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Abstract: Most medical and health science schools adopt innovative tools to implement the teaching
of anatomy to their undergraduate students. The increase in technological resources for educational
purposes allows the use of virtual systems in the field of medicine, which can be considered decisive
for improving anatomical knowledge, a requisite for safe and competent medical practice. Among
these virtual tools, the Anatomage Table 7.0 represents, to date, a pivotal anatomical device for
student education and training medical professionals. This review focuses attention on the potential
of the Anatomage Table in the anatomical learning process and clinical practice by discussing
these topics based on recent publication findings and describing their trends during the COVID-19
pandemic period. The reports documented a great interest in and a positive impact of the use of this
technological table by medical students for teaching gross anatomy. Anatomage allows to describe,
with accuracy and at high resolution, organ structure, vascularization, and innervation, as well
as enables to familiarize with radiological images of real patients by improving knowledge in the
radiological and surgical fields. Furthermore, its use can be considered strategic in a pandemic
period, since it ensures, through an online platform, the continuation of anatomical and surgical
training on dissecting cadavers.

Keywords: virtual gross anatomy; medical student learning; radiologist and surgical training; virtual
cadaveric dissection; DICOM images

1. Introduction

Human anatomy is a fundamental subject of study in the process of teaching and
training medical students, since anatomical knowledge is a requisite for safe and competent
medical practice [1–5], and it is indispensable in medical curricula.

Cadaveric dissection is a standardized approach essential to reaching a solid knowl-
edge of anatomy and to know in situ anatomical abnormalities and variations [6,7].
Through dissection practice, students can orient themselves inside the human body to
understand where the main topographical landmarks are localized and to describe anatom-
ical three-dimensional (3D) relations. Therefore, dissection represents a huge advantage
compared to single-dimensional images in textbooks, not only for students, but also for
post-graduates and specialists. Dissection improves clinical training, and it is useful for
surgeons who, through cadavers, can acquire greater safety and dexterity and can test
deviceful surgical procedures [8,9]. Practice on human cadavers allows to develop medical
procedure skills, for instance, its role in the learning of lung auscultation was described by
Bakalarski and coworkers [10].

Int. J. Environ. Res. Public Health 2021, 18, 13247. https://doi.org/10.3390/ijerph182413247 https://www.mdpi.com/journal/ijerph

https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0001-7935-284X
https://orcid.org/0000-0003-4705-0833
https://orcid.org/0000-0002-5227-3567
https://doi.org/10.3390/ijerph182413247
https://doi.org/10.3390/ijerph182413247
https://doi.org/10.3390/ijerph182413247
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph182413247
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph182413247?type=check_update&version=1


Int. J. Environ. Res. Public Health 2021, 18, 13247 2 of 13

Thus, dissecting cadavers is the most relevant teaching program for studying human
gross anatomy, and in our Institute of Human Anatomy of the Alma Mater Studiorum,
University of Bologna, there is a consolidated tradition of using human body dissection for
anatomical education [11].

However, the number of bodies available does not allow to meet the different requests,
due to the growing interest in anatomical dissection exercises and the exponential increase
in the number of students enrolled in medical degrees [12].

In recent years, different resources, such as prosections, plastination, computer-based
learning, medical imaging, and living anatomy, have been considered to improve students’
anatomical learning. Estai and Bunt suggest that the use of plastination or projections
appears suitable for the anatomical learning of students in dentistry, pharmacy, biology,
nursing, and physical education [13]. On the other hand, the use of cadaveric dissection
remains the best training resource for a future physician, which could be integrated by
virtual dissecting devices [13,14]. Recently, virtual reality seems to play a crucial role as a
new technology for enhancing education through new approaches for interactive student
learning [14–16].

Different virtual reality systems have been proposed for anatomical learning, but they
show several limitations in the study of gross anatomy, since their use is limited to specific
anatomical topics [17].

