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SUMMARY

The use of cadaveric material to study anato-
my has been curbed by the requirements for its
maintenance and use and by the anatomical con-
tents in medical curricula, negatively affecting
students. This study aimed to demonstrate the
reported benefits of using cadaveric material in
teaching anatomy. The benefits were categorized
into 3 groups: audiovisual resources, teaching,
and institutional cooperation and research. 1) Au-
diovisual resources: 2234 photographs, 256 vid-
eos, 16 websites, 28 anatomical replicas using 3D
printing, the Laminario Anatémico, and a gym-
khana online simulator. Students were surveyed
about their perception and use of these resources.
Their responses indicate they are considered use-
ful tools for teaching and learning. 2) Teaching:
all the practical activities with cadaveric materi-
al are comprehensively undertaken in different
formats every year. 15 undergraduate programs
have prosection activities, 9 graduate degree
programs and 4 post-graduate qualification pro-
grams have prosection and dissection activities,
and 22 graduate degree programs have cadaveric
surgical training. 3) Institutional cooperation and
research: 2 doctoral theses, 1 master’s thesis, and

37 publications. The use of cadaveric material is
a contribution that strengthens all aspects of aca-
demia in the development of both instructors and
institutions.
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INTRODUCTION

It is accepted that the use of cadaveric materi-
al for teaching anatomy is the only opportunity
to empirically confirm the location of the organs
and body systems (Inzunza, 2008; Safiudo et al.,
2021), despite the fact that three-dimensional
(3D) visualization technologies and anatomical
replicas are gaining ground due to their ever-in-
creasing realism (Hackett and Proctor, 2016; Yam-
mine and Violato, 2016; Kausar et al., 2020). It is
known that multidimensional learning activities
that relate cadaveric anatomy to living anatomy
ensure the participation and enthusiasm of the
learner (Pather, 2015; Abdel et al., 2017; Sadeesh
et al., 2021). Although this methodology is old, it
confronts the student with visual keys that are
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highly relevant to learning these subjects (Guil-
lot et al., 2007; Dissabandara et al., 2015). How-
ever, the use of cadaveric material for teaching in
this discipline has been reduced in the curricula,
essentially due to time limitations, instructors’
training, and the resources needed to teach with
corpses, which has decreased the overall level of
applied anatomical knowledge in the youngest
generations (Leung et al., 2006; Standring, 2009;
Estai and Bunt, 2016). This puts the transmission
of fundamental knowledge, values, and compe-
tences at risk (Rehkdmper, 2016; Chipamaunga
and Prozesky, 2019). This is worrying: the data
show that students in those medical schools that
discontinued anatomical work with cadaveric ma-
terial have been seriously hindered in their clini-
cal abilities and skills (Rizzolo and Stewart, 2006;
Stephens et al., 2021). Coincidently, malpractice
suits have steadily increased over time (Li et al.,
2018).

There are 24 recognized medical schools in
Chile with a minimum program duration of 6
years and a maximum of 7. The minimum num-
ber of semesters with anatomy courses is 2, with a
maximum of 4. Tiznado-Matzner et al. (2019) col-
lected data on 12 anatomy laboratories in Chilean
universities, of which just three claimed to have
human cadaveric specimens to fully engage with
in practical activities. This exposes the difficulties
that institutions have in accessing cadaveric ma-
terial, which implies investments in infrastruc-

Table 1. Audiovisual resources produced from cadaveric material.

Category Photos Videos  Websites
Head 235 52 1
Central Nervous System 50 12 1
Neck 50 23 1
Thorax 272 52 1
Abdomen 153 37 1
Pelvis 61 22 1
Back 50 7 1
Upper Limb 80 27 1
Lower Limb 90 24 1
Descriptive Anatomy 1043 0 7
Sectional Anatomy 150 0 0
Total 2234 256 16

ture and training of instructors and technicians in
using cadaveric preparations for morphological
study (Gnanakumar et al., 2018; Singal, 2022). Tt
is understood that the lack of this material poses
a disadvantage in accessing knowledge founded
on anatomical reality (Farfan et al., 2021). In ad-
dition, it must be recognized that there has been
a progressive reduction in experts in morpholog-
ical sciences.

