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ABSTRACT  

  a holistic view about different topics. To acknowledge the       positive 

impact of AR in healthcare education in    Human Anatomy, a Systematic Literature Review (SLR) is presented in this article. For this article, 34 papers were chosen 
through a comprehensive procedure. As per our best knowledge, no SLR is available that gives us an extensive review in this field         of study. In this paper, we 

have presented different AR Systems and MAR applications to understand human anatomy in an interactive manner. A taxonomy diagram of the used AR techniques 

to learn human anatomy has also been presented. Different human organs and body parts taught through AR to help healthcare professionals and students have also 
been identified in this paper. 
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1. INTRODUCTION 

Augmented Reality gives an interactive experience of a 

real- time environment in which real world objects are visually 

represented via computer generated perceptual information. 

Augmented Reality is basically a superimposition of images, 

sounds over real-life scenes [1]. The majority of disease related 

research is focused on image based diagnosis [41] [42] [43]. 

Nowadays, Augmented Reality is being used in various fields 

such as medicine and healthcare, gaming, navigation, tourism, 

school education etc. Augmented Reality’s impact on the world 

is quite significant and is already on the rise. The use of AR has 

gained a lot of popularity, especially in healthcare education. 

To promote learning in an interactive way such that the 

learner is able to develop new skills and enhance his/her critical 

thinking has a great importance in today’s world. Augmented 

Reality can support interactive learning with the ability of 

displaying virtual object in the user’s world using 

smartphones, head-mounted gears etc. and this has helped the 

field of healthcare education in an immense manner. AR 

applications (ARAs) have been used by students and helped 

them immensely in learning. However, these applications have 

not been accepted as much [2] [40]. 

Recently, Augmented Reality has opened its ways in 

developing in the surgical medical training. Augmented 

Reality           provides a detailed and influential learning experience.    

Doctors can now internally examine the patient without going 

through lengthy procedures. As there are unlimited benefits 

attached with AR in healthcare education, there is a need for 

further studies and advancements in this discipline. The 

traditional teaching methods used in Human Anatomy  

 

 

 

 

are not interactive. Over the years, AR systems and applications 

have introduced a new fun way of learning anatomy and many 

studies have been conducted in this regard.  The results of an 

integrative review [7] conducted to study the current 

Augmented and Mixed Reality based healthcare applications 

included twenty-six studies and all of them showed various 

benefits while significantly outperforming traditional teaching 

techniques in 11 studies in the healthcare education sector. A 

Systematic Literature Review [44] identified studies related to 

the use of AR in learning about the human nervous system.  

This paper’s primary objective is to identify different 

AR 

     

systems and MAR applications that have helped healthcare 

professionals and medical students to interactively understand 

the concepts of human anatomy. As per our best knowledge, 

there is no SLR available that gives us an extensive review 

in this field of study. A taxonomy diagram of the used AR 

techniques to promote interactive pedagogy and aid students in 

learning human anatomy has also been presented. This article 

also identifies various human organs and body components 

taught using AR to assist medical practitioners and students. 

    The remaining article is structured accordingly: 

Section 2             presents a research methodology by defining a set of 

research questions, the criteria for including and excluding 

different studies, and a search string to extract and collect 

relevant studies. Section 3 summarizes the results gathered from 

the systematic mapping study. Section 4 identifies the 

challenges faced by students while using AR techniques for 

learning. Section 5 highlights the validity threats to this paper. 

Section 6 discusses the conclusion. 
 

The study of structures in the human body is known    as human anatomy. Medical students face a lot of difficulties while understanding the core concepts of Human 

Anatomy. To learn anatomy, Augmented Reality (AR) offers an interactive learning experience by visually constructing 3D objects in the user’s world. AR has 

transformed healthcare education by supporting interactive learning in a way that helps the students and other learners develop new skills by understanding different 
concepts in a fun and an interactive way rather than the old traditional methods. Various studies show how Augmented Reality has helped different sectors such as 

Healthcare, Education, Gaming Industry etc. in improving their overall standards by providing 
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2. RESEARCH  METHODOLOGY 

Over the years, healthcare education in the field of 

Human Anatomy has seen various changes when it comes to 

teaching professionals or students using technologies such as 

Augmented Reality. Most of the studies conducted in this  

regard have shown positive results in terms of providing an 

efficient way of learning healthcare concepts. The research 

methodology chosen for this paper is a Systematic Literature 

Review and its objective is to review how AR has played its 

part in healthcare education in the field of Human Anatomy. 

