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ABSTRACT 

Objective: To assess the effect of using a 3D atlas on academic performance and compare it with the use of power point 
presentations during online lectures for gross anatomy of the head. 
Study Design: Comparative prospective study. 
Place and Duration of Study: Department of Anatomy, Dental College, Heavy Industries Taxila Education City Institute of 
Medical Sciences, Taxila Pakistan, from Jun to Jul 2020. 
Methodology: Forty-nine students from first year BDS were selected through nonprobability convenience sampling. They 
were assigned to two groups, A and B comprising of 25 and 24 students respectively. Group A was taught gross anatomy of 
head region via Zoom lectures employing a digital three-dimensional anatomy atlas application (Visual body, 2019). Group B 
was exposed to only two-dimensional pictures through presentations during their lectures. Ten teaching sessions were 
conducted with post session MCQ based assessments. One comprehensive assessment was conducted at the completion of the 
region. Results were compared for both groups. 
Results: The mean scores for three of the post session assessment tests were higher for group A (15.72 ± 2.03, 15.28 ± 2.79,   
16.92 ± 2.13) as compared to that of group B (14.64 ± 3.42, 13.66 ± 3.00, 15.04 ± 3.01) (p<0.05). Similarly, the mean score for 
comprehensive assessment for group A (35.36 ± 6.02) was also more than that of group B (31.41 ± 6.88) (p<0.05). 
Conclusion: Three-dimensional viewing of structures led to better academic performance as compared to that of presentations 
with two dimensional pictures. 
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INTRODUCTION 

Anatomy is one of the oldest disciplines of medi-
cine and its sound understanding is considered essen-
tial for all health care professionals.1 This is because; 
recognition of anatomical relations is indispensable    
for successful execution of procedures and diagnosis in 
clinical settings.2 Being a fundamental discipline, Ana-
tomy is taught as a major basic subject during the first 
and second years of Medicine (MBBS) and first year    
of dentistry education (BDS). However, a decline in the 
knowledge of anatomy has been reported frequently 
and physicians find their learning inadequate to apply 
in clinical settings.3 Many students consider it a comp-
lex subject with content overload and inability to rem-
ember anatomy knowledge in the long-term. This may 
be because conceptual understanding of anatomical 
structures also requires visualization and is a prereq-
uisite for learning Anatomy. It has been seen that 
without exposure to special concept, learning of this 

essential subject is challenging for students as well as 
clinicians.4 Traditionally cadaver dissection was con-
sidered adequate to develop this spatial orientation of 
structures. However recent curricular modifications, 
ethical considerations and lack of availability is mak-
ing this once considered essential resource less feasi-
ble.5,6 

Currently main resources used to learn Anatomy 
include plastic models, lecture notes, power point pre-
sentations and textbooks. Although these resources are 
indispensable to gain knowledge, studies show that   
3D online atlases could further aid to develop concepts 
of anatomical relations.7,8 Moreover, learners less adept  
in spatial interpretation find it difficult to learn solely 
from two-dimensional resources like text books4. Plas-
tic models are a good option to study anatomy in 3D, 
however, good quality and detailed versions of these 
are expensive and have limited availability. Inadequate 
spatial comprehension may compromise retention of 
the knowledge of anatomy in senior students and clini-
cians.9 To address this, academicians has been focusing 
to improve existing methods to learn Anatomy.10 
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Furthermore, recent shift of medical education          
to online learning due to current COVID-19 pandemic 
has especially challenged teaching of anatomy. In abs-
ence of on campus available resources students have   
to rely on textbooks and online presentations. Under 
these circumstances, it is even more urgent to inves-
tigate and develop novel methodologies, which can 
enhance learning of this fundamental discipline. 

In view of the aforementioned, a plan was devi-
sed to investigate and compare the academic scores of 
students who used 3D atlas and those learning throu-
gh digital lectures during online zoom lectures. Results 
of this study may help to inform future decisions to 
incorporate 3D learning tools for anatomy. 

METHODOLOGY 

A comparative prospective study was carried    
out at the department of Anatomy, Dental College, 
HITEC-IMS, from June to July 2020.  

Inclusion Criteria: All the  first-year students enrolled 
in the Bachelor of Dental Surgery Cou-rse (BDS) were 
invited to participate in this study.  

Exclusion Criteria: Any student with documented 
medical history of vertigo was excluded from the 
intervention. 

Sample size was calculated by using open Epi 
calculator with confidence level at 95%, power of test 
at 80% group 1 mean ± SD=24.1 ± 4.26 and group 2 
mean ± SD=30.96 ± 6.23.6 Our sample size was 49 and 
students were assigned randomly into two groups: 
experimental group, A (n=25) control group B (n=24). 
The project was approved by the Institutional review 
board of Dental College, HITEC-IMS, Taxila (Ref No. 
Dental/HITEC/IRC/1/5). Research was conducted at 
the Department of Anatomy, from June to July 2020. 
All students gave their consent to be part of this 
research. 

