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Welcome Message from President of ISRRT 

 

The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) 
World Congress cohosted with the Thai Society of Radiological Technologists is being held 
in Bangkok, Thailand this December 15-17, 2022. 

Myself, ISRRT President Donna Newman, Mr. Sala Ubolchai President of the Thai Society 
of Radiological Technologist, Dr. Napapong Pongnapang ISRRT Congress Chairman, 
Yudthaphon Vichianin, Scientific Committee Chairman and the ISRRT Board of 
Management extends a warm welcome and invitation to our 500,000 
Radiographers/Radiological Technologists from all over the world. We encourage you to come join us in person in 
Bangkok at this prestige 22nd ISRRT World Congress. 

“ISRRT 2022 New Normal in Medical Imaging and Radiation Therapy” is the theme for this year’s ISRRT World 
Congress. ISRRT’s World Congresses are known for having an outstanding educational program including a focus on 
research projects featuring both developed and developing countries global look at healthcare developments. This year 
will be no exception! This Congress will host breakout sessions featuring education and research focusing on cutting 
edge technology, new imaging and treatment procedures in wide variety of specialties. You will also find focus on 
Artificial Intelligence, including Deep learning and Machine learning along with a focus on transformation of 
Radiological Practice. As in previous years we will be hosting a Pre-Congress Workshop. This year, the Radiation 
Protection workshop will be called ‘The importance of Ethics in Radiographic Practice.’ Our history of World 
Congresses dates more than 60 years with the first meeting and the foundation of the ISRRT happening in 1959 and the 
ISRRT World Congress being held in 1962 when our pioneers help to establish and developed many International World 
Congress with educational and research tracks being the foundation of those early events. 

The Thai Society of Radiological Technologist a long-time member of the ISRRT and is one of these such pioneers 
helping to develop and create our World Congress traditions that we still carry forward today. ISRRT World Congresses 
are also known for our fantastic cultural social events and Gala dinners. At this year’s Gala dinner, we will be celebrating 
the host country’s heritage which will be hosted on a river boat cruise on the Chao Phraya River passing by some 
Bangkok most famous regional and cultural landmarks. 

I would like to convey a huge ‘Thank you’ to the international members for their invaluable support and to the members 
of the ‘ISRRT 2022 Congress organizing committee’ for their tremendous efforts in preparing for this ISRRT World 
Congress which we know will be a great success. Also, my sincere gratitude to all the sponsors, for their generous 
support of ISRRT World Congress 2022.  The ISRRT Board of Management and the World Congress leadership team 
hopes you find the scientific program and exhibition both engaging and constructive.   

As your ISRRT President I look forward to meeting you in person at the world congress.  I wish you all a fantastic and 
rewarding time and hope that your visit to Bangkok, Thailand will create new educational opportunities, great 
networking and new and lasting friendships and memories. Thank you for your participation and welcome to ISRRT 
2022. 

 
Donna Newman 
ISRRT President 
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Welcome Message from ISRRT WC2022 Convenor 

 

On behalf of the organizing committee for the 2022 ISRRT World Congress, I would like 
to welcome friends and colleagues from all around the world to Bangkok, city of angels, 
heart of the Siamese heritage. It has been tough years for us, radiographers and radiation 
therapists, during the pandemic. As front-line workers, we work so hard to provide imaging 
and radiation therapy services to our patients amid risks of infection. I do hope that this 
year of 2022 will be a better year for us that we can resume the travel and face-to-face 
meeting again.   

The theme of this year conference is “New normal in medical imaging and radiation therapy”. This theme echoes the 
current situation of our practice. We have learned a lot from the past years with this pandemic. It is now the time for us 
to get together again to meet old friends and make new friends, sharing our scientific and professional knowledge.  

The Thai Society of Radiological Technologists (TSRT) as the host society, we prepared variety of academic, scientific 
and professional development sessions for the participants, both on-site and online.   

Again, I would like to welcome you all to my country Thailand and my city of Bangkok to extend our renown Thai 
hospitality to all participants during a three-days congress.   

I am looking forward to welcoming you all to Bangkok in December 2022.   

 
Napapong Pongnapang 

ISRRT WC2022 Convener 
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Welcome Message from President of TSRT 

 
Dear Governor of Bangkok, Distinguished Delegates, Ladies and Gentlemen,  
 
It gives me a great pleasure and honored to extend to you all a very warm welcome on behalf 
of the Thai Society of Radiological Technologists (TSRT) to this important 22nd international 
society of radiographers and radiological technologists (ISRRT) world congress, which is 
being co-hosted by the Thai society of Radiological technologists in this wonderful place of 
Bangkok, Thailand on December 15-17, 2022.  

As the TSRT president and the organizing committee, I am very pleased and honored to serve as organizer for this 
prestigious world congress. I am very encouraged to see so many Radiographers/ Radiological Technologists, high-level 
experts in professional academic and scientific research representatives from around the world gathered here in person 
right here in the city of Bangkok, which is one of the most beautiful cities, as known as the “City of Angels”. The city 
is known for cultural landmarks and vibrant street life.  
 
This year’s conference come up with the theme of “New normal in medical imaging and radiation therapy”. This 
conference will offer an important and unique opportunity for all participants to discuss their new ideas and finding, in 
a relaxing and beautiful atmosphere that will stimulate new research and fresh collaborations, so enhancing the 
multidisciplinary objectives of the Radiological Technology.  
 
In this occasion, I would like to encourage you all to participate in all professional and social activities in this conference.  
We strongly hope that this world congress will provide a wonderful opportunity of all participants to exchange ideas 
and initiate collaboration for professional research in the future. 

Without tremendous supports from the ISRRT Board of Management, Friends, Distinguished guests and our sponsors, 
this event would not be possible. I would like to take this opportunity to express my sincere thanks to all of them.  
Especially, they are still here today for all of us, even though they are very busy with their responsibilities at work. We 
truly appreciate your dedication. 
 
Finally, we are more than happy to welcome all friends from around the world to attend this prestige 22nd ISRRT World 
Congress. I hope you all will have a fruitful meeting and have pleasant moments in Thailand. Thank you very much for 
your kind attention. 
 

Sala Ubolchai 
TSRT President 
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Program at a glance 

 
Tuesday 13th December 2022 
Time Activities Venue 
9:00-12:00 ISRRT Regional meeting – Asia/Australasia 

 
Room 7 (B Floor) 

9:00-12:00 ISRRT Regional meeting – Europe/Africa 
 

Room 8 (B Floor) 

9:00-12:00 
 

ISRRT Regional meeting – Americas 
 

Room 9 (B Floor) 

13.00-17.00 ISRRT Council meeting   
  

Room 6 (B Floor) 

Wednesday 14th December 2022 
Time Activities Venue 
9:00-17:00 ISRRT Council meeting   

 
Room 6 (B Floor) 

Thursday 15th December 2022 
Time Activities Speakers Venue 
Track 1 
9:00-12:00 

Pre-congress workshop 1: ‘The importance of Ethics 
in Radiological Protection – A Practical Perspective for 
Medical Imaging’  

Stewart Whitley  
Director of Professional Practice – International Society 
of Radiographers and Radiological Technologists 
(ISRRT) 
 

Room 2, 3 
M Floor 

Track 2 
9:00-12:00 

Pre-congress workshop on Education & Research 
workshop 2 - International Academic Network (IAN) 
program 

Safora Johansen, Hesta Friedrich-Nel, Mahesh PS, 
Christina Malamateniou, Lisa Di Prospero, Peter Hogg, 
Yudthaphon Vichianin 
 

Room 4 
M Floor 

9:45-10:15 JF - Vendor Talk Session 1: What are the latest technologies in DR that can help your day-to-day workflow?  (Room 6 – B floor)  
Donghan Yeo   
 

11:15-
11:45 

Siemens - Vendor Talk Session 2: From technology to solution: advances in body oncology MR (Room 6 – B floor)  
Chen Wei    

12:10-
13:00 
(50 min) 

GE - Lunch Symposium 1: Total MI for theranostics (Room 7-8, – B Floor)  
Levy Erez          

12:10-
13:00 (50 
min) 

Bayer - Lunch Symposium 2: Role of the dose management software in enhancing quality and safety in radiological practice (Room 6 – B Floor)  
Jiraporn Laothamatas, M.D., Napapong Pongnapang, Ph.D.   

13:30-
15:30 

Opening Ceremony 
Thai Cultural Show – Mask Dance 
President Welcome Speech 
Flag Ceremony 
Parade of Members 
Lighting of the globe 
Sal’s Award 
 

ISRRT President, CEO, ISRRT WC2022 Convener 
Local Organising Committee 
Bangkok Governor (Guest of Honor) 
TSRT President 
 

Room 1-4 
M Floor 

15:30-
16:15 

Hutchinson Lecture 
Beyond Radiography - My Journey 
 

Dr. Tyrone Goh (Past President, ISRRT) Chief, Allied 
Health and Pharmacy National University Hospital, 
National University Health System (NUHS), Singapore 
 

Room 1-4  
M Floor 
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Program at a glance 

 
Friday 16th December 2022   
Time Room 1 Room 2 Room 3 Room 4 Room 5 
8:30-9:00 
(30 min) 

CMC - Vendor Talk Session 3: Technologies and challenges of energy-integrating CT and photon-counting CT (Room 1) 
Prof. Katsumi Tsujioka  
  

9:00-9:30 
(30 min) 

Fuji Film - Vendor Talk Session 4: Bridging the future of healthcare, radiographer-centric solutions (Room 1) 
Mohd Esnu   

9:30-10:00 Tea/Coffee break   
 
10:00-
10:30 

Special Talk Session 1: 
ISRRT’s ‘Safety Culture 
and General Safety 
Management Guide for 
Diagnostic Imaging and 
Radiation Therapy 
Departments’ – a brief 
overview 
Stewart Whitley 
 

Special Talk Session 2: 
Physical Principles behind 
Diffusion Imaging - An 
Overview 
Panneer Selvam 

Special Talk Session 3: 
The impact of 3D Virtual 
Reality radiation safety 
training upon radiography 
and medical students 
Louis Rainford 

Special Talk Session 4: 
Revision of the 
Radiological 
Technologist Act and 
Expansion of Practice in 
Japan 
Naoki Kodama 
 

Special Talk Session 5: 
A bird’s eye view on 
research activities 
Hesta Friedrich-Nel 

10:30-
11:30 

Scientific Session A 
Chair: Tim Agadacos 
Co-chair: Taweap 
Sanghangthum 
• A1 
• A2 
• A3 
• A4 
• A5 
• A6 

Scientific Session B 
Chair: Hakon Hjemly 
Co-chair: Lakkana 
Apipanyasopon 
• B1 
• B2 
• B3 
• B4 
• B5 
• B6 

Scientific Session C 
Chair: Tan Chek Wee 
Co-chair: Thititip 
Tippayamontri 
• C1 
• C2 
• C3 
• C4 
• C5 
• C6 

Scientific Session D  
Chair: Kitiwat Khamwan 
Co-chair: Krisanat 
Chuamsamarkkee 
• D1 
• D2 
• D3 
• D4 
• D5 
• D6 

Scientific Session E  
Chair: Alain Cromp 
Co-chair: Taratip 
Narawong 
• E1 
• E2 
• E3 
• E4 
• E5 
• E6 

11:30-
12:20 
(50 min) 

BJC - Lunch Symposium 3: Introducing Radiology Imaging AI (Room 1) 
Dr. Amit Kharat 

12:20-
13:10 
(50 min) 

Bayer - Lunch Symposium 4: MRI in neuroradiology, from basic to advance (Room 1) 
Chanon Ngamsombat, M.D., Napapong Pongnapang, Ph.D.   
 

 
13:10-
13:40 

Special Talk Session 6: 
ISRRT’s ‘Safety Culture 
and General Safety 
Management Guide for 
Diagnostic Imaging and 
Radiation Therapy 
Departments’ – Risk 
Management in Radiation 
Therapy 
Tan Chek Wee 
 

Special Talk Session 7: 
Latest clinical application 
in x-ray CT 
Katsumi Tsujioka 

Special Talk Session 8: 
Strengthen of 
radiographer’s professional 
development in Indonesia 
Giek Sugiyanto  

Special Talk Session 9: 
Current and future 
trends in magnetic 
resonance imaging 
Uten Yarach 

Special Talk Session 10: 
Interventional radiology 
from back to the future 
Philippe Gerson 
 
 

13:40-
14:30 

Scientific Session F  
Chair: Stewart Whitley 
Co-chair: Taweap 
Sanghangthum 
 
• F1 
• F2 
• F3 
• F4 
• F5 

Scientific Session G  
Chair: Terry Ell 
Co-chair: Lakkana 
Apipanyasopon 
 
• G1 
• G2 
• G3 
• G4 
• G5 

Scientific Session H  
Chair: Yudthaphon 
Vichianina 
Co-chair: Thititip 
Tippayamontri 
• H1 
• H2 
• H3 
• H4 
• H5 

Scientific Session I  
Chair: Boniface Yao 
Co-chair: Krisanat 
Chuamsamarkkee 
 
• I1 
• I2 
• I3 
• I4 
• I5 

Scientific Session J  
Chair: Sharon Wartenbee 
Co-chair: Taratip 
Narawong 
 
• J1 
• J2 
• J3 
• J4 
• J5 

14:30-
15:00 

Tea/Coffee break   

15:00-
15:30 

(30min) 

OREX - Vendor Talk Session 5: Sharing practical experience with AI in clinical radiology (Room 1) 
Chaiwat Phupisut, Sasinun Worakriangkrai   
 

15:30-
17:30 

Bus transport to dinner on cruise 

18:30-
21:00 

Gala Dinner on Cruise/ Social Activities 
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Program at a glance 

 
Saturday 17th December 2022   
Time Room 1 Room 2 Room 3 Room 4 Room 5 
9:00-9:30 Sunrise Session Room1 

Chair: Donna Newman 
Co-chair: Taweap 
Sanghangthum 
 
• SR1 
• SR2 
• SR3 
 

Sunrise Session Room2 
Chair: Dimitris 
Katsifarakis 
Co-chair: Lakkana 
Apipanyasopon 
• SR4 
• SR5 
• SR6 
 

Sunrise Session Room3 
Chair: Philippe Gerson 
Co-chair: Thititip 
Tippayamontri 
 
• SR7 
• SR8 
• SR9 
 

Sunrise Session Room4 
Chair: Tim Agadacos 
Co-chair: Nuanpen 
Damrongkijudom 
 
• SR10 
• SR11 
• SR12 
 

Sunrise Session Room5 
Chair: Tan Chek Wee 
Co-chair: Taratip 
Narawong 
 
• SR13 
• SR14 
• SR15 
 

 
9:30-10:00 

(30min) 
 

Special Talk Session 11: 
Shielding: the continued 
discussion 
Melissa Pergola, Kristi 
Moore (ASRT) 

Special Talk Session 12: 
The new normal in 
Canada – insights from 
the CAMRT 
Megan Brydon, Irving 
Gold (CAMRT)  

Special Talk Session 13: 
The advanced of 
radiobiology in the 
radiologic sciences 
Thititip Tippayamontri 
 

Special Talk Session 14: 
Challenging of 
personalized molecular 
dosimetry for 
theranostics and 
radiopharmaceutical 
therapy in the era of 
precision medicine 
Kitiwat Khamwan 
 

Special Talk Session 15:  
Simulated patient 
training toward OSCE 
(Objective Structured 
Clinical Examination) in 
Japan 
Hiroko Yamashina 
(JSRT) 
 

10:00-
10:30 

Tea/Coffee break 
 

  

10:30-
12:00 

Scientific Session K  
Chair: Boniface Yao 
Co-chair: Taweap 
Sanghangthum 
 
• K1 
• K2 
• K3 
• K4 
• K5 
• K6 
• K7 
• K8 
• K9 
 

Scientific Session L  
Chair: Dimitris 
Katsifarakis 
Co-chair: Lakkana 
Apipanyasopon 
• L1 
• L2 
• L3 
• L4 
• L5 
• L6 
• L7 
• L8 
• L9 

Scientific Session M  
Chair: Alain Cromp 
Co-chair: Thititip 
Tippayamontri 
 
• M1 
• M2 
• M3 
• M4 
• M5 
• M6 
• M7 
• M8 
• M9 

Scientific Session N  
Chair: Kitiwat Khamwan 
Co-chair: Nuanpen 
Damrongkijudom 
 
• N1 
• N2 
• N3 
• N4 
• N5 
• N6 
• N7 
• N8 
• N9 

Scientific Session O  
Chair: Hiroko 
Yamashina 
Co-chair: Taratip 
Narawong 
• O1 
• O2 
• O3 
• O4 
• O5 
• O6 
• O7 
• O8 
• O9 

12:00-
12:50 
(50 min) 

Phillips - Lunch Symposium 4: MR 5300: AI in new helium-free MRI (Room 1) 
Stéphane Breil, Ph.D.   

13:30-
14:30 

Closing Ceremony  
(Room 1-4, M Floor) 
 

14:30-
15:30 

Announcement for the Next ISRRT WC (Room 1-4, M Floor) 
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Congress Abstracts 
 

The following are conference abstracts from the 22nd International Society of Radiographers and Radiological 
Technologists (ISRRT) World Congress, including oral presentations and e-posters. We have made every effort to 
include all abstracts accepted by the Program Committee before the publication deadline; however, please note that this 
collection may not represent the entire program (available at https://isrrtbangkok2022.org/). As evidenced the by 
following abstracts, the work of our colleagues in 2022 highlights current research and practice innovations led by 
radiographers and radiological technologists. The editorial board looks forward to receiving manuscripts from this 
conference for consideration for publication in the Journal of Medical Imaging and Radiation Sciences to continue 
building the body of knowledge specific to our profession. The QR code for accessing and downloading the abstracts 
submitted to ISRRT WC2022 is below. 

 

 

 

The Journal of Medical Imaging and Radiation Sciences (JMIRS) will publish the ISRRT WC2022 e-poster 
and oral presentation abstracts online at https://www.jmirs.org/. This free supplement will be published prior to the 
conference. The JMIRS encourages authors to submit their full research/review papers for consideration. Our Guidelines 
are available at https://www.jmirs.org/content/authorinfo, or you can contact editor@camrt.ca. The JMIRS is indexed 
in MEDLINE (PubMed) and will receive an Impact Factor in July 2023.  

 

ISRRT WC2022 scientific committee 
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Oral Presentation Program 

	

Friday 16th December 2022 

10:00-10:30 Special Talk Session 1 

Topic: ISRRT’s ‘Safety Culture and General Safety Management Guide for Diagnostic Imaging and Radiation Therapy 
Departments’ – a brief overview 
Speaker: Stewart Whitley 
 
10:30-11:30: Scientific Session A (CT/MRI) | Room 1  
Chair/Co-Chair: Tim Agadacos / Taweap Sanghangthum 
 

• A1: 10.30-10.40 Opportunistic optimizing uses CT Imaging for Osteopenia and Osteoporosis screening as 
early prevention and awareness of bone density changes: Relationship between Hounsfield 
Unit from CT and T- scores from DXA 
Mohamad Farhan Mohamad Amin, Malaysia 

• A2: 10.40-10.50 Evaluation Diffusion tensor imaging quality of median nerve in Carpal tunnel syndrome 
Thanh Hoang Ngoc, Vietnam  

• A3: 10.50-11.00 Synthesis of Manganese Nanoparticles of Oolong Tea Extract by Sonication Method for a 
Natural Oral Contrast Media on Magnetic Resonance Cholangiopancreatography (MRCP) 
Fatimah Yunaeza, Indonesia 

• A4: 11.00-11.10 
 

Performance evaluation of micro-vessels imaging by deep learning reconstruction targeting 
ultra-high-resolution CT (UHR-CT) 
Katsumi Tsujioka, Japan 

• A5: 11.10-11.20 
 

Effects of contrast media and radiation dose reduction for abdominal CT examination 
Sue Anne Foo, Malaysia 

• A6: 11.20-11.30 
 

Improving Brain Volume Measurement Workflow using Combination of Compressed Sensing 
MRI and Deep Learning based Super-Resolution at 1.5T Clinical Scanner 
Atita Suwannasak, Thailand 

 

10:00-10:30 Special Talk Session 2 

Topic: Physical Principles behind Diffusion Imaging - An Overview 
Speaker: Panneer Selvam 
 
10:30-11:30: Scientific Session B (CT/MRI) | Room 2  
Chair/Co-chair: Hakon Hjemly / Lakkana Apipanyasopon   
 

• B1: 10.30-10.40 Size specific dose estimates for computed tomography cancer patients at an oncology hospital 
Ida-Keshia Sebelego, South Africa 

• B2: 10.40-10.50 Visualization of the importance of the applied timing of the gradient magnetic field in 
acquiring gradient echo MR images using MRI simulation 
Noriyuki Tawara, Japan 

• B3: 10.50-11.00 Arterial Spin Labelling Artefacts and Methods to Overcome 
Parameswaran Nair Sulochana Mahesh, India 

• B4: 11.00-11.10 
 

MRI Safety Report by the Norwegian Society of Radiographers 
Håkon Hjemly, Norway  

• B5: 11.10-11.20 
 

Diffusion Tensor Imaging of Breast MRI: A Literature Study in Breast Cancer 
Kadek Aditya Megagupta Oka, Indonesia 

• B6: 11.20-11.30 
 

Use of ARDL sequences to reduce scan time while improving imaging quality 
Zhu Hong Poh, Singapore 
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10:00-10:30 Special Talk Session 3 

Topic: The impact of 3D Virtual Reality radiation safety training upon radiography and medical students 
Speaker: Louis Rainford 

10:30-11:30: Scientific Session C (Education) | Room 3  
Chair/Co-chair: Tan Chek Wee / Thititip Tippayamontri   

• C1: 10.30-10.40 How do experts rate radiography research topics? 
Sanna Törnroos, Finland 

• C2: 10.40-10.50 Current Status on Medical Radiation Safety Management in Asia: A Questionnaire Survey 
Hiroko Yamashina, Japan 

• C3: 10.50-11.00 Evaluation of case simulations for radiographer education within FORCE project 
Nina Dalen Seime, Norway 

• C4: 11.00-11.10 
 

Tools to Manage Burnout and Compassion Fatigue 
South-Winter Carole, USA 

• C5: 11.10-11.20 
 

Practice Considerations and Attitudes Regarding Large Bodied Patients in Medical Radiation 
Sciences 
Megan Brydon, Canada 

• C6: 11.20-11.30 
 

Supporting authors to publish in gold open access through global institutional 
transformational agreements: Will this become the new normal in medical radiation sciences? 
Cherry Agustin, Australia 

 

10:00-10:30 Special Talk Session 4 

Topic: Revision of the Radiological Technologist Act and Expansion of Practice in Japan 
Speaker: Naoki Kodama 
 
10:30-11:30: Scientific Session D (Radiation Protection) | Room 4  
Chair/Co-chair: Kitiwat Khamwan / Krisanat Chuamsamarkkee   

• D1: 10.30-10.40 The safety and effectiveness of a 0.054-inch novel catheter for diagnostic cerebral 
angiography: closed-continuous flushing with guidewire vs. open-intermittent flushing 
Joon Ho Choi, Republic of Korea 

• D2: 10.40-10.50 Patients’ internal dose distribution and Monte Carlo simulation in association with the 
operator’s protection from scattered radiation in radiographic examinations 
Shoichi Suzuki, Japan 

• D3: 10.50-11.00 Variation in radiation exposure dose to the thyroid gland outside the irradiation field, during 
head computed tomography, with changes in tilt angle 
Kenta Higuchi, Japan 

• D4: 11.00-11.10 
 

Enhance the Learning Experience through the use of Interactive Pedagogies Methodology in 
Radiation Protection 
Edward Wong, Hong Kong 

• D5: 11.10-11.20 
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Abstract — Effective communication skills are 
integral for radiotherapy students to acquire to 
provide exceptional patient care when interacting 
with patients. Students often feel demotivated to 
communicate effectively due to repeated 
miscommunication with patients. In this pilot and 
survey study, a chatbot-based prototype model 
(SCIMORT) was designed to facilitate the pre-
clinical training to effectively improve the 
communication skills of undergraduates in 
Diagnostic Imaging and Radiotherapy at Universiti 
Kebangsaan Malaysia. SCIMORT was developed in 
compliance with the learning outcomes of the 
Clinical Practice of Radiotherapy course. The initial 
stage focuses on developing the SCIMORT module, 
which involves creating a 3D realistic virtual patient 
that displays visual and auditory cues using Blender 
with final exportation via Bot Libre. At the same 
time, the second phase entails an evaluation of 
SCIMORT by a survey questionnaire. A total of 28 
participants from the PDR cohort took part in this 
study to assess their perceptions of the acceptance 
and engagement of SCIMORT. Both the control 
group's (users' acceptance= 3.919±1.245; users' 
engagement= 3.526±1.270) and Trial group's (users' 
acceptance= 3953±1.114; users' engagement= 
3.568±1.142) shows neutral results. SCIMORT 
proved its effective tool for pre-clinical learning, but 
it did not achieve the expected levels of engagement. 
Hence, this module should be continually improved 
by adding elements that make it more interactive 
and adaptable for student needs. 

Keywords — SCIMORT module, communication 
skill, chatbot, virtual patient  

 
I. INTRODUCTION 

 
Over the past few decades, technology and 

digitalization have progressed at a faster pace than ever 
before, as mankind approaches the fourth industrial 
revolution. A progressive shift toward specialization 
and accredited educational programmes has emerged 
with the goal of strengthening the accountability of 
medical education practice and its effectiveness in 
accomplishing students’ learning outcomes [7]. As a 
result, the education community, particularly 

academicians, must continue to explore strategies for 
adapting to the current situation, as the students in the 
twenty-first century preferred independent, task-based 
learning methodologies and the integration of 
technology [4]. Nowadays, e-learning has Figured 
prominently in empowering students to participate 
virtually, with minimal movement needed [10]. Walsh 
et al. [14] also suggested that e-learning in medical 
education will significantly promote access to essential 
learning opportunities and faculty competencies. Virtual 
reality (VR) is one emerging technology that can be 
exploited.  

Virtual patients (VP) are computer-based 
simulations of real-world clinical situations that let users 
interact with a system for healthcare, medical imaging, 
teaching, and assessments [12]. Effective 
communication skills have become a gold standard, 
particularly for medical students, because they have 
been established as the foundation of patient care, 
permitting high-quality care and improvement of 
patients’ outcomes [3]. VPs are crucial in helping 
students communicate more effectively, problem-
solving capabilities, clinical reasoning, and skills 
acquisition. It is indeed a cost-effective platform tool 
that can improve the performance of student outcomes 
by removing obstacles to student access to actual 
patients and establishing a structured and safe practicing 
environment for students.  

Most studies have established that VP is an engaging 
computer simulation of real-world clinical scenarios 
that can be used for teaching, learning, and evaluation in 
medical and healthcare. VP can be used to overcome 
constraints on students' access to actual patients and to 
establish a structured and safe learning environment for 
students. Thus, this study aims to develop a chatbot 
prototype for virtual radiotherapy clinical training, 
emphasizing practical communication skills training. 
The main objective of this study has been to strengthen 
radiotherapy students' communication skills by offering 
better teaching and learning platform, mainly in 
radiotherapy simulation and treatment procedure, along 
with patient care. Moreover, the student's perception of 
the SCIMORT module's efficacy in improving 
communication skills will be evaluated. 
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A. Virtual Patient Chatbot for Clinical Communication 
Simulation-based Teaching & Learning 

A chatbot is one of the types of AI systems which 
will be used for communication that acts like a human 
through voice commands or text or both that is capable 
of generating an appropriate response and action based 
on the user input [8]. According to Haristiani [6], a 
chatbot can be defined as a computer program or 
artificial intelligence which carries out conversations 
through audio or text and interacts with users in a 
particular domain or topic by giving intelligent 
responses in natural language. In other words, chatbots 
can be used to help the users by providing virtual and 
factual statements to make the user’s life easier as well 
as gain the user’s trustworthiness in problem-solving. 
Rahman [11] also stated that the advanced machine 
learning, artificial intelligence (AI), can handle the 
complex conversation issues that come from the user's 
interface. 

Shorey et al. [12] from the National University of 
Singapore came out with a computer-based 3D virtual 
clinical environment called Virtual Counselling 
Application using Artificial Intelligence (VCAAI). 
VCAAI is created using Unity 3D, an advanced real-
time animation engine development platform. The 
software is capable of providing both 2D and 3D avatars 
of virtual patients that can display a variety of non-
verbal cues including head-in-the-hands gestures, and a 
realistic clinical environment with relevant posters and 
equipment are incorporated to enhance the simulation of 
a real-life scenario. The researchers added that the 
rationale behind the idea of development is partly due to 
the development and maintenance of a quality 
standardized patient program is costly, time-consuming, 
and unable to mimic the characteristics and appearance 
of real-time patients. With that, it brings the idea for the 
development of a chatbot-based prototype model for 
communication skills training as virtual patients (VPs) 
with the adaptation and modifying of characteristics 
features of these models might be a viable alternative 
method of learning. 

 
II. MATERIALS AND METHODS  

 
A study inclusive of a pilot and survey was 

conducted to develop a chatbot module for virtual 
radiotherapy clinical learning for the Clinical Practice of 
Radiotherapy (CPRT) course considered part of the 
Diagnostic Imaging and Radiotherapy (PDR) degree to 
improve communication skills. A BETA test run was 
conducted to evaluate users' acceptance and engagement 
with SCIMORT.  

Stratified random sampling was used whereby 
participants were chosen among PDR students. The 
students are categorized into two groups: (1) the Control 
group of the First Year and Second Year cohort with no 
experience with the patient in the Radiotherapy 
Department, and (2) the Trial group of the Third Year 
and Fourth Year cohort with experience handling 
patients throughout the CPRT course. PDR 

undergraduate students were eligible if they met specific 
outcomes criteria: (1) Participants had taken any 
Clinical Practice of Radiotherapy (CPRT) course 
(NNNR 2632 CPRT I through NNNR 4045 CPRT VI) 
during their PDR degree, (2) Participants had access to 
Google Chrome on a laptop, PC, or tablet/iPad, and (3) 
Participants were able to read and communicate in 
English with a MUET result of Band 3 or higher. 
Participants with a malfunctioning microphone on 
laptops, PCs, or tablets/iPad were omitted. This research 
study was approved by the institutional ethical 
committee (UKM/PPI/111/8/JEP-2021-761). Voluntary 
participants were ensured with informed consent 
obtained prior to the research study. 

A. SCIMORT Development 
SCIMORT was designed as a 3D virtual patient (VP) 

in which users interact and communicate with a chatbot 
as a radiotherapist. In contrast, VP as a patient and the 
roleplay can be vice versa. VP has created with the aid 
of Blender 3.0 software by combining several modes 
offered by Blender, including the object, edit and sculpt 
mode. Essential tools like rigging were adapted from the 
readily built VP to provide controls to the object for 
movement by establishing a variety of multisensory 
cues, including visual (e.g., eye movement, blinking) 
and audio cues (e.g., verbal responses, the intonation of 
voice), under the armature function. 

The 3D VP developed in Blender were exported to 
Bot Libre, an open-source chatbot platform 
development, to generate the sequence of the user-
patient consultation process.  

The case scenarios were based on the clinical cases 
from the Radiotherapy and Oncology Department of 
Hospital Canselor Tuanku Muhriz (HCTM), focusing 
mainly on communication aspects, including first-time 
and anxious, paranoid and claustrophobic patients 
undergoing breast cancer simulation and treatment 
procedure.  

Users will receive an information sheet explaining 
each case scenario and link briefly. Once the link is 
selected, users will be directed to the respective pages. 
Once the link is selected, users will be directed to the 
respective pages. The users must click the "Chat" icon 
on the screen, and the date of birth must be filled up as 
an agreement term. Lastly, the SCIMORT are ready to 
be explored. The users have complete freedom to 
determine the sequence of the consultation session with 
the VP. 

B. Questionnaire Development and Validation 
Three sections were constructed for an online survey 

questionnaire. Section A regarding participant 
demographics. Section B contained 20 items related to 
the user acceptance questionnaire adapted from 
Bambang Parmanto [1]. The evaluation included six 
components: usefulness (items 1-3), ease of use and 
learnability (items 4-6), interface quality (items 7-10), 
interaction quality (items 11-13), reliability (items 14-
16), and satisfaction and future use (item 17-20). 
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Section C is a section on user involvement adapted 
from O’ Brien et al. [9]. It consists of 25 items that must 
be evaluated to reflect the user's engagement with the 
SCIMORT module. These items encompass focus and 
attention (items 1-6), usability perception (items 7-13), 
originality and authenticity (items 14-18), endurance 
(items 19-22), and felt involvement (items 23-25) in the 
survey questionnaire. Sections B and C were graded on 
a five-point Likert scale ranging from 1 (Strongly 
Disagree) to 5 (Strongly Agree). 

The survey questionnaire was validated by six expert 
panels composed of external scholars in radiotherapy, 
medical physicist, and radiotherapists, as represented in 
Table 1. Validation of the questionnaire was done to 
verify that the content of each item measured in the 
instrument is adequate and pertinent to reflect the 
study's relevance.  

Each item on the survey questionnaire is evaluated 
using a dichotomous scale with categorical options of 
"Agree" and "Disagree". The instruments were 
distributed to the panelists via email with an 
introductory cover letter and detailed instructions for 
filling out the Google Forms. The validated instruments 
were then assessed using the Content Validity Ratio 
(CVR) to establish the level of agreement among panel 
members and the Cronbach Alpha Coefficient (CAC) to 
measure the reliability of each questionnaire item. A 
CVR value of 0.83 and a CAC of 0.70 indicated a high 
level of agreement and acceptance for the aspects 
investigated. 

Table 1. Expertise and years of experience as the 
panelist  

Pane
l 

Expertise Experience 
in Current 
Position 
(Years) 

1 Medical Physicist in Sri Kota 
Specialist Medical Center 
(SKSMC) 

9 

2 Radiotherapist in Hospital 
Canselor Tuanku Muhriz 
(HCTM) 

16 

3 Radiotherapist in Pusat 
Perubatan Universiti Malaya 
(PPUM) 

20 

4 Applied Science Academician 
in Universiti Sains Malaysia 
(USM) 

7 

5 Health Sciences Academician 
in Asia Metropolitan 
University (AMU) 

22 

6 Academician in Management 
and Science University 
(MSU) 

5 

C. Data Collection 
SCIMORT has been distributed for the BETA 

version test and a survey questionnaire on users' 
acceptance and engagement of the prototype via 

WhatsApp messages to each PDR cohort. Before 
participating in a research study, participants must fully 
comprehend the consent form to confirm their 
agreement to participate. A daily reminder was sent to 
all participants to boost engagement of participation. 

D. Statistical Analysis 
CVR and CAC have been used to determine the 

internal consistency of the survey questionnaire and 
how closely each item is linked to the user's acceptance 
(item B1-B20) and engagement (item C1-C25) in this 
study using the IBM SPSS version 28.0. CVR values of 
at least 0.83 were deemed to show a high level of 
agreement, whereas Cronbach's Alpha Coefficient value 
greater than 0.70 indicated excellent internal 
consistency. The acquired data was analyzed and 
presented as a descriptive statistic mean ± standard 
deviation value. A Mann-Whitney test was used to 
compare the acceptance and engagement of SCIMORT 
for both Control and Trial groups. 

 
III. RESULTS  

 
A. Questionnaire Content Validation and Reliability 

After the validation by 6 expert panelists of the 
survey questionnaire, composed of 4 items in the 
demographic section and 45 items in users' acceptance 
(B1-B20) and users' engagement (item C1-C25), the 
number of agreements on the relevance of each item as 
depicted in Table 2 and 3. Section A on participant 
demographics had a CVR of 1.00, while sections B and 
C on users' acceptance and engagement reported a CVR 
of 0.85. Both parts have a CVR of above 0.83, indicating 
a high agreement level. As a result, the items were all 
deemed relevant to the thematic study subject and used 
as questionnaires to assess users' perceptions of 
SCIMORT. 

Both users' acceptance and engagement items 
yielded an inter-reliability of 0.979 and 0.887 from 
Cronbach's Alpha Coefficient, as shown in Tables 4 and 
5. Both items from Section B and C exceeding 
Cronbach's Alpha Coefficient of 0.70, indicate excellent 
internal consistency. 

Table 2. Content Validity Ratio (CVR) for Demographic 

Item No Item CVR 

A1 Occupation 
(Lecturer / Clinician / Student) 

1.00 

A2 Year 
(Only applicable for students) 

1.00 

A3 Gender 1.00 
A4 Race 1.00 

 Total 4.00 

Proportion Favourable = 4.00 / 4 = 1.00 
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Table 3. Content Validity Ratio (CVR) for User’s 
Acceptance and Engagement 

Item No Item CVRTotal 

User’s Acceptance 
B1-B3 Usefulness 3.00 
B4-B6 Ease of Use and Learnability 2.83 
B7-B10 Interface Quality 3.67 
B11-B13 Interaction Quality 3.00 
B14-B16 Reliability 3.00 
B17-B20 Satisfaction and Future Use 4.00 
User’s Engagement 
C1-C6 Focus and Attention 4.17 
C7-C13 Usability Perception 3.50 
C14-C18 Originality and Authenticity 5.00 
C19-C22 Endurance 2.83 
C23-C25 Felt Involvement 2.66 

 Total 38.16 

Proportion Favourable = 38.16 / 45 = 0.85 
 

Table 4. Reliability Statistics (User’s Acceptance) 

Cronbach's 
Alpha 

Cronbach's Alpha Based 
on Standardised Items 

N of 
Items 

.979 .982 20 
 

Table 5. Reliability Statistics (User’s Engagement) 

Cronbach’s 
Alpha 

Cronbach's Alpha Based 
on Standardised Items 

N of 
Items 

.887 .917 25 

B. Participants 
A total of 28 respondents (3 male, 25 female, age = 

1.89 ± 0.315) completed the SCIMORT validation. 
Participants were students across the cohort and 
represented the Control group at 46.4% (n=13) and the 
Trial group at 53.6% (n=15). The response rate we 
received in our study was unsatisfactory enough from 
the participants. Only 3 responses from year 1 
participants, 10 responses from year 2 participants, 7 
responses from year 3 participants, and only 8 responses 
from year 4 in the allocated time. Figure 1 depicts the 
details of the participant's demographic data. 

Figure 1. Demographic of Participants 

 

C. Users' Acceptance and Engagement 
A pilot and survey study was conducted by 

performing a BETA test run on the SCIMORT and 
evaluating students' perception of the SCIMORT. 
Figures 2 and 3 present results regarding the acceptance 
and engagement of the control and trial groups, 
respectively.  

Figure 2. User's Acceptance of SCIMORT 

 

Both Control and Trial group generally well-
received their acceptance towards SCIMORT with pre-
clinical learning for communication skills training. 
From the bar graph in Figure 2, users' acceptance of 
SCIMORT revealed a general agreement towards the 
reliability aspect among the Trial group with an average 
mean of 4.311, and satisfaction and future use construct 
in the Control group with an average mean of 4.192. 
However, all constructs among users reported a neutral 
result with a rating of less than 4.000. 

The interface quality constructs recorded the lowest 
average mean of 3.731 and 3.817 for both the Control 
and Trial groups. The comments section noted in the 
survey form that the users are having difficulty using the 
SCIMORT, and one suggested adding a proper 
guideline or template of possible questions that can be 
asked from participants to the VP. This issue could be 
seen in items B4 and B7, which revealed a neutral and 
disagree response to the statement "SCIMORT is simple 
to use" and "The way I interact with a visual patient is 
pleasant". These issues seemed to affect the continuity 
of using SCIMORT as pre-clinical teaching and learning 
tool. Several participants showed a neutral response in 
items B18 and B19 of "SCIMORT is an acceptable tool 
for communication skill training" and "I will use 
SCIMORT again in the future". 

Users' engagement towards SCIMORT revealed a 
neutral response in all constructs among the users. As in 
Figure 3, SCIMORT was not deemed interesting enough 
to divert the user's focus and attention. An average mean 
of 2.872 and 3.156 was recorded in the Control and Trial 
group, respectively, citing a disagreement from items 
C1 to C6 that the SCIMORT would affect their 
concentration.  
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Figure 3. User’s Engagement towards SCIMORT 

 
 

Both felt involvement, originality, and authenticity 
instruments revealed the highest agreement among users 
in the Control group with a mean of 4.077 and 3.985, 
respectively. Almost all participants agreed with items 
C14, 16 and C18 signifying their agreement with the 
originality and authenticity of the SCIMORT. Most 
users provided feedback on the virtual patient's response 
as minor relevant keywords were added to formulate 
each question. It can be shown on usability perception 
constructs denoted as the lowest average mean of 2.780 
in the Control group. 

Both user acceptance (item B1-B20) and 
engagement (item C1-C25) were statistically analyzed 
using a Mann-Whitney test to compare the flexibility, 
acceptability, and effectiveness of chatbot for both 
Control and Trial groups. Based on Table 6, User 
acceptance shows a higher result (U = 97.000, p = 0.981) 
compared to user engagement (U = 71.500, p = 0.204) 
for both groups. There was a significant difference 
between both the control and trial group and user 
acceptance and engagement. 

Table 6. Users’ Acceptance and Engagement for Each Group 

 Control 
Group 

Trial 
Group 

Statistical 
Test 

Users’ 
Acceptance 

3.919 ± 
1.245 

3.953 ± 
1.114 

U = 97.000, 
p = 0.981 

Users’ 
Engagement 

3.526 ± 
1.270 

3.568 ± 
1.142 

U = 71.500, 
p = 0.204 

From the comments section, few participants 
commented on the variations of answers and questions 
needed due to the lack of keywords input to the 
SCIMORT. These issues could be disagreed seen in 
items C7 to C13 under the usability perception 
construct, which revealed a mix of neutral and disagrees 
responses. This issue seemed to affect the 
demonstrability of the SCIMORT as most of the users 
denoted a neutral response towards the prototype as it 
did not run as users planned. 

 
 

IV. DISCUSSION  
 

Advances in the digital clinical learning of health 
education in the integration of chatbot development 
have produced a higher impact and shown promise in 
effectively addressing communication skills among 
students. The primary aim of SCIMORT was to increase 
students' clinical exposure to practical communication 
skills with patients, improve the quality of patient care, 
and strengthen interprofessional communication and 
teamwork. The first phase of SCIMORT development 
intentionally focuses on communication skills. In this 
pilot and survey study, the level of users' acceptance and 
engagement towards SCIMORT and feedback obtained 
will be used for further refinement and constant 
enhancements of the prototype. Users' perception of 
acceptance and engagement towards prototypes were 
analyzed with a basis in theory on user experience, with 
particular concern for pragmatic and hedonic attributes 
[5]. Beneficial qualities focus on the perceived 
usefulness, efficiency, utility, and usability aspects, 
while hedonic qualities postulate the prototype or 
model's appeal, fun, and originality. 

Results reported a neutral acceptance from the 
participants, with an average mean of 3.919 in the 
Control group and 3.953 in the Trial group. Results 
revealed that most participants agreed with the items 
within the reliability and satisfaction and future use 
construct for pre-clinical learning in improving their 
communication skills. This indicates that SCIMORT 
helps interact with a virtual patient comfortably and can 
be used again as an authentic and safe clinical learning 
tool. Participants well-received virtual patients as an 
innovative training tool that allowed users to simulate 
realistic scenarios in a safe environment due to the 
potential of "bridging the gap" in enhancing learning 
through reflection on practice and improving overall 
preparedness for practice [13]. Users' engagement level 
was denoted in the Control and Trial groups with an 
overall mean of 3.526 and 3.568, respectively, under the 
"neutral" rating. Most participants disagreed with the 
items in the usability perception of the prototype. This 
means the SCIMORT did not seem to be engaging 
enough in the perceived ease of navigating the 
SCIMORT. 

The SCIMORT was created to focus more on 
communication skills. Still, it lacks execution and study 
into chatbot features, especially developers’ answer 
scripts, demonstrating its inability to keep users engaged 
with it. Chatbot programming is challenging to be used 
and needs the support of learning aids to make it easy 
for users to use. By providing many accurate keywords 
suggestions from commands that the chatbot would 
recognize, SCIMORT makes users interact and 
communicate well with virtual patients. With the help of 
an artificial markup language (AIML), the chatbot can 
manage user requests and recognize message patterns 
[2]. AIML is an XML-based markup dialect for creating 
natural language software agents that provide users and 
virtual patients to interact actively. AIML will logically 
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retrieve keywords based on user responses, thus likely 
to have a conversation with a virtual patient. 

To summarize, users had an overall neutral 
perception of SCIMORT. Therefore, there was a crucial 
need for further exploration and understanding of the 
SCIMORT features, including scripting, and 
considering the feedback received to guide the next 
prototype development phase. 

 
V. CONCLUSION  

 
The script created by the developers limits the virtual 

patient's response and user's queries. Due to time 
constraints, it could not fully explore the chatbot-
making process and only added a few keywords related 
to the script. The prototype was intended to add more 
keyword suggestions to make it more engaging to the 
users. Regarding the target population, a small sample 
size due to the BETA test run being conducted at a short 
period during the semester break was not powered to 
detect significant effects of PDR undergraduates' 
acceptance and engagement towards SCIMORT. 

The SCIMORT concepts had achieved the primary 
goal of enhancing communication skills while exposing 
the PDR undergraduates to pre-clinical learning before 
undergoing clinical attachment at the hospital. Overall, 
SCIMORT, as a learning tool, has gained acceptability 
among students to aid in their clinical understanding. 
The feedback from users will act as a catalyst for 
updating the next phase prototype by incorporating new 
features to make it more dynamic and engaging to the 
learners' needs. 
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Abstract — We applied the Cath 3.0 system (closed-
continuous flushing with guidewire) in routine 
diagnostic cerebral angiography and compared it 
with the Cath 2.0 system (open-intermittent 
flushing). We retrospectively reviewed a total of 72 
patients who underwent diagnostic cerebral 
angiography for neurovascular aneurysm diseases 
between December 2019 and June 2020. A 
conventional angiography system was used in 
patients in the first half, and a guided angiography 
system in the second half. We analyzed the 
fluoroscopy time and fluoroscopy dose. The age, 
diseases, and operators were not significantly 
different between the two groups. The frontal 
fluoroscopy time and dose in the guided angiography 
system group significantly decreased by 42% and 
42%, respectively (mean ± standard error of the 
mean, 1.4 ± 0.79 vs. 2.4 ± 2.06 minutes, p=0.004; 7.7 
± 6.11 vs. 13.2 ± 10.61 mGy, p=0.000). The lateral 
fluoroscopy time and dose were not significantly 
different between the two groups. (0.8 ± 0.42 vs. 1.0 
± 0.81 minutes, p=0.353; 4.6 ± 2.36 vs. 6.0 ± 4.65 
mGy, p=0.131). The total fluoroscopy time and dose 
in the guided angiography system group significantly 
decreased by 36% and 36%, respectively (2.1 ± 1.1 
vs. 3.3 ± 2.81 minutes, p=0.006; 12.3 ± 7.49 vs. 19.2 ± 
14.71 mGy, p=0.001). The Cath 3.0 system effectively 
reduced fluoroscopic time and doses in diagnostic 
cerebral angiography.  

Keywords — Diagnostic cerebral angiography, Cath 
3.0 system, Cath 2.0  

 
I. INTRODUCTION  

 
Despite advances in non-invasive imaging 

techniques such as magnetic resonance angiography 
(MRA) or computed tomography angiography (CTA), 
transfemoral cerebral angiography (TFCA) remains the 
gold standard for the diagnosis of neurovascular 
diseases [1-4]. The traditionally used neurovascular 
angiography system is an open system that uses a 
catheter with an inner diameter of 0.041 inches or 0.043 
inches and a 0.035-inch guidewire (GW) and performs 
intermittent flushing (hereinafter, Catheter 2.0 system, 
Cath 2.0) [5,6]. In the Cath 2.0 system, flushing or 
contrast medium injection is impossible due to 
insufficient free space when the GW is inserted inside 
the catheter [6,7]. Therefore, it is necessary to remove 
the GW when injecting a contrast medium and to 
remove the blood clot and air remaining inside the 
catheter to prevent embolism [5-8]. In addition, if the 

GW is removed and blood vessels are severely tortuous, 
the catheter tip would become displaced during injection 
of a contrast medium, which leads to acquiring 
suboptimal image quality due to incomplete 
catheterization and the inconvenience of repositioning 
the catheter [8,9]. As the neurointerventionalists’ 
experience of the traditional system has increased, the 
risk of complications related to TFCA has been greatly 
reduced [10-13]. However, TFCA is still an examination 
method highly dependent on the operator's experience 
and is an invasive examination that requires several 
manipulation steps to reduce the neurological 
complications caused by blood clots and air [7,8]. 
Therefore, an angiography system should be simple to 
operate and perform the examination safely. The 
neurovascular angiography system has not developed 
significantly due to the problem of the low insurance 
cost of diagnostic catheters and entry barriers of new 
medical technology. We developed a diagnostic catheter 
with an outer diameter of 5 Frenches (Fr), an inner 
diameter of 0.054 inches, and a new cerebral 
angiography system [15]. The newly introduced system 
is a completely closed flushing system. Angiography is 
performed in a situation where a hemostasis valve is 
connected to the catheter, and a 0.032-inch fortified GW 
is kept with continuous heparinized saline flushing 
(hereinafter, Catheter 3.0 system, Cath 3.0). Prior to this 
study, we analyzed several factors, including contrast 
medium injection parameters and time-density curves of 
the Cath 3.0 system with a neurovascular phantom, and 
concluded that the new system was technically feasible 
for catheter angiography [16]. 

The purpose of this study was to evaluate the safety 
and effectiveness of a novel neurovascular angiography 
system using a novel catheter with an inner diameter of 
0.054 inches. 

 
II. MATERIALS AND METHODS  

 
A. Patient Selection 

From December 2019 to June 2020, among 72 
patients over 30 years of age diagnosed with an 
unruptured intracranial aneurysm, 36 patients were 
selected from the Cath 3.0 and Cath 2.0 system groups. 
Patients with inaccessible access (e.g., aortic stenosis 
lesion, aortic dissection), patients younger than 30 years 
of age, and patients with radiopaque embolic material in 
the head were excluded. 

B. Diagnostic equipment and protocols 
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The diagnostic equipment used for TFCA was a 
biplane angiography machine (Artis Zee; Siemens, 
Forchheim, Germany). The detector entrance dose 
(DED) of digital subtraction angiography (DSA) and 
three-dimensional angiography (3D-RA) was 1.82 and 
0.24 μGy/frame, respectively. For fluoroscopy and 
DSA, a copper filter was automatically applied in the 
range of 0.1-0.3 mm, but not for 3D-RA. The focal spot 
size was 0.3 mm in DSA and fluoroscopy and 0.4 mm 
in 3D-RA. The fluoroscopy frame rate was set as a 
standard of 7.5 frames per second (f/s). The kVp, mA, 
and pulse width were automatically determined by the 
angiography system of the routine protocol. The 
nonionic contrast agent used for image acquisition was 
Pamiray 300 (iopamidol 0.612 g/mL; Dongkook 
Pharmaceutical, Seoul, Korea) with a viscosity of 4.7 
cp. 

C. Neurovascular Angiography System and Image 
Acquisition Process 
Cath 2.0 system (Conventional catheter system, Open-
intermittent flushing system) 

The Cath 2.0 system consists of a catheter with an 
outer diameter of 4 Fr and inner diameter of 0.041 
inches (Jungsung Catheter; Jungsung Medical, Seoul, 
Korea), a one-way valve connected to the catheter, and 
a 0.035-inch GW (Guidewire; Terumo Medical 
Corporation, Somerset, NJ, USA). It is an open-
intermittent flushing system. The catheter is 
intermittently flushed with 5,000 U/L heparinized saline 
using a 10-cc syringe, as shown in Figure 1. 

Figure 1. The specification of the conventional catheter 
(A) and the actual conFigureuration of the Cath 2.0 
system (B), (C), (D). 

 

In this study, the Cath 2.0 system was used as the 
control group, and the process of acquiring one 
angiogram is shown in Figure 2. 

Figure 2. The angiographic procedure of the 
conventional catheter system (Cath 2.0 system). 

 

Cath 3.0 system (Closed-continuous flushing system 
with GW) 

The catheter used in the Cath 3.0 system is a newly 
developed angiographic catheter (Grafia; Sungjin-
Hitech, Suwon, Korea) with an outer diameter of 5 Fr 
and an inner diameter of 0.054 inches. It is designed 
with three tubing sections, including the braided 
stainless-steel tubing section of the main shaft, as shown 
in Figure 3.  

Figure 3. The Specification (A) and conFigureuration 
(B) of the Cath 3.0 catheter 

 
 

The Cath 3.0 system consists of a hemostatic valve 
(Ace air vent RHV; HubioMed, Seongnam, Korea) 
connected to the catheter and three lines for flushing, 
hand injection, and contrast medium injection through a 
3-way stopcock. While a 0.032-inch stiff GW (Anguis; 
Sungjin-Hitech, Suwon, Korea) was inserted into the 
catheter, an auto pressure bag (P-pump; Impackorea, 
Anyang, Korea) flushes the system using 2,000 U/L 
heparinized saline for one drop per two seconds. It is a 
closed-continuous flushing system with GW 
conFigured for constant flushing, as shown in Figure 4.  

Figure 4. The components and the actual 
conFigureuration of the Cath 3.0 system. 

 

The angiographic procedures of the Cath 3.0 system, 
which acquires images by injecting a contrast medium 
without removing the GW, are shown in Figure 5. 

