Yong Loo Lin School of Medicine GLOBAL 2022

Department of Anatomy .).V(. bluenotes
o~

{%E National University
of Singapore

Impact of Virtual and Cadaveric Dissection
on Medical Students’ Learning and Perceptions of Human
Anatomy — A randomized control crossover study

Dr. Satish R.L,, Department of Anatomy, Yong Loo Lin School of Medicine, National University of Singapore

Co-Contributors: Lin Mingwan, Sujashree YV, Ang Eng Tat, Safirah Banu, Ti Lian Kah, Derrick Lian,
Sreenivasulu RM, Sara KR, Jayabharathi K, Chandrika M, Sim Li Fan, Liu Pai, Deepika K, Ting Hong W ong,
ST Dheen, George WC Yip

NUS MEDICINE

ANATOMY e oplorsnce.  blusngres



Traditional Methods of Teaching & Learning Anatomy

Cadaveric Dissection Anatomy Museum Plastinated Specimen
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Newer Methods of Teaching & Learning Anatomy

Anatomages a lifesize virtual human bod

based on the crossectional images of
donated bodies. A touch screen interacti
device with accurate real human anato

The most technologically advanced anata
visualization and virtual dissection
equipment.

It also has a virtual library of 3 Dimensio
human organs & anatomical regions

constructed from CT & MRI scans of rea o ‘

patient data. (Giant iPad) Ana_lggmgge
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Studies involvingnatomage

A study conducted iRase Western Reserve University School of Medicine, Cleveland, Ohiq2019)
found thatstudents showed more enthusiasm in learning using Anatomage , & that t may be an
equivalent fo cadaveric dissection . However, it hacsmallsample size (n=16), possible selecttidams

A study conducted imm Al-Qura University, Makkah, Saudi Arabia (2027) found that students showed
that manystudents favoured the use of Anatomage fogether with cadaveric dissection for the
learning of Anatomy as it allowed and enhanced active learning. 89% of the participants felatbaitage
allowed for agood visualisation of anafomical structures . However, their studydid not evaluate and
compare the performance of students performing a virtual dissection vs a cadaveric dissection

A study conducted iujarat Adani Institute of Medical Sciences, Bhuj, India (2077) found that
Anaftomage was equivalent fo cadaveric dissection for the learning of Neuroanafomy as it

allowed for a3D visualisation of anafomical structures . However, their studydid not evaluate the
use otApatomaqgdor learning of other regions of the body.
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Literature Gap

There islimited research on how effective theAnatomages for the study of Human
Anatomy in the medical curriculum in terms of knowledge acquisition.

Most studies didhot evaluate théAnatomagdrom the student’s point of view using a
validated survey instrument.

Furthermore, most studiedid not compare the use o€adaveric andVirtual dissection.
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Purpose

» Comparestudents’ objective outcomes of Pelvic & Brain anatomy
betweencadaveriddissected / prosected) specimens, @&mhtomage

> Evaluatestudents’ perceptions of learning human anatomy with these two
teaching and learning tools in terms of perceived:
(i) learning satisfaction, (ii) selfficacy, (iii) humanistic values, & limitations of the tools.

Hypothesis
Given that virtual dissection is easy to use and better at visualizing body parts in three
dimension, we hypothesized that the students of virtual dissecioatomage will perform
better both in objective and subjective outcomes as compared to the cadaveric dissection
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Anatomical Region of Study |

(St uctures o td of the cerebm e labeled in tl )

Precentral gyru: Postcentral gyru:

Deliberately chose:
» Gross Anatomy of the Pelvis & Perineum by .
» Gross Anatomy of the Brain /5—/ e l\

Why were these regions chosen? % e
Challenging and Complicated "; s — ..

Requires visuospatial understanding

Fifth lumbar vertebra —— S 5 - H Sigmoid mesocolon

Recognition and appreciation of anatomical
relationships from a 3 dimensional perspective. =

YV YV V

Study conducted itwo sessions (morning and B
afternoon) based on anatomical region pe——. e .