The methodology adopted for this review was proposed by 

Keele [3] and is shown in Figure 1. 

 
A. Research Objectives 

The following are the primary objectives of this 

research: 

• RO1: Recognizing the interactive learning experience 

provided by Augmented Reality to learn Human Anatomy. 

• RO2: Highlighting developed MAR applications in 

different studies to study human anatomy. 

• RO3: Identification of major human organs and body 

parts taught via AR in different studies. 

• RO4: Proposing a taxonomy to show which AR tech- 

niques are used to learn human anatomy. 

 
B. Research Questions: 

The first and foremost step is to define the research 

questions for this systematic study. As defined in Table I, this 

SLR focuses on three questions. 

 
TABLE I: Research Questions 

 

No. Research Question Motivation 

 

RQ1 

How AR learning methods in 

Healthcare education have been 

used to promote interactive pedagogy 

in the field of Human Anatomy? 

To identify new 

learning methods 

in Human Anatomy 

 

RQ2 

How MAR applications 

have helped healthcare 

education in the 

field of Human Anatomy? 

To identify the 

MAR applications 

in Human Anatomy 

 

 

RQ3 

Which human body parts or organs 

have been interactively 

taught through AR in 

healthcare education 

in the field 

of human anatomy? 

To identify the 

body parts or 

organs being taught 

through AR in 

human anatomy? 

 

C. Search String: 

The next step is to define the search string to identify 

and collect relevant studies which can help us analyze the 

research questions. A pilot search comprising of specific 

keywords was conducted to draw out relevant papers. In our 

search string, we focused on keywords such as Augmented 

Reality, Healthcare, Education, Systems etc. Our selected 

databases were IEEE Xplore, Google Scholar, Elsevier, 

Science Direct, ACM, PubMed and Springer. Table II shows 

the search string used for this SLR. 

 

Source Proposed Search String Perspective 

IEEE Xplore 
(“Augmented Reality” OR “AR”) 

AND 

(“Healthcare*” OR “Education” 

OR ”Learning” OR “*Anatomy”) 

AND 

(“MAR applications” 

OR “Systems” OR ”Tools”) 

 

Google Scholar  

Elsevier 

Science Direct 
Healthcare 

PubMed  

Springer  
 

D. Screening of Relevant Papers: 

Not all of the publications found during the examination 

process were accurately related to the research questions 

presented in the SLR, so they had to be discarded. For 

screening of relevant studies, we followed a process given in a 

study [4]. The first phase of screening included studies based 

on their titles. Studies that were unrelated to the targeted field 

of study were omitted. The second phase of screening included 

the reading of the abstract of all the articles which cleared the 

first screening phase. 

1) INCLUSION CRITERIA:  

  Inclusion criteria consisted of the following 

parameters: 

• Papers presenting AR techniques to learn human 

anatomy. 

• Papers reviewing the use of AR in human anatomy 

2) EXCLUSION CRITERIA:  

  The following types of papers were excluded based on 

the given parameters of the exclusion criteria: 

• Papers irrelevant to the search string. 

• Papers written in any language other than English. 

• Articles that failed to present new and effective ideas. 

• Papers that aren’t published in journals, conferences, 

patents and technical reports. 

E. Quality Assessment 

Quality assessment is done to analyze the quality of 

selected studies. The Quality Assessment of this SLR is 

performed using the following criteria: 

(a) The study contributes towards AR in healthcare education 

in the field of human anatomy. For this question, there 

were two possible responses: 

• Yes (+1) if the study contributed. 

• No (0) if the study didn’t contribute. 