More recently, a new teaching tool has been introduced in the academic world to
improve and facilitate student learning. It is based on a new technology that allows to
study human anatomy through virtual travel in three-dimensional human body models.
The Anatomage Table 7.0 (Anatomage Inc., San Jose, CA, USA) is a virtual table through
which one can observe human cadaver dissection in a 3D spatial dimension [18].

Four digitalized cadavers are loaded on the Anatomage Table 7.0: an Asian woman
with a gastric cancer, an Asian man with acute leukemia, a Caucasian women with cardiac
disease, and a Caucasian man with a brainstem tumor; all died from respiratory complica-
tions [19]. Consequently, through the use of these real dissecting cadavers, students can
really know an organ’s size, position, vascularization, innervation, and relationship with
the other organs. Furthermore, since these cadavers are affected by diseases, the observa-
tion of them allows students to improve their knowledge of not only organ variation, but
also pathology. This last statement represents a very important source of clinical training,
as well, which can be enhanced by the possibility to upload Digital Imaging and Communi-
cations in Medicine (DICOM), including radiological data. DICOM images allow students
be confident in their approach to anatomical images, and students can compare them with
the organ section of the human body in normal or pathological conditions, a very useful
resource for surgical and radiological education [20–22]. Therefore, Anatomage is a virtual
dissection table in which one can recognize gross anatomy components exactly as on a fresh
cadaver [23]. It reconstructs 3D individual organs, which can be analyzed in all planes,
dissectible in 3D and subject to an interactive segmentation. The exploration and learning
of human anatomy [23,24] are certainly the strengths of the Anatomage Table, which are
supported by its performed technology, which permits to show real, accurate anatomy,
enough to be considered an innovative diagnostic tool in academic medical institutions.

For all these positive characteristics, the virtual table has been adopted as a com-
plementary approach for practical anatomical exercises (without replacing the classic
dissection exercises on real dissecting corpses) aimed at the students of the School of
Medicine and Surgery of the University of Bologna [11].

The rationale of this review is to emphasize the adjunct value of the Anatomage
Table as a complementary tool in the curriculum of a physician without forgetting that the
dissection of cadavers remains, to date, the best practical resource, which the medical career
cannot disregard. The main objective of this review is to highlight on the applications of
the Anatomage Table based on recent literature data, and with particular regard to student
learning within the clinical context and during a pandemic period, such as COVID-19.
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2. Materials and Methods

The data were searched for and collected through multiple databases, including
PubMed, Scopus, and Web of Science, considering the articles or reviews published in the
last fifteen years. The key words used were: Anatomage Table, virtual device, anatomy
learning, virtual tool and clinical practice, cadaveric dissection, COVID-19 and anatomy
teaching, and lockdown and medical e-learning. About seventy articles were selected and
included in the review. The results were then divided into three distinct sections.

3. Results
3.1. Anatomage for Student Learning

The Anatomage Table as part of gross anatomy courses in medical school and its
positive outcome on student learning was demonstrated and described by several au-
thors [23–26]. It was so successful that it was also used in dissection courses [18,27], where
it replaced dissecting cadavers. In this regard, the study of the gross anatomy of the pelvis
and musculoskeletal system via the Anatomage Table revealed that this modality appears
equivalent to cadaveric dissection [2].

The literature data suggest that the Anatomage Table captured the enthusiasm of
the students who are particularly predisposed to the use of technology in facilitating
learning [28,29]. Medical students are enthusiastic about the possibility of studying male
and female gross anatomy through human cadavers on a life-size touch screen table.
Therefore, through the virtual table, students can dissect (all three section planes can be
visualized, as shown in Figure 1), rotate, or zoom anatomical structures (Figure 2).

In particular, the users can isolate a single organ by deleting the structures with which
this one is related: other organs, vessels, nerve, ligaments, muscles, and skin (Figure 2).