Central tendon of perineum 2 Pampiniform plexus
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n=24
=48
n=24

Methodology

Morning Session

Gross anatomy of the Pelvis

and Perineum

Control Group
Prosected specimens

Pre-Test

Group A

Post-

Test

Interventional Group
Virtual dissection using
Anatomage table

Group B

%
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Afternoon Session

Cross sections of the
Brain

Control Group
Cadaveric dissection

Pre-Test

Post-Test

Interventional Group
Virtual dissection using
Anatomage table
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Flow Diagram of the Overall Methodology
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Demographics and Timeline of the Study

Time Activity
43 Year1 undergraduate medical 9.00AM - 9.20AM Pre-Test MCQ (10 Questions)
students (MBBS): . — : :
9.20AM - 10.20AM Virtual Dissection and Prosected Specimen Practical
» 17 Male 10.20AM - 11.00AM Post-Test MCQ
> 26 Female 11.00AM - 11.10AM Pelvis & Perineum Survey
> Age: 19 to 22 12.00PM - 12.20PM Pre-Test MCQ (10 Questions)
12.20PM - 1.20PM Virtual Dissection and Cadaveric Dissection Practical
1.20PM - 2PM Post-Test MCQ
2PM - 2.10PM Brain Anatomy Survey
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Pre-Test

Pl'e _T e St 7. Identify Area X in the image below.
Conductedbefore commencement of Practical Session . @
10 MCQs with 5 Options, (20 Minutes) s o

Direct-recall Questions (Majority Qs Levdl Bloom’s Taxonomy)

Pu r.pose , ) 6) Identify t};e structure indicated by the letter X.
Estimate student’baselinéknowledge of: —
. . .  Au itory co| X
(i) Anatomy of the pelvis & perineum 5 i
(i) Anatomy of the brain. B ey
*No feedback and answers provided to the students on their
pre-test performance.
* Exam like conditions o
' Cerebellum
' Parietal lobe
e Occipital lobe
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Self-learning
Students given learning tools based on group allocation:

(i) PelvisPerineum Mid-sagittal & Axial section (male/female)
(i) Brain : Axial, Coronal and Sagittal Sections

(iii) AnatomageTable

Practical Handouts with learning objectives + clinical relevance
» to guide dissection ( virtual \ cadaveric)
» details on what structures they could identify in:
(1) Pelvis & Perineum
(i1) Brain
Duration:
- 15 mins given for students to get familiar with tHeols or
equipment prior to the self learning session
- 60 mlnutes of self learning using learning resources provided
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Post-Test

7. Identify Area X in the image below.

Post-Test oy < /\
Conductedafter the selflearning session /& L 0] S0
10 + 10 MCQs (40 Minutes) 4 «;a
Order of Pre-Test MCQs including options wershuffled S f\’\

6) Identify the structure indicated by the letter X.
; Sensory cortex X
Auditory cortex
= o Visualz};nex

Purpose- © Motor speech area

To evaluate if the students gained new anatomical i

knowledge following the seléarning session
' Frontal lobe
o Temporal lobe
© Cerebellum
© Parictal lobe
e Occipital lobe
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Post-Test also included 10new” MCQs

A patient who has sustained a fracture to the middle cranial fossa following a fall from a
height, might have any of these nerves injured EXCEPT: *

10 new Post -Test MCQs
Applicatiorbased Questions (Level 3 Bloom’s Taxonomy)

Infection may spre
fibres pass from tl
I u r ose - The image on the left is a normal MRI of the brain. The image on the right shows some
O cribriform plate of pathology. which of the following is likely to be affected in this patient? *
O F
1. To investigate if théAnatomageor Traditional methods

helped with the application of anatomical knowledge
rather than a mere identification of the structures.

2. To avoid sensitizing students to test questions and
minimize recall bias

O Proprioception

Source: MCQ Questions were adapted from the University of Michigan Medical School BufeAink
(Dr. KathleenAlsupandDr. Glenn Fox).
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Survey

Online survey form consisting tivo Components

1=Strongly Disagree 5=Stronghgree Total two Questions
Total O_f _20 Questions, | 1. Strength & Weakness of Learning Approach
Comprising of four Sections 2. Area of Improvements / Suggestions

1. Learning Satisfaction (n=8)

2. Humanistic Values (n=4)

3. Selefficacy (n=6)

4. Limitations of learning tools (n=2)

Survey instrument: Chandrasekaran,Radzj S., Kai, P. Z., Rajalingam R&tgansJ., & Mogali, S. R. (2021). A validated
survey instrument measuring students' perceptionsptastinated& three dimensional printed anatomy tools. ASE.