Figure 5. The angiographic procedure of the Cath 3.0 
system 
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The system requires an initial preparation step to 
remove any air in the closed system, including the 
catheter, hemostatic valve, and contrast and flushing 
tubes, by aspirating a scanty amount (less than 3 mL) of 
blood after insertion of the catheter tip into the sheath. 

D. Neurovascular angiography examination process 
All procedures were performed by two 

neurointerventionalists with more than three years of 
experience in the field of neurointervention. Both 
operators were equally assigned to both groups. The size 
of the sheath used was 4 Fr or 5 Fr, depending on the 
size of the catheter used. A 5-Fr, 25-cm long sheath was 
used when the femoral artery was severely tortuous. For 
hemostasis at the puncture site, a compression 
hemostatic band (Easy-Presso; KM healthcare, Guri-si, 
Gyeonggi-do, Korea) was applied, and absolute bed rest 
(ABR) was taken for more than 3 hours. In all patients, 
general neurovascular angiography consisting of the 
bilateral internal carotid artery (ICA) and vertebral 
artery (VA) DSA images and 3D-RA of the target lesion 
was performed. External carotid artery (ECA) 
angiography was selectively performed for preoperative 
and postoperative evaluation of arteriovenous shunt 
lesions, severe intracranial stenosis, and bypass surgery. 
In case of severe carotid artery stenosis or tortuous 
anatomical structure, angiography was performed 
proximal to the common carotid or subclavian artery. In 
the Cath 2.0 group, a 4-Fr Davis or Headhunter catheter 
was generally used first, and in the Cath 3.0 group, a 40-
degree-angled tip catheter was used first. 4-Fr Simmons 
catheters were used in both groups when the aortic arch 
failed to enter the first selected catheter in the case of 
type 3 or bovine type. 

E. System evaluation  
For the safety of the procedure, complications that 

occurred during the procedure and hospitalization were 
recorded, including thromboembolism, arterial 
dissection, vasospasm, puncture site hematoma, or 
pseudoaneurysm. The effectiveness of the system is 
determined by measuring the total procedure time, 
fluoroscopy time, fluoroscopy dose, and total radiation 
dose from the time of puncture to the last DSA 
acquisition. The number of blood vessels was divided 
and recorded, and the number of used catheters and 
wires was recorded and analyzed for comparison. 

Qualitative evaluation of image quality was 
performed by three neurointerventional reviewers with 
more than one year of experience. Angiographic images 
were randomly arranged and evaluated blindly. All 
blood vessels examined were evaluated on a 5-point 
Likert scale as follows. Very good (5 points, all vessels 
are filled with sufficient concentration and proximal and 
distal vessels are sufficiently visible at the same time), 
good (4 points, when some vessels do not have 
sufficient concentration or all proximal and distal 
vessels are not sufficiently visible at the same time) 
However, it does not interfere with the evaluation of 
vascular lesions), moderate (3 points, there may be some 
limitations in the evaluation of distal microvessels due 
to the low overall concentration), poor (2 points, the 

overall concentration is significantly low, so it is not 
necessary for the overall evaluation) There may be 
limitations), very poor (1 point, the overall 
concentration is significantly low, making reliable 
evaluation difficult. Request for retest). 

F. Statistical Analysis 
Statistical analysis was performed using SPSS 

statistics version 28 (IBM, Armonk, NY). Continuous 
variables were expressed as mean ± standard deviation 
or the median of the interquartile range. Categorical 
variables are expressed as frequencies with percentages. 
The characteristics and outcomes between the Cath 3.0 
group and the Cath 2.0 group were compared using the 
Student's t-test or Mann-Whitney's U test (when the 
assumption of normality in the Shapiro-Wilk normality 
test was violated). The Chi-Square test was used to 
analyze each group's aortic arch type. In the qualitative 
evaluation of image quality, the agreement between 
raters was measured by Cohen's kappa coefficient (κ). p 
values < 0.05 were evaluated as statistically significant. 

 
III. RESULTS  

 
The general characteristics of the subject are shown 

in Table 1. The mean age of patients was lower in the 
Cath 3.0 group, but there was no statistically significant 
difference (57.9 vs. 59.4 years, p=0.581). The 
distribution of aortic arch types did not differ 
significantly between groups (p = 0.293). The mean 
number of vascular examinations was significantly 
higher in the Cath 3.0 group (p = 0.031). 

Table 1. The baseline characteristics. 

Variable Cath 3.0 Cath 2.0 p value 
  (N=36) (N=36)   

Age           57.9±10.87 59.4±10.33 0.581  
Female 18(50%) 27(75%) 0.032  
Type of aortic arch   0.293  
   I 12 (33%) 7 (20%)  

   II 16 (44%) 18 (50%)  

   III 8 (23%) 11 (30%)  

Operator     0.604  
  - A 12 (33%) 9 (25%)  

  - B 24 (67%) 27 (75%)  

Vessel_Selection_No.        4.8 ± 1.16 4.2 ± 1.30 0.031  

* Data presented as mean ± standard deviation or number (percentage) 

The evaluation of the effectiveness of the two groups 
is shown in Table 2. The number of catheters and GWs 
used for the procedure decreased with a statistically 
significant difference in the Cath 3.0 group (1.06 vs. 
1.42 num, p=0.003; 1.03 vs. 1.28 num, p=0.007). 
Frontal fluoroscopy time and dose decreased by 42% in 
the Cath 3.0 group, respectively, and there was a 
statistically significant difference (1.4 vs. 2.4 min, 
p=0.004; 7.7 vs. 13.2 mGy, p=0.000). There was no 
statistically significant difference in lateral fluoroscopy 
time and dose between the two groups (0.8 vs. 1.0 min, 
p=0.353; 4.6 vs. 6.0 mGy, p=0.131). Total fluoroscopy 
time and dose were statistically significantly decreased 
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in the Cath 3.0 group (2.1 vs. 3.3 min, p=0.006; 12.3 vs. 
19.2 mGy, p=0.001). The total DAP dose decreased by 
25% in the Cath 3.0 group, and there was a statistically 
significant difference (68.2 vs. 90.8 mGy, p=0.001). 
Procedure time showed a tendency to decrease in the 
Cath 3.0 group, but there was no statistically significant 
difference (23.4 vs. 27.1 min, p=0.206). In the 
qualitative evaluation, there was no significant 
difference in image quality between the two groups (4.1 
vs. 4.0 score, p=0.35) (IIC = 0.828; 95% CI = 0.79 – 
0.86, p=0.000). There was no statistically significant 
difference in complication between the two groups (0.03 
vs. 0.06 num, p=0.558). 

Table 2. The safety and effective outcomes between the 
two groups. 

Variable Cath 3.0 Cath 2.0 p 
value 

Frontal Fluoroscopy 
time (min)   

1.4 ± 0.79 2.4 ± 2.06 0.004  

Lateral Fluoroscopy 
time (min) 0.8 ± 0.42 1.0 ± 0.81 0.353  

Total Fluoroscopy time 
(min) 2.1 ± 1.1 3.3 ± 2.81 0.006  

Frontal Fluoroscopy 
dose (mGy) 7.7 ± 6.11 13.2 ± 10.61 0.000  

Lateral Fluoroscopy 
dose (mGy) 4.6 ± 2.36 6.0 ± 4.65 0.131  

Total Fluoroscopy 
dose (mGy) 12.3 ± 7.49 19.2 ± 14.71 0.001  

Total DAP dose (mGy)   68.2 ± 20.5 90.8 ± 32.44 0.001  

Procedure time (min)  23.4 ± 8.6 27.1 ± 13.78 0.206  
Used catheter 
(number) 1.06 ± 0.23 1.42 ± 0.70 0.003  

Used wire (number) 1.03 ± 0.17 1.28 ± 0.51 0.007  
Complications 
(number) 0.03 ± 0.17 0.06 ± 0.23 0.558 

Image quality scoring 4.10±0.25 4.00±0.33 0.350 

* Time: minute, Dose: mGy 
* Total Fluoroscopy: Frontal + Lateral Fluoroscopy, Total DAP: Total 
fluoroscopy dose + DSA dose, Procedure time: Puncture to last DSA, 
Complications: thromboembolism, arterial dissection, vasospasm, 
puncture site hematoma. 

 
IV. DISCUSSION  

 
In this study, the total fluoroscopy time, dose, and 

total DAP dose were significantly lower in the group 
that performed TFCA with the Cath 3.0 system. It was 
found that the number of used catheters and GWs was 
significantly lower in the Cath 3.0 group. The total 
operation time tended to decrease in the Cath 3.0 group, 
but it was not statistically significant. Qualitative 
evaluation of image quality and side effects did not 
show a significant difference between the two groups. 

In the Cath 2.0 system, which is a traditional test 
method, if the GW is inserted in the catheter, flushing or 
injection of a contrast medium cannot be performed due 
to insufficient free space, so the inside of the catheter is 
always filled with blood as shown in Figure 6.  

 

 

Figure 6. The actual conFigureuration(left) and the 
cross-section(right) of the Cath 2.0 system. This 
schematic diagram shows that a GW with an outer 
diameter of 0.035 inches is inserted into a 4F catheter 
with an inner diameter of 0.041 inches. The inside of the 
catheter has insufficient free space for flushing, which 
is filled with blood. 

 
 

Therefore, in order to minimize neurological 
complications, Cath 2.0, composed of an open system, 
requires aspiration of blood in the conduit and 
intermittent flushing of heparinized normal saline after 
removal of the GW and repeats the connection and 
disconnection of the contrast injection line [5-7]. With 
the aging of the population and the increase in 
atherosclerotic disease, the number of patients with 
heart disease with vascular curvature is increasing. 
Neurovascular angiography for these patients has many 
difficulties in positioning the catheter in the target blood 
vessel, so the time maintaining the GW in the catheter 
becomes longer [18-21]. Therefore, blood aspiration 
and flushing in the catheter must be continued. The 
quality of the image would be deteriorated due to 
catheter instability when the GW is removed. The 
examination time and complications vary depending on 
the operator’s skill [17-20]. The need for the use of 
heparin and flushing to prevent neurological 
complications caused by air or blood clots during the 
neurovascular angiography process has been reported 
through several studies, and a protocol to reduce the 
dose of TFCA has been actively developed [22-24].  
However, studies on the development of a catheter 
system that can efficiently reduce the angiography 
procedure and acquire images without deterioration of 
image quality and reliably complete the examination 
have not yet been reported. We developed a novel 
catheter with an outer diameter of 5 Fr and an inner 
diameter of 0.054 inches to overcome the limitation of 
the catheter with an inner diameter of 0.041 inches used 
in the traditional method. Since the Cath 3.0 system 
using the catheter with an inner diameter of 0.054 inches 
allows constant flushing into the catheter when the GW 
is inserted, the inside of the catheter can always be kept 
clean with heparinized normal saline, as shown in 
Figure 7.  
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Figure 7. The cross-section of the Cath 3.0 system. This 
schematic diagram shows that a GW with an outer 
diameter of 0.032 inches is inserted into a 5F catheter 
with an inner diameter of 0.054 inches. The inside of the 
catheter has sufficient free space for flushing, which is 
filled with heparinized saline. 

 
 

The Cath 3.0 system, composed of a closed-
continuous flushing system, can acquire roadmap and 
DSA images by injecting a contrast medium while 
keeping the GW in the catheter. This resulted in less 
blood loss due to no blood aspiration and no need to 
repeat the connection and disconnection of the contrast 
injecting line leading to reducing the steps to acquire an 
angiogram compared to the Cath 2.0 system, as shown 
in Table 3. 

Table 3. The safety and effective outcomes between two 
groups. 

Variable Cath 2.0 Cath 3.0 

Total number of procedural s
teps per one vessel 

12 4 

Catheter hub connection 4 0 
Catheter hub disconnection 4 0 
Guidewire insertion 2 0 
Guidewire removal 2 0 

 
 In Cath 3.0, even if the catheter is placed in the 

proximal part of the target blood vessel with a severe 
tortuosity, the GW continuously sustains the catheter, 
thereby preventing catheter instability and catheter 
kickback during contrast medium injection as shown in 
Figure 8. 

Figure 8. Representative cases using the catheter 3.0 
system in tortuous vessels. A and B: Road map and DSA 
image of vertebral artery, C and D: Road map and DSA 
image of external carotid artery. 

 

 Moreover, thanks to the GW, the direction of the 
catheter tip and the blood vessel course are matched, and 
it may result in minimizing damage to the blood vessel. 
In this study, the new neurovascular angiography 
system (Cath 3.0 system) using the novel catheter with 
an inner diameter of 0.054 inches was able to reduce the 
total fluoroscopy time and dose by minimizing the 
procedure steps. Since the stability of the catheter is 
secured by the maintenance of the GW during injection 
of the contrast medium, an angiography can be obtained 
without deterioration of image quality. In addition, the 
unnecessary use of catheters and wires can be reduced. 
This usefulness can help the learning curve of 
inexperienced operators as well as performing TFCA 
quickly and safely, which is an invasive test. However, 
in order to perform angiography with the Cath 3.0 
system, it is necessary to connect the catheter and the 
hemostatic valve and prepare for air removal of various 
lines for flushing. Despite this preparation process, the 
total operation time in this study tended to decrease by 
15% in the Cath 3.0 group, but there was no statistically 
significant difference. In the evaluation of the safety of 
the procedure, the Cath 3.0 group was considered safer, 
but there was no significant difference in this study. This 
can be seen as a limitation of this study due to the lack 
of samples. It was shown in the phantom study that the 
contrast medium injection while maintaining the GW 
increases contrast injection pressure due to the increased 
resistance in the catheter [16]. It would be a limitation 
that a contrast medium with low viscosity only should 
be used to solve this problem. If the GW is not fixed, the 
GW may be pushed forward when the contrast medium 
is injected. Therefore, some caution is required. 
Although there were concerns about image quality 
deterioration due to the increased resistance in the 
catheter, there was no statistically significant difference 
in the phantom study and this study. As this study is a 
retrospective study, there is a possibility that there may 
be a bias, so a prospective study is needed to confirm the 
effectiveness and safety of the Cath 3.0 system. 

 
V. CONCLUSION  

 
In this study, the new neurovascular angiography 

system (Cath 3.0 system) using a novel catheter with an 
inner diameter of 0.054 inches reduced the total 
fluoroscopy time and dose due to the simplification of 
the procedure step and catheter stability and was able to 
acquire images without reduction of image quality. 
Prospective studies are needed to evaluate the 
effectiveness and safety of the Cath 3.0 system. 
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Abstract — In Singapore, the upskilling of the 
professional status of radiographers, such as the 
evolvement of the education curriculum of an 
undergraduate degree and accreditation from the 
Allied Health Professional Council (AHPC) of 
Singapore, topped with shortages of radiologists are 
catalysts to the development of radiographer-led 
fluoroscopic studies at the study center. This role 
extension provides opportunities for role 
advancement, thus contributing to radiographer 
retention rates and increased job satisfaction. This 
report aims to explore the process of change in the 
implementation of the radiographer-led fluoroscopic 
service and to identify the barriers and drivers of the 
service implementation at a public hospital in 
Singapore. Formative process evaluation is used to 
(i) describe and report on the actual change process, 
(ii) describe the drivers and inhibitors of 
implementation, and (iii) describe the impact of the 
practice change on professional, organisational and 
quality issues affecting practitioners, organisation 
and patients. The execution of change was driven by 
the service needs and manpower optimization to 
provide timely service. The development of an in-
house competency framework from a joint effort 
between the radiologist and radiographer was 
paramount, on top of the support from Senior 
Management of the organisation and other 
stakeholders. The role extension enables 
radiographers to take on greater responsibilities and 
develop their clinical role to higher levels. 
Radiologists are availed for more complex 
procedures, and scheduling flexibility facilitates 
seamless operations with shorter patient waiting 
times. The new care model benefited both the 
patients and the organisation. It is worth noting that 
this service did not create additional requirements in 
terms of human resources, alteration of modes of 
shift working or costs. 

Keywords:  role extension, radiographers, patient 
satisfaction, care provision 

 
I. INTRODUCTION  

 
In recent years, the seminal role of radiographers in 

healthcare has gained widespread attention due to 
practitioner shortages and calls for upskilling [1]. 
Specifically, the Singaporean healthcare environment ‘ 
zcompounded by manpower shortages, which 
undermines overall healthcare provision. Congruent 
denotations from research highlight that service 
implementation in most Singaporean public hospitals is 
also undermined by rapid population ageing and the 

limitations in the delivery or provision of primary care 
[6]. Contrarily, there has been a surge in demand for 
radiographers to attain the necessary didactic 
knowledge and experience to handle the barriers 
mentioned above. The provision of tertiary education 
contributes to role extension, specifically in 
fluoroscopic service.  

Fluoroscopic services are identified as an essential 
diagnostic modality where services such as barium 
swallow, barium meal and barium enema are valuable to 
rule out gastrointestinal (GI) abnormalities [5]. 
Additionally, fluoroscopy diagnostic services 
complement other modalities such as ultrasound, MRI 
and CT scans with its physiologic capabilities5. The 
benefits of fluoroscopic services cannot be undermined 
as the tools provide a real-time evaluation with true 
temporal resolution. In Singapore, fluoroscopic 
procedures are mainly conducted by trained radiologists 
and assisted by radiographers and nurses, although there 
is an apparent manpower shortage due to 
abovementioned factors. 

The implementation of a radiographer-led 
fluoroscopic service at the study center marks a new era 
of multidisciplinary partnership and the changes should 
focus on role extension whereby trained radiographers 
can help perform barium studies, thus easing the 
workload for radiologists. Additionally, scholars allude 
that upskilling and extending the roles of radiographers 
can increase consistency in service delivery, thus 
improving patient care [4]. 

In 2015, Radiography Department of Changi 
General Hospital Singapore successfully obtained 
approval from in-house Medical Board for certified 
radiographer to perform fluoroscopic guided 
gastrointestinal studies. Later on, the scope of this group 
of certified radiographers was further expanded to 
include insertion of feeding tube in year 2020. 

 
II. MATERIALS AND METHODS  

 
A. Study Site 

The study centre is a 1000-beded tertiary hospital 
located in the eastern Singapore. The radiology 
department performs close to 150 fluoroscopic studies 
on a monthly basis, where the three qualified 
radiographers are rotated weekly to man the fluoroscopy 
room. This evaluation is classified as a service 
evaluation and not subject to Institutional Review Board 
(IRB) oversight 
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B. Data Collection 
The data collection process involved a formative 

process evaluation which described and reported the 
initial change process at the public hospital. The 
overarching aim of the process evaluation was to 
determine whether the proposed radiographer-led 
fluoroscopy services were feasible, appropriate and 
acceptable before implementation. After that, the 
researcher used the formative process evaluation to 
determine drivers and barriers to the programme 
implementation. The data was derived through 
qualitative observation of the research site. The 
formative process was then used to describe the 
projected effect of practice change on the professional, 
organisational and quality issues. The impact or effect 
was gauged based on the patient experiences, 
practitioner efficiency and organisational sustainability 
levels. 

C. Quality Control 
The data derived from the formative process 

evaluation was analysed through an audit methodology 
which served as a control measure for the proposed 
program. The researcher randomly selected 30% of the 
GI tract studies workload performed independently by 
the radiographer in the fluoroscopy room every month. 
Subsequently, the researcher audited 100% of the 
fluoroscopic guided feeding tube insertion workload 
based on the success rate. An audit criterion was then set 
up to audit fluoroscopy cases, as shown in the table 
below:  

Table 1: Audit Criteria 

Case Criteria 

Barium 
Studies  

1. Audit of study findings 
by radiographers 
recorded in RIS against 
the final radiological 
report. 

2. Patient recall requested 
by radiologist due to 
suboptimal study.   

Water 
Soluble 

Contrast 
Studies  

1. Audit of study findings 
by radiographers 
recorded in RIS against 
the final radiological 
report. 

2. Patient recall requested 
by radiologist due to 
suboptimal study.   

Fluoroscopic 
guided 

feeding tube 
insertion  

1. The success rate of 
insertion attempt 

The data analysis process also involved labelling 
studies, which concurred or otherwise with radiological 
reports or the outcomes of insertion of feeding tubes as 
either successful or unsuccessful. To improve the 
analysis, the researcher identified unsuccessful studies 

and gathered feedback from the radiologist on duty. The 
feedback involved conducting a review session with the 
radiographer to determine the causal factors or barriers 
to fluoroscopic service provision. A key performance 
index of 100% was set, with a baseline evaluating 
whether the audited studies were successful or 
unsuccessful.  

 
III. RESULTS  

 
The formative process evaluation revealed that the 

actual change process was seminal in revolutionising 
service provision in the fluoroscopy room at the 
radiology department. The change process involves 
upskilling and training the radiographers on conducting 
fluoroscopy procedures such GI tract imaging and 
fluoroscopic guided feeding tube insertion techniques 
through in-house training programme conducted by 
radiologists. The shortlisted radiographer is required to 
perform a minimal number of cases, and assessed to be 
competent by designated trainer before they could 
perform the procedures independently. 

The performance outputs were measured by the in-
house competency framework developed by a joint- 
effort between the radiologist and radiographer. It 
serves as a key performance indicator on the 
successfulness of the radiographer role extension 
programme.  

Furthermore, the results showed that the execution 
of change was driven by the service needs and 
manpower optimization to provide timely service. The 
main service need was increased patient waiting times 
which may contribute to a decline in satisfaction. By 
initiating the change process, room productivity is 
enhanced and manpower is optimized when 
radiographers take on greater responsibilities in the 
fluoroscopy room. The role extension enables 
radiographers to develop their clinical role to higher 
levels. Radiologists are availed for more complex 
procedures, and scheduling flexibility increases owing 
to less manpower restriction resulting in seamless 
operations with shorter patient waiting times. 

The formative process evaluation showed the 
importance of organisational and management support. 
It was premised on the belief that radiographer’s role 
extension would benefit the organization in terms of 
patient care, care delivery efficiency and  
providing sustainable services to the fast-moving 
healthcare system.  

 
IV. DISCUSSION  

 
Summative dispositions from the research indicate 

that the apparent shortage of radiologists undermines 
timely and accurate medical imaging service. The 
increased demand for radiological services has been 
complemented by technological advances which require 
skilled and trained practitioners [1,4]. Moreover, 
barriers to implementing change processes that improve 
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radiological services include a lack of support from the 
management, which undermines professional 
development and quality service provision [5].  

Researchers allude that support from the key 
stakeholders is substantial for program success, which 
was also a key driver towards the achievement of this 
role extension efforts. It was seen that the upskilling of 
radiographers increases overall motivation and 
commitment to patient management processes [2,6]. 
Apart from enhancing the professional development of 
the radiography, this service extension also facilitates 
job satisfaction and reduces turnover rates. 

Lastly, to ensure sustainability of the change effort, 
quality assurance and auditing frameworks should be in 
place. The frameworks set a baseline for successful 
imaging studies, which is solely attained if the 
radiographers possess the requisite skills and 
competencies are crucial to ensure service standard 
[3,7,8].  

 
V. CONCLUSION  

 
In due summation, role extension is a viable change 

strategy that can improve radiographer-led fluoroscopic 
service provision in healthcare environments. The 
changing stature of the healthcare environment 
generates drivers and inhibitors to change processes, 
such as an ageing population, shortage of manpower and 
importance of support from stakeholders. Furthermore, 
role extension can advance the scope of practice for 
radiographers, which will positively impact the 
organisation by reducing patient wait times. 
Furthermore, it will accentuate the provision of timely 
and efficient imaging services, thus improving the 
quality of care. Also, it is worth noting that this service 
did not create additional requirements in terms of human 
resources, alteration of modes of shift working or costs. 
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Abstract - Intracranial physiological calcifications 
are not related to any pathological conditions, rather 
they are due to the normal deposition of calcium or 
iron in the different parts of the brain. Computed 
Tomography scan is superior to all other modalities 
in terms of sensitivity in the detection of intracranial 
physiological calcifications. The objective of the 
study was to evaluate the frequency and location of 
intracranial physiological calcifications and also 
study them according to age and gender. A 
prospective cross-sectional study with a purposive 
sampling technique was conducted from November 
2020 to February 2021 at the Department of 
Radiology and Imaging, Bir Hospital. CT scan 
images of every age group were reviewed from the 
base of the skull to the vertex excluding images with 
intracranial pathologies, injuries, artifacts, contrast 
enhancement and the patients with follow-up scans. 
Data were analyzed using SPSS version 25. 
Descriptive analysis was primarily preferred 
accompanied by inferential statistics. Out of 412 
patients, 60.7% were male and the mean age was 
41.16 ±19.915 years. The total number of 
calcifications was 795. 92.8% of patients showed 
calcifications. Males had a higher number of 
calcifications. The highest number of calcifications 
was seen in the age group 20-30. The highest 
calcification was seen in the pineal gland (76%) 
followed by the choroid plexus (70.4%) and the 
lowest in the caudate nucleus (0.38%). The earliest 
age of calcification was 8 years. There was a 
significant relationship between the increase in age 
and the increase in calcification (p<0.05). There was 
also a significant difference between male and female 
calcifications (p<0.05). This study can be useful for 
clinicians to differentiate normal physiological 
intracranial calcifications from pathological 
calcification which will reduce misinterpretation of 
the calcifications. 

Keywords - Calcification, Choroid plexus, 
Intracranial, Physiological, Pineal gland 

 
I. INTRODUCTION 

 
Intracranial calcification denotes the presence of 

calcification (calcium and/or iron) within the brain 
vasculature and parenchyma [1]. Intracranial 
‘physiological’ calcifications are not related to any 
pathological conditions but they look like pathological 
calcifications. So, the knowledge of the location, extent 
and frequency of physiological calcification is very 

essential [1,2,3]. Exact evidence of the relationship 
between aging and intracranial physiologic calcification 
is unknown to date but it is believed that the incidence 
of intracranial physiological calcification usually 
increases with an increase in age [4]. 

 Computed Tomography scan is the modality of 
choice for imaging calcifications because of its high 
spatial resolution [5]. However, window level, width, 
slice thickness and many other parameters used during 
the CT scan greatly impact the calcification's 
detectability [6]. 

The studies suggest that the intracranial 
physiological calcifications are found commonly in the 
areas like pineal gland, basal ganglia, choroid plexus, 
Falx cerebri/ tentorium cerebelli, dura, lens, sagittal 
sinus, petroclinoid ligament, cavernous part of the 
internal carotid artery, habenula, arachnoid granulations 
and other non-defined areas [6,7]. According to the 
literature, most of the calcifications are found in the 
choroid plexus and pineal gland followed by a lesser 
number in other regions and the calcifications below 
five years of age are very rare and if present, should be 
suspicious of underlying pathology [7,9]. If the size of 
pineal gland calcification exceeds 1 cm in diameter or it 
is present in children below 9 years, it can be thought to 
be due to a neoplastic tumor [9,10]. But this presumption 
is also being ruled out due to the invention of very high 
detectability of CT scanners [7]. 

In addition to the information suggested by the 
literature, my study aims to find the physiological 
calcifications present in people from all over Nepal who 
visit the Radiology and Imaging Department, Bir 
Hospital, for diagnosis. Patient flow in the Bir Hospital 
is of diverse nature. This makes the study more open and 
the results more precisely represent the population of 
Nepal.  

 
II. MATERIALS AND METHODS 

 
This is a prospective, descriptive cross-sectional 

study. Data was collected from the Department of 
Radiology and Imaging, Bir Hospital. Data was 
collected over four months, from November 2020 to 
February 2021. A purposive sampling technique was 
adopted. A total of 412 non-contrast CT scans of the 
head were taken for the study after fulfilling all the 
inclusion criteria. 

All of the CT scans were performed on a single 
machine, the Philips Ingenuity 128 



Paper ID 30 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand  17  

-slice multidetector CT scanner. The CT scanner was 
air calibrated every morning before starting any scans to 
maintain the technical calibers of the machine in normal 
standards. Confidentiality of patient identification and 
data was strictly maintained throughout the study. 
Ethical approval was not required for the study as the 
study was done under the supervision of the Institutional 
Review Board of the National Academy of Medical 
Science (NAMS) as a part of academic project work.  

All the patients from ages one to 100 were included 
in the study. The CT scans of patients having any 
artifacts, intracranial pathologies and intracranial 
injuries were excluded from the study. Contrast-
enhanced CT scans and angiographic scans were also 
excluded. Furthermore, exclusion criteria included 
patients with follow-up CT scans of the head. 

The Non-Contrast Computed Tomography scans of 
the patient’s brain were thoroughly studied on the 
workstation in two steps: first in the five mm slice 
thickness and second in the thin slices of one millimeter. 
The calcification which was visible on both of the steps 
was only recorded. Verification of the calcification 
whether it is physiological was done by the group of 
consultant radiologists of the NAMS. 

The following areas were visualized to look for 
calcifications: 1. pineal gland, 2. posterior horn of 
choroid plexus of lateral ventricle, 3. either of the falx 
cerebri or tentorium cerebelli, 4. habenula, 5. Globus 
pallidus, 6. putamen, 7. dentate nucleus of cerebellum 8. 
superior sagittal sinus and 9. Caudate nucleus. The data 
was recorded on the data collection sheet. 

The data were entered into MS excel and transferred 
to the SPSS (SPSS 25.0; IBM, Armonk, New York) for 
analysis. The statistical analysis of the data was 
accomplished primarily with descriptive statistics. 
Inferential statistics also accompanied descriptive 
statistics. The Chi-Square test for trend, independence, 
and p-value was used to evaluate the association 
between different variables. Spearman correlation value 
was calculated to determine the association between the 
frequency of pineal gland and choroid plexus 
calcification. 

 
III. RESULTS 

 
A total of 412 samples were taken, of which 250 

(60.70%) were male and 162 (39.30%) were female. Out 
of those 412 patients, 380 (92.80%) had calcifications 
and 32 (7.20%) did not have any calcifications. The 
patient recorded were from two years of age to 91 years. 

The mean age was 41.16 ± 19.915. The mean age of 
males was 40.70 ± 19.782 and the mean age of females 
was 41.86 ± 20.161. Table 1 shows the comprehensive 
data about the number of calcifications in each region of 
the brain in males and females. The samples were 
divided into ten age groups from zero to 100 with an 
interval of 10 years as mentioned in Table 2. The age 
groups included: 0 = 0-10, 1 = 10-20, 2 = 20-30, 3= 30-

40, 4= 40-50, 5= 50-60, 6= 60-70, 7= 70-80, 8= 80-90, 
9= 90-100. 

The maximum number of patients belonged to the 
age group 20-30 having 102 members while the age 
group 90-100 had just one patient recorded. The 
calcification was not present in patients below eight 
years. Table 3 shows all the studied calcifications and 
their earliest age of occurrence. 

Table 1. Calcification in different regions in male and 
female 

Region  PG CP Fx GP P S H D C 

M 198 188 65 25 3 11 5 10 1 

F 115 102 41 18 3 2 2 4 2 

Sum  313 290 106 43 6 13 7 14 3 

M = Male; F= Female; PG = Pineal Gland; CP = Choroid 
Plexus; Fx = Falx; GP = Globus Pallidus; P = Putamen; S = 
Superior Sagittal Sinus; H = Habenula; D = Dentate Nucleus; 
C = Caudate Nucleus 

Table 2. Frequency of the age and sex of the patients 

Age  0 1 2 3 4 5 6 7 8 9 
M 1

1 
2
4 

65 3
0 

4
4 

3
4 

1
9 

1
7 

5 1 

F 4 2
1 

37 2
0 

2
3 

3
1 

7 1
3 

6 0 

Su
m 

1
5 

4
5 

10
2 

5
0 

6
7 

6
5 

2
6 

3
0 

1
1 

1 

M = Male; F= Female 

Table 3.  Earliest age of calcifications in different 
regions 

Region PG CP Fx GP P SSS H C D 
Age 8 12 11 8 9 9 9 51 25 

PG = Pineal Gland; CP = Choroid Plexus; Fx = Falx; GP = 
Globus Pallidus; P = Putamen; SSS = Superior Sagittal Sinus; 
H = Habenula; D = Dentate Nucleus; C = Caudate Nucleus 

The total studied calcifications were 795 while the 
total number of patients was only 412. This is because a 
single patient possessed many calcifications in a 
different region of the brain.   The maximum incidence 
of calcification was found in the pineal gland (76%) 
whereas the minimum incidence was found in the 
caudate nucleus (0.7%). The age group 20-30 had the 
maximum number of patients (20.1%). 230/412 (55.8%) 
patients had both pineal gland and choroid plexus 
calcification whereas 39/412 (9.46%) had none of these 
two calcifications. Comprehensive data about the 
comparative study of choroid plexus and pineal gland 
calcification is given in Table 6. There was a weak 
positive correlation between the frequency of pineal 
gland and choroid plexus calcification (spearman 
correlation coefficient = 0.121). The relationship 
between the pineal gland and choroid plexus 
calcification was statistically significant (p=0.014). 

There was a significant relationship between 
increasing age and total calcifications (p<0.05). Pineal 
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gland and choroid plexus data were analyzed and 
compared with the data of other studies. The 
comprehensive and comparative information about the 
calcification frequency of my study and other studies 
was stated in Table 4. There was a significant difference 
between overall male and female calcifications 
(p<0.05). There was no significant difference between 
male and female calcifications in other regions except 
choroid plexus. Table 5 shows the values of chi-square 
and significance (p-value) between the male and female 
calcifications in different regions of the brain. 

 
IV. DISCUSSION 

 
In my study, the number of calcifications (795) was 

more than the number of studied patients (412) because 
a single patient can have calcifications in more than one 
region. In this study, the age group which had the largest 
number of patients was 20-30 years (24.8%) (Table 2). 
The age group having a maximum number of 
calcifications was also 20-30 years (20.1%). The study 
done by Badal M.J. et al [6] had the maximum number 
of patients in the age group 31-40 (17.2%) but the 
maximum number of calcifications was found in the age 
group 51-60 (20.02%). In a similar study done by 
Uduma et al [19], it was found that 40-49 years age 
group was the largest studied population, which was 
also the age group with maximum calcification 
(35.58%). Daghighi et al. [2] found both the highest 
number of patients and the highest number of 
calcifications in the age group 35-44. 

Males (60.7%) were more than females (39.3%). 
Every age group had more males than females except 
the age group 80-90. The number of calcifications was 
more in males (63.64%) than in females (36.35%). But, 
in a similar study done by Daghighi et al. [2], the female 
population (59.1%) was more than the male (40.9%). 
Also, the number of calcifications was more in females 
in that study.  Similar results to that of my study were 
obtained from the study of Kwak R. et al. [14] and Guja 
C. et al. [21], which noted more calcification in males 
than females throughout the age range of their studied 
population. Out of 412 studied patients, 313 (76%) had 
pineal gland calcification, 290 (70.4%) had choroid 
plexus calcification, 106 (25.7%) had falx/tentorium 
calcification, 43 (10.4%) had globus pallidus 
calcification, 14 (3.4%) had dentate nucleus 
calcification, 13 (3.2%) had superior sagittal sinus 
calcification, 7 (1.7%) had habenula calcification, 6 
(1.5%) had putamen calcification and 3 (0.7%) patients 
had caudate nucleus calcification (Table 1). Daghighi et 
al. [2] showed 71% pineal gland calcifications, 66.2% 
choroid plexus calcifications, 20.1 % habenular 
calcifications, 7.3% tentorium cerebelli calcification, 
6.6% vessels calcifications, 0.8% basal ganglia 
calcification and 0.9% lens and other structural 
calcifications out of 1569 studied patients. Out of total 
recorded calcifications (795), pineal gland had the 
maximum number of calcifications (39.37%) followed 
by choroid plexus (36.47%), falx cerebri/tentorium 
cerebelli (13.33%), globus pallidus (5.4%), dentate 

nucleus (1.77%), superior sagittal sinus (1.63%), 
habenula (0.89%), putamen (0.75%) and caudate 
nucleus (0.38%) (Table 1). In most of the studies, 
including my study, pineal gland was the region of 
maximum calcification but in the study done by Uduma 
et al. [19], choroid plexus was the region of maximum 
calcification. Table 4 shows the comparison of the 
calcifications of my study with different other studies. 
Total basal ganglia calcification in my study was 6.53% 
(Globus Pallidus = 5.4%, Caudate = 0.38% and putamen 
= 0.75%). Daghighi et al. [2] had not differentiated the 
basal ganglia calcifications, rather they found that basal 
ganglia consisted of 0.8% of total calcifications. Globus 
pallidus showed the greatest number of calcifications 
among the basal ganglia structures in my study. 

The earliest age of calcification was 8 years and the 
earliest calcification to appear was pineal gland 
calcification which is similar to the study by Badal M.J. 
et al. [6] and Adeloye A. et al. [20]. Uduma et al. [19] 
found it as 10 & 9 years in two different studies. Also, 
in my study, Dentate nucleus calcification first appeared 
at the age of 25 years and caudate nucleus calcification 
first appeared at 51 years. Table 3 shows the earliest age 
of calcification of different regions of the brain. 

Of the total 412 patients, 230 (55.8%) had both 
pineal gland and choroid plexus calcifications. 83 
(20.1%) had pineal gland calcification but no choroid 
plexus calcification. 60 (14.6%) had choroid plexus 
calcification but no pineal gland calcification. 39 (9.5%) 
had neither choroid plexus nor pineal gland 
calcification. In the study by Daghighi et al. [2], 50.03% 
had both pineal gland and choroid plexus calcification 
(Table 6). 

Table 4. Comparison of my study with other studies 

SN. Study PG CP 
1. Kwak R., et al. 67.7% 57.6% 
2. Daghighi, et al. 71% 66.2% 
3. Uduma et al. 46.21% 56.82% 
4. Adeola A., et al. 12.2 - 
5. Guja C., et al.  - 51% 
6. Badal M.J., et al. 75.49% 71.18% 

7. My study 76% 70.4% 

Table 5. Significance between male and female 
calcifications 

Region Chi-square p-value df 
Pineal gland 3.632 0.057 1 
Choroid Plexus 7.062 0.008 1 
Falx/Tentorium 0.25 0.875 1 
Globus Pallidus 1.30 0.719 1 
Putamen 0.291 0.590 1 
SSS 3.223 0.73 1 
Habenula 0.345 0.557 1 
Caudate nucleus 0.947 0.330 1 
Overall 4.168 0.041 1 
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df = degree of freedom; SSS = Superior sagittal sinus 

Table 6. Comparison of Choroid and Pineal 
calcifications 

 CP 9 CP 8 Total 
PG 9 230 83 313 
PG 8 60 39 99 
Total 290 122 412 

CP = Choroid Plexus; PG = Pineal Gland 
 

Choroid plexus and pineal gland calcification were 
found to have a weak positive association with each 
other with the spearman correlation value of 0.121 and 
the p-value significance between them was 0.014 which 
tells us that the association between these two 
calcifications is statistically significant. All other 
calcifications had no statistical significance between 
their frequencies. The incidence of the co-existence of 
choroid plexus and pineal gland calcification was 
greater in males in my study but in the study of Daghighi 
et al. [2], the incidence of the co-existence of choroid 
plexus and pineal gland calcification was more in the 
females. These kinds of duplicate calcifications were 
most common and prominent in the age group 20-30 in 
my study whereas in the study by Daghighi et al. [2], 35-
44 was the prominent age group of duplicate 
calcifications in different areas of the brain. The ratio of 
Choroid Plexus to Pineal Gland (CP: PG) calcification 
in my study was 0.93:1, which was   0.94:1 in Badal M.J. 
et al. [6] study and 1.23:1 in Uduma et al. [19] study. 

Male to female ratio of pineal gland and choroid 
plexus calcification in my study was 1.72:1 and 1.84:1 
respectively. They were 1.91:1 and 1.86:1 respectively 
in the study by Badal M.J. et al. [6] and 1.44:1 and 
1.42:1 respectively in the study by Uduma et al. [19]. 
Male to female ratio in the calcification of Falx cerebri/ 
tentorium cerebelli, Globus pallidus, Superior sagittal 
sinus, habenula, putamen, dentate nucleus and caudate 
nucleus were 1.59:1, 1.39:1, 5.5:1, 2.5:1, 1:1, 2.5:1 and 
1:2 respectively. 

In my study, 70.8 percent of the total calcifications 
were in patients between 20-60. If I compare my study 
with that of Badal M.J et al. [6], they found, 67.9% of 
the total calcifications in the patients aged 20-60, which 
of slightly less than my study but approximately equal. 
There was a significant difference between male and 
female calcifications (p-value = 0.041 and chi-square 
value = 4.168 at df =1). Also, in the study of Badal M.J. 
et al. [6], the result was similar (p-value = 0.0331 and 
chi-square value = 6.841 at df =2). 

There was a statistically significant relationship 
between the increase in age and the increase in 
calcification in my study (p = 0.000 and chi-square 
value = 179.989 at df 78).  Badal M.J. et al. [6] also 
found the relationship between age and calcification to 
be statistically significant ((value of chi-square was 
83.352; degree of freedom 1) with p-value < 0.0001.) 
Also, there was a significant relationship between the 
increase in age and the increase in the frequency of 
pineal gland and choroid plexus calcification (p<0.05). 
But the relationship between the increase in age and the 

increase in the frequency of calcification in other 
regions was statistically insignificant (p>0.05). 

This study elaborately evaluated all the intracranial 
physiological calcifications in the brain, their 
percentages and their comparison with other studies. 
Knowledge of physiological calcifications and their 
extent and amount in the brain can help us to 
differentiate them from pathological causes. Although 
physiological calcification does not accompany any 
pathological cause and they can occur in different 
people varying in numbers according to their age, sex, 
ethnicity, geographical region, nutrition, behavioral and 
cultural values and race [2], they are very essential 
parameters required to diagnose the pathological 
calcifications properly. If physiological calcifications 
are not understood and known properly, they could 
mimic pathology and lead to misdiagnosis which can be 
clinically inappropriate and sometimes dangerous too, 
as in surgical cases [2]. 

This study was successful in excluding the CT 
patients with intracranial pathologies, intracranial 
injuries and post- operative patients but was unable to 
exclude the patients with hypertensive disorders 
because proper data on the hypertension of the patient 
was unavailable and was not feasible to obtain in the 
OPD settings of the Radiology and Imaging Department 
of Bir Hospital. The Na-K imbalance and parathormone 
imbalance in the body can also result in an increased 
amount of calcification in the brain – a factor that could 
not be considered in my study. Further studies can be 
done by obtaining patient history thoroughly which 
includes blood reports including Na+, K+ and 
Parathormone values. This will give a more detailed and 
precise result of physiological calcifications by 
excluding all the possible pathological causes. Size 
measurement, shape assessment and symmetricity 
evaluation of choroid plexus calcification are necessary 
and are recommended for future studies. 

 
V. CONCLUSIONS 

 
The data of my study can be helpful for clinicians 

and radiologists to compare it with the calcifications 
they encounter during the evaluation of the pathology. 
Knowledge of physiological calcifications can help to 
differentiate them from pathological calcifications 
which aid in differential and transparent diagnosis. The 
data suggest that intracranial physiological 
calcifications increase with the increment in age. This 
helps to rule out the extent of the calcification that might 
be present in a healthy person. From this study along 
with various other comparatively parallel studies, one 
can generalize the age group, gender and location 
having the highest frequency of calcification. 
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Abstract — Introduction: On a global level, Japan has 
been reported to have the highest number of 
computed tomography (CT) scanners per million 
people. The high radiation doses used in CT make it 
crucial to examine the radiation exposure inside as 
well as outside the irradiation field. This study aimed 
to measure the radiation dose to the thyroid gland 
outside the irradiation field, at different tilt angles of 
the orbitomeatal line (OML), with and without a 
shield. Methods: A 16-slice multi-detector CT 
scanner was used in this study. Radio-
photoluminescence glass dosimeters were placed on 
the area corresponding to the position of thyroid 
gland on a phantom. The radiation doses were 
measured three times at different tilt angles of the 
OML, and the mean of the three values was taken as 
the absorbed dose (mGy). Results: When the CT was 
performed with a vertical OML, so that the tilt angle 
of OML was 0°, the jaws were horizontal and the x-
rays were parallel to the OML, the irradiation dose 
to the thyroid gland was 1.78 mGy without shield 
and 1.52 mGy with shield. However, for OML tilted 
+10° and +20° backwards, such that the jaws were at 
10° and 20° above horizontal, the dose of radiation 
on the thyroid gland was 2.50 mGy and 4.96 mGy 
without shield and 2.23 mGy and 4.43 mGy with 
shield, respectively. Without shield, the dose with a 
20° OML tilt angle was 2.79 times higher than that 
with a 0° OML tilt angle. With a 0° OML tilt angle, 
the dose with the thyroid shield was 14.6% lower 
than that without the shield. Conclusion: The 
radiation dose to the thyroid gland was lower when 
the OML was not tilted compared to when it was. 
The use of shields reduced the radiation dose 
delivered to the thyroid gland. 

Keywords — Computed tomography, thyroid, 
radiation, absorbed dose, orbitomeatal line 

 
I. INTRODUCTION  

 
According to the Organization for Economic Co-

operation, Japan has 101.3 computed tomography (CT) 
scanners per million population, which is the highest 
globally [1]. The ionizing radiation doses delivered by a 
single CT scan are 100–500 times higher than those 
delivered by conventional radiography [2]. The high 
radiation doses used in CT make it imperative to 
evaluate radiation exposure both inside and outside the 

irradiation field [3-9]. Several studies in children have 
reported an increased risk of cancer in association with 
CT scans. A recent study by Pearce et al. reported an 
increased risk of leukemia in children who underwent 
CT scanning [10,11]. The purpose of this study was to 
measure the radiation dose to the thyroid gland outside 
the irradiation field, at different tilt angles of the 
orbitomeatal line (OML), with and without a shield. 

 
II. MATERIALS AND METHODS  

 
A. Imaging device 

A 16-slice multidetector CT scanner (Brivo CT385, 
General Electric Healthcare, Chicago, IL, USA) was 
used in this study. Scanning was conducted three times 
using helical data acquisition methods. The brain was 
scanned in entirety, ranging was from the foramen 
magnum to the parietal capitis region. Automatic 
exposure control was used to perform the CT scans 
using a CT head phantom. 

Since the Brivo CT385 does not have a gantry tilt 
function, the gantry was not tilted during any of the 
imaging procedures. After performing a head CT scan, 
the Brivo CT385 reconverts the image data into an 
image using the OML as the reference plane. This smart 
position function (digital tilt) automatically constructs 
an image. In addition, the Brivo CT385 uses a digital tilt 
to acquire tilted images without tilting the gantry. This 
is achieved by reconstructing the 0° image using the 
background reconstruction algorithm. 

B. Imaging conditions 
This study measured radiation exposure to the 

irradiation (head) and non-irradiation fields of CT scan 
using a CT head phantom (Kyoto Kagaku Co., Ltd., 
Japan), consisting mainly of soft tissue (urethane-based 
resin, density:1.06, SZ-50) and skull (epoxy resin, 
density:1.11) [12, 13]. 

Diagnostic reference levels (DRLs) were 
incorporated into the international guidelines of the 
International Commission on Radiological Protection 
(ICRP) and International Atomic Energy Agency 
(IAEA). DRLs constitute the standard for medical 
radiological protection in the diagnostic field. 
Therefore, we referred to the DRLs in this study. 
Scanning conditions for pediatric patients aged 5–15 
years were set up in a way that CT dose index volumes 



Paper ID 34 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

 22 ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand   

(CTDIvols) and dose length products were similar to 
those indicated by the DRLs of the Japan Network for 
Research and Information on Medical Exposures (J-
RIME) [14]. The scanning conditions used in this study 
are listed in Table 1. Organ dose modulation is a 
technique that reduces CT dose by controlling the tube 
current [15]. We used an irradiation dose of 45 mGy in 
this study, which is the mean value for children aged 5 
to 15 years old, as described in the Japanese DRLs of 
2020. 
 
Table 1. Scanning conditions for helical head computed 
tomography  

Scanning methods Scanning conditions 
X-ray tube voltage 120kV 
X-ray tube current Auto mA  

(80mA-200mA) 
Rotating time 2.0s 
Slice thickness 5mm 
Beam width 5mm 
Number of images taken 29 
Helical pitch 0.938: 1 
Overlapped area 0.31 mm 
CTDIvol* 45.48mGy 
Tilt angle of the OML 0°,±10°, ±20° 
Noise index 4.0 
Organ dose modulation 
(ODM) 

+ 

CTDIvol: computed tomography dose index volumes 
*CTDIvol displayed on the operator console in a computed 
tomography system 

C. Radiation dose measurement 
The thyroid gland was selected as the measurement 

organ based on the ICRP report [3]. Radio-
photoluminescence glass dosimeters (RPLDs) from 
AGC Techno Glass Company were placed on the 
surface of the phantom, corresponding to the position of 
the thyroid gland. The glass element used was GD-
352M as it was appropriate for the CT energy used in 
this study (Figure 1). 

To ensure that the readings did not fluctuate, ten 
repeated readings were obtained by using the glass 
dosimeters. Before reading the value, the irradiated 
glass element was subjected to a predetermined heat 
treatment in a preheated incubator to stabilize its 
fluorescent component. The positions of the RPLDs 
are shown in Figure 2. The radiation shield products 
used in this study were DLSS-25M (Pb 0.25 mm; 
Maeda Co., Tokyo, Japan). 

Figure 1. Radio-photoluminescence glass dosimeters 
(GD-352 M) of AGC Techno Glass Company 

   

Figure 2. RPLD positions and CT-scanogram image. 
Thyroid gland was chosen as the measurement organ. Radio 
photoluminescene glass dosimeters (RPLDs) of AGC Techno 
Glass Company were placed on the phantom, corresponding 
to the position of the thyroid gland. 

 
 

Since the external ear canal is the reference point for 
CT imaging, we set it to zero. The radiation doses were 
measured thrice, and the mean of the three values was 
considered as the absorbed dose (mGy). The radiation 
doses were measured three times at different tilt angles 
of the OML, and the mean of the three values was taken 
as the absorbed dose (mGy). When the CT scan was 
performed with the OML at 0° (vertical), +10° and +20°, 
the jaws were 10° and 20° above the horizontal (Figure 
3). 

Figure 3. Tilt angle of the OML. CT scans were 
performed with orbitomeatal line (OML) tilt angles of 
0°, +10°, +20°, -10° and -20°. 

 
 

When the CT scan was performed with the OML at 
0° (vertical), -10°, and -20°, the jaws were 10° and 20° 
below the horizontal (Figure 3). 

 
III. RESULTS  

 
A. Doses measured with RPLDs 

When the CT was performed in a position where the 
OML was vertical (tilt angle of OML=0°), and the jaws 
were horizontal, so that the x-rays were parallel to the 
OML, the irradiation dose to the thyroid gland was 
recorded as 1.78 mGy without shield and 1.52 mGy with 
shield (Figure 4). Therefore, at a 0° OML tilt angle, the 
recorded radiation dose with the thyroid shield was 
14.7% lower than that without the shield (Table 2). 

 

 

 

 

          

Shield (-)         Shield (+)     CT-scanogram image 

 
-10° ~ -20°                    0°               +10° ~ +20° 
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Figure 4. Angular change of OML with and without 
shield and absorbed dose of thyroid gland [mGy] 

 
 
For OML tilt angles of +10° and +20° backwards, 

such that the jaws were 10° and 20° above the 
horizontal, the dose of radiation on the thyroid gland 
was noted as 2.50 mGy and 4.96 mGy without shield 
and 2.23 mGy and 4.43 mGy with shield, respectively 
(Table 2). Thus, without shield, the dose with a +20° 
OML tilt angle was 2.79 times higher than that with a 0° 
OML tilt angle.   
 
Table 2. Absorbed dose to the thyroid gland [mGy] at 
varying tilt angles of the orbitomeatal line 

 Vertical OML tilted 
backwards 

Tilt angle of the OML 0° +10° +20° 
Shield (-) 1.78 2.50 4.96 
Shield (+) 1.52 2.23 4.43 
Attenuation rate due to 
shielding 

14.7% 11.0% 10.9% 

OML: Orbitomeatal line 

For OML tilt angles of -10° and -20° forward, such 
that the jaws were 10° and 20° below the horizontal, the 
dose of radiation on the thyroid gland was recorded as 
2.29 mGy and 3.98 mGy without shield and 2.23 mGy 
and 3.33 mGy with shield, respectively (Table 3).  

On an average, at OML tilt angles ranging from -20° 
to +20°, the absorbed dose with the thyroid shield was 
11.1% lower than that without the shield. 
 
Table 3. Absorbed dose to the thyroid gland [mGy] at 
varying tilt angles of the orbitomeatal line 

 OML tilted forwards  Vertical 
Tilt angle of the OML -20° -10° 0° 

Shield (-) 3.98 2.29 1.78 
Shield (+) 3.33 2.23 1.52 
Attenuation rate due 
to shielding 

16.2% 2.40% 14.7% 

OML: Orbitomeatal line 

 
 
 
 

IV. DISCUSSION  
 

A. Absorbed doses in the thyroid gland  
Absorbed doses in the thyroid gland were higher 

when the OML was tilted compared to when it is not 
tilted. Therefore, it is important for the radiological 
technologist to keep the OML as vertical as possible 
when taking a head CT, as it was observed that the 
radiation dose to the thyroid increased with increasing 
tilt angle of the OML.  

Use of thyroid shields reduced the radiation dose to 
the thyroid by approximately 13% when compared with 
non-use. Children and patients who cannot be optimally 
positioned benefit from the use of shields. The thyroid 
gland in children is an organ with a high risk of radiation 
carcinogenesis; therefore, it is necessary to keep the 
exposure dose as low as possible [16]. 