(b) The paper solves the interactive pedagogy problem. For 

this question, there were three possible responses: 

• Yes (+1) if the study presented a solution to the 

problem. 

• Partially (+0.5) if the study partially presented a 

solution 

• No (0) if the study didn’t offer any solution. 

(c) The selected article empirically validates the results. The 

possible answers for this question were: 

• Yes (+1) if the study empirically validated the results. 

• No (0) if the study didn’t provide any empirical vali- 

dation. 

         TABLE II: Search String 
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Fig. 1: Research Methodology 
 

 

(d) The selected papers were published in a conference or a 

journal. The possible answers for this question are given 

in Table III. 

    TABLE III: Quality Assessment Criteria 
 

Publication Source Rank Points 

  
Q1 

 
2 

 

Journal Publication 
Q2 1.5 

 Q3 or Q4 1 

 
None 0.5 

  
CORE A 

 
2 

 

Conference 

Publication 

CORE B 1.5 

 CORE C 1 

 
None 0.5 

 
F. Data Extraction 

The data extraction methodology consisted of possible 

answers to research questions. 

RQ1. To address this question, papers published related to the 

research question should be selected and interactive learning 

techniques from those papers should be listed. 

RQ2. To answer this question, papers published on MAR 

applications in learning human anatomy should be selected. 

RQ3. To answer this question, different human organs or body 

parts on which the relevant studies are focusing on should be 

selected. 

3. ANALYSIS 

This section includes detailed assessments of the 

research questions from the selected studies. 
 

A. Classification of Studies 

  The papers selected for this SLR are presented in Table 

IV. The major focus of these papers is also briefly described. 

Figure 3 presents the selected studies published per year. The 

publication channel wise distribution of the selected  

    papers is presented in Figure 4. 

B. Taxonomy 

A taxonomy diagram has also been presented which 

shows available techniques of AR to learn human anatomy. 

The figure 2  shows the proposed taxonomy. 

 
RQ1. How AR learning methods in Healthcare education 

have been used to promote interactive pedagogy in the 

field of Human Anatomy? 

Augmented Reality learning methods and systems have 

introduced different simulations and applications that can 

enrich the human anatomic structure by integrating three 

dimensional objects in a learner’s physical world. This way 

the learner can see three dimensional representations of human 

organs such as Heart, Brain, Neck etc. 

AR has significantly improved the learning curve for 

professionals in Anatomy. Various researches have been 

conducted in this regard. 

A study [8] reviewed seven papers that included the use 

of Augmented Reality in Anatomy. These papers were 

extracted from several databases including PubMed and 

Scopus. Comparative and non-comparative studies were 

carried out. The results concluded that Augmented Reality in 

teaching  anatomy had promising results. 

In a study [9], the role of AR in nursing was observed. 

69 candidates took part in the process of inserting a Nasogastric 

tube in a mannequin. The students were split into two lots. First 

lot used video as well as didactic training and the other lot used 

the AR simulation training module. This module was prepared 

by utilizing a hybrid approach that combined footage with 3D 

computer graphics. This allowed the participants to visualize 

the whole process by keeping an eye on key anatomical 

compositions. To lay strong emphasis on critical learning 

objectives for each subtask, interactive virtual simulation 

exercises were included that also highlighted the safety 

measures to avoid complications. 

The students using the Augmented Reality module gave 

a very satisfied feedback and showed much more competence 

at nasogastric tube placement in relation to the ones using video 

and didactic training. Tobias [10] presented an AR magic 

mirror system to teach human anatomy. 
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TABLE IV: Classification Table 
 

Classification Quality Assessments 

Reference 
Publication 

channel 

P. 

year 

Research 

Type 

Major 

focus 

(a) (b) (c) (d) Scores 

 
[2] 

 
Journal 

 
2016 

 
Survey 

Surveyed the use of Augmented Reality 

in healthcare education 

including human anatomy 

 
1 

 
0 

 
0 

 
1 

 
2 

[5] Journal 2019 Survey 
Discussed the use of AR 

in surgical education 

1 0 0 1 2 

[6] Journal 2015 Proposed Solution 
Proposed a web application 

which used AR to assist in anatomy learning 
1 1 1 0.5 3.5 

 
[7] 

