativa (N/mm)
GTR 0,12 (0,03) 54,811 (7,93) 27,13 (3,17)
GCONT 0,14 (0,07) 56,32 (15,03) 28,02 (8,79)

CONCLUSAO

o presente estudo concluiu que o exercicio resistido em escada prévio ao defeito dsseo na tibia de ratos
ndo apresentou diferengas significativas para a DMO e propriedades mecanicas do osso em reparo.

Além disso conclui-se que sdo necessarios mais estudos em relagdo ao reparo 6sseo associado a exercicio
com carga e intensidade maiores e estudo de diferentes regides 6sseas.
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RESUMO

A tematica da “ética e investigagao”, ou a “investigagdo com ética”, tem sido objeto de muitas e significati-
vas publicagbes. A pesquisa com ethics and research no Google Académico indicou 3 330 000
resultados, o que, per se, identifica, inequivocamente, a importancia do assunto. A ética enquadra-se,
necessariamente, numa ideologia profundamente humanista assente no principio da liberdade da
dignidade da pessoa humana como garantia da igualdade e pilar dos direitos fundamentais [1]. A ética
carece do “uso da inteligéncia” no espago e tempo presentes, em ponderagcdo com o passado e no
compromisso com o progresso e o desenvolvimento tecnolégico, ambos subordinados ao bem das
geracgdes futuras [2].

Nas disciplinas em que se estudam normas de conduta, como a filosofia, a teologia, as leis, a psicologia,
ou a sociologia, a discusséo é centrada na ética, que pode ser definida como um método, um procedimen-
to ou uma perspetiva para decidir como atuar e analisar problemas simples ou complexos. A maioria das
pessoas pensam em ética (confundida frequentemente com moral) como um conjunto de regras que per-
mitem diferenciar o certo de errado, como a Regra de Ouro (trate os outros como gostaria de ser tratado),
ou, no ambito da medicina, um cédigo de conduta profissional como o Juramento de Hipdcrates (juramen-
to solene efetuado pelos médicos, tradicionalmente por ocasido de sua formatura, no qual juram praticar a
medicina honestamente) ou aforismos sabios como os de Conficio. E a forma mais comum de definir
“ética”: normas de conduta que distinguem entre o aceitavel e inaceitavel [3].

Os principios éticos devem ser totalmente respeitados na investigagdo médica e a criagdo de um Conse-
lho Nacional de Etica para as Ciéncias da Vida é um sinénimo claro dessa importancia. Noutros paises
também foram criados conselhos com objetivos semelhantes [4]. Numa recomendagdo desse Conselho
referente a “Integridade na Investigagcao Cientifica” [5], sdo descritos os principios éticos fundamentais
consagrados pelo The European Code of Conduct for Research Integrity [6].

A ética em investigagéo pode ser discutida relativamente ao objeto de estudo, como por exemplo a mani-
pulacéo do genoma humano, ou nas formas de desenvolver a investigacédo e publicagdo desse objeto de
estudo. A falsificagdo, fabricagdo ou plagio na ciéncia sdo, obviamente, ameacas a qualidade do trabalho
cientifico e confianga no mesmo. Infelizmente os cientistas raramente sao solicitados a descrever as suas
percegdes sobre esse tipo de comportamentos dos seus pares [7]. Muitas normas éticas ddo a garantia
que os investigadores possam ser responsabilizados perante a sociedade. Neste sentido, as politicas
relativas a investigagéo e especifica legislagdo devem agir, entre outros, sobre a ma conduta de investi-
gagao, conflitos de interesses, protecdo no uso de animas e sobre a adequabilidade da utilizagéo de re-
cursos financeiros publicos. Algumas normas de investigagdo promovem valores morais e sociais, como a
responsabilidade social, direitos humanos, bem-estar animal, cumprimento das leis referentes a saude
publica e seguranga. A ndo consideragdo dessas normas pode prejudicar significativamente todos os que
diretamente dependem dos resultados da investigagdo. Um resultado clinico forjado pode levar, no limite,
a morte do paciente.

Alguns principios éticos a considerar em qualquer processo de investigacdo sao [3, 8]: honestidade; obje-
tividade; integridade; cuidado; abertura; respeito pela propriedade intelectual; confidencialidade; publica-
cao responsavel; tutoria responsavel; respeito pelos colegas; responsabilidade social; ndo discriminagéo;
competéncia; legalidade; cuidado animal; e prote¢do dos seres humanos.

H4, contudo, formas de atuar na investigacdo que se consideram meramente desviantes e nem sempre
séo referidas como n&o sendo éticas. Seria, e sera, uma discussao apaixonante entre os que consideram
e ndo consideram essas formas de desenvolver investigagéo ilegais, violadoras de cédigos de ética pro-
fissional, ou de politicas institucionalizadas de ciéncia. De facto, tem havido algum debate sobre a defini-
¢ao do que se pode ou ndo considerar de “ma conduta de investigagéo”. A titulo de exemplo, entre as
seguintes, algumas praticas sdo consideradas meramente desviantes e até aceitaveis [6]:
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- Submeter ou publicar o mesmo artigo em duas ou mais revistas sem informar os editores das mesmas;
- Incluir “autores” que nédo contribuiram, ou que contribuiram muito pouco, para o trabalho e para o artigo;
- Registar um modelo, desenho ou patente sem conhecimento de outros legitimos autores;

- Dar a conhecer dados confidenciais de um artigo em processo de revisao;

- Utilizar dados, ideias ou métodos em artigos ou propostas de projetos que avaliou;

- Utilizar modelos estatisticos inadequados para obter resultados desejados;

- Fazer bypass aos processos de revisdo, anunciando antecipadamente os resultados de uma investiga-
¢ao, ndo fornecendo os dados todos necessarios aos revisores;

- Fazer a revisao da literatura sem reconhecer a contribui¢gdo de outros investigadores;

- lludindo os avaliadores de um projeto de modo a obter financiamento;

- Construir um curriculo visando obter um determinado emprego;

- Dar o mesmo projeto a dois alunos para ver quem o faz mais depressa;

- Explorar e dar excesso de trabalho aos estudantes e investigadores;

- Desenvolver estratégias proprias para manter bons indicadores de investigagao;

- Fazer comentarios depreciativos ou ataques pessoais em revisdo de artigos;

- Prometer melhores avaliagdes por favores sexuais;

- Usando um epiteto racista no laboratério;

- Fazer desvios aos protocolos de investigagcdo, nomeadamente aos referentes a utilizagado de animais;

- N&o referir algum fator negativo da investigacdo com seres humanos;

- Desperdigar desnecessariamente animais na investigagéo;

- Expor estudantes e funcionarios a riscos bioldgicos, violando regras de biosseguranga;

- Sabotar a investigagéo de outro(s) investigador(es);

- Roubar equipamentos, dispositivos, consumiveis, artigos, livros, etc.;

- Manipular o procedimento experimental para obter resultados desejaveis;

- Fazer cépias nado autorizadas de dados, documentos ou programas de computador;

- Superestimar deliberadamente o significado clinico de um novo medicamento para obter beneficios eco-
némicos;

- Ter conflitos de interesses com uma empresa que financie a sua investigagao.

A promogao de boas praticas e conduta ética na investigagdo devem ser incutidas através de todos os
meios, em particular através da educagéo. O conhecimento de conceitos, principios e métodos relativos a
investigacdo pode ajudar na resolugéo de diferentes problemas da medicina, como por exemplo a investi-
gacao com células embrionarias humanas, ensaios clinicos, clonagem, engenharia genética e com ani-
mais de uma forma geral, mas também na forma como os investigadores desenvolvem e publicam a sua
investigagao.

Palavras-chave: Etica, Investigagao, Publicagéo, Integridade, Autoria
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RESUMO

Este artigo revela a metodologia utilizada para determinar os requisitos de forga/binario para os atuadores
do exosqueleto, partindo de um sistema de suporte mecanico previamente desenvolvido.

Foram feitos ensaios biomecanicos usando captura de movimento e plataformas de forga, para marcha,
sentar/levantar e subir/descer escadas. Dois voluntarios foram equipados com pesos localizados para
simular o peso do exosqueleto. Estes dados foram transferidos para o programa de simulagdo multi-corpo
“OpenSim”, de modo a simular o efeito exosqueleto montado. Deste modo, foi possivel observar o
comportamento dindmico do sistema do corpo humano e do exosqueleto.

Palavras-chave: Exosqueleto, OpenSim, Captura de Movimento, Dinadmica Inversa

MATERIAIS E METODOS

Ao utilizar um exosqueleto, o comportamento dinamico do movimento do ser humano sera alterado
significativamente. Tendo em conta que a binario necessario para produzir um movimento no ser humano
é, de acordo com a equagao (1):

T=mxr’xa (1)

Sendo T o binario, m a massa a deslocar, r a distancia ao eixo de rotagdo a a aceleragdo. Logo, ao
adicionar o peso do exosqueleto, o conjunto de forgas tera um valor escalar mais elevado, logo segundo a
equagao (2):

ET (humano com exosqueleto) > ET (humano sem exosqueleto) (2)

Sabendo a diferenga dos binarios necessarios para efetuar o mesmo movimento entre o humano sem
exosqueleto e com exosqueleto, sera possivel determinar os requisitos de forga para um sistema de
atuagdo que torna o exosqueleto ativo (i.e. com um sistema de atuadores que assiste o movimento do
utilizador).

Foram feitos ensaios biomecanicos usando captura de movimento e plataformas de forga, para marcha,
sentar/levantar e subir/descer escadas. Dois voluntarios (homem de 23 anos, 1.73m e mulher de 28 anos,
1.53m) foram equipados com pesos localizados para simular o peso do exosqueleto.

Uma fotografia da atividade de um dos voluntarios pode ser observada na figura 1.

Figura 1. Fotografias de ensaios de um voluntario no laboratério de biomecénica
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Estes dados foram transferidos para o programa de simulagdo multi-corpo “OpenSim”, de modo a simular
o efeito exosqueleto montado. Deste modo, € possivel observar o comportamento dinamico do sistema do
corpo humano e do exosqueleto. Posteriormente, de modo a obter uma assisténcia do movimento em
50% a partir dos atuadores, entéo o binario maximo do sistema de atuagéo devera ser definido através da
Equacgéo 3:

T (max) sistema de atuagado = (T (max) corpo humano X 50%) +AT (max) corpo humano com exosqueleto (3)
RESULTADOS E CONCLUSOES
Os seguintes resultados mostram as situagdes de maior destaque, onde sdo observados os maiores

valores na Flexao e Extensdo da coxa e do joelho. A Figura 2 mostra as diferencas de binario observadas
na flexdo/extensé@o da coxa do homem a subir escadas.

Male Stair Ascend Right Hip

5 = 3

Torque (Nm)
8 & b & & 2

el

060 0,65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.5 1.20 125 130 135 140 145 150 155
time(s)

Figura 2. Diferengas de binario na flexao/extensé@o da coxa do homem a subir escadas. A vermelho, o resultado com
pesos a simular o peso do exosqueleto, e a azul sem peso adicional.

A figura 3 mostra as diferencgas de binario na flexdo/extenséo do joelho do homem a descer as
escadas.

Male Stair Descend Left Knee

Torque (N.m)

time(s)

Figura 3. Diferencas de binario na flexdo/extenséo do joelho do homem a descer escadas. A vermelho, o resultado com
pesos a simular o peso do exosqueleto, e a azul sem peso adicional.

Os resultados mostram que o sistema de atuagdo deverd, de acordo com a Equagdo (3) conseguir
produzir um binario de 45 N.m na coxa e 100 N.m no joelho.
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RESUMO

Este artigo revela o método utilizado para estabelecer a colocagéo dos elétrodos nos membros inferiores.
Foram tidos em consideragao fatores como proximidade dos musculos a pele, analise dos musculos rele-
vantes para cada movimento e tamanho dos musculos ou grupos musculares para facil colocagdo dos
elétrodos. Foram feitos ensaios em laboratério de biomecanica com captura de movimento e leitura de
sinais EMG, com um voluntario que fez movimentos exemplificativos do dia-a-dia: marcha, sen-
tar/levantar, subir/descer escadas. Para estas atividades e segundo os fatores acima referidos, foram es-
colhidos os musculos “Biceps Femoris”, “Gluteus Maximus”, “Tensor Fasciae Latae” e “Rectus Femoris”.
Posteriormente, foram analisadas as ativagdes dos musculos consoante os movimentos na escala tempo-
ral, de modo a avaliar a possibilidade de implementar um sistema de controlo como proposto.

Palavras-Chave: Exosqueleto, Eletromiografia, Sensorizagdo, Captura de Movimento

INTRODUGAO

Durante o envelhecimento natural do ser humano, o corpo perde massa muscular. Este fator regularmente
conduz a uma mobilidade reduzida moderada e ado¢do de uma vida sedentaria. Este € um dos motivos
que leva algumas pessoas idosas a sofrer de isolamento e, consequentemente, depresséo.

Com o envelhecimento da populagdo, este nUmero de pessoas tende a incrementar, o que aumenta a
importancia da criagdo de solugdes tecnoldgicas adequadas e focadas na mobilidade reduzida moderada
na populacédo sénior. Por este motivo, esta a ser desenvolvido um exosqueleto ativo para os membros
inferiores, cujo foco é o de assistir a mobilidade no dia-a-dia de pessoas idosas. Por motivos de tempo de
resposta e eventual curva de aprendizagem na utilizagdo do exosqueleto, estd a ser desenvolvido um
controlo para o mesmo a partir de eletromiografia de superficie (SEMG). O sEMG depende da colocagédo
de pares diferenciais de elétrodos em locais pré-estabelecidos para detetar a atividade muscular.

MATERIAIS E METODOS

Para colocacéo dos elétrodos, toram tidos em consideragédo os seguintes fatores:

- Proximidade dos musculos a pele, de modo a conseguir obter um sinal por eletromiografia de superficie;
- Musculos ou grupos musculares de tamanhos substanciais, de modo a reduzir o efeito croostalk, ou seja
a interferéncia de sinais enviados por outros musculos na periferia;

- Analise dos musculos relevantes para cada movimento.

Num laboratério de biomecanica, foi feita captura de movimento e leitura de sinais EMG, com um volunta-
rio que fez movimentos exemplificativos do dia-a-dia: marcha, sentar/levantar, subir/descer escadas. Para
estas atividades e segundo os fatores acima referidos, foram escolhidos os musculos “Biceps Femoris”
para flexdo do joelho, “Gluteus Maximus” para extensdo da anca, “Tensor Fasciae Latae” para flexdo da
anca e “Rectus Femoris” para extensdo do joelho, como mostrado na figura 1. Enquanto se fez o
levantamento dos sinais SEMG dos musculos referidos, também se fez captura de movimento das varias
atividades de modo a pode sincronizar as ativagdes musculares com os movimentos na escala temporal.
O movimento do voluntario foi visualizado através do software OpenSim.

RESULTADOS E CONCLUSOES

A figura 2 mostra os resultados obtidos para a marcha. Podemos observar que é detetada atividade no
“Fascia Latae” durante a transigdo entre a fase de apoio e fase de balango (também chamado de toe off).
O “Rectus Femoris” é ativado na transi¢cdo oposta, do balango ao apoio, e também em sincronia com o
“Fascia Latae”. O “Biceps Femoris” e o “Gluteus Maximus” sdo solicitados durante a fase de apoio. A figu-
ra 3 mostra os resultados para a fase de balango a subir escadas. Da imagem acima é possivel observar
a solicitagdo do “Fascia Latae” sem ativagdo do “Rectus Femoris”, que difere do que se observa na mar-
cha. Foram analisadas as ativagdes dos musculos consoante os movimentos na escala temporal, de mo-
do a avaliar a possibilidade de implementar um sistema de controlo como proposto. Foi possivel demons-
trar que a colocagao de elétrodos nos musculos analisados é adequada para controlo de um exosqueleto
que se propde a assistir a flexdo e extensdo da coxa e do joelho através de atuadores.
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Gluteus Maximus

Figura 2. Resultados das leituras SEMG na perna direita para a marcha. De “B1” a “B3” é representada a fase de

Voltave V)

Voltage (V)
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Tensor Fascae Latae

Rectus Femoris

Figura 1. Colocagéao dos elétrodos no voluntario.
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Figura 3. Resultados das leituras SEMG na perna direita para a fase de balango a subir escadas, partindo do repouso.
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Certo dia andando a caca pela Serra da Estrela,

um jovem brasonado e rico perdeu-se no
entusiasmo da cacada. Depois de andar perdido
durante muito tempo sentiu-se cansado e com fome.
Nestas condicdes chegou até perto do local onde
hoje esta situada “Unhais da Serra”.

Aqui encontrou um pastor que o vendo com fome,
logo lhe deu leite do seu rebanho, foi a ribeira e

com as suas grandes “unhas” apanhou trutas para

o jovem senhor.

0 jovem cacador ficou admirado pela facilidade
com que o pastor apanhou as trutas com as “unhas”,
e chamou ao local “Unhas da Serra” ou “Unhais

da Serra”.

(Lenda de Unhais da Serra)
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