This study aimed to evaluate the radiation dose to the 
thyroid gland outside the irradiation field, at different tilt 
angles of the orbitomeatal line, with and without a 
radiation shield. We believe that our study makes a 
significant contribution to the society because our 
findings reduce the radiation dose delivered to the 
thyroid. 

B. Cancer risk 
The mean value for children aged >5 years and <15 

years described in the Japanese DRLs of 2020 are 45 
mGy. For a 0° OML tilt angle, the radiation doses 
absorbed by the thyroid gland in the non-irradiated 
fields were approximately 3.91% (1.78/45.48) of the 
irradiated fields. The measured doses revealed that the 
thyroid gland received an estimated radiation average 
dose of 1.78 mGy. For a 20° OML tilt angle, the doses 
absorbed by the thyroid gland in the non-irradiated 
fields were approximately 10.9% (4.96/45.48) of the 
irradiated fields. The measured doses showed an 
estimated radiation average dose of 4.96 mGy to the 
thyroid gland. 

In the present study, on CT examinations of the head, 
the highest dose delivered to the thyroid gland was 4.96 
mGy. In a pooled analysis of children aged<15 years, 
who had received CT exposure, Ron et al. reported an 
excess relative risk of 7.7 per Gy [17]. Therefore, CT 
examination of the head in children may increase the 
risk of thyroid cancer by 3.8%.  

The following calculation formula was used to obtain 
the above value:  

ERR/Gy × 4.96 × 10-3 Gy × 100% = 3.8% 

The findings of this study can help medical 
radiological technologists in lowering absorbed 
radiation doses being delivered to the thyroid gland 
while performing CT scans in children, which will be 
immensely beneficial in reducing the risks associated 
with radiation exposure. 
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V. CONCLUSION  
 

The dose of radiation to the thyroid gland is lower 
when the OML is not tilted compared to when it is tilted. 
The use of radiation shields reduces the radiation dose 
delivered to the thyroid gland. 
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Abstract — Digital Radiography has changed image 
quality assurance management. The wide dynamic 
exposure latitude can obtain optimal image quality, 
either overexposure or underexposure. American 
Association of Physicists in Medicine (AAPM) 
recommended using the standard Exposure Index 
(EI) to monitor the optimal exposure factors for 
individual radiographic examination. The 
undesirable EI may indicate the patients' risk of 
unnecessary radiation doses or repeated 
examination. However, the pace of plain 
radiography service is fast. Radiographers could 
pass the images with suboptimal exposure because 
those images still have diagnostic value. This paper 
will illustrate the experience of using the radiation 
dose management platform to monitor the EI and 
help quality assurance of the images with optimal 
radiation dose. The researcher reviewed the EI 
statistical result of a general X-ray machine in the 
first quarter of 2022. The seven highest and the seven 
lowest EI cases were selected and investigated 
individually. The image quality and exposure factors 
were studied to reveal the workflow and setting of 
the machine. The dose management system collected 
2194 case data. The recommended EI is 226. The 
mean EI of the dataset was 233. The highest EI was 
over 10 SD from the mean, and the lowest EI was 
around -8 SD from the mean during the study 
period. The involved studies were hips, chest, foot, C-
spine and L-spine. The DAP and demographic data 
were observed. No deterioration of image quality 
was found in the overexposure cases. However, the 
underexposure images had the noisy appearance.  
The information showed three major causes of 
suboptimal EI. First, the radiographer could not 
adjust the exposure factors according to the 
thickness of the area. Second, some cases had the 
proper exposure factors with the wrong processing 
algorithm. Third, the misalignment of the object and 
sensor for examinations with AEC caused 
suboptimal exposures.  

Keywords — Digital Radiography, Dose 
Management, Exposure Index, Quality Assurance  

 
I. INTRODUCTION  

 
Digital Radiography (DR) was introduced over 30 

years [1]. However, compared with the conventional 
film-screen base radiograph, the radiographers could not 
readily comment on the quality of the radiation exposure 

of DR by the images. Therefore, it became impossible 
to audit the radiation dose to the patients by the images. 
In contrast, conventional radiography can reflect the 
radiation exposure by the overall density of the picture 
(Figure 1).   

Figure 1. The conventional radiographs of different 
radiation exposures [2].  

 

DR images have gone through the processing 
(Figure 2) that has given wide dynamic exposure 
latitude. As a result, radiographers can obtain optimal 
image quality, either overexposure or underexposure 
(Figure 3). Thus, the manufacturers of general 
radiographic machines developed the algorithms to 
calculate the pixel values of the image receptors and 
obtain the Exposure Indexes (EIs) [4-5].  

Figure 2. The processing of Digital Radiography [3]. 

 

Figure 3. The Digital Radiographs of different 
radiation exposures [2]  

 

Unfortunately, those manufacturer-specific EIs 
caused the problem of comparison and interpretation. 
Figure 4 shows the various names and scales of the EIs.  
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Figure 4. The various EIs’ names, scales, and relative 
radiation doses [4] 

 

So American Association of Physicists in Medicine 
(AAPM) recommended using the standard EI for 
monitoring the optimal exposure factors of individual 
radiographic examination [6]. This feedback 
mechanism allowed the radiographer to observe the 
undesirable EI that may indicate the patient's risk of 
unnecessary radiation doses. 

Besides the radiation dose, the EI can indicate subtle 
but significant image quality changes. For instant, the 
extremely underexposure image can have the "quantum 
mottle" effect (Figure 5). The image is noisy and usually 
undiagnostic. On the other extreme side, the 
overexposure image can have the "burned out" effect 
[7]. The signal of the anatomy is obliterated (Figure 6).  

Figure 5. Underexposed vs. overexposed [6]. The left 
underexposed image shows more noise compared with 
the overexposed. The overexposed one seems to have a 
better diagnostic value.  

 

Figure 6. the extremely overexposure vs the normal 
exposure. The left is an overexposure image. Some 
lung marking is missing, comparing with the normal 
image of the same patient. 

 

For that reason, the deviated EI can alert the 
radiographer to review the protocol of the exposure 
factors for further investigation.  

However, the pace of plain radiography service is 
fast. As a result, radiographers could pass the images 
with suboptimal exposure because those images still 
have diagnostic value, especially the overexposed 
images (Figure 5). The other researchers called it "Dose 
Creep" [8]. So, the management or supervisors of the 
digital radiography service must have a system to 
identify the problematic cases for improving the image 
quality and radiation safety. This paper would illustrate 
the experience of using the radiation dose management 
platform to monitor the EI and help quality assurance of 
the images with optimal radiation dose. 

 
II. MATERIALS AND METHODS  

 
The researcher reviewed the EI statistical result of a 

general X-ray machine in the first quarter of 2022. By 
the histogram of the EI data, the seven highest and the 
seven lowest EI cases were selected and investigated 
individually. In addition, the image quality and exposure 
factors were studied to reveal the workflow and setting 
of the machine.  

A. Dose Management System 
The University of Hong Kong Shenzhen Hospital 

(HKU-SZH) purchased and installed the 
"Radimetrics®" of Bayer Company in 2019. As with the 
other dose management systems, it can capture the 
DICOM tag information and read the dose reports of the 
medical imaging machines through direct linkage or the 
PACS. Then it can generate the individual dose report 
of each patient or provide statistical information for 
departmental-wise dose management. Currently, most 
DR systems can keep the Standard EI information in 
their DICOM images. In this study, the researcher 
employed this system to collect the EI data, produce the 
statical reports, and find the subjects for this study.  

B. Standard EI 
Another name for Standard EI is IEC EI because IEC 

(International Electrotechnical Commission) developed 
the standard of definitions and calibration conditions of 
the DR. The Deviation Index (DI) was also derived 
simultaneously [9]. With the support of the AAPM and 
the vendors, Standard EI can apply to all types of DR 
detectors with a linearly proportional relationship with 
the exposure [6]. Readers can find the exact calculation 
method in the Executive Summary of AAPM [9]. 

C. Statistical Analysis 
 The IBM® SPSS® version 27 was employed to 

analyse the correlation between EI and radiation dose. 
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III. RESULTS 
 

The dose management system collected 2194 case 
data from 1 January 2022 to 31 March 2022. The 
recommended EI is 226 for the studying DR machine. 
The mean EI of the dataset was 233. The highest EI was 
over 10 SD from the mean, and the lowest EI was around 
-8 SD from the mean during the study period (Figure 7).  

A. The deviated cases 
The deviated studies were hips, chest, foot, C-spine 

and L-spine (Table 1). No deterioration of image quality 
report was found in the overexposure cases. However, 
the underexposure images had a noisy appearance 
(Figure 8). 

Table 1. The EIs & exposure factors of the deviated 
cases. The target EI was 226. 

 
The researcher looked into the DICOM information 

of each case and observed several common errors 
causing the EI deviation. 

a) Wrong acquisition protocol selection: The 
Towne's View protocol was selected for a pelvis  
 

case. Although the exposure factors were 
reasonable, the DR machine would wrongly 
interpret the exposure of the image post-processing 
and cause poor EI and image quality. 

b) Without adjustment of the exposure factors 
between the views: Several cases showed that the 
radiographers used the AP View exposure factors 
for the Lateral View.  

c) Wrong positioning of the AEC: The region of 
interest did not cover the AEC well. Therefore, the 
x-ray beam terminated prematurely, and the area of 
interest did not have enough exposure to produce a 
good image and EI. 

B. Correlation of radiation dose and EI 
To investigate whether EI could be the reference of 

radiation dose (Dose Area Product, DAP), the 
researcher collected the datasets of those regions in that 
period by the dose management system. With 
controlling the variable of age [5], the DAP had a 
significant correlation (p<0.01, 2-tailed) with the EI of 
the lumber (r=0.311) and cervical (r=0.307) 
examinations. 

 
IV. DISCUSSION 

 
Results showed that EI could help radiographers to 

monitor their performance of giving proper radiation 
exposure even though the radiograph seemed acceptable 
for diagnosis. Continuous observing the EI could avoid 
"Dose creep" [8]. The radiographers gave a high dose 
for smoother images. EI was the observing variable in 
this study because different examinations shared the 
same target EI, no matter what region. If DAP was the 
observing variable, the regions must be studied 
separately as part B of the Result section. On the other 
hand, the DRL (Diagnostic Reference Level) must be 
ready for comparison. It would not be practical in the 
clinical setting.  

 

 

 

 

Cases EI(~DI) kV mAs 
1. pelvis 
2. lat ankle 
3. AP chest supine 
4. AP chest sit 
5. thigh lat 
6. lateral spine 
7. lat knee 
8. foot lat 
9. foot lat 
10. cervical lat (ext.) 
11. lumber lat(flex) 
12. lumber lat(flex) 
13. lumber lat 
14. knee lat  

 

2300(10) 
1400(8.1) 
1384(7.9) 
1366(7.8) 
1204(7.3) 
1174(7.2) 
1020(6.5) 
39(-7.6) 
44(-7.1) 
35(-8.1) 
56(-8.1) 
54(-6.3) 
53(-6.3) 
49(-6.6) 

 

63 
55 
77 
105 
67 
95 
60 
50 
50 
66 
85 
85 
85 
60 

 

6 
3 
9 
9 
7 

71 
4 
2 
2 
2 
9 

18 
10 
4 

 

Figure 7. The EI histogram of the DR machine in the Q1 of 2022. The red circles were the cases that deviated 
from the target EI extremely 
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Figure 8. Image quality of low EI and high EI. Image 
(a) is Case 13; EI was below the target EI with a noisy 
appearance. Image (b) is Case 6; EI was over the target 
EI. 

 

A. Quality Assurance 
For the quality assurance of the DR, the dose 

management system could capture the DICOM 
information and produce a user-friendly report. The 
radiology service supervisors could spot the case for 
further investigation, as shown in Figure 7.   

The three human errors we found in this study 
indicated that radiographers relied on the post-
processing power of the DR [1,5]. Many radiography 
techniques, such as good physical collimation, seemed 
not to be a concern anymore [5,10]. After the 
investigation, the researcher gave internal re-training 
and discussion with the radiographers. A further post-
intervention study was recommended. In this study, the 
DI values of the deviated cases were extremely high, but 
no "burnout" image was seen. Then EI should be 
affected by various factors. The post-processing of DR 
should be one of the significant factors [10]. 

B. EI and Radiation dose  
AAPM [6] stated that the standard EI should be 

linearly proportional to the radiation dose. However, as 
mentioned in the last paragraph, the direct relationship 
between EI and radiation was not apparent. Therefore, 
the EI and DAP data of various regions' examinations 
were collected from the dose management system.  

 The results showed that the EIs of Lumber and 
cervical regions correlated with their DAPs. The 
scatterplots (Figure 9) could reveal the correlation 
pattern in different body regions. Some cases in this 
study matched the recommendation of AAPM, but not 
all showed the same. There would be many factors 
affecting EI [10]. Further investigation is possible and 
recommended. 

Figure 9. Scatterplots of EI & DAP for different 
regions. X-axis is EI, Y-axis is DAP. 

 

 

 

 
V. CONCLUSION  

 
This study tried to find an efficient way to monitor 

digital radiography's radiation dose and image quality. 
The dose management system provided a perfect 
platform for doing this job. The information showed 
three majority causes of suboptimal EI. First, some 
cases had the proper exposure factors with the wrong 
acquisition protocol. Second, the radiographer could not 
adjust the exposure factors according to the thickness of 
the area. Third, the misalignment of the object and the 
AEC sensor for examinations caused suboptimal 
exposures. Those errors showed that technology could 
improve efficiency, but the fundamental principle 
should be the same always. EI should be directly 
proportional to the radiation dose to patients. However, 
it might only happen in some cases. It indicated some 
factors affecting the correlation between EI and 
radiation dose. Therefore, a system that allows 
radiographers to collect and analyse the DICOM data is 
essential and helpful. 
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Abstract — For brain volume measurement (BVM), 
high-resolution (HR) MR images have shown to 
provide accurate results at subcortical areas. 
However, prolonged scan time remains a classical 
challenge for 3D MRI. In this work, we implemented 
a combined technique, deep learning based super-
resolution (DL-SR) and low-resolution Compressed 
Sensing (CS) 3D-TFE-T1W with acceleration factor 
4 to generate super-resolution (SR) images under one 
minute scan time. Peak signal to noise ratio (PSNR), 
normalised root-mean-square error (NRMSE), and 
structural similarity (SSIM) were used for model 
evaluation. BVM was performed using Freesurfer 
6 . 0 .  Statistical analysis was performed by using 
Wilcoxon signed rank. The results show that DL-SR 
model is able to improve image resolution, in which 
no significant differences (p > 0.01) in quantitative 
volumetric  measurement compared to reference at 
seven subcortical regions, except caudate region. The 
combination of DL-SR and CS-MRI enables to 
improve BVM workflow with 3x scan time reduction 
while preserving the BVM accuracy. 

Keywords — Magnetic resonance imaging, 
Compressed Sensing, Super-Resolution, Deep 
Learning, RDN 

 
I. INTRODUCTION 

  
Brain Volume Measurement (BVM) is an important 

task in the studies of neurological disorders (e.g., 
Alzheimer’s disease and Multiple Sclerosis)  which 
significant increase in aging population [ 1 , 2 ] .  MRI is 
widely used to assess the brain tissues and structural 
changes in clinical practices3  due to yield of high 
resolution and high contrast images compared to other 
modalities such as Computed Tomography (CT), Single 
Photon Emission Computed Tomography (SPECT), and 
Positron Emission Tomography (PET).  Typically, 
morphometric assessment operates on high-resolution 
3D image acquisition based on sequences of 
Magnetization Prepared Rapid Gradient Echo 
(MPRAGE), or Turbo Field Echo (TFE), and extracts 
morphometric parameters such as volumes and surfaces 
of brain structures. However, 3D scan is usually time-
consuming, thereby compromising patient comfort, 
patient motion, and hindering image quality. Parallel 
imaging (PI) techniques such as sensitivity encoding 
(SENSE)4 and Compressed Sensing (CS) enable to 
accelerate MRI acquisition by reducing the number of 
acquired k-space data. SENSE exploits the fact that 

using the spatial sensitivities of each multi-channel coil 
array to reconstruct the MR image from k-space under-
sampled data. High reduction factors can be used when 
large number of coil channels are available. For small 
channel coil as commonly used in clinical scanners, the 
SENSE images are often corrupted by g-factor 
penalty. CS takes  advantage  of  the  spars i ty  or 
compressibility in MR images and recovers the MR 
image from under-sampled data in a sparse transform 
domain.  However, good hardware is required for data 
acquisition and reconstruction. Since PI and CS reduce 
sampling based on different ancillary information, both 
are combined to further shorten scan time and become 
the commercial product referred to as Compressed-
SENSE. In clinical scanner, CS is limited by receive 
coil channels, only low acceleration factors can provide 
sufficient image quality [5]. Recently, scientific 
advances in Deep learning have shown state-of-the-art 
performance in a variety of sophisticated tasks [6,7], 
especially those related to images such as image 
reconstruction, image denoising, artifact correction, 
segmentation, including super-resolution. They have 
often matched or exceeded human performance. Since 
the medical field of radiology mainly relies on 
extracting useful information from images, it is a very 
natural application area for deep learning, and research 
in this area has rapidly grown in recent years. 

Image super-resolution is a well-known ill-posed 
problem that can result in multiple outputs for a single 
input, with the objective of restoring high-resolution 
(HR) images from low-resolution (LR) images. DL 
based super-resolution involves successfully replacing 
the conventional methods as a state-of-the-art algorithm 
to solve this problem in natural image applications. DL 
also shows superior performance to the conventional 
interpolation methods in MRI applications in the brain8 
and musculoskeletal system [9] in generating thin-slice 
images from those of higher slice thickness while 
maintaining high in-plane resolution, in order to 
reducing scan time. 

In this study, we explore the feasibility of using DL 
on low-resolution CS-3D whole brain-MRI to create 
SR images which aim to maintain the accuracy of BVM 
with scan time reduction. 
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II. MATERIALS AND METHODS 
 
A. Residual Dense Net (RDN) architecture 

We implemented Residual Dense Net (RDN)10 to 
obtain super-resolution image. All algorithms were 
developed by Yulun Zhang et.al (2018) for natural 
images. RDN mainly consists of four parts: shallow 
feature extraction net (SFENet) to extract shallow 
features, residual dense blocks (RDBs) to extract 
abundance local features, dense feature fusion (DFF) to 
make full use of features from all the preceding layers, 
and finally the up-sampling net (UPNet) to provide 
feature maps for up-sampling as shown in Figure 1. 

Figure 1. Residual Dense Net (RDN) architecture 
B. Image data 

 
 

In this study, we trained the model using pair of 
original data and synthetical 2x-subsampling data from 
100 datasets of 3D-TFE-T1W of the internal database 
which were referred to as HR and LR, respectively. In a 
testing phase, 25 healthy volunteers with no history of 
neurological conditions were completely instructed for 
the procedure. After that written informed consent 
approved by Expedited Review Board (Associate 
Medical Science Faculty, Chiang Mai University) was 
obtained from each volunteer. 3D-TFE-T1W combined 
with CS-4 for both HR and LR were acquired using 1.5T 
Ingenia scanner (Philips Healthcare, Best, The 
Netherlands) equipped with 12 channel head coil 
following parameters: 1 x 1 x 1 mm3 with TR/TE = 
7.5/3.4 ms., Matrix 256 x 256, 176 slices, Scan time 
2.59 min for HR and 2 x 2 x 2 mm3 with TR/TE = 4.5/2.1 
ms., Matrix 128 x 128, 88 slices, Scan time 47 sec.  

C. Network Implementation 
Following the settings of [10], The input images 

were convolved with 3D filters (3 x 3 x 3). RDN was set 
with the number of RDB (D = 3), the number of Conv 
layers per RDB (C = 3), and the growth rate (G = 32) 
and updated by the Adam optimizer. The training was 
performed on 80 datasets using a workstation Ubuntu 
22.04 (Canonical, London, England) via TensorFlow-
GPU and Keras (Google, Mountain View, Calif) in 
Python with GeForce-RTX-3090 over 1000 epochs. 
Hyper-parameter optimization was performed by 
minimizing L2 loss which is given by the following 
equation (1) on the 20 validation datasets with the initial 
learning rate was set to 0.0001 with a decay of 0.00001. 
Testing was achieved on 25 datasets. 

𝑎𝑟𝑔𝑚𝑖𝑛 ||𝐼 − 𝐼 ||                     (1) 

D. Evaluation of Performance 
Image quality metrics: Normalised Root-Mean-

Square Error (NRMSE), Peak Signal to Noise Ratio  
(PSNR), and Structural Similarity (SSIM) were reported 
for evaluation of the DL-SR model. Similar images have 

lower NRMSE, higher PSNR, and higher SSIM values. 
The NRMSE provides pixel-wise variations between 2 
images. The PSNR evaluates the ratio between the 
maximum power of an input image and the power of 
features that tweak the image which can be defined by 

𝑃𝑆𝑁𝑅 = 10𝑙𝑜𝑔 (
× ∑ ∑ ( )

)         (2) 

where ISR is the super-resolution image, IHR is the high-
resolution image, and M, N represents the size of image. 
SSIM could evaluate perceptual image quality and are 
given by 

𝑆𝑆𝐼𝑀 =  
( )( )

( )( )
       (3) 

where μ , μ  is the mean value of IHR and ISR, 
σ  , σ  represents the variance of IHR and 
ISR, σ  represents the covariance of the two, 
and C1, C2 are constants. 

To evaluate the clinical utility, we measured brain 
volume using the fully automated segmentation-
based algorithms in Freesurfer version 6.0 
(https://surfer.nmr.mgh.harvard.edu) and reported Mean 
and Standard Deviation (SD) of volumes in the unit of 
milliliter (ml.). 

E. Statistical Analysis 
MATLAB (2022b, The Mathworks, Natick, MA) 

was used for statistical analyses. To compare the 
agreement between BVM, Wilcoxon sign ranked test 
(α = 0.01) was performed whether there were 
differences between images and Pearson’s correlation 
was calculated to measure the correlation between 
the two techniques. 

 
III. RESULTS 

  
A. Image quality assessment 

Through experiments, we demonstrated that the 
DL-SR model generally improves diagnostic image 
quality. Figure 2 shows the examples images from one 
volunteer for all different resolution images. High-
resolution (HR) images have relatively high quality 
from a visual inspection for all structures. In contrast, 
Low-resolution (LR) is degraded by blurring and 
ringing artifact. Such artifacts were reduced in super-
resolution (SR) images. For quantitative analysis, we 
calculated perceptual quality metrics. The SR images 
have shown the significantly (p < 0.01) better image 
quality than LR images when compared with HR image 
(PSNR: 25.885 vs 24.679, NRMSE: 0.051 vs 0.059, 
SSIM: 0.961 VS 0.951) for all test cases in Table 1. 
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Table 1. PSNR, NRMSE, and SSIM mean and standard 
deviation of 25 test cases for Super-resolution (SR) 
images and Low-resolution (LR) images compared with 
High-resolution (HR) images at statistical significance 
with p < 0.01 

 
B. Brain Volume assessment 

Subcortical brain volumes (i.e., brain stem, 
thalamus, caudate, putamen, pallidum, amygdala, 
hippocampus, and accumbens) were shown in Table 2. 
There were no significant differences (p > 0.01) in 
quantitative volumetric measurement between HR and  
SR at subcortical regions, except caudate region. These 
subcortical volumes were in strong correlation  

indicated by Pearson’s correlation coefficients (r), in 
which r values are larger than 0.90. For HR versus 
LR, there were seven by eight subcortical volumes 
including brain stem, thalamus, caudate, putamen, 
pallidum, amygdala, and accumbens that had significant 
differences (p < 0.01) and Pearson’s correlation 
coefficients (r) also showed a strong correlation. The 
previous study reported that reproducibility of brain 
segmentation relies on the anatomical location,  
size, and neighboring structures, which are difficult 
to differentiate from the target structures [11]. 

 
IV. DISCUSSION  

 
In this study, we implemented RDN which was 

capable of transforming low-resolution brain MRI into 
high-resolution images which were able to maintain 
diagnostic image quality and accuracy of BVM. 
However, some issues should be explored further. 
Firstly, other advanced networks [12,13,14] may further 
improve image resolution. Secondly, we used simulated 
LR and HR data for training rather than acquired LR.  

Metrics SR LR 

PSNR 25.885 ± 1.093 24.679 ± 
0.742 

NRMSE 0.051 ± 0.007 0.059 ± 
0.005 

SSIM 0.961 ± 0.013 0.951 ± 
0.014 

Figure. 2 The example images acquired from the same volunteer with three different resolutions: (top row) High-
resolution with 256 x 256 x 176 isotropic, (middle row) Low-resolution with 128 x 128 x 88 isotropic, and (bottom row) 
Super-resolution which was recovered from Low resolution by RDN 

Table 2. Mean and Standard Deviation (SD) of subcortical volumes in a unit of milliliter calculated using 
Freesurfer package; Wilcoxon sign-rank test was executed to assess volume differences in SR and LR compared 
to HR which p < 0.01 indicates statistical significance. Pearson’s correlation coefficient r is also demonstrated. 
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This should be achieved because it is possible for the 
network to learn actual acquisition artifacts that may 
appear when a matrix's size changes or patient motion. 
Finally, more training datasets from multi-vendor 
scanners may help the trained model become more 
generalized. 

 
V. CONCLUSION  

 
The combination of CS and DL-SR techniques 

appears to be a potential tool for improving BVM 
workflow for less than one-minute scanned data at 
clinical 1.5T MRI. 
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Abstract — Preparedness is essential for the safety of 
the radiographers during the coronavirus disease 
2019 (COVID-19) pandemic. It presented an 
unprecedented challenge to the world. This article 
aims to present a radiographer’s perspective of the 
impact of COVID-19 on interventional radiology 
(IR) services in Singapore General Hospital. The 
COVID-19 pandemic gave rise to various role 
extensions for radiographers, demonstrating the 
potential of this specialised group of individuals to 
contribute to our nation’s Figureht against the virus. 
Radiographers must be adaptable to changes in the 
healthcare climate in order to ensure continuity of 
care. The pandemic response strategies must be 
appropriately developed in readiness for clinical 
practice. 

Keywords — COVID-19, Interventional 
Radiographer, Role Extension, Infection Control, 
Operation Strategies 

 
I. INTRODUCTION  

 
COVID-19 was flagged as a novel coronavirus by 

the World Health Organisation (WHO) on 30 December 
2019 [1] . The Ministry of Health, Singapore, stepped 
up the nations’ risk assessment to Disease Outbreak 
Response System Condition (DORSCON) Orange as it 
posed a moderate to high public health impact risk due 
to its potential virulence and transmissibility, 
availability of contingency interventions and the 
probability of importation [2]. Since then, it has put an 
unprecedented strain on clinical practice and healthcare 
professionals within the healthcare system in Singapore. 

Lessons learnt from the 2003 severe acute 
respiratory syndrome (SARS) pandemic has shaped the 
healthcare system in Singapore to enhance its pandemic 
preparedness response. During that period, there were 
cases of cross-infection from undiagnosed SARS 
hospitalised patients [3]. Therefore, comprehensive 
clinical protocols and guidelines were initiated to ensure 
the prevention of cross-infection of COVID-19.  

It is essential for interventional radiology (IR) to 
provide its services safely and effectively while 
reducing the risk of transmission and infection from the 
virus. Too et al detailed the processes for confirmed and 
suspected COVID-19 patients in the interventional 
radiology department [4]. If there is any urgent 
procedure required, these patients are handled according 
to rigorous department instructions formulated by a 

multidisciplinary team, which consisted of infection 
prevention and epidemiology, isolation ward staff, 
anaesthesia, environmental services and hospital 
security team.  

With an anticipated increase in COVID-19 cases, the 
demand of IR procedure will inescapably surge, with 
increased risk of exposure and virus transmission to the 
staff including the interventional radiographer. 
Leveraging on the experiences and lessons from the 
SARS pandemic, radiographers can have a 
comprehensive understanding of the epidemiology of 
COVID-19 in order to formulate infection control 
protocols to ensure the safety of patients and staff. This 
article aims to present a radiographer’s perspective of 
the impact of COVID-19 on IR services in SGH, 
Singapore. 

 
II. METHODS  

 
    Despite these enormous challenges, it is important 
that interventional radiographers continue providing 
high-quality patient care and experienced practice when 
managing a pandemic. The professional knowledge and 
skills provided by interventional radiographers helped 
to reinforce department outbreak guidelines. In this 
aspect, the interventional radiographers in IR have 
performed rather admirably.  

Translating Lessons to COVID-19: Dedicated Isolation 
Workflow 
    Robust strategies have adopted to ensure IR service 
continuity as it is essential to hospital operations and the 
multidisciplinary management of patients. Patients with 
confirmed COVID-19 infection are hospitalised in a 
built-in negative pressure airborne isolation room with 
an adjacent anteroom whereas patients with suspected 
COVID-19 infections are held in a designated isolation 
location. The negative pressure anteroom provides 
additional infection control. This makes portable 
bedside procedures preferable, whenever possible, in 
order to reduce the transport of these infectious patients 
and minimizing the number of staff involved. Patients 
who require IR services were assessed according to their 
medical conditions and imaging requirements one day 
before by the case planner team. This team consists of 
the interventional radiologist, interventional 
radiographer and nurse. Broadly speaking, the workflow 
is classified into portable ultrasound guided bedside and 
fluoroscopy procedures.  
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A. Portable Ultrasound Guided Procedures 
    Whenever possible, the procedure such as ascites and 
chest drainages would be performed using bedside 
ultrasound in the isolation ward. The movement of 
COVID-19 infected patients from the isolation ward to 
IR can potentially increase the risk of virus 
transmission. It is also crucial to align the diagnostic 
ultrasound and IR services such that the dedicated 
ultrasound machine (IU22, Philips, Amsterdam, the 
Netherlands) remains parked in the isolation ward to 
avoid the risk of cross-contamination.   

The IR portable service team including IR, COR, 
CON, PR, SN and CN as shown in Table 1. The team 
would rehearse the COVID-19 workflow, thus ensuring 
that each staff member has the cognitive ability and 
confidence to handle the cases effectively, whilst 
minimizing the risk of potential cross-contamination.  

The interventional radiographers in the IR portable 
service team are labelled as the COR, CR and PR. The 
COR and CR will communicate closely with nursing 
colleagues to arrange and prepare the necessary 
consumables and equipment required for the case. These 
include sterile procedure preparation sets, specific 
catheters, a new set of operation theatre scrub suits, 
shower essentials and walkie-talkie. The PR assists the 
beside ultrasound procedure in the isolation cubicle. 
Effective communication between team members is 
very important for portable bedside procedures as the 
“clean” and “dirty” team would be segregated to avoid 
any potential cross-contamination. The team should 
exchange and share their ideas, thoughts, opinions and 
professional knowledge so that the plan and message is 
well received and understood by everyone. 

Before the procedure, the ultrasound machine will be 
draped and pushed to the isolation cubicle (Figure 1). 
During the procedure, the CR facilitates image 
archiving and charging of the consumable items used. 
The PR does not handle any form of paperwork that can 
be a potential fomite. Upon completion of the bedside 
procedure, the COR and CON will guide the PR to 
undrape the ultrasound machine and disinfect the 
ultrasound probes, machine surfaces and screens with an 
alcohol-free disinfectant recommended and approved by 
the equipment manufacturer. The ultrasound machine is 
then wheeled into the dedicated storage location in the 
isolation ward, ready for the next use. The PR will 
decontaminate by showering and changing into a new 
set of operation theatre scrub suit.  

B. Fluoroscopy Procedures  
    Transferring COVID-19 infected patients to 
designated procedural rooms is inevitable for complex 
IR cases. The first choice for such cases would be to 
perform the procedure in the designated isolation 
operating room using a mobile fluoroscopy C-arm unit. 
The designated isolation operating room is located 
remotely from the main operating theatre. This is so that 

Table 1. Role description of staff involved in a 
suspected/confirmed COVID-19 procedure.  
*Full PPE N95, googles or face field mask, gown and 
gloves 

 
Figure 1. Protective draping of ultrasound system for 
suspected/confirmed COVID-19 cases. 

 

Code Staff Role 
Description 

Patient 
Contact 

Personal 
Protective 
Equipment 

IR Interventional 
Radiologist 

Specialist 
doctor who 
performs the 
procedure 

Yes *Full PPE 

COR Controller 
Radiographer 

To maintain 
command and 
control of 
radiographers
’ overall 
operations 

No N95, eye 
protection 

CON Controller 
Nurse 

To maintain 
command and 
control of 
nurses’ and 
general 
operations 

No N95, eye 
protection 

PR Procedure 
Radiographer 

Performs 
intra-
procedure 
imaging 

Yes *Full PPE 

CR Control Room 
Radiographer 

Performs 
image post-
processing, 
billing and 
charging of 
consumables  

No N95, eye 
protection 

SN Scrub Nurse Scrub nurse 
for procedure 

Yes *Full PPE 

CN Circulating 
Nurse 

Receives 
consumables 
and handles 
intra-
procedural 
equipment 

Yes *Full PPE 

RN  Runner Nurse  Receives 
instructions 
on required 
consumables 
intra-
procedure; 
obtains 
consumables 
from storage 

No N95, eye 
protection 
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routine hospital workflow will not be affected by the 
transfer of COVID-19 infected patients [5]. The cases 
that are suitable for using mobile fluoroscopy C-arm 
include percutaneous nephrostomy (PCN), peripherally 
inserted central catheter (PICC) and drainage tube 
insertion. Team composition and procedure precautions 
are the same as described during the portable bedside 
procedure.  

On condition that mobile C-arm fluoroscopy is not 
suitable for imaging the COVID-19 patient, transfer to 
the IR suite would then be needed. For such cases, 
including CT-guided biopsies, neuro-interventional, and 
vascular embolization, we designated a fixed pathway 
to the procedure suite, with the purpose of segregating 
the potentially contaminated area from the rest of the 
department. One challenge faced is to ensure that staff 
do not mingle during the movement of the isolation 
patient. To achieve this, the procedural and support 
teams are separated to reduce the task workload of 
individual staff. With this separation, the team members 
are clearly assigned a specific role and responsibility. A 
control team (COR and CON) is also formed to maintain 
overall command over the duration of the procedure, 
making general operational decisions as needed. The 
control team is crucial in the execution of protocols and 
monitoring of adherence to infection control guidelines. 
The control team will instruct and conduct pre-
procedure briefing to ensure that the entire process is 
safe and risk-free. 

To prevent fomites, mobile cabinets used to store 
consumables are removed from the procedure room. 
Other surfaces are covered with plastic covers to prevent 
contamination of unrelated and unused items. The 
workflow for the IR suite procedure closely follows the 
portable bedside procedure, the only difference being 
there is no anteroom in our IR suite. The post-procedure 
observation room must be close to the procedure room. 
Environmental hygiene control must be fully adhered to 
and compliant to hospital epidemiology standards in 
order to close the virus transmission gap. After the 
procedure, patients recover in the procedure room while 
waiting for return transfer to the isolation ward. 
Terminal room cleaning using ultraviolet C (UVC) light 
is performed after the patient was transferred out of the 
procedure room.  

Role Extension of Interventional Radiographer: A 
Paradigm Shift in Practice 

The professional training of interventional 
radiographer in outbreak response was expanded to 
conducting regular scenario-based simulation exercises 
as part of the pandemic response in SGH. Additional 
roles such as duty manager radiographer, controller 
radiographer and infection prevention liaison officer 
(IPLO) were introduced to manage the care of COVID-
19 patients. 

A. Duty Manager Radiographer 
All clinical requests for IR procedures for infected 

COVID-19 patients were vetted conscientiously by the 
duty radiologist. Non-urgent procedures were 
performed only after a negative COVID-19 polymerase 

chain reaction (PCR) result. The role of the duty 
manager radiographer was proposed for radiographers 
to provide their professional input during case planning. 
The duty manager radiographer is often a senior 
radiographer with at least six years of clinical 
experience. They will be responsible for leading a team 
of radiographers in the areas of interventional radiology 
including routine management and administration for 
COVID-19 infected patients. It is imperative that proper 
decision-making and standards are being maintained for 
all patients including COVID-19 infected patients.  

B. Controller Radiographer 
Staff management in suspected or confirmed cases 

could be a challenge as interventional radiographers 
work with a multidisciplinary team of nurses and 
radiologists. The role of a controller radiographer is 
essential to coordinate various tasks during the handling 
of a suspected or confirmed COVID-19 case. These 
tasks include patient movement planning and room 
selection to reduce the possibility of potential viral 
transmission. An interventional radiographer’s input 
greatly value-adds these decisions given their 
knowledge on machine capabilities and imaging 
requirements of interventional procedures. 

Structured and rehearsed workflows must be 
implemented prior to handling suspected or confirmed 
COVID-19 cases. This ensures that each staff has the 
cognitive ability and confidence to effectively handle 
their individual roles and responsibilities in Table 1. 
Colour-coded operating theatre caps are used to 
differentiate the various staff so that the team controller 
can recognize and guide the team efficiently. 

C. Infection Prevention Liaison Officer (IPLO) 
The infection prevention team in interventional 

radiology consist of radiologists, radiographers and 
nurses. The team is tasked with conducting education 
sessions for infection control, auditing and 
communicating changes in cluster infection control 
directives. This enhances the efficacy of infection 
control during this viral outbreak. The IPLO appointed 
interventional radiographer can lead other radiographers 
in the development of a clear and well communicated 
operational plan for managing the outbreak. Through 
this, a gold standard of infection control is achieved not 
only at clinical areas but also across the department.  

 
III. RESULTS 

  
IR services have a pivotal role in the COVID-19 

pandemic. Interventional radiographers should be 
familiar with the main challenges and obstacles related 
to imaging COVID-19 infected patients, with the intent 
to safeguard patient safety and provide high-quality 
patient care. The following are some key points to 
ensure an appropriate response from radiographers 
faced with such situations in the course of their duty. 
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Key Lessons 

A. Strategic Management Planning 
    To avoid total departmental shutdown, a modified 
working shift system was implemented. Staff were 
separated to prevent cross-transmission and maintain 
workplace social distancing. Separating staff into two 
independent teams within our department allow us to 
prevent shutdown of the entire team should a quarantine 
be required. The rationale behind team segregation is 
because of the inherent incubation period of COVID-19. 
Asymptomatic infected staff may potentially transmit 
the virus at work [6]. The modified staff rostering is 
introduced to ensure that IR operational needs are not 
compromised (Figure 2). 

    In SGH IR centre, interventional radiographers need 
to cover a total of 11 rooms on two levels inclusive of 
mobile C-arm service in the satellite operation room and 
general radiography. We separate the staff into three 
main zones, namely, level 1 for outpatient services, level 
2 for inpatient services and satellite room for inpatient 
services. This is to ensure the three teams refrain from 
contact with each other and treat different groups of 
patients. Should the general radiography section require 
manpower support, interventional radiographers would 
be redeployed to cover their services until the team 
segregation period ends.  

    Factors that include daily workload, skill set and 
living arrangements were taken into consideration when 
segregating the interventional radiographers into teams. 
Before the team segregation began, the total daily 
workload for each room within the zones was carefully 
measured for efficient manpower deployment in the 
workplace. By understanding the changing demands of 
IR services, interventional radiographers can be 
efficiently deployed, thereby preventing any over- or 
under-staffing.  

    Secondly, the skillset of each interventional 
radiographer must be actively considered prior to team 
segregation. Each segregated team consisted of an equal 
number of neurovascular, hybrid CT-Angio and 
angiography trained interventional radiographers across 
the three zones, so ensuring continued, seamless 
operations should a team quarantine occur. 

    Lastly, it is important to consider the living 
arrangements of the interventional radiographers when 
planning the segregation roster, as most of our 
colleagues share an apartment space. By extension, the 
arrangement can prevent any cross-contamination 
between the teams. Though this factor may seem 
insignificant, it is essential in ensuring a successful 
segregation arrangement. 

    To facilitate the IR services for infected patients, we 
must plan and segregate the rooms by level and type of 
services to avoid the risk of environmental 
contamination. Cross-infection between inpatients and 
outpatients can potentially occur in patient waiting and 
recovery areas. Thus, outpatient procedures such as 
venous port implantation and drainage catheter for 

change are performed on a separate floor. These rooms 
re strictly scheduled for outpatients who have been 
screened for temperature and travel declaration at the 
hospital entrance.  

Figure 2. Segregated staff roster by zone. 

 
    In cases which suspected or confirmed COVID-19 
patients require radiologically guided IR procedure, we 
designated two room which have the Infinix-I Biplane 
(Canon Medical Systems, Tochigi, Japan) and Alphenix 
4D hybrid-CT (Canon Medical System, Tochigi, Japan) 
systems to cater for all ranges of IR-guided procedure. 
The designated IR room specification and capabilities 
must therefore take complex cases into consideration. 

B. Maintaining Staff Morale and Teamwork 
    Adopting the modified working shift system in IR 
could be a challenge to interventional radiographers as 
it significantly increases perceived stress and job burn-
out [7]. The reason for long-term stress, anxiety and job 
burn-out experienced by interventional radiographers 
during the COVID-19 pandemic is because of poor team 
communication and overwhelming workload. The 
importance of maintaining staff morale must not be 
under-rated. Regular and clear communication with 
staff is critical to avoid declining morale thereby 
preventing lapses in infection control and decision-
making. 

    Workplace stress derived from the COVID-19 
pandemic not only affects the worker, but also has 
adverse effects on hospital performance as well [8]. This 
is a silent killer of staff health and productivity. Hence, 
staff appreciation activities such as tokens of support 
from the community and words of appreciation from 
senior management could be a mitigating solution to 
boost morale and support. Counselling helplines are also 
provided to support staff who struggling with workplace 
stress, psychological and emotional issues. As such, this 
in-directing motivates the staff to carry on the Figureht 
against COVID-19 whilst maintaining staff morale, 
leadership and teamwork.   
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C. Infection Prevention and Control 
    Appropriate infection control measures can prevent 
healthcare-associated transmission of COVID-19. 
Enhanced, high level infection control measures were 
implemented in our workplaces, such as training on the 
use of personal protective equipment and PAPR, staff 
meeting on infection control measures, N95 mask re-
fitting and regular hand-hygiene compliance 
assessments.  

    The IPLOs play a crucial role in the execution of 
infection control guidelines and workplace audits. To 
enhance the efficacy of infection control during this 
viral outbreak, the IPLOs has to provide a clear and well 
communicated operational plan for managing the 
outbreak. Any gaps or lapses detected during the 
workplace infection control audits will be highlighted to 
the department’s pandemic task force.  

    Given how threatening COVID-19 could be to 
patients, interventional radiographers should be vigilant 
in hand-hygiene practice so as to minimize the 
possibility of virus transmission. A multidisciplinary 
hand hygiene program is implemented in our 
department. All of the interventional radiographers must 
pass the competency-based training program for hand 
hygiene and infection prevention. On the other hand, 
hand sanitizers are widely prepared for staff across our 
department. These measures have proven effective in 
inculcating in staff the importance of hand hygiene.  

    Environment infection control should also be 
implemented to help decrease the spread of COVID-19. 
Disinfection to kill germs and viruses on a surface 
prevents further viral and bacterial spread. A new study 
suggests hospitals carefully disinfect surfaces with 
various solutions containing sodium hypochlorite, 
hydrogen peroxide or ethanol to reduce the spread of 
corona viruses. In their study, they found cleaning 
solutions with these compounds to be very effective 
against SARS and MERS [9]. 

    In our department, we use ‘Medipal’ and ‘Wip’ 
Anios’ disinfectant wipe to clean surfaces and chlorine 
releasing disinfectant tablets (Actichlor) to clean the 
floor. The S-shape method has been adopted for 
cleaning contaminated surfaces, starting from ‘clean’ to 
‘dirty’ areas, and not going over the same area twice 
[10]. Thus, the staff should avoid reusing the wipes to 
wipe down multiple areas as the microbes may be 
transferred between surfaces. Lastly, Ultraviolet C 
(UVC) light was used to disinfect the contaminated 
environment. It provides rapid and effective virus 
inactivation by incapacitating the reproductive function 
of the infective virus. 

D. Embracing Innovative Technology 
    To facilitate multidisciplinary meeting and education 
conferences, a mitigating solution was implemented by 
the department to ensure that continuing professional 
development can be conducted via video conferencing 
platforms such as Zoom (San Jose, California). 
Interventional radiographers can thus log in remotely at 

any time anywhere, thus minimising human-to-human 
contact, thereby reducing the risk of virus transmission.  

    Online competencies on hand hygiene and infection 
control practices using the SingHealth e-learning system 
(Wizlearn Technologies, Singapore) were rolled out to 
ensure that all interventional radiographers are updated 
on the latest protocols and standard practices. Using 
online learning applications prevents unnecessary 
congregation for lectures or tutorials that can increase 
the probability of pathogen transmission.  

    Interventional radiographers are using this online 
platform to refresh their knowledge on infection control 
practice and sharing evidence-based information. The 
online education tutorials include donning and doffing 
of PPE (Figure 3), hand hygiene and infection 
prevention precautions, so that policies and standard 
precautions implemented to control and minimise  virus 
transmission in the hospital can be established and 
successfully maintained. 

Figure 3. Steps to putting on and removing goggles. 

 

IV. DISCUSSION  
 

    Although several articles on how to effectively 
respond to the COVID-19 outbreak have been 
published, the role and responsibilities of interventional 
radiographers during this pandemic has yet to be 
presented. It is important that radiographers can 
recognize their roles and effectively contribute their 
efforts during the current pandemic even as the hospital 
transits into the endemic disease response mode. 

Training interventional radiographers to handle 
suspected or confirmed COVID-19 cases can be 
challenging. Proper and systematic training should be 
provided to radiographers so that they are clear on their 
roles and responsibilities. Radiographers should be able 
to correctly identify the patient’s personal particulars 
and relevant clinical history inclusive of previous 
radiographs, scans and contrast allergies before the 
isolated patient is attended to.  

    Furthermore, interventional radiographers must be 
familiar with and be properly trained on the imaging unit 
used in the procedure to ensure that the investigation is 
completed in an efficacious manner. Simple 
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troubleshooting training for the imaging system should 
also be provided to radiographers with the aim of 
ensuring minimal disruptions to the procedure at hand. 
Based on these factors, radiographers can responsibly 
manage such isolation cases, eventually increasing the 
procedural success rate. 

 
V. CONCLUSION  

 
    The precautions and work processes detailed above 
have sufficiently bridged the gap between the workflow 
during periods of normalcy and the current pandemic 
situation. With ever-changing uncertainties plaguing the 
current global situation, these guidelines can be further 
improved on and act as a source of reference for the 
creation of protocols to handle new and unforeseen 
threats that may be greater than the current COVID-19 
pandemic. The success and failures of the current 
protocols can be deliberated upon and be used to 
formulate updated workflows should the DORSCON 
alert be raised to red. 

    Radiographers must be adaptable to changes in the 
healthcare climate in order to ensure continuity of care. 
In a multidisciplinary team like IR, radiographers can 
offer valuable insights by combining their equipment 
technical expertise and understanding of the required 
interventional procedure to ensure a good patient 
outcome. The COVID-19 pandemic gave rise to various 
role extensions for radiographers, demonstrating the 
potential that this specialised group of individuals 
possess to contribute to our nation’s Figureht against 
COVID-19. It is hoped that the experience of the 
interventional radiographers in SGH in dealing with this 
viral outbreak can help other radiography departments 
handle the COVID-19 outbreak and any future disease 
pandemics successfully. 
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Abstract - Medical imaging requisition form is a vital 
document in the radiology department. Adequate 
filling ensures justification and effective 
communication which impacts patient care. This 
study aims to audit computed tomography (CT) 
requisition forms to determine their adequate filling 
and legibility in the Himalayan country, Nepal. A 
total of 239 CT requisition forms were collected from 
the Department of Radiology and Imaging, Bir 
Hospital, Kathmandu, Nepal through random 
sampling from June to August 2020. The availability 
of information such as demographic characteristics, 
clinical history, clinical diagnosis, differential 
diagnosis, and proper name of CT procedures was 
audited. The legibility of the provided information 
was categorized with the help of a senior 
radiographer having 10 years of experience. Clinical 
history was present in 28 percent and clinical 
diagnosis in 64 percent of forms. Furthermore, 44 
percent of contrast-enhanced procedures requiring 
IV contrast agents did not have a report of renal 
function test. Surprisingly, details on the last 
menstrual period for women of the reproductive age 
group were missing in all requisition forms. None of 
the CT requisition forms were adequately filled. 
Available information is not sufficient for 
justification of patient dose. Clinicians need to fill up 
the requisition form properly for quality patient care 
in the radiology department. 

Keywords - Computed Tomography, Requisition 
Form, Audit, Justification, Radiology 

 
I. INTRODUCTION  

 
The evolution of computed tomography (CT) has been 
an important diagnostic tool in modern medicine [1]. 
The application of CT for diagnosis in symptomatic as 
well as the screening of asymptomatic patients has 
dramatically increased [1]. In Nepal, the use of 
requisition forms is a routine schedule and is the 
mainstream means of communication between the 
referring physician and the imaging department for any 
CT imaging procedure. It is the responsibility of 
referring physician to fill them adequately and provide 
the necessary patient information [2]. Inadequately 
filled requisition forms have been reported on similar 
audits carried out in Nepal [3,4]. These inadequately 
filled forms are prone to misleading communication that 
may lead to unnecessary scans and delays in the final 
report provided by the radiologist. Similarly, with the 
increasing use of CT, there is an increased risk of cancer 

and stochastic effects [5]. Therefore, the use of CT scans 
in medicine must be justified and optimized [6]. 
International Atomic Energy Agency (IAEA) and the 
European Society of Radiology (ESR) recommends 
auditing all services and process of investigation that 
involves ionizing radiation as these activities help to 
improve and maintain the quality of patient care [6]. 

In this study, we aim to audit the computed 
tomography requisition form in a national hospital in 
Nepal. This study will help to know the current practice 
of filling out a CT requisition form by a referring 
physician. 

 
II. MATERIALS AND METHODS  

 
Study Design 

A cross-section retrospective study was carried out 
at the Department of Radiology and Imaging, Bir 
Hospital, National Academy of Medical Sciences 
(NAMS), Kathmandu, Nepal. CT requisition forms 
were collected from June to August 2020 from the CT 
scan room. 

Data Collection 
Demographic details particularly the full name, age, 

sex, date of examination, referring unit, category of 
examination, clinical history, clinical diagnosis, 
provisional diagnosis, previous history of surgery, Last 
menstrual period (LMP) of female of reproductive age 
group (15-49), history of allergy, renal function test 
report for contrast-enhanced procedures and name and 
signature of referring physician were collected. The 
handwriting was categorized as legible and illegible by 
the radiographer on duty. The handwriting was 
categorized as legible when all words were clear, and 
even if some were words unclear but the meaning can 
be understood whereas categorized as illegible if most 
words were unclear with the meaning of the whole word 
unclear and when all words were impossible to identify. 

Data Analysis 
Microsoft office excel worksheet was used to record 

the data. Descriptive statistics and exploratory analysis 
were used to analyze the data using Statistical Package 
for Social Sciences (SPSS) 20, IBM, Chicago, United 
States.  

Ethical Consideration 
A letter of approval was obtained from the 

institutional review board (IRB) of NAMS, Kathmandu, 
Nepal. 
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III. RESULTS  
 

A total of 239 CT requisition forms were collected 
and audited.  Table 1 shows the complete audit of the 
CT requisition form. 

Table 1:  CT requisition forms variables 

 
Name, age, and sex were the most filled variables. 

The date of examination was present in 77% of the 
audited forms. The category of examination was present 
in 15%. Likewise, clinical diagnosis was present in 
64%, provisional diagnosis in 43%, and clinical history 
in 30%. Figure 1 shows the number of different clinical 
information available and unavailable among the 
audited CT requisition form. 

Figure 1: The bar chart illustrates the number of clinical 
history, clinical diagnosis, and provisional diagnosis available 
among the audited CT requisition form. 

 
 

Renal function test was present in 55% of forms 
requested for contrast-enhanced CT. History of allergy, 
LMP, and previous history of surgery was missing in all 
forms. The signatures were present in 70% whereas the 
name of referring physician was present in 15%. The 
handwritings were legible in 93% whereas 7% had 
illegible handwritings. 

IV. DISCUSSION  
 

CT requisition form is an important document for 
communication between referring physicians, 
radiographers, and radiologists. It must be adequately 
filled to justify the requested imaging procedure and 
provide quality care to the patient. Even though filling 
requisition form is extremely important, it is 
undervalued by the referring physician. In general, in 
this audit, we found that demographic details were 
adequately filled but the clinical information was 
missing in most forms. 

Clinical information such as clinical history, clinical 
diagnosis, and provisional diagnosis is necessary to 
justify the requested examination. A similar audit 
carried out by Koirala A and Bhandari S in a tertiary 
hospital in Nepal also found that none of the radiological 
requisition forms were adequately filled as missing 
clinical information was the most common [3]. This 
might be due to the limited knowledge about the 
guidelines for referring radiological imaging procedures 
and radiation protection [7]. 

LMP must be noted for a female of the reproductive 
age group (15-49) before requesting any imaging 
procedures that involve ionizing radiation to prevent 
accidental embryo exposure [8]. Audit, use of 
checklists, and effective communication are among the 
recommended activities to prevent accidental exposure 
[8]. None of our forms have information on the last 
menstrual period which is similar in finding to the audit 
carried out by Zafar et al. [9]. 