The research was conducted during the months    
of June and July when the campus was closed due to 
social distancing requirements of COVID-19. The sylla-
bus included topics, which were to be covered during 
that module comprising of gross anatomy of the head 
region, brain, and cranial nerves. Learning objectives 
were covered in ten teaching sessions. Teaching was 
conducted through live classes on an online platform 
(Zoom). Content, tutors and assessment criteria remai-
ned the same for both groups. Each session lasted for 
approximately two hours. Topics were 3D human 
body atlas (Visual Body 2019),11 was used to show spa-
tial view of the structures to the students in group A. 

Instructors shared the screen with the students and 
manipulated the images to show multiple views and 
angles of structures (Figure). The 3D images were rota-
ted as well as virtually dissected with adding and sub-
tracting layers. Text information was also accessed th-
rough the application. For group B, live lectures were 
delivered using power point presentations and only 
2D images of structures were shown to the students. 

Both groups were assessed for their knowledge 
immediately after each session. These ten post-session 
assessments comprised of MCQ’s. Both recall and cog-
nition were assessed through the items. Google quiz 
was used as a platform to conduct these assessments. 
For both groups, the items were the same, but they 
were arranged in a random order for each participant. 
Three types of items were included in the exam. First 
type of questions required the students to name the 
structures and were included to examine the spatial 
memory through recall, the second type assessed the 
spatial knowledge through their reasoning capability 
and visuospatial cognition. Third type of questions 
were mixed assessing retention as well as deductive 
ability. 

At the end of completion of all sessions a compre-
hensive MCQ based exam was conducted to assess 
long term retention and knowledge. MCQ’s were inc-
luded from learning objectives covered during all ten 
sessions. Mean scores for post session and comprehen-
sive exams were compared for both groups A and B. 

Demographic information was collected. Data 
was analysed through Microsoft Excel (2013). Mean 
and standard deviation were calculated. Independent 
samples, t-test was used to compare the academic per-
formance of both groups. Statistical significance was 
considered at p≤0.05. 

 
Figure: Select gross anatomy of head, brain and cranial 
nerves, Human Body atlas (Visible body 2019). 
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RESULTS 

A total of 49 students participated in this study. 
Males were 6 (12%) and 43 (88%) were females. All 
students were from first year BDS. The mean scores for 
post session assessments conducted at the end of each 
session were more in 3D exposed group A as compa-
red to 2D presentation exposed group B. In three out of 
a total of 10 post session assessments the mean scores 
were significantly higher in group A (15.72 ± 2.03, 
15.28 ± 2.79, 16.92 ± 2.13) when compared to mean 
scores of group B (14.64 ± 3.42, 13.66 ± 3.00, 15.04 ± 
3.01) (p<0.05) (Table-I). 

Similarly, the mean score for comprehensive 
assessment conducted at the end of region assessment 
was also statistically more for group A (35.36 ± 6.02) as 
compared to that of group B (31.41 ± 6.88) (p<0.05) 
(Table-II).  

DISCUSSION 

The is one of the first study in this region which 
compared the academic achievement of student groups 
exposed to 2D teaching methodology and 3D atlas 
application through online Zoom classes. 

 The results demonstrate that use of 3D anatomy 
atlas was beneficial and led to better academic perfor-
mance of the participants as compared to those who 
were taught using 2D resources. The scores were hig-
her in both post session assessments as well at the end 
of region assessment. This shows that learning and 

retention of anatomical knowledge was increased in 
short term as well as long-term. 

These results are in concert with a number of 
previous studies with similar findings. For example 
study conducted by Faria et al, in São Paulo concluded 
that group exposed to 3D learning methods performed 
considerably well on test as compared to those who 
attended traditional lectures with 2D presentations 
(6.45 vs 4.35 on a scale of 0-10; p<0.05).12 In another 
study by Agbetoba et al used a methodology in which 
the students utilized a tool to draw 3D boxes on anato-
mical structures. They showed that 89.3% of students 
benefited from this software to understand better13. 
Although most of the studies agree that 3D resources 
help to develop spatial orientation a few researchers 
also contest these findings. Brewer et al concluded that 
academic performance did in improve in students who 
used a 3D brain model compared to those who utilized 
2D images to learn (23.5% and 22.3% respectively; p= 
0.95; scale 0-100% ).14 Contrary to our results, Donnelly 
et al, reported better academic performance in students 
exposed to 2D methods as compared to 3D resources.15 
Hassinger et al, had similar findings.16 However, these 
studies were regarded as relatively low quality in a 
metanalytical review by Triepels et al.17 Triepels et al, 
confirmed that most studies documented better under-
standing and academic performance by utilizing 3D 
modalities of learning. 