 
Journal 

 
2020 

 
Integrative Review 

Conducted an integrative review to study the 

current AR and MR based 

healthcare applications 

 
1 

 
0 

 
1 

 
1.5 

 
3.5 

 
[8] 

 
Journal 

 
2020 

 
Literature Review 

Reviewed seven papers from databases of 

several databases to study the benefit of AR 

in teaching anatomy 

 
1 

 
0.5 

 
1 

 
1.5 

 
3.5 

 
[9] 

 
Journal 

 
2018 

 
Evaluation Research 

Evaluated the AR simulation training module 

among Nursing students 

to place a Nasogastric tube in a mannequin 

 
1 

 
0.5 

 
1 

 
2 

 
4 

[10] Conference 2018 Proposed Solution 
Proposed a AR magic system 

to learn human anatomy 

1 1 0 0.5 2.5 

 
[11] 

 
Conference 

 
2014 

 
Proposed Solution 

Proposed an AR edutainment system in the 

form of a puzzle game to learn 

bone anatomy 

 
1 

 
1 

 
0 

 
2 

 
4 

[12] Journal 2017 Evaluation Research 
Evaluated the effectiveness of AR or VR as 

a mode to learn structural anatomy 

1 0.5 1 2 4.5 

[13] Journal 2010 Proposed Solution 
Proposed a tool named BARETA 

to aid student learning in anatomy. 
1 1 0 2 4 

[14] Conference 2019 Proposed Solution 
Developed an AR system to learn anatomy 

for a big group of users 

1 1 1 0.5 3.5 

 
[15] 

 
Conference 

 
2013 

 
Proposed Solution 

Proposed an accurate learning environment 

to learn human anatomy 

using Augmented Reality 

 
1 

 
1 

 
1 

 
2 

 
5 

 
[16] 

 
Conference 

 
2013 

 
Proposed Solution 

Developed an AR SARP application 

for a system to explore 

teaching anatomical structures on a user 

 
1 

 
1 

 
1 

 
2 

 
5 

 
[17] 

 
Journal 

 
2020 

 
Evaluation Research 

Conducted a comparative study between AR 

and VR applications among 

82 participants for anatomy training 

 
1 

 
0 

 
1 

 
2 

 
4 

[18] Conference 2017 Evaluation Research 
Focused on the perceptual difference between 

NRMM and RMM design for the objective of learning anatomy. 
1 0.5 1 2 4.5 

[19] Conference 2018 Evaluation Research 
Evaluated learning resources developed using 

augmented reality technology in anatomy 

1 0 1 0.5 2.5 
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Classification Quality Assessments 

Reference 
Publication 

channel 

P. 

year 

Research 

Type 

Major 

focus 

(a) (b) (c) (d) Scores 

[20] Conference 2018 Proposed Solution 
This paper presented an AR environment 

for training of neurosurgery. 
1 1 0 2 4 

[21] Journal 2015 Proposed Solution 
Developed and evaluated an AR tool 

for learning human anatomy 

1 1 1 2 5 

[22] Journal 2016 Proposed Solution 
Developed an AR magic system 

to learn human anatomy 
1 1 1 1.5 4.5 

 
[23] 

 
Journal 

 
2021 

 
Proposed Solution 

Developed and evaluated a 

new AR tool to 

learn about cardiac anatomy 

 
1 

 
1 

 
1 

 
1 

 
4 

[24] Journal 2020 Evaluation Research 
Evaluated the use of AR 

in learning neuroanatomy 

1 0 1 2 4 

 
[25] 

 
Journal 

 
2021 

 
Evaluation Research 

Used AR and CT for teaching 

head and neck anatomy 

to students 

 
1 

 
0 

 
1 

 
2 

 
4 

[26] Journal 2019 Evaluation Research 
Assessed the advantages of using AR to teach 

integrated radiology in anatomy 

1 0 1 2 4 

 
[27] 