This study aimed to expand on the reported ac-
ademic benefits of using cadaveric material for
audiovisual resources, teaching, and institutional
cooperation and research.

MATERIALS AND METHODS

A descriptive study was conducted during the
year 2022. All the resources and activities de-
veloped from using cadaveric material were
organized to analyze the anatomical subjects,
separating them into three categories: 1. Audio-
visual resources: all the audiovisual resources
made from cadaveric material were compiled; 2.
Teaching: all undergraduate and postgraduate
training programs were organized, and the type of
teaching they received was described; 3. Institu-
tional cooperation and research: the publications
and institutional affiliations created from cadav-
eric material were compiled.

Additionally, to know the opinion and ascertain
the extent to which the audiovisual resources gen-

Laminario Anatémico = Gymkhana Simulator 3D Printing
18 1 1
14 1 0
12 1 2
13 1 7
16 1 9
11 1 5
23 1 0

8 1 2
8 1 2
55 7 0
79 0 0
257 16 28



erated are used, in addition to student preferenc-
es and their opportunities to access this materi-
al (Table 1), at the end of the second semester of
2021, an online survey in Likert format was sent
(Google Forms; Google LLC, Mountain View, Cal-
ifornia, USA) to all the undergraduate Medical,
Dentistry, and Physiotherapy students in the De-
partment of Anatomy at the Pontificia Universi-
dad Catdlica de Chile who used all these resources.
The survey included 16 selection questions about
the use of audiovisual resources. 284 first- and
second-year students responded, 55% men and
45% women, whose average age was 18 years, and
represented 73% of the population, obtaining a
homogeneous response rate among the different
courses.

The authors confirm that every effort was
made to comply with all local andinternation-
al ethical guidelines and laws concerning the
use of human cadaveric donors in anatomical
research. After authorization from the appropri-
ate ethics review board, 30 bodies were obtained
through the donation program in the Pontificia
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Universidad Catdlica de Chile (PUC) Faculty of
Medicine. This donation program fully complies
with the World Medical Association’s Declaration
of Helsinki and national legal and ethical require-
ments, was approved by the CEC (Comité Etico
Cientifico) MED-UC of the Pontificia Universidad
Catdlica de Chile (No: 190115002).

Data and statistical analysis

The data collected were organized in Microsoft®
Excel tables for MacOS (v.16.43, Microsoft® Corpo-
ration) and then exported to GraphPad Prism 9.0
for MacOS (v9.1.0. GraphPad Software, La Jolla,
California USA) to generate descriptive statistics.

RESULTS

Audiovisual resources

Photographs: A registry of 2234 photos of dis-
sections carried out on cadaveric preparations
(Fig. 1A); 3D printing replicas: 28 replicas of cross
sections digitized and printed using 3D technol-
ogy (Fig. 1B); Websites: 16 websites with original

Fig. 1.- A. Photograph of lower airway dissection. B. Anatomical replica printed with 3D technology of an arm.



texts on anatomical contents supported by pho-
tos; Laminario Anatdomico, an interactive photo-
graphic web atlas for the recognition of anatom-
ical structures in cadaveric images and videos,
with sections on descriptive anatomy, topograph-
ic anatomy, sectional anatomy. These sections in-
clude all systems and regions of the human body
and can be retrieved from anywhere and on any
device with internet access. (Fig. 2A); Videos: A
registry of 256 videos with explanations on an-
atomical content using cadaveric preparations,
an average of 4 minutes each (Fig. 2B); Gymkha-
na online simulator, a software that can simulate
practical assessments conducted in the anatomy
building, which has 16 different content simula-
tions; in it, students can perform evaluations of
descriptive anatomy, topographic anatomy, em-
bryology, and histology. In addition, students can
configure the number of questions and the dura-
tion of each station, being able to practice freely
without the pressure of an evaluation (Fig. 3, Ta-
ble 1). All these resources were generated from
cadaveric material and are free and open access.