There is always an allergic risk associated with the 
use of contrast agents, therefore proper preparation is 
necessary for those having a history of allergy. The 
referring physician should be aware of the previous 
history of allergy. However, in this study, the history of 
allergy was missing in all CT requisition forms which is 
similar to the findings of the study conducted by Zafar 
et al. [9]. The history of previous surgery holds great 
significance as it might have changed the anatomical 
structures.  This information is crucial for reporting CT 
images. However, none of our requisition forms have 
information on the previous history of surgery. 

Similarly, requisition forms must be signed by the 
referring physician, and the name of the physician must 
be available to validate the requisition. In our audit, only 
15% of requisition forms have the name of referring 
physician and 70% have a signature on them. A similar 
audit found 30% have the name of the physician and 
100% had a signature [10]. This information is 
necessary because on any urgency or need of extra 
clinical information radiographers and radiologists 
could contact the referring physician. 

There could be plenty of reasons for these 
inadequately filled forms. First, might be due to the lack 
of a standard referral guideline. Second, could be 
because of inadequate knowledge of radiation 
protection among referring physicians [7]. Third, there 
is no radiation regulatory body for healthcare in Nepal 

CLINICAL HISTORY

CLINICAL DIAGNOSIS

PROVISIONAL DIAGNOSIS

30%

64%

43%

70%

35%

57%

Clinical Information

AVAILABLE UNAVAILABLE

Variables Present Absent 
Full Name 100%         0% 

Age 100%      0%              

Sex 100%         0% 

Date of Examination 77%        23%          

Referring Unit 23%           77%              

Examination Category 15%        85%           

Clinical History 30%       70%           

Clinical Diagnosis 64%          36%              

Provisional Diagnosis 43%       57%           

Last Menstrual Period 0% 100%            

Renal Function Test for 
Contrast Enhanced CT 

55%           45%              

History of Allergy 0% 100%           

Name of Referring Clinician 15%           85%             

Signature Of Referring 
Clinician 

70%       30%          

Previous History of Surgery 0% 100%           
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[11,12,13]. Hence, there is a necessity to standardize the 
CT requisition form and develop referral guidelines. 
Educational workshops and seminars need to be 
organized in a timely fashion that can inform physicians 
about the importance of providing adequate information 
in requisition form. Similarly, the establishment of a 
radiation regulatory body could improve the way 
radiation is used in medical imaging in Nepal. 

A major limitation of this study was that it was 
carried out for a short duration of time and the number 
of samples was small. 

 
V. CONCLUSION  

 
Insufficient information in radiologic requisition 

forms is a global concern. Adequate awareness about the 
exchange of information between the prescriber and the 
CT department is necessary for proper care and safety 
of the patient. 
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Abstract — Standard precautions are part of the 
infection control basis to protect radiologic 
technologists from COVID-19 and other infections to 
prevent transmission from patient to patient and 
from healthcare workers to healthcare workers. This 
study ascertains the relationship between the 
standard practices and attitudes of 46 radiologic 
technologists in handling COVID-19 patients. A 
quantitative-correlational design was used to 
specifically determine the standard precaution 
practices and attitudes of 46 radiologic technologists 
in the affiliated hospitals of the university, and the 
relationship of the two variables. Google form was 
used to gather data using the WHO Standard 
Precautions Protocol, which underwent pilot testing 
and a Cronbach alpha value of .804. Data analysis 
included descriptive statistics, Analysis of Variance 
(ANOVA) and Pearson-r correlation.  The study 
revealed that radiologic technologists have a high 
level of practice (μ=2.97 ±.0694) and attitude (μ=2.97 
±.824) in standard precautions. No significant 
difference was revealed in the standard precaution 
practices of radiologic technologists when grouped 
according to gender, years of service, age, and 
hospital type, Furthermore, no significant difference 
was revealed in the attitudes of radiologic 
technologist when grouped according to years of 
service, age, and hospital type, however, a significant 
difference was observed when the radiologic 
technologists were grouped according to gender (t 
(46) =2.04, p=.048) with female radiologic 
technologists having higher attitude (x̄=2.99, 
SD=.0253) on standard precautions than male 
radiologic technologists (x̄=2.94, SD=.0118). Overall, 
a high-positive correlation (r= .855, p=0.001) was 
revealed between the standard precaution practices 
and attitudes of radiologic technologists in handling 
COVID-19 patients. Overall, there exists a good 
practice and good attitude in standard precaution of 
Radiologic technologists in handling COVID-19 
patients and a very high-positive relationship 
between the two variables. 

Keywords — Radiologic technologist, standard 
precaution, practice, attitude, COVID-19, 
Philippines 

 
 
 
 
 

I. INTRODUCTION 
 

Standard precautions are part of the infection control 
basis to protect radiology technologists from COVID-
19 and other infections to prevent transmission from 
patient to patient and from healthcare workers to 
healthcare workers. The Standard precaution includes 
proper hand hygiene, use of personal equipment, 
following respiratory hygiene, and cough etiquette 
principles. It also includes ensuring the appropriate 
patient placement, adequate cleaning and disinfecting of 
patient care equipment and instruments, cleaning and 
disinfecting the environment appropriately, wearing a 
surgical mask, and ensuring healthcare workers' safety, 
including handling of needles.  

As healthcare professionals continuously render 
healthcare services in any situation, healthcare workers 
may acquire or transmit nosocomial infection. The best 
thing to do with this situation is to understand the 
standard precaution. These are meant to lessen the risk 
of spreading the disease from both recognized and 
unrecognized sources and can also help to minimize the 
affected individual in our society through having hand 
washing, using personal protective equipment (PPE) 
such as; gloves, facial protection (face mask and 
goggles) and gowns., proper respiratory hygiene, and 
etiquettes. Besides, transmission-based- precaution is 
used alone to prevent disease transmission [1]. 
Numerous studies revealed a low level of knowledge on 
infection control precautions and poor adherence among 
health care professionals [2], in addition, substandard 
practices on standard precautions was observed among 
health professionals [3].  

Radiologic technologists are also one of our medical 
frontliners during the COVID-19 pandemic. Frontliners 
are prone to having the disease, such as the healthcare 
workers who encounter suspected COVID-19 patients. 
It is this premise that practices and attitudes of 
radiologic technologists should be ascertained to serve 
as a basis on their compliance to standard precautions 
and serve as a role model for the interns in the clinical 
area during the COVID-19 pandemic.  

This is to maintain their strength, avoid acquiring the 
disease, and continuously interact with and manage 
COVID-19 patients using the standard precautions, and 
by having a self-strategy to protect every radiologic 
technologist and student-interns from having COVID-
19 disease.  
Objectives 
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This study ascertained the practice and attitude of 
Radiologic technologists in Cavite and Las Piñas 
regarding standard precautions in handling suspected 
COVID-19 patients. Specifically,  

1. Determine the level of practice and attitude of 
radiologic technologists in standard 
precautions on handling COVID-19 patients. 

2. Is there a significant difference between the 
level of practice and attitude on standard 
precautions in handling COVID-19 patients 
when grouped according to age, gender, years 
in practice, and hospital type? 

3. Is there a significant relationship between the 
level of practice and attitude in standard 
precautions on handling COVID-19 patients? 

 
II. MATERIALS AND METHODS 

 
The study is a descriptive-correlational design 

conducted among forty-six (46) randomly selected 
radiologic technologists working in Cavite and Las 
Piñas, aged 20 years old and above and practicing for at 
least six months, and handled COVID-19 patients 
during their clinical duty. 

Tools for data collection:  
The tool used in the study is based on the WHO 

Standard Precaution Protocol [4] which involves health 
policy, hand hygiene, personal protective equipment, 
respiratory hygiene and cough etiquette. The tool 
underwent validation from the experts and a pilot study, 
with a Cronbach Alpha value of .804, to determine the 
reliability. 

Ethical Consideration:  
               Permission to conduct the study was obtained 
from the Research and Development Center of the 
University. The study was conducted after obtaining the 
consent of the participants, emphasizing that their 
participation is voluntary, their anonymity is also 
assured, and confidentiality in their responses. 

Data Analysis 
               The Statistical Package for Social Sciences 
(SPSS) v24 was used to answer the objectives and test 
the hypothesis of the study using the following 
statistical techniques: (a) mean was used to describe the 
level of the radiologic technologists standard precaution 
practices and attitudes in handling COVID-19 patients; 
(b) independent t-test was used to determine the 
significant difference between the radiologic 
technologists standard precaution practices and attitudes 
in handling COVID-19 patients in terms of gender and 
hospital type; (c) Analysis of Variance (ANOVA) was 
used to determine any significant difference in terms of 
age and years in practice; (d) Pearson-r correlation was 
used to determine the correlation between the level of 
practice and attitude in standard precautions on handling 
COVID-19 patients. 

 
 

III. RESULTS 
 

Level of practice and attitude of radiologic 
technologists in standard precautions on handling 
COVID-19 patients 

 
Table 1. Level of practice and attitude of radiologic 
technologists in standard precautions on handling 
COVID-19 patients 

Variable Mean SD 

Practice 2.97 .0694 

Attitude 2.97 .0824 

 
Table 1 shows the overall mean of the variable on 

level of practice (x̅=2.97 ±.0694) and attitude (x̅=2.97, 
±.0824). The result signifies that most radiologic 
technologists have a high level of practice and attitude 
on standard precautions on handling COVID-19 
patients. 

Difference in the level of practice and attitude of 
radiologic technologists in standard precautions on 
handling COVID-19 patients 

 
Table 2. Difference in the level of practice and attitude 
of radiologic technologists in standard precautions on 
handling COVID-19 patients in terms of age 

Variable Source of 
Variation df f-value Significance 

Practice 

Between 
Groups 3 

1.787 .164 
Within 
Groups 42 

Attitude 

Between 
Groups 3 

.821 .489 
Within 
Groups 42 

 
A one-way ANOVA was conducted to determine the 

significant difference in the level of practice and attitude 
toward standard precautions on handling COVID-19 
patients when grouped according to age. The table 
shows that there is no significant difference in the level 
of practice [F(3, 42) =1.787, p=.164] and attitude [F(3, 
42)=.821, p=.489] at 0.05 level of significance when 
grouped according to age. 
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Table 3. Difference in the level of practice and attitude 
of radiologic technologists in standard precautions on 
handling COVID-19 patients in terms of gender 

Variable Gender N Mean SD df t-
value p 

Practice 
Male 21 2.95 .0907 

43 1.56 0.127 
Female 25 2.99 .0089 

Attitude 
Male 21 2.94 .0263 

43 2.04 0.048 
Female 25 2.99 .0051 

An independent-samples t-test was conducted to 
compare the level of practice and attitude on standard 
precautions between male and female radiologic 
technologists. There was no significant difference on the 
level of practice between male and female radiologic 
technologists (t=1.56, df=43, p=.127), however, 
significant difference was seen in the attitude of the 
radiologic technologists (t=2.04, df=43, p=0.048). In 
addition, female radiologic technologists have slightly 
higher attitude (x̅=2.99, SD=.0051) in standard 
precautions compared to male radiologic technologists. 
The results suggest that gender does not have an effect 
on the level of practice, but affects the attitude of 
radiologic technologists in handling COVID-19 patients 
in the affiliated hospitals of the University. 
 
Table 4. Difference in the level of practice and attitude 
of radiologic technologists in standard precautions on 
handling COVID-19 patients in terms of years of 
practice 

Variable Source of 
Variation df f-value Significance 

Practice 

Between 
Groups 2 

.581 .566 
Within 
Groups 29 

Attitude 

Between 
Groups 2 

1.209 .316 
Within 
Groups 24 

 
A one-way ANOVA was conducted to determine the 

significant difference in the level of practice and attitude 
on standard precautions on handling COVID-19 patients 
when grouped according to the years of practice. The 
table shows no significant difference in the level of 
practice [F (2, 29) =.581, p=.566] and attitude [F (2, 24) 
=1.209, p=.316] at 0.05 level of significance. 
 
Table 5. Difference in the level of practice and attitude 
of radiologic technologists in standard precautions on 
handling COVID-19 patients in terms of hospital type 

Variable Gender N Mean SD df t-value p 

Practice 
Private 34 2.98 .0714 

44 .665 .510 
Public 12 2.96 .0651 

Attitude 
Private 34 2.98 .0146 

44 .875 .387 
Public 12 2.95 .0218 

An independent-samples t-test was conducted to 
compare the level of practice and attitude on standard 
precautions between affiliated hospitals of the 
university when grouped according to government and 
private hospitals. There was no significant difference on 
the level of practice (t (44) =1.56, p=.510) and attitudes 
(t(44)= .875, p=.387) between the radiologic 
technologists working in government and private 
hospitals, The results suggest that hospital type do not 
generally affects the practice and attitude of radiologic 
technologists working in government and private 
hospitals. 

Relationship between the level of practice and 
attitude of radiologic technologists in standard 
precautions on handling COVID-19 patients 

Table 6. Relationship between the level of practice and 
attitude of radiologic technologists in standard 
precautions on handling COVID-19 patients. 

Variable Pearson-
r Value Interpretation p-value Remarks 

Practice 
.855 High 

Correlation .001 Significant 
Attitude 

 
Pearson product-moment correlation was computed 

to determine the relationship between the level of 
practice and attitude in standard precautions on handling 
COVID-19 patients (r=.855, p=.001). Results show a 
high positive correlation between the level of practice 
and attitudes among radiologic technologists in 
handling COVID-19 patients. 

 
IV. DISCUSSION 

 
The results of the current study revealed that 

radiologic technologists have a high level of practice 
(x̅=2.97 ±.0694) and attitude (x̅=2.97, ±.0824) toward 
standard precaution on handling COVID-19 patients. 
The findings of the study are similar to the results of 
other studies where health care workers tend to have 
good practice compliance to prevent risk of infection 
[5], contrary to some studies where practice compliance 
in standard precaution is low [3] [6]. In addition, positive 
attitude plays a significant role in reducing the risk of 
having a disease [7] and preventing COVID-19 
infection [8]. Further, female radiologic technologists 
(x̅=2.99 ± .0051) have significantly higher level of 
attitudes (t=2.04, df=43, p=0.048) on standard 
precaution on handling COVID-19 patients compared to 
male radiologic technologists (x̅=2.94 ±.0263). The 
result is contrary to previous study where gender shows 
no significant difference in their attitude towards 
standard precautions [9]. 

Lastly, the study shows a high-positive correlation 
between the level of practice and attitudes among 
radiologic technologists in handling COVID-19 patients 
(r=.855, p=.001). The result is supported by previous 
studies where positive attitude of health care workers is 
a pre-requisite for prevention, and promotes positive 
practice [8].  
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V. CONCLUSION 
 

The radiologic technologists’ practices and attitudes 
in handling COVID-19 patients do not differ 
significantly in terms of years of service, age and 
hospital type. In addition, female radiologic 
technologists have higher practice compared to male 
radiologic technologists in handling COVID-19 
patients. Overall, there exist a high practice and high 
attitude in standard precaution of Radiologic 
technologists in handling COVID-19 patients and a very 
high-positive relationship between the practices and 
attitudes of radiologic technologists in handling 
COVID-19 patients. 
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Abstract — This study is to determine the quality of 
TLD Reader performance from variations 
calibration doses with Cs-137. Doses given are 2 
mSv, 3 mSv, 5 mSv, 7.5 mSv and 10 mSv. The 
purpose is to determine the performance quality of 
the TLD Reader and the accuracy of dose readings 
from different calibration dose. This type of research 
is quasi-experimental with factorial design. The 
sample is TLD Harshaw’s of 110 cards used for 
reading the equivalent dose of the body. The test data 
was obtained by testing 5 sets of TLD cards, each set 
is consists of 8 calibration cards and 14 field cards. 
Analysis for calibration factors, bias and 
measurement accuracy using the ANSI procedure, 
for calibration curves using regression, and 
measurement uncertainty using the ISO GUM 
procedure. The result of the study is calibration 
doses of 2 mSv and 3 mSv did not pass the 
performance criteria, dose 2 mSv had a bias, and 
dose 3 mSv had a performance exceeding tolerance. 
Doses 5 mSv, 7,5 mSv and 10 mSv pass all 
performance criteria, that’s mean they have good 
calibration factor, unbiased, good accuracy, 
homogeneous calibration curve and measurement 
uncertainty of less than 30%. The best level of 
measurement accuracy is obtained from dose 10 
mSv, dose 7,5 mSv and the last dose is 5 mSv.  

Keywords — Performance of TLD, Dose calibration, 
Calibration of TLD Reader, TLD Dosemeter 

 
I. INTRODUCTION  

 
The passive dosimeter used by radiation workers 

after evaluation will provide an equivalent dose that can 
be used as a radiation protection report. The 
requirement to provide dosimeter measurement 
services by an authorized party must always refer to the 
performance/quality of performance of the dose 
meter/reader and its evaluation system. A quality 
control program should be in place and implemented to 
monitor the performance of the dose measurement and 
evaluation system. To be an effective tool in limiting 
exposure, this dosimetry must meet adequate quality 
standards which generally means cards must be used 
issued by a service approved by the relevant agency [2]. 

The quality of the TLD Reader's performance 
according to Nazaroh in the Journal entitled TLD-700 
Response Study to Gamma and Beta can be calculated 
through the procedure provided by SRS-IAEA No. 16 

of 2000 to calculate the calibration factor, the ANSI 
(American National Standards Institute) procedure to 
determine the performance of the dosimeter system 
which includes bias testing, testing the level of 
precision / standard deviation and accuracy of dose 
readings as well as ISO GUM 2012 procedures to 
calculate measurement uncertainty[3-8]. 

ISO-4037 and IEC-62387 recommend photon 
radiation sources that can be used for testing are Am-
241, Cs-137 and Co-60 [9,10]. ISO-4037 and IEC-
62387 also provide a reference for the dose used to 
calibrate the TLD Reader using Cs-137 at doses of 3 
mSv and 10 mSv. [9,10]. External irradiation using a 
Cs-137 beam is carried out by an accredited Secondary 
Dosimetry Laboratory that is traceable to the Primary 
Dosimetry Laboratory, namely the IAEA (International 
Atomic Energy Agency). 

When calibrating the TLD Reader, the standard 
used by the External Dosimetry Laboratory in 
Indonesia is one dose value and generally uses a dose 
of 5 mSv. In the range of 2019 to 2021, the author 
carried out a validation test from a TLD Reader 
calibrated at a dose of 5 mSv and obtained a dose 
reading of 1.6 mSv from the correct dose of 2 mSv. This 
is not in accordance with the standard of estimation of 
measurement uncertainty that is allowed according to 
BAPETEN which must be less than thirty percent 
(30%) [2]. Research on TLD Reader calibration using 
a single dose variation has been carried out by Luay in 
2019 and Akintayo in 2021 using a variation of 2 mSv 
[11,12], Ling Luo in 2017 used a dose variation of 3 
mSv [13] and Hiaty in 2013 used a dose variation of 5 
mSv [14]. 

 
II. MATERIALS AND METHODS  

 
The population used in this study is TLD cards with 

a total of 375 TLD cards. The samples used in this study 
were 40 TLD calibration cards and 70 customer cards / 
TLD field cards. The calibration card is obtained from 
the Generate Calibration Dosimeter acquisition 
process, the calibration card taken is the card with the 
best ECC value. The Calibration Card will be irradiated 
using five different doses, namely 2 mSv, 3 mSv, 5 
mSv, 7.5 mSv and 10 mSv. Each irradiation set consists 
of 8 calibration cards so that a total of 40 calibration 
cards are needed. Customer cards / field cards totaling 
70 TLDs consisting of 60 TLDs (2 TLDs per dose) with 
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doses of 0.1 mSv, 0.3 mSv, 0.5 mSv, 1 mSv, 2 mSv and 
5 mSv and 10 TLD Control. 

 
III. RESULTS  

 
Quality of Performa 
Calibration Factor 
Calculation of the calibration factor is shown in table 1 
below. 

Table 1. Calibration factor ini different dose calibration 

No True dose 
(mSv) 

Average true 
dose (mSv) 

Calibration 
Factor 

1 2 2,013 0,99 

2 3 2,982 1,01 

3 5 5,029 0,99 

4 7,5 7,456 1,01 

5 10 10,044 1,00 

Calculation of the calibration factor is N = Da/D, where 
N : calibration factor 
Da  : true dose (mSv) 
D : measured dose (mSv) 
D : (Q x ECC)/ RCF, here Q is the TLD response 

in nano Coulomb, ECC is the card correction factor and 
RCF is the Reader Calibration Factor. 
 
Performance / Bias 
Calculation of Performance (Pi) of the TLD Dosimeter 
system can be used the following equation: 
 

𝑃 =  
𝐻 −  𝐻

𝐻
 

Meanwhile, the average value of performance P 
or bias is: 

𝑃 = 𝐵 =
∑ 𝑃𝑖

𝑛
 

For the measurement of the standard deviation (S) 
is: 

𝑆 = [
∑ (𝑃𝑖 − 𝑃)

𝑛 − 𝑚
]½ 

Where: 
HT : True Dose (mSv) 
HM : Measured dose (mSv) 
Pi  : Performance  
P : average performance 
S : standard deviation 

Table 2. Performance system dosimetry in different 
dose calibration 

Calibration 
dose (mSv) 

Performance / Bias 

P S P²+S² L² 

2 0.21 0.012 0.0434 0.0576 

3 -0.34 0.029 0.1143 0.0576 

5 -0.20 0.013 0.0392 0.0576 

7.5 -0.08 0.012 0.0063 0.0576 
10 -0.06 0.010 0.0039 0.0576 

Based on table 2, the results of performance/ 
average bias/ P value at a calibration dose of 2 mSv 
have a positive value which means there is a bias, the 
largest standard deviation value is at a calibration dose 
of 3 mSv and a P²+S² value that exceeds the tolerance 
limit is at a dose calibration 3 mSv.  

Reading Accuracy 
The reading accuracy of a TLD reader can be 

observed from a curve which is commonly known as a 
trumpet curve. This reading accuracy curve consists of 
a lower limit of accuracy and an upper limit of accuracy 
that is shaped like a trumpet so it is called a trumpet 
curve. The upper limit of accuracy is commonly 
referred to as RUL (Response Upper Limit) while the 
lower limit of accuracy is commonly referred to as RLL 
(Response Lower Limit). The value of this RUL and 
RLL can be calculated based on the formula that has 
been determined by ANSI, namely: 

𝑅 = 1,5 [1 + ) 

𝑅 =  
1

1,5 [1 −
2𝐻

𝐻 + 𝐻 ]  𝑓𝑜𝑟 𝐻 ≥ 𝐻  

Where: 
H1 : dose irradiation/ HT  
Ho : lowest measurable dose  
Ho : 0,085 mSv for the monthly period based on 
ICRP 60/75 

Table 3. The RUL and RLL values for each irradiation 
dose 

Dose irradiation 
(H1) 

Calculation based on ANSI 
formula 

RUL RLL 
0,1 mSv 1,97 0,05 

0,3 mSv 1,77 0,37 

0,5 mSv 1,69 0,47  

1 mSv 1,61 0,56  

2 mSv 1,56 0,56  

5 mSv 1,52 0,64  

In table 3, the calculation of the RUL and RLL 
values will be used as a reference to see the level of 
accuracy of the TLD card reading. After the RUL and 
RLL values of the irradiated dose / correct dose are 
known, the next step is to calculate the reading response 
performance by comparing the true dose value (HT) 
with the dose response value (HM) for each TLD card. 
This procedure follows the performance evaluation 
reference for each TLD card regulated in ISO 
14146,2018 which must look for the response (R) by 
comparing the correct dose value (HT) with the 
response dose value (HM). The R value of each field 
card that has been calculated based on the formula in 
ISO 14146,2018 is shown in table 4. 
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Where: 
HT : True Dose (mSv) 
HM : Measured dose / dosis terukur (mSv) 
R : Respon (HM / HT)  
RUL : Response Upper Level 
RLL : Response Lower Level 
 
 
Figure 1. Field card reading accuracy in trumpet curve 

 
In Figure 1 the RUL and RLL values are marked 

with a black line as a connector where at the top is RUL 
and at the bottom is RLL. The response value of the 
TLD card for each calibration dose is marked and 
different in color to facilitate observation. The figure 
explains that the TLD Reader reading response for each 
calibration dose variation has good accuracy because it 
is still within the upper limit of accuracy and the lower 
limit of accuracy or within the ANSI criteria called 
inliers. Inlier is if the reading accuracy value is inside 
the trumpet curve, while the reading accuracy outside 
the trumpet curve is called outlier. 

 Calibration 
The calibration curve is used to determine whether 

or not the response of the TLD Reader readings to the 
radiation given during the calibration process is linear  

 

or not. According to Velbeck, before making the 
calibration curve, it would be better if the TLD Reader 
calibration response test was conducted first. The 
response uniformity value can be calculated by the 
formula (E_max- E_min)/E_min, which means the 
highest response value minus the lowest response value 
divided by the lowest response. The response value is 
said to be uniform if it has a value of ≤ 0.3. 

Table 5. Uniformity response of TLD Reader 
calibration 

Calibration 
TLD Card 

2 mSv 3 mSv 5 mSv 7,5 mSv 10 mSv 
Response Calibration of TLD Reader (nC 

1 57,81 121,7 190,8 286,6 372,1 

2 57,77 123,8 192,3 288,2 362,9 

3 59,28 120,9 192,6 283,5 375,9 

4 58,05 121,8 190,4 287,5 369,0 

5 58,47 117,9 191,9 279,8 369,0 

6 57,28 118,6 190,0 276,5 361,6 

7 58,81 140,5 192,3 333,0 367,9 

8 58,36 137,3 190,0 326,9 365,9 

Average 
response 58,23 125,31 191,29 295,25 368,04 

uniformity 0,035 0,019 0,014 0,025 0,040 

 

The uniformity of the response of TLD Reader 
calibration readings can be seen from table 5 which 
shows the calculation results of all calibration dose 
variations are less than 0.3 so that it can be said that the 
TLD Reader calibration response from the calibration 
dose variation is homogeneous/uniform. 
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response of field car TLD(mSv)

2
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3
mSv
5
mSv
7,5
mSv
10
mSv
RUL

RLL

Dosis Benar (HT) 
2 mSv 3 mSv 5 mSv 7,5 mSv 10 mSv 

HM R HM R HM R HM R HM R 

0,1 
0,12 1,16 0,05 0,49 0,07 0,71 0,09 0,89 0,08 0,83 

0,13 1,29 0,06 0,6 0,09 0,86 0,11 1,1 0,09 0,92 

0,3 
0,36 1,18 0,18 0,61 0,23 0,76 0,26 0,88 0,29 0,97 

0,36 1,18 0,2 0,66 0,24 0,78 0,27 0,91 0,3 0,99 

0,5 
0,63 1,25 0,33 0,67 0,4 0,81 0,45 0,9 0,49 0,99 

0,65 1,3 0,37 0,74 0,4 0,81 0,48 0,96 0,49 0,98 

1 
1,2 1,2 0,71 0,71 0,77 0,77 0,93 0,93 0,94 0,94 

1,22 1,22 0,74 0,74 0,79 0,79 0,94 0,94 0,91 0,91 

2 
2,37 1,19 1,46 0,73 1,54 0,77 1,76 0,88 1,86 0,93 

2,36 1,18 1,47 0,73 1,56 0,78 1,77 0,88 1,9 0,95 

5 
5,86 1,17 4,11 0,82 4,48 0,9 4,47 0,89 4,6 0,92 

5,78 1,16 4,1 0,82 4,48 0,9 4,44 0,89 4,65 0,93 

Table 4. Dosage reading response for each field card 



Paper ID 72 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

 50 ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand   

Figure 2. TLD Reader Calibration Curve polynomial 
model

 
Figure 3. TLD Reader Calibration Curve Linear mod

 
Based on graphs 2 and 3, the R² value in the 

polynomial model is 0.9968 while the linear model is 
0.9891. Polynomial and linear model curves have 
different calculation formulas but have the same 
meaning where y represents dose in mSv units while x 
represents TLD response in nano Coulomb units. 

The R² value in the polynomial model is 0.9968 
which is closer to the value 1 compared to the R² value 
in the linear curve model. So it is necessary to calculate 
the linearity of the calibration curve of the polynomial 
model to see the value of the standard deviation of the 
measurement results. The standard deviation of the 
measurement can be calculated by comparing the 
correct dose / calibration dose and the calculated dose 
with an acceptable level according to ICRP is -30% or 
50%. Table 6 below is the calculation of the standard 
deviation of comparing the true dose value and the 
measured dose. 
 

 

 

 

 

 

 

Table 6. Calculation of the standard deviation of 
dose measurement 

No. 
True 
dose 

(mSv) 

Response 
Calibrate 
Reader 
(nC) 

Measured 
dose 

(mSv) 

Standar 
Deviasi (%) 

1 

2 

57.81 1.93 -3.39 

2 57.77 1.93 -3.43 

3 59.28 1.96 -2.07 

4 58.05 1.94 -3.18 

5 58.47 1.94 -2.80 

6 57.28 1.92 -3.87 

7 58.81 1.95 -2.49 

8 58.36 1.94 -2.90 

9 

3 

121.7 3.20 6.75 

10 123.8 3.25 8.28 

11 120.9 3.19 6.17 

12 121.8 3.20 6.83 

13 117.9 3.12 4.01 

14 118.6 3.14 4.51 

15 140.5 3.62 20.77 

16 137.3 3.55 18.33 

17 

5 

190.8 4.85 -2.95 

18 192.3 4.89 -2.17 

19 192.6 4.90 -2.02 

20 190.4 4.84 -3.16 

21 191.9 4.88 -2.38 

22 190.0 4.83 -3.37 

23 192.3 4.89 -2.17 

24 190.0 4.83 -3.37 

25 

7.5 

286.6 7.61 1.51 

26 288.2 7.66 2.19 

27 283.5 7.52 0.21 

28 287.5 7.64 1.89 

29 279.8 7.40 -1.34 

30 276.5 7.30 -2.71 

31 333.0 9.15 21.98 

32 326.9 8.94 19.19 

33 

10 

372.1 10.54 5.43 

34 362.9 10.21 2.07 

35 375.9 10.68 6.83 

36 369.0 10.43 4.29 

37 369.0 10.43 4.29 

38 361.6 10.16 1.59 

39 367.9 10.39 3.89 

40 365.9 10.32 3.16 

 

Table 6 describes the standard deviation of the 
response of each TLD card at each calibration dose. 
The calculated dose is obtained from the polynomial 

y = 3E-05x2 + 0.0145x + 0.9936
R² = 0,9968
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curve formula, namely y = 3E-05x2 + 0.0145x + 
0.9936, where y is the calculated dose and x is the TLD 
response in nano Coulomb readings. Based on the table 
above, the standard deviation values are in the range of 
-3.87% and 21.98% which are still in the range of -30% 
or 50%. 

 Uncertainty measurement 
The uncertainty that can be calculated from the 

TLD Reader dose response measurement is obtained 
from the uncertainty calculation according to ISO 
GUM, ICRP and BAPETEN where the uncertainty 
must be less than 30% (thirty percent) for all types of 
uncertainty at the 95% (ninety five percent) data 
confidence level). 

The overall uncertainty of this dose measurement is 
determined by the combination of the type A and type 
B uncertainties. The type A uncertainty can be 
identified from a series of standard deviations of the 
various measurements. This type A uncertainty is 
obtained from direct measurements, namely resolution 
uncertainty, instrument reading response uncertainty 
(dose, ECC) and calibration uncertainty. Type B 
uncertainty is the uncertainty from the previous 
measurement and from the reference, namely the 
uncertainty of irradiation and uncertainty of fading. 
Combination uncertainty is obtained from the 
calculation of type A uncertainty and type B 
uncertainty. 

The combined uncertainty formula (Uc) of type A 
uncertainty (UA) and type B uncertainty (UB) can be 
calculated by the following formula: 

𝑢𝑐 = (𝑈 + 𝑈 ) 

Table 7. The results of the calculation of the 
uncertainty of the response of the TLD Reader 
readings at variations in the calibration dose of 2 
mSv, 3 mSv and 5 mSv 

Table 8. Uncertainty calculation results from the 
response of TLD Reader readings at variations in 
calibration doses of 7.5 mSv and 10 mSv 

Irradiation 
dose 

Calibration dose 

7,5 mSv 10 mSv 

0,1 
0,089 ± 23,02 0,083 ± 23,04 % 

0,11 ± 22,96 0,092 ± 23,01 % 

0,3 
0,26 ± 22,7 0,29 ± 22,67 % 

0,27 ± 22,69 0,30 ± 22,66 % 

0,5 
0,45 ± 21,87 0,49 ± 21,85 % 

0,48 ± 21,86 0,49 ± 21,85 % 

1 
0,93 ± 21,76 0,94 ± 21,76 % 

0,94 ± 21,76 0,91 ± 21,76 % 

2 
1,76 ± 21,71 1,86 ± 21,71 % 

1,77 ± 21,71 1,90 ± 21,71 % 

5 
4,47 ± 21,66 4,60 ± 21,66 % 

4,44 ± 21,67 4,65 ± 21,66 % 

 
Tables 7 and 8 are the results of the calculation of 

measurement uncertainty for each field card response 
using a coverage factor of k = 2 with a 95% confidence 
level. From tables 7 and 8 for measurement uncertainty, 
the uncertainty value is below 30%. 

 
IV. DISCUSSION  

 
The accuracy of the dose calculation can be seen 

from table 9 which explains the acceptability of each 
criterion with reference. 

Table 9. Accuracy of dose calculation at each 
calibration dose 

No. 
Quality 

Performa 
TLD Reader 

2 
mSv 

3 
mSv 

5 
mSv 

7.5 
mSv 10 mSv Note 

1 Calibration 
factor 

√ √ √ √ √ In range 
0,8 s/d 1,2 

2 Performance / 
Bias 

- - √ √ √ P value is 
negative, 
above L² 

3 Accuracy √ √ √ √ √ Between 
terumpet 

curve 
4 Calibration 

Curve 
√ √ √ √ √ Homogeny, 

linier 
5 Uncertainty √ √ √ √ √ Less than 

30% 
Note:  

√ = pass the reference 
-  = not pass the reference  

 
 

Based on table 9 above, it was found that the 
calibration doses of 2 mSv and 3 mSv did not meet the 
performance criteria or bias. Calibration doses of 5 
mSv, 7.5 mSv and 10 mSv have higher dose calculation 
accuracy because they meet the overall performance 
criteria of TLD Reader.  

Performance / average bias / P value at a calibration 
dose of 2 mSv have a positive value which means there 

Irradia
tion 
dose 

Calibration dose 

2 mSv 3 mSv 5 mSv 

0,1 0,12 ± 22,86 % 0,049 ± 23,02 %  0,071 ± 23,01 % 

0,13 ± 22,83 % 0,060 ± 22,99 %  0,086 ± 22,96 % 

0,3 0,36 ± 22,61 % 0,18 ± 22,73 %  0,23 ± 22,71 % 

0,35 ± 22,61 % 0,20 ± 22,72 %  0,24 ± 22,7 % 

0,5 0,63 ± 21,81 % 0,33 ± 21,92 %   0,40 ± 21,88 % 

0,,5 ± 21,81 % 0,37 ± 21,89 %  0,40 ± 21,88 % 

1 1,20 ± 21,73 % 0,71 ± 21,79 %  0,77 ± 21,78 % 

1,22 ± 21,74 % 0,74 ± 21,79 %  0,79 ± 21,78 % 

2 2,37 ± 21,69 % 1,46 ± 21,73 %  1,54 ± 21,72 % 

2,36 ± 21,69 % 1,47 ± 21,73 %  1,56 ± 21,72 % 

5 5,86 ± 21,66 % 4,11 ± 21,67 %  4,48 ± 21,66 % 

5,78 ± 21,66 % 4,10 ± 21,67 %  4,48 ± 21,66 % 
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is a bias, the largest standard deviation value is at a 
calibration dose of 3 mSv and a P²+S² value that 
exceeds the tolerance limit is at a dose calibration 3 
mSv. The TLD Reader reading response for each 
calibration dose variation has good accuracy because it 
is still within the upper limit of accuracy and the lower 
limit of accuracy or within the ANSI criteria called 
inliers. Inlier is if the reading accuracy value is inside 
the trumpet curve, while the reading accuracy outside 
the trumpet curve is called outlier. 

 
V. CONCLUSION  

 
The performance quality of the TLD Reader from 

the five variations of the calibration dose has different 
values based on the assessment of calibration factors, 
performance/bias, measurement accuracy, calibration 
curve and measurement uncertainty. Variations in 
calibration doses at doses of 2 mSv and 3 mSv did not 
meet the performance criteria for TLD Reader in the 
performance/bias section, while for variations in 
calibration doses of 5 mSv, 7.5 mSv and 10 mSv, all 
TLD Reader performance criteria were met. 

The calibration doses at 5 mSv, 7.5 mSv and 10 mSv 
have higher accuracy for the calculation of the 
equivalent dose compared to the calibration doses at 2 
mSv and 3 mSv. 
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Abstract — With ideal conditions, MR images can be 
simulated by using the Bloch equation simulators, 
which explain the macroscopic motion of nuclear 
magnetization. The recent improvement of 
computational power enables the practical and 
complicated simulation, which contributes to the 
education and development of MRI since the 
simulator provides numerical experiments that are 
not allowed to implement on clinical MRI scanners. 
In this study, we investigated the relationship 
between image quality and timing of the gradient 
pulses to demonstrate the usefulness of the simulator 
for educational purposes. Since MRI requires three 
gradient magnetic fields (Gx, Gy, Gz), we compared 
the differences in the changes of MR images or 
signals caused by the timing of the application of 
each gradient magnetic field by acquiring GrE 
images through MRI simulation. (1) For Gx, the 
effect of differences of start timing of the dephasing 
in the read direction was compared. (2) For Gy, the 
effects of phase rewinder gradients were compared. 
(3) For Gz, the effect of timing on the refocusing of 
the phase of dispersed magnetization was compared.  
The magnitude of MR images decreases as Gx pulse 
timing delays whereas the phase of images affected 
by pulse timing. Artifacts called FLASH band were 
observed with insufficient rewinder gradient of Gy. 
For Gz, the change in application timing could be 
captured as a change in the MR signal corresponding 
to a change in the phase of magnetization. It was 
confirmed that the MRI simulator has a high 
potential to elucidate the relationship between pulse 
sequences and various phenomena related to MRI as 
numerical data. 

Keywords — MRI simulation, the gradient magnetic 
field, the applicated timing, gradient echo sequence 
(GrE), FLASH Band 

 
I. INTRODUCTION  

 
Text In diagnostic imaging, the radiological 

technologist, who must provide MR images with 
appropriate image contrast, must select the appropriate 
imaging sequences and set the imaging conditions 
according to the purpose. They must be familiar with the 
basic principles of MRI that provide the basis for the 
formation of appropriate image contrast.  

Generally, the imaging conditions for acquiring MR 
images with appropriate image contrast are entered as 

numerical data, but it is not easy to understand the 
relationship between this numerical data alone and the 
basis on which the image contrast is formed. Knowledge 
of the pulse sequence, which is the blueprint of the 
imaging method that is the most effective means of 
understanding the relationship, is required. 

However, because of the restrictions by vendors, few 
environments have been set up for learning pulse 
sequences using MRI systems, and radiologists, who are 
the users of the systems, cannot directly verify the 
effects of changes in imaging conditions using pulse 
sequences on MR images The current situation is that 
radiological technologists, who are the users of the 
actual equipment, cannot directly verify the effects of 
changes in imaging conditions using pulse sequences. 

On the other hand, if the Bloch equation, which is 
the basic principle of MRI, can be simulated by directly 
solving it under perfect ideal conditions, it is possible to 
obtain MR image data similar to those obtained when 
using the device [1]. Although it has been considered 
difficult to reproduce the MRI imaging process 
computationally with fidelity using an MRI simulation, 
recent improvements in computational power have 
made it possible to reproduce the process using 
Multivoxel Bloch simulation [2]. 

In the gradient echo sequence (GrE), the most 
widely used in diagnostic imaging, the timing of the 
application of the gradient magnetic fields of Gx, Gy, 
and Gz, as shown in the sequence diagram in Figure 1, 
is most important for the echo signal formation. The 
purpose of this study is to reproduce by MR simulation 
the effect of the timing of the application of Gx, Gy, and 
Gz gradient magnetic fields on MR images in the 
gradient echo method, which cannot be performed on an 
actual machine due to equipment limitations. 

Figure 1. The sequence diagram of representative 
gradient echo sequence (GrE). 
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II. MATERIALS AND METHODS 
 

The numerical phantom was a two-dimensional 
phantom made by filling a cylindrical shape of 190 mm 
in diameter with homogeneous material that simulates 
muscle. T1, T2, and proton density (PD) were 1412 ms, 
50 ms, and 1000, respectively [3]. MRI simulations 
were created by BlochSolver [2] (MRIsimulations Inc., 
Tokyo, Japan), which is MRI simulation formulated 
using Bloch equation. Since MRI requires three gradient 
magnetic fields (Gx, Gy, Gz), we compared the 
differences in the changes of MR images or signals 
caused by the timing of the application of each gradient 
magnetic field by acquiring GrE images through MRI 
simulation. 

A. Gx (the frequency-encoding or readout gradient) 
As shown in Figure 2, the reversal timing of the 

gradient magnetic field in Gx was set earlier only for 0 
μs, 5 μs, 10 μs, and 20 μs, and MR data were collected 
using GrE by MRI simulation. The other conditions 
were TR 20 ms, TE 6 ms, FA 30, and slice thickness 5 
mm. The number of subvoxels in the x, y, z directions 
were 2, 1, 4, respectively. 

Figure 2. The changes of the timing of the application 
of the gradient magnetic fields of Gx as shown in the 
sequence diagram. The changes are shown in the red line 
of the timing chart for Gx. The black line indicates when 
the timing is not varied. 

 
 

B. Gy (the phase-encoding gradient) 
The phase rewinder gradient was turned off (Figure 

3), TR was set to 12 ms and 20 ms, FA to 30, 60, and 
90, and MR data were acquired using GrE by MRI 
simulation. The other common conditions were TE 6 
ms, FA 30, and slice thickness 5 mm. The number of 
subvoxels in the x, y, z directions were 2, 1, 4, 
respectively. 

 

 

 

 

 

 

 

Figure 3. The influence of the phase rewinder gradient. 
As in the early FLASH (fast low angle shot) sequence 
[4], the phase rewinder gradient to be applied to the 
dotted red line, which is now mandatory, was removed. 

 
 
C. Gz (the slice selection gradient) 

Generally, in order to refocus the phase of the 
dispersed isochromats, the slice gradient is inverted 
after the slice-selective RF pulse is applied, and then 
turned off. In this study, the timing of turning off this 
slice refocusing gradient was varied. The time range was 
varied in 100 μs increments from -1000 μs to 0 μs and 
in 50 μs increments from 0 μs to 400 μs, with the 
appropriate time set at 0. The other conditions were the 
same condition as for Gx. 

Figure 4. The change in timing of turning off the slice 
refocus gradient of the gradient magnetic fields of Gz as 
shown in the sequence diagram. The changes are shown 
in the red line of the timing chart for Gz. The black line 
indicates when the timing is not varied. 

 
 
D. Image analysis 

BlochSolver can only perform calculations on 
multivoxel for isochromats based on Bloch equations. 
Therefore, the rawdata obtained by BlochSolver, 
Interactive Data Language software (IDL; Harris 
Geospatial Solutions KK, boulder, CO, USA) was used 
for imaging and analysis. 

 
III. RESULTS  

 
A. Gx 

MR images with varying timing of Gx inversion are 
shown in Figure 5. While no change appeared in the 
magnitude image, which refers to the general MR 
image, the phase image showed a significant phase 
change, even with a discrepancy of only 5 μs. 
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Figure 5. MR images when the reversal time of Gx is 
varied. The earlier times are a) 0 μs, b) 5 μs, c) 10 μs, 
and 20 μs, respectively. In each condition, the 
magnitude image is shown on the left and the phase 
image on the right. 

 

B. Gy 
As shown in the figure 6, stripes (FLASH band) that 

appear parallel to the readout direction (x-direction) 
appeared in MR images acquired without phase 
rewinder gradient, regardless of the image acquiring 
conditions. 

Figure 6. Change in the effect of MR images with and 
without phase rewinder gradient. When a) was TR 12 
ms and b) was TR 20 ms, they were MR images 
collected by GrE with phase rewinder gradient. c) to h) 
were MR images collected by GrE without phase 
rewinder gradient. FA was 30 for a) to d), 60 for e) and 
d), and 90 for g) and h). FA was 30 ms for all. 

 

C. Gz 
Figure 7 shows the change in MR images when the 

timing of turning off the slice refocusing gradient is 
varied. Even for the same TR, TE and FA, the signal 
intensity was shown to vary depending on the timing of 
turning off. 

The figure 8 showed the change in signal intensity in 
the pixels of the MR image versus the time of the timing 
of turning off. The change in signal intensity was shown 
to be bimodal with respect to the timing time to turn off. 

Figure 7. Representative image changes when the 
timing of turning off the slice refocusing gradient is 
varied. The time timings for turning off are a) -600 μs, 
b) -600 μs, c) 0 μs, and d) 150 μs, respectively. In each 
condition, the magnitude image is shown on the left and 
the phase image on the right. 

 

Figure 8. Change in signal intensity of the MR images 
when the timing of turning off the slice refocusing 
gradient is varied. 

 

 
IV. DISCUSSION  

 
It is difficult to understand the effect of the timing of 

the application of gradient magnetic fields on the quality 
of MR images, because the imaging conditions can be 
adjusted during general MR image data collection 
without considering the effect of each gradient magnetic 
field. When trying to understand the basic principles of 
MRI from the viewpoint of the effect of isochromats on 
MR images, it is necessary to understand the effect on 
the timing of the application of gradient magnetic fields. 

Gx is the gradient applied in the negative direction 
to generate the gradient echo, and it must be designed so 
that the isochromats are in peaks by uniformed phase in 
half the time of the gradient applied in the positive 
direction. The effect could not be ascertained in 
magnitude images, but a significant change was 
observed in phase images even with a slight deviation of 
5 µs. This suggests that the two images, magnitude 
images and phase images, should be checked 
simultaneously when adjusting the timing of 
application. 
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For Gy, the results indicate the need for phase 
rewinder gradients: GrE was developed as FLASH, a 
fast imaging method for T1-weighted images [4], but 
phase rewinder gradients were not initially added. 
Therefore, it was known for the appearance of belt-like 
artifacts (FLASH Bands) when TR was set shorter than 
T2 [5]. FLASH Band is caused by the fact that the phase 
encoding of the continuously excited gradient echoes 
almost cancels out due to the RF pulse phase inversion 
effect, so that the nuclear magnetization away from the 
center line is not effectively phase-encoded and behaves 
as if it were located near the center line. The addition of 
the phase rewinder gradient, first proposed by Oppelt 
[6], eliminated the FLASH Band, and the current GrE 
sequence was put into practical use. 

As for Gz, the actual imaging procedure is to apply 
the RF pulse for slice selection, then invert the gradient 
for slice selection to refocus the phase of the dispersed 
isochromats, and then turn it off. In this study, the signal 
intensity of the MR signal was verified by varying the 
time at which the RF pulse is applied (3200 μs) and the 
time at which the gradient is turned off after inverting 
the gradient. It is suggested that the reason why the 
signal intensity is almost equal to zero once at -400 μs 
is because the phase of isochromats along the direction 
perpendicular to the slice thickness rotates by one 
revolution, which causes the sum of isochromats to be 
zero. Gz is an important item for obtaining high SNR 
images, and this study confirmed the need to adjust this 
timing. 

For Gy, the content of the pulsed sequence 
performed in this study alone results in T2-weighted 
images instead of T1-weighted images due to residual 
transverse magnetization, so it is necessary to 
incorporate another method to solve this problem, but 
this is beyond the scope of this study, so we have not 
examined it. 

 
V. CONCLUSION  

 
In this study, we could reproduce by MRI simulation 

the effects on MR image generation caused by changes 
in the timing of the gradient magnetic field application, 
which cannot be reproduced by actual equipment. The 
MRI simulation coupled with the pulse sequence design 
can easily reproduce MR signals as numerical data for 
MR phenomena that cannot be reproduced by the actual 
equipment. 
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Abstract — Illness acceptance may be a proxy for 
quality of life among patients with cancer. The study 
sought to determine the level of illness acceptance 
and examine factors (sociodemographic and clinical 
characteristics) associated with illness acceptance 
among newly diagnosed patients with cancer 
(baseline) and during the treatment period (3 months 
follow-up). A total of 150 newly diagnosed patients 
with cancer were consecutively recruited from 
outpatient oncology clinics at three different 
hospitals. The Acceptance of Illness Scale was 
administered at 2 time points: at diagnosis (baseline) 
and during the treatment period (3 months follow-
up). The level of illness acceptance increased 14.9% 
between the two measured time points from baseline 
to 3 months follow-up. The finding shows significant 
association factors between illness acceptance based 
on a two-way analysis of covariance belonging to the 
18-39 years age bracket (p=0.003), being female 
(p<0.001), possessing secondary education (p<0.001), 
and being diagnosed with genitourinary and 
gynecology cancer (p=0.05). Overall, the present 
study indicates that the majority of patients had 
higher levels of illness acceptance during the 
treatment period than at diagnosis, and this was 
significantly associated with age, gender, education 
level, and type of cancer. 

Keywords — Acceptance of illness scale, 
Radiotherapy, Prospective study, Malaysian, 
patients with cancer  

 
I. INTRODUCTION 

 
Acceptance of illness is defined as the acceptance of 

an individual’s state of health [3,4], or self-adjustment 
in acceptance of one’s disease into the decision [7]. 
Acceptance is vital among people living with cancer and 
influences patient attitudes, subsequent coping 
strategies and cancer outcomes [2]. Illness acceptance 
serves as a psychological proxy of disease adaptation, 
beginning from the first diagnosis, and treatment phase 
until surveillance follow-up [6,7]. 

In Malaysia, there are limited studies that focus on 
illness acceptance among patients [2,8,9]. Patients with 
low levels of illness acceptance may possibly struggle 
with challenges in accepting their diagnosis and 
treatment and are therefore more likely to experience 
emotional trauma and withdrawal from cancer treatment 

[2]. Chan et al. [8] reported a significant rate of 
treatment defaulters which could possibly be attributed 
to poor psychological support and low treatment 
acceptance. Chen et al. [9] also mentioned that 
Malaysian patients with cancer reported high 
psychological distress, which may be mediated by low 
levels of illness acceptance in related to cancer 
symptoms and treatment side-effects.  

Compared to western countries, patients with cancer 
in this setting may perceive cancer as a life threatening, 
a source of suffering and accompanying death anxiety 
by society [10]. The dynamic range of negative 
emotional reactions such as fear, anger, and depression 
are the factors which affect a patient's life [11,13]. The 
challenges of illness acceptance of an individual are 
controlled by adapting and coping, with their initial 
diagnosis and its potential to impact their subsequent 
adherence to cancer treatment, these reactions are a 
natural part of adaptation to this difficult life situation 
[16]. Numerous studies reported that acceptance of 
illness gives patients a sense of rational in awareness of 
the cause and effects of the illness, enable patients to 
have self-adjustment to accept self-limitations and use 
health-promoting behaviors to elevate their quality of 
life in restoration of physical and mental well-being 
[5,11,12]. 

The current study aimed to examine the factors of 
sociodemographic (age, gender, level of education, and 
socioeconomic status) and clinical characteristics (stage 
of cancer and cancer types) associated with acceptance 
of illness among patients with cancer within the first 
three months of diagnosis. The finding may provide 
insights in patient-centered radiotherapy management 
during their treatment journey.  

 
II. MATERIALS AND METHODS 

 
A. Patient data collection 

A prospective cohort study was conducted at three 
radiotherapy and oncology centers among patients with 
newly diagnosed cancer who were consecutively 
recruited and approached within 1 month of diagnosis 
for a face-to-face interview. Patients with cancer were 
recruited between September 2019 as baseline (T0) to 
March 2020 and followed up at 3 months (T1). The data 
collection was restricted and discontinued due to the 
pandemic COVID-19 that started in the middle of 
March 2020. A total of 150 newly diagnosed patients 
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with cancer were recruited in three different cancers 
centres namely Institute Kanser Negara (IKN), Pusat 
Perubatan Universiti Malaya (PPUM) and Hospital 
Kuala Lumpur (HKL) (See Consolidated Standards of 
Reporting Trials (CONSORT) diagram (Fig. 1).  

The inclusion criteria were: 1) patients aged at least 
18 years old and above; 2) able to understand and 
converse the instrument language specifically in 
English, Chinese or Bahasa Malaysia; 3) new diagnosis 
with any type of cancer and first presentation at the 
oncology clinic. Patients who were too ill to tolerate an 
interview were excluded from the study.  

B. Ethical cosideration 
The study was questionnaire-based, with the purpose 

and details at each stage of the study explained to all 
potential patients with cancer. Participants who 
provided written informed consent were enrolled. This 
study was approved by the Institutional Medical Ethics 
Committee. The Acceptance of Illness Scale was 
administered at baseline (T0) and 3 months follow-up 
assessment (T1). Telephone interviews were conducted 
if patients were unable to attend follow-up interviews. 
All assessments were conducted on a one-to-one basis 
by psychologists trained in the administration of the 
Acceptance of Illness Scale assessment.  