 
Journal 

 
2019 

 
Proposed Solution 

Presented a learning environment 

using AR 

to aid students in learning anatomy 

 
1 

 
1 

 
1 

 
2 

 
5 

[28] Conference 2020 Proposed Solution 
Developed a MAR application 

to learn knee as well as foot anatomy 
1 1 1 0.5 3.5 

[29] Conference 2019 Proposed Solution 
Developed a MAR application 

to learn nerve anatomy 

1 1 1 0.5 3.5 

[30] Conference 2015 Proposed Solution 
Developed a mobile application based on AR 

to learn about hand anatomy 
1 1 1 0.5 3.5 

[31] Journal 2018 Proposed Solution 
Developed a MAR application that could help in learning 

human anatomy and its complexities with the help of AR 

1 1 1 0.5 3.5 

[32] Journal 2020 Proposed Solution 
Developed a mobile application that could help in learning 

heart anatomy and its complexities with the help of AR 
1 1 1 1.5 4.5 

[33] Journal 2019 Proposed Solution 
Developed a MAR application to learn about the heart’s 

anatomical structure and blood flow 

1 1 1 0.5 3.5 

[34] Journal 2020 Evaluation Research 
Evaluated 41 MAR applications that had the potential of playing 

a vital role of helping students in learning human anatomy. 
1 0.5 0 2 3.5 

[35] Journal 2015 Proposed Solution 
Presented an educational prototype using 

MAR to learn about human anatomy. 

1 1 1 0.5 3.5 

[36] Conference 2019 Proposed Solution 
Developed an AR mobile application to 

aid student learning in learning brain anatomy 
1 1 1 1 4 

[37] Journal 2019 Evaluation Research 
Evaluated an AR ultrasound trainer application which helps 

in learning about human kidney 

1 0.5 1 0.5 3 
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Fig. 2: Taxonomy Diagram 
 

 
 

 

Fig. 3: Selected studies published per year 
 

 

Fig. 4: Publication channel wise distribution of selected studies 

 
 

The system, with the help of a depth camera, could identify an 

individual’s posture. It could also create a human body’s 

illusion by augmenting a volumetric display  of a CT dataset 

onto the body. The system was also smart enough to display 

3D representations of different organs and information and 

images related to human anatomy. 

To learn about bone anatomy, Phillip [11] came up 

with an edutainment system based on Augmented Reality, This    

system was named AR bone puzzle. It used human body as 

frame of the puzzle. The virtual bones were used as puzzle 

pieces. The user could learn about bone anatomy via a puzzle 

game. This paper’s target audience was medical students and 

young children. 

A study [12] assessed the effectiveness of AR or 

VR as a mode to learn structural anatomy. 59 participants 

randomly used AR, VR and Tablet Based applications to learn 

skull anatomy. Afterwards, a knowledge assessment was 

carried  out. The results of the assessment proved that AR and 

VR were effective tools to supplement anatomical learning. 

Normally, Anatomy is taught via dissecting cadavers. 

A study [13] presented a tool named BARETA to aid student 

learning in anatomy. BARETA combined Rapid Prototyping 

with Augmented Reality to provide stimulation for touch and 

sight to teach anatomy. The primary objective of BARETA was 

to introduce an interactive interface based on touch and sight 

rather than just using a mouse and a keyboard. 

The presented AR systems in different studies 

provide an opportunity to the students to learn human anatomy 

interactively. These systems make Anatomy easy to learn by 

providing 3D representations of different body parts and 

organs. However, the cost of these AR systems in these studies 

have not been discussed. Also, their practical implementation 

in different universities to teach medical students or hospitals 

to train medical staff is still limited. 

 
RQ2. How MAR applications have helped healthcare 

education in the field of Human Anatomy? 