Academic advantages of using cadaveric material

Undergraduate student survey

The survey results indicated that 98.5% of the
undergraduates use a computer, 70.3% a tablet,
and 60.5% a smartphone as a study tool. Concern-
ing Internet access, 87.1% have mobile Internet
on their study device; however, 87.6% use Wi-Fi
when studying.

In relation to the audiovisual resources gener-
ated by the authors’ department, 79.9% said they
use the Laminario Anatémico for daily study, and
97.9% use it to prepare for theoretical and practi-
cal evaluations (gymkhanas).

Concerning the use of anatomy videos record-
ed in the anatomy building, 68.7% of the students
surveyed indicated that they use them for daily
study, 68.3% at least once a week, 83.7% review
them to prepare for theoretical examinations and
gymkhanas, and 94% consider this tool to be a
contribution to their learning. Regarding the gym-
khana online simulator, 74.7% of students con-
firmed they use it for examination preparation.

Fig. 2.- A. Image from the “Laminario Anatdomico”. The black box indicates the name of the structure labeled when clicking on the
number 6. B. Screenshot of an explanatory video on anatomical content recorded in the anatomy building.
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Table 2. Teaching using cadaveric material in undergraduate and graduate degree studies.

N° Undergraduate programs Course code Graduate degree programs Course code
1 | Medicinel MED-111A Orthopedics No code
2 | Medicine I MED-212A General surgery I No code
Medicine III MED-213A General surgery II No code

4 | DentistryI MED-1010 Otorhinolaryngology No code
5 | Dentistry Il MED-1020 Oncological surgery No code
6 | Dentistry III MED-2010 Maxillofacial surgery No code
7 | Kinesiology I MEK-101A Orthodontics No code
8 | Kinesiology II KIN-102A Oral Radiology No code
9  Speech TherapyI MEF-101A Master in Medical Physics MAF3000
10 @ Speech Therapy II FON-102A

11 Teaching Physical Education I MEP-101A

12 | Teaching Physical Education II MEP-201A

13 | Occupation Therapy MET-201A

14 | Nursing MEB-103F

15  Nutrition MEN-101A

Fig. 3.- Photograph of the “Gymkhana Online Simulator”. The light blue box shows the image about which questions are asked, the
calypso blue box the questions and blank spaces to answer, and the red box is the time remaining to change to the following image.

Teaching anatomy activities are carried out in the anatomy building
(Table 2). Graduate degree teaching for 8 medi-
cal specialty programs and 1 master’s program
structure is based on 5 credits; these activities
include prosection and dissection. Post-graduate

There are 15 undergraduate programs struc-
tured on 5, 10, and 15 credits (5 credits = 64
hours of instruction). In these courses, prosection
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Table 3. Teaching using cadaveric material in graduate qualification programs.

N° Graduate qualification programs Course code

=

Diploma in Human Anatomy DAH

Diploma in Head and Neck Anatomy DACYC

Diploma in Neuroanatomy MEDNAH

Diploma in Histology and Embryology = MEDDHEA
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qualification teaching for 4 diploma programs is
structured into 20 credits; these activities include
prosection and dissection. 22 structured surgical
training programs carry out cadaveric surgical
simulation training (Table 3). All programs are of-
fered in one academic year, and the courses have
been repeated every year since 2021.

Institutional cooperation and research

The Department of Anatomy has made cadav-
eric material available for 2 doctoral theses and 1

Table 4. Institutional cooperation and Research.

Institutional cooperation Dissections
Doctoral Thesis 1 30

Doctoral Thesis 2 8

Master’s thesis 1 6

Anatomy Publications Ne°
Cadaveric dissections 37

Surgical training Course code :‘gz:ozt;urgical
Hip prosthesis No code Manual
Knee prosthesis No code ROSA robot
Ankle prosthesis No code Manual
Hallux valgus correction | No code Manual
Shoulder prosthesis No code Manual
Elbow prosthesis No code Manual
Hand tendon repair No code Manual
Cochlear implant No code Manual
Blepharoplasty No code Manual
Scoliosis correction No code Manual
Spinal osteosynthesis No code Manual
Skin flaps No code Manual
Nasal septum correction = No code Manual
Prostatectomy No code HUGO robot
Nephrectomy No code HUGO robot
Bariatric surgery No code HUGO robot
Penile prosthesis No code Manual
Organ procurement No code Manual
Canthotomy No code Manual
Entropion No code Manual
Ectropion No code Manual
Abdominal hernias No code Laparoscopy

master’s thesis (Table 4). In relation to scientific
article output, 37 papers have been published on
cadaveric dissections in 18 years (Table 4).

DISCUSSION

The audiovisual resources produced from ca-
daveric material have been very well received
by the students, who have skills per se in using
technologies (Farfan et al., 2016). This is demon-
strated in the survey responses, which indicate a
positive answer on using such tools, which also
affects student performance, i.e., the “Laminario
Anatémico”. Since the implementation of this re-
source, the results of the gymkhanas have yielded
anincrease in performance, e.g., in ggmkhana 4 of
the MEK-101A course in 2014, the average score
was 39 out of 56 total points. By contrast, in 2015,
the average was 37 out of 56. However, the aver-
age score on gymkhana 4 in 2016 (when the Lam-
inario Anatémico was implemented) was 41 out of



56; the following year, it was 42 out of 56. On the
other hand, the direct benefit of producing these
resources is an economic saving, given that all the
resources mentioned here were created based on
projects that made their funding possible, which
is “a zero cost” for the department and simulta-
neously an achievement for the instructor, which
has benefit to their academic career. For example,
avirtual dissection table is over US$ 80,000, a cost
that is not reasonable for any institution and far
beyond the cost of developing all the audiovisual
resources generated in the authors’ department
from cadaveric material. Further, for the students,
cadaveric material work remains the preferred
means of learning anatomy (Johnson et al., 2013;
Viswasom and Jobby, 2017; Mustafa et al., 2021).

Given the authors’ successful experience as a
teaching team, they consider the integration be-
tween technology and the resources generated
using cadaveric material fundamental (Casado
et al., 2012; Paech et al., 2018; Bork et al., 2021;
Nakai et al., 2022), and it has become one of the
pillars that supports their teaching-departmental
development. These resources stand in support
of the demands that the current education system
must consistently satisfy the rise in new teach-
ing methods equipped with greater flexibility and
the ability to generate student-centered learn-
ing, which can be also seen in other experiences
regarding the development of applications that
combine the use of cadaveric material and tech-
nology (McMenamin et al., 2014; Moro et al., 2014;
Dua et al., 2021). Additionally, within the scope of
institutional cooperation, the Internet resourc-
es produced from cadaveric material are free to
access, so students and instructors from other
universities can also use them; however, the im-
pact on other universities has not been measured.
This is not a minor point, since these tools were
widely used during the Covid-19 pandemic due to
the impossibility of attending anatomy buildings,
which has been commented on in recent publica-
tions (Bauler et al., 2021; Babacan and Dogru Yu-
varlakbas, 2022).

In relation to teaching, the authors’ anatomy
department offers differentiated courses on mor-
phological sciences for the various programs in
the faculty of medicine and the different grad-

uate degree programs. The undergraduate pro-
grams mentioned in Table 2 include more than
1200 students per year, taught by instructors
corresponding to the equivalent of 11 full work-
ing days, who perform prosection activities in
the laboratories. On the other hand, the gradu-
ate degree programs mentioned in Tables 2 and
3 include approximately 200 students annually,
who, through prosection, dissection, and surgical
training activities can verify the theoretical con-
tents from the source, developing, in addition,
basic surgical skills and a suitable three-dimen-
sional conceptualization of the human body. This
is highly relevant, since there is consensus among
researchers that training with corpses is import-
ant for surgeons to understand the anatomical
approaches, which increases their knowledge,
surgical confidence, and skills, underscoring that
dissection contributes significantly to the work
of prosection (Hazan et al., 2018; Kobayashi and
Nudeshima, 2018; Torres et al., 2018; Safiudo et
al., 2021). These findings provide evidence of the
role of dissection in learning and the application
of practical anatomical knowledge (Thompson
and Marshall, 2020; Huynh et al., 2021), surfacing
as the first preference of those who study anato-
my, and it enables greater knowledge acquisition
(Zibis et al., 2021). The benefits of cadaveric anat-
omy training reflect the real evolution of medicine
and its learning (Jansen et al., 2014), and it sug-
gests that dissection be re-established as the pri-
mary method of anatomy education to guarantee
safe medical practice (Ghosh, 2017; Onigbinde et
al., 2021). The evidence and international expe-
riences justify incorporating cadaveric anatomy
training in the curricula of medical specialties
(Memon, 2018; Dee et al., 2021).

An interesting point to consider is that labo-
ratory work with small groups is effective in the
education of human anatomy, especially when
the use of samples is varied, combining prepa-
rations, plastinated bodies, corpses, body parts,
and methods (Chan and Ganguly, 2008; Fu et al.,
2022), a material that over the years the authors
have managed to produce and are periodically re-
newed. The practical activities and the structured
practical assessments (gymkhanas), carried out
on cadaveric preparations, essentially demand
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lived experiences in the activities in the anatomy
building, being placed above the greater or less-
er skill or experience the student has in terms of
their school of origin and the initial cultural capi-
tal they possess (Inzunza et al., 2017).

With respect to research and institutional col-
laboration, history shows that by the end of the
19" century, due to the scant supply of mor-
phological training in Chile, it was customary
to send young doctors to Europe for graduate
training (Cardenas, 2020). Currently, there are
graduate degree offerings in Chile, both master’s
and doctoral programs in morphological scienc-
es, diploma programs, and continuing education
courses. However, the paucity of cadaveric mate-
rial needed to achieve a representative sample of
the population is making researchers in the 21%
century repeat the behaviors of the 19™ century,
having to leave to seek cadaveric material for their
research in otherinstitutions, an area in which the
authors have been able to collaborate by receiving
researchers from external graduate degree pro-
grams in their department.

Participation in medical gross anatomy increas-
es students’ visual-spatial ability (Lufler et al.,
2012; Vorstenbosch et al., 2013); therefore, it is
reasonable to think that moving forward, anato-
my learning should still be cadaveric-based cou-
pled with complementary technological innova-
tions (Chang Chan et al., 2019; Uruthiralingam
and Rea, 2020; Cheung et al., 2021; Iwanaga et al.,
2021; Abu Bakar et al., 2022).

Finally, it is only fair to point out that none of
these teaching contributions and results would
be possible without the invaluable generosity of
those who joined the Body Donation for Science
and Teaching Program. These people disinterest-
edly donated their bodies to continue serving life
after their death. It is hoped that, with the gener-
ation of these academic benefits, the authors will
be honoring their donors’ wishes.

This study has significant limitations. It is in the
context of the national reality of Chile, which is a
limitation because there are countries where there
is no lack of cadaveric material for the teaching of
human anatomy. Therefore, it is possible that some
researchers do not identify with the problem.

CONCLUSIONS

The use of cadaveric material is a contribution
that strengthens all aspects of academia, teacher
training, student learning, and the positioning of
institutions: 1) for the management of teaching
material, it facilitates the development and pro-
duction of new resources, avoiding unreasonable
costs; furthermore, the generation of these re-
sources is an opportunity to create basic clinical
projects that can access competitive funds; 2) for
teaching, it represents the best chance to verify
the studied theoretical contents empirically, as
well as develop surgical skills and abilities; 3) for
morphological research and institutional collab-
oration, it is the generation of new instances of
teamwork within the university and with other
universities, producing robust research projects
that culminate in the publication of results in in-
dexed journals with an impact factor.

University authorities must know and under-
stand these benefits when deciding to use cadav-
eric material in their institutions. With these re-
sults, we hope to encourage them to develop body
donation programs for science.
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