This improvement of Anatomy understanding 
through 3D teaching methods could be attributed to a 
number of factors. For example, it has been shown that 
brain perceives 2D and 3D models differently. Ander-
son et al, compared electroencephalogram of students 
observing 2D and 3D structures and observed higher 
amplitude during observation of 3D structures. This 
led to their conclusion that learning through 3D facili-
tates recognition. This additional cue may have given 
the students an advantage in our study and other 
similar studies leading to better comprehension and 
retention of anatomical facts.13,18 

Another factor which might have played a role in 
better spatial conceptualization of structures in 3D is 
the cognitive load. This load has been shown to be 
lower while learning through 3D resources as com-
pared to 2D learning. Roettl compared cognitive load 
among three different groups and documented that      
it was lowest under 3D conditions as compared to 2D 
and virtual learning groups.19 According to cognitive 
load theory intrinsic cognitive load is necessary effort 
that the individual puts in to concentrate and learn 

Table-I: Comparison of post session exam score between 
group A (3D atlas exposed) and group B (2D power point 
presentations exposed). 

Post 
Session 
Exams 

Group A (n=25) Group B (n=24) 
p- 

value 
Mean Scores ± SD 
(Total marks=20) 

1. 14.28 ± 3.16 12.83 ± 2.77 0.09 

2. 14.68 ± 2.51 13.70 ± 1.80 0.12 

3. 15.72 ± 2.03 14.04 ± 3.01 0.02 

4. 15.28 ± 2.79 13.66 ± 3.00 0.05* 

5. 15.52 ± 2.77 14.12 ± 2.47 0.06 

6. 14.52 ± 2.38 14.45 ± 3.01 0.93 

7. 14.16 ± 1.74 14.08 ± 2.55 0.90 

8. 16.92 ± 2.13 15.04 ± 3.01 0.01 

9. 15.84 ± 2.13 15.12 ± 2.90 0.33 

10 15.76 ± 3.11 14.33 ± 2.21 0.07 

Table-II: Comparison of cumulative exam scores between 
group A (3D atlas exposed) and group B (2D power point 
presentations exposed). 

Study 
Groups 

n 
Mean Score 

(Total marks=50) 
Std. 

Deviation 
p- 

value 

A 25 35.36 6.02 
0.03 

B 24 31.41 6.88 
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while extrinsic load is modulated by the instructional 
techniques20. For example, during traditional teaching 
visual overload is experienced when students are 
shown text and images on slides without adequate ex-
planation to understand the information. To compreh-
end the observer must mentally reconstruct and rotate 
images to understand its spatial relations. This increa-
ses the extraneous cognitive load considerably decrea-
sing the available space in working memory for intrin-
sic load. Adequate intrinsic load is necessary for lear-
ning and its replacement with extrinsic cognitive load 
will decrease academic performance.20 Availability of 
3D rotatable images not only decreases cognitive load 
but also improves interpretation of anatomy in all dim-
ensions. Literature shows that a decreasing cognitive 
load result in better performance.17 Less cognitive load 
may be one of the reasons for significantly better acad-
emic scores of students exposed to 3D anatomy in 
group A. 

Another reason for higher academic achievement 
in 3D atlas exposed group (A) may be due to the novel-
ty of this learning methodology. There is evidence that 
a new teaching method piques the interest and curio-
sity of the learner.21 Use of 3D atlas in this study may 
have generated more involvement and attentiveness   
in participants of group A as compared to those who 
were subjected to lectures with routine 2D images.  

With advancement of medical informatics, limita-
tions of cadaver-based learning and decrease in tea-
ching time, computer-based 3D resources can provide 
an alternative, which is feasible, fosters learning and    
is effective. In recent years there has been a focus on 
development of resources which allows opportunity to 
visualize structures and dissect them virtually.22 Al-
though many anatomists still support learning through 
cadaver dissection, associated problems with it are a 
major concern.6 Moreover, the flexibility and cost effi-
ciency of online learning through 3D resources is well 
documented with positive feedback from the students. 
22 The students can visualize, and toggle various 
structures and the applications allow them to get exp-
lanations of clinically relevant anatomy instantly. Al-
though the tactile sensations associated with live dis-
section are missing during use of this software app-
lication, it is interactive, allows students freedom to 
choose views, and provides autonomy to add or re-
move layers of structures offering virtual dissection 
experience (Figure). 

The anatomy teaching in Pakistan has been pre-
dominantly traditional and on campus. Present crisis 

due to COVID-19 led to a sudden transition from cam-
pus to online teaching23. Building spatial concept thr-
ough online teaching was a challenge especially for      
a subject like anatomy. Our study shows that use of   
3D atlas can be a feasible addition to existing learning 
methods and can address some of the challenges 
presented due to lack of on campus resources. It has 
also shown that live online platforms like zoom can be 
used successfully to enhance spatial learning through 
use of 3D atlas applications for anatomy. The results 
also suggest that 3D atlas may enhance learning and 
use of this methodology may not only help to over-
come difficulties presented due to present pandemic 
but may also pave the path for a sustainable system 
which could be incorporated in regular curriculum as 
an additional system to existing teaching methods. 
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CONCLUSION 

Use of 3D atlas application to teach students led to 
better academic performance as compared to those taught 
through presentations with 2D images. Zoom is an effective 
and feasible platform to use atlas application during online 
classes. This novel method could be an effective and sustain-
able teaching tool in the short term as well as long term.  
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