A study [28] came up with a mobile application to learn 

knee and foot anatomy using Augmented Reality. Unity 3D and 

Vuforia was used to develop this application. The application 

helped the students learn about complexities regarding knee   

as well as foot. A research [31] aimed to come up with an 

application that could learn anatomy and  
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its complexities with the help of AR. The procedure applied 

in this process was an AR marker on a cell computing 

platform. After that, a photo was taken of the marker. The 

photo was then divided into several pieces. The sample was 

then compared to the database’s preserved images. Floating 

Euphoria framework combined with SQLite Database was used 

in this system. The tool’s usefulness was tested with the 

candidates of medical and high school for acquiring knowledge 

about the human anatomy and the outcomes easily went in 

favor of interactive AR visualization’s effectiveness in helping 

candidates learn. A questionnaire was also designed to 

determine the user’s satisfaction level in using this application. 

Five categories were a part of this survey. Each category 

consisted of three questions. Results showed that this 

application proved to be useful in learning human anatomy. 

Cuneyd Celik [32] conducted a study regarding the 

execution of MAR applications into the Biology laboratory to 

understand more about heart and its anatomy. This study aimed 

to come up with a MAR application that would explain the 

anatomy of heart, making it easier for pre-service Science 

instructors to comprehend for their laboratory purposes. 

The results of this study concluded that MAR application 

assisted the Science teachers in understanding about heart and 

its anatomy in a better way as they achieved a great learning 

experience. 

Sumitra Nuanmeesri [33] showed how AR was used to 

teach heart anatomy and flow of blood using an Android device 

showed better results. The study aimed to increase the interest 

of students towards learning about heart anatomy and blood 

flow. To analyze the development of Augmented Reality in this 

perspective, pre-test and post-test meeting the standards of 

Content Validity Index (CVI) were developed to gather the 

learning results. The collected information about the human 

heart was used to construct an AR model. 

The assessment of the post-test results indicated that students 

who used AR instead of videos and hardcopy media to gain an 

insight about the human heart had better results to offer. 

Another study [34] was conducted regarding the 

potential of MAR applications in learning human anatomy. 

Initially, 41 apps were evaluated in the first phase. After 

filtering, the study evaluated seven mobile applications 

which met a rigorous selection criteria for a detailed analysis. 

An evaluation framework was created with a set of 19 points 

from three major areas which included the performance of the 

app, the information architecture it had and the educational 

value it could offer. The apps selected were available on iOS 

App Store. Those apps that had in-app purchases or were not 

free in any way were discarded from this study. The study 

showed that despite some limitations, AR solutions had the 

potential to attract students’ attention and increase their 

motivation to learn more about Human Anatomy. 

Jamali [35] presented an educational prototype using 

MAR technology to aid student learning in human anatomy. 

The study used a pilot test to discuss the process of 

development and findings. Moreover, the test also utilized an 

experimental method which included students of different 

educational institutions. This test was carried out to gain an 

insight on user experience from a technical perspective and to 

measure the prototype’s reliability. The primary objective of 

this prototype was to increase students’ learning process. 

Juanes [38] presented a tool to study Human Anatomy. 

The study aimed to come up with a mobile application to teach 

the concepts of human anatomy. The technological tool was 

developed by capturing particular fixed anatomical images 

available in an anatomy atlas. The fixed images could then  

be visualized as three dimensional (3D) models with a mobile 

app. The application was developed using Unity 3D, Maya      

and Vuforia i.e an augmented reality library which can be easily 

imported into Unity 3D. The mobile application had the 

capacity to detect an anatomical image from an atlas and show 

a corresponding 3D model of that image. 

Augmented Reality has also aided students and 

medical staff  in learning about brain anatomy in a fun and 

interactive way as compared to the traditional teaching method. 

Wahyudi [36] came up with an AR mobile application to aid 

student learning in which students could hold and analyze 

the human brain as a 3D Digital object. Holding and observing 

a 3D digital human brain introduced a new interactive user 

experience. The study showed that the method proposed could 

help to promote interactive learning activities. 

The strengths of these MAR applications are that they 

can offer flexible learning. Students can learn about anatomy 

from             anywhere around the globe. Moreover, these applications 

provide a 3D representation of different human organs to aid 

interactive learning in anatomy. However, the performance 

of these MAR applications are usually device dependent. In 

case of a device with low processing power, the application 

might not run smoothly. 