NUS De ‘.v UNIVERSITY OF &, s
m partment of Anatomy 5, A bluenotes t Lexplorance. notes
_ Yong Loo Lin School of Medicine )‘,‘.( GLOBAL 2022 LOUISVILLE * p Fucess




Data Collecton ==  Data Analysis

A. Demographics
- Age Descriptive statistics

- Sex

- Year of Study in Medical School

Student’s T -test: compare Test scores between groups
Hedges' g: to measureeffect size of learning.

- Pretest score Hedges’ g used due to small sample size.

- Posttest score Medium effect size: 0.5 to 0.8
Large effect size: greater than 0.8

B. Pre-test, Post -test

C. Survey:

- Likert scale Descriptive statistics

-  Freetext comments
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Learning gain following an intervention

Gross Anatomy of Pelvis & Perineum

Pre Test Post Test (10 same Qn) Hedges' g
Group M SD M SD
Anatomage 77.0% + 16.8% 83.0% + 14.5% 0.538
Prosected Specimen 74.1% + 14.7% 86.4% + 10.9% 1.340

Gross Anatomy of the Brain

Pre Test Post Test (10 same Qn) Hedges' g
Group M SD M SD
Anatomage 75.9% + 13.0% 81.4% + 9.9% 0.669
Cadaveric Dissection 75.2% + 16.3% 84.3% + 11.6% 0.903

Comparisons of test scores within groups

Mean scores: Students performed better in Poedtest than in Prelest.

Hedge’s G: larger effect size for Prosected Group and Cadaveric Group compardsh&omagesroup
%ENUS [onpivepisd s IR )Z( oot WG peploncs  Blughoes




Comparisons of test scores between groups

Gross Anatomy of Pelvis & Perineum
Anatomage Group (n=20)  Prosected Specimen Group (n=22)  Hedges'g  p value
M SD M SD
Pre Test 77.0% + 16.8% 74.1% + 14.7% 1.166 0.554
Post Test: 10 same Qn 83.0% + 14.5% 86.4% + 10.9% 1.665 0.399
Post Test: 10 new Qn 58.1% + 15.3% 54.0% +15.2% 1.374 0.486

There is no statistically significant difference in the test scores between Anatomage and
Prosected Specimen groups

Even though differences between {past-test score was NOT statistically significant,
the Prosected group performed better than Anatomage (when same MCQS) while the
opposite was observed for 10 brand new MCQs.
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Comparisons of test scores between groups

Gross Anatomy of the Brain
Anatomage Group (n=22) Cadaveric Dissection Group (n=21) Hedges'g  p value
M SD M SD
Pre Test 75.9% + 13.0% 75.2% + 16.3% 0.292 0.882
Post Test: 10 same Qn 81.4% +9.9% 84.3% + 11.6% 1.734 0.380
Post Test: 10 new Qn 66.8% +21.0% 70.0% + 13.4% 1.150 0.559

There is no statistically significant difference in the test scores between Anatomage
and Cadaveric Dissection groups

Even though differences betwepast-test score is NOT statistically significant,
Cadaveric Dissection group scored higher than Anatomage Group
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Learning Satisfaction
(Summary)

Learning Satisfaction Learning Satisfaction

Anatomage Group Anatomage Group

0 1 2 3 4

0 1 2 3 4 5 5

Anatomy of Pelvis & Perineum Anatomy of the Brain

g NUS

Nanioeal Unieisty
of Singapore
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I am able to visualise the anatomical

Lea rn i n g Sati Sfacti o n structurIe(:ar:"t:;:"eg ::::::Z ;sing this

This learning method made the

(Anatomy Of PeIVIS & Perlneum) anatomy subject more interesting

This learning method motivated me to
learn more.

My learning outcomes are enhanced
using this learning method.

| enjoy using this learning method.

My anatomy learning experience is
enhanced using this learning method.

Overall, | am satisfied learning
anatomy using this learning method.

This learning method is worthwhile
for learning anatomy.

#H

@ Anatomage Group (n=19) B Prosected Specimen Group (n=22)




| am able to visualise the anatomical

Lea rn i n g Sati Sfacti 0 n structur:eesaTn(:;eg :;:::Z ;sing this

(An atomy Of B ra | n ) This learning method made the

anatomy subject more interesting

This learning method motivated me to
learn more.