Furthermore, medical students or clinicians, through different filters, can analyze
specific structures, for instance, the vascular or innervation course of a specific anatomical
district; in this regard, users can highlight with different colors a particular vessel or
nerve and recognize it from the annotation (Figures 3 and 4). Vascularization is perfectly
described in the Anatomage cadavers, and the blood vessel course and its branches can
be identified and distinguished, as shown in Figure 3, where, for instance, the abdominal
aorta and celiac trunk can be observed.

However, the innervation should be improved, since, even if the main nerves (for
instance, their origin or leak from a main hole) can be easily identified (Figure 4), nerve
branches are not always present and often cannot be highlighted by filters, making them
more difficult to localize by users.

Another criticism is correlated to the difficulty of identifying the connective fascial
system that is absent in most anatomical regions.

Among the advantages of Anatomage, there is the possibility to observe radiological
images [2] near to cadaveric projections. DICOM images are preinstalled onto the virtual
system, including computed tomography and magnetic resonance, which, in our opinion,
should be implemented to have an increasingly wide picture in the radiological field.
Due to the presence of DICOM images, students or radiologists can switch from the
cadaveric modality to the radiological one. This last table ability permits the users to
familiarize themselves with a radiography of a full-sized human skeleton and understand
the localization of the single bone components [28]. Moreover, it is possible to insert DICOM
images of real patients, allowing the 3D reconstruction of the considered anatomical district
and, thus, it is possible to study single cases and observe them on the LCD screen both in
normal and pathological conditions.
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Figure 1. Abdominal region (A) of Asian adult male observed in the coronal (B), sagittal (C), and 
axial projection plane (D). 
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Figure 2. Thoracic region (A) of Asian adult man: lungs, heart, aorta, trachea, diaphragm, and the 
blood vessels of the abdominal region can be observed. The heart, trachea, and bronchial tree can 
be visualized, while the abdominal region vessels, lungs, diaphragm, aorta were deleted (B). In (C), 
a high magnification image of the heart without (a transversal cut was taken) the main vessels 
appears, in which it is possible clearly to distinguish the ventricular cardiac walls and the 
atrioventricular valves. 

Furthermore, medical students or clinicians, through different filters, can analyze 
specific structures, for instance, the vascular or innervation course of a specific anatomical 
district; in this regard, users can highlight with different colors a particular vessel or nerve 
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be identified and distinguished, as shown in Figure 3, where, for instance, the abdominal 
aorta and celiac trunk can be observed. 

Figure 2. Thoracic region (A) of Asian adult man: lungs, heart, aorta, trachea, diaphragm, and the blood vessels of the
abdominal region can be observed. The heart, trachea, and bronchial tree can be visualized, while the abdominal region
vessels, lungs, diaphragm, aorta were deleted (B). In (C), a high magnification image of the heart without (a transversal
cut was taken) the main vessels appears, in which it is possible clearly to distinguish the ventricular cardiac walls and the
atrioventricular valves.
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Figure 3. Vascularization of abdominal region. The abdominal aorta and the celiac trunk are green 
counterstained. In the inset, the celiac trunk can be observed at a higher magnification. 
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For all these advantages, several reports demonstrated that Anatomage represents a
fundamental teaching resource for anatomical learning, with the aim to be considered a
complementary tool in supporting the medical education process [30–32]. Moreover, its use
could appear essential for students in the clinical years of medical undergraduate training,
which have already shown positive outcomes in reviewing gross anatomy (the learning
of which is restricted to the first and second year of a medical academic track) through
innovative methods, such as videoconferences or virtual tools [33].