 

RQ3.Which human body parts or organs have been 

interactively taught through AR in Healthcare education 

in the field of Human Anatomy? 

Different studies have covered different aspects of 

human anatomy. Some studies [32] [33] have presented AR 

Applications that cover details about human heart. Moreover, 

some studies have introduced systems and conceptual models 

that cover different organs of the human body such as brain, 

heart, lungs etc. in a single study. There are also studies [37] 

which focus on learning about the human kidney. There are AR 

educational systems [11] which can teach about the bone 

anatomy through a puzzle game. A study [28] also proposed an 

AR system to learn about the knee and foot anatomy. The body 

parts and human organs interactively taught through  AR 

Systems and applications are presented in Table V. 

4. CHALLENGES 

Although AR has introduced interactive modes and 

techniques to aid student learning, however, medical students 

face challenges associated with implementation of AR 

applications and systems. These challenges are described 

below: 
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TABLE V: Identification of human organs and body parts 
 

Reference 
Human Organ/ 

Body Part Covered 
Major focus 

 
[32] 

[33] 

 

Heart 

Presented MAR Applications 

to understand the 

complexities of 

the human heart. 

 
[37] 

 
Kidney 

Evaluated an AR trainer app 

for the 

ultrasound of a kidney. 

 
[11] 

 
Bone 

Developed an AR puzzle game 

to learn 

bone anatomy. 

 
[28] 

 
Knee and Foot 

Proposed and AR system 

to interactively 

learn Knee and Foot anatomy. 

 
[36] 

 
Human Brain 

Developed an AR mobile app 

to aid students 

in learning brain anatomy. 

 

A. Unstable projected image 

A study [39] reported that medical students using AR 

smart glasses experienced the projected image to be unstable. 

To get      a stable projected image, they had to keep their head 

still. 

 
B. Unavailability of tactile feedback 

At times, AR systems are unable to give tactile 

feedback. A study [24] reported unavailability of tactile 

feedback from an AR system used to learn neuroanatomy. 

 
C. Signs of fatigue 

While using AR System as an interactive tool for 

learning, students have experienced signs of discomfort. A 

study [12] reported that medical students using head-mounted 

gears reported signs of headaches and eye fatigue. Henssen’s 

study [24] also pointed out that students who had to hold smart 

tablets used to implement an AR system experienced fatigue 

and tiredness. 

 
D. Detection of AR markers 

Students learning anatomy face issues in the detection 

of AR markers via AR applications making it difficult to detect 

anatomical images. 

 
5. VALIDITY THREATS 

The following validity threats are presented in this 

section: 

 
A. Internal Validity 

It deals with data extraction and its analysis. 

Classification of selected papers, extraction of data and final 

results were evaluated by the authors of this paper. 

 

B. External Validity 

It deals with this article’s generalization. The outcomes 

have been plotted in relation to the Healthcare field. The 

validity of the provided outcomes in this study focuses on AR 

in human anatomy. Classification of studies discussed may help 

in future work in this domain. 

C. Conclusion Validity 

In this SLR, the threat of conclusion validity is referred 

to incomplete or irrelevant extraction of data. To encounter this, 

the techniques used to extract data and select studies have been 

clearly stated in the data extraction section. 

6. CONCLUSION 

A Systematic Literature Review has been conducted in 

this paper that gives an extensive review on the AR techniques 

used in healthcare education in the field of human anatomy. 

A total of 34 papers were carefully identified and selected 

to carry out this study. This SLR focuses on AR systems and 

MAR applications used to promote interactive pedagogy in the 

field of human anatomy. A taxonomy diagram of the different 

AR techniques used to aid student learning has also been 

displayed. Moreover, different human body parts and organs 

taught through AR have been identified in this study. This SLR         

can contribute in future work in this domain by providing a 

holistic view of interactive AR techniques in learning human 

anatomy. 
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