My learning outcomes are enhanced
using this learning method.

| enjoy using this learning method.

My anatomy learning experience is
enhanced using this learning method.

Overall, | am satisfied learning
anatomy using this learning method.

This learning method is worthwhile
for learning anatomy.

o
=
N
w
B
W

@ Anatomage Group (n=22) @ Cadaveric Dissection Group (n=21)



Humanistic Value
(Summary)

Humanistic Values

Anatomage Group

0 1 2 3 4 5

Anatomy of Pelvis & Perineum

g NUS

Nanioeal Unieisty
of Singapore

Department of Anatomy

Humanistic Values

Anatomage Group

0 1 2 3 4

5

Yong Loo Lin School of Medicine

Anatomy of the Brain
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Humanistic Value

| treated the Anatomage table with
great respect as if they were real
human cadavers.

(Anatomy of Pelvis &
Perineum)

I always treat the given anatomy
learning tools with great care to
protect them.

After learning anatomy from the
given tools, my sense of empathy is
enhanced.

Overall, my respect towards anatomy
tools has increased after this session.

0 1 2 3 4 5
@ Anatomage Group (n=22) H Cadaveric Dissection Group (n=21)

g NUS

Nasioral Unvsrsty
wrgaprs

Yong Loo Lin School of Medicine GLOBAL 2022
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H u m an IStIC | treated the Anatomage table with

Val u e great respect as if they were real
human cadavers.

(Anatomy of the Brain)

I always treat the given anatomy
learning tools with great care to
protect them.

After learning anatomy from the
given tools, my sense of empathy is
enhanced.

Overall, my respect towards anatomy
tools has increased after this session.

0 1 2 3 a 5
O Anatomage Group (n=22) @ Cadaveric Dissection Group (n=21)
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Self-Efficacy
(Summary)

Self Efficacy Self Efficacy

Anatomage Group Anatomage Group

0 1 2 3 4

0 1 2 3 4 5 5

Anatomy of Pelvis & Perineum Anatomy of the Brain

g NUS

Nanioeal Unieisty
of Singapore
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| am more comfortable identifying

structures by name and function
Self- Efﬁ Cacy using this learning method.

| feel more confident to apply the

(An atomy Of th e acquired anatomical knowledge to
PGIViS & Pe i neu m) clinical situations, while using this

learning method.

| feel better prepared tackling clinical
anatomy problems using this learning
method.

This learning method made me more
confident about my ability to self-
learn.

| am better able to recall anatomy
knowledge during the assessment
using this learning method.

My long-term knowledge retention
has improved significantly after this
research study.

@ Anatomage Group (n=19) @ Prosected Specimen Group (n=22)



I am more comfortable identifying
structures by name and function
Self' Efﬁ Cacy using this learning method.

| feel more confident to apply the

acquired anatomical knowledge to

clinical situations, while using this
learning method.

| feel better prepared tackling clinical
anatomy problems using this learning
method.

(Anatomy of the Brain)

This learning method made me more
confident about my ability to self-
learn.

| am better able to recall anatomy
knowledge during the assessment
using this learning method.

My long-term knowledge retention
has improved significantly after this
research study.

@ Anatomage Group (n=22) @ Cadaveric Dissection Group (n=21)



Limitations of Learning Tools

Limitations of Learning Tools

0 1 2

Anatomage Group

Prosected Specimen Group

3 4 5

Anatomy of Pelvis & Perineum

g NUS

Nanioeal Unieisty
of Sngapore

Department of Anatomy

Limitations of Learning Tools

Anatomage Group

Cadaveric Dissection Group

Yong Loo Lin School of Medicine

0 1 2 3 4
Anatomy of the Brain
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Limitations of Learning Tools

I did not have much interaction with
the given learning tool due to fear of
damaging it.

| feel my learning is impacted due to
the fear of damaging learning tool.

0 1 2 3 4
@ Anatomage Group (n=19) @ Prosected Specimen Group (n=22)

1 did not have much interaction with
the given learning tool due to fear of
damaging it.

| feel my learning is impacted due to
the fear of damaging learning tool.

0
@ Anatomage Group (n=22)

2 3
@ Cadaveric Dissection Group (n=21)

Anatomy of Pelvis & Perineum

Anatomy of the Brain

g NUS

Nasioral Unvsrsty
wrgaprs
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Summary of Survey Results
Anatomy of Pelvis & Perineum

Learning Satisfaction
Humanistic Values
Self Efficacy

Limitations of Learning Tools

o

1 2 3 4

@ Anatomage Group M Prosected Specimen Group




Summary of Survey Results
Anatomy of the Brain

Learning Satisfaction
Humanistic Values
Self Efficacy

Limitations of Learning Tools

o

1 2 3 4

@ Anatomage Group @ Cadaveric Dissection Group




Qualitative comments

Benefits of Anatomage Table

Number of supporting comments (%)

Encouraged individual autonomy 3 (7%)
Allowed for good visualization and identification of anatomical 16 (39%)
structures

Beneficial for knowledge retention and enforcing previously acquired 6 (15%)

knowledge (supplementary tool for learning anatomy)

Has multiple functions and pathologies in one system, promoting 8 (20%)
convenience

Enables a more efficient use of available resources 1 (2%)
Interesting tool to learn anatomy 1 (2%)
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Qualitative comments

Weaknesses of Anatomage Table

Number of supporting comments (%)

Limited number of students can use the Anatomage Table at any one 19 (46%)

time. Hinders teamwork between students

It does not sufficiently and accurately portray real-life Anatomy 6 (15%)
The images on the Anatomage Table are of poor quality 14 (34%)
There were many technical difficulties while using the Anatomage Table 10 (24%)
Not user-friendly, more time was spent on learning how to operate the 18 (44%)

Anatomage Table than learning anatomy

Not interesting to learn anatomy 4 (10%)

Students should have mastered basic anatomy knowledge in order to 1 (2%)

benefit from the use of the Anatomage Table
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Qualitative comments

Areas of Improvement

Number of supporting comments (%)

An improved interface with lesser technical glitches — less lagging and 7 (17%)
images of better quality

More guidance on how to navigate the Anatomage Table 10 (24%)
Form smaller groups 10 (24%)
Anatomage Table as a supplementary and complementary resource for 13 (32%)

learning anatomy
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Qualitative comments

Cadaveric Dissection: Prosected Specimens:

1. Strength 1. Strength
Allowed for good visualisation of anatomical || Allowed for good visualisation of anatomical
structures- 12 (57%) structures- 15 (68%)
2. Weakness 2. Weakness
Challenging to identify certain anatomical Challenging to identify certain anatomical
structures that maybe less defined in appearan{ i ,~tures that maybe less defined in
_ o

4 (19%) appearance 5 (23%)
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Strengths of our Study

Brain dissection was not part of the formal yebmedical school curriculum.

Study Design (Methodology) allows f&tudents to experience both virtual and
traditional learning approaches

Theregions selected werechallenging and complicated.

Studyevaluated both Anatomage and traditional learning approaches , allowing
for direct comparison and analysis of student outcomes.

‘'ong Loo Lin School of Medic|

NUS D * uuuuu *. S
(= &) epartment of Anatomy A bluenotes g viviesity o &explorance. _ notes
8% ')4.\( by LOUSVILLE ~ %*exp



Limitations of our Study + Potential Future Work

A small sample size could have contributed to insignificant P values. Héargsra
number of students with no formal training in Anatomy  could be recruited

Other anatomical regions could be explored

Students could bérained on how to operate the Anatomage Table  prior to its use

Specific questions to be askedéd®plore how and when to better incorporate
Anatomage into the medical curriculum

Minimise possiblself selection bias

‘'ong Loo Lin School of Medic|
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Conclusion

With regard to objective outcomesstudents’ performance were similar
irrespective of the learning methods andstudy topics.

Students hadhigher positive opinions for traditional methods compared to
Anatomagel able.

Given these finding&natomage mightNOT replace the traditional cadaveric
dissection orprosectionbut it can be avaluable supplement to the existing
methods to maximize teaching and learning of anatomy.
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Learning satisfaction: How satisfied students are with this learning method:
in terms of how interesting it is, whether it is useful?

Humanistic Value: These statements are assessing the values - in terms of empathy and

respect evoked from the learning method.

Self Efficacy: These statements are assessing how effective the learning method 1s for the
learning of anatomy - in terms of long-term knowledge retention, preparing them for future

anatomy problems.

Limitations of Learning Tools: These statements are assessing the disadvantages of the
learning methods - in terms of fear of damaging tools which hinders their learning.
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