One report demonstrated that the majority of medical students of Ethiopia University
was particularly satisfied with learning medicine using this touch screen table [34]. This
finding was then confirmed by Bin Abdulrahman and coworkers [35], who performed
a cross-sectional study on medical students of the first year of Saud Islamic University,
collecting a broad consensus on the use of the anatomical table for learning. Furthermore,
this study suggests that the virtual reality-based computer technology is more effective
than the traditional method in the learning of anatomy, since the users can understand in a
3D way the size, position, and relationships of organs, vessels, nerves, and muscles [35].
Therefore, Anatomage is an excellent virtual system with which to learn 3D realistic
anatomy, allowing the exploration of, with high resolution, all anatomical districts, playing
a crucial role not only for medical student education, but in the radiological and surgical
fields, as well. Its use could help young medicals to understand different pathologies
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and to practice on a virtual cadaver. Thus, it represents an adjunct value for surgeons,
who can observe and discuss surgical cases and can more easily propose the appropriate
strategy. Finally, the Anatomage Table could represent a huge opportunity for other
health disciplines with the aim to improve the knowledge of anatomy and to enhance
the student’s long-term knowledge retention. In this regard, Narware and Neumeier
described the success obtained from the use of virtual tables for nursing students at Canada
University; for these students, cadaveric dissection is not expected [14].
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central nervous system were made transparent by appropriate filters.

3.2. Anatomage in Clinical Practice

Several data encourage the use of the Anatomage Table from students, who through
this tool have the possibility to virtually dissect a digital, life-sized human cadaver and
understand organ alterations [2,36]. Knowing the anatomical variations is crucial for
medical student education [37]. Some variations are already easily detectable in dissecting
cadavers, on organs such as the stomach and the brain. The loaded Asian female dissecting
Asian female cadaver suffered from gastric cancer and presented respiratory impairment,
conditions that caused her to die. These cadavers, however, may present other variations
that are not immediate and that require a careful study of specific anatomical regions to be
identified. Some researchers analyzed and studied the cadavers loaded on the Anatomage
Table to investigate and describe their anatomical variations. For instance, the Caucasian
male cadaver shows a rare alteration in the localization of the marginal mandibular nerve
in the mandible region [38], which appears deeper than the facial vessels. Usually, this
nerve, which is a branch of the facial nerve, runs superficially to the facial artery and vein
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in proximity of the inferior border of the mandible [38]. This rare alteration appears to be
of great relevance and suggests particular attention in submandibular approaches to the
neck and facial skeleton.

Furthermore, Panagouli and co-workers [19] demonstrated that the Asian female
cadaver with gastric cancer has an unusual bilateral duplication of the suprascapular vein,
which, usually crossing the back triangle of the neck, enters in the external jugular vein [39],
and it is accompanied, along its course, by the suprascapular artery. Both blood vessels
are localized over superior transverse scapular ligaments which form a foramen, in which
pass the supravascular nerve. The Asian female cadaver shows two supravascular vein
branches which drain in the subclavian vein. One branch is localized together with the
scapular artery over the scapular ligaments; the other one passes under the same ligaments,
accompanied by the supravascular nerve [19].

More recently, Al-Redouan and Kachilik [40], analyzing the supravascular vein alter-
ation of the same female cadaver, suggested that the variation identified by Panaugouli and
collaborators is not unusual, but rather common. It is, therefore, important to underline
and identify the anatomical variations that characterize the cadavers loaded on the virtual
table, since these human bodies are accessible all over the world [40], and anatomical
variation discovery can reveal new scenarios to anatomical knowledge, which is useful for
preventing surgical injuries during procedures.

Another application of the Anatomage Table is maxillofacial surgery, the knowledge
of which is crucial for the assessment of several benign and malignant conditions of the
head and neck districts. Similarly, medicals observed an odontogenic keratocyst by means
of the Anatomage Table. This neck lesion was easily detected by students, who could ap-
preciate and study it through different cuts (sagittal, axial, and coronal) and, consequently,
investigate and explain the proposed surgical intervention [36]. Moreover, Brucoli and
collaborators [20] loaded DICOM images of unilateral orbital floor fractures on Anatomage.
This allowed young surgeons to recognize with higher definiteness anatomical dissection
images in comparison with computed tomography scans, both in the preoperative and
postoperative stages [23].

Furthermore, one study detailed the utility of the Anatomage Table to carefully identify
an extranodal extension of a cervical lymph node metastasis [41]; the authors demonstrated
that the Anatomage images showed a higher percentage of similarity with histopathological
examinations than the computed tomography scans and magnetic resonance images [41].

The Anatomage Table can be considered a complementary system in implantology
practice, as well. Three-dimensional cone-beam computed tomographies of jaws were
converted into DICOM format and can be observed on Anatomage, where it is possible to
measure the bone height and thickness where implants were necessary. Thus, alveolar bone
morphological characteristics and anatomical variations (nasal fossa, mandibular canal,
mental foramen, and sinuses) could be carefully detected, which allowed to specialize the
surgical implant [42].

Furthermore, the Anatomage Table could find application in the study of morpho-
logical parameters according to sex or race, with potential application in anthropological
or anthropometric studies. In particular, morphometric analyses can be carried out, and
they appear useful to define somatic characteristics of a specific population. One study
analyzed, through the virtual table, the temporomandibular joint in Chinese adults with
normal occlusion and harmonious skeletons. The data obtained revealed a wide inter-fossa
and inter-condyle distance and the existence of asymmetries between the right and left
mandibular condyles: morphometric parameters which the authors demonstrated to be
characteristic of the Chinese population [43].

3.3. Anatomage Table Utility during the COVID-19 Pandemic

The coronavirus SARS-CoV-2 infection represents a serious epidemic disease that
causes human death by inducing a severe, atypical pneumonia known as acute respiratory
distress syndrome. This symptomatology can also be characterized by some systemic
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complications, which can include dysfunctions in the cardiovascular [44,45], renal [46,47],
hepatic [48,49], gastrointestinal [50,51], and central nervous [52,53] systems. This latest
coronavirus disease, called COVID-19, started in Wuhan, China, and diffused in the world
because of its high virulence [54]. Moreover, its transmissibility is very fast and happens
primarily through aerosol droplets [44,54]. Being such a contagious virus, it has forced
people into lockdown periods, compromising medical education and limiting the access to
practical exercises.

However, some pedagogical practices are indispensable to reach a complete knowl-
edge of anatomy [8,29]. One of these is dissection [8], which, as reported above, is recog-
nized as an exclusive and necessary teaching and learning practice of medical curricula.
Therefore, it would be unthinkable to interrupt medical training during a long pandemic.
In this regard, technological resources can be considered a valid alternative for the teaching
of subjects, such as histology, anatomy, and physiology, that are essential for a medical
career [55]. The COVID-19 pandemic has remarkably influenced teaching and learning
activities across the world, where medical students followed their anatomical lessons
through online systems, and, as a consequence, in most academic medical schools, dissec-
tion has taken a backseat [56]. In this scenario, the Anatomage Table could represent a valid
resource that allows, through an online platform, to learn dissecting gross anatomy during
a pandemic period. In this regard, a study demonstrated its crucial role in discussing
plastic surgery topics during the COVID-19 lockdown. During the pandemic, a reduced
number of surgical interventions have been performed, and the Anatomage Table allowed
the continuation of surgical training activities, since it can be combined with a software
called Touch Surgery, available on tablets or smartphones [57].

This potentiality of Anatomage in achieving learning objectives during the lockdown
is supported by another study performed on medical students of the Africa School [58].
Here, the virtual table was deployed to facilitate the effective teaching of anatomy and
related basic medical science. Both studies [57,58] suggest that technological investment in
Anatomage appears to be an important strategy for academic schools or institutions, which
could easily adapt to alternative learning models during emergencies. However, even
if these anatomical exercises based on distance learning appear valuable in a pandemic
period, we must not forget that a physician should develop important virtues, such as
courage, empathy, and compassion, which one can only learn through attendance of an
anatomy laboratory [59]. Moreover, the use of educational virtual platforms, such as online
lectures, prerecorded lectures, and prerecorded laboratory dissection videos, highlighted
a certain degree of dissatisfaction of medical students, who have also showed a decline
in educational performance, demonstrating how in-person teaching is still fundamental
for medical careers [60]. On the other hand, in the Edimburg University, the experiences
of teaching anatomy online, documented by Kelsey and coworkers, collected a positive
consensus as an interesting and valuable experience [61]. Therefore, to date, there are
controversial opinions on e-learning in anatomy. Certainly, the Anatomage Table, in our
opinion, became an important device, useful in recognizing online 3D anatomical structures
and their localization, during the COVID-19 lockdown, when dissection practice sessions
were suspended or reduced.

Furthermore, the Anatomage Table proved to be useful in the diagnosis of COVID-19.
To date, the detection of nucleic acid in nasal and throat swab samples is the diagnostic
method for COVID-19 detection, and its confirmation is based on RT-PCR (real-time poly-
merase chain reaction) with a sensitivity of 75% and 95% for both sampling procedures [62].
Nevertheless, RT-PCR diagnosis showed some limitations due to sensitivity, sample trans-
portation, the time required for gene amplification, and other factors. Some researchers then
demonstrated that computed tomography scans without the injection of the contrast agent
allow a rapid screening of the virus with a high sensitivity, about 98% [63,64]. Therefore,
computed tomography scans could represent an alternative method in the early detection
of COVID-19 pulmonary manifestations [64]. The lack of knowledge about the effect of the
virus in the various organs, in particular the lungs, stimulated researchers to improve the
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2D computed tomography scan, reconstructing it in 3D through the Anatomage Table. The
authors performed this 3D reconstruction, comparing patients with a negative RT-PCR and
normal computed tomography images with those that presented a positive RT-PCR and
abnormal scan images. Anatomage allowed to obtain 3D unventilated lung volumes that
appeared reliable and accurate for the diagnosis. In this way, Hasni and coworkers [62]
showed that in COVID-19 patients, it is possible to distinguish the virus manifestations
and the stage of disease, and propose the appropriate protocol. Moreover, the virtual
table allowed to evaluate the therapeutic protocol efficacy through the comparison be-
tween 3D reconstructions of RT-PCR-positive patients before and after pharmacological
treatment [62].

4. Conclusions

The data analyzed so far show that the virtual table has numerous strengths that
exceed the critical issues of the instrument, as schematized in Figure 5.
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Figure 5. Anatomage Table strengths (yellow) vs. weak points (light blue).

The real limit of Anatomage is related to the high cost due to restrictive licenses and
expensive hardware, and another important point of weakness is the lack of children
cadavers, which restricts application fields by excluding pediatric training. Its use exceeds
the ethical and bureaucratic limits on which the cadaveric dissection depends. Dissection
is characterized by some limitations in the human body donor program, and to ensure the
autonomy of these potential cadaver donors, an adequate informed consent process must
be carried out for ensuring that the bequest is a completely voluntary-based decision [11].
In addition, dissection on cadavers is considered, at first glance, a stressful experience that
causes a wide range of symptoms among medical students, such as difficulty breathing,
palpitations, and nausea [65,66]. These symptoms are associated with the strong odor
caused by chemical substances used in the prevention of tissue decay and with the aim to
kill potential pathogens [67]. All these limitations can be overcome using the virtual table,
which can be considered a complementary device to dissection practice.

Therefore, these findings underline that the Anatomage Table plays a crucial role in
the Medical Academy as a user-friendly touch screen table, extremely useful for medi-
cal students to learn gross human anatomy and to acquire familiarity with surgical ap-
proaches [68,69]. It is a potential tool for understanding organ variation during normal and
pathological conditions [7]. It is essential for the educational training of students and clini-
cians, since 3D reconstruction proved its great interest in disease diagnosis, prognosis, and
pedagogy, as demonstrated in the 3D reconstruction of the lungs [62]. Finally, this learning
technology could result crucial during exceptional circumstances, such as pandemics, since,
even if remotely, it allows to implement the teaching of anatomy on virtual dissecting
cadavers, with positive outcomes in anatomical knowledge and in clinical practice.
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