The study was conducted using the Questionnaire on 
Acceptance of Illness Scale developed by Felton et 
al.[15] and adapted by Z. Juczynski [16] used to assess 
the degree of illness acceptance in chronic disease. The 
Acceptance of Illness Scale consists of eight items and 
is answered based on a five-point Likert scale. The 
participants evaluated each item on a scale from 1 (very 
poor acceptance to illness), 2 (poor acceptance to 
illness), 3 (average acceptance to illness), 4 (acceptance 
to illness), and 5 (fully acceptance to illness). The level 
of the acceptance of illness is measured by summing up 
the scores from the individual statements, which range 
from 8 to 40. The higher the score obtained, the higher 
the level of acceptance of illness [17]. In this study, the 
cut-off point was based on the original tools designed by 
Felton et al. [15], participants were divided into three 
groups depending on the calculated Acceptance of 
Illness Scale score: (8–18 points) low acceptance of 
illness, (19–29 points) average acceptance of illness and 
(30–40 points) good acceptance of illness [2]. The 
higher the score obtained the higher level of the illness 
acceptance demonstrated by the absence of negative 
emotions associated with cancer. A low score reflects 
the acceptance of one’s disease that is manifested with 
a lack of acceptance or adaptation and an intense sense 
of mental discomfort [2,19]. 

 
 

 
 
 
 
 
 

Figure 1. A Consolidated Standards of Reporting Trials 
(CONSORT) diagram detailing recruitment and follow-up at 
2 time points (T0 and T1).  

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C. Statistical Analysis  

Sociodemographic and clinical characteristics of the 
patients were described using frequencies, percentages, 
means, and standard deviations. A repeated-measures 
analysis of covariance (RM-ANCOVA) was conducted 
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to examine the level of illness acceptance, as assessed at 
baseline and 3 months follow-up assessment. The 
resulting analysis was used to determine the 
sociodemographic and clinical characteristics 
associated with the level of illness acceptance. The 
correlations between variables were assessed using 
Pearson’s correlation coefficient. P-values of ≤0.05 
were considered statistically significant. We used all 
available data without imputations for missing data. All 
analyses were performed using the Statistical Package 
for the Social Sciences software package (SPSS version 
25; IBM Corporation, Armonk, NY) [18]. 

 
III. RESULTS 

 
We recruited 150 patients with cancer at T0. Table 1 

indicated that most cancer patients were females 
(74.7%) between the ages of 40-54 years old with a 
mean of 47.89 (SD:12.86), possessing secondary 
education of 54.7%, of 43.3% of patients were 
employed and 62.7% hailing from low-income 
households. Most of the patients were diagnosed with 
breast cancer (37.3%), followed by gastrointestinal 
cancers (21.3%) and gynecological cancers (15.3%). A 
total of 28.0% of patients had stage II cancer and 30.7% 
of patients had a stage III cancer at diagnosis.  

Table 1. Patient sociodemographic and clinical 
characteristics (N=150) 

Characteristics Patients 
Total of 
patients 
(n=150) 

n (%) 

Age (Mean ± SD) 
18-39   

(47.89±12.
86) 
41 

 
27.3 

    40-54   63 42.0 
    55- 69 38 25.3 
    70 and above 8 5.3 
Gender   

Female 112 74.7 
Male 38 25.3 

Marital Status   
    Single  17 11.3 
   Married 117 78.0 
    Widowed 9 6.0 
    Divorced/ Separated 7 4.7 
Ethnicity   
    Malay  116 77.3 

    Chinese 17 11.3 

    India 13 8.7 

    Others 4 2.7 

Religion   
    Muslim  116 77.3 

    Buddhist 17 11.3 

    Hindu 12 8.00 

    Christian 4 2.7 

    Others 1 0.7 

   

Education 
Primary     15 10.0 

Secondary 82 54.7 

STPM/ Matriculation/A-
Levels/Diploma  24 16.0 

Degree 28 18.7 

    Others 1 0.7 

Employment status 
    Employed 65 43.3 

    Unemployed   46 30.7 

    Retired 23 15.3 

    Others (Housewife) 16 10.7 

Monthly household income 
(RM)  

(2.50± 
0.62)  

    Less than RM4, 359 94 62.7 

    RM4,360-RM9,619 28 18.7 

    RM9,620-above     8 5.3 

    Not disclosed 20 13.3 

Hospitals/ Institute   
Institute Kanser Negara 
(IKN) 77 51.3 

Hospital Kuala Lumpur 
(HKL) 64 42.7 

Pusat Perubatan Universiti 
Malaya (PPUM) 9 6.0 

Type of cancer    
Breast  56 37.3 
Gastrointestinal  31 20.7 
Gynaecological 24 16.0 
Genitourinary 17 11.3 
Lung 7 4.7 
Head and Neck 6 4.0 
Sarcoma 6 4.0 
Haematological 2 1.3 
Brain 1 0.7 

Stage of cancer   
I 26 17.3 
II 42 28.0 
III 46 30.7 

IV 36 24.0 

 
Table 2 indicated patients’ acceptance of illness 

scores at T0 and T1. The majority of newly diagnosed 
(T0) patients (56.7%) obtained a number of scores 
within the range of 30–40, which evidences a high level 
of illness acceptance before commences treatment. 
When it comes to the treatment phase (T1) there is an 
increment of 58.2% of cancer patients obtained a high 
level of illness acceptance and with a 55.3% of dropout 
rate where only 67 patients were successfully followed-
up. Reasons of least patients participated in T1 due to, 
refused to follow up, deceased, referred or transferred to 
other hospitals for further disease management, and due 
to COVID-19 pandemic has restricted our study 
recruitment with 30% of patients unable to contact. 
Overall, most of the patients were undergone cancer 
treatment at T1 showed a relatively high illness 
acceptance level of 58.2%. The acceptance of illness 
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score result shows the difference between T0 and T1 
after dropout (n=67) indicates that 14.9% of patients 
have gained a better illness acceptance over time as 
shown in Table 2 and Figure 1. 

Table 2. The comparison of the Acceptance of Illness 
Scale between baseline (T0) and 3 months follow-up 
(T1) patients after dropout (n=67). 
 

A repeated-measures ANOVA was conducted to 
examine on Acceptance of Illness Scale at T0 and T1. The 
Mauchly test of sphericity indicated that the assumption 
of sphericity had been violated, therefore, degrees of 
freedom were corrected using Greenhouse-Geisser for 
lack of sphericity and displayed in the Tests of within-
subjects effects. A significant within-subject factors 
interaction between Acceptance of Illness Scale and age 
was F (1,39) = 9.80, p = 0.003, partial n2 = 0.20 and 
power = 86.0%; gender F (1, 39) = 15.19, p < 0.001, 
partial n2 = 0.28 and power = 97.0%; level of education 
F (4, 39) = 7.16, p < 0.001, partial n2 = 0.42 and power 
= 99.0% and cancer types F (1, 39) = 4.20, p = 0.047 
partial n2 = 0.10 and power = 52.0%. The main effect for 
acceptance of illness scale and the within-subject factors 
(monthly household income and stage of cancer) did not 
differ significantly across the two measured time points 
as shows in Table 3. 

Table 3. Sociodemographic and clinical characteristics 
factors associated with the level of the Acceptance of 
Illness 

Table 4 presents the result of age, gender, level of 
education and cancer type factors have significantly 
associated with acceptance of illness scale at 2 measured 
time points (T0 and T1). For the age factor, T0 indicated 
age between70 and above obtained a high illness 
acceptance with a mean value (2.75±0.46). While in T1, 

the level of illness acceptance was shown higher in 
younger age patients between 18-39 with a mean 
(2.89±0.32). In gender factors, study findings found that 
female’s illness acceptance levels increased from T0 
mean (2.46±0.71) to T1 mean (2.76±0.48). Patients who 
possessing with secondary education presented a high 
illness acceptance in 2 measure time point at T0 
(2.52±0.63) and T1 (2.75±0.50). Moreover, patients 
only with stage 1 cancer show the highest illness 
acceptance in T0 (2.65±0.49) and at T1 (2.91±0.30). The 
result for socioeconomic status in T0 and T1 found that 
patients hailing with income RM9,620 and above 
(2.63±0.52) and RM4,360-RM9,619 (2.85±0.38) lies a 
good illness acceptance. In addition, cancer types of 
factors for breast cancer and gynecological cancer show 
a relatively high illness acceptance in T0 with the same 
high mean score of 2.54±0.59 and in T1 (2.74±0.54 and 
2.79±0.43). However, socioeconomic and stage of 
cancer factors did not show significant association with 
the level of the acceptance of illness.  

Table 4. The sociodemographic and clinical 
characteristics factors affecting on level of illness 
acceptance in baseline (T0) and 3months followed-up 
(T1). 

 
IV. DISCUSSION 

 
The current study determined the level of illness 

acceptance at 2 different time points (T1 and T0) in 
Malaysian patients with cancer and identifies several 

Acceptance of 
Illness Scale 

T0 all 
patients 
(n=150) 

 
 
T0 patients who    

completed T1 

(n=67) 

Difference between 
at T0  
and T1 patients 
after 
dropouts (n=67) 

 Scores n % n % n % 
 Low 8-18 10 6.7 8 11.9  7 10.4 

Avera
ge 

19-29 55 36.7 20 29.9  3   4.5 

High 30-40 85 56.7 39 58.2 10 14.9 

Source 
Type III 
Sum of 
Squares 

df 
Mean 

Square F Sig. 

Partial 
Eta 

Squar-
ed 

Nonc-
ent 

Param
-eter 

Obse-
ved 

Power 

 Greenhouse-Geisser 
Acceptance 
of Illness 

Scale 

17432.84 1.00 17432.84 .43 .52 .01 .43 .10 

Age 
 

399587.21 1.00 399587.21 9.80 .003 .20 9.80 .86 

Gender 619381.82 1.00 619381.82 15.19 .00 .28 15.19 .97 

Level of 
education 

1167112.89 4.00 291778.22 7.16 .00 .42 28.63 .99 

Monthly 
household 

income 

38589.63 3.00 12863.21 .32 .81 .02 .95 .11 

Cancer 
types 

171281.73 1.00 171281.73 4.20 .047 .10 4.20 .52 

Stage of 
Cancer 

109.39 1.00 109.39 .003 .96 .000 .003 .05 

Characteristic n 

 
(T0) 

Mean±SD 

 
 

n 
(T1) 

Mean±SD 

 
 

p-value 

Age      p=0.003 
 
 

18-39 41 2.44±0.59 18 2.89±0.32  
 40-54 63 2.51±0.64 31 2.66±0.55 

55 -69 38 2.50±0.65 17 2.65±0.49 
70 and above 8 2.75±0.46 1 3.00±0.00 

Gender      p<0.001 
 Male 38 2.45±0.65 17 2.59±0.51  
 Female 112 2.52±0.62 50 2.76±0.48  

Level of 
Education 

     P<0.001 

 Primary 15 2.40±0.63 6 2.50±0.55  
Secondary 82 2.52±0.63 36 2.75±0.50  
STPM/Matricul-
ation/ 
A-Levels/ 
Diploma 

23 2.48±0.59   11 2.73±0.47  

Degree 29 2.52±0.63 13 2.69±0.48  
Others 1 2.00±0.00 1 3.00±0.00  

Monthly 
household 
income 

     p=0.81 

 Less than 
RM4,359 

94 2.49±0.62 39 2.67±0.53  

RM4,360-
RM9,619 

28 2.57±0.63 13 2.85±0.38  

RM9,620 above 8 2.63±0.52 3 3.00±0.00  
 Not disclosed 20 2.40±0.68 12 2.67±0.49  

Cancer 
Types 

     p=0.47 
Breast 56 2.54±0.63 23 2.74±0.54  
Gastrointestinal 31 2.42±0.62 8 2.75±0.46  
Gynecological 24 2.54±0.59 14 2.79±0.43  
Head and Neck 6 2.50±0.55 5 3.00±0.00  
Genitourinary 17 2.53±0.72 10 2.60±0.52  
Lung 7 2.43±0.79 1 2.00±0.00  
Hematological 2 2.50±0.71 2 2.50±0.71  
Sarcoma 6 2.50±0.55 3 2.67±0.58  
Brain 1 2.00±0.00 1 2.00±0.00  

Stage of 
Cancer 

     p=0.96 

 Stage 1 26 2.65±0.49 11 2.91±0.30  
Stage 2 42 2.64±0.58 19 2.74±0.45  
Stage 3 46 2.54±0.55 27 2.82±0.40  
Stage 4 36 2.17±0.74 10 2.20±0.63  
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associated sociodemographic and clinical factors. 
Generally, our study data provided insight into the 
potential relationship between age, gender, level of 
education, and cancer types with the level of illness 
acceptance. The present study found that the level of 
illness acceptance among the majority patients in (T1) 
was 14.9% higher than (T0). This indicates that patients 
had better adaptation to their diagnosis when they were 
undergoing or had completed their treatment. The 
results supported the research hypothesis, that is, the 
acceptance of illness may change across the cancer 
trajectory phases (from T0 to T1). The finding of our 
study is in line with the study by Wardas [20], in that 
most cancer patients need time to accept and adapt to 
their illness.  

The study by Kapela et al. [21] found that discovered 
that patients may experience different emotions at each 
stage of their cancer. Majority of cancer patients in T0 
and T1 responded that they were experienced low self-
esteem and embarrassed about their cancer. The mental 
state of patients may be related to the factors of 
sociodemographic (age, gender, and level of education) 
and clinical characteristics (cancer types) that have a 
significant association in affecting patient’s level of 
illness acceptance. 

The study found that older cancer patients aged 70 
and above obtained the highest illness acceptance levels 
at T0. This was consistent with a study by Puts et al. [22] 
who reported that older patients are likely to accept 
treatment recommendations at the beginning of the 
disease. At this stage of life, they are more likely to have 
fulfilled their life goal with no regrets [23]. However, 
during the treatment period (T1), younger patients 
between 18-39 years old showed higher illness 
acceptance compared to older patients. This is 
consistent with a study by Nowicki et al. [24], where 
after treatment younger patients may experience fewer 
comorbidities, changes in cognition and require less 
assistance from others and may have a wider social 
support system compared to the older patients. 

Female patients showed a higher level of illness 
acceptance compared to males. Our result is in line with 
previous studies by Pawlik and Kaczmarek–Borowska 
[25], Luczykt et al. [3] and Cipora et al. [12] explained 
that the level of illness acceptance was significantly 
higher in women. This could possibly be due to female 
cancer patients being more open to communication 
about their feelings and situations than male patients 
[26]. 

Our current finding indicates that majority of the 
cancer patients who had completed their secondary 
education show higher illness acceptance. Patients with 
better knowledge background will be more actively 
participants in the medical decision-making process 
[20]. They also perceived a better understanding and 
effective communication with the medical team on the 
impact of cancer associated with death [27]. 

Patients with genitourinary and gynecological 
cancers showed the highest levels of illness acceptance 

compared to other cancer types. One plausible 
explanation for this phenomenon, breast cancer, and 
gynaecological cancer will be detected at an early stage 
through routine examination or symptoms, therefore, 
patients will likely seek early treatment [13]. With the 
decrease in the level of illness acceptance among breast 
cancer patients due to intensive chemotherapy side 
effects [20]. As for genitourinary cancer [28] and 
gynaecological cancer patients, although patients might 
experience side effects in term of sexuality problem and 
severe skin reaction from radiotherapy [29]. However, 
they were willing to fight against their conditions as 
reported in the literature [30,31]. Several limitations of 
our study must be acknowledged. The current study was 
the fact that the sample size did not reach the targeted 
sample size. As this study involves with a group of 
vulnerable patients with cancer and some patients did 
not meet the inclusion criteria, and impact of the 
COVID-19 pandemic restriction on our data collection 
has been stopped in March 2020. Besides that, half of 
the dropout rate in T1. Thus, the findings of this study 
cannot generalized to the entire Malaysian population.  

The strength of the present study lies in the inclusion 
of various types of cancer, which indicate the 
acceptance of illness is not restricted to certain types of 
cancer. Additionally, the findings of this study provide 
important knowledge and awareness in illness 
acceptance from the initial diagnosis until the treatment 
phase to adhere to treatment. Moreover, the study 
strength was conducted in semi-structured interviews, as 
it allowed the researcher to explore patients’ thoughts, 
emotions vulnerable, and beliefs about the acceptance of 
illness and to delve deep into personal sensitive issues. 

 
V. CONCLUSION 

 
This study revealed a significant association between 

the sociodemographic (age, gender, and level of 
education) and clinical characteristics (cancer type) to 
patient levels of illness acceptance over time. Therefore, 
the Acceptance of Illness Scale identifies high-risk 
populations with low illness acceptance in non-
adherence treatment. An early detection of low illness 
acceptance can be implemented to prevent patient's 
cancer stress and avoid negative emotions in patients’ 
cancer trajectory phases. Use of this scale act as a guide 
for the patient care delivery of psychological support to 
aid patients’ life adjustment in treatment adherence, and 
thereby lead to a further push for patient-centered cancer 
care in Malaysia radiotherapy and oncology setting [2]. 

 
ACKNOWLEDGEMENTS 

 
The authors would like to extend their thanks and 

appreciation to all patients with cancer who participated 
in our study, the members of the study team, Clinical 
Research Centre and the Department of Radiotherapy 
and Oncology of Pusat Perubatan University Malaya 
(PPUM), Institute Kanser Negara (IKN) and Hospital 
Kuala Lumpur (HKL).  
 



Paper ID 83 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

 62 ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand   

REFERNCES 
 
[1]    Krajewski, W., Mazur, M., Poterek, A., Pastuszak, 

A., Halska, U., Tukiendorf, A., Rymaszewska, J., 
& Zdrojowy, R. (2018). Assessment of Pain 
Management, Acceptance of Illness, and 
Adjustment to Life with Cancer in Patients with 
Nonmuscle Invasive Bladder Cancer. BioMed Res 
Int. 430, 5002-5014. 

[2]   Leong, W.C., Azmi, N.A., Wee, L.H., Rajah, 
H.D.A., Chan, C.M.H. (2021). Validation and 
reliability of the Bahasa Malaysia language version 
of the Acceptance of Illness Scale among 
Malaysian patients with cancer. PLOS ONE. 16(9). 

[3]   Luczyk, M., Pietraszek, A., Łuczyk, R., 
Stanisławek, A., Szadowska, S.Z., Charzynska-
Gula, M. (2015). Illness acceptance among women 
who have undergone surgical treatment for a breast 
neoplasm. J Educ Health Sport. 5(9): 569–575. 

[4]   Kowalska, J., Mazurek, J., Rymaszewska, J. 
(2019). Analysis of the degree of acceptance of 
illness among older adults living in a nursing home 
undergoing rehabilitation - an observational study. 
Clin Interv Aging. 14:925-933. 

[5]   Religioni, U., Czerw, A., Deptala, A. (2015). 
Acceptance of Cancer in Patients Diagnosed with 
Lung, Breast, Colorectal and Prostate Carcinoma. 
Iran J Public Health. 44(8):1135-42. 

[6]   Davis, E.L., Deane, F.P., Lyons, G.C.B., & 
Barclay, G.D. (2017). Is higher acceptance 
associated with less anticipatory grief among 
patients in palliative care? J Pain and Symptom 
Manage. 54(1):120-125. 

[7]   Chrobak-Bien, J., Gawor, A., Paplaczyk, M., 
Małecka-Panas, E., &Gąsiorowska, A. (2018). The 
influence of socio-demographic and clinical factors 
on the process of acceptance of the disease among 
patients with ulcerative colitis. Polski Prz Chir. 
90(6):6-12. 

[8]   Chan, C.M.H., Wan Ahmad, W.A., Md Yusof, M., 
Ho, G.F., & Krupat, E. (2015). Prevalence and 
characteristics associated with default of treatment 
and follow‐up in patients with cancer.Eur J Cancer 
Care. 24(6), 938-944. 

[9]   Chen, Y.Y., Ahmad, M., & Ismail, F.B. (2019). 
Illness acceptance as mediator for cancer related 
complaints and psychological distresses among 
Malaysia cancer patients. Future Oncol. 15(15): 
1759-1770. 

[10] Soleimani, M.A., Bahrami, N., Allen, K., 
Alimoradi, Z. (2020). Death anxiety in patients 
with cancer: A systematic review and meta-
analysis. Eur J Oncol Nurs. 48: 1462-3889. 

[11] Budna, B., Bolanowska, Z., Juzwiszyn, J., & 
Chabowski, M. Impact of illness acceptance on the 
quality of life in cancer patients after surgical 
treatment. (2020). Srp Arh Celok Lek. 148:338-
343. 

[12] Cipora, E., Konieczyn, M., Sobieszczanski, J. 
(2018). Acceptance of illness by women with 
breast cancer. Ann Agric Environ Med. 25(1):167-
71. 

[13] Nowicki, A., Sianoszek, P., & Farbicka, P. (2019). 
Sense of coherence and acceptance of the disease 
in patients with lung cancer during palliative 
chemotherapy. Contemp oncol (Poznan, Poland). 
23(3), 157–163. 

[14] Merlin, N.M., Anggorowati., & Ropyanto, C.B. 
(2019). The effects of quantum psychological 
relaxation technique on self-acceptance in patients 
with breast cancer. J Ca Oncol Nurs. 29(4):232-
236. 

[15] Felton, B.J., Revenson, T.A., n & Hinrichsen, G.A. 
(1984). Stress and coping in the explanation of 
psychological adjustment among chronically ill 
adults. Soc Sci Med. 18:889-898. 

[16] Juczynski, Z. (2001). Measurement tools in 
promotion and health psychology. Warsaw: 
Laboratory of Psychological Tests of Polish 
Psychological Association. 158-167. 

[17] Asghari, B., & Arabi, S. (2019). Acceptance of 
illnss in patients with incurable disease a qulitative 
study. J Res Health. 9: 443-453. 

[18] IBM Corporation. SPSS Statistics for Windows, 
Version 25.0 [software program] (2017). Armonk 
NY: IBM Corporation. 

[19] Cieslak, K., & Golusinski, W. (2017). Coping with 
loss of ability versus acceptance of disease in 
women after breast cancer treatment. Rep Pract 
Oncol Radiother. 22(3):231–236. 

[20] Wardas, M. (2020). Relationship between the 
degree of illness acceptance and depression, 
anxiety in women with breast cancer and men with 
colorectal cancer. Palliat Med Pract. 14(3): 141-
148. 

[21] Kapela, I., Bąk, E., Krzeminska, S.A., Foltyn, A. 
(2017). Evaluation of the level of acceptance of 
illness and of satisfaction with life in patients with 
colorectal cancer treated with chemotherapy. 
Pielegne Zdr Publ. 26(1): 53-61. 

[22] Puts, M.T.E, Tapscott, B., Fitch, M., Howell, D., 
Monette, J., Wan-Chow-Wah, D., Krzyzanowska, 
M., Leighl, N.B., Springall, E., Alibhai, S.M. 
(2015). A systematic review of factors influencing 
older adults’ decision to accept or decline cancer 
treatment. Cancer Treat Rev. 41;197–215. 

[23] Secinti, E., Tometich, D.B., Johns, S.A., & Mosher, 
C.E. (2019). The relationship between acceptance 
of cancer and distress: A meta-analytic 
review. Clin Psychol Rev. 71:27-38.  

[24] Nowicki, A., Graczyk, P., Lemanowicz, M. (2017). 
The acceptance of illness in lung cancer patients 
before and after surgical treatment. Polski Prz Chir. 
89(4),11-15. 

[25] Pawlik, M., Kaczmarek–Borowska, B. (2013). 
Acceptance of neoplastic disease in women after 
mastectomy. Medicine University Rzeszezow Nar 
Inst Lek W-wie. 2:203–211. 

[26] Rispoli, A., Pavone, I., Bongini, A., Loro, F.D., 
Ponchietti, R., and Rizzo, M. (2005). 
Genitourinary Cancer: Psychological Assessment 
and Gender Differences. Int J Urol . 74:246–249. 

[27] Geyikci, R., Cakmak, S., Demirkol, M.E., & Uguz, 
S. (2018). Correlation of anxiety and depression 
levels with attitudes towards coping with illness 



Paper ID 83 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand  63  

and sociodemographic characteristics in patients 
with a diagnosis of breast cancer. J Psychiatr 
Neurosci. 31:246-257. 

[28] Bossio, J.A., Miller, F., O'Loughlin, J.I., Brotto, A. 
(2019). Sexual health recovery for prostate cancer 
survivors: the proposed role of acceptance and 
mindfulness-based interventions. Sex Med Rev. 
7(4), 627-635. 

[29] Chow, K.M., Chan, C.W.H., Choi, K.C., Siu, K.Y., 
Fung, H.K.S., Sum, K.M. (2019). A theory‐driven 
psycho‐educational intervention programme for 
gynaecological  cancer patients during 
treatment trajectory: A randomised controlled trial. 
A randomised controlled trial. Psycho‐Oncol. 1–7. 

[30] Manne. S., Myers-Virtue. S., Kashy.D., Ozga. M., 
Kissane.M., Heckman.C., Rubin.S.C., and 
Rosenblum.N. Resilience, positive coping, and 
quality of life among women newly diagnosed with 
gynecological cancers. Cancer Nurs. (2015); 38(5): 
375–382. 

[31] Edmondson, A.J., Birtwistle, J.C., Catto, J.W.F., 
and Twiddy, M. (2017). The patients’ experience 
of a bladder cancer diagnosis: a systematic review 
of the qualitative evidence. J Cancer Surviv. 11(4): 
453- 461. 

 
Contacts of the corresponding author: 
Author:         Caryn Mei Hsein Chan, Ph.D 
Institute: Faculty of Health Science, Universiti Kebangsaan 

Malaysia 
Street: Jalan Raja Muda Abdul Aziz 
City: Wilayah Persekutuan Kuala Lumpur      
Country:  Malaysia 
Email: caryn@ukm.edu.my 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Paper ID 86 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

 64 ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand   

COVID-19: Changes in Radiographers’ Infection Control Practices in 
Malaysia 

 
Norhayati Mohd Zain1,2*, Nur Anis Izzati Che Mut1, Kelvin Dass Jesudoss2 

1Research Management Centre, KPJ Healthcare University, Negeri Sembilan, Malaysia 
2School of Health Sciences, KPJ Healthcare University, Negeri Sembilan, Malaysia  

(*Corresponding author: norhayati@kpjuc.edu.my) 
 
 

Abstract — The provision of diagnostic examination 
to patients suspected or confirmed with COVID-19 
can be challenging, as radiographers are at a high 
risk of infection due to contact with patients. 
Adherence to the standard protocols of infection 
control measures lessens the risk of infectious disease 
transmission and safeguards healthcare workers; in 
this case radiographers, patients, and limits hospital 
cross-infection. Thus, it is crucial to assess the 
change of practice and its comparison between the 
healthcare sectors. Data were collected from October 
2020 to May 2021 through a cross-sectional study 
using an online survey. Data from 300 respondents 
from public and private hospitals in Malaysia were 
included in the study. The results showed a notable 
change in the practice of infection control between 
the pre- COVID-19 pandemic and during the 
COVID-19 pandemic (p<0.001), reporting the 
increment of the mean (SD) for hand hygiene, eye 
shield, surgical mask, double gloves, scrub suit and 
apron, and boots or shoe covers practices during the 
COVID-19 pandemic. In addition, there is a 
significant difference between the practice in 
healthcare sectors (p<0.05). The practice of infection 
control among radiographers has changed during 
the pandemic. The fact that the hospitals need to 
continue operating normally throughout the 
pandemic time, is a solid reason to comply with 
infection control measures. Well-equipped hospital 
settings, repetitive training for the staff, and 
Artificial Intelligence (AI) systems are the keys to 
controlling cross-infection. Besides, the 
collaboration between public and private sectors 
should be strategized to build more resilient, 
accessible, and equitable health systems during the 
pandemic. 

Keywords —  radiographers, infection control, 
change, practices, healthcare sectors 

 
I. INTRODUCTION  

 
COVID-19 has rapidly swept across the world, 

leading to widespread panic and several lockdowns that 
seriously affect people's ability to earn a living and 
impact the healthcare system. COVID-19 has often been 
identified with an RT-PCR test, which uses 
nasopharyngeal swabs or other upper respiratory tract 
specimens, including throat swabs or, more recently, 
saliva [1]-[2]. PCR tests can produce false-negative 
results; hence CT scans can be used to diagnose and treat 
Covid-19 [3].  

Thus, it is often supplemented by chest x-ray, and 
computed tomography (CT) scans. During the 
pandemic, the importance of chest imaging, particularly 
computed tomography (CT), has changed in tandem 
with the accumulation of scientific information and will 
continue to be critical in the early detection of COVID-
19 [4]-[5]. Several studies suggest that chest 
radiography's sensitivity for COVID-19 is 56–69% [6]-
[7]. Chest CT detects COVID-19 early with a sensitivity 
of 97–98%. [8]-[10]. Although chest x-ray is less 
sensitive and has limitations on detecting pathological 
findings, it is available in urgent care centres, clinics, 
and hospitals. It can aid in diagnosing COVID-19 [11]-
[13]. 

During the pandemic, Malaysia's initial reaction to 
COVID-19 was to ensure maximal virus-control 
readiness by implementing health screening at all access 
points, increasing the number of hospitals, 
implementing of Movement Control Order (MCO), and 
disseminating the National Guideline on COVID-19 
Management to help healthcare workers (HCWs) handle 
COVID-19 cases [14]-[15]. Furthermore, there are 
currently two types of healthcare systems in Malaysia: 
the public and private systems. Malaysia's primary 
healthcare provider is the public healthcare system, 
which is overburdened by the increase in cases during 
the COVID-19 waves [16]. Thus, the collaboration 
between these two systems may help strengthen 
Malaysia’s healthcare system. Furthermore, this 
collaboration may improve population health [17]. 

The evolution and adaptability of viruses to mutate 
could increase pathogenicity or reduce the efficiency of 
immunizations, therapies, diagnostic assays, or other 
public health initiatives [18]. Given the fact that HCWs 
always have a high possibility of getting infected with 
the virus. ensuring their safety in all settings remains a 
top priority. It is imperative that additional measures be 
taken to both stop and contain the spread of an infectious 
disease or pandemic. This measure has also been 
implemented and reported with positive changes in 
infection control practices [19]-[20].  

However, to our knowledge, a study on 
radiographers was limited [21] (Ibrahim et al., 2021).  
Most previous studies conducted among radiographers 
were studies on their knowledge, attitudes, and 
perceptions [22]-[23]. Thus, as the frontline in the 
healthcare setting, who often come into contact with 
infected patients, it is crucial that radiographers to aware 
of potential threats and ways to decrease infection risk 
[24]-[25]. Thus, assessing the practice change and its 
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comparison between the healthcare sectors is crucial. 
The findings are expected to assist in ensuring the 
efficient management of the patients and improve the 
strategies for managing another pandemic. 

 
II. MATERIALS AND METHODS  

 
A. Study Design 

This was a cross-sectional study conducted at public 
and private hospitals in East Malaysia. The online 
survey was distributed through social media platforms 
between October 2020 to May 2021 to radiographers 
registered with the Malaysian Society of Radiographers 
(MSR) and had a working experience of at least 12 
months. Convenience sampling was used, and this study 
got 300 respondents to answer the survey completely 
and meet the criteria. The survey briefly described the 
study and the approval gained from the Institutional 
Ethical Review Board 
(KPJUC/RMC/SOHS/EC/2020/303) prior to the start of 
this study. A thorough overview of the study's objectives 
and participants' rights followed by informed consent. 

The self-developed survey, which was structured in 
two sections, was used.  The first part was obtaining 
demographic data such as age, gender, education level, 
working sector, and years of working experience. The 
second part was on behavioural intentions in practising 
infection control measures. Scoring for infection control 
practice was a 5-point Likert scale: Never, Seldom, 
Sometimes, Frequently, and Always. English survey 
forms were available for this study and underwent a 
validation process by the experts. After modification, 
content validation was conducted, and the survey was 
then converted into an online survey instrument. Before 
the study, the survey was piloted on 30 radiographers. 
This was done to assure readability, understanding, 
comprehensiveness, and factor accuracy. Cronbach's 
alpha was 0.937, indicating the acceptability and 
reliability of the survey. 

B. Statistical Analysis 
Data from the survey were transferred to Statistical 

Package for Social Sciences (SPSS) Version 26.0 for 
analysis. The data were initially analysed descriptively 
to analyse demographic data. The data were presented 
as frequencies and percentages. Paired t-test was carried 
out to analyse the change in behaviour intentions on 
infection control practices between pre and during the 
COVID-19 pandemic. Next, a One-way ANOVA test 
was used to evaluate the association between 
radiographers' behavioural intentions towards infection 
control practices and the working sector. A statistically 
significant result was set at p < 0.05. of the survey. 

 
III. RESULTS  

 
A total of 300 radiographers were included in the 

survey. They were predominantly males (50.7%), aged 
31 to 40 (45.7%). Most of the respondents had about 1 
to 5 years of working experience as a radiographer 

(65.7%) and were working in Kuala Lumpur (n=54, 
18.0%) (Table 1). Figure 1 shows the number of 
respondents working in the public and private sectors. 
More than half of the respondents worked as 
radiographers at private hospitals. 

Table 1. Socio-demographic data of the respondents 

Socio-demographic n (%) 
Gender  

Male 152 (50.7) 
Female 148 (49.3) 

Age  
21-30 102 (34.0) 
31-40 137 (45.7) 
41-50 54 (18.0) 
51-60 7 (2.3 

Education Level  
Diploma 147 (49.0%) 
Bachelor Degree 125 (41.7%) 
Masters 24 (8.0%) 
PhD 4 (1.3%) 

Years of Working Experience  
≤ 5 years 197 (65.7) 
More than 5 years 103 (34.3) 

 

Figure 1. Number of respondents working in healthcare 
sectors 

Table 2 shows the changes in behaviors toward 
infection control practices between the pre- COVID-19 
pandemic and during the COVID-19 pandemic. During 
the course of the pandemic, the results showed an 
increment in the mean value of each infection control 
practice, and the result is statistically significant 
(p<0.001).  

 
Table 2. Changes in behavior toward infection control 
practices 

Infection control 
practices 

Mean (SD) p-value 
Pre During  

Hand hygiene  2.98 (±0.52) 4.84 (±0.23) 

<0.001 

Wearing eye shield 2.52 (±0.72) 3.89 (±0.35) 
Wearing surgical 
mask gloves  

2.71 (±0.63) 3.89 (±0.32) 

Wearing double 
gloves  

2.71 (±0.70) 3.89 (±0.32) 

Wearing a scrub 
suit and apron  

2.75 (±0.66) 3.89 (±0.38) 

Wearing boots or 
shoe covers  

2.70 (±0.73) 3.81 (±0.61) 

 

 

51%

49%

Public

Private
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Overall, the number of respondents that always 
practice infection control has improved. Practice on 
hand hygiene hiked up to 85.0% from 5.0% before the 
pandemic. Same goes for other infection control 
practices such as wearing an eye shield (from 4.7% to 
89.7%), surgical mask (from 7.3% to 89.3%), double 
gloves (from 10.3% to 89.7%), scrub suit and apron 
(from 8.7% to 89.7%), and shoes cover (from 6.3% to 
87.3%). Furthermore, there is a significant difference 
between the practice in healthcare sectors, with the 
mean score of public hospitals higher (3.92 (±0.28)) 
than private hospitals (3.81(±0.41)), (p<0.05). 

 
IV. DISCUSSION  

 
Malaysians were initially not realized of the fatality 

rate of this virus and were not well prepared to fight the 
virus because they were assured this virus would not 
spread easily in Malaysia [14]. To reduce the likelihood 
of infection for patients and healthcare workers, the 
infection control practice guideline has been developed 
and applied in all settings of healthcare systems. 
Sufficient and up-to-date information through social 
media platforms and guidelines for the public and 
healthcare workers have been provided [14], [18]. 

Annex 21 Management of Healthcare Worker 
During COVID-19 Pandemic and Annex 24 stressed on 
the management of COVID-19 patients in the radiology 
department have been created, as radiographers are at a 
high risk of getting infected and the radiography 
department is the site of high patient contact [18], [26]. 
Amid the healthcare crisis of COVID-19, radiographers 
have been on the front lines alongside other healthcare 
professionals [27]. A study confirmed this in their study 
of radiology workers (May-June 2020) in the Middle 
East, North Africa, and India, with their findings 
indicating an increase in general x-ray and computed 
tomography workloads, as these were the main 
modalities used for COVID-19 diagnosis and follow-up 
investigations [28]. Thus, it emphasized that adherence 
to Standard Operating Procedure (SOP) is mandatory 
and applies to all HCWs, including the radiographer. 

 In this study, COVID-19 has also had a remarkable 
impact on radiographers in aspects of infection control 
practices when handling COVID-19 patients. This 
finding was extensively consistent with the results of 
other studies [29]-[30]. A study in India reported an 
improvement among the respondents in using hand 
sanitizers, proper hand hygiene, and surgical masks 
during the COVID-19 pandemic [20]. A study reported 
that the COVID-19 crisis had changed the clinical 
working patterns in terms of using PPE material, 
cleaning of radiology equipment, and having at least one 
supervisor to oversee cleanliness and safety measures 
[31]. 

The set-up of the infection control team and 
distribution of personal protective equipment (PPE) 
according to four different levels; only the radiographers 
that always had contact with fever patients need to use 
the highest level of PPE, consisting of working clothes, 

N95 mask, round hat, gloves, gown, goggles or face 
guard, shoe cover and comprehensive respiratory 
apparatus has been implemented in another study [32]. 
Similar to another study, the Pandemic Audit Tool entry 
was created to monitor radiographers' hand hygiene and 
isolation compliance [33]. Using the right PPE has been 
shown to keep HCWs in Wuhan, China from infection 
by COVID-19 [34]. Thus, it is crucial to ensure that 
these equipment and materials are enough to support the 
HCWs. Aside from ensuring there is always enough 
PPE, healthcare workers must also be trained to use PPE 
correctly and prevent infections [35]. 

Thus, continuous training should be implemented to 
ensure adherence to infection control practices. 
Educational intervention programs can improve the 
knowledge of HCWs on infection control practices [36]. 
Besides, medical experts and engineers should 
collaborate and further explore the development of 
Artificial Intelligence (AI) systems and applications that 
can prevent cross-infection between healthcare workers, 
especially radiographers and patients. According to a 
previous study, Artificial Intelligence (AI) technology 
provides a promising solution for diagnosing patients 
with infectious diseases [37]. They also shared that their 
hospital used a CT scan equipped with a high-
technology system where the radiographer does not 
need to enter the scanning room and have close contact 
with the patient and the modality can automatically 
complete patient positioning and scanning by 
identifying the patient's body part. The increase in 
product offerings has resulted in the growth of the AI 
marketplace.  However, the limitation of this system is 
the cost structure for AI software. The cost varies, and it 
is based on licensing options, including per entire site, 
per workstation, per user, or per study license [38].  

In this study, there is a slight difference in infection 
control practices among the radiographers between both 
sectors. Updated on June 11, 2021, Annex 3 has listed 
about 136 public hospitals, 3 hospital universities 1 
military hospital as screening hospitals, and from this 
screening hospital list, about 100 hospitals are chosen to 
manage COVID-19 patients as these hospitals met the 
stringent criteria of the number of beds, healthcare staffs 
and specialists, adequate infrastructure and support 
system [15], [39]. 

However, the government has had to approach the 
private sector to help in the management of the 
pandemic due to the abrupt rise in COVID-19 cases and 
the nearly full capacity of public hospitals [16]. In the 
book of The Fight Against Uncertainty Hospital 
Services Journey in Combating COVID-19, the 
outsourcing initiatives and the partnership loans of the 
ventilator by the private hospital to public hospitals 
were done. These measures were done to allow public 
hospitals to focus and increase their capacity to treat 
COVID-19 patients, while ensuring the other patients 
also get treated equally [40]. The number of COVID-19 
patients in public hospitals was more likely to be 
overloaded than in private hospitals, thus it might affect 
the patients’ management and infection control 
practices among the HCWs. 
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Thus, the collaborations between public and private 
hospitals should be enhanced to surge capacity and 
deliver health services in Malaysia. These 
collaborations can be extending in terms of usage of 
workforces, training of HCWs, maintain of supply and 
resources, and also fund to private hospitals to relieve 
the financial burden of patients [16], [41]. The 
collaborations are not only for COVID-19 cases, but for 
treatment of other disease. A study conducted among 
COVID-19 patients with end-stage kidney disease that 
were discharged earlier and had a haemodialysis session 
at private facility, and funding by Ministry of Health 
Malaysia. In this study, majority of respondents were 
satisfied with this type of services. Besides, with this 
initiative, it able to minimised the demand for hospital 
beds and redirected HCWs to other critical areas [42]. 

In United Kingdom, the government has sought an 
active collaboration with private sector and established 
a supply structure to rapidly distribute the PPE supply 
[43]. The collaboration between several hospitals in 
United States has resulted in multiple strategies such as 
in hospital structure by implementation of rotation 
among internal medicine residents, medicine 
subspecialty fellows, and medical students between 
clinical sites. Furthermore, communication and 
discussion between the chiefs of medicine from all four 
sites sharing the experiences, facilities and staffing 
challenges, assisting each other in obtaining supplies, 
and sharing clinical protocols may result in 
collaborative solutions for major challenges. This study 
stressed that the leadership, employees, and patients will 
benefit from academic and national collaboration [44]. 
Thus, the collaboration between public and private 
hospitals has succeeded in the increment of patients in 
all services in hospitals [45]. 

 
V. CONCLUSION  

 
Infection control compliance among radiographers 

in this study has shown an improvement during the 
pandemic. It has been well-documented that diagnostic 
modalities are the initial test to evaluate the patients 
suspected of COVID-19, thus it is necessary for 
radiographers to comply with these infection control 
measures. Besides collaboration between private and 
public hospitals should be continued and discussed 
further on the strategies to strengthen the capacity to 
capability to meet healthcare needs. 
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Abstract —The eye lens dose monitoring is crucial 
because the new eye lens dose limit can be exceeded 
in interventional radiology procedures, but the eye 
dose monitoring in IR is not implemented yet. The 
IAEA recommended using other available 
dosimeters for estimating eye lens dose as long as the 
eye lens dosimeter is not available. The estimation of 
the eye dose needs to be done by compared 
occupational dose data between Hp10 and Hp3 by 
using Harshaw TLD with 3 categories, namely 
Diagnostic Radiology, IR with/without eye 
protection. The occupation eye lens dose of Hp3 for 
Diagnostic Radiology estimator based on personal 
dose of Hp10 is y = 1.080x + 0.008 (r2 = 0.910, p < 
0.001).  The occupation eye lens dose of Hp3 
estimator for Interventional Radiology without the 
eye protector based on personal dose of Hp10 is y = 
2.365x – 0.002 (r2 = 0.962, p < 0.001) and y = 1.961x 
+ 0.004 (r2 = 0.984, p < 0.001) with the eye protector. 
The linear responses of the results of the study are 
used in making an android-based eye lens dose 
estimator application. The android application for 
eye lens dose Hp3 estimator based on personal dose 
Hp10 Harshaw TLD for radiation workers in 
Diagnostic and Interventional Radiology can be 
used.  

Keywords — Dose monitoring, dose estimation, eye 
dose, android application, TLD 

 
I. INTRODUCTION  

 
BAPETEN (Regulation Number 4 of 2013) 

stipulates a decrease in dose limit occupation of the eye 
lens from 150 mSv to 20 mSv per year [1,2]. Then 
BAPETEN requires monitoring of eye lens dose for 
radiation workers in Interventional Radiology 
(BAPETEN Regulation Number 4 of 2020) [3]. 
Implementation of monitoring of eye lens dose is 
necessary [4,5]. Eye dose monitoring is a must  because 
it is possible that the eye dose of radiation workers in 
Interventional Radiology will exceed that dose limit. 
TECDOC IAEA Number 1735 of 2014, a study of 
cardiologists who performed interventional radiology 
procedures found that in one interventional radiology 
procedure, the dose of the radiation worker's eye lens 
reached 0.0397mSv – 0.0611mSv. In one year, there are 
an average of 600 interventional performs, so the 
cumulative eye lens dose of workers will exceed the 
limit dose around 23.82mSv – 36.66mSv [6].  

BAPETEN's review of the radiation eye dose for 
radiation workers in Interventional Radiology in 2006 
was 11.5 – 239.43 mSv/year and in 2013 were 5.45 – 
113.47mSv/year [7]. The results of the review showed 
that the dose received by the radiation worker exceeded 
the dose limit of the eye lens. The implication of 
decreasing the eye lens dose is the obligation to monitor 
the eye dose; especially for radiation workers in 
Interventional Radiology. The implementation of eye 
lens dose monitoring in Indonesia is still very little. The 
workers only monitoring their body doses using TLD 
dosimeters. Eye lens dosimeters are not yet available. 

The IAEA states that as long as the eye lens 
dosimeter is not yet available, it is permissible to 
estimate the eye lens dose based on available 
dosimeters, such as body dosimeters [5,8]. Eye lens dose 
estimation is needed as a monitoring lens dose as long 
as eye dosimeters are not yet available. The complex 
estimation process can be simplified by utilizing android 
technology so that it is easily accessible and easy to use 
by Radiology radiation workers. 

 
 

II. MATERIALS AND METHODS  
 
The research includes 3 categories of Radiology, 

namely Diagnostic Radiology, Interventional Radiology 
without eye protection and Interventional Radiology 
with eye protection.  

The Diagnostic Radiology category was obtained 
from the personal dose monitoring laboratory data. It 
consists of 0.1mSv, 0.3mSv and 0.5mSv for each 
dosimeter, Hp10 and Hp3 from 2020 and 2021 as many 
as 48 data. The category of Interventional Radiology 
with/without eye protection equipment is obtained 
through TLD irradiation with different doses by varying 
the tube voltage namely 60kV, 70kV, 80kV, 90kV and 
100kV. Tube voltage and exposure time fixed at 200mA 
and 0.1s also at a fixed distance with a combination of 
using/not wearing eye protection equipment as 
illustrated in Figure 1. 
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Figure 1. The Hp3 and Hp10 TLD Dosimeter Testing: (A) 
Interventional Radiology without wearing eye 
protection equipment, (B) Interventional Radiology 
with wearing eye protection equipment 

 
 

 
 

The study used Harshaw Hp10 TLD which was 
placed behind the Pb apron and placed at chest level on 
the body phantom. The Harshaw Hp3 TLD is placed 
with or without using of eye protection equipment at eye 
level on the head phantom. 

The dose data were then compared to obtain a linear 
relation for estimating the eye lens dose based on body 
dose data [9]. The linear response of the research results 
is then used as the basis for making an android-based 
eye lens dose estimator application. 

 
III. RESULTS  

 
Table 1depicts the linear relation between personal dose 
and eye lens dose.  

Table 1 Linear relation between personal dose Hp10 and 
eye lens dose Hp3 

Category r r2 Regression 
Coefficient  

ρ-value 

Diagnostic 
Radiology 

0,954 0,910 1,080 < 0,001 

IR with eye 
protector  

0,992 0,984 1,961 < 0,001 

IR without eye 
protector 

0,981 0,962 2,365 < 0,001 

 
The estimated occupational eye dose of Hp3 based 

on the personal dose of Hp10 for the Diagnostic 
Radiology category using Harshaw's TLD is y = 1.080x 
+ 0.008 (r2 = 0.910; p < 0.001). The estimated 
occupational eye dose of the Hp3 for the Interventional 
Radiology category without eye protection equipment 
based on the personal dose of Hp10 is y = 2.365x – 0.002 
(r2 = 0.962; p < 0.001) and if the worker using eye 
protection equipment is y = 1.961x + 0.004 (r2 = 0.984; 
p < 0.001). The linear response of the research results is 

the basis for develop an android-based eye lens dose 
estimation application. 

The android application design for the eye dose 
estimator for radiation workers in Radiology is 
illustrated in Figure 2. 

Figure 2. Flowchart of operating system design of eye 
lens dose estimator for radiation workers in radiology 

 

 
 

The stages of activities by application users is shown 
in the Use Case Diagram as ilustrated in the following 
Figure 3. 

 
Figure 3. Use Case Diagram 

 

 
 

The opening page contains the terms and conditions 
that apply in terms of monitoring eye doses and using 
applications as shown in Figure 4. 
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Figure 4. Opening Page 

 
 
The main menu contains all stages of eye lens dose 

estimation, namely: radiology category selection, body 
dose data filling, eye lens dose display per period 
(estimated), selection of TLD usage period, eye lens 
dose display per year and conclusions based on 
comparison of eye lens doses annual radiation workers 
to the eye lens limit dose according to the applicable 
regulations, which is 20mSv/year. 
 
Figure 5. Main menu display 

 

The user then selects one of the available Radiology 
categories: Diagnostic Radiology or Interventional 
Radiology. 
 

Figure 6. Radiology category selection menu 

 
 

If the user selects Interventional Radiology, an 
additional menu option will appear “Do you use eye 
protection other than an apron?”. Choose an answer 
“Yes” or “No” 

Figure 7. Selection menu for radiation workers category 
in radiology 

 
 

After that, the user inputs body dose data in mSv 
units until an estimated eye lens dose appears according 
to the amount of body dose that has been inputted. The 
user then selects the appropriate dosimeter usage period: 
1 month, 3 months or 12 months. 

Figure 8. Selection Menu for Harshaw Personal Dose 
Hp10 TLD Usage Period 

 
 

The screen will show the estimated annual eye dose 
in mSv/year. 
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Figure 9. Annual eye dose menu 
 

 
 
      After pressing the [Conclusion] menu, an evaluation 
of the worker's annual lens dose will be obtained when 
compared to the dose limit. The Conclusion page 
display on the application.  The alternative conclusions 
as shown in Table 2: 

Table 2. Conclusions on the analysis of the annual eye 
dose compared to the occupation eye dose limit. 

Dose ≤ 
20 mSv 
per year 

“Your annual eye dose is still within the 
permissible limits (The occupation eye dose 
limit is 20 mSv/year)” 

Dose >20 
mSv per 
year 

“Your annual eye dose of your exceeds the 
occupation eye dose limit. The occupation 
eye dose limit is 20 mSv/year. You are 
required to wear an eye dose monitoring 
device (dosimeter) in addition to the Hp10 
body dosimeter during work, use eye 
protection equipment and comply with the 
principles of radiation protection”. 

 
The last page of this android aplicator as shown in 

Figure 10 is a general information that contains a list of 
dose laboratories that perform eye lens dose monitoring 
service that have been registered at BAPETEN. 

Figure 10. The Information Page  
 

 
 

The evaluation for android applications are using the 
Blackbox Testing [10] method and expert validation 
[11] method. Testing with the Blackbox method gives 
100% matching results between the commands and 
application responses. While the test with expert 
validation from the software engineering aspect and 
visual communication aspect are respectively with 93% 
and 84% of score so that this application is considered 
suitable for use. 

 
IV. DISCUSSION  

 
This study try to perform estimation of eye lens dose 

from personal dose whom use TLD harshaw as their 
personal dose in Radiology specifically Intervenstional 
Radiology worker.  

The development of an android-based eye dose 
estimate is needed so that information and education 
about eye lens dosage can be accessed easily and 
reaches many radiation workers. The use of this android 
system application is very easy to run. The built-in 
features are quite simple, but are able to convey an 
important message in terms of personal eye dose. And 
we hope in the future, with their knowledge, the 
radiation worker will regulary monitor their eye lens 
dose using the appropriate dosimeter as eye dosimeter 
Hp3. 

The limitations of this study were; personal eye dose 
data in our region are very few and almost non-existent; 
this study is only for Harshaw TLD users. There are 
several type of personal dosimeters commonly used in 
Indonesia such as BARC TLD, OSL and even Film 
Dosimeter. 

 
V. CONCLUSION  

 
The estimation of eye lens dose Hp3 from the 

personal dose Hp10 TLD Harshaw for radiation workers 
in diagnostic and interventional radiologycan be used. 

 The development of an android-based eye dose 
estimate is needed so that the personal eye dose can be 
known, easily accessible and reach many radiation 
workers. The use of this android system application is 
very easy to run. The built-in features are quite simple, 
but are able to convey an important message in terms of 
eye lens dosage. 
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Abstract — This study done in two phases (2017 and 
2021) with the aim of analysing clinicians’ 
compliance to relevant information for radiological 
procedures as crucial part of radiation safety 
measures. After the score being low in the first phase, 
clinicians were kept on one on one and group 
dialogue sessions about the importance of 
information given for radiology and imaging 
procedures. This longitudinal retrospective study 
was conducted for two months in Dar es Salaam by 
accessing patient files with request for x-ray 
examination. Random sampling was employed 
where every tenth file was selected for analysis. Total 
of 400 files were selected. Descriptive quantitative 
data were obtained and presented in percentages, pie 
charts and graphs. Four hundred request forms 
were involved where the following information were 
well documented; patient hospital number 400 
(100%, 0.83↑); patient name 399 (99%, 0.87↑); date 
of birth 374 (93.5, 0.87↑); gender 393 (98.2%, 0.93↑); 
name of referring clinician 387 (96.8%, 0.95↑); 
clinical notes relevant for the investigation requested 
347 (86.8%, 0.54↑); provisional diagnosis 374 
(93.5%, 0.77↑) and LMP 26 (6.5%, 0.38↑). There are 
positive changes towards filling satisfactory request 
form after series of academic meetings with referring 
clinicians. Quality of the request forms improved 
convincingly that help radiographers in making 
scientific justification for radiation exposure. 
However, the number of clinicians who do not 
comply is still high. More CMEs and fresher’s 
programs for new employees must be in place with 
emphasis on quality assurance must be in place. 

