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SUMMARY: Currently, training in the field of anatomy requires the implementation of learning and knowledge technologies (TAC).
Therefore, the objective of this work was to use digital images taken of plastinated canine brains, hearts, and kidtegs toteneative
atlas that facilitates the teaching-learning of the anatomy of these organs. The research was carried out in 3 phisgdnitieetfrains,
hearts and kidneys were obtained using the cold-temperature silicone plastination. In the second stage, photographsiveciraaglksn,
were edited with Adobe Photoshop and converted to SVG format using Adobe lllustrator. During the last phase, the 2D raiddsdvas ¢
using MongoDB and Node.js for the backend and Vue.js as the framework for the frontend. In addition, it was used tmaerjth®o 3D
models. As a result, the 'Interactive Canine Atlas', ATINCA, was created. The atlas comprises 27 interactive imagedlasar@txtimdew
(28 of the brain, 20 of the heart, and 6 of the kidney). Furthermore, the atlas features 3D models of the three omyasiepEdeatias
constitutes the first digital tool created in Ecuador based on local institutional needs, including a 3D format. Cons&tEwkhyill be
integrated into the curricula as a digital material that will facilitate significant autonomous and collaborative leaamimeadtatomical
knowledge.

KEY WORDS: Tool; 3D; Silicone; Teaching-learning; Anatomy.

INTRODUCTION

The use of anatomical specimens is considered to it are aimed at improving learning and pedagogy (Barra
an effective way for students to retain knowledge efficientlgl., 2019; Yoza & Vélez, 2021). TAC when applied as vir-
(Bravo & Inzunza, 1995; Inzunza & Bravo, 1999). Howevettual teaching programs, has become an efficient tool to re-
the use of cadaveric material must be carried out under ethidate or replace the use of anatomical specimens (Hecht-
regulations. The Regulation for the Formation, Approval,6pez & Larrazabal-Miranda, 2018).
and Monitoring Of Ethics Committees in Ecuador states that
teaching and research work must be done under the  The utilization of virtual programs or tools for
international principle of animal welfare, which is based ostudying animal anatomy contributes to the reduction and
the 3Rs: replacement, reduction, and refinement (Agenai@placement of the need for cadaveric or fresh specimens.
de Regulacién y Control Fito y Zoosanitario,Thisis becausthese tools provide digital images that offer a
AGROCALIDAD, 2021). close-to-reality observation of anatomical structures.

Throughout the history of anatomy as a scientific field,

Learning and Knowledge Technologies (in Spaniskgnatomical drawings were created to aid in the study, capturing

TAC) are information and comunication technologies (ICTsghe morphological details of structures dissected from
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deceasedbodies (Diaz & Silveiro, 2021). The inclusion of The organs procured, consisting of six hearts, twelve
images in books and atlases has enabled the visualizatiianeys, and four brains, underwent the cold plastination
and comprehension of the studied information, makingchnique and were photographed using a Nikon D-3500
learning more accessible (Bartoletti-Stadtaal, 2021). In  digital reflex camera paired with an 18-55mm f/3.5-5.6G
contemporary anatomy literature, traditional drawings hawabjective lens. These photography sessions were conducted
been supplanted by the utilization of digital images (Diaz &ith the aid of a comprehensive lighting setup, which
Silveiro, 2021). Consequently, the digitization of education@hcluded light windows, a 180-degree adaptation stand,
materials and the presentation of content in 2D and 3@hting umbrellas, and a single head light stand equipped
formats, accompanied by features such as hypertextualityith 45W bulbs. To ensure optimal positioning of the organs
navigability, and flexibility, have proven to be effectivefor different anatomical views, a black background, a camera
methods for acquiring anatomical knowledge. Moreovettipod, and supports crafted from various materials such as
they stimulate greater motivation and interest among studeptasticine and pins were employed. In total, a substantial
(Hecht-Lépez & Larrazdbal-Miranda, 2018; Suageéal, collection of 1564 digital images was captured, with each
2020). photo session for individual organs lasting approximately 4
hours. This exhaustive photographic process amounted to
Digital technologies have been integrated into th&l4 hours in total, equivalent to around 30 days of
teaching and learning process of anatomy, but they are podduction.
meant to replace dissections or prosections. Instead, these
modern teaching methodologies propose a combination of  From the camera the photographs were imported in
methodological tools (Hecht-Lopezt al., 2023). Most JPEG format, with a resolution of 6000 pixels wide by 4000
universities still rely on traditional teaching techniques sugtixels high. These digital images were viewed through
as cadavers, plastinated samples, master classes, and\didows Photo Viewer, and only those that were focused,
scans along with digital tools (Suéarezal, 2020; Hecht- sharp, well-aligned, and appropriately bright were selected.
Lépezet al, 2023). The goal of this work was to create afihe anatomical structures in the images were labeled, and
interactive atlas in 2D and 3D format with the help of #tles were defined using PowerPoint. The generated files
multidisciplinary team. Plastinated organs from thevere saved with the .ppt extension and were used as a basis
Plastination Laboratory of the Faculty of Veterinary Medifor the final editing with Adobe Photoshop CS6. The end
cine and Zootechnics (FMVZ) of the Universidad Centralesult was a set of sheets for the "atlas view mode" section.
del Ecuador (UCE) were used as the base for this project.
The images were edited and then converted to SVG
MATERIAL AND METHOD format using Adobe lllustrator. This was done in order to
animate anatomical structures with colors and create sheets
Initially, hearts, brains, and kidneys were sourcefbr the atlas's "interactive view mode." The image editing
from six canine specimens that were generously donatedfmpcess took approximately 5 months. Additionally,
animal protection foundations. Consequently, the approvedquential 360-degree photographs were taken to serve as
of the Faculty Research Commission (COIF) was not deemexferences for each organ's 3D modeling. From these
necessary, as the research involved the use of deceasegliences, 4 to 6 photos were selected to include anatomical
animals that had been euthanized beforehand. COIF ethistlictures in the atlas's 3D models.
approval is typically required only for research involving
live vertebrate animals. The organs underwent processing  The atlas was created as a web application that is
utilizing the cold silicone plastination technique (voraccessible through computers and mobile devices. The
Hagens, 1979, 1986; Ottoatal, 2015; Ottone, 2023), with Node.js tool was used to develop the 2D part of the atlas,
the use of Biodur® brand reagents. In summary, the organkich makes it easier to display information in an orderly
were initially fixed with a 10 % formalin solution for a periodmanner on the user interface. HTML and CSS methods were
of 12 weeks. Subsequently, they were dehydrated over a spard to label each image in the interactive 2D format, so
of 5 weeks using acetone at a temperature 6iG2Next, thatwhen the user clicks on any structure, the corresponding
they underwent vacuum impregnation with S10:S3 Biodur®ame is displayed. The images for the "interactive view
at-20C, a process lasting 5 weeks. Finally, the organs wemgode" were organized on the hard drive of the UCE server
cured with S6 Biodur® for a period of 2 weeks, as detailesb that the web application can access them.
in the study by Toaquizzt al. (2023). In total, the plastination
process for canine brains, kidneys, and hearts encompassed Blender, a powerful yet lightweight 3D modeling tool,
47 weeks, including 20 weeks of pre-curing and 3 weeks whs utilized for 3D development. 360-degree photographic
post-curing. images were imported into the tool, and the views had to be
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adjusted to match those of each organ. The contour and vettaee.js using X, Y, and Z coordinates on the 3D model. The
modeling technique was employed, requiring the matchirapordinates were calculated for each part of the organ that
of each organ's contour vertex by vertex. The end result waas going to be labeled. For educational purposes, the color
a low-polygon density 3D model that could be loaded intof the text was matched with the color placed on the structure
the application quickly. The 3D model was then texturedo which the name corresponded.
with the aim of achieving a balance between realism and
the number of polygons saved. Texturing enabled the transRESULTS
of colors and features observed in the photographic images
to the 3D model. As a result of the project, the Interactive Canine At-
las (ATINCA) (from Atlas Interactivo del Canino), as the
After the 3D modeling and texturing was completedinal product was called, was obtained in 2D and 3D formats
the three.js library was utilized, which uses the renderirfgr heart, kidney and brain (http://atlascanino.uce.edu.ec/
engine called Webgl. In order to display the three-dimemrganos). The atlas in 2D format has 27 sheets, 14 for the
sional elements on the web application screen, the initiafain, 10 for the heart and 3 for the kidney. Each sheet is
scenes of the 3D element were configured through the toalsmposed of two images, one image corresponds to the
and methods provided by Webgl. Specifically, the camefateractive view mode” and the other image presents the
elements were used, which determine how and what is goifaglas view mode”. In interactive view mode the user can
to be rendered, and the camera controls, which allow tteuch a structure with the cursor or their finger, depending
user to translate, rotate and scale the 3D object. It is important the device they are using, to highlight the structure in
to note that in the application, it is not the 3D model thalor and see the corresponding name (Fig. 1). For its part,
moves, rather, it is the camera that renders it. Finally, thige atlas view mode corresponds to an image where the organ
identification of anatomical structures was added withiis presented with the identified structures and the
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Fig. 1. Screenshots of the "Interactive View Mode" of plate #5 showing the different convolutions of the canine brain in ARNCA
screenshots should present the dorsal view of the brain, where the convolutions can be clicked or touched interactiyelyviiedy
screenshots, if possible.
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corresponding description in a text on the right side (Fig. 2Fig. 3). In addition, each organ has 3D models with structures
So, ATINCA has a total of 54 digital images2D format; identified with colors on them: 5 for brain, 2 for heart and 2
while for the 3D format there is a base model for each orgéor kidney.

5. Circunvoluciones cerebrales - vista dorsal

Fig. 2. Screenshot for “Atlas
View Mode” of plate #5 of
the canine brain in ATINCA.
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4. Circunvolucion ectomarginal
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6. Circunvolucién ectosilviana

Encéfalo

Corte plano medio
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Fig. 3. Screenshots of 3D models for canine organs taken from ATINCA. to. Base model for canine heart, b. Base modekfdnegnine
and c. Base model for canine brain.

DISCUSSION AND CONCLUSIONS

In order to enhance student performance, the teachinfFINCA is a web application that can be accessed from any
learning process must be constructive, meaningful, afowser, adapts to mobile or desktop devices, and is known
student-centered, as stated by Mallo & Bertazzi (2019) afiok being responsive. It helps students with effective self-
Crispinet al. (2011). The objective of this process is to achieviearning as it is a TAC tool that they can use independently,
high levels of understanding through autonomous learning aadytime, and anywhere they want. Moreover, as books and
collaborative work, as highlighted by Mallo & Bertazzi (2019)pther digital resources foster collaborative methodologies,
and Crispinet al. (2011). In the context of autonomousATINCA serves as a digital atlas that supports collaborative
learning, TAC tools are designed to apply emerging educationehrning (Gabinete de Comunicacion y Educacion de la Uni-
models that facilitate self-learning (Mallo & Bertazzi, 2019)versidad Autonoma dBarcelona, 2016).
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Collaborative learning has been found to result ithe principle of animal welfare of the 3Rs (replacement,
better academic outcomes for students in subjects suchreduction, and refinement) as well as with the Regulation
Anatomy, according to a study by Monzéhal (2021). for the formation, approval, and monitoring of ethics
As a result, several universities, including the Universitpommittees of Ecuador (Agencia de Regulacién y Control
of Murcia (https://www.um.es/web/anatvet/docencia/recuFito y Zoosanitario, AGROCALIDAD, 2021). Moreover,
sos-docentes), the Autonomous University of Barcelormpen source programs were used to create the atlas, which
(https://www.uab.cat/web/guias-tematicas/guia-tematicatigns with the technological policy of preferential use and
de-medicina-y-sanidad-animal/atlas-implementation of free software outlined in articles 142 and
1345736709155.html), and the University of Minnesoté43 of the Organic Code of the Social Economy of
(http://vanat.cvm.umn.edu/WebSitesCarn.html) havknowledge, Creativity, and Innovation (Ministerio de Tele-
developed digital resources for veterinary anatomy studesmunicaciones y de la Sociedad de la InformaciéhgR0
(Alvear, 2021). This demonstrates that the use of digital
tools has become an important aspect of the anatomy  The above information implies that ATINCA will
teaching curriculum (Hecht-L6petal, 2023). Moreover, serve as an ICT tool to aid in the independent and
Bartoletti-Stellaet al (2021), argue that technologicalcollaborative learning of anatomical knowledge related to
resources for educational purposes are crucial for improvittge canine heart, kidney, and brain. This knowledge can be
anatomical knowledge, which is necessary for safe aagplied in veterinary practice. Additionally, the atlas can
competent medical practice. This assertion is equalbe incorporated into the Ecuadorian curricula because it
applicable to veterinary medicine, thus, it can be inferreadigns with national requirements and regulations.
that ATINCA will enhance anatomical knowledge that can
be used in veterinary practice. ACKNOWLEDGMENTS. To the teachers and volunteers of

the Animal Anatomy Laboratory of the FMVZ of the UCE.

It has been suggested that new digital and 3Bubsidized by the Research Department of the Universidad
technologies can complement the traditional teachin@entral del Ecuador under senior research project DI-CONV-
methods used in anatomy (Hecht-Lopstzal.,, 2023). 2019-026
However, for these technological tools to be integrated
effectively into higher education, institutions must considefOAQUIZA, A. B.; ALVEAR, V.; VELASCO, B.; CARTUCHE,
the influence of society, the characteristics of the institutioh; MORALES, C.; GUANOLUISA, C.; OTTONE, N. E. & RE-
and the traditional context of the subject matteYEL,O'CUEVA' M. Atla}s interactivo de encéfalo, corazon y rifién de
(Dominguez, 2016). In Ecuador, educational institutiong?s';goigggozgzaamr de muestras plastinatfs.J. Morphol.,
rely on international technology and content due to the ' '
absence of their own digital tools that are specifically RESUMEN: Actualmente, la formacién en el campo de la ana-
designed to meet the needs of their students (Granizotdnia requiere la implementacion de tecnologias del aprendizaje y el
Haro, 2016). While there are free or open resourceegnocimiento (TAC). Por ello, el objetivo del trabajo fue utilizar image-
available from international universities, the lack of &€S digitales tomadas de cerebros, corazones y rifiones caninos
culture of creating digital resources directly aff(_:‘C,[él_aspnados para crear un atlas |Qteract|vo que facm_te Ia_(?nsenanzg-apren-

] . " . . izaje de la anatomia de estos 6rganos. La investigacion se llevo a cabo
educational quality and competitiveness (Organizacion f tres fases. En la primera se obtuvieron cerebros, corazones y rifiones
las Naciones Unidas para la Educacion, la Cienciay la Te@ninos mediante la técnica de plastinacion con silicona al frio. En la
nologia, UNESCO, 2022). ATINCA is a technological tookegunda etapa se tomaron fotografias, las imagenes se editaron con Adobe
created by Ecuadorians, designed to meet the needs offthetoshop y se convirtieron a formato SVG con Adobe lllustrator. Du-
FMVZ curriculum of the UCE, and considering therante la ultima fase, se creo el atlas 2D usando MongoDB y No,de.js
minimum knowledge required by the subject of Animalfra & backend y Vue s como framework para el frontend. Ademas, se

. - . utilizé three.js para renderizar los modelos 3D. Como resultado se cre6
Anatomy 2. Itis the first free atlas with 2D and 3D fOrma’@l Atlas Interactivo del Canino, ATINCA. El atlas cuenta con 27 image-
developed in Ecuador and can be harmonioushésinteractivasy 27 en vista modo atlas (28 del cerebro, 20 del corazén
incorporated into the teaching-learning process becauseg & del rifion). Ademas, el atlas presenta modelos 3D de los tres drga-

was created to meet the specific needs of an institution.nos. El atlas desarrollado constituye la primera herramienta digital creada
en el Ecuador con base en necesidades institucionales locales y donde

- e incluye el formato 3D. Con lo cual, ATINCA podra incorporarse en
It is important that TAC tools are not only Createc?as mallas curriculares como material digital que facilitara el aprendiza-

to fulfill a spgcific need, but also a(.jhere tolocal |egi5|atiof3 autonomo y colaborativo significativo de conocimientos anatémicos
and regulations (Regatto & Viteri, 2018). In the case @k los 6rganos caninos.

ATINCA, the use of interactive images helps to reduce and
replace the number of canine specimens required for =~ PALABRAS CLAVE: Herramienta; 3D; Silicona; Ensefian-
veterinary anatomical study. This allows compliance witga-aprendizaje; Anatomia.
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