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Editorial — Archives of Anatomy, vol. 8, n22

Jorge Fonseca (Editor-in-Chief de Archives of Anatomy)
jorgedafonseca@hotmail.com

Caros Colegas

Este é o segundo nimero de 2019 dos nosso Archives of Anatomy. O primeiro foi
dedicado a publicagdo dos resumos da nossa Reunido Cientifica da Sociedade Anatédmica
Portuguesa de 25 de maio. Para este numero, trazemos dois artigos originais da autoria
de dois grupos de brilhantes participantes na nossa reuniao.

Um dos artigos, replicando as propriedades da barreira hematoencefalica in vitro: agcdes
da hidrocortisona e/ou tensdo de cisalhamento, é um interessantissimo estudo usando
células endoteliais como modelo in vitro da barreira hematoencefdlica proveniente do
grupo da Faculdade de Farmacia de Lisboa, da Professora Alexandra Brito. Os autores,
Ana Rita Garcia, Joana Godinho-Pereira, Inés Figueira, Rui Malhé e Maria Alexandra
Brito, demonstram brilhantemente como a utilizacdo de hidrocortisona ou shear stress
num modelo celular da barreira hematoencefdlica aumenta a sua relevancia por
aproximacao as propriedades fisiolégicas da barreira.

O segundo artigo vem do Laboratorio Neuromorfologia, Secciéon de Investigacion,
Departamento de Anatomia, Facultad de Medicina da Universidad Nacional Auténoma
de México. Os nossos colegas da UNAM nao apenas abrilhantaram nossa reunidao, como
tiveram agora a gentileza de nos enviar um brilhante artigo focando a utilidade do uso
das novas tecnologias na nossa atividade docente. O artigo, intitulado Nuevas
tecnologias aplicadas al estudio de la anatomia digital. Proyecto HDM (Human
Dissection Models). Experiéncia de 5 afios. é da autoria de Herrera Vazquez Ismael,
Reyes Gonzalez Juan Pablo, Valle Torres Cesar Joel, Soto Ulloa Victor, sendo uma leitura
apaixonante para quem se interessa pelo ensino das ciéncias morfoldgicas.

A todos os nossos colegas desejo magnificas leituras até ao 12th International
Symposium of Clinical and Applied Anatomy, a que se juntara a 542 Reuniao Cientifica
da Sociedade Anatdmica Portuguesa / 72 Reunido Cientifica da Associacdo Anatdmica
Portuguesa, a nossa reunido internacional em Tavira, entre 25 e 27 de Junho, cujo
programa também divulgamos.

Até breve,
Jorge Fonseca
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Reasons for submission and surplus of the publication of the present article Brain microvascular
endothelial cells (BMEC) form the anatomic basis of the blood-brain barrier (BBB), a complex
structure with a key role in the pathogenesis of several brain disorders and that represents a major
obstacle for the treatment of neurological diseases. Confluent monolayers of BMEC have been used
as a simplified in vitro model of the BBB, although such cultures do not fully recapitulate the barrier
tightness features observed in vivo. Moreover, they usually do not consider the effect of shear stress
on endothelial properties or, if so, they rely in sophisticated and expensive systems that are not
available in most of the laboratories. By demonstrating that exposure of BMEC cultures to
hydrocortisone or orbital rotation induces endothelial features that better resemble the in vivo
condition, the present article opens new opportunities for in vitro studies relying in the core of the
BBB anatomy.



RESUMO

A barreira hematoencefdlica (BHE) desempenha um papel fundamental nas
patologias encefdlicas, constituindo um obstaculo a entrega de farmacos. As células
endoteliais da microvasculatura cerebral, consideradas a base anatdmica da BHE,
expressam recetores de glucocorticoides, cuja interacdo com os seus ligandos (ex.
hidrocortisona) induzem a expressdo de proteinas juncionais. Estas células sdo
também continuamente sujeitas a tensdo de cisalhamento (shear stress), resultante
do fluxo sanguineo, que promove o alongamento/alinhamento das mesmas.
Monocamadas confluentes de células endoteliais tém sido utilizadas como modelo
simplificado da BHE que, contudo, ndo recapitulam totalmente as propriedades
fisioldgicas in vivo. Tal levou-nos a estabelecer um modelo in vitro melhorado da BHE
contemplando a agdo da hidrocortisona e/ou do shear stress. Células endoteliais,
b.End5, foram cultivadas e expostas a hidrocortisona e/ou valores fisiolégicos de
tensdo (laminar/ndo pulsatil). Foram também realizadas culturas em membranas
semipermeaveis a fim de medir a resisténcia elétrica transendotelial, indicador das
propriedades de barreira. A expressdo e distribuicdo das proteinas juncionais (B-
catenina e integrina-B4) e do citoesqueleto (F-actina e cinase da cadeia leve da
miosina, MLCK) foram avaliadas por imunofluorescéncia. Observou-se que as células
expostas a hidrocortisona formam uma barreira com maior resisténcia elétrica,
corroborado pelo aumento de expressdao da [B-catenina. Sob tensdo, as células
exibiram uma morfologia alongada e orientada, bem como um aumento de F-actina,
MLCK e P-catenina. Contudo, ndo se observou sinergismo nas caracteristicas
endoteliais pela agdo combinada dos estimulos. Assim, a utilizacdo de hidrocortisona
ou shear stress num modelo celular da BBB aumenta a sua relevancia por aproximar
das propriedades fisioldgicas.

Palavras-chave: barreira hematoencefdlica, células endoteliais, shear stress,
hidrocortisona,
modelo in vitro, resisténcia elétrica transendotelial

ABSTRACT

The blood-brain barrier (BBB) plays a key role in brain pathology, namely by
representing an obstacle to drug delivery to brain. Brain microvascular endothelial
cells (BMEC), the anatomic basis of the BBB, express glucocorticoid receptors that
upon binding of their ligands, like hydrocortisone, lead to upregulation of junctional
proteins and restricted permeability. Moreover, they are continuously subjected to
shear stress due to blood flow, which promotes cell elongation and alignment, as well
as expression of endothelial markers. Confluent monolayers of BMEC have been used
as a simplified in vitro BBB model, although they do not fully recapitulate the in vivo
properties. This prompted us to establish an improved in vitro BBB model that
integrates the action of shear stress and/or hydrocortisone to mimic the in vivo
situation. To this end, the b.End5 endothelial cells were cultured and exposed to
hydrocortisone and/or physiological shear stress (laminar/non-pulsatile).
Simultaneously, b.End5 were plated onto semi-permeable membranes and
transendothelial electrical resistance, an indicator of barrier properties, was
measured. Cell expression and distribution of junctional (B-catenin and B4-integrin)
and cytoskeleton (F-actin and myosin light chain kinase, MLCK) proteins were



evaluated by immunofluorescence. Hydrocortisone treatment improved barrier
tightness corroborated by B-catenin overexpression. Under shear stress, cells
exhibited an elongated and oriented morphology, as revealed by increased F-actin,
MLCK and [-catenin labelling. However, when the stimuli were applied
simultaneously, no synergistic effect was observed. In conclusion, the use of
hydrocortisone or shear stress in a cellular model of the BBB improves its relevance
by approaching the physiological properties.

Keywords: Blood-brain barrier, endothelial cells, shear stress, hydrocortisone, in
vitro model, transendothelial electrical resistance

INTRODUCTION

The blood-brain barrier (BBB) is a dynamic and complex structure that separates the
central nervous system (CNS) from the peripheral blood circulation (1). The BBB
ensures a constant internal environment inside the brain to safeguard normal
cerebral functions, maintaining brain homeostasis. Brain capillaries that compose the
BBB are primarily formed by a continuous and single layer of brain microvascular
endothelial cells (BMECs), considered the anatomic basis of the BBB (1, 2). Among
the most relevant features of BMEC are the elaborate junctional complexes,
including adherens junctions (AJs), between adjacent cells, and hemidesmosomes,
between the abluminal surface of endothelial cells and the basement membrane (3,
4). These features ensure the integrity of the endothelium and the restricted passage
of substances between the blood and brain. The impairment of BBB functionality has
been associated with several CNS disorders (5-7). Moreover, since the BBB prevents
the passage of more than 98% of small therapeutic molecules, it is considered a
primary obstacle for drugs to exert their pharmacological actions inside the brain (8).
All these reasons make the BBB one of the most important targets for scientific
studies of the CNS.

It is well known that BMECs are continuously exposed to shear stress (SS), which is
created by the blood flow over the luminal surface of blood vessel (9). In this regard,
the SS is considered a mechanical stimulus that can modulate important cellular
functions, e.g., proliferation, apoptosis, migration and permeability, by activating
mechanosensors, intercellular signalling, gene expression, cell morphology and
structural remodelling (9). Within the cerebral microvasculature, BMECs are
subjected to physiological SS, around a magnitude of 1.5 dyn/cm? (10, 11). The most
noticeable effect of SS is a transition from a cobblestone morphology to an elongated
spindle-like morphology of the cells, together with defined cell alignment in the flow
direction (9). It is also known that alterations in cell morphology are directly
correlated with changes in cytoskeleton protein’s expression (12).

Moreover, changes in tight and adherens junctions, as well as in transporter proteins
expression induced by SS, have been demonstrated (13), promoting increased BBB
tightness and restricted permeability, as well as remodelling of focal adhesion
protein’s expression, which are composed by integrins complexes (14). Although the



effect of SS on endothelial biology has been extensively studied, cell line diversity
makes the endothelial response to this stimulus variable and unpredictable.

In vitro BBB models are valuable supporting tools that can precede and complement
animal and human studies for the understanding of CNS diseases’ development and
progression, as well as for the assessment of BBB permeation ability of drug
candidates. However, these systems do not fully recapitulate the in vivo anatomo-
physiological complexity of the BBB (15). In this regard, some chemical and
mechanical stimuli have been studied for the optimization of BBB models.
Hydrocortisone, a glucocorticoid, was reported to reinforce BBB properties in porcine
cerebral capillary endothelium, inducing a more differentiated BBB phenotype (16).
The increased tightness effects of hydrocortisone treatment were also demonstrated
in the murine cerebrovascular endothelial cell line (cEND) (17) and in human
endothelial cell lines such as HBMEC/cif (18) and hDMEC/D3 (19). Undeniably, SS
and glucocorticoids effects on endothelial cellular function and barrier tightness
should be considered for the improvement of in vitro BBB models to better
recapitulate in vivo properties.

The purpose of the present study was to develop an enhanced in vitro model of the
BBB relying on the use of BMEC exposed to mechanical and/or chemical stimuli such
as SS and hydrocortisone, respectively, characterizing its morphological and
functional properties alterations and establishing the corresponding improvements.
The results obtained herein showed an enhancement of junctional proteins
expression and decreased BBB permeability by hydrocortisone, whilst protein
relocation and morphological changes in endothelial cells, as well as increase of Als’
protein expression that were observed when SS was applied. However, the
simultaneous exposure to both stimuli did not promote any synergistic effects in the
specific properties of BBB endothelial cells. Collectively, this study reveals that the
properties and function of BBB in vitro models may be improved by either
hydrocortisone or SS.

MATERIALS AND METHODS

Cell Culture Conditions

The mouse BALB/c brain endothelioma cell line b.End5 (ECACC) was used as a
simplified BBB endothelium in vitro model. b.End5 cells were grown in Dulbecco's
modified Eagle's medium (DMEM, Gibco) supplemented with 10% fetal bovine serum
(FBS, Biochrom AG), 1% non-essential amino acids (NEAA, Biochrom AG), 2 mM L-
glutamine (Biochrom AG), 1mM sodium pyruvate (Biochrom AG) and 1% antibiotic-
antimycotic solution (SigmaAldrich) and maintained at 37°C in a humid atmosphere
enriched with 5% CO;. For immunostaining purposes, b.End5 were seeded at a
density of 5x10% cells/mL on coverslips coated with rat tail collagen | (Corning Costar
Corp.) using 24-well plates and treated after 48 h in culture. For
integrity/permeability studies, cells were seeded on 12-well plates polyester
Transwell® inserts (0.4 uM, Corning), also coated with rat tail collagen |, at a density
of 8x10* cells/insert and treated after 4 days in culture.



Cell Treatment conditions

Hydrocortisone Treatment

For hydrocortisone treatment, a 25 mM stock solution of hydrocortisone (Sigma-
Aldrich) was prepared in absolute ethanol. Confluent monolayers of b.End5 were
incubated with 550 nM hydrocortisone, or no addition (control), for 48h at 37°C in
DMEM. After the incubation period, endothelial monolayers were fixed with 4%
paraformaldehyde (PFA, Sigma-Aldrich) in phosphate-buffered saline (PBS) for
immunocytochemistry.

Shear Stress Application

Confluent monolayers of b.End5 were exposed to laminar non-pulsatile SS, achieved
by orbital rotation, as previously described (20, 21), using an orbital shaker (Grant
Bio Orbital shaker PSU-10i, Grant Instruments, Cambridge Ltd) positioned inside the
incubator.

The SS applied was estimated using the following equation:
Tw= @y pn(2mh)?

where Tw is the SS value (dyn/cm?), a is the orbital radius of rotation of the shaker
(0.5 cm), p is the density of the culture medium (1.01 g/cm3), n is the medium
viscosity (0.0075 dyn/cm? at 37°C), and f corresponds to rotations per second (rps)
(20, 21). Physiological magnitudes of shear stress such as 1.5 dyn/cm?, have been
reported (10, 11) and were used in our assays, corresponding to rotational frequency
of 1.67 rps (100 rpm). Control assays were performed in parallel in which b.End5 cells
were kept in static conditions (0 dyn/cm?). The progressive ramping was made with
a 0.17 rps (10 rpm) increase every 30 min. Shear stress conditions were maintained
for 48 h.

Immunofluorescence

b.End5 cells were stained for junctional proteins (B-catenin and PB4-integrin), and
cytoskeleton proteins (F-actin and MLCK). Cells were fixed with 4% PFA for 20 min at
room temperature.

Following fixation, cells were washed three times with PBS and then permeabilized
with 0.3% Triton X-100 (VWR International), for 5 min, and blocked with 3% bovine
serum albumin (Sigma-Aldrich), for 60 min. Cells were incubated overnight at 4°C
with the primary antibodies and thereafter with the corresponding secondary
antibodies for 60 min at room temperature (complete antibodies information is
provided in Table 1). Both primary and secondary antibodies were diluted in blocking
solution. Nuclei were counterstained with Hoechst dye 33342 (Thermo Fisher;
diluted 1:1000 in PBS), for 10 min at room temperature. Between incubations, cells
were washed three times with PBS. Cells were examined using an Olympus BX60
microscope and Hamamatsu’s image acquisition and analysis software.



Table 1. Summary of the antibodies and experimental conditions used for immunofluorescence
analysis.

Target Primary Antibody Dilution Secondary Antibody Dilution

Protein

B-catenin Thermo Fisher 1:100 Thermo Fisher Scientific, 1:500
Scientific, #A21428, Goat Anti-Rabbit
#71-2700, Rabbit Alexa Fluor 555
Santa Cruz Thermo Fisher Scientific,

B4 Integrin Biotechnology, 1:50 #A11001 Goat Anti-Mouse 1:500
#sc-514426, Mouse Alexa Fluor 488
Thermo Fisher Thermo Fisher Scientific,

MLCK Scientific, #PA515177, 1:100 #A21428, Goat Anti-Rabbit 1:500
Rabbit Alexa Fluor 555

F-actin - - Abcam, #ab17675, Rabbit 1:1000

MLCK, myosin light chain kinase.

Post-acquiring treatment data analysis was performed using ImageJ software (NIH,
USA) and Icy software (Pasteur Institute and France Biolmaging, France), for the
measuring of proteins intensity and cells elongation evaluation, respectively. For
cells’ elongation evaluation, four b.End5 cells per image were outlined with the
polygon tool of Icy software.

Transendothelial Electrical Resistance

For assessment of barrier tightness of endothelial cell cultures, transendothelial
electrical resistance (TEER) readings were performed using an End Ohm™ chamber
coupled to an EVOMX resistance meter (World Precision Instruments, Inc., USA).
Readings were collected 4, 6, 8, 11 and 14 days after b.End5 cells seeding and TEER
was calculated as percentage of variation from average control readings, after
deducting the values of empty insert and the value multiplied by the area of the
insert (1.12 cm?). The results are expressed as Q x cm?.

Statistical Analysis

The results presented are the average values of at least two independent
experiments and are represented as the means+SEM. Differences amongst
treatments were detected using GraphPad Prism 7.0 software (GraphPad Software,
CA, USA). Statistically significant differences were considered when p<0.05.

RESULTS

Hydrocortisone induces brain endothelial cells tightness

TEER is a widely accepted quantitative measure of junctions’ integrity in confluent
endothelial cell cultures. In general, elevated TEER values reflect an increased
tightness and low permeability of the barrier (1, 22). In an effort to clarify the
biological response of b.End5 cells to hydrocortisone treatment, TEER of b.End5 cells
monolayers was determined along time (Figure 1). Our results revealed that b.End5
cells cultured in the presence of the glucocorticoid hydrocortisone presented higher
TEER values, particularly at 8 days after cells seeding (p<0.05, relatively to control).



These findings indicate that hydrocortisone is a glucocorticoid that can improve
barrier features of b.End5 cells through increased tightness.
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Figure 1. Hydrocortisone (HC) induces barrier tightness in b.End5 cells. Transendothelial electrical
resistance (TEER) in b.End5 cell monolayers in response to 550 nM HC treatment (+HC) along time
comparatively to untreated control (- HC). Growth medium was replenished every 2-3 days and TEER
readings were performed at 4, 6, 8, 11 and 14 days after cells seeding, using EVOMX resistance meter
(World Precision Instruments, Inc., USA). Data are given as means = SEM (n = 2). Statistical
significances are denoted as *p<0.05 relatively to control.

Hydrocortisone stimulates adherens junction’s formation

The AJ protein B-catenin is known to be a key mediator of endothelial barrier sealing
and maintenance (23). To assess the changes in the mouse brain endothelium AJ
induced by hydrocortisone treatment, b.End5 cells were cultured in the presence of
hydrocortisone (or no addition; control) and examined by immunocytochemistry for
alterations in B-catenin expression (Figure 2). The results showed that the
hydrocortisone-supplemented cell culture medium led to an increase of the -
catenin fluorescence intensity (1.7-fold, p<0.001 from control), which was more
predominant at the cell membrane level (Figure 2A-C). These results suggest that SS
promotes AJ formation in b.End5 cells monolayers (Figure 2D), which may be related
to barrier function improvement upon hydrocortisone treatment.
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Figure 2. Hydrocortisone (HC) promotes adherens junction’s formation.
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Immunocytochemistry of B-catenin in absence (control; A) or presence of HC (500 nM) (B). Nuclei
were stained with Hoechst 33342. Scale bar: 20 um. Quantification of B-catenin fluorescence mean
intensity (C) was performed. Data are given as means + SEM (n=2). Statistical significances are denoted
as ***p<0.001 relatively to control. (D) Schematic representation of HC effect in b.End5 cell
monolayer, which leads to increased expression of B-catenin.

Shear stress promotes in vivo-like barrier properties

In an in vivo context, as a consequence of blood flow, BMECs are continuously
subjected to physiological SS in the order of 1.5 dyn/cm? (10, 11). However, the
biological response to this mechanical stimulus remains unclear in cell culture
systems and particularly for the b.End5 cell line. The effect of physiological SS (1.5
dyn/cm?) in such endothelial monolayers was investigated after 48 h of orbital
rotation by immunocytochemical analysis of the junctional proteins, f4-integrin and
B-catenin (Figure 3), and of cytoskeleton-associated proteins, F-actin and MLCK
(Figure 4). Morphology, proteins expression and subcellular distribution were
evaluated. Our results of the junctional proteins revealed that cells exposed to SS
exhibited no significant alterations in P4-integrin protein fluorescence mean
intensity, relatively to unsheared control cells (static, 0 dyn/cm?) (Figure 3A and B).
In contrast, an increased fluorescence intensity of B-catenin labelling in b.End5 cells
was observed (1.2-fold from unsheared control, p<0.01) (Figure 3C-E). Similar to
hydrocortisone effects, it was also observed an alteration in the distribution of B-
catenin in the presence of SS: with SS, this AJ protein was mainly found at the cell
border (Figure 3C and D). In terms of cell morphology, sheared b.End5 cells revealed
a significant increase in cell alignment and elongation (p<0.001, Figure 3F). Overall,
these results suggest that SS improve b.End5 cell alignment and elongation, with
increased B-catenin expression (Figure 3G).
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Figure 3. Shear stress (SS) promotes endothelial markers proteins expression. Inmunocytochemistry
of B4-integrin (A, B) and B-catenin (C, D) in confluent b.End5 monolayers under static (A, C) and
physiological SS conditions (1.5 dyn/cm?) (B, D). Nuclei were stained with Hoechst 33342, Scale bar:
20 um. Quantification of B-catenin fluorescence mean intensity (E) and cell elongation (F) was
performed. Data are given as means + SEM (n=5). Statistical differences are denoted as **p<0.01 or
***p<0.001 relatively to static conditions. (G) Schematic representation of SS effects in b.End5 cells,
which leads to increased expression of B-catenin and cell’s elongation.

Our results revealed that sheared cells also exhibited an increase in F-actin (1.9-fold,
p<0.001) and MLCK (1.1-fold, p<0.05) fluorescence intensity in comparison with
static conditions (Figure 4A-F). Another interesting observation was the
redistribution of MLCK, from the nucleus to the cytosol induced by SS (Figure 4C and
D). Like for B-catenin, an increased alignment and elongation were also observed
based on MLCK evaluation and quantification (p<0.001, Figure 4G), when compared
to unsheared control cells. Altogether, these findings suggest that SS is a mechanical
stimulus that can improve barrier properties by promoting the localization of the AJ
protein B-catenin at the plasma membrane and enhancing endothelial features such
as cells elongation and alignment.
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Figure 4. Shear stress (SS) induces cell’s elongation and alignment. Immunocytochemistry of F-actin
(A, B) and MLCK (C, D) in confluent b.End5 monolayers under static (A, C) and physiological SS
conditions (1.5 dyn/cm?) (B, D). Nuclei were stained with Hoechst 33342. Scale bar: 20 um.
Quantification of F-actin fluorescence mean intensity (E), MLCK total intensity per cell (F) and cell
elongation (G) was performed. Data are given as means * SEM (n>3). Statistical significances are
denoted as *p<0.05 or as ***p<0.001 relatively to static conditions.

Hydrocortisone and shear stress have no synergistic effect on improving BBB
properties Since we found that both hydrocortisone and SS promote BBB endothelial
properties, the effect of a dual stimulation in b.End5 cells monolayers was
investigated by immunocytochemical analysis of the junctional protein, B-catenin
(Figure 5). The results showed that, after 48h of orbital rotation, using both
physiological SS (1.5 dyn/cm?) and hydrocortisone supplemented medium (550 nM),
b.End5 cells exhibited an increase in Bcatenin fluorescence intensity (1.5-fold,
p<0.001) compared with control, but no differences were observed when comparing
with the individual stimuli (Figure 5A-E). In terms of cell shape, the dual stimulation
did not contribute for morphological cell alterations, from a cobblestone to spindle-

13



like morphology transition, as it was notorious only with SS (Figure 5C-D and F).
Overall, our results suggest that the hydrocortisone and SS stimulation combined
does not promote a synergistic response as compared with each stimulus alone, and
consequently their combination does not improve BBB endothelial properties.

0.0
o Control HC ss SS +HC Control HC SS SS+HC

Figure 5. Hydrocortisone (HC) and shear stress (SS) combination does not promote a synergistic
effect in improving the properties of the blood-brain barrier in vitro model. Immunofluorescence
analysis of B-catenin was performed in confluent b.End5 monolayers cultured under static
conditions/control (A), treated with 550 nM hydrocortisone (B), subjected to physiological SS (1.5
dyn/cm?) (C), or treated with 550 nM hydrocortisone and subjected to physiological SS (1.5 dyn/cm?)
(D). Nuclei were stained with Hoechst 33342. Representative images are shown. Scale bar: 20 um.
Quantification of B-catenin fluorescence intensity (E) and of cell elongation (F) was performed. Data
are given as means + SEM (n>2). Statistical differences are denoted as **p<0.01 and ***p<0.001
relatively to control.

DISCUSSION
The BBB is considered one of the main and most complex obstacles to the treatment
of brain pathologies. Although several BBB in vitro models are already known, all of
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them have the common problem of not fully recapitulating the BBB properties in vivo
(15, 24).

Such observation is the main motivation for the constant study and optimization of
in vitro models in order to make them as robust and as physiologically relevant as
possible. Thus, in the present study, we used hydrocortisone treatment and/or SS
application as a methodology to optimize a simplified in vitro BBB model composed
by the mouse brain microvascular endothelial cell line, b.End5, to better recapitulate
BBB features. This approach is based on the suggestion that the in vitro BBB function
can be improved and reinforced by mechanical (SS) and by chemical factors (i.e.
hydrocortisone) (25).

The effect of hydrocortisone treatment on b.End5 monolayers integrity was
evaluated by TEER readings. Our results demonstrated that hydrocortisone
treatment in b.End5 cells monolayers can promote increased barrier tightness, which
is in accordance with the observations for other endothelial cell lines (18, 26). On the
other hand, it is well known that hydrocortisone is a ligand of the glucocorticoid’s
receptor and that the interaction between them stimulates its translocation to the
nucleus, where activated glucocorticoid receptor modulates gene expression (27).
Allied to this fact, changes in BMEC junctional proteins’ expression through metabolic
or cellular mediators can play a role in this regulation, leading to dynamic changes in
BBB properties (18). In this context, our findings demonstrated that hydrocortisone
treatment promoted the up-regulation of B-catenin expression in b.End5 cells,
mainly at membrane level. These results are consistent with previous data obtained
from human BMEC/ciB, which showed that junctional proteins such as vascular
endothelial (VE)cadherin, B-catenin and zonula occludens (ZO)-1 were localized at
membrane level in cells cultured with hydrocortisone (18, 28).

Besides glucocorticoids potential towards the BBB, BMEC in brain capillaries are
continuously exposed to SS provided by the blood flow (13). In vitro BBB models have
evolved significantly over the last three decades, from the static monocultures to
dynamic multicellular flow-based systems (29). Based on this, it is now accepted that
exposure of endothelial cells to physiological SS is required for the brain vascular
endothelium to properly differentiate and maintain a BBB phenotype, as SS not only
modulates endothelial morphology, but also cellular function and physiological
responses (30). Although endothelial cell cultures under SS have been performed,
they usually rely on expensive and sophisticated devices (31, 32) that are not
frequently available in a standard laboratory and that may be limiting for high-
throughput experiments. Moreover, the reflex of SS in BBB endothelial features
remains mostly uncharacterized.

Previous studies have reported the involvement of E1 and [@3-integrins in
mechanotransduction caused by SS. In fact, Urbich et al. have shown that laminar SS
can promote cellular adhesion via integrins and through ERK1/2 pathway, in HUVECs
(33), while Tzima et al. reported the activation of @3-integrin and its involvement in
cell alignment, as a consequence of SS application (34). In our study, we show no
alterations in B4-integrin expression and its cellular localization in endothelial cells,
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despite of the clear morphological changes observed in cell alignment. To our
knowledge, our work is the first to characterize B4-integrin in BMEC under
physiologic SS. Based on our results, we may hypothesize that different integrins may
present distinct roles in cell adhesion to the basement membrane, and not all may
be associated or modulated by SS.

In contrast, the analysis of B-catenin labelling in b.End5 cells, under physiological SS,
revealed an increase of the AJ expression, particularly in cell border. The results
obtained in the present work are corroborated by previous ones demonstrating that
the staining of Bcatenin, as well as of VE-cadherin and a-catenin, are concentrated at
the cell periphery under SS conditions (35, 36). Importantly, it is well established that
B-catenin is the central mediator of the canonical signalling cascade and functions as
an adhesion molecule at the plasma membrane (37). Its involvement has been mainly
described in the Wnt/B-catenin signalling pathway, which in the absence of Wnt
stimulation, B-catenin is constitutively targeted for degradation (38). In this sense, it
is conceivable that SS can act as a stimulus for the activation of this pathway, thus
preventing the degradation of this protein. Alterations in TEER values by SS were not
evaluated in the present study based on previous descriptions that orbital rotation
in transwell insert systems induces turbulence effects and basolateral shearing (20),
being the degree of agitation unproportionable between apical and basolateral
compartments (39).

Regarding cell morphology, under static conditions (0 dyn/cm?) we observed that
endothelial cells were randomly aligned and generally polygonal, whereas under
physiological SS (1.5 dyn/cm?) (10), b.End5 cells presented an elongated morphology
and aligned into a certain direction. Accordingly, the cytoskeleton of cells undergoes
a rearrangement, with increased Factin expression, as well as its organization mainly
in the longitudinal direction of the cell (40). Our findings are consistent with previous
results obtained for confluent monolayers of bovine aortic endothelial cells (BAEs),
human umbilical vein endothelial cells (HUVECs), and primary baboon artery
endothelial cells (BAECs), once all of them undergo a transition from cobblestone
morphology to an elongated spindle-like morphology and alignment in the direction
of flow (41-44). So far, only the human brain microvascular endothelial cell line
(HBMEC) seems to resist elongation and alignment under this mechanical condition
in vitro (45). Such results were corroborated by our own unpublished ones, using
HBMEC, showing that such cells do not acquire the elongated phenotype and present
signs of stress through the appearance of stress fibres.

MLCK, a cytoskeleton associated protein, have been described to be linked with
cellular motility, migration and remodelling, through its action on phosphorylating
the myosin light chain (MLC) (46, 47). Birukov et al. have shown that, under SS, there
is an increase of MLC phosphorylation, which is regulated via MLCK and Rho kinase,
and when these kinases are inhibited, the SS-mediated F-actin rearrangement and
MLC phosphorylation was attenuated (48). This observation is in line with our data,
pointing to an increase of MLCK in b.End5 in SS condition, which in turn is in
agreement with the observed increased F-actin as well as the elongation of the cells
promoted by the cytoskeleton rearrangement.
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Finally, when both stimuli (hydrocortisone and SS) were jointly applied to b.End5 cells
monolayers, we observed that the B-catenin fluorescence intensity increased
comparatively to control, but there were no noticeable differences comparing with
the application of each individual stimulus. Also, regarding cell morphology, the dual
stimulation does not contribute for the expected cell alteration from a cobblestone
to spindle-like morphology transition, as it was notorious only with SS. Our findings
suggest that the combined stimulation with hydrocortisone and SS does not promote
a synergistic response and does not improve barrier properties, as observed for each
individual stimulus. This fact may result from the fact that the two stimuli present
distinct cellular targets, acting virtually as conflicting forces: while SS is a mechanical
stimulus that mainly influences cell morphology, hydrocortisone is considered a
chemical stimulus that usually acts on favouring junctional proteins expression. Thus,
b.End5 cells do not respond in a higher extent to both stimuli when applied at the
same time. Based on our work, we provide strong evidence that remodelling of the
BMECs adhesion complex might be a general feature underlying the hormone-
mediated improvement of BBB unique qualities. Moreover, SS seems to be the
stimulus that not only promotes the strengthening of junctional complexes, but also
approximates endothelial cell morphology to the BBB endothelium in vivo features.
Overall, both individual stimuli have shown to improve the properties of the BBB in
vitro model and can bring it closer to the physiological context.

CONCLUSION

Our results point to the conclusion that either hydrocortisone treatment (chemical
stimuli) or SS application (mechanical stimuli) can clearly improve b.End5 barrier
anatomical features. Nevertheless, SS seems to be able to replicate it in greater
magnitude, boosting this BBB cell model closer to physiological parameters and more
representative for future studies.
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RESUMEN

La diseccién como método para el aprendizaje del ser humano surgié a la par de la
anatomia, de manera etimoldgica la palabra anatomia hace referencia directa al término
en latin de diseccion, manteniéndose hasta nuestros dias como la disciplina predilecta
para el estudio de la estructura anatémica. Transformandose cada vez en una practica
poco habitual e incluso abandonada por algunas instituciones, motivado por los costos,
dificultad de obtencién y de mantenimiento de material cadavérico. En las ultimas
décadas el desarrollo de nuevas tecnologias ha permitido la generacién de alternativas
para el estudio anatdmico, que permitan al interesado un entendimiento objetivo de la
estructura en una visualizacién desde cualquier dngulo deseado, generando una mejor
compresion espacial de la disposicion estructural anatémica, inconcebible de ser visto
en una imagen de dos dimensiones, utilizados de manera tradicional como método
didactico complementario en los libros. Muchos de estos desarrollos tecnolégicos no
siempre representan con precision la complejidad anatémica, lo que implica ademas un
alto costo para el estudiante promedio, ya que requiere el respaldo institucional formal.
En este trabajo presentamos la experiencia de 5 afos en la creacién de modelos
anatémicos tridimensionales, generados a partir de la estructura per se, utilizando
tecnologias de escaneo, reconstruccidn, visualizacién e impresidon 3D, aplicada a la
creaciéon de materiales virtuales con tecnologias de visién y manipulacion via internet,
vista de relieve (anaglifo), realidad aumentada, realidad virtual, a través de una
plataforma en internet, gratuita, intuitiva y de facil acceso. Asi como la reintegracion del
modelo virtual a un plano tangible, por medio de realidad mixta e impresién 3D es decir
de nuevo a la realidad.

Palabras clave. Anatomia digital, impresion 3d, replicas anatémicas, modelo
tridimensional, técnicas de estudio, plataforma online.

SUMMARY

The dissection as a method for learning arose along with anatomy, etymologically
speaking the word anatomy makes direct reference to the Latin term of dissection,
remaining to this day as the favorite discipline for the study of anatomical structure.
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Transforming each time into a practice that is mistakenly uncommon and even
abandoned by some institutions, motivated by costs, difficulty in obtaining and
maintaining cadaveric material. In recent decades the development of new technologies
has allowed the development of alternatives for anatomical study, allowing the
interested party an objective understanding of the structure in a visualization from any
desired angle, generating a better spatial compression of the anatomical structural
arrangement, inconceivable of being glimpsed in a two-dimensional image, used in a
traditional way as a complementary didactic method in books. Many of these
technological developments do not always represent the anatomical complexity
successfully, also implying a high cost for the average student, and without having an
accurate institutional regulation. In this work we present our 5 years experience in the
creation of three-dimensional anatomical models, generated from the structure per se,
using scanning, reconstruction, visualization and 3D printing technologies, applied to the
creation of virtual materials with online viewer technologies , anaglyph, augmented
reality, virtual reality, through an online platform, free, intuitive and easily accessible.
As well as the reintegration of the virtual model to a tangible plane, through mixed
reality and 3D printing.

Keywords. Digital anatomy, 3d printing, anatomical replicas, three-dimensional model,
study techniques, online platform.

INTRODUCCION

Los estudiantes aprenden y procesan informacion de muchas maneras
diferentes. Entender los perfiles de estudio preferidos por los estudiantes es clave en el
proceso de ensefianza, en anatomia macroscépica, indudablemente la parte visual
juega un papel importante, (Quinn, 2017), exponiendo la preferencia de los alumnos
por el uso de materiales visuales, solo superado por la ensefianza basada en informacién
concreta.

El informe horizonte (The NMC Horizon Report: 2016 Higher Education Edition) que,
producido conjuntamente por (New Media Consortium (NMC) y EDUCAUSE Learning
Initiative (ELI), identifica y describe las seis tecnologias emergentes que tendrdn un
impacto significativo en la educacién superior en los préximos cinco afios (2016-2020).
En el cual identifican de manera particular el desarrollo de tecnologias de realidad
aumentada y virtual como una tendencia marcada por el redisefio de espacios de
aprendizaje y evoluciéon a enfoques de aprendizaje profundo en un plazo medio,
esperado en 2 a 3 afios. (Johnson, 2016)

La creciente prevalencia de la tecnologia de tabletas modviles significa que las
aplicaciones de software médico ("aplicaciones") juegan un papel cada vez mas
importante en la educacion médica. Nuevas aplicaciones de anatomia de
desarrolladores como Visible Body, 3D4 Medical y Pocket Anatomy les permiten a los
estudiantes visualizar y manipular complejas estructuras anatdmicas usando modelos
3D detallados. El Unico signo de interrogacion permanece sobre el nivel de detalle y
precisiéon de estas aplicaciones. (Lewis, 2014) que al ser realizados de manera
completamente digital, no siempre muestran un apego completo a la estructura
anatémica.
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Si bien desde hace algunos afios han surgido y evolucionado diversas tecnologias como
foros anatémicos, plataformas en linea, aplicaciones para pc y dispositivos moviles,
mesas digitales de diseccion, entre otras (Vidal Ledo, 2004), con el objetivo de
implementar nuevas tecnologias en el estudio y ensefianza de la anatomia , en donde
algunas de ellas incluso muestran materiales anatdmicos imagenes, imagenes 3D,
videos, tienen la desventaja de ser realizados fuera de instituciones que regulen su uso,
altos costos de adquisicion para estudiantes, profesores e instituciones, falta de apego
a nominas anatémicas internacionales, o plataformas y sistemas de acceso restringido.

En este articulo presentamos la de 5 afios en la creacién y adaptacién de nuevas
tecnologias aplicadas al campo de la anatomia. La plataforma online gratuita
(www.proyectohdm.com) fue abierta a principios del 2015 tras dos afios de planeacién
y desarrollo, obteniendo en el momento actual en promedio 100 mil visitantes
mensuales de diversas partes del mundo, facilitado por su traduccién automatica a 8
idiomas, permitiendo a estudiantes y profesores una navegacion intuitiva, sin necesidad
de registro, descarga, visualizacién de publicidad o materiales ajenos a la plataforma, en
un entono online de conexidn segura por protocolo HTTP mostrada por certificado de
seguridad, adaptables con cualquier dispositivo, utilizando complementos tecnoldgicos
econdmicos (lentes de cartdn o cubos de papel) y con soporte técnico y cientifico las 24
hrs por medio de un chat directo. Dentro de la plataforma online se pueden visualizar
modelos anatémicos tridimensionales, con una total semejanza a la estructura
anatdmica real, ya que son realizados bajo sistemas de escaneo de superficie (escaneres
3D, fotogrametria, laserometria), permitiendo con ello un estudio con modelos
apegados a los obtenidos tras dedicados y estrictos proceso de disecciéon, y no
reconstruidos solamente de manera digital, en los cuales tomando en cuenta la
variabilidad de cada pieza anatémica, disminuimos al maximo la posibilidad de errores
anatémicos.

Una parte importante que fue extensamente trabajada por el equipo de trabajo de
proyecto HDM, fue una vez desarrollados modelos tridimensionales en alta definicién,
y con el mayor nimero de estructuras posibles de mayor y menor tamafio en un mismo
modelo, el desarrollo y adaptacion de nuevas tecnologias que brindaran al interesado
un enfoque innovador, de acceso a estos modelos, de tal manera que estudiantes, y
profesores tuvieran la sensacion de estar aprendiendo anatomia frente a una pieza real,
aungue estuvieran en la comodidad de sus hogares sin implicaciéon de altos costos
econémicos. Hoy en dia se pueden acceder desde la plataforma en linea a diversos
sistemas de visualizacion, tales como 3D anaglifo, en donde se puede aumentar la
apreciacion de una estructura 3d con mayor profundidad con la incorporacidn de lentes
anaglifo, que pueden realizados incluso por los alumnos a muy bajos costos; realidad
aumentada, en la cual utilizando smarthphones, y descargando la aplicacion gratuita
para dispositivos Android e 10S, podrén visualizar los modelos 3d virtuales en un mundo
real, generando una experiencia Unica de tener la diseccién 3d frente a uno mismo;
realidad virtual, por medio de la plataforma online, accediendo desde un dispositivo
movil, incorporado a un sistema visor tipo cardboard, el cual puede ser de plastico rigido
o incluso con materiales econdmicos como cartén, el usuario tendrd la impresion de
aparecer en un mundo virtual, frente a la estructura anatémica, que puede recorrer en
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sus 360 grados, acercarse o alejarse, controlando su movimiento de manera manual
(botén) o incorporando sistemas complejos de navegacion como bandas de pulso
muscular; sensores de movimientos en donde es permisible la manipulacion de modelos
anatémicos, con el movimiento de nuestras manos, detectado por un Kinect; Realidad
aumentada con multimarcador y realidad mixta en donde a través de la aplicacion para
Android, se transforma un cubo hecho con papel en una estructura anatdémica
tridimensional, totalmente rotatorio y manipulable para su observacién en tres
dimensiones combinando el mundo real con el virtual; impresién 3D, generando replicas
anatémicas fisicas de los modelos virtuales, monocromaticas, a bajo costo.

Uno de los puntos clave en proyecto HDM, fue la no necesidad de incorporar en el
equipo expertos ingenieros, disenadores, programadores, etc, de profesién, ya que
todos los contenidos desde aspectos basicos hasta complejos de areas como
programacion, disefio, escaneo, impresion 3d, entre otros fueron realizados por
estudiantes de la carrera de medicina, médicos, y profesores de anatomia,
desarrollando tecnologias de ultima generacién sin aumento de costos, teniendo como
ventaja principal la comprensién de los puntos débiles en el estudio y ensefianza de la
anatomia, teniendo como punto central de partida, al alumno y proceso de aprendizaje
en el ambito anatémico, demostrando la posibilidad de que en un mundo globalizado
en donde cada dia se tiene mayor acceso a recursos, e informacion, se pueden crear
materiales en favor de mejorar la calidad en la educacién anatdmica.

MATERIAL Y METODO

La adquisicion de modelos tridimensionales se realizé a partir de la estructura anatémica
tridimensional, se utilizaron diversas piezas anatémicas que comprenden de manera
particular las secciones de cabeza y cuello, térax, y miembro superior, para la obtencién
final de 50 piezas anatdémicas, cada pieza siendo previamente tratada con el método de
carbowax (Polietinil glicol), en cada una realizando una diseccién detallada desde los
planos mas superficiales hasta los mas profundos de acuerdo a la seccidn trabajada, con
la finalidad de obtener el mayor nimero de estructuras anatémicas visibles en cada
modelo comparativo.

Escaneo 3D

Se procedi6 a la reconstruccion tridimensional de cada modelo, con diversos sistemas
de escaneo 3D, la eleccién del sistema se realizé conforme a las caracteristicas del
modelo a digitalizar, tales como su tamafio, caracteristicas de la superficie, necesidad
de definiciéon, numero de estructuras, recursos y tiempo disponible.

En la mayor parte de los trabajos publicados sobre reconstrucciones tridimensionales
aplicados a diversos campos de estudio se utilizan tres tipos de sistema base: la
fotogrametria, el uso de cdmaras monocromaticas en combinacién de proyectores para
calculo de colores, y laserometria, (Makitie AA, et al. 2016). La primera de ellas utiliza
diversos softwares que permiten el calculo de una geometria 3D generada como base
en la reconstruccion a partir de imagenes tomadas en diversos angulos. Esta técnica
permite una gran calidad, ademas de generar modelos en 3D a color; sus inconvenientes
es el costo del sistema, ya que se requiere una camara fotografica profesional o
semiprofesional y las licencias del software, su principal limitacion; el tiempo de
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realizacion, la toma de fotografias y su post-procesamiento para la obtencion del
modelo 3D.

Para su utilizacion fueron electivas piezas anatémicas con una gran complejidad,
variacion de su geometria, y alto nimero de detalles, cada modelo fue colocado en un
ambiente controlado de luz en un sistema giratorio de 360 grados, tomando fotografias
con camaras Nikon D5300 y D7000, el numero de fotografias vario dependiendo la
calidad, y caracteristicas anatémicas de la pieza a digitalizar, obteniéndose en promedio
de 500 a 10 000 fotografias de los diversos dangulos de la pieza. Las fotografias fueron
procesados por sistemas de fotogrametria profesional instalados en equipos
computacionales de al menos una tarjeta grafica GeForce GTX 680, procesador Intel core
17, con al menos 32 gigabytes de memoria RAM DDR4. Los modelos fueron exportados
en formato obj, stl, fbx con sus respectivas texturas. El post procesamiento se realizé
con software como 3dsmax, meshlab y Photoshop, para su limpieza.

El uso de laserometria es uno de los sistemas para modelado 3D mas utilizados en el
mundo, en diversas areas de estudio, principalmente en la obtencién de modelos a gran
escala. Su principal ventaja se da en el rubro econédmico, ya que en el mercado global
actual existen sistemas que incluso pueden ser colocados en teléfonos celulares o
tabletas electrénicas. Estos sistemas funcionan lanzando un laser al objeto a digitalizar,
un software incluido calcula la distancia del |aser y genera un punto en un mapa
tridimensional, logrando asi una gran cantidad de puntos geométricos que después son
unidos para generar una malla 3D y, finalmente, el modelo tridimensional. Sus
desventajas apuntan a la gran cantidad de errores en la malla 3D que requieren de un
arreglo digital en diversos softwares y que conllevan al aumento del tiempo de
realizacion; estos errores obedecen a la dificultad de que el laser “toque” cada uno de
los puntos de la superficie a escanear, generando huecos en la malla 3D.

Esta técnica fue elegida para piezas grandes, con pocos detalles, y poca variacién en su
estructura geométrica, cada modelo fue colocado en un ambiente controlado de luz, en
un sistema controlado de 360 grados, con sistemas de referencia geométrica, utilizando
una tableta Ipad air, conectado a un sistema isense de la marca 3D system, controlado
por medio de una interfase Skanect para Windows, el escaneo de cada modelo tomo
como maximo 4 hrs, y una resolucién maxima de 1mm. Los modelos fueron exportados
en formato obj, stl, ply con sus respectivas texturas. El post procesamiento se realizé
con software como 3dsmax, meshlab y Photoshop, para su limpieza.

La fotometria estéreo, uno de sus principales sustentos se muestran en el articulo
Efficient Field Capture of Epigraphy via Photometric publicado en 2006 por J. Paterson y
K. Cain en el Institute for the Study and Integration of Graphical Heritage Techniques de
Oxford 3D Technology. Fue generado inicialmente como una técnica de campo
altamente portatil para estimar las normales de superficie, geometria y albedo de
paredes y otras areas de sitios arqueolégicos usando conjuntos limitados de fotografias
digitales. La geometria de la superficie y el albedo se extraen de los cdlculos
fotométricos, obteniéndose un modelo completo con color por vértice estimado, (J.
Paterson et al, 2016); en otras palabras un sistema que permite la obtencion de
imagenes geométricas y fotogramétricas en un sistema portatil.
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Este sistema fue utilizado para obtener modelos tridimensionales que requerian una
superficie maxima de 180 grados, una alta definicién, un tiempo corto para su
realizacion, y poca o nula necesidad de un pos procesamiento, se aplicaron escaneres
profesiones con sistemas de fotometria estéreo, obteniendo modelos tridimensional de
180 grados que fueron exportados en formatos obj con texturas, y realizdndose un post
procesamiento con el software meshlab.

Plataforma online

Con la obtencion de modelos tridimensionales, fue necesaria la creacion de un sistema
que permitiera su visualizacion online, de manera interactiva, intuitiva y gratuita. Se
decido por una construccion en sistema base de wordpress. Los modelos se cargaron a
la plataforma de Sketchfab, inicialmente se requirié de un plugin para insertar los
modelos 3D, a la plataforma online de HDM, con las siguientes actualizaciones se elimind
su necesidad.

Cada modelo se cargd en 3 variedades, la primera de visualizacion online con descripcién
de estructuras anatémicas y vifietas clinicas, visualizacién con sistema 3D anaglifo
generando mascaras cian y magenta permitiendo una compatibilidad con visualizacién
3D en cualquier dispositivo, y adaptacién para compatibilidad en sistemas de realidad
virtual directamente desde el navegador.

Se incluyeron descripciones anatémicas, podcast, y un chat de asistencia directamente
en la plataforma para solucion de dudas técnicas y cientificas las 24 hrs, con
incorporacion de sistema chatbot para respuestas automaticas.

Realidad aumentada

Para el disefio de realidad aumentada, cada modelo fue reprocesado para obtener un
modelo bajo en poligonos preservando la calidad y detalle de los modelos, se cargd a
la plataforma Augment, se generaron los marcadores necesarios para Su
reconocimiento, se cargaron en la plataforma online HDM, en formato pdf, para su facil
descarga y uso de realidad aumentada.

Realidad aumenta multimarcador
Se utilizaron modelos bajos en poligonos, en conjunto con sdk de realidad aumentada,
en Android Studio, incluyendo sistemas de marcadores multiples. Procesando una
aplicacion en formato apk estable.

Control de modelos sensor de movimientos

Se utilizo un Kinect de primera generacién conectado a un PC portail, con un adaptador
Kinect para Windows, y los drivers correspondientes. Se utilizo Windows Kinect control
para general una interfase de control para los modelos. Los modelos fueron cargados a
programas de visualizacion 3D, como Photoshop y controlados por movimientos
corporales en sistemas controlados de iluminacién.
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Realidad virtual controlada pulsos musculares

Se realizo la compatibilidad de los modelos con sistemas de realidad aumentada tipo
cardboard, desde la plataforma online, Se generaron sistemas de posicionamiento del
observados desde la plataforma de Sketchfab.

Con la incorporaciéon directa a la plataforma de modelos anatémicos 3D aplicados a
realidad virtual fue necesaria la incorporacion de sistemas que permitieran su
navegacion en el mundo virtual. Se utilizo la pusera MYO band gesture control,
conectada a un equipo Windows, por medio de bluetooth, el sdk de MYO, y el
complemento global mause control, permitiendo controlar la posicidon del observador
en el mundo virtual.

Impresion 3D

Se exploraron diversos equipos y sistemas de impresién 3D, se decidid por sistemas de
modelado por deposicion fundida, por su accesibilidad y menor costo. Se optimizaron
los modelos 3d, para impresion con el software, estableciendo escalas, e integridad. Se
utilizo el software slic3r en su edicion prusa, para la generacién del g-code, que permite
dar las instrucciones a la impresora sobre las coordenadas y progreso de deposicion de
material de fundido. Se utilizaron materiales monocromaticos de uso comun PLA. ABS
materiales flexibles y materiales hidrosolubles para la construccion de los soportes, que
a pesar de ser monocromaticos pueden ser aplicables a técnicas de coloramiento a
posteriori como pintura hidrografica (Zhang, 2015)

RESULTADOS

Se obtuvieron 50 modelos tridimensionales, que permiten una rotacion de la estructura
en modo tridimensional concediendo al observador una vista de cada componente en
cualquier angulo de visién mostrando una alta correspondencia con el modelo original
de diseccion, preservando detalles estructurales, relacion y color, en modelos de 190
grados, 270 grados y 360 grados. Cada modelo puede ser visto desde la plataforma
online (www.proyectohdm) compatible con cualquier dispositivo (Tablet, smartphone,
computadora) optimizada con ancho de banda mayor para carga rapida de modelos 3D.

Cada modelo fue visualizable en cuatro variedades:

1. Modelos Anatémicos 3d descriptivos, con estructuras sefalizadas y vifietas
anatomo-clinicas de la estructura marcada. Aunado a descripciones texturales
para brindar un contexto al modelo anatémico. Aplicados al area anatéomica y
embrioldgica.

2. Modelos Anatémicos 3D anaglifo, compatibles con cualquier dispositivo en
conjunto con lentes anaglifo (color cian y magenta), generando en el observador
una compresion de la profundidad magnificada.

3. Modelos anatémicos 3D en realidad virtual permitiendo al observador un
recorrido en 360 grados en un mundo virtual para la observaciéon de la
estructura, controlado de manera manual o con la incorporacion de bandas de
pulso muscular.

4. Modelos anatémicos 3D en realidad aumentada, permitiendo al observador una
observacion de un modelo tridimensional incorporado al mundo real, generando
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una mezcla de lo real y lo virtual, asemejando a sistemas holograficos, todo ello
por medio de su dispositivo movil, accediendo a cada modelo por medio del
escaneo de marcadores.

La plataforma online, permite su traduccion automatica en 8 idiomas generando
contenido comprensible en diversas territorios geograficos, de manera gratuita, sin
necesidad de instalaciones o registros, autoadaptable a diversos dispositivos, recibiendo
en promedio 100 mil visitas mensuales.

Los modelos anatomicos fueron ademas utilizados fuera de la plataforma en tres
sistemas de visualizacién e interaccion:

1. Modelos controlados con sensores de movimientos. Incorporando tecnologias
de uso comun, se permite la carga del modelo en software de visualizacion 3d
compatible como Photoshop, conectado a un Kinect, facultando al observador
un control rotatorio del modelo con la utilizacién de sus manos, permitiendo el
uso de estos modelos anatdmicos como referentes dentro de ambientes hostiles
como quiréfano.

2. Modelos multimarcador en realidad aumentada y realidad mixta. Utilizando 6
marcadores, construidos como imagenes amorfas, impreso en blanco y negro en
cualquier tipo de papel, para construir un cubo de papel, el cual al ser reconocido
por la aplicacién ejecutada en Android permite la aparicion del modelo 3d de
manera envolvente al cubo, permitiendo la manipulacion de la parte virtual en
el mundo real a través del cubo de papel. El mismo sistema es aplicado en
conjuncién con el sistema de realidad virtual dividiendo la pantalla del
dispositivo en dos partes generando una vision independiente para como ojo,
dejando al observador con las manos libres permitiéndole una interaccion mayor
con el modelo anatémico.

3. Modelos impresos en 3D. Construidos en plastico de alta resistencia o plastico
biodegradable, generando replicas anatémicas monocromaticas de alta
resolucién a escala o en tamafo real, de la estructura disecada, respetando
detalles mayores y minusculos de la estructura.

DISCUSION

La disecciéon como método para el aprendizaje surgio a la par de la anatomia, de manera
etimoldgica la palabra anatomia hace referencia directa al término en latin de diseccidn,
manteniéndose hasta nuestros dias como la disciplina predilecta para el estudio de la
estructura anatémica. (Garcia Barrios, 1999). La Anatomia moderna se inicia con la
publicacidn de la obra “De humani corporis fabrica libri septem” en 1542, ensefiando a
los médicos que el cuerpo humano es el mejor de los libros para aprender anatomia
(Montemayor, 1997). La actividad practica, utilizando el caddaver humano como centro,
constituye la Unica oportunidad que tiene el profesional sanitario en ciernes para
confirmar empiricamente la situacion de los 6rganos y sistemas corporales y su relacion
con la enfermedad y la muerte (Inzunza, 2008).

Estamos en una era de tecnologias educativas que se utilizan hoy en dia. Por lo tanto,
involucrar los enfoques modernos y alternativos en el proceso educativo es un elemento
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esencial del sector educativo actual. La ensefianza de la anatomia tradicionalmente en
caddveres en las facultades de medicina es esencial porque brindan la oportunidad de
conocer la estructura tridimensional y la diversidad del cuerpo. (Engin 2013). El
desarrollo de nuevas técnicas tecnoldgicas aplicables al estudio y ensefianza de la
anatomia deben tener como minimo dos pilares fundamentales, el apego grafico a la
estructura real, para general material apegados a la norma anatémica internacional, con
gran similitud visual a una diseccion anatdémica, y la busqueda de estrategias que
permitan una interaccion lo mas real e intuitiva posible para el estudiante y al profesor,
sin incrementar el coste para su uso.

El uso de tecnologias 3D aplicadas al campo del estudio anatémico ha sido previamente
demostrado, incluso en el desarrollo de réplicas anatémicas por escaneo de superficie,
tomografia e impresidn 3D, con éxito manteniendo resultados con una gran semejanza
al modelo base. (Inzunza, 2015). Los modelos anatdmicos presentados en este trabajo
muestran un alta correlacién con los modelos anatdmicos disecados a priori, realizados
con diversas técnicas de escaneo y reconstruccion 3D, que permitieron la creacion de
modelos con definicidon cada vez mayor, incluso definiciones 4K y 8K. Modelos que al ser
generados a partir de la estructura cadavérica permiten un nivel de detalle y precisién
elevado, en donde tomando en cuenta la variabilidad anatémica de cada modelo,
disminuimos la probabilidad de modelos anatémicos erréneos al maximo.

Un factor determinante en la utilizacidon de nuevas tecnolégicas, no es solo el desarrollo
de contenido innovador, y Gtil para el interesado, sino ademas la forma en la que se le
brinda acceso a ello, ya que aunque el contenido sea de gran calidad si el continente no
lo es o simplemente no existe, el estudiante o profesor dificilmente podra llegar al
contenido, o lo utilizara de formas erréneas, provocando un rechazo en la
implementacidon de alternativas tecnoldgicas. Al plantear esta situacidn, uno de los
objetivos en el desarrollo del proyecto fue la implementacion de tecnologias,
innovadoras, recientes, variables, concediendo al interesado sistemas que permitan una
visualizacidn de la estructura anatdmica lo mas proximo al material cadavérico, desde
cualquier parte que se encuentre, con equipos de alcance comuin como tabletas,
computadores, Smartphone, adaptados a realidad aumentada, realidad virtual, anaglifo,
sensores de movimientos, sistema multimarcador, realidad mixta e impresion 3D
monocromatica, sin que esto represente un aumento en los costos personales o
institucionales.

El uso de plataformas online para el apoyo académico de los estudiantes y profesores
en campos como la anatomia ha sido previamente evaluado obteniendo porcentajes
altos de conformidad y aceptacion, mejorando en forma inter institucional la ensenanza
de la anatomia en la educaciéon médica (Inzunza, 2017). La plataforma de proyecto HDM,
brinda un escenario novedoso en que los estudiantes de diversos grados académicos
pueden aprender y ensefiar anatomia a partir de modelos tridimensionales generados a
partir de la estructura misma presentados en diversas formas de visualizacion utilizando
tecnologia en constante desarrollo.

Como mencionamos anteriormente algunos recursos digitales ya existentes tienen la
desventaja de ser realizados fuera de instituciones que regulen su uso, altos costos de
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adquisicion para estudiantes, profesores e instituciones, falta de apego a nominas
anatdémicas internacionales, requerimiento de equipos costosos para su uso, falta de
compatibilidad con diversos dispositivos de uso comun o plataformas y sistemas de
acceso restringido en donde citando a Stephen Hawking, refiriéndose a la reciente
publicacidn de su tesis doctoral “Cualquier persona, en cualquier parte del mundo, debe
tener acceso libre y sin limites no solo a mi investigacidon sino a todos los trabajo
sobresalientes que se han dado a través del entendimiento humano®, enfatizamos en la
necesidad del libre acceso a nuevas tecnologias que permitan de manera regulada
institucionalmente su utilizacion en cualquier parte del mundo por profesionales del
area de areas médicas y afines que requieran conocimiento anatémico para el ejercicio
de la profesién pero también por dreas de pregrado, y dreas no afines, que le permitan
al interesado encontrar informacion fidedigna y recursos de gran calidad, motivo por el
cual se optd por una plataforma online sin restriccion de acceso, con soporte las 24 hrs,
de manera cientifica y técnica, retroalimentacion por comentarios privados entre el
equipo de realizacion y usurarios asi como una constante actualizacidon de materiales. Es
de mencionar la cautela y seriedad en el uso de material cadavérico, regulado por las
normas institucionales, bajo las recomendaciones y apoyo del departamento de
anfiteatro y del programa de donacién de cuerpos de la UNAM, manteniendo en todo
momento el respeto y anonimato de los cuerpos utilizados, Uno de los retos que
continla latente es la incorporacién de un mayor nimero de modelos, que permitan a
la plataforma online abarcar la totalidad de estructuras del cuerpo humano, que aun se
muestras escasas en algunas secciones corporales, promovido por el largo tiempo que
representa la diseccidn de alta calidad y el proceso de digitalizaciéon de cada modelo. Asi
como la incorporacién de estas tecnologias a otros campos de estudio como la
embriologia, de los cuales ya se cuenta con los primeros modelos.

Finalmente, reiteramos el compromiso del equipo de desarrollo, en pro de la educacidn
médica y la innovacién en nuevas técnicas de estudio, asequibles, regulables y de libre
divulgacidn, siempre con objetivo central en el mejoramiento de calidad de aprendizaje,
ensefianza de la anatomia y areas afines, mostrandonos siempre a favor del trabajo
colaborativo interinstitucional e invitando a cualquier interesado que comparta
intereses afines, a la conjuncion de esfuerzos, para el mejoramiento de estas
herramientas, que si bien en ningin momento fueron desarrolladas como forma de
sustitucion de la diseccion anatémica, que hasta nuestros dias continua y debera
continuar como principal forma de ensefianza anatémica, si brindan una alternativa
eficaz y de gran calidad para complementarse o ser utilizada en instituciones donde no
se cuenta con material cadavérico.
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Dear Colleagues and Friends,

On behalf of the Organizing Committee and the Portuguese Anatomical Society, it is an
honour and pleasure to invite you to the 12% International Symposium of Clinical and
Applied Anatomy, our increasingly famous ISCAA!

This year the meeting will take place in the Sunny South of Portugal (Algarve), in the
beautiful city of Tavira, from the 25" to the 27t of June 2020. In the last day of the
congress, ISCAA will be joined by the Annual Meeting of the Portuguese Anatomical
Society (SAP/AAP).

ISCAA is well known for its high-level scientific quality, being a perfect opportunity for
students, doctors and researchers to present and discuss their valuable works.

This year ISCAA main lectures will focus on Innovation in Anatomy, News from
Terminologia Anatomica, Criteria for Defining New Anatomical Structures and Medical
Education.

The Symposium is also open for contributions on any aspect of human or veterinarian
morphological sciences. Our Key scientific topics will be: Abdomen, applied anatomy in
Imaging, Applied anatomy in Surgery, Central nervous system, Donation programs,
Education, Embryology, Head and Neck, Heart, Locomotive system, Lymphatics, Pelvis,
Peripheral nervous system, Spine, Techniques in Anatomy, Thorax, Miscellaneous and
others.

Tavira has the perfect environment to make this congress an exceptional event: glorious
weather, beautiful white sand beaches with migratory birds and sea life, typical cuisine
and crafts, an historical centre with Moorish remnants, old churches, a Medieval castle,
a 16™ century Augustine Convent and a Roman bridge, cobbled streets and delightful
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tiled houses with “scissor style” roofs and “trellis doors”. Only half an hour from Faro’s
airport, and 2H30min by car from the capital, Lisbon.

In order to allow you to start preparing your participation, we kindly invite you to visit
the ISCAA 2020 website at www.iscaa2020.com where you can find all the useful
information.

We hope that the scientific and social program will be both stimulating and ambitious
and that the 12" ISCAA will constitute an incubator for new ideas, for new projects and
a unique opportunity to meet, share and discuss.

You cannot miss this meeting and we are looking forward to welcome you in Tavira!

Lia Lucas Neto, president of the Organizing Committee
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INTERNATIONAL SYMPOSIUM
CLINICAL AND APPLIED ANATOMY

2020

25 to 27
JUNE

TAVIRA
PORTUGAL

WWW.ISCAA2020.COM

IMPORTANT DATES:

* Abstract submission deadline:5 April 2020
* Notification of abstract acceptance:8 May 2020
* Early Fee until: 31 March 2020
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12 INTERNATIONAL SYMPOSIUM CLINICAL AND APPLIED ANATOMY

THURSDAY, 25 JUNE FRIDAY, 26 JUNE

SATURDAY, 27 JUNE

Registration Open
ISCAA - 25 & 26 June

SAP Members - 27 June

Rethinking Anatomy
“3D Printing in Clinical Anatomy - from
teaching models to the operating room
Mickael Bartikian

“The Human Body in Space - Anatomical
changes in low gravity environments”
Edson Oliveira

Registration Open
ISCAA

9h-11h

“Simulation techniques for learning
clinical anatomy”
Francisco Maio Matos

Free Oral Communications
&
Selected Posters Oral
Presentations

Coffee-Break (10h15-11h)

Round Table - Criteria to Define
a New Anatomical Structure

Paul Neumann

Registration Open Calvin Coffey

ISCAA

11h-13h

Free Oral Communications

Coffee-Break (11h—11h30)

Round Table - Terminology
“News from FIPAT"
Paul Neumann

“Does a need of the variant anatomical
nomenclature really matters?”
David Kachlik

12 INTERNATIONAL SYmposium CLINICAL AND APPLIED ANATOMY

THURSDAY, 25 JUNE FRIDAY, 26 JUNE

SATURDAY, 27 JUNE

Lunch

Lunch

Operating Room
“The mesenteric organ”

Registration Open Calvin Coffey

ISCAA

14h-15h
“Hernia Surgery and the importance of
Clinical-anatomical knowledge”
René Fortelny

Round Table - Education
“Teaching of anatomy in a PBL curriculum medical
school”

Isabel Palmeirim

"The role of computer assisted learning in
anatomy: how each learner footprint can help in
learning anatomy-

Amélia Ferreira / Bruno Guimaraes

Applied Anatomy
“Modern Translational Anatomy:
Science-Education-Patients”

Marko Konschake

“Safe zone of injections in quadratus femoris
for ischiofemoral impingement syndromes”
Nihal Apaydin

Registration Open
ISCAA

15h-16h

“Braquial Plexus Sheath: a clinical term with
great consequences!”

Georg Feigl

Anatomical Theatre
“Cadaver Donation Programs (NOVA medical school)
and Human Cadaveric Advanced Courses”
Diogo Pais / Nuno Domingues

“How to improve the quality/durability of your
cadavers - tips and tricks”
Ana Raquel Henriques

Coffee-Break (16h—16h30)

Coffee-Break (16h—16h30)

16h-17h30

. Free Oral Communications
Opening Ceremony

(17h-17h30)

Publishing in Anatomy
“Scientific and Medical Photography”
José Paulo Andrade

“Anatomical drawings: how important is a proper
supervision of an experienced anatomist?”
Georg Feigl

“Clinical Anatomy - where to publish?”
(to be confirmed)




17h30-18h30

18h30-23h

1274 [INTERNATIONAL SYMPOSIuM CLINICAL AND APPLIED ANATOMY

THURSDAY, 25 JUNE FRIDAY, 26 JUNE SATURDAY, 27 JUNE

Opening Lectures
“Leonardo Da Vinci:
The first great anatomist?” Free Oral Communications
Anténio Gongalves Ferreira

ISCAA & SAP Awards

Anténio Gongalves Ferreira
Diogo Pais
Ivo Furtado

“Anatomy and Imaging of
Parkinson’s Disease - New advances”
Sofia Reimao
ISCAA Board Meeting Closing Ceremony
“Remembering Andreas Weiglein”

Georg Feigl

PR S (e et

City Walking Tour to Dinner
(18h30-19h30)

Welcome Reception
& SAP General Assembly
Cocktail

Gala Dinner
Pousada Convento de Tavira

Caros Associados,

Saudo os Colegas e dou-lhes conhecimento de que a LIV Reunido Cientifica Anual da
Sociedade Anatémica Portuguesa (SAP)/72 Reunido Cientifica Anual da Associa¢ido
Anatémica Portuguesa (AAP), tera lugar de 25 a 27 de junho de 2020, em Tavira, em
conjunto com o 12Th International Simposium of Clinical and Applied Anatomy.

Serd um momento cientifico alto da Anatomia Portuguesa, que acolhe e promove um
evento cientifico Internacional, e ao mesmo tempo uma oportunidade de partilha
cientifica e convivio com 0s nossos colegas Anatomistas, ndo apenas Europeus, mas
intercontinentais.

O dia 27 de junho, serd um dia especialmente dedicado a SAP/AAP e no final havera a
Assembleia Geral de passagem de testemunho a uma nova Direc¢do a ser eleita para o

mandato de 2020-2022.

Esperando de todos o melhor acolhimento desta iniciativa, aceitem as mais cordiais
saudacoes,

Ivo Alvares Furtado, Presidente da Sociedade Anatémica Portuguesa (SAP/AAP)
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