Keywords — Request form, Justification, Quality 
assurance, Radiation safety 

 
I. INTRODUCTION  

 
Justification and authorization of radiation exposure 

during execution of radiological procedure is a vital role 
for radiographers where radiographers weigh the 
expected benefits of radiation exposure against the 
possible risks of the associated dose. To accomplish this 
role with evidence based data, properly filled request 
form is important as it fosters effective communication 
between radiographers and referring clinicians as well 
as patients and care givers. Request forms for radiologic 
procedures is a very important tool despite that its 
importance is much unappreciated. There is no 
standardized format across different institutions was 

found, however, important information necessary for 
radiological investigations must be given for 
radiographers to well optimize the use of radiation in 
medicine [1,6,7].  

Radiological investigations are often essential in the 
management of patients as majority of medical 
decisions in hospitals depends on radiological results 
[3,4].  Therefore, a request form plays a significant role 
in both diagnostic and therapeutic radiography [1,4,6]. 
It acts as the basis for performing radiological 
investigations. These are the documents which give a 
radiographer a first hands-on information in making 
sure that the radiation based procedure requested is 
justified and that radiation protection and radiation 
safety is observed. The inadequate clinical information 
and the bulky requests which are not fully justified gives 
big problems to radiology team in applying the 
justification demand of their role as radiation safety 
officers. Failure to adequately complete these forms 
may also lead in misdiagnosis and possible mix-up of 
the forms hence create event of unnecessary patient 
exposure [1,4,6]. 

As stated in the guideline by The Royal College of 
Radiologists (UK) and the International Society for 
Radiographers and Radiological Technologies 
(ISRRT), requests should be accurately completed and 
justified to avoid any misinterpretation of radiological 
images [1,5,7].  Provisional diagnosis should be clearly 
stated as well as sufficient clinical information and 
patients’ particulars. Proper but accurate radiological 
results depend so much on correct patient data and 
proper radiological investigation request provided [5].  

Before commencing a radiologic procedure, 
assessment of patient and a request form is done so that 
the clinical condition of the patient and the context of 
the requested examination is known for justification of 
the requested procedure. Due to this, it is therefore 
extremely important that request forms for radiological 
purposes be properly filled. Referring the fish bone 
concept (Figure 1), the quality of the request form has a 
great contribution to the quality of expected radiological 
report. 

 
II. MATERIALS AND METHODS  

 
     A retrospective quantitative study was employed 
longitudinally in two phases where rating scale was 
developed. 100 request forms from each hospital 
accessed from patients’ files were evaluated to see if the 



Paper ID 105 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand  75  

proper completion of the form was adhered by referring 
clinicians. A total of 400 request form were involved at 
each phase.  

In both phases, same checklist of with request form 
parameters were used to evaluate completeness of the 
fields necessary for appropriateness of the radiological 
procedures such as patient’s hospital registration 
number, name of the patient, age, sex, clinical history 
relevant with the requested examination and provisional 
or confirmed diagnosis. Other parameters were 
information about previous radiation examination done 
and last menstrual period for female patients. 

The duration of this study was one month for each 
phase where total of 800 request forms were reviewed, 
400 request forms for each phase. Sampling was done 
by simple random sampling. All request forms for 
patients who did conventional or digital radiography and 
CT scan were considered for inclusion 

A. First Phase 
The request forms for patients attended at radiology 

department from July 2017 to December 2018 were 
selected randomly where every tenth request form was 
selected for inclusion  

B. Second Phase 
The request forms for patients attended at radiology 

department between September 2019 and February 
2020 were selected in the second phase by using 
purposeful random sampling where same number of 
request form. Number of forms for male patients were 
kept the same as the first phase during selection. 
 
C. Data Analyses 

Data were entered and analysed by using the 
Statistical Package for the Social Sciences (SPSS) 
statistical package version 20 software and windows 
excel.  

 
III. RESULTS 

 
The results were analysed separately to evaluate the 

level of compliance to information needed for radiologic 
examinations, and the improvement rate between results 
from the two phases was determined. 

Figure 1. The Fishbone Concept Representing Proper 
Information for Request Form and Result Effect. 

A. Phase 1 Results 
A total of 400 request forms were evaluated in phase 

1 where 72% (288) had patient registration number 
recorded, 99.5% (398) of forms had the name of patient 
documented, 83.3% (333) documented the age and 
96.5% (386) documented the gender of the patient 
(Table 1). 

 
 
 

 

Table 1. Phase 1 Scores for Demographic Information 

Reg No Name Age Sex 

Yes No Yes No Yes No Yes No 

72
% 

28
% 

99.5
% 

0.5
% 

83.3
% 

16.7
% 

96.5
% 

3.5
% 

Two hundred and forty-eight (61.9%) forms had the 
name of referring clinician recorded, 53.3% (213) of 
forms had satisfactory clinical history, 35.7% (143) 
were unsatisfactory while 11% (44) did not have clinical 
history at all. Provisional or confirmed diagnosis was 
documented satisfactorily in 70.5% (282) of the forms, 
2.8% (11) were unsatisfactory and 26.7% (107) had no 
provisional or confirmed diagnosis (figure 2). 

Figure 2. Phase 1 Scores for Clinical Information  

 
 

Results also show that information about previous 
radiation-based examination that a patient might have 
done was recorded only on 22% occasions while history 
of allergy was not recorded at all.  

Only 2.5% (10) documented about patients’ LMP 
while 59% (236) didn’t have information and 38.5% 
(154) were male patients hence the criteria were not 
applicable (Figure 4) 

B. Phase II Results 
Four hundred request forms were involved in the 

second phase with same data parameters as in phase one. 
Results show that all 400 (100%, 1.12%↑) forms had 
patient registration number, 400 (100%, 0.02%↑) forms 
with patient’s name and 374 (93.5%, 0.41%↑) recorded 
patients’ age while Patients sex was recorded in 393 
forms (98.2%, 0.07%↑). Illustration of these findings is 
summarized in table 2. 

Figure 3. Phase 1 Scores for Previous Patient 
Experience 
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Figure 4. Phase 1 Scores for Last Menstrual Period 
Information 
 

 
 

Table 2. Phase 1I Scores for Demographic Information 

Reg No Name Age Sex 

Yes No Yes No Yes No Yes No 

100% 0% 100% 0% 93.5% 6.5% 98.2% 1.8% 

   
Figure 5. Phase I1 Scores for Clinical Information 

 

The name of referring clinician was recorded in 387 
forms (96.8%, 0.39%↑), Satisfactory clinical history 
relevant for the investigation requested was found in 
347 (86.8%, 1.34%↑) while 6 (1.5%, 0.38%↑) forms did 
not have clinical history. Similarly, satisfactory 
provisional or confirmed diagnosis was documented in 
374 (93.5%, 0.92%↑) as illustrated in figure 5. 

Furthermore, information about previous radiation-
based examination that a patient might have done was 
recorded only on 101 (25.25%) forms which is 
equivalent to 3.25% increase from phase I results while 
history of allergy was not recorded at all just as per 
phase I findings. 

LMP information was documented on 26 requests 
(6.5%, 0.16↑) while 154 (38.5%) were male patients 
hence the criteria were not applicable). There was still 
no request form with any information about allergic 
behavior of the patient  

Figure 6. Phase II Scores for Last Menstrual Period 
Information 

 

Comparison T-test analysis was done to check for 
relationship between the two phases. The analysis 
revealed that there is significant difference in filling the 
patient’s information in the request form necessary for 
radiological examination (P ˂ 0.001). Figure 7 shows 
combined results from two phases before and after need 
for justified request form dialogue. 

Figure 6. Comparison T-Test Between Phase I and 
Phase II Results 

 
 

Table 3 illustrates the paired score of clinicians on 
how the fill request forms for radiological examinations. 
Results show that clinicians scored higher in second 
phase (M=7.02, SD =0.82) than in first phase (M=5.56, 
SD=1.63). 

 
IV. DISCUSSION  

 
The request form for radiological examination is a 

document of enormous importance with for the 
community with radiation safety culture and 
medicolegal standing. It guarantees that the correct 
procedure is administered on the correct patient based 
on professional reasons, and that all procedures which 
involves the use of ionizing radiation, is justified, and 
the radiology staff are aware of any special 
considerations may deemed needed to avoid harm to the 
patients, the care givers, radiation workers and the 
public at large. Joint Commission International under its 
initiative, the core of International Patient Safety Goals 
(IPSGs) which demands hospital workers to Identify 
patients correctly, improve effective communication, 
improve the safety and reduce the risks (joint). 

The ISRRT and the royal college of radiologist 
demand radiographers to make sure that all radiation-
based examinations are justified, however, 
radiographers and radiologists across the world face 
problems of finding request forms with inadequate or 
information, which mimic the justification process of 
the procedure in demand [5,7]. 

From the results of this study, there is noticeable 
improvement in phase II results in filling parameters 
needful for radiology request forms, however important 
clinical information and provisional diagnosis are still 
not to the expected standards in both phases while 
previous radiation information and allergic history 
remained very low in both phases.   
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This study did not check the relationship between the 
parameters filled in the request form and the resultant 
radiological report. There is a need for further research 
on this area. 

Table 3. Paired Samples Statistics 

 Mean N 
Std. 

Deviation 
Std. Error 

Mean 
Pair 1 Scores for 

Request Form 
Necessary for 
Radiological 
Procedures 
(Phase 1) 

5.6400 400 1.63004 .08150 

Scores for 
Request Form 
Necessary for 
Radiological 
Procedures 
(Phase 2) 

7.0200 400 .82541 .04127 

 
 

V. CONCLUSION  
 

A total of 800 request forms were evaluated where 
400 forms were selected for each phase. This two-phase 
analysis shows marked improvement in the 
appropriateness of radiology request forms necessary 
for radiological examination after intervention by 
presentations and one on one dialogue. The results 
reinforce that standardization and technological 
interventions are needed in order to improve the quality 
of the request forms. The remaining deficits highpoint 
the necessity of orientation and refresher on job training 
sessions on the importance of radiology request forms 
to registrars and newly employed referring team 
members. 

Further research to evaluate correlation of 
information given on the request form and quality of the 
resultant radiologic report is recommended. 
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Abstract — Radiography is essential for the initial 
diagnosis and monitoring patients affected with 
COVID 19. Despite that Tanzania did not experience 
a disastrous situation during pandemic, 
radiographers all around were left bewildered with 
safe working environment. This study aims to assess 
the experience of radiographers after the novel 
pandemic. A questionnaire composed of 16 multiple 
choice questions was sent to 403 registered 
radiographers through emails and WhatsApp where 
169 responses were received. The data analysis was 
performed using SPSS software with the statistical 
significance assumed as p-value < 0.05 and 
quantitative data were presented in percentage, 
graphs and pie charts. Of the 168 responses; 79% 
were male, 81% were diploma holders and 44% 
rotate in multiple modalities where 44% are under 5 
years’ experience .45% declared not impacted 
directly with the pandemic while 13% declared to 
know radiographers who were deceased of the 
pandemic. 67.5% were satisfied with country 
response to pandemic, 40% still receive patient 
suspected with COVID19 where 75.6% of hospitals 
have pandemic safe plan.  Despite that 72.5% are 
vaccinated, 69.9% feels Tanzania is safe for 
radiographers. Tanzania has so few to call a new 
normal as the pandemic did not affect the working 
culture. Majority of radiographers feels secured; 
however, they expressed that there is a need to have 
enough PPE in store in case something else erupts 
and that more information is needed about safety of 
COVID 19 vaccines.   

Keywords — Pandemic, COVID-19, Safety, 
Radiographers, Vaccine 

 
I. INTRODUCTION 

 
Tanzania declared the first case of Covid-19 in 

March, 2020 following the emergence of pandemic in 
Wuhan, China late December 2019 where a number of 
unexplained serious cases of pneumonia were reported. 
In January 2020, as the number of cases increased, it was 
confirmed as human-to-human transmission caused by 
a novel coronavirus infection [1,2]. The World Health 
Organization [9] named the pandemic Corona Virus 
Disease 2019 (COVID-19). On 11th March 2020 WHO 
declared a disease as a global pandemic [8,9]. 

The pandemic compels healthcare workers including 
radiographers to face and rapidly adapt to changes in 
work habits. Despite that all countries received the 
pandemic as a surprise, preparedness of the pandemic 

was very poor in many of underdeveloped and 
developing countries including Tanzania. Majority of 
counties specially in Africa lacked standards and 
adequate strategies, and attributes for screening of 
pandemic diseases [5,8]. Radiographers played a critical 
role in diagnosing COVID-19 symptoms and 
monitoring the spread of COVID-19 where chest 
radiographs and computed tomography (CT) scans of 
the chest established substantial role in the diagnosis 
and management of patients presenting with the 
pandemic [7]  

Ministry of health and government at large issued 
different Covid-19 introduced various guidelines for 
prevention, care and treatment including social 
distancing and self-isolation [3,4,5,6] Some offices 
especially from private sector and banking asked people 
to work from home and schools and education centers 
closed. Many hospitals introduced strict shifting system 
where groups of radiographers were not allowed to 
meet. During this very trying time, Radiographers were 
among the frontline cadres and riskier profession in 
hospitals, however, Tanzania did not have Covid-19 
cases as the World would have expected. Tanzania did 
not experience lockdowns as this would add burden to 
the citizen who depend on day out activities and deny 
them with access to public’s social services [3]. 

There is inadequacy of literature about reaction and 
experience of radiographers and health workers at large 
the impact of their required response to manage 
COVID-19 pandemic in Tanzania. This study aims at 
ascertaining experience of radiographer after the 
pandemic in reflection to the situation during the hot 
pandemic era. 

 
II. MATERIALS AND METHODS 

 
A descriptive cross-sectional design with a 

consecutive sampling method was used in this study. All 
accessible population of radiographers in Tanzania 
during the study period were invited to participate in the 
survey. Data were collected from radiographers who 
agreed to fill the online pre-structured questionnaire. It 
was stated that by virtue of filing the questionnaire, the 
participant would have agreed to consent participation. 
Participants were assured that their responses would be 
confidential and confirmed that their participation was 
voluntary in the survey and they are free to withdraw at 
any time. 

The study questionnaire was constructed by the 
researchers based on working experience and intensive 
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literature review. Google form with questionnaire was 
created and the link for the was shared online through 
Tanzania radiographers’ forums WhatsApp group and 
emails by the researcher. Thereafter, data were 
extracted, revised, coded, and imported into the 
statistical software IBM SPSS version 22. Statistical 
analysis was done using a two-tailed test. P-value less 
than 0.05 was considered to be statistically significant.  

 
III. RESULTS 

 
Estimated 281 radiographers were reached, and a 

total of 168 participants (59.8%) attempted to respond 
to the questionnaire. Results show that participants were 
characterized by gender where Male 78.6% and Female 
21.4% participated. Among these, 63.1% were married 
where else 98.2% were diagnostic radiographers and 
1.8% were therapeutic radiographers. Majority of 
participants were of young generation below 35 years of 
age at 72.3% (Table 1).  

Majority of participants (44%) were working on 
multiple modalities, ultrasound 24.4%, general 
radiography 21.4%, CT Scan 4.8%, MRI 3%, 
radiotherapy 1.8% and Nuclear Medicine 0.6% (Figure 
2). 

Figure 1. Scores for Participants’ Modalities of Use  

 
 
Data are expressed as the mean ± SE; t-test and 

ANOVA were used to demographic characteristics of 
radiographers and the score was found at P<0.05. 

 
Table 1. Participants’ Characteristics  

Gender  Male 78.6% Female 21.4% 
Academ
ic 

Diploma 81.3% Post Diploma 
18.7% 
 

Marital 
Status 

Married 63.1% Single 36.9% 
 

 
Cadre 

Diagnostic 
Radiographer 98.2% 

 Therapy  
   Radiographer 
1.8% 

Age Below 35 Yrs. 72.3% Above 35 Yrs. 
27.7% 

  

A total of 164 participants responded on the question 
about work experience. Results show majority (72) have 
experience of up to 5years at 49.3% as shown in table 2. 

 Table 2. Work Experience of the Participants  

Experience 
(years) 

˂5 6-10 11-15 >15 

Participants 72 53 17 22 
Ratio % 43.9 32.3 10.4 13.4 

 
A. Covid-19 Pandemic Preparedness 

Participants were asked about pandemic 
preparedness, 52.6% declared the pandemic caught 
them on surprise. The follow-up question about how did 
they cope if not well prepared, 89.9% had covered the 
topic on Infection Prevention and Control (IPC) on their 
college curricula and that they used knowledge of IPC 
to keep themselves safe.    

B. Perceived Impact of Covid-19 Pandemic 
When participants were asked if they know a 

radiographer who was deceased as a result of Covid-19 
pandemic, 77.4% declared no and 13.1% agreed to have 
known the death of a radiographer while 9.5% were not 
sure.  

When asked if they were themselves directly 
affected with the situation, 42.9% said No, 31.5% said 
yes and 25.6% were not sure. Nonetheless, 40.1% of 
respondents confirmed that they still receive patients 
with Covid-19 syndromes (Figure 3). 

Figure 2. Knowledge about Receipt of Patient with 
Covid-19. 

 
 
C. Response to Covid-19 Pandemic  

The covid-19 Pandemic demanded a right prompt 
reaction of the facilities and government. Different 
measures were taken to combat the pandemic. Research 
asked the participant to express their perception if they 
were satisfied with the response taken by the hospitals 
they work from, results show that 67.5% perceived 
satisfactory response, 21.7% were not satisfied while 
10.8% were not sure about the measures taken. On the 
other hand, 75.6% of respondent confirmed that 
radiology and imaging department has a pandemic 
response plan, 19.6% do not pandemic response plan 
and 4.8% do not know about the response plan. 
Furthermore, 55.7% declared that they are working at a 
Covid-19 safe environment, 28.1% feel that they are not 
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safe while 16.2% do not know if their work 
environments are safe or not. 

Participants were also asking if they are vaccinated 
for Covid-19 Pandemic where 72.5% they are 
vaccinated and 27.5% are not vaccinated. Only 130 
participants responded to a question about the reason 
behind decision to vaccinate or not. Results show that 
81.5% made self-decision to vaccinate based on 
knowledge given during campaign, 10.8% were forced 
to vaccinate as requirement for travel permit and 6.2% 
said it was mandatory to vaccinate at their workplaces 
while 1.5% did not vaccinate because they are not sure 
of the safety of vaccines (Figure 3). It was lastly asked 
in relation to Covid-19 if Tanzania is a safe place to 
work as a radiographer, 69.9% perceived Tanzania as 
Covid-19 safe country, 18.7% perceive her as unsafe 
and 11.4% were not sure of the covid-19 safety. 

Figure 3. Reasons to Vaccine Motivation.  

 
 
 

IV. DISCUSSION 
 

COVID-19 pandemic is a still globally phenomenon 
that compels radiographers to face and quickly adapt to 
dynamic variations of work environment. The impact of 
a pandemic is vivid, and information that offer 
radiographers with feedback about their work 
experience can be an outstanding source for essential 
data on the pandemic. Moreover, radiographic 
population that participated in this study is diverse and 
consists of people with a wide range of genders, age, 
work experience and work environment based on the 
modality they work in. It is also noted that majority of 
active radiographers are young generation. Thus, the 
results generated from this study might be of great help 
to other healthcare workers in formulating recovery 
plans and future preparedness of pandemic diseases. To 
the best of our knowledge, this study is the first 
conducted in Tanzania that measures radiographers’ 
post pandemic experiences and perceptions.  

There is also scarce information about survey done 
before and during the pandemic which can be used as a 
benchmark to measure the degree of the effect during 
and after the pandemic. It is also imagined that there was 
an increase in regard to the extent of the workflow that 
would have affected radiographers work as an 
organization, as a unit, and for themselves personally. 
During occurrence of epidemic or/and pandemic, work 

habit is always changed to overcome dangers that may 
arise such as spread of infection. 

It is found in this research that despite that majority 
of radiographer seem to be knowledgeable and 
confident about COVID-19 situation, the number of 
professionals who are not confident is quite alarming. 
Professional associations, professional bodies, hospitals 
and teaching institutions must rethink for CPD programs 
on a pandemic and new normal. The CPD program may 
seek to enhance knowledge of radiographers in infection 
control and safety measures, vaccine and vaccination, 
proper use of PPEs and work shifting.  

 
V. LIMITATION 

 
This study did not cover the inquiry about 

availability and proper use of PPEs, post pandemic work 
dynamism and learning environment. It did not search 
for availability of essential modality for Covid-19 
patients. Researchers are open to bridge knowledge on 
the same. 

 
VI. CONCLUSION 

 
Radiography practice and principles are same 

worldwide, it only differs among different countries due 
to the variability of access to modern equipment. 
Radiology and imaging offer an indispensable role in 
diagnosing COVID-19 patients. Radiology departments 
must reorganize their facilities and staff to enhance 
safety and minimize the risks of infection. Supporting 
radiographers' health and emotional well-being is key to 
maintaining essential services now as all health workers 
are still recovering from pandemic and adopt the new 
normal. 

While departments are undoubtedly more organized 
for future out brakes, radiographers continue to face 
pressure with unpredictable long-term outcomes for 
managing workloads and protection as they will always 
remain at frontiers during the pandemic despite fears of 
shortages of PPE, reacting promptly to managing 
changing duties and shift patterns effectively. Providing 
Radiographers with informed knowledge of their 
wellbeing is crucial to effective radiology and imaging 
services in Tanzania. 
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Abstract — For the next five years the government 
will establish more than 500 centers for increasing 
services related to the heart disease, stroke, cancer, 
and renal failure. Magnetic Resonance Imaging 
(MRI) examination is one of the important 
diagnostic tools to rule out those diseases. This study 
tends to find out MRI services profile and how PARI 
(Indonesian Society of Radiographers) supporting 
the government’s program. Data was collected using 
an online survey that was conducted in first semester 
of 2022 through a questionnaire filled out by the 
MRI radiographers, as well as representatives of the 
regional board of the PARI for Focus Group 
Discussion, and the data is analyzed qualitatively. 
The questionnaire have 26 questions with total 
respondents 209 MRI radiographers. Most 
respondents came from the island of Java (71.3%). 
The educational qualifications of the respondents are 
Bachelor of Applied Science degree (49.8%), 3 years 
Diploma degree (47.8%), and Master of Applied 
Science degree (2.4%). Most respondents have less 
than 10 years’ experience in MRI services (81.3%). 
Most MRI machines are close magnets (86.1%) and 
1.5 T magnets (71%). Indonesia has ratio 1.11 MRI 
units per million population. The MRI service hourly 
is mostly 8 hours/day (52.2%), for around 10 patients 
(62.2%). Radiographers rotate daily (31.6%) and 
others rotation systems. The duration of MRI 
radiographers training experience varies, mostly is 
less than one week (40.7%). Further Radiographer 
need for training is about post processing, advance 
software, management of MRI examinations 
with/without contrast and MRI safety. The number 
of MR scanner compared to the total population of 
Indonesia should be considered increase to facilitate 
MRI examination accessibility especially outside of 
Java Island. Improving quantity and quality of 
radiographers responsible for conducting MRI 
scanning through education and training. 

Keywords —  magnetic resonance imaging, education 
and training, radiographer 

 
I. INTRODUCTION  

 
The Ministry of Health of the Republic of 

Indonesia initiated a transformation in the health sector. 
There are 6 (six) types of transformation that will be 
carried out, namely the transformation of Primary 
Services, Referral Services, Health Resilience Systems, 
Health Financing Systems, Health Human Resources, 

and Health Technology [1]. The Ministry of Health has 
plans to develop 528 existing hospitals in Indonesia for 
improving services related the four diseases that cause 
the highest mortality rate in Indonesia, these being heart 
disease, stroke, cancer, and renal failure (urology). 
Establishing more centers throughout the nation will 
improve people’s access to the hospital facility. This of 
course will require facilities, infrastructure, and human 
resources, including radiographers who are able to 
answer the needs of these services. In line with the 
transformation carried out by the Ministry of Health, 
PARI or the Indonesian Society of Radiographers 
considers it important to conduct a study of the imaging 
modality services used by radiographers in functioning 
the latest radiology services. One of these modalities is 
Magnetic Resonance Imaging (MRI). MRI is one of the 
important diagnostic tools to rule out of the heart 
diseases, strokes, cancer, and urology. Several studies 
on the management of MRI services have been 
conducted in several countries, where in developing 
countries, the use of MR scanners with a high magnetic 
field needs to be balanced with an increase in the quality 
and quantity of radiographers as users of the equipment, 
with the other main countries being Japan [2], Australia, 
New Zealand, US, Canada, UK, Ireland [3]as well as in 
West African countries [4]. This initial study is needed 
to determine the current condition, which will be the 
basis for planning and developing radiographers in the 
future., covering the profile of MR scanners, 
radiographer qualifications, competencies, and 
directions for developing MRI services in Indonesia. 

 
II. MATERIALS AND METHODS  

 
An online survey was conducted by asking 26 

questions to MR radiographers and PARI regional 
boards in Indonesia. A total of 209 respondents 
participated in filling out the questionnaire in the first 
semester of 2022. Data processing was in the form of 
narratives and descriptions, followed by data analysis 
with literature studies and Focus Group Discussions of 
the PARI Central Board. 

 
III. RESULTS  

 
A. Respondent profile 

Total respondent is 209 MRI radiographers across 
the country. Most of the respondents' profiles are 
graduates of Bachelor of Applied Science degree 
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(49.8%), 3 years Diploma (47.8%) and Master of 
Applied Science degree (2.4%) respectively. 
Respondents have been working in MRI services less 
than 10 years (81.3%), more than 10 years (18.7%). 
Working location of respondents mostly in Java Island 
(71.3%), mostly came from DKI Jakarta (34.9%), and 
the rest from outside Java (28.7%) see Figure 1. 

Figure 1. Respondents’ Work Location 

 
 

B. Hospital profile 
Distribution based on hospital category, from 

government hospitals (51.7%), the rest from 
BUMN/private hospitals (44.5%) and Army/Police 
hospitals (3.8%) (Figure 2). Where they are, based on 
the number of bed capacities, 101–249 beds (36.4%), 
250–500 beds (35.4%), more than 500 beds (20.6%) and 
50–100 beds (7.7%), it is seen that, based on hospital 
qualification according to Ministry of Health, there are 
type B (59.3%), type A (30.6%), the rest type C (9.1%) 
and type D (1%). 

Figure 2. Respondents’ Hospital 
 

 
 

C. Profiles of MR scanners and Examination 
Most of the hospitals that provide MRI services only 

have 1 unit of MRI in one hospital (87.1%) and the rest 
(12.9%) have more than 2 MRI devices. The population 
of the top 3 MR scanners brands are Philips (31.9%), GE 
(30.3%) and Siemens (26.9%). Other brands in 
Indonesia are Hitachi, Toshiba/Canon, Esaote, Bruker, 
and Casio (Figure 3). Magnet type of scanners are closed 
magnets (86.1%) and the rest are open magnets (13.9%). 

 

 

Figure 3. Respondents’ MR Scanners 

 
 

The distribution of MR scanners based on magnetic 
field strength is 1.5 Tesla (71%), 3 Tesla (18.7%), <0.5 
Tesla (9.8%) and 1 Tesla (0.5%). The number of daily 
examinations in the MRI unit was less than 10 patients 
(62.2%), 11–20 patients (28.2%), 21–30 patients (4.8%) 
and more than 30 patients (4.8%). The operating hours 
of MRI are during working hours (52.2%), 13 hours 
(33%), and 24 hours MRI services (14.8%). The length 
of waiting time for MRI examinations varies, with a 
waiting period of 1 day (27.8%), 1–7 days (26.3%), 
without waiting (23%) and those who must wait more 
than 7 days to schedule an MRI examination (23%). The 
five major types of examinations are MRI spine, brain, 
musculoskeletal, liver imaging and gynecology. 

D. Radiographer human resources Profile 
The total number of radiographers who perform 

radiology services is 10–20 people per hospital (56%), 
less than 10 people (21.5%), 21–30 people (12.9%) and 
more than 30 people (9.6%). From that number, the 
radiographers who served MRI examination were less 
than 5 people (47.4%), 5–10 people (34.9%), 11–15 
people (12.4%) and more than 15 people (5.3%). 
Radiographers with Bachelor of Applied Science degree 
who perform MRI examinations are less than 5 
people/hospital (78.5%), 5–10 people/hospital (20.1%) 
and 11–15 people/hospital (1.4 %).  

Figure 4. Respondents’ MR Rotation 

 
 

The rotation pattern of radiographers in providing 
MRI services are daily rotation (31.6%), no rotation 
(radiographers remain on duty at MRI only) (24.9%), 
rotation without pattern (21.5%), monthly rotation (9.6 
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%), weekly rotation (9.1%), rotation every 3 months 
(2.4%) and rotation every 6 months (1%) as Figure 4. 

E. Training Profile 
MR radiographers stated have attended MRI 

training (90.4%), the remaining have not (9.6%). 
Training followed by a duration of less than 1 week 
(40.7%), between 1–2 weeks (28.7%), 2 weeks–1 month 
(15.8%), more than 1 month (5.3 %) see Figure 5. In the 
last 1 year, radiographers attended 1–3 trainings 
(75.6%), more than 4 trainings (15.8%) and 8.6% of 
respondents who have not attended a webinar/workshop 
related to MRI in the last 1 year. With interesting topics 
for Indonesian radiographers to explore being Pediatric 
MRI, Neuro advance (Diffusion, perfusion, DTI, fMRI), 
MR Spectroscopy, MR Cardiac, and MRA with/without 
contrast, when asked about the theme of training needed 
to support services, most of the radiographers answered 
post processing, advanced software, MRI examination 
management with/without contrast and MRI safety. 
 
Figure 5. Respondents’ Training Duration  
 
 

 
 
 

IV. DISCUSSION  
 

The survey conducted by PARI is on the current 
condition as a preliminary study that examines the 
profile of MR scanners, MRI service patterns, 
radiographer education qualifications, training that 
supports competence and the direction of future service 
development that can be carried out by PARI in 
Indonesia. In general, the MR scanners used in 
Indonesia have a magnetic field strength of 1.5 Tesla, 
with varied examination. The distribution of MR 
scanners is still dominated by six provinces in Java, but 
in provincial capitals outside Java, MRI services are also 
available. Approximately, there are 300 MR scanners in 
Indonesia. Globally, it is estimated that there are around 
36,000 MRI machines in the world with a total 
production of 2,500 units annually [4]. Japan had the 
highest ratio of MRI units per million population with 
55.21, followed by the United States with 40.44 
units/million population. Germany has 34.71, Korea 
30.08, Greece 29.35, Turkey 11.24 units/million 
population [5]. When referring to other Asian countries, 
such as Qatar which has 9.22 units/million population 
and Saudi Arabia 0.97, Indonesia as a developing 
country have ratio 1.11. Later, it will also be necessary 
to increase the number of competent radiographers who 
can operate MRI equipment with health transformation 

lead by the Ministry of Health being expected to elevate 
the number and distribution of MR scanners in hospitals 
so that it reaches cities/districts throughout Indonesia.  

The pattern of radiographer rotation in MRI services 
shows the variations during on duty. Based on survey, 
daily rotation is the most. The development of MRI will 
demand the ability of the radiographer to not only be 
able to produce images that show anatomical 
information, but also information related to physiology, 
such as MR spectroscopy and tractography, but there is 
chief of MR radiographers that still on MRI service, not 
involve in rotation. Important things to be considered 
here is the competence/ability of the radiographer on 
duty. Advances in imaging technology require the 
appropriate number and qualification of radiographers. 

The current number of PARI members is around 
19,000. Only 2,169 radiographers (11.4%) from all 
members, that have the educational qualifications of 
Bachelor of Applied Science degree [6]. Almost half of 
the MR radiographers who were respondents in this 
study had this qualification. Radiographer education in 
Indonesia currently has three grade education level, 3 
years Diploma, Bachelor of Applied Science and Master 
of Applied Science. There are 5 (five) institutions for 
radiographer education in Bachelor grade, both public 
and private. In terms of number and distribution, and 
because there is chief of MR radiographers that is till on 
MRI service, there are still many on the island of Java. 
The greater the variety of cases faced by radiographers, 
of course, requires updating of capabilities both in terms 
of equipment operating techniques, examination 
techniques, quality assurance and quality control as well 
as patient safety aspects, where the distribution and 
number of these advanced imaging tools is of course 
also related to the clinical/cases that can be handled, 
saying all this, the ability and competence of the 
radiographer is very important for the patient. As one of 
the most advanced fields of medicine, the constantly 
changing and evolving field of diagnostic radiology 
directly affects the competence of radiographers and 
increases the demand for qualified personnel. 
Undoubtedly, the development of competence related to 
technical procedures is the focus in the professional 
activity of the radiographer [7]. In relation to this study, 
respondents stated that they really needed training in 
MRI techniques, in terms of post processing, advance 
software, management of MRI examinations 
with/without contrast and MRI safety. Specifically, 
Indonesian radiographers are also interested in 
deepening MRI techniques, such as Pediatric MRI, 
Neuro advance (Diffusion, perfusion, DTI, fMRI), MR 
Spectroscopy, MR Cardiac, MRA with/without 
contrast, where these topics become their frequent cases 
clinically. From the legal aspect, and in a provision that 
is also strengthened in the Indonesian National Work 
Competency Standard (SKKNI) which regulates the 
details of MRI service activities carried out by 
radiographers in Indonesia, there have been regulations 
that regulate the authority and duties of radiographers in 
the Professional Standards of Radiographers which is 
set by Ministry of Health [8,9] 
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The role of professional organizations in addressing 
issues and needs for developing the competence of 
radiographers is very important. PARI is expected to be 
able to direct the planning of student radiographers 
starting from the aspect of curriculum preparation that 
ensures the achievement of graduates' abilities in 
operating the MR scanners. The population of 3 years 
Diploma graduates currently still dominates radiology 
services in Indonesia. In the future, of course, it is hoped 
that the number and distribution of Bachelor of Applied 
Science degree to be increased, concordance with the 
legal aspects and health service’s needs. Radiographers 
in his/her profession, must have license that called Surat 
Tanda Registrasi (STR). STR issued by Health Workers 
Indonesian Council (KTKI) and valid for 5 (five) years, 
after the student pass the national examination. To 
extend the license, radiographers must complete 25 
credits of continuing professional development. One of 
the activities is getting involved in certified training. For 
radiographers who have worked in the MRI unit, they 
need training or knowledge updates related to MRI 
modalities, as well as technical aspects of examination 
and patient safety. Where during the Covid-19 
pandemic, quite a lot of these activities have been 
carried out, PARI has been conducting the webinars 
aimed at refreshing members' knowledge, while to 
improve the technical aspects of skills for radiographers, 
structured training is needed. This professional activity 
can answer the needs of the latest advance MRI 
competency development. Based on this survey results, 
PARI can design standardized training needs, with this 
training having a curriculum according to professional 
standards for radiographers and SKKNI, both in terms 
of material, practical tools, and the duration of the 
training, and so achieve training objectives so that MRI 
radiographers have technical and managerial skills to 
perform quality MRI services.   

 
V. CONCLUSION  

 
The number of MR scanner compared to the total 

population of Indonesia should be considered increase 
to facilitate MRI examination accessibility especially 
outside of Java Island. Improving quantity and quality 
of radiographers who responsible for conducting MRI 
scanning through education and training. 

 
ACKNOWLEDGEMENTS 

The authors gratefully acknowledge the support of 
Indonesian Radiographers, Central board, and Regional 
Head of PARI. The authors also hope that more 
collaborative research between Indonesia and member 
of ISRRT can be conducted in the future for profession 
development while also contributing to the development 
of the countries. 

 
 
 
 

REFERENCES 
 

[1] Kepala Biro Komunikasi dan Pelayanan Publik 
Kemenkes RI. Deretan Transformasi Kesehatan 
oleh Menkes Budi 2022. 
https://sehatnegeriku.kemkes.go.id/baca/rilis-
media/20220531/5640005/deretan-transformasi-
kesehatan-oleh-menkes-budi/ (accessed July 4, 
2022). 

[2] Azuma M, Kumamaru KK, Hirai T, Khant ZA, 
Koba R, Ijichi S, et al. A national survey on safety 
management at mr imaging facilities in Japan. 
Magnetic Resonance in Medical Sciences 
2021;20:347–58. 
https://doi.org/10.2463/mrms.mp.2020-0084. 

[3] Castillo J, Caruana CJ, Morgan PS, Westbrook C, 
Mizzi A. An international survey of MRI 
qualification and certification frameworks with an 
emphasis on identifying elements of good practice. 
Radiography 2017;23:e8–13. 
https://doi.org/10.1016/j.radi.2016.08.009. 

[4] Ogbole GI, Adeyomoye AO, Badu-Peprah A, 
Mensah Y, Nzeh DA. Survey of magnetic 
resonance imaging availability in West Africa. Pan 
African Medical Journal 2018;30. 
https://doi.org/10.11604/pamj.2018.30.240.14000
. 

[5] Conor Stewart. Number of magnetic resonance 
imaging (MRI) units in selected countries as of 
2019 n.d. 
https://www.statista.com/statistics/282401/density
-of-magnetic-resonance-imaging-units-by-
country/ (accessed July 4, 2022). 

[6] Perhimpunan Radiografer Indonesia. Sistem 
Informasi Anggota dan Pembayaran PARI 2022. 
siap.pari.or.id (accessed July 4, 2022). 

[7] Vanckavičiene A, Macijauskiene J, Blaževičiene 
A, Basevičius A, Andersson BT. Assessment of 
radiographers’ competences from the perspectives 
of radiographers and radiologists: A cross-
sectional survey in Lithuania. BMC Med Educ 
2017;17. https://doi.org/10.1186/s12909-017-
0863-x. 

[8] Kementerian Ketenagakerjaan Republik 
Indonesia. Standar Kompetensi Kerja Nasional 
Indonesia (SKKNI) Radiografer. Indonesia: 2020. 

[9] Kementerian Kesehatan Republik Indonesia. 
Standar Profesi Radiografer. Indonesia: 2020. 

 

Contacts of the corresponding author: 
Author:         Sugiyanto 
Institute: Indonesian Society of Radiographers 
Street: Jl. Bambu Apus Raya Blok Kav A2 No.23 

 RT.12/RW.3, Bambu Apus, Cipayung 
City: Jakarta   
Country:  Indonesia 
Email: giek.sugiyanto66@gmail.com  
 
 
 
 
 
 

 



Paper ID 112 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

 86 ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand   

Effect of Oral Activated Charcoal on The Performance Image Visualization 
Upper Abdominal Ultrasonographic 

 
Giovana Prancisca1,3, Sugeng Rianto3, Gatot Wibowo4* 

1Health Imaging Department, Tawada Healthcare; Jakarta, Indonesia 
2Physics Department; Brawijaya University; Malang, Indonesia 

3Imaging Diagnostic Program; Polytechnic Ministry of Semarang; Semarang, Indonesia 
(*Corresponding author: giovana.radiologi@gmail.com)  

 
 
Abstract — One of the USG examinations is upper 
abdomen consisting of the stomach, pancreas, liver, 
gallbladder. Observations and evaluations of upper 
abdomen are carried out in real time with the 
condition of the abdomen free from air disturbances, 
therefore before the examination, food-resistant 
preparations are carried out, so that the air in the 
gastrointestinal tract does not interfere with the 
visualization of the upper abdominal ultrasound. 
Disadvantages of abdominal ultrasound imaging are 
if patient obese and a lot of gas in the gastrointestinal 
tract. Ultrasound oral contrast agent is difficult to 
obtain, easily available orally activated charcoal 
used to reduce gastrointestinal air. The purpose of 
the study was to prove that oral activated charcoal 
was given as an alternative to oral contrast agent that 
was able to produce optimal visualization of upper 
abdominal ultrasound images. Type of research is 
experimental with Posttest Control Group Design. 
Data collection was carried out from March to April 
2022 at Ministry of Health Polytecnic Semarang. 
Ultrasound images were obtained from 30 volunteers 
according to established inclusion criteria. Data 
obtained from radiologists were analyzed Mann-
Whitney statistical test. The results of different test 
Mann-Whitney p-value 0.550 stomach and 0.630 
intestine, Whitney p-value 0.369 liver, 0.550 
pancreas, 0.671 gallbladder. There is no significant 
difference in the visualization performance of the 
homogeneity gastrointestinal system and upper 
abdominal anatomy images between activated 
charcoal and simathicone contrast agent, because 
reduced air in the gastrointestinal area becomes an 
acoustic window for upper abdominal anatomy 
images, especially in the visualization of pancreatic 
images. So oral administration of Activated 
Charcoal has the potential as contrast agent to 
reduce gastrointestinal air, which displays the 
homogeneity of the visualization performance of the 
gastrointestinal system image and upper abdominal 
anatomy optimal. 

Keywords — Upper Abdominal USG, activated 
charcoal, simathicone, oral contrast agent 

 
I. INTRODUCTION  

 
Ultrasound examination is the modality of choice 

because it is a fast and non-invasive diagnostic process, 
to detect abnormalities in the upper abdomen. Gas in the 
stomach and intestines becomes an obstacle in 

ultrasound examination because it causes 99% of gases 
that reflect to other organs. Due to gas in the intestine, it 
is estimated that the upper abdominal examination is not 
satisfactory because of gas in the intestine 
Administration of emulsifier oral contrast media can 
improve the visualization of upper abdominal 
anatomical structure imaging. The way it works is to 
absorb and replace gas to produce an acoustic window 
[1,2]. The contrast agent product used contains orange-
flavored simathicone-coated cellulose contrast agent, 
alpha-galactosidase and capsule active charcoal, 
Polydextrose solution in the form of a suspension 
showed homogeneity, reflectivity in the gastrointestinal 
tract3. Several studies have reported improved 
visualization of abdominal structures, using oral 
contrast media with simathicone given prior to 
examination. However, the use of simathicone for all 
upper abdominal examination patients increases the 
cost, so that the examination of the abdominal cavity is 
only with food-resistant preparations and does not use 
simathicone [4,5]. 

Activated Charcoal has the ability to reduce toxic 
substances, toxic substances that enter the digestive 
system including the stomach and intestines. According 
to the Makassar Research Center, Activated Charcoal is 
made of a carbonaceous material which has a large 
surface area and a porous structure as a result of 
exposing the raw material to high temperatures. The 
physical properties of activated carbon allow the 
adsorption of materials from liquids and gases [6]. 

 
II. MATERIALS AND METHODS  

 
This study uses an experimental type of research 

with Posttest Control Group Design which aims to 
display the visualization performance of upper 
abdominal ultrasonography images by giving Oral 
activated charcoal to find out the difference after 
treatment (post test). In this study, there were two 
groups, namely the treatment group and the control 
group, the treatment group was given activated charcoal 
2 hours before the examination, while the control group 
was given simathicone 8 hours before the examination. 
The number of samples in each research group was 15 
people. The research subjects are volunteers who will 
undergo an abdominal ultrasound examination. 
Preliminary research was conducted from August 2021-
December 2021, while data collection was carried out in 
March 2022 - May 2022. Sample determination was 
carried out randomly with the inclusion criteria. 
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Volunteers do not have a history of surgery on organs in 
the upper abdomen, Volunteers are willing to undergo 
an abdominal ultrasound examination by drinking 
activated charcoal, Volunteer has no history of 
abdominal surgery, Withhold food for 2 hours prior to 
examination. Exclusion criteria; Volunteer is not 
pregnant, Non-Cooperative Patient. Research 
instrument Modality Ultrasonography with transducer 
frequency curve 5 Mhz. Inform the willingness to 
volunteer, which will be carried out by ultrasound 
scanning. Consent form of willingness as a research 
observer to conduct an assessment of the ultrasound 
image visualization. Ultrasound image assessment 
form. 25 grams of activated charcoal drink dissolved in 
100 ml of water (a drink made by researchers). 
Activated charcoal with known carbon content in it 
through the Sucofindo test, the carbon yield was 88.6%. 
So physically the air absorption will be much better. 
Weighing food and drink bottles. The research 
procedure begins with testing the activated charcoal 
material in the Sucofindo laboratory by testing the 
percentage of carbon and mineral content in it using the 
Indonesian National Standard method. so it is suitable 
for oral consumption. Then a preliminary study was 
conducted to determine the dose and time of 
administration by trying to give doses of 25 grams and 
50 grams with variations in time of 2 hours and 4 hours, 
the dose and time were in accordance with the 
provisions.  

Preliminary studies were conducted on 1 volunteer 
who was willing to participate in the research process, 
previously volunteers were scanned before treatment. 
The image results were then consulted with an 
abdominal radiology consultant. so that the dose and 
time can be determined, which can visualize the image 
well and reduce air in the stomach. And it is determined 
that the dose used is 25 grams with a time of 2 hours 
already being able to visualize the image well. In the 
early stages of the study, the research sample was 
identified including age, gender, disease history. 
Volunteers who meet the specified inclusion criteria are 
given an explanation of the aims and objectives of the 
study as well as the examination procedures to be 
carried out. If the volunteer agrees to participate in the 
research, then requested proof of written consent 
through informed consent. Prior to the examination the 
patient was asked to hold food for 2 hours. Volunteers 
will do an ultrasound scan without giving oral activated 
charcoal and Simathicone to assess the air in the 
volunteer's stomach. In the treatment group, scanning 
was carried out 2 hours after giving activated charcoal 
drink (post test). In the control group, scanning was 
carried out 8 hours after giving Simathicone (post test). 
The assessment of the performance of upper abdominal 
image visualization and homogeneity visualization in 
the gastrointestinal system with treatment and control is 
3 radiology doctors with more than 5 year experience, 
the ultrasound image assessment will be presented in 
cine mode with the help of the Dicom viewer without 
being told the image is the treatment or control. Then 
the observer filled out the homogeneity visualization 
assessment form in the gastrointestinal system (stomach 

and intestines) and visualization of upper abdominal 
images (pancreas, gallbladder, liver). 

 
III. RESULTS  

 
A. Reliability Test to Assess Observer Interpretation 

Consistency 
To get the degree of conformity (kappa), the 

reliability test is carried out first. In this study, the Kappa 
test was carried out by reading the upper abdominal pre-
post images in each group by one observer (intra 
observer). To get the value of intra observer kappa, that 
is by comparing the interpretation of the first and second 
ultrasound images by radiology specialists with 4 years 
of work experience. Interpretation distance between 
respondents is 4 days. The results of the reliability test 
performance of upper abdominal image visualization 
are shown in table 1. 

Table 1. Table Kappa reliability test results  

Upper abdominal ultrasound 
image 

Average data 

Kappa 0, 726 30 
 

Based on the results of statistical tests in table 1. it 
shows that the level of agreement of observers on upper 
abdominal ultrasound gastric images in the treatment 
group has an average value of 0.726, so it is stated that 
there is substantial agreement or strong agreement. 

A. Confounding Variable Analysis 
Data from the results were collected by upper 

abdominal ultrasound volunteers in the treatment group 
and the control group. Below is the distribution data 
based on the characteristics of the sample.  

Table 2. Distribution and analysis of samples by age, 
sex 

 
Based on table 2 the most samples were women with 

an age range of 18-30 years, both in the treatment group 
and the control group. This means that the samples in 
the treatment group and the control group are the same. 
And based on the research of dr. Robynne Chukan who 
is the founder of Digestive Washington explained that 
women have more gas in the gastrointestinal tract than 
men, this is because women have longer intestines than 
men. 

B. Homogeneity test results  
The homogeneity test used is Levene statistic, if the 

p value > 0.05. 

No Category Group 
Treatment (%) Control (%) 

1. Age   
 18 – 30 Yo 80% 86.7% 
 31 – 45 Yo 20% 13.3% 
2. Gender   
 Man 26.7% 20% 
 Woman 73.3% 80% 
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Table 3. Homogeneity test performance visualization 
homogeneity of the image of the gastrointestinal 
system (stomach and intestines)  

 
Based on table 3 it shows that the homogeneity test 

in the stomach between the treatment group and the 
control group obtained a p-value of 0.075. Homogeneity 
test in the intestine between the treatment group and the 
control group obtained p value 0.237. Gastrointestinal 
image homogeneity test before oral administration 
showed p value > 0.05 which could be concluded that 
the data between the treatment group and the control 
group were the same or homogeneous. 

C. Results of Visual Grading Assessment Analysis 
homogeneity  

Test results Mann-Whitney the homogeneity of the 
Gastrointestinal system image visualization 
performance between the oral administration of 25 
grams of Activated Charcoal and simathicone. 

Table 4. Mann-Whitney test results visual scale 
assessment Gastrointestinal system image homogeneity. 

 
From the results of the Mann-Whitney test in table 4 

above, the assessment of the homogeneity of air in the 
gastrointestinal system was found in the stomach, p-
value 0.550, which means that there is no difference, and 
in the intestine, the p-value of 0.630 is no different. So 
it can be saidThere was no difference in the performance 
of the homogeneity of the Gastrointestinal system image 
visualization between the oral administration of 25 
grams of Activated Charcoal and simathicone. 

D. Assessment Analysis Results Upper abdominal 
anatomy (liver, Gallblader, pancreas) 

Test results Mann-Whitney Upper abdominal 
anatomy image visualization performance between oral 
Activated Charcoal 25 grams and simathicone. 

Table 5. Mann-Whitney test results assessment visual scale 
image Upper abdominal anatomy  

 

 

The results of the Mann-Whiteney test for visual 
assessment of the Upper abdominal between the 
treatment group giving activated charcoal 25 grams and 
the control group giving simathicone to the liver had a 
p-value of 0.369, which means that there was no 
difference, for the pancreas, the p-value was 0.550, 
which means that there was no difference, in the 
gallbladder p-value. -value 0.671 which means there is 
no difference. So it can be saidThere was no difference 
in the performance of upper abdominal Anatomy image 
visualization between the oral administration of 25 
grams of Activated Charcoal and simathicone.  

E. Comparison Upper abdominal anatomy image 
visualization performance  

The oral administration of Activated Charcoal 25 
grams to reduce air in the stomach, which shows 
performance of visualizing the homogeneity of the 
image of gastrointestinal system and upper abdominal 
anatomy. Proof that oral activated charcoal has the 
potential as an alternative to oral contrast media that can 
produce image visualization upper abdominal 
ultrasound optimally acceptable.  

Figure 1. Comparison of gastrointestinal air reduction 
between activated charcoal and simathicone 

       
 
It is visualized in Figure 1 that the gastrointestinal 

tract between administration ofActivated Charcoal and 
simathicone not visualized, increased echogenicity, the 
clear boundaries of the stomach are clearly visible, so 
that the stomach becomes an acoustic window to the 
surrounding organs. 

 
IV. DISCUSSION  

 
A. Giving activated charcoal orally as an alternative to 
oral contras media 

This research began with a preliminary test to test 
the activated charcoal content in the state-owned 
company Sucofindo on October 26, 2021, so that the 
feasibility of consumption and the dose that can be given 
can be determined. Followed by a preliminary test to one 
volunteer who was carried out with an upper abdominal 
ultrasound scan by giving orally activated charcoal, 
after that it was continued with research experiments. 
This study used 15 samples of volunteers in the 
treatment group and the volunteers carried out a hold on 
eating before the examination. Followed by scanning 
with 25 grams of activated charcoal mixed with 100 ml 
of water, ultrasound scanning of the liver, pancreas, 
Gallbladder and seeing the homogeneity of air in the 
stomach and intestines. According to biomedical 
Pharmaceutical and Toxicological Activated charcoal 
which has been sterilized and processed, it can be taken 

Variable p-
value 

Information 

Stomach 0.075 Homogeneous 
Intestines 0.237 Homogeneous 

No Visualization Significance(p 
value) 

Information 

Gastrointestinal system air 
1 Stomach 0.550 No 

difference 
2 Intestines 0.630 No 

difference 

No Visualization Sig (p-value) Information 
Upper abdominal anatomy 

1 Liver 0.369 No difference 
2 Pancreas 0.550 No difference 
3 Gallblader 0.671 No difference 
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orally with the recommended dose for adult 
consumption is 50-100 grams orally as a powder in 
water. Maintenance dose of 25 grams every hour, 50 
grams every 2 hours, or 50 to 100 grams every 4 hours 
[6,7]. Then 15 volunteer samples were in the control 
group. Scanning the administration of simathicone taken 
with 100 ml of water was carried out by ultrasound 
scanning of the liver, pancreas, GB and looking at the 
air in the stomach and intestines. Ultrasound scanning 
results are stored in cine mode which is then assessed by 
observers who have been working for more than five 
years with the aim of obtaining image information 
assessment results with a minimal error rate, the selected 
observers are doctors who often encounter patient 
problems with a lot of air. The observer filled out the 
checklist form by giving an assessment of 1, 2 or 3 
consisting of an anatomical assessment of the upper 
abdominal liver, pancreas and GB as well as an 
assessment of gastric and intestinal gas in the 
gastrointestinal tract, both the treatment group and the 
control group. 

There is no significant difference homogeneity 
visualization performance of the gastrointestinal system 
(stomach and intestine) and upper abdominal anatomy 
(liver, gallbladder, pancreas) the treatment group and 
the control group this happened because both images 
visualized reduced gas or air images so that they did not 
cover the visualization of the liver, pancreas, gallbladder 
images, this is a reduced reflection of air coming from 
the stomach, especially in the visualization of the 
pancreas image. The results after giving activated 
charcoal 25 grams brewed with 100 ml of water there is 
a reduction in air that covers the visualization of the 
upper abdominal image and changes in contrast in the 
anatomy with a clearer and clearer appearance of the 
boundaries and image structure. 

The air that covers the visualization of the upper 
abdominal ultrasound image appears because of the 
anatomical location of the liver, pancreas and GB which 
are close to the stomach. The stomach is the first part of 
the digestive tract which is located inside the abdominal 
cavity. It is located in the upper left quadrant and is 
shaped like a bagpipe. The anterior wall is bordered by 
the left lobe of the liver, abdominal wall, and transverse 
colon. The posterior wall is located close to the anatomy 
of the pancreas8, so that the effect on the unclear 
anatomical image of the liver, pancreas and gallbladder. 
On ultrasound examination, the gastrointestinal tract 
that becomes the acoustic window of ultrasound waves 
is the stomach and intestines, but excess gas in the 
stomach and intestines will be a barrier in the diagnostic 
process of the surrounding organs9. In basic physics 
ultrasound has a weakness when it reflects back air, 
making it difficult to evaluate. Ultrasound reflection or 
scattering occurs when the wave undergoes a change in 
acoustic impedance. the greater the difference in 
impedance at the junction of two substances the greater 
the energy disturbance with less energy being 
transmitted and more reflected, therefore these 
boundaries will often appear as bright lines or spots. Air 
and gases reflect almost all of the energy of the 

ultrasound pulses arriving through a tissue [10]. 
Therefore, an acoustic shadow is seen behind the gas 
bubble. 

Assessment of visualization of information in both 
the treatment group and the control group, due to the 
process of reducing gas or air in the gastrointestinal tract 
by giving orally activated charcoal which functions to 
absorb air in the stomach and intestine organs [11,12]. 
Therefore, it has an effect on the diagnostic performance 
of upper abdominal ultrasound resulting in image 
visualization that provides uninterrupted diagnosis 
results because it displays clearer and clearer boundaries 
and image structures. 

Oral contrast media on ultrasound is classified as 
negative contrast media, because it does not produce 
echogenicity, but instead eliminates echogenicity on 
gastrointestinal imaging that interferes with gas or air. 
Oral agents can improve imaging of abdominal 
structures by absorbing and displacing gastrointestinal 
gases [12]. Giving emulsifier oral contrast media can 
improve the visualization of upper abdominal 
anatomical structure imaging, how it works is to absorb 
and replace gas to produce a window. Oral contrast 
agents such as Simathicone have been shown to be 
helpful in imaging abdominal organs such as the 
pancreas, spleen, and kidney, although they are not as 
attractive as using contrast injection3. There are also 
cereal-based oral contrast agents that can produce nearly 
homogeneous hyper echogenicity in the gastric lumen 
and can persist long enough for detailed examination 
[13]. Activated Charcoal has the ability to absorb toxic 
materials, toxic substances that enter the digestive 
system including the stomach and intestines. According 
to the Makassar Research Center, Activated Charcoal is 
made of a carbonaceous material which has a large 
surface area and a porous structure as a result of 
exposing the raw material to high temperatures. The 
physical properties of activated carbon allow the 
adsorption of materials from liquids and gases. 

Therefore, the oral administration of Activated 
Charcoal 25 grams to reduce air in the stomach, which 
shows the performance of visualizing the homogeneity 
of the image of the gastrointestinal system (stomach and 
intestines) and upper abdominal anatomy (liver, 
Gallbladder, pancreas). Giving orally activated charcoal 
can reduce air in the gastrointestinal tract so that visually 
the process of scanning the liver, pancreas and 
gallbladder organs is obtained with clearer images. 
Especially in the pancreas organ which is very difficult 
to evaluate if there is too much air. 

Another advantage of giving oral activated charcoal 
is that the ingredients are easily available in Indonesia, 
cheaper and affordable, activated charcoal which when 
drunk does not have any taste so it is like drinking water. 
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B. Differences in the performance of the homogeneity 
of Gastrointestinal system image visualization  

In this research, visualization information is 
generated homogeneity of Gastrointestinal system 
imagery and performance of upper abdominal Anatomy 
image visualization between oral Activated Charcoal 25 
grams and simathicone. The results of the image 
information were analyzed quantitatively by being 
assessed by three observers which were then analyzed 
by the Cohen's Kappa test to determine the level of 
agreement of the three observers on the results of 
visualizing the homogeneity of the Gastrointestinal 
system image and the visualization performance of the 
upper abdominal Anatomy image. The results of 
Cohen's test showed that the level of agreement on the 
homogeneity visualization performance of the 
Gastrointestinal system (stomach and intestine) and the 
upper abdominal anatomy visualization performance 
(liver, Gallbladder, pancreas) both the treatment group 
and the control group were 0.426 and 0.793, 
respectively. the result of the assessment of the three 
observers is consensus (objective). Therefore, one 
observer can be taken for further testing. 

Based on the Mann-Whitney statistical test, it was 
stated that specifically per criteria for visualizing the 
homogeneity of the stomach and intestines there was no 
significant difference with a significance value (p-
value) of 0.550 for the stomach and (p-value) of 0.630 
for the intestine. 

There is no difference in the visualization of gastric 
and intestinal homogeneity between oral administration 
of materials Activated Charcoal 25 grams and 
simathicone caused by reduced air in the stomach and 
intestines3. When activated charcoal or simathicone is 
drunk it will reduce the air in the stomach and intestines 
and reduce homogeneity, The increased homogeneity 
will cover the organ to be evaluated [4]. So that the 
structure of the stomach and intestines can be seen more 
clearly and the stomach can be a good acoustic window 
for the surrounding organs [9]. 

C. The difference in the performance of upper 
abdominal Anatomy image visualization  

Based on the Mann-Whitney statistical test, it is 
stated that specifically per criteria in the visualization of 
liver images there is no significant difference with a 
significance value (p-value) of 0.369. 

There is no difference in visualization of the image 
of the liver between oral administration of materials 
Activated Charcoal 25 grams and simathicone. Liver 
images are equally able to show clear borders, structure 
and good contrast. The liver organ which is located in 
the upper abdomen is related to the stomach organ, so if 
the gastric organ can be a good acoustic window, it 
clarifies the structure and firm boundaries of the liver so 
that the liver can look good hypoechoic9. 

Based on the Mann-Whitney statistical test, it was 
stated that specifically per criteria in the visualization of 
pancreatic images there was no significant difference 
with a significance value (p-value) of 0.550. 

Pancreatic organ image between oral administration 
Activated Charcoal 25 grams and simathicone there is 
no difference this is because the location of the pancreas 
is near the stomach [14], orally activated charcoal in the 
form of powder and dissolved in water has the ability to 
absorb toxic materials, gases and air that enter the 
digestive system including the stomach and intestines 
[13,15]. Place the transducer on the sub-costal mid-
sagittal body in a transverse position. In visualization of 
the pancreas gas in the gastrointestinal tract is difficult 
to evaluate, with orally activated charcoal the gas in the 
stomach is reduced so that visualization of the pancreas 
is more visible in the structure and clear boundaries of 
the head, body, and tail of the pancreas9. 

Based on the Mann-Whitney statistical test, it was 
stated that specifically per criteria for gallbladder image 
visualization there was no significant difference with a 
significance value (p-value) of 0.671. 

organ image gallbladder between oral administration 
Activated Charcoal There is no difference between 25 
grams and simathicone, this is because the preparation 
of the patient without eating for two hours makes the 
gallbladder not filled with fat and looks anechoic, it is 
located on the right side of the liver. The gallbladder 
organ is more visible in its structure and clear 
boundaries [16]. Gallbladder which is located close to 
the right liver will get an acoustic window, food 
resistance also helps gallbladder visualization better 
assisted by reduced gastric and intestinal homogeneity 
so as not to hinder image visualization. 

According to the author, activated charcoal 
dissolved in 100 ml of water will fill the stomach and 
intestines, therefore visually the reduced homogeneity 
will appear so that the stomach will become an acoustic 
window for the surrounding organs. The content of 
activated charcoal 88.7% which is able to reduce air in 
the gastrointestinal tract will work faster in the stomach. 
So that activated charcoal can be used as a material that 
has the potential to reduce air in the gastrointestinal tract 
during an upper abdominal ultrasound examination. The 
limitation of activated charcoal is that there is residue 
when taken orally which makes volunteers often feel 
uncomfortable. The dose used is not based on the 
provisions of the body mass index. And further research 
needs to be done on the timing of giving activated 
charcoal. 

D. Comparison of upper abdominal Anatomy image 
visualization performance  

Oral contrast media on ultrasound is included in 
negative contrast media, because it does not produce 
echogenicity, but instead eliminates echogenicity on 
gastrointestinal imaging that interferes with gas or air. 
Oral agents can improve imaging of abdominal 
structures by absorbing gas bubbles and replacing 
gastrointestinal gas. One of the earliest oral agents was 
water [12]. 

Simathicone which forms a suspension shows 
homogeneity, reflectivity, and integration in the 
gastrointestinal (stomach and intestine) [3], According 
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to biomedical Pharmaceutical and Toxicological use 
activated charcoal has the ability to absorb toxic 
substances, toxic substances that enter the digestive 
system including the stomach and intestines Activated 
charcoal should absorb gastrointestinal air, because it is 
known to be an excellent absorber of many chemicals, 
including gases. 

According to the authors, simathicone and activated 
charcoal have the same ability to reduce gastric 
intestinal air, activated charcoal contains porous carbon 
material that is able to reduce air quickly so that oral 
activated charcoal reacts faster, it is proven that in 2 
hours the air can be reduced well in gastrointestinal 
visualization compared to simahicone which given 8 
hours before abdominal ultrasound examination. 

 
V. CONCLUSION  

 
So oral administration of Activated Charcoal has the 

potential as contrast agent to reduce gastrointestinal air, 
which displays the homogeneity of the visualization 
performance of the gastrointestinal system image and 
upper abdominal anatomy optimal. 
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Abstract — Carcinoma mammae a disease that causes 
cells in the breast to change and grow to form 
malignant tumors. The gold standard for the 
diagnosis of carcinoma mammae stage is 
histopathology results. Mammography examination 
is an alternative to the diagnosis of carcinoma 
mammae. As well as the previous method, called 
Thresholding, which has limitations, it is not enough 
to separate noise, in addition to the limited Region 
technique that produces poor contrast and relatively 
long time limitation, K-means Clustering and 
Morphological operations become an accurate 
diagnosis solution through the introduction of 
algorithms on digital images, this machine learning 
has the ability to represent features to make 
predictions so that they have the same expertise 
results with radiology specialists and even 
histopathology results. This study aims to use K-
means Clustering and Morphological operations 
which is able to detecting early stages of carcinoma 
mammae and has similar results Histopathology. 
This study used Quasi-experimental research with 
Post-test Only Control Group Design. Building 
Machine learning through the Matlab R2021a 
program. The sample used is 164 mammogram 
images. Data analysis using the validity test and 
Wilcoxon statistical test. The result showed that from 
164 samples, the machine learning model 
performance was good in detecting the stage of 
carcinoma mammae on mammogram images with an 
accuracy value of 97.35%, sensitivity of 85.74%, 
specificity of 96.92%, PPV of 88.04% and the NPV 
value of 96.91% and there are similarities with 
Histopathology results. There are similarities 
between the results of mammogram image readings 
in detecting early stages of carcinoma mammae 
between K-means Clustering and Morphological 
operations with Histopathology results with a p-
value of 0.782, which means that when machine 
learning is applied to the population, then machine 
learning provides high accuracy rates in predicting. 

Keywords — Carcinoma mammae stage, K-means 
Clustering, Morphological operations, Automatic 
detection 

 
I. INTRODUCTION  

 
Carcinoma mammae or breast cancer is a group of 
diseases that cause the cells in the breast to change and 

grow uncontrollably. Most types of cancer cells end up 
forming lumps or masses called tumors of a malignant 
nature. Breast cancer begins in the breast tissue, lobules, 
and ducts connecting the lobules to the nipples. The rest 
of the breast consists of fatty, connective, and lymphatic 
tissue (1). Breast cancer becomes a type of cancer in 
which malignant cells develop from breast tissue. Then 
the damaged cells can invade the surrounding tissues. 
Breast cancer has been one of the leading causes of 
death among women since the last decade. If cancer can 
be detected early, treatment options and the chances of 
a complete recovery will increase [2]. 

The amount of prevalence shown from carcinoma 
mammae cases that occurred based on the Data and 
Information Center of the Ministry of Health of the 
Republic of Indonesia, in 2020 stated that there were 
2,261,419 new cases in breast cancer with 684,996 
deaths worldwide. Meanwhile, in Indonesia, there are 
65,858 new cases of breast cancer with 22,430 deaths 
[3]. Seeing the number of breast cancer incidences that 
continue to increase, it is so important that breast cancer 
is detected early [4]. Breast cancer with malignant 
tumors according to the American College of Radiology 
(ACR) based on the BI-RADS Descriptor, can be 
characterized by malignant tumor characteristics such as 
forms with Irregular, lobulated, architectural distortion, 
and microbulated, spiculated, obscured, ill-defined, and 
High density edge borders. So after the detection of 
breast cancer stage classification is very important to be 
detected in order to determine follow-up treatment for 
breast cancer sufferers [5]. The classification of breast 
cancer diagnoses can be divided into different stages 
from stage 0 to IV. Determination of the stage of breast 
cancer is very necessary for treatment planning so that 
it can help improve the survival rate of patients [6]. 
According to the American Joint Committee on Cancer 
(AJCC), the stage of breast cancer is determined based 
on Tumor size, Node, and Metastasis [7]. So in breast 
cancer detection, various imaging techniques are used 
for early diagnosis of cancer, especially the imaging 
modality that is commonly used is mammography [8]. 

As a proven and effective imaging modality, 
Mammography is a special radiological screening and 
examination process using low-dose X-rays used to 
identify the presence of abnormalities in the breast such 
as cancer. Mammography provides high sensitivity to 
fatty breasts and an excellent demonstration of micro-
calcification; it strongly indicates early detection of 
cancer (9). Meanwhile, mammography imaging also 



Paper ID 113 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand  93  

does not require expensive device costs and settings and 
does not require large resources if applied for screening. 
So that Mammography becomes the best tool in the 
radiological world for early detection of breast        
cancer [10].  

Increasing obstacles in analyzing cancer detection in 
Mammograms requires expertise in the field of 
radiology. This has increased interest in developing 
automated detection systems based on Machine 
Learning (ML) methods. Therefore, Machine Learning 
(ML) models on simple, accurate, and fast technology 
are expected to help address problems and provide 
timely assistance to patients [11]. Machine Learning 
(ML) is able to recognize the development of algorithms 
on digital images and make expert diagnosis predictions 
using one of the Machine Learning (ML) models into 
development, namely, segmentation and calculation of 
total tumors. Since the accuracy of the diagnosis of 
breast cancer is necessary, in order to increase the level 
of diagnosis, a computer-aided system was developed to 
help obtain a more reliable and better diagnosis. 
Therefore, there is a need for segmentation process [12]. 

Segmentation is the process of partitioning digital 
images into several sub-regions so that they play an 
important role in the processing of medical images [13]. 
Image segmentation is used to extract regions of interest 
(ROI) and their boundaries from the image. There are 
several studies that have developed a software for tumor 
segmentation precisely including previous research, 
stating that segmentation has a variety of techniques and 
one of the limitations studied is that Thresholding has 
limitations that do not separate noise enough, besides 
that there are Region techniques that have limitations by 
producing unfavorable contrasts and Active Contour 
techniques with relatively long time limitations [14]. 
Meanwhile, studies comparing the Fuzzy C-mean, 
Fuzzy SVM Algorithm, and K-mean segmentation with 
the results of the three segmentations were almost 
relatively the same in the detection of abnormal areas of 
breast cancer, but the operation of K-means 
segmentation was relatively much faster [15]. As well 
as in previous studies, the K-Means Clustering 
algorithm technique is able to detect automatic 
boundaries, assist doctors in analyzing lesions in a short 
time and prevent biopsies and contour or boundary 
forms can describe malignant and benign lesions [16].  

From considerations based on previous 
segmentation research, K-means Clustering becomes a 
better technique, where K-means Clustering is an 
algorithm for grouping objects into a number of K 
clusters based on features [16]. K-means Clustering has 
many advantages, namely that in addition to partitioning 
abnormal areas well, it is also able to overcome the 
problem of unclear boundaries and gray scale levels, as 
well as relatively faster operation than other techniques, 
2 times faster execution time than serial computing 
using CPU, and detects some overlapping networks and 
significant homogeneous areas [17]. It's just that                      
K-means Clustering is still lacking in improving image 
quality, so there needs to be additional techniques, so in 
literature studies, it states that the disadvantage of 

segmentation techniques is that they are not able to 
improve high quality so that they need techniques that 
are able to remove segmentation imperfections, then 
there is a Morphological operations technique that has 
various features in producing quality images [16]. 

Morphological operations are image processing 
techniques related to the form of features in images 
morphological operations are usually applied to remove 
imperfections introduced during segmentation to play 
an important role in improving image quality and 
information which will reduce noise, increase the 
density, sharpness and detail of radiographic results, by 
showing an appropriate anatomical picture and can 
provide a high diagnostic accuracy value so that the 
organ  and pathology can be clearly seen. Mathematical 
morphological operations help to compose elements and 
measure the shape of the figure. It also helps to refine 
the characteristics of the imagery also helps to remove 
unwanted areas. Morphological closing operations are 
denoted by closing and opening operations [18]. This 
operation can be adapted for applications with the 
proper selection of structuring elements so that 
morphological operations are performed to get a clear 
view of the tumor [19].  

Seeing the number of breast cancer events that 
continue to increase, but manual work for this diagnosis 
is very much in need of precision, besides the weakness 
of the manual method requires skill accurately by 
selecting abnormal areas, which will take time [20]. As 
well as in the structure of the human breast, which is 
very complex also provides its own difficulties in cancer 
identification, with gray levels, texture, color, motion 
and uneven signal distribution very difficult to detect. 
Coupled with the picture of carcinoma mammae on 
mammograms is often covered by dense tissue (stroma, 
epithelium, muscles and other tissues) so it is insensitive 
to the less pronounced difference in density between 
carcinoma mammae and normal tissue [21]. So this 
underlies the difficulty of the Radiologist in determining 
the size of the tumor and determining the stage of 
carcinoma mammae. With it the accuracy in early stage 
diagnosis is diverted on the examination of 
Histopathology. 

Therefore, it is necessary to support the 
improvement of the method of developing automatic 
detection software that will reduce the problem of 
subjectivity between the results of expertise between 
radiologists and each other, as a complement to the 
mammography modality in hospitals. So in this study 
provides a solution for a digital image processing 
software to measure tumors and detect the early stage of 
Carcinoma mammae using the segmentation process, in 
this study the author will examine the results of accuracy 
between machine learning algorithm methods compared 
to the results of Histopathology examination in 
diagnosing the early stage of carcinoma mammae. It is 
hoped that the results of this study using the machine 
learning algorithm method that is built can provide 
support for a diagnosis prediction that is the same as the 
results of Histopathology in order to support the 
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diagnosis of carcinoma mammae to be more accurate, 
fast, precise and time efficient. 

Based on the description above, the proposed 
machine learning algorithm method is  the  automatic 
detection of early stage carcinoma mammae with 
segmentation of K-means Clustering and 
Morphological operations. The results are in the form of 
early stage classification. Machine learning with                      
K-means Clustering segmentation and Morphological 
operations is expected to be able to automatically detect 
the early stage of carcinoma mammae in the results of 
digital mammogram images with good and optimal 
performance. 

 
II. MATERIALS AND METHODS  

 
This type of research is a quasi-experimental study 

with a Post-test Only Control Group Design design (22). 
This research will be analyzed by comparing 
assessments using digital image processing software in 
detecting the early stage of carcinoma mammae so that 
sensitivity values, specificity, positive prediction 
values, negative prediction values and accuracy values 
are obtained. The study data source used secondary data 
from dicom images and medical records that had clinical 
carcinoma mammae. The subjects of this study were 
mammogram images with clinical Susp. carcinoma 
mammae by comparing the results of a combination of 
K-means Clustering and Morphological operations 
segmentation software with the results of 
Histopathology. The target population in the study was 
a mammogram image with a Case of Susp. carcinoma 
mammae at the Radiology Installation of RSUP Dr. 
Wahidin Sudirohusodo Makassar, while the affordable 
population is the target population with a Craniocaudal 
(CC) projection mammogram image from November 
2021-March 2022 with Susp cases. carcinoma mammae 
and has histopathology results at RSUP Dr. Wahidin 
Sudirohusodo.  The selection of samples in this study is 
included in the group of non-probability sampling 
sample selection, using purposive sampling techniques 
where researchers select research samples based on 
subjective and practical considerations in accordance 
with the desired research objectives [23]. The number of 
samples to be used in the study is 164 mammogram 
digital images. For data analysis with cross validation in 
the confution matrix where the test aims to get values 
from sensitivity, specificity, positive prediction values, 
negative prediction values and accuracy values. As for 
the statistical test, it is the Wilcoxon test by looking at 
the presence or absence of differences. 

 
III. RESULTS  

 
The results of the study were obtained by running the 

machine learning model K-Means Clustering and 
Morphological Operations through the Matlab program. 
Then a mammogram image processing page will appear. 
Running a machine learning model program starts with 
inputting the trainer dataset as sure to have been 
previously converted into a greyscale image form so that 

it can be processed by matlab. Furthermore, the training 
dataset that has been carried out by the training process 
is then saved, followed by the testing process by 
inputting the test data set in the folder that has been 
prepared. After testing, the test classification results will 
appear. 

A. Machine Learning Model K-Means Clustering and 
Morphological Operations 

The machine learning model K-Means Clustering 
and Morphological Operations is built using 
unsupervised machine learning algorithms (Figure 1). 

Figure 1. Machine Learning Model K-Means 
Clustering and Morphological Operations 

 

 
 

The process of creating a machine learning model 
program is used by parameters to control the functioning 
of the machine learning model in order to produce 
classification predictions correctly. The main purpose of 
unsupervised learning algorithms is to find previously 
unknown patterns in the data such as high-level features 
of local distinctive signs such as edges, motifs, lines, and 
other visual elements [12]. This study also used the 
introduction of Irregular, lobulated, architectural 
distortion, and microbulated, spiculated, obscured, ill-
defined edge boundaries, and High density. Meanwhile, 
the determination of the stage is based on tumor size (T), 
based on Nodes (N) and Metastases (M). The purpose of 
classification in the Carcinoma Mammae Stage detection 
study is used to detect the stage of Carcinoma Mammae, 
which means that if the detection stage is more similar to 
the results of Histopathology (gold standard) then it is 
good (Figure 2). 

Figure 2. K-Means Clustering and Morphological 
Operations Machine Learning Detection Results 
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B. Performance Validation Analysis of Machine 
Learning Models K-Means Clustering and 
Morphological Operations 

Machine learning models are applied to improve 
image classification accuracy and from various machine 
learning studies there has never been one that achieves 
100% accuracy [25]. The existence of an effective 
performance measuring tool for machine learning is 
with K Fold Cross Validation in the confution matrix, 
based on diagnostic tests from classifications that are 
dichotomous and compared to gold standards (Figure 3). 

Figure 3. Division of Fold Cross Validation 
 

 
 

Testing is a range of values that determine the 
performance ability of a machine learning model to be 
good or failed, the higher the percentage of results 
against the values of accuracy, sensitivity, specificity, 
positive prediction value (NPP) and negative prediction 
value (NPN), the better the machine learning model.  In 
assessing Machine Learning Performance. Where 
performance with a score of 0.90-1.00 is classified as 
very good, a score of 0.80-0.90 is classified as good, a 
score of 0.70-0.80 is classified as Fair or the same, a 
score of 0.60-0.70 is classified as Low, and a score of 
0.50-0.60 is classified as Failed [24]. 

Table 1. K-Fold Cross Validation Test Data Results 

 
In this study using the machine learning model                   

K-Means Clustering and Morphological Operation 
showed that the accuracy rate was 97.35%, sensitivity 
was 85.74%, specificity was 96.92%, positive 
prediction value (NPP) was 88.04% and negative 
prediction value (NPN) was 96.91%. 

C. Classification Speed Analysis 
Learning to validation stage, machine learning 

models with an image size of 50 x 50 take 10 to 15 
minutes, image size 100 x 100 15 to 30 minutes, image 
size 200 x 200 is 60 to 90 minutes [25]. Meanwhile, in 
this study, the machine learning process of K-Means 

Clustering and Morphological Operations was validated 
to determine the accuracy, sensitivity, specificity, 
positive prediction value (NPP), negative prediction 
value (NPN) and error rate in two stages, namely 
learning (Training) and testing (Tasting). In the learning 
(Training) and test (Tasting) stages, it takes 37,676 
seconds against 818 image.  

D. Comparison of Machine Learning Performance of K-
Means Clustering and Morphological Operations with 
Histopathology Results 

Histopathology laboratory results which are gold 
standards as a comparison to the performance results of 
the Machine Learning K-Means Clustering and 
Morphological Operations models to find out whether 
the machine learning models made can be a support for 
radiologists in hospitals. 

Table 2. Wilcoxon Test Results 

Test Statisticsa 
Stage Detection of Histopathology Results - Stage 

Detection of Machine Learning K-Means Clustering and 
Morphological Operations 

negative 
ranks -.277b 

Signed .782 
 

The results of the study with comparative test 
wilcoxon showed no significant difference from the 
performance results of the Machine Learning K-Means 
Clustering and Morphological Operations models with 
the results of Histopathology, so drawing conclusions 
based on hypotheses that mean alternative hypotheses 
were accepted that there was no difference in the results 
of mammogram image readings in detecting early stage 
Carcinoma mammae between the segmentation of 
machine learning K-means Clustering and 
Morphological operations with the results of  
Histopathology. From the results of the Wilcoxon test, 
the segmentation of machine learning K-means 
Clustering and Morphological operations with the 
results of Histopathology with a p-value (p>0.05) of 
0.782. 

 
IV. DISCUSSION  

 
This study was conducted on mammogram images 

using the Machine Learning K-Means Clustering and 
Morphological Operations model model models in the 
Matlab program. The image samples used totaled 164 
mammogram images consisting of 155 mammogram 
data of carcinoma mammogram and 9 data of normal 
mammograms. Mammogram images are dominated in 
the age range of 25-75 years. Based on this, it refers to 
the results of research based on the amount of 
prevalence in a large study of Global Cancer Statistics 
which states that the average age of carcinoma 
mammae cases is 50 years (interquartile range 35-58 
years), 87% of cases aged 30-75 years and 13% are 
aged ≥75 years, and the number of female patients is 
98% [1]. 

 
      Fold 

 
  Sensitivity 

 
 Specificity 

      Positive     
   predicted value                    

      (NPP) 

Negative 
predicted 

value 
(NPN)                        

       
        Accuracy 

Fold 1 85,74% 96,92% 78,04% 96,91% 97,35% 

Fold 2 75,86% 98,12% 86,51% 98,39% 98,17% 

Fold 3 85,94% 96,15% 77,34% 95,80% 97,15% 

Fold 4 76,82% 93,71% 93,25% 97,01% 96,95% 

Fold 5 96,66% 99,79% 93,33% 99,78% 99,58% 

Average 85,74% 96,92% 88,04% 96,91% 97,35% 
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The image sample obtained retrospectively from 
CR at the hospital location is at RSUP Dr. Wahidin 
Sudirohusodo Makassar. The data collection process 
starts in the period January 2022-April 2022. Digital 
mammogram images were obtained as many as 818 
image data divided into training data sets of 654 data 
consisting of 618 mammograms of carcinoma mammae 
and   36   mammograms   of   normal, while   for   the 
confirmed test data set of 155 mammograms of 
carcinoma mammae and 9 normal mammograms, so 
that the total sample used was 164 samples. Samples 
confirmed carcinoma mammae based on the results of 
the Histopathology Laboratory, then normal samples 
are validated by an anatomical pathology specialist. 

The performance assessment of the K-Means 
Clustering and Morphological Operations machine 
learning model classification is carried out after 
running the machine learning model program and 
calculated using K Fold Cross Validation and 
confusion matrix for further diagnostic tests with 
indicators of monitoring the performance of a machine 
learning model, namely accuracy, sensitivity, 
specificity, positive prediction value, and negative 
prediction value [24]. In addition to the assessment on 
the performance of machine learning models, a 
comparative assessment of machine learning K-Means 
Clustering and Morphological Operations was also 
carried out on histopathological results. Histopathology 
results are the gold standard in the detection of 
carcinoma Mammae stage, therefore to determine the 
acceptance of machine learning models, model 
performance is combined with Histopathology results 
because it has the highest performance value. So to find 
out the proportion of machine learning models K-
Means Clustering and Morphological Operations, it is 
necessary to compare with the results of 
Histopathology. 

A. Machine Learning Model K-Means Clustering 
and Morphological Operations 

A machine learningstructure is called unsupervised 
machine learning algorithms, this coding is for the 
process of training training training images and test 
images, in order to display information that the 
architecture on each layer is valid and there are no 
layers that error with the pattern. Research in specific 
cases can use multi-layer perceptron patterns for 
cluster purposes. In this pattern, the image to be 
recognized can flatten the number of matrices to be 
recognized, for example 3x3 into a 9x1 vector [59]. 
However, if applied to this study, the binary image used 
will show an average positive prediction value score 
during the image prediction process, so that a little or 
no accuracy value is obtained when the image used has 
an overall pixel dependence. In addition, unsupervised 
machine learning algorithms can capture spatial and 
temporal dependencies in an image through the 
application of relevant filters, therefore the architecture 
of unsupervised machine learning algorithms on 
network deployments can be trained to better 
understand the sophistication of input images.  The   
advantage of   the  unsupervised   machine learning 

algorithms architecture used by researchers is that it 
can reduce images to a form that is easier to process and 
does not need to label the data first, so it does not need 
to take time, without losing very important features to 
get good predictions. It's just that in machine learning 
K-Means Clustering has the disadvantage of only being 
able to read predetermined clusters, not reading other 
parts, so it shows that the more clusters the better, 
which will greatly affect the improvement of diagnostic 
tests. 

B. Performance Validation Analysis of Machine 
Learning Models K-Means Clustering and 
Morphological Operations 

In this study using the machine learning model K-
Means Clustering and Morphological Operation 
showed that the accuracy rate was 97.35%, sensitivity 
was 85.74%, specificity was 96.92%, positive 
prediction value (NPP) was 88.04% and negative 
prediction value (NPN) was 96.91%. Among all the 
results, the sensitivity value was rather low, where the 
sensitivity illustrated the ability of the K-Means 
Clustering and Morphological Operation machine 
learning models to provide positive values when the 
gold standard histopathology results also produced 
positive values. While the value obtained sensitivity 
value is lower than other values, this is due to where 
there are some images that structuredly do not show the 
tumor as a whole or in other words there is a picture of 
the tumor that is truncated so that there are 12 images 
from 164 test data that have the results of detecting the 
stage of carcinoma mammae which is different from the 
results of Histopathology. 

The results of the K-Means Clustering and 
Morphological Operation machine learning model 
performance classification show that the level of 
accuracy, specificity and negative prediction value 
(NPN) is above the range of 0.90-1.00 which means 
that the ability of the K-Means Clustering and 
Morphological Operations machine learning models to 
carry out the classification of mammae carcinoma 
stages and normal classification of digital 
mammography images and the ability of machine 
learning models to detect mammograms  normal as well 
as the ability of machine learning models to detect 
normal mammograms and classify them as normal it 
can be concluded that machine learning is said to be 
"very good" used to detect the stage of mammae 
carcinoma. 

For sensitivity and NPP values are above the range 
of 0.80-0.90 which means that the ability of machine 
learning models to detect mammograms of carcinoma 
mammae and the ability of machine learning models to 
detect Susp carcinoma mammae and classified as 
carcinoma mammae are said to be "good. 

Based on the accuracy value obtained as much as 
97.35%, it means that there is still an error of 2.65% 
caused by some of the constraints previously described 
from the application of the K-Means Clustering and 
Morphological Operations machine learning model in 
detecting carcinoma mammae, but supported by the 
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basic results of testing, it can still be concluded that 
machine learning is still categorized as very good for 
detecting stages carcinoma mammae. 

C. Classification Speed Analysis 
In the learning (Training) and test (Tasting) stages, 

it takes 37,676 seconds against 818 image. So that the 
learning stage (Training) takes 30,140 seconds to 654 
data. Meanwhile, the test stage (Tasting) takes 7,535 
seconds against 164 data. So the time of classification 
speed of machine learning process K-Means Clustering 
and Morphological Operations takes 46 seconds for 1 
data, in the form of classification of description 
Carcinoma mammae stage Ia, Ib, IIa, IIb, IIIa and 
normal. 

The speed of classification in machine learning K-
Means Clustering and Morphological Operations will be 
influenced by the size and number of images used. The 
higher the size and number, the longer it takes. But it's 
just that if the image size gets smaller, it will reduce the 
number of pixels and decrease the resolution of the 
mammogram image which causes image information on 
the digital mammogram, this is one of the reasons in this 
study directly using the original image. 
 
D. Comparison of Machine Learning Performance of K-
Means Clustering and Morphological Operations with 
Histopathology Results 

From the results of the Wilcoxon test, the 
segmentation of machine learning K-means Clustering 
and Morphological operations with the results of 
Histopathology with a p-value (p>0.05) of 0.782, with 
the meaning that when machine learning is applied in 
the population, machine learning provides a number of 
high accuracy in predicting. Therefore, the alternative of 
this method is to minimize the errors that occur, the 
mammogram population is even longer than this study 
which is able to reach one year or even more, and uses 
test data that meets the image criteria where structuredly 
showing the tumor picture as a whole is not cut and 
adding many clusters in the K-Means Clustering test, 
because the more clusters the more also able to be 
identified machine learning. So by paying attention to it 
is able to reduce the level of errors that occur. The K-
means Clustering and Morphological operations 
machine learning model that was built is a software to 
assist radiology specialists in determining diagnoses 
amid the lack of accuracy in detecting the stage of 
carcinoma mammae so that a machine learning software 
is needed to ease the work, improve the diagnosis 
process and still get fast and accurate results. For this 
reason, the machine learning model of K-means 
Clustering and Morphological operations can be used on 
the condition that the verification of the diagnosis 
decision is still referred based on the confirmation and 
justification of the radiology specialist. 

 
 
 
 
 

V. CONCLUSION  
 

1. There are similarities in the results of mammogram 
image readings in detecting early stage Carcinoma 
mammae between K-means Clustering and 
Morphological operations machine learning 
segmentation with Histopathology results with a p-
value (p>0.05) of 0.782. with the meaning that when 
machine learning is applied in the population, then 
machine learning provides a high number of 
accuracy in predicting. 

2. The sensitivity value of machine learning K-means 
Clustering and Morphological operations has a value 
of 85.74% with a value of 0.8574 range (0.80-0.90) 
which means "good”. 

3. The specificity value of machine learning K-means 
Clustering and Morphological operations has a value 
of 96.92% with a value of 0.9692 range (0.90-1.00) 
which means "very good". 

4. The positive predicted value (NPP) of machine 
learning K-means Clustering and Morphological 
operations has a value of 88.04% with a value of 
0.8804 range (0.80-0.90) which means "good". 

5. The negative predicted value (NPN) of machine 
learning K-means Clustering and Morphological 
operations has a value of 96.91% with a value of 
0.9691 range (0.90-1.00) which means "very good”. 

6. The accuracy value of machine learning K-means 
Clustering and Morphological operations has a value 
of 97.35% with a value of 0.9735 range (0.90-1.00) 
which means "very good”. 
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Abstract — T2 Mapping sequence MRI imaging is 
one of the MRI examination sequences developed to 
assess the musculoskeletal architecture including the 
intervertebral disc. The parameter that affects the 
T2 Mapping sequence is the Time of Repetition (TR). 
T2 Mapping sequence is still in the research stage 
with various TR values. This study aims to determine 
the effect of variations in the TR value on the T2 Map 
value of the intervertebral disc on Grade I - IV on 
the Modified Pfirrmann scale and the optimal TR on 
the T2 Mapping sequence. Sagittal T2WI and T2 
Mapping TRs of 1000, 2000, 3000, 4000, and 5000 ms 
were performed on 21 volunteers (aged 23 – 33 years) 
with 490 lumbar intervertebral discs. The samples 
were categorized based on the modified Pfirrmann 
grade I – IV scale. Data analysis looked at the effect 
of variations in TR values on the mean T2 Map and 
optimal TR values for the lumbar intervertebral disc 
using the Kruskal-Wallis test. The variation of the 
TR value on the mean of T2 Map value of the 
intervertebral disc showed a significant effect (all 
p<0.05). The greater the TR value, the more 
scanning time and the mean of the T2 map value, the 
less appropriate the Pfirrmann modified scale 
grading category. The Kruskal-Wallis Mean Rank 
shows that TR 2000 ms is the optimal TR in assessing 
the degree of degeneration qualitatively on the T2 
Mapping sequence with a scanning time of 3 minutes 
28 seconds. Sequence T2 mapping with TR 2000 ms 
value is good for assessing intervertebral disc 
degeneration qualitatively with relatively short 
scanning time. 

Keywords — T2 Mapping, Sequence, Time of 
Repetition (TR), Intervertebral Disc, Degeneration, 
T2 Map Value 

 
I. INTRODUCTION  

 
Magnetic resonance imaging (MRI) is a diagnostic 

radiological examination technique in the field of 
medicine that produces images of human body parts 
using magnetic fields and radiofrequency. MRI is a non-
invasive imaging modality that can visualise the 
morphology, anatomy, and pathology of one of the 
intervertebral discs [1,2]. 

The intervertebral disc is a fibrocartilage cushion 
that has the function of transmitting body weight and 
providing flexibility to the spine. The intervertebral disc 

is the largest avascular organ in humans, which requires 
nutritional intake in the form of oxygen and glucose 
from blood vessels. As we age, the structure of the 
vertebrae and the vascularity around them will 
experience a decrease in function, resulting in clinical 
pathology, one of which is intervertebral disc 
degeneration[3]. 

Early detection of intervertebral disc degeneration is 
crucial to prevent and/or reduce morbidity. Based on 
data from the Global Health Data Exchange (GHDx), 
Low Back Pain (LBP) is the 6th highest cause of 
disability in the world, with a disability-adjusted-life-
years (DALYs) value of 64.9 million or 2.6%[4]. A 
meta-analysis study in 2018 stated that 5.5% of all Low 
Back Pain (LBP) cases in the world per year[5]. Based 
on research by Kumbea, et al (2021), the exact number 
of low back pain sufferers in Indonesia is unknown, but 
it is estimated that between 7.6% and 37% are caused by 
intervertebral disc degeneration[6]. 

The degree of intervertebral disc degeneration is 
very important to know in determining the type of 
management that will be given to the patient. Patients 
with mild degrees of degeneration require molecular 
therapy aimed at restoring disc morphology and 
function[7]. Assessment of the degree of intervertebral 
disc degeneration generally uses a scoring system based 
on the modified Pfirrmann scale[8]. 

The Pfirrmann modified scale system is a commonly 
used grading system for the degree of intervertebral disc 
degeneration (IDD) [8,9] in this grading system, IDD is 
assessed using the MRI modality and categorised into 8 
grades on the Pfirrmann modified scale [8]. The grading 
is based on intervertebral disc signal intensity, 
intervertebral disc structure, the boundary between the 
nucleus pulposus and the annulus fibrosus, and 
intervertebral disc height [8,10].  

Imaging to detect the IDD process caused by low 
back pain is to perform Lumbar MRI. The commonly 
used Lumbar MRI sequence is the sagittal section T2-
Weighted Image (T2-WI) sequence. IDD assessment 
based on the pfirrmann modified scale with sagittal T2-
WI images often leads to inaccuracies in categorising 
disc degeneration[11]. With the development of 
technology in the medical field, one of the sequences on 
MRI that is starting to be developed for early detection 
of degeneration, especially intervertebral discs, is the T2 
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Mapping sequence, which provides quantitative and 
more accurate results [7]. 

T2 Mapping is a magnetic resonance imaging 
technique used to calculate the T2 time of a specific 
tissue and display it on a parametric map. T2 Mapping 
sequences are one of the MRI examination sequences 
that are currently widely developed to assess cell 
macromolecular architecture, inter-matrix interactions, 
water molecular motion and integrity of collagen and 
proteoglycans because they have high sensitivity, so 
they can provide a quantitative assessment of the 
structure of the tissue to be examined [12]. T2 mapping 
examination methods differ in each health centre and 
provide significant differences in T2 values. The 
difference in T2 mapping values depends on the 
sequences used for image acquisition at each institution 
[13]. Therefore, it is necessary to normalise the 
calculation of T2 mapping values in the same patient, 
which is called the calculation of the average T2 map  
[14]. Imaging studies with T2 mapping sequences for 
the evaluation of lumbar intervetebral discs in sagittal 
sections currently have long scan times. A long scan 
time in one sequence will cause arterfacts due to the 
patient's movement when in pain while lying down [7]. 
There are several parameters that reduce the scan time 
of imaging with T2 Mapping sequences including Time 
of Repetition (TR) [15]. 

Time of Repetition (TR) is the repetition time 
between one pulse sequence and the next[15]. T2 
Mapping image capture generally uses the multiecho 
spin-echo (ME-SE) technique which uses a single TR 
and 3 - 8 Time of Echo (TE) parameters[16]. 

In recent years, there has been research related to T2 
Mapping of intervertebral discs, and has a variety of TR 
values. The TR values used vary such as TR 1000 ms by 
Izaya Ogon et al in 2014 [17], TR 1200 ms by Alina 
Messner in 2015 [18] and Marcus Raudner et al in 2020 
[7], TR 2500 ms was used by Feifei Zeng et al in 2018 
[19], TR 3000 ms Federico Bruno et al in 2019 [12] and 
TR 5000 ms by Anna-Katharian Kolf et al in 2019 [20]. 
Based on the background, the researcher is interested in 
conducting an analysis of variations in Time of 
Repetition (TR) values on the mean T2 map value of 
sagittal lumbar intervertebral discs with 3.0T MRI: 
study on disc degeneration disease. This is because the 
research above still has a long scan time in the range of 
07 minutes 55 seconds [7] to 14 minutes 37 seconds 
[12,20]. 

II. MATERIALS AND METHODS  
 

A. Patient data collection 
The subjects of the study were volunteers who would 

be subjected to Lumbar MRI examination of T2 
sequences and T2 Mapping Sagittal Pieces with TRs of 
1000, 2000, 3000, 4000, and 5000 ms performed on 21 
volunteers (aged 23 - 33 years) the sample acquisition 
was 490 lumbar intervertebral discs. The samples were 
categorised based on the modified Pfirrmann grade I - 

IV scale. Preliminary research was conducted from June 
2021 to September 2021, while data collection was 
conducted from April 2022 to June 2022. Sample 
determination was carried out by random allocation with 
inclusion criteria: Volunteers with complaints of low 
back pain, Volunteers have no history of spinal surgery, 
especially lumbar. Exclusion criteria: Volunteers are not 
pregnant, Non-cooperative patients. 

B. Study Design 
The study is a quasi-experimental research with a 

simple experimental design (Post-test Only Control 
Group) which aims to determine the effect of changes in 
TR value variations on intervertebral disc T2 Map  
values at Grade I to IV Modified Pfirrmann scale[21] 
and optimal TR on T2 Mapping sequences. Data 
analysis looked at the effect of varying TR values on 
mean T2 Map and optimal TR values for lumbar 
intervertebral discs using the Kruskal-Wallis test. 

C.  Magnetic resonance imaging (MRI) 
All MRI examinations were performed using a 

Philips MR Ingenia 3.0T. Morphological assessment 
was performed using sagittal, axial, and coronal T2-
Weighted Image (T2-WI) images, as well as sagittal T1-
Weighted Image (T1-WI). 

T2 Mapping sequences were performed in axial and 
sagittal plane views, with TRs of 1000, 2000, 3000, 
4000, and 5000 ms, as well as echo train length of 6, 
with TEs of 20, 40, 60, 80, 100, and 120 ms. All 
sequence parameters are presented in Table 1. 

Mean T2 Map values were calculated on-site using 
MR Cartilage Assessment (Philips Intellispace Portal 
for MRI). All patients had a lower leg brace (maximum 
height 15 cm) placed accordingly during the examinatio 
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Table 1. MR Sequence Parameters (Philips MR Ingenia 3.0T) 

  

T1-WI 
mDixon_TSE 

T2-WI 
Sag 

T2-WI 
FatSat 

Sag 

T2-WI 
Cor 

T1-WI 
Ax 

T2-WI 
Ax  T2 ME-SE (T2 Map Discus gram) Sag 

T1-WI 
Sag 

T1-WI 
Fatsat 
Sag 

Time of 
Repetition 
(ms) 

Range 550-600 2000 2000 2000 
Range 
500-
650 

Range 
2000-
5000 

1000 2000 3000 4000 5000 

Time of 
Echo (ms) 9 60 60 60 9 120 20, 40, 60, 80, 100, 120 

Field of 
View 
(mm) 

160 x 260 160 x 
260 

160 x 
260 

160 x 
260 

160 x 
160 

160 x 
160 160 x 260 

Voxel Size 
(mm) 0,95 x 1,14 0.75 x 

0.7 
0.75 x 

0.7 
0.75 x 

0.7 
0,8 x 
0,8 0,7 x 0,9 1 x 1 

Slice 
Thickness 
(mm) 

5 5 5 3 3 3 5 

Interslice 
Gap (mm) 0,5 0,5 0,5 0,3 0,3 0,3 0,5 

Number 
of Slice 21 21 15 15 15 5 x 5  5 x 5 11 11 11 11 11 

Scan 
Time 04.59 04.54 06.32 04.54 04.24 02.53 01.44 03.28 04.30 06.40 07.50 

 
 

III. RESULTS  
 

A. Sample Characteristics 
Data collection was carried out from April to June 

2022 at the Radiology Cluster of the Kencana Integrated 
Service Installation, Dr Cipto Mangunkusumo National 
Hospital Jakarta. The number of volunteers was 21 
people with the characteristics presented in Table 2 and 
Table 3 

 
Table 2. Sample Characteristics 

Sample 
Characteristics 

Male Female 

Mean ± SD Mean ± SD 

Age 29 ± 4 years 28 ± 5 years 

Weight 71.5 ± 8.5 Kg 60 ± 20 Kg 

 
Table 1 shows that the age and weight characteristics 

of volunteers are relatively similar and there are no 
significant differences in the characteristics of the 
sample. The total number of samples that met the 
inclusion criteria was 21 people. 

The average age of male subjects was 29 years with 
a range of 24 - 33 years with an average body weight of 
71.5 kg with a range of 63 - 80 kg, while the average age 
of women was 28 years with a range of 23 - 33 years 
with an average body weight of 60 kg with a range of 40  

- 80 kg, and a total of 490 Lumbar Vertebrae Discs were 
sampled. 

 
Table 3. Sample Patient by Gender 

Sample by 
Gender 

Number of 
Patient (n) Percentage (%) 

Male 4 19,05% 

Female 17 80,95% 

Total Sampling 21 100% 

 
Table 3 shows a description of the gender 

characteristics of the sample, where the number of 
female samples is greater than male. There were 17 
women (80.95%) and 4 men (19.05%). 

All volunteers performed MRI of the Lumbar 
Vertebrae T2-WI Sagittal Sequence as shown in Figure 
1, this is to see the condition of the spine, especially the 
Lumbar Spine before the study. If it meets the inclusion 
criteria, the next process is carried out, namely MRI of 
the Lumbar Vertebrae with the T2 ME-SE sequence (T2 
Map Discus gram) Sagittal following the Sagittal T2-WI 
which has been done five times with a variation in TRs 
value (1000, 2000, 3000, 4000, and 5000ms) in each 
repetition of the sequence, no respondents resigned, all 
continued until the examination was completed. Figure 
1 shows samples of MRI images of Lumbar Vertebrae 
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T2-WI Sagittal Sequence and MRI of Lumbar Vertebrae 
T2 ME-SE (T2 Map Discus gram) Sagittal Sequence. 
Figure 1. MRI images of lumbar vertebrae Sagittal T2-
WI sequences (A), Grade I (b); Grade II (a); Grade III 
(c); Grade IV (d) and (e), Modified Pfirrmann Scale 
Grade 1 to IV(B)[8] 
 

 
 

B. Kruskal-Wallis t-test assessing the effect of varying 
TR values on mean T2 Map on Sagittal MRI of 
Lumbar Intervertebral Disc. 

 
Table 4. Kruskal-Wallis test Analysis Results 

TR value 
(ms) 

Pfirrmann's Modified 
Grading Scale p-value 

TR 1000  Grade I, II, III, IV 0,000 

TR 2000 Grade I, II, III, IV 0,000 

TR 3000 Grade I, II, III, IV 0,000 

TR 4000 Grade I, II, III, IV 0,000 

TR 5000 Grade I, II, III, IV 0,000 

 
The results of the Kruskal-Wallis non-parametric 

statistical test in Table 4 state that there is an effect of 
variations in changes in the value of Time of Repetition 
(TR) on the average value of the T2 Map, with a 
significance value of p = 0.000 (p < 0.05) at TRs of 
1000, 2000, 3000, 4000, and 5000 ms. 

The effect of variations in TR values generally 
affects scan time, the greater the TR value will increase 
scan time as stated by A. Tanjung, (2013)[22]. Based on 
this study, the author has a view on the effect of 
variations in TR values on the value of the T2 map. TR 
is a parameter in the T2 Mapping sequence that is 
varied, while other variables are made similar. Different 
TR produce different T2 Map values. 

 
C. Mean Rank in determining the optimal TR on T2 

Mapping sequences 
To find out which TR value is better in producing 

the optimal mean T2 Map value, the mean rank results 
of the Kruskal Wallis test can be seen in Table 5. 
 

 
 
Table 5. Means Rank results of the Kruskal-Wallis Test 

T2 Map 
Mean 
Value 

Mean Rank of TR Value 
TR 

1000 
TR 

2000 
TR 

3000 
TR 

4000 
TR 

5000 
Grade I 61.92 66.70 62.79 62.61 58.73 
Grade II 57.41 55.05 56.95 57.37 60.98 
Grade III 17.00 16.45 20.09 16.00 15.82 
Grade IV 13.82 9.27 9.91 12.91 10.64 

 
Based on table 5, the results show that TR 2000 ms 

has the highest mean rank value on the T2 Map Grade I 
Modified Pfirmann Scale value of 66.70, TR 5000 ms 
has the highest mean rank value on the T2 Map Grade II 
Modified Pfirmann Scale value of 60.98, TR 3000 ms 
has the highest mean rank value on the T2 Map Grade 
III Modified Pfirmann Scale value of 20.09, and TR 
1000 ms has the highest mean rank value on the T2 Map 
Grade IV Modified Pfirmann Scale value of 13.82. 
 
 
Figure 2. The graph shows that the mean rank of TR 
2000 ms is relatively the highest, compared to other TR 
values and the TR 2000 ms value is a good TR reference 
value to be used in T2 Mapping sequences in obtaining 
the mean value of the T2 Map. 
 

 
 
Figure 2 shows that the mean rank between the TR 

values is actually not much different. The mean rank of 
TR 2000 ms is relatively the highest, compared to other 
TR values. Figure 2 also shows that the TR 2000 ms 
value is a good TR reference value for use in T2 
Mapping sequences in obtaining the mean T2 Map 
value. 

 
IV. DISCUSSION 

 
This study was conducted on volunteers who came 

to the Radiology department. MRI examination of 
Lumbar Vertebrae with complaints of lower back pain 
that has an age range of 18 - 45 years with a total sample 
of 21 people who meet the inclusion criteria and 

61.92 66.7 62.79 62.61
58.7357.41 55.05 56.95 57.37

60.98

17 16.45 20.09 16 15.82
13.82 9.27 9.91 12.91 10.64

0
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Mean Rank
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determination of discs is done by calculating the average 
value of T2 Map based on the reading results of a 
Musculoskeletal Consultant Radiologist with more than 
10 years experience in the field as a validator and 
obtained as many as 98 Discs. 

The collected samples have characteristics: in male 
samples with an average age of 29 years with a range 
between 24 - 33 years, there are 4 people with an 
average body weight of 71.5 kg with a range between 63 
- 80 kg. While the female sample has an average age of 
28 years with a range between 23 - 33 years of 17 people 
with an average body weight of 60 kg with a range 
between 40 - 80 kg. The total number of lumbar 
vertebrae discs calculated by the T2 Map was 490 discs. 
This condition is almost the same as that reported by 
Peng et al, 2013[23]; Kalleward et al, 2010[24]; and 
Zhang et al, 2009[25], who said that patients with early 
degeneration of intervertebral discs accompanied by 
low back pain often attack people with a young adult age 
range. Age is reported to be closely related to the 
process of intervertebral disc degeneration [23-25]. 

A. Effect of variation in Time of Repetition (TR) value 
changes on the average T2 Map value 

The average value of the T2 Map produced allows 
for uncertainty, there are several values produced in ROI 
measurements that produce different values with the 
modified Pfirrmann scale grading scale. The uncertainty 
of the Pfirrmann Scale has been suggested by Chun 
Chen, et al (2013)[26] and Federico Bruno, et al 
(2019)[12]. The Pfirrmann modified scale by Griffith, et 
al (2007)[8] serves to reduce the level of double 
perception that occurs on the Pfirrmann scale. The 
Modified Pfirrmann scale used in this study and the 
results of the measurements on the T2 Map sequences 
show that there are several mean values of the T2 Map 
that have discrepancies. This occurred at TR values 
above 2000 ms. The average value of the T2 Map that is 
different in the variation of the TR value shows that 
there is an influence on the output of the average value 
of the T2 Map. 

 
B. Optimal Time of Repetition (TR) value 
 
Figure 3. (A) Sagittal T2WI with Pfirrmann Modification 
Scale, (B) Sagittal T2 Map TR 2000 ms, (C) Sagittal T2 Map 
TR 2000 ms with T2 Map Value 
 

 
 
The mean rank Kruskal-Wallis test shows that the 

TR value of 2000 ms is the optimal TR value in the T2 
Mapping sequence. Figure 3 The T2 Mapping image 
with TR 2000 ms is better in image quality, sharpness 

and boundaries between tissues are firmer, making it 
easier to do Return on Investment (ROI) contouring to 
get an accurate average T2 Map value and has a scan 
time for the T2 Map sequence of about 3 minutes 28 
seconds. 

 
V. CONCLUSION  

 
1. The study was conducted using a variety of TRs of 

1000, 2000, 3000, 4000, and 5000 ms in the T2 Map 
sequences. The value of each TR on the same disc 
produces a different mean value of the T2 Map. The 
mean value of the T2 Map is also different and 
shows the uncertainty of each grading of the 
Modified Pfirrmann scale which is the reference 
grading of disc degeneration. The results showed 
that there was an effect of Time of Repetition (TR) 
variation on the mean value of the T2 Map of 
lumbar MRI of sagittal slices of intervertebral discs 
with 3 Tesla MRI in evaluating the degree of 
intervertebral disc degeneration, according to the 
Kruskal-Wallis test significance value (p = 0.000) 
or (p < 0.05). The effect of variations in TR value 
generally affects scan time, the greater the TR value 
will increase scan time. 

2. In this study, the TR 2000 ms value is well used in 
T2 mapping in qualitatively assessing intervertebral 
disc degeneration with a relatively short scan time 
of 3 minutes 28 seconds, indicating that TR 2000 
ms is the optimal TR used in T2 mapping. 
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Abstract — Positioning the patient and radiography 
techniques employing General X-ray are the 
fundamentals that a Radiological Technology 
student must understand. Because of the Covid-19 
outbreak, online training has become the primary 
instructional technique. Students may lose interest in 
studying as a result of the lack of communication. 
The purpose of this study was to develop Virtual 
Reality learning resources that might be utilized as 
teaching aids. Lower Extremity Positioning was 
researched and developed utilizing General X-ray 
documentation and VDO360 degree. Permitting 
three experts to experiment with virtual reality 
learning materials and conducting three evaluations, 
including the Technology Acceptance Model, content 
and media appropriateness, and Content Validity 
Index, and using the data to design virtual reality 
learning materials displayed on the Oculus Rift S. 
The sample group was subsequently provided with 
the evaluated learning materials. Radiology 
technical third-year students(n=31) from the Faculty 
of Medicine at Prince Songkhla University were 
selected at random to submit the examination and 
satisfaction evaluation form. According to the 
findings of the research, the three evaluations' 
results were acknowledged by the three experts and 
were adequate in terms of content and media 
appropriateness (풙  = 4.29, SD = 0.53). The sides of 
the Technology Acceptance Model 3 were approved 
(풙  = 4.31, SD = 0.66). The exam was consistent with 
the Content Validity Index score (S-CVI = 0.934) and 
the exam was consistent with the Content Validity 
Index score (풙  = 4.31, SD = 0.66) At the 0.05 
significant level, the student post-test score (풙 = 
17.00, SD = 1.50) seemed to be higher than the pretest 
score(풙=11.00, SD = 3.00), and the student's 
satisfaction feedback with the learning material was 
at the highest level (풙 =4.73, S.D. = 0.13). Student 
feedback indicates that VDO 360 degree General X-
Ray Positioning Lower Extremity Virtual 
Simulation is an efficient instructional tool for 
radiography. Due of its practical use, virtual reality 
simulation  is seen as a significant instructional tool 
by students. To realize the advantages of virtual 
reality, it must be methodically integrated into the 
curriculum 

Keywords — Virtual Reality, Positioning Lower 
Extremity, General X-ray 
 
 

I. INTRODUCTION  
 

Positioning the patient and radiography techniques 
employing General X-ray are the fundamentals that a 
Radiological Technology student must understand. 
Technology in Virtual Reallity is being used extensively 
in education as a major instrument as well as a 
supporting one [1]. Because of the Covid-19 outbreak, 
online training has become the primary instructional 
technique. Students may lose interest in studying as a 
result of the lack of communication. employs video 
lectures and audio snippets primarily for teaching and 
learning, with the study of technical students. The 
information gained from the theory must be put to use 
in real-world situations. Students studying to become 
radiation technicians should have a basic understanding 
of how to arrange patients for X-rays. This is necessary 
so that the radiography may be positioned correctly for 
the patient. to enhance the clarity of radiography 
pictures. The same topic will seem from diverse 
perspectives due to varied stances. However, there are 
restrictions, such as study space and time. difficult to 
completely utilize study equipment Because there aren't 
enough X-ray equipment and there are a lot of patients 
to check, This prevented the Radiological Technology 
student from honing their talents to their greatest 
potential. 

Solving these issues will increase learners' interest in 
studying and aid in their knowledge of the teachings. As 
a result, teaching media have been used in many 
different ways, including communication through 
learning media on a computer network. construct 
instructional materials that provide information about 
patient placement during the examination of the lower 
extremities position using X-ray equipment using 
virtual reality [1]. This is the most well-liked in the test 
and has the most retake rate in x-ray. and to help pupils 
grasp the information more clearly Teaching is more 
productive. The user is provided with the most 
advantageous experience that is realistically achievable 
through the utilization of the interactive training tool for 
virtual reality. This stands in sharp contrast to more 
conventional methods of training that focus on the 
transfer of knowledge and talents [2]. Therefore, this 
research has the idea to develop educational media on 
the subject using virtual reality. Virtual reality 
technology simulates the alignment of the lower 
extremities using X-ray equipment. allowing students 
studying radiological technology to use virtual reality 
technologies It helps to catch the technical students' 
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attention and may be used to review the material on the 
subject of setting the patient's position of lower 
extremities for an X-ray machine [3,4]. It will be 
produced using equipment that the Department of 
Radiology, Faculty of Medicine, Prince of Songkla 
University, has available for producing accurate and 
comprehensive virtual world technology and the 
purpose of this study was to develop Virtual Reality 
learning resources that might be utilized as teaching 
aids. 

 
II. MATERIALS AND METHODS  

 
This study was approved by the Ethics committee of 

the Faculty of Medicine, Prince of Songkla University. 

The instruction manual for the VR software is 
available to the students. To teach students how to use 
the software and hardware, which included the VR 
headset Oculus Rift S, hand controllers, computer 
hardware AMD Ryzen 7 3700X 8-Core 3.59GHz PC for 
running programs, and AMD Radeon RX 5700 graphics 
card, face-to-face introductory training in the VR suite 
was also made available. Students in figure 1 had access 
to two VR stations. 

Figure 1. In the VR suite, a user is active 

 

 
A. Development of programs Absence of Virtual reality 

Collecting data and assessing the placement of the 
lower extremities for X-ray examination. Create a video 
demonstrating the location of the lower extremities 
Common processes in radiography include Exposure 
Technique Kilovoltage peak (kVp), Milliampere-
seconds (mAs),  Source image receptor distance (SID), 
and positioning anatomy in x-ray Image. In the 
Songklanagarind Hospital X-ray room. The author uses 
a GoPro MAX 360 degree Action Camera with a 5K 
video quality  for the 360 degree feature and Adobe 
Premiere Pro as a 360-degree video editor. Currently, 
360-degree video files can be uploaded to YouTube, 
making it simpler to create VR360-degree content In 
Figure 2. View illustration at 
https://sites.google.com/psu.ac.th/lower-extremity-rt-
psu/home.    

 

 

 

Figure 2. images of development Editing and making a 360-
degree video for position 

 
 
B. Procedures for creating educational resources 

Three specialists with at least five years of expertise 
radiological technologists teachers that specialize in 
teaching radiology courses in faculty of medicine at 
Prince of Songkla University with X-ray equipment 
review the quality and suitability of the instructional 
materials and evaluate their efficacy using three 
assessments. Includes evaluation of suitable content and 
instructional materials from the simulation of the 
patient's posture during the lower extremity examination 
for Radiological Technology student study. Ten criteria 
for assessment to encourage answers, Likert scale 
questions (strongly agree, agree, neutral, disagree, and 
strongly disagree) were added [5]. 

Content validity index assessment (CVI) to create a 
test on the subject of virtual world technology to 
simulate the positioning of patients in the lower 
extremity on X-ray examination. for the study of 
Radiological Technology student [6,7]. Examining and 
assessing the content validity index of the exam 
designed to mimic the position of the lower extremities 
using X-ray equipment by three experts. It is a 20-item 
multiple-choice examination with five alternatives for 
each question. There are four levels of content 
conformance, as follows: 4 indicates that the question is 
highly congruent with the content of the learning 
materials, 3 indicates that the question is substantially 
congruent with the topic being studied, 2 indicates that 
the question is less congruent with the subject matter of 
the material, and 1 indicates that the question does not 
correspond to the subject matter of the material being 
studied. 

Determination of each item's validity (Item content 
validity index, I-CVI) according to Equation 1 

                            I-CVI = Nc/N                                             (1) 
 
N is the total number of experts, and Nc is the number 
of experts evaluating the issue at the appropriate level (3 
or 4). In this study, three individuals determined the 
validity of the full content (Content Validity For Scale, 
S-CVI) according to Equation 2. 
 
                            S-CVI = (I-CVI)/p                           (2)   
                             
where p is the number of questions, which in this case 
was twenty. To apply the test, the criterion for 
evaluating the content validity of both kinds must be set 
at 0.8 or greater. 
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The Technology Acceptance Model (TAM) 
Assessment kind of learning material for positioning of 
the lower extremities [8,9]. 12 criteria for evaluation To 
encourage replies, Likert scale questions (strongly 
agree, agree, neutral, disagree, and strongly disagree.) 

C. Evaluation of VR as a technical instrument 
Conducting three evaluations, including the 

Technology Acceptance Model, content and media 
appropriateness, and Content Validity Index, and using 
the data to design virtual reality learning materials 
displayed on the Oculus Rift S. The sample group was 
subsequently provided with the evaluated learning 
materials. Radiological Technology third-year 
students(n=31) from the Faculty of Medicine at Prince 
Songkhla University were selected at random to submit 
the examination and satisfaction evaluation form and 
Take a knowledge test before and after studying [10,11]. 

 
III. RESULTS  

 
A. Evaluations of content compatibility and teaching 
materials 

Using virtual reality world software learning 
material to simulate the positioning of the lower 
extremities by X-ray equipment for 10 items, three 
experts conducted an evaluation and determined the 
following (Table 1). 

Table 1. The outcomes of a content and media 
appropriateness evaluation by three specialists.  

 
 
B. Assessment results for content validity (CVI) 

A question with a score of 4 on Assessment CVI is 
extremely consistent with the material, such as "which 
is the center ray of the pelvic inlet position?" and the 
solution is the center ray: the tilted tube 40 Caudad 
degrees to the midway between ASIS (Table 2). 
 
Table 2. The results of the test's content validity 
assessment (CVI). 

 

C. Assessment of Innovation and Technology 
Acceptance Model (TAM) 

Twelve items were determined based on the 
evaluations of three experts who used virtual world 
technology learning media to simulate the positioning of 
the lower limb using an X-ray equipment in (Table 3). 
 
Table 3. shows the results of the Technology Acceptance 
Model (TAM) Assessment of three experts and thirty-
one third-year students in Radiological Technology. 

 
 
D. Students’ satisfaction with educational material as 
evaluated by an assessment 

31 third-year students in Radiological Technology 
responded to a satisfaction survey on the virtual world 
software teaching tool used to simulate the positioning 
of the lower extremities using an X-ray machine. The 
evaluation gave the following results in (Table 4). 

 
Table 4. shows the result of an evaluation of student 
satisfaction with instructional materials. 
 

 
 
E. pre- and post-test 

Radiological Technology third-year students(n=31) 
took the exam both before and after using the interactive 
virtual technology learning material to simulate the 
positioning of the lower limb using X-ray equipment for 
twenty objects. After training (x = 17.00, S.D. = 1.5) 
was statistically significantly greater than before 
education (x = 11.00, S.D. = 3.00) at the 0.05 level of 
significance in (Table 5). 
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Table 5. shows Test results before and after using 
learning resources (pre- and post-test). 

 
 

 
IV. DISCUSSION  

 
The results of a content and media appropriateness 

evaluation conducted by three experts who used virtual 
world technology learning media to simulate the 
positioning of the lower extremity by an X-ray machine 
are shown in Table 1. Ten items had a mean and 
standard deviation of 4.29 ± 0.53 and were therefore 
deemed to be content. Additionally, this course content 
is of a high quality. It satisfies the requirement that the 
average range from 3.51 to 5.00 to be deemed 
appropriate for the content and learning material. 

The outcomes of the content validity assessment 
(CVI) of three experts who attempted to simulate 20 
items of the lower extremity examination using an X-
ray machine and a virtual world technology-based 
learning medium are presented in Table 2. It was 
discovered that 16 of the exams had I-CVI values of 1, 
and four of them were tested. The 1-CVI value is 0.67, 
which satisfies the requirements. In addition, the S-CVI 
assessment score of 0.93 for this test meets the condition 
that it be more than 0.8, making it suitable for use. 

The findings of the Assessment of Innovation and 
Technology Acceptance Model for the three experts 
who sought to use virtual world technology learning 
materials to mimic the positioning of the lower 
extremities using X-ray equipment are presented in 
Table 3. There were a total of 12 factors: (1) The 
standard deviation of the average customer satisfaction 
factor was 4.57± 0.24. The findings suggested that this 
learning medium could present the relevant information; 
(2) the aspect Work by function has a mean of 4.17± 
0.57. The results suggest that innovation is 
straightforward to implement. Utilization efficiency (3) 
In terms of usefulness, innovations averaged 4.19± 0.76. 
The outcomes revealed that innovations are adaptive 
and conducive to learning. Based on the results of the 
Innovation and TAM in all three areas, the total mean 
was calculated to be 4.31± 0.66, indicating that three 
experts have accepted the innovation and technology of 
this education tool. 

The evaluations of student satisfaction with learning 
resources are shown in Table 4. With a mean satisfaction 
rating and a standard deviation of 4.73 ± 0.20, the third-
year Radiological Technology students who employed 

this instructional resource were highly satisfied. 
according to the specified requirements. 

Before and after using learning tools that replicate 
the positioning of the lower extremities in an interactive 
X-ray examination, Table 5 output the result of a typical 
sample of 31 third-year radiological technology 
students. The study results were the difference between 
the pre-test mean and standard deviation of 11.00 ± 3.00 
and the post-test mean and standard deviation of 17.00 
± 1.50. After using the learning material, the exam score 
increased compared to before using them. It illustrates 
that using virtual learning materials enhances student 
learning and comprehension. 

 
V. CONCLUSION  

 
Using VR headsets in the classroom enables students 

to enter the virtual world and see 360-degree 
radiography positioning videos. creating the impression 
that walking Radiographers are actually working. 
YouTube 360-degree data files can be applied in the 
future to develop educational materials for radiology 
skill teaching, allowing them to be used for metaverse 
data in Virtual reality technology. According to student 
evaluations, VDO 360 degree General X -Ray 
Positioning of the Lower Extremity is an effective 
course. Virtual Simulation is an effective radiography 
teaching technique. Students view virtual reality 
simulation as an important educational tool due to its 
applicability. To appreciate virtual reality's benefits, it 
must be systematically integrated into the curriculum. 
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Abstract —Non-immersive Virtual reality (NIVR) 
allowed for creating virtual worlds and enabled 
users to gain a much faster and better understanding 
of the subject compared to conventional education 
methods. The purpose of this study is to develop x-
ray quality control software that can be used to teach 
undergraduate students as a learning resource. A 
NIVR software for x-ray quality control (QC) was 
developed. The virtual environment consisted of an 
x-ray machine and x-ray quality control tools. Five 
quality control tests were created in the software.  
Undergraduate students’ perceptions of x-ray 
quality control procedure following the use of the 
software were analyzed via a 5-point Likert scale 
questionnaire. Seventy-one respondents showed VR 
simulation was beneficial in academics and in 
delivering knowledge about quality control tests 
(learners’ interaction, mean= 4.81 ±0.44). The mean 
value for perceived ease of use and perceived 
usefulness were 3.02 ±1.43 and 4.50±0.60, 
respectively. The correlation between Learners’ 
Interaction and Perceived Usefulness was moderate 
(r=0.56, p<0.001). This showed that participants 
agreed that using VR simulation impacts their study. 
In conclusion, this VR simulation positively impacts 
academics, especially on QC tests of general x-ray 
and can be used as a learning tool. By further 
understanding the importance and impacts of this 
feedback and recommendations, the VR simulation 
could promote a better alternative for lab sessions. 

Keywords —  Medical imaging, Simulation, Quality 
Control, Virtual Reality, X-Rays  

 
I. INTRODUCTION  

 
Virtual reality (VR) is a new learning method and 

teaching that could create a new world that exceeds the 
boundaries of conventional education. Not just that, but 
it also made a good time learning flexibility. The virtual 
environment provided stimulation elements such as 
image and animation effects. Thus, enabling students to 
observe what cannot be seen in real life enhances 
students’ understanding and encourages them to learn. 
Non-immersive VR is a type of VR technology that 
allow users with a computer-generated environment 
without a feeling of being immersed in the virtual world. 
It allows users to control the physical environment while 
still being aware of what is happening around them, for 
example, sounds, visuals, and haptics. Students who 

learnt using virtual reality systems achieved 12% more 
successful on average than those learning with non-
virtual reality [1].  

Radiographers must develop their practical and 
clinical skills through clinical labs and placement. 
However, the cost of installation and maintenance of the 
x-ray machines are high. Up to date, there are computer-
based virtual environments or non-immersive VR and 
immersive VR simulations have been developed to 
enhance their skills. In radiography education, few 
simulators have been developed such as Projection 
VRTM by Shaderware, Medspace VRTM, Medical 
Imaging Training Immersive Environment (MITIE), 
Clinical Education Training Solution (CETSOL) VR 
ClinicTM and VR software by Virtual Medical Coaching 
Ltd. However, existing simulation softwares only 
provide students with radiographic positioning and 
image evaluation skills. Literature research has not yet 
found virtual simulator training specific to x-ray quality 
control.  

Previous studies stated that applying a QC training 
program in the medical imaging department is crucial. 
Radiographers should be provided with sufficient 
training to ensure the proper condition of X-ray 
machines [2],[3]. The quality control (QC) tests were 
under the category of quality assurance program that 
needed to perform for every x-ray modality. The aim of 
conducting these tests was to ensure that the diagnostic 
images produced were of sufficiently high quality so 
that they could consistently provide adequate diagnostic 
information at the lowest cost and with the least possible 
exposure to the patient [2], [4]. Therefore, this study was 
designed to create a VR simulation game that could help 
students learn more about the x-ray QC practical test. 
We aimed to evaluate the effectiveness of our QC 
simulation when applied to radiography education.  

 
II. MATERIALS AND METHODS  

 
This study consisted of two phases. Phase 1 was the 

development of VR simulation for general x-ray quality 
control, while Phase 2 evaluated the learner’s attitude to 
the VR simulation. This study was approved by the 
research and ethics committee of UKM Medical Centre 
(JEP-2021-100).  
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A. Phase 1: Development of VR Simulation for General 
X-ray Quality Control 

The software used in this study was Unity3d, a game 
development engine. The collaboration systems 
included Blender, used for 3D modelling and Visual 
Studio Code for code editing. The VR simulation in this 
study was a non-immersive VR type where simulation 
was experienced through a smartphone, tablet or 
desktop screen instead of a head-mounted device. The 
environment in this VR simulation was a radiology 
department, thus the design involved office elements. 
The typical office environment design was used for the 
registration counter, the x-ray room and the storeroom 
for QC test tools, as shown in Figure 1. General x-ray 
machine with its control panel, table couch and standing 
bucky was created. The environment allowed for users 
to move and interact inside the radiology department. 
Five Quality Control tests were created in the VR 
simulation.   

Figure 1. Layout of the controller. 

 
 

B. Phase 2: Evaluation of Learners’ Attitude 
This study was a cross-sectional study. 

Undergraduate students of diagnostic imaging or 
radiography were recruited in the study. The 
respondents were given one week to experience the VR 
simulation and requested to fill in an online 
questionnaire through Google form about the 
effectiveness of the VR simulation. The questionnaire 
was divided into 3 parts (Part A, B and C). Part A was 
the learner’s interaction to determine the learner’s 
interaction outcome using the VR simulation. While 
Part B, the perceived ease of use and Part C, the 
perceived usefulness were used to evaluate the 
effectiveness of VR simulation toward undergraduate 
students [5]. These questionnaires were constructed 
based on 5 Likert scales (1 = strongly disagree and 5 = 
strongly agree) and an open-ended question was asked 
to get feedback from the respondents.  

The questionnaires were validated using reliability 
analysis with Cronbach’s Alpha above 0.70 for five 
students from fourth-year undergraduate students of 
diagnostic imaging in UKM Campus Kuala Lumpur. 
Data collection was conducted from January 2021 to 
December 2021. Statistical Package for the Social 
Sciences (SPSS) was used to analyse the data collected 
from questionnaires. Descriptive and correlation 
analyses were conducted. All the data were analysed and 
tabulated in table form for result comparison. 

III. RESULTS  
 

The reliability test data has been conducted to ensure 
the questionnaire's internal consistency. These data have 
been analysed with Cronbach’s alpha with results of 
α=0.75 for part A, α= 0.8 for part B, and α= 0.901 for 
part C. Each value must achieve more than 0.7 to be 
acceptable [6]. More than 0.8 indicated an excellent 
agreement for Cronbach’s alpha [7]. 

The participants comprised 76% female 
respondents, mean aged 22 years old. Table 1 shows the 
mean and standard deviation values for LI, PEU and PU. 
The highest value for learners’ interaction was the VR 
simulation helped a lot in academics, especially the QC 
test on x-ray imaging (Mean =4.83, SD=0.47). The 
overall mean value for PEU was lower than LI and PU, 
with an overall mean value of 3.02 (SD=1.43). We 
found that by using VR simulation, the respondents 
found it easy to remember how to perform the QC test 
(Mean 4.38, SD=0.73). While the perceived usefulness 
part was to see how well respondents’ acceptance 
towards the VR simulation. The overall mean value for 
perceived usefulness was 4.50 (SD =0.60). VR 
simulation improved the understanding of quality 
control showed the highest value in perceived 
usefulness (Mean=4.66, SD=0.55). 

Table 1. Learners’ Interaction, Perceived Ease of Use, 
and Perceived Usefulness Component 

Part Mean Standard 
Deviation 

A. Learners’ Interaction 
1. The VR simulation 

delivers useful 
knowledge about QC 
tests on x-ray imaging. 

2. The VR simulation 
helps a lot in academic 
especially QC tests on 
x-ray imaging. 

Overall   

 
4.79 
 
 
 
4.83 
 
 
 
4.81 

 
0.41 
 
 
 
0.47 
 
 
 
0.44 
  

B. Perceived Ease of Use 
1. I found the VR 

simulation cumbersome 
and awkward to me. 

2. Interacting with the VR 
simulation is often 
frustrating. 

3. It is easy for me to 
remember how to 
perform the QC tasks. 

4. Interacting with the VR 
simulation requires a lot 
of mental effort. 

Overall  

 
2.55 
 
 
2.38 
 
 
4.38 
 
 
2.76 
 
 
3.02 

 
1.43 
 
 
1.21 
 
 
0.73 
 
 
1.33 
 
 
1.43 

C. Perceived Usefulness 
1. Using the VR 

Simulation improved 
the quality of my 
understanding of 
Quality Control. 

2. I felt that I was in 
control of my own 

 
4.66 
 
 
 
 
 
4.55 
 

 
0.55 
 
 
 
 
 
0.63 
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Part Mean Standard 
Deviation 

learning about QC using 
the VR Simulation. 

3. The VR Simulation 
enabled me to 
accomplish the task of 
learning about QC 
easily. 

4. Using the VR 
Simulation as an 
effective way to learn 
about QC. 

5. Using the VR 
Simulation improved 
my class performance 
on QC. 

6. Using the VR 
Simulation enhanced 
my effectiveness in 
learning about QC. 

7. Overall, I found the VR 
Simulation useful in my 
school work on QC. 

Overall 

 
 
4.38 
 
 
 
 
4.41 
 
 
 
4.48 
 
 
 
4.45 
 
 
 
4.59 
 
 
4.50 

 
 
0.68 
 
 
 
 
0.68 
 
 
 
0.57 
 
 
 
0.57 
 
 
 
0.51 
 
 
0.60 

 
The data shown in Table 2 shows moderate 

correlation between LI and PU (r=0.56, p=0.001). While 
the correlation between Learners’ Interaction and 
Perceived Ease of Use and Perceived Ease of Use and 
Perceived Usefulness were negative correlations as the 
r value were -0.175 (p=0.365) and -0.127 (p=0.512), 
respectively. Most respondents gave positive feedback 
about the VR simulation in the open-ended feedback 
question. Few of the respondents commented on the art 
design and accessibility of the VR simulation. 

 
Table 2. Spearman's Rho correlation test on parts of the 
questionnaire 

Part Correlation 
Coefficient (r) 

p-
value 

Learners’ Interaction & 
Perceived Usefulness 
Learners’ Interaction & 
Perceived Ease of Use 
Perceived Ease of Use 
& Perceived Usefulness 

0.56 
 
-0.175 
 
-0.127 

0.001 
 
0.365 
 
0.512 

 
IV. DISCUSSION  

 
This study showed that undergraduate students 

agreed that this VR simulation was beneficial in 
increasing their knowledge on QC of general x-ray 
imaging [8]. With the apps, students were able to 
perform the QC tests repeatedly without using a real x-
ray machine. VR enables students to perform safe 
training while gaining knowledge as efficiently as 
conventional methods [9]. VR simulation can bring 
advantages to students in education much alike face to 
face lecture as stated by previous study, stating that 
augmented reality in healthcare sector does improve 
students in practical techniques [10].  With the use of 
VR simulation in education, the knowledge could be 

delivered to the students at different places or even 
different time simultaneously as there was no need for a 
live educator [11]. 

The VR simulation was not as user-friendly as the 
team wanted and this was mainly caused due to lack of 
information on users’ needs by the developer [12]. 
Another reason that might lead to this situation was the 
gender bias in this study. Male was more tend to interact 
with technology, thus they had more skills in doing tasks 
related to technology [13]. In this study, the respondents 
agreed VR was more useful and had more intention to 
use [14]. There was also a significant relationship 
between perceived usefulness and learners’ interaction 
which supported by [15]. 

This VR simulation could be a new alternative and 
improving teaching methods. The VR simulation 
experiences, really thought them a lot while their 
understanding of the QC test was also improved with the 
helped of tasks provided [16].  Previous study suggested 
that using the design of virtual reality systems as 
learning tools that could build virtual worlds capable of 
embodying the knowledge to be taught in design 
education [17]. It was shown that the VR simulation on 
a general x-ray was a success, but more improvements 
could be made so that this VR simulation could be more 
significant in the future. Thus, every recommendation 
the respondents gave would be considered for the VR 
simulation improvement. 

 
V. CONCLUSION  

 
In conclusion, undergraduate students agreed that 

this VR simulation positively impacted their academics 
on QC tests on general x-ray. We believed that VR 
simulation could promote a better alternative for lab 
sessions. Furthermore, especially during this Covid-19 
pandemic, face-to-face interaction should be reduced, 
thus the VR simulation showed an important role in 
academic aspects. 
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Abstract —The effective dose quantity has been used 
to inform decisions on justification of patient 
diagnostic procedures for modern radiation 
protection. In diagnostic radiography, the patient 
effective dose was calculated from the Entrance Skin 
Dose (ESD) using the Monte Carlo simulation 
program. In the circumstances of Coronavirus 
disease (Covid-19), incident air kerma measured 
from X-ray machine using a solid-state detector or 
Multi-Function Meter (MFM) at field hospital could 
be difficult to access. The purpose of this study is to 
calculate the effective dose from ESD by using 
Optically Stimulated Luminescent Dosimeter, 
OSLD, to determine radiation output dose via 
sending by mail instead of field MFM measurement. 
OSLDs were calibrated to measure radiation output 
of X-ray machine in term of air kerma in the range 
of 50-120 kVp. The dosimeters were placed on a 
material with a low scatter level. The output dose 
values from X-ray tube at different kVp setting and 
fixed mAs were collected both with OSLD and MFM 
detectors. The ESD values from both detectors were 
calculated by indirect method using size of thorax 
phantom by entering parameters such as radiation 
output product, focus-to-skin distance and 
backscatter. Then the effective dose was calculated 
using Monte Carlo simulation program.  The results 
of the ESD and effective dose for pelvis (AP), chest 
(PA), skull (PA, Lat) and lumbar spine (AP) from 
OSLD measurement were 2.08, 0.26, 1.60, 0.86 and 
2.60 mGy, and 0.35, 0.06, 0.04, 0.03 and 0.64 mSv, 
respectively, while the results of MFM measurement 
were 1.92, 0.25, 1.50, 0.79 and 2.40 mGy, and 0.32, 
0.06, 0.03, 0.02 and 0.60 mSv, respectively. 

Keywords —  Effective dose, Entrance surface dose, 
OSLD, Monte Carlo  

 
I. INTRODUCTION  

 
The radiation doses received by patients such as 

entrance surface dose (ESD) levels during diagnostic 
radiological procedures are used to improve quality of 
diagnostic examinations and patient safety.  The 
investigate of ESDs for common diagnostic 
radiographic examinations were performed in hospitals 
and compared with the recommended values Diagnostic 
Reference Levels (DRLs) of International Commission 

on Radiological Protection (ICRP) Publication 135 [1]. 
While the effective dose or ED is also used to inform 
decisions on justification of diagnostic patient dose due 
to provide the estimates of risk to individual patents 
based on the use of organ doses and age-, sex- and 
cancer-specific risk estimates are predictable [2][3]. The 
effective dose was calculated from the well know 
PCXMC (PC program for X-ray Monte Carlo) which 
computed organ doses for patients of different ages and 
sizes in freely adjustable x-ray projections and other 
examination conditions that are used in projection 
radiography and fluoroscopy. 

Generally, the personal dosimeter as Optically 
Stimulated Luminescent Dosimeter (OSLD) or 
Thermoluminescence dosimeters (TLD) were used in 
direct measurements for ESD which placed on the 
patient’s skin. On the other hand, patient ESDs were 
determined by measuring radiation output or  incidence 
air kerma (K(d),mGy) of X-ray machine in indirect 
method during the examination by using a multi-
Function Meter (MFM) or calibrated kVp meter. In the 
circumstances of Coronavirus disease (Covid-19), 
radiation output measured from X-ray machine using a 
solid-state detector or MFM by authorized unit or 
outsider at field hospital could be difficult to access. 
While OSLD (Landauer Inc., Glenwood, Illinois, USA) 
has been used extensively for personal radiation 
dosimetry for many years. There were some reports that 
study of the energy and dose response, the stability of 
the readout and the overall accuracy of OSLD 
measurements used in patient dosimetry. These 
evidences shown that OSLD system is capable of 
achieving the high degree of accuracy required for 
medical applications [4]. In this study, a single element 
of OSLD, nanoDot was determined to measure radiation 
output from X-ray machine instead of a MFM by 
indirect method. The measurement of incident air kerma 
could be performed simply by radiological technologists 
using nanoDot test kit although they have not an 
expensive equipment as MFM. However, the energy 
correction factors of nanoDot were required to minimize 
the uncertainties due to the effect of energy dependence 
[5]. 
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II. MATERIALS AND METHODS 
 

A. To calibrate nanoDot for X-ray output measuring 
in term of air kerma and used the energy correction 
factors.   
A calibrated MFM, RTI Model : piranha 657 was 

used to measure the output dose values from Toshiba 
units (Model: DRX-3724HD) in each radiation qualities 
for 50, 60, 70, 80, 90, 100, 110 and 120 kVp. This dose 
values will be used to be delivered doses to calibrate of 
five nanoDots in term of air kerma (mGy) in each 
radiation qualities. The X-ray output dose values using 
nanoDots were evaluated from correction factors of 
dose calibration in term of air kerma and corrected 
energy response. While the correction factors of energy 
response for general radiography were determined from 
the response relative matrix values of NVLAP for 
photons [6] which must know the energy response 
Correction Factors (CF) of Tube Potential as shown in 
table 1. 

 
Table 1. The correction factors of nanoDot and energy 
for qualities of Tube Potential for general radiography. 

Tube Potential  Energy response 
(kVp)           CF. 

50 1.15 
60 1.10 
70 1.05 
80 1.00 
90 0.99 

100 0.98 
110 0.97 
120 0.97 

 
 
Figure 1. “NanoDot” dosimeters and a mobile reader 
“MicroStar”. 

 
 
 
 
 
 
 
 
 
 
 
 

The nanoDot measurements were read out by a 
microStar mobile reader (Landauer Inc., Glenwood, 
Illinois, USA) as shown in Figure 1. The microStar 
reader was calibrated with an X-ray generator at 80 kVp 
which was traceable to National Institute of Standard 
and Technology (NIST), USA. 

 

 

B. Entrance surface dose measurements for indirect 
method 
The incidence air kerma were collected by using 

both of a calibrated MFM and nanoDots. The 
radiographic factors included tube potential (kVp) in 
each radiation qualities for 50, 60, 70, 80, 90, 100, 110 
and 120 kVp were performed from Toshiba units 
(Model: DRX-3724HD). While exposure setting at 10 
mAs and the focus to detector distance (FDD) both of a 
calibrated MFM and nanoDots were fixed at 100 cm. 
The ESDs for patients were calculated by entering 
parameters of tube output (mGy/mAs), the focus to 
surface distance (FSD) and the backscattering factor 
(BSF) into the following formula [7]. For decreasing of 
the heel effect, both of detectors, a calibrated MFM and 
five nanoDots should be placed as close to the central 
axis as possible. NanoDots were placed on a material 
with a low scatter level as plastic material of thickness 
at least 2 cm.  

 

ESD = BSF x Tube output (mGy/mAs) x (100/FSD)2 x mAs 

 
Where, BSF is the backscatter factors values of 

ICRU tissue for some X-ray beams typical of diagnostic 
radiology at three field size and FSD of 100 cm [8]. The 
X-ray tube output (Y(d)) was determined for different 
kVp setting in each X-ray examinations, when Y(d) = 
K(d) / mAs. FSD is the focus to skin distance of patient, 
in this study, using the thickness of thorax phantom by 
taking difference common examination as pelvis (AP), 
chest (PA), skull (PA, Lat) and lumbar spine (AP) into 
account as shown in Figure 2. 

Figure 2. Diagram of detectors and distance setting of 
ESD measurements for indirect and direct methods. 

 
 
 
 

 
 
 
 

 
 
C. Entrance surface dose measurements for direct 

method 
Five nanoDots were placed on body of thorax 

phantom in each five common diagnostic examinations 
including pelvis (AP), chest (PA), skull (PA, Lat) and 
lumbar spine (AP). The readout doses using nanoDots 
were evaluated for ESDs in direct medthod. 
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III. RESULTS 
 

A. The measurements of X-ray tube outputs.   
The relationship between X-ray tube output Y(d), 

mGy/mAs and tube potential from 50 to 120 kVp of a 
calibrated MFM and nanoDots were plotted and 
expressed by the fitting equation as shown in Figure 3A 
and Figure 3B respectively. 

Figure 3. (A) Tube potential (kVp) against Tube Output 
Y(d) of a calibrated MFM. 

 

Figure 3. (B) Tube potential (kVp) against Tube Output 
Y(d) of nanoDots. 

B. Entrance surface dose measurements 
The ESDs measurement in this study were evaluated 

with five difference common examinations as pelvis 
(AP), chest (PA), skull (PA, Lat) and lumbar spine (AP) 
by using direct and indirect method. The parameters to 
calculate ESD for thorax phantom were provided as X-
ray tube potentials, exposure setting, FFD, FSD and 
BSF as shown in table 2.  

Table 2. The parameters setting of ESDs for various 
common X-ray examinations.  

X-ray kVp mAs FFD FSD BSF 
Examination     cm cm   
Pelvis AP 70 20 100 78 1.32 
Chest PA 120 4 180 158 1.38 
Skull PA 80 12.5 100 80.5 1.34 
Skull Lat 70 10 100 85.5 1.32 
L- Spine AP 70 25 100 78 1.32 

The results of ESD both of calibrated MFM and 
nanoDots were compared in mGy units as shown in 
Table 3A and Table 3B. 

Table 3. (A) ESDs for various common X-ray 
examinations compared between a calibrated MFM and 
nanoDots for in direct method. 

X-ray 
Examination 

In direct 
percentage 
difference ESD of  

MFM 
ESD of 

nanoDot 
 

Pelvis AP 1.918 2.079 8.37  

Chest PA 0.253 0.261 3.24  

Skull PA 1.504 1.600 6.36  

Skull Lat 0.787 0.865 9.84  

L- Spine AP 2.397 2.598 8.37  
 

Table 3. (B)  ESDs for various common X-ray 
examinations compared between nanoDots in direct and 
direct method. 

X-ray 
Examination 

ESD of nanoDot 
percentage 
difference Direct  In direct 

 
Pelvis AP 2.120 2.079 -1.94  

Chest PA 0.248 0.261 5.27  

Skull PA 1.500 1.600 6.69  

Skull Lat 0.787 0.865 9.84  

L- Spine AP 2.755 2.598 -5.69  
 
C. Effective dose measurement 

The EDs were calculated from STUK (Radiation and 
Nuclear Safety Authority, Finland) PCXMC (PC 
program for X-ray Monte Carlo) versions 2.0 by using 
the tissue weighting factors introduced in ICRP 
Publication 103 (2007). The program is also able to 
assess age- and sex-dependent radiation risks. The 
results of ED both of direct and in direct method were 
compared in mSv units as shown using a calibrated 
MFM and nanoDots as shown in Table 4A and Table 
4B.  

Table 4. (A) EDs for various common X-ray 
examinations compared between direct and indirect 
method by using nanoDots. 

X-ray 
Examination 

ED of nanoDot 
percentage 
difference Direct  In direct 

 
Pelvis AP 0.37 0.35 -5.65  

Chest PA 0.06 0.06 4.65  

Skull PA 0.03 0.04 8.09  

Skull Lat 0.02 0.03 9.84  

L- Spine AP 0.68 0.64 -5.69  
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Table 4. (B) EDs for various common X-ray 
examinations compared between a calibrated MFM and 
nanoDots for in direct method. 

X-ray 
Examination 

In direct 
percentage 
difference ED of  

MFM 
ED of 

nanoDot 
 

Pelvis AP 0.32 0.35 8.37  

Chest PA 0.06 0.06 3.24  

Skull PA 0.03 0.04 6.36  

Skull Lat 0.02 0.03 9.84  

L- Spine AP 0.60 0.64 8.37  

 
IV. DISCUSSION  

 
In this study, before measurement of incidence of air 

kerma, X-ray machine and equipment was tested for 
time accuracy, voltage accuracy, output linearity, 
filtration (HVL) using a calibrated MFM, RTI Model : 
piranha 657. 

 
V. CONCLUSION  

 
For indirect method, percentage difference of MFM 

and nanodot for all examinations were between 4.65 % 
and 9.84% , not more than 10 %. While for only 
nanodot, the percentage difference of indirect and direct 
method were between 3.24% and 9.84 %. From this 
study, postal nanodot dosimeters can be used to evaluate 
ESD or Effective Dose for massive patient dose data for 
establishing national DRLs. 
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Abstract — A proper calibration of the newly 
developed dosimeter is essential for achieving a 
satisfactory therapeutic outcome in radiotherapy 
treatment. The uncertainty in each process phase 
must be kept within predefined acceptable ranges. 
This study investigated the effects of various 
experimental uncertainties during the calibration of 
the germanium-doped cylindrical optical fibre 
(GeDCOF) and TLD-100. The calibration curves for 
GeDCOF and TLD-100 were developed utilizing 6 
MV and 10 MV photon beams at doses ranging from 
1.25 Gy to 2.75 Gy. The GeDCOF and TLD-100 were 
calibrated against the NE 2571 ionization chamber 
under reference conditions. The absorbed dose for 
each thermoluminescence (TL) dosimeter was 
determined following the TRS 398 Code of Practice. 
The uncertainties for individual parameters used for 
calculating the calibration coefficients (N) of 
GeDCOF and TLD-100 were analyzed based on the 
combined effects of the Type A and Type B 
uncertainties. In the calibration of GeDCOF and 
TLD-100, a substantial positive correlation between 
TL signals and the absorbed dose was observed, with 
a coefficient of determination (R2) greater than 0.99 
for both 6 MV and 10 MV photon beams. The 
uncertainties in measuring N were determined to be 
caused by three major contributors: i) uncertainties 
in the absorbed dose to water provided by the 
ionization chamber system (u(Di)); ii) uncertainties 
in GeDCOF and TLD-100 readings within the 
capsule (u(Ri)), and; iii) uncertainties in the 
dosimeter position (u(pRi)). The combined 
uncertainty in calibration coefficients (uc(N)) of 
GeDCOF and TLD-100 was calculated to be 0.76% 
and 0.73% for 6 MV photon beam, respectively. The 
analysis demonstrates that the uncertainties in the 
calibration coefficient of the GeDCOF and TLD-100 
are comparable and that the ±3% dose uncertainty 
estimates for relative dosimetry systems are realistic. 

Keywords — Calibration coefficient, absorbed dose, 
optical fibre, TLD-100 

 

 

 

I. INTRODUCTION  
 

The measurement of radiation dose is an essential 
element of the radiotherapy dosimetry system, where 
the dose is quantified by expressing the value of a 
dosimetric quantity in an absolute or relative unit. 
Absorbed dose is a fundamental measurement defined 
as the radiation energy absorbed per unit mass of 
materials. It is essential for establishing dose-response 
relationships for radiation effects, which serve as the 
foundation for risk estimation. Absolute dosimetry 
systems derive absorbed dose directly from the signal 
measured by the dosimeter, such as the Fricke gel 
dosimeter [1] and graphite calorimeter [2]. In contrast, 
relative dosimeters such as the thermoluminescence 
dosimeter (TLD) require calibrations of their own signal 
in a known radiation field to measure radiation dose. By 
applying a calibration coefficient, the arbitrary unit 
coulomb (C) produced by the TLD is converted to the 
absorbed dose (Gy), a relationship parameter of 
measured output corresponding to the dose delivered. 
TLD is a dosimeter of choice in radiation dosimetry 
applications because of its dosimetric advantages, 
including tissue equivalent, good reproducibility over 
repeated measurements, and low fading rate [3-5]. 

Presently, germanium-doped cylindrical optical 
fibre (GeDCOF) forms the basis of yet another potential 
TL material that significantly improves TL performance 
compared to the traditional TLD systems typified by LiF 
TLD-100. GeDCOF dosimetry systems are 
characterized by being manufactured in a solid 
cylindrical form with customer-specific outer diameters 
ranging from 120 to 604 µm. The accuracy and 
precision in dose measurement by the GeDCOF are 
incontestable since it has been utilized in radiotherapy 
dosimetry, for instance, in a small field- [6, 7], electron 
beam- [8], particle therapy- [9, 10] and postal audit 
dosimetry [11, 12]. Nevertheless, with every 
measurement, there is always a margin of doubt. In 
accordance with International Commission on 
Radiation Units and Measurements (ICRU) report 24, 
the patient dose delivery target should be based on an 
accuracy of ±5% [13], although some recommendations 
have called for more stringent limits such as ±3% [14]. 
The generalizability of previously published research on 
GeDCOF, limited to the dosimetric properties, has not 
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addressed uncertainty analysis in absorbed dose 
measurement. Therefore, this study investigated the 
effects of different experimental uncertainties during the 
calibration of GeDCOF and TLD-100. 

 
II. MATERIALS AND METHODS  

 
The GeDCOF dosimeter was fabricated to have an 

outer diameter of 483 µm through the use of a Modified 
Chemical Vapor Deposition (MCVD) process [15]. In 
contrast, the TLD-100 is in a powder form, has standard 
grain sizes ranging from 75 µm to 176 µm and was 
purchased from a commercial dosimeter vendor. Both 
dosimeters were placed in a plastic capsule for 
convenience in handling. The calibration curve for 
GeDCOF and TLD-100 were established using 6 MV 
and 10 MV photon beams generated by a Varian Trilogy 
linear accelerator at a dose ranging from 1.25 Gy up to 
2.75 Gy. The absorbed dose was determined according 
to the Code of Practice of the International Atomic 
Energy Agency (IAEA) TRS 398 [16]. Details on the 
dosimeter preparation, annealing and TL signal readout 
processes have been reported elsewhere [17, 18]. 

A. Ionization chamber and electrometer 
The 0.6 cm3 Farmer ionization chamber, type NE 

2571 (PTW, Freiburg, Germany) used in this study was 
cross-calibrated against the IAEA reference standard 
chamber NE 2611, which has a calibration in terms of 
absorbed dose to water using Cobalt-60 source traceable 
to IAEA Dosimetry Laboratory. The NE 2571 
ionization chamber was connected to a PTW Unidos 
electrometer type T10001. The ionization chamber was 
placed in the water tank, with a chamber reference point 
on the cavity volume's central axis. As shown in Figure 
1, the measurement setup was at 10 cm depth in water, 
100 cm source-to-surface distance (SSD), and a field 
size of 10 × 10 cm2, with a horizontal irradiation beam. 
The GeDCOF and TLD-100 were irradiated for 
calibration using the same geometrical setup by 
replacing the chamber sleeve with the TLD holder and 
positioning the capsules at the centre of the irradiation 
field. 

Figure 1. Calibration irradiation setup in water using the 
Farmer ionization chamber. 

 
B. Water tank and chamber sleeve 

The customized water tank and chamber sleeve were 
made of polymethyl methacrylate (PMMA) with a 
density of 1.19 g/cm3. The dimension of the water tank 

was 30 × 30 × 30 cm3. It was designed specifically for 
this study with a one-sided 20 × 20 × 0.2 cm3 irradiation 
window to allow horizontal beam irradiation. The 
thickness of the water tank wall was 1.5 cm. The water 
tank has a special casing on top and scaled studs at the 
base for placing the chamber sleeve in water at 5 cm, 10 
cm, 15 cm, 20 cm, and 25 cm depths. The waterproof 
chamber sleeve was designed to be 2 mm thick. This 
condition will allow the ionization chamber to achieve 
thermal equilibrium with the water in less than 10 
minutes and a 2 mm air gap to allow air pressure in the 
chamber to reach ambient air pressure more quickly. 

C. Barometer and thermometer 
During the calibration of the GeDCOF and TLD-

100, SD700 digital barometer from Extech (Nashua, 
NH, USA) and TM99A digital thermometer from 
Cooper-Atkins (Middlefield, CT, USA) were used to 
measure atmospheric pressure and water temperature, 
respectively. A certified third-party tools assessor has 
calibrated both instruments. Mean values of water 
temperature (°C) and atmospheric pressure (mbar) were 
determined for temperature and pressure correction 
factors while calculating the absorbed dose in water 
using an ionization chamber. 

D. Uncertainty in the calibration coefficient of 
GeDCOF and TLD-100 (uc(N)) 

The evaluation of uncertainties in the calibration 
process has been performed following the guidance 
given by IAEA [19]. Two approaches were taken for 
estimating the uncertainty, where Type A uncertainty 
(ua) was estimated using statistics from repeated 
measurements, and Type B uncertainty (ub) deals with 
non-statistical uncertainties and is estimated from other 
sources of information (e.g., manufacturer specification, 
calibration certificate, and previous calculation). ub is 
estimated as the standard deviation of the distribution 
and calculated as the following equation: 

𝑢 =  
𝑎

√3
 

where a is the estimated maximum displacement (–a 
and +a) from the position ub. The uncertainty in the 
GeDCOF and TLD-100 calibration coefficient 
contributed by several factors:  

i) the uncertainty of determination of 
absorbed dose to water by the 
ionization chamber, u(Di), 

ii) the uncertainty in the mean TL 
readings, u(Ri), 

iii) the uncertainty in the positioning of 
the capsule of GeDCOF and TLD-
100, u(pRi).  

The combined relative uncertainty for the calibration 
coefficient, uc(N), was quantified as follows: 

𝑢 (𝑁) =  
 𝑢(𝐷 ) + 𝑢(𝑅 ) +  𝑢(𝑝𝑅 )  

𝑛
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where n represents the number of reference GeDCOF 
and TLD-100 capsules. The uncertainty of the TL 
background reading of GeDCOF and TLD-100 is 
neglected as its magnitude is smaller relative to the 
mean TL reading of the capsule. 

 
III. RESULTS  

 
A. Calibration curves for GeDCOF and TLD-100 

Figures 2 and 3 show the TL signal-absorbed dose 
calibration curves of 6 MV and 10 MV photon beams 
for dose ranges from 1.25 Gy to 2.75 Gy of irradiated 
GeDCOF and TLD-100, respectively. There was a 
significant positive correlation between TL signals by 
the GeDCOF and TLD-100 to the absorbed dose, with a 
0.99% coefficient of determination (R2) for both 6 MV 
and 10 MV photon irradiations. The linear TL response 
endorses previous research findings [8-10]. 

 Figure 2. Calibration curve for determination of 
calibration coefficient for GeDCOF subjected to (a) 6 
MV and (b) 10 MV photon irradiations. 

 
                           (a)                                            (b) 
 
Figure 3. Calibration curve for determination of 
calibration coefficient for TLD-100 subjected to (a) 6 
MV and (b) 10 MV photon irradiations. 

 
                          (a)                                              (b) 
 
 
B. Uncertainty in the calibration coefficient of GeDCOF 
and TLD-100 (uc(N)) 

The uncertainties from the calibration process of 
absorbed dose to water by GeDCOF and TLD-100 were 
analyzed. Table 1 shows the total components involved 
in determining the uncertainty of the calibration 
coefficients of GeDCOF and TLD-100. The uncertainty 
of the calibration coefficient related to the absorbed 
dose to water through the ionization chamber (ND,W) 

provided by the IAEA during the cross-calibration is a 
major component in the uncertainty budget. The Type A 
uncertainty contribution is 0.69% and 0.66% for 
GeDCOF and TLD-100, respectively, while Type B 
represents another 0.32% of the uncertainty source. 

Table 1. Overview of one standard deviation value in % 
of components contributing to the uncertainty in the 
calibration coefficient of GeDCOF and TLD-100. 

Uncertainty sources Type A (%) Type B (%) 
Dose to water given by ionization chamber (Di) 

Mean reading 0.05  
ND,W by IAEA 0.61  
Chamber positioning  0.02 
Temperature 0.22 0.01 
Pressure 0.01 0.32 
Water tank positioning  0.003 

Dosimeter reading (Ri) 
Reading 
reproducibility 

GeDCOF: 0.23 
TLD-100: 0.08 

 

Dosimeter position (pRi) 
Capsule positioning  0.02 
Water tank positioning  0.003 

Sum of the root 

Quadratic sum GeDCOF: 0.69 
TLD-100: 0.66 0.32 

Combined uncertainty GeDCOF: 0.76 
TLD-100: 0.73 

 
The relative uncertainty in the determination of 

absorbed dose to water by the ionization chamber 
(u(Di)) is influenced by uncertainty in mean ionization 
chamber reading, calibration coefficient determined by 
IAEA, cavity air pressure and temperature, ionization 
chamber and water tank positioning. The absorbed dose 
to water determined by the ionization chamber was 
calculated based on the protocol provided by IAEA TRS 
398 [16]. The expanded uncertainty in the calibration 
coefficient of the ionization chamber (ND,W) stated in the 
calibration certificate issued by the IAEA was 1.22%, 
with a coverage factor of 2 to provide a 95% confidence 
level. Therefore, the Type A uncertainty for the 
calibration coefficient for the ionization chamber was 
0.61%. The standard mean formula was utilized to 
calculate the Type A uncertainty for mean reading from 
the ionization chamber, thermometer and barometer, 
which was found to be at 0.05%, 0.22% and 0.01%, 
respectively. 

Meanwhile, the evaluations of Type B uncertainties 
related to the ionization chamber, thermometer and 
barometer are based on the information given by the 
manufacturer's specifications and general properties of 
the instrument, such as calibration certificate and 
resolution. During the measurement of temperature in 
the calibration process of GeDCOF and TLD-100, a 
maximum error of 0.05°C was estimated between the 
digital thermometer readings and the digital reference 
thermometer. The maximum resolution of the digital 
thermometer used was estimated at 0.1°C with a 
sensitivity coefficient of 0.09. By assuming a 
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rectangular distribution, the combined uncertainty that 
arose from a Type B component of measured 
temperature by the thermometer was 0.01%. 

Meanwhile, the maximum error of 0.55% was 
estimated between the readings of the barometer and the 
reference barometer used in the calibration, as stated in 
the calibration certificate. Thus, assuming a rectangular 
distribution (Type B), the uncertainty was estimated at 
0.32%. The resolution of the digital barometer was 
determined at 0.1 mbar with a sensitivity coefficient of 
0.99 and assuming a rectangular distribution gives the 
uncertainty value of 0.06%. The combined type B 
uncertainty in measuring pressure was 0.32%. 

The uncertainties list for the GeDCOF and TLD-100 
included the placement of the ionization chamber during 
the calibration process. The maximum displacement of 
0.1 mm was estimated for that ionization chamber from 
its original position at 100 mm depth in water. The 
sensitivity coefficient from the normalized depth dose 
curve was found to be 0.39. Returning to the assumption 
of rectangular distribution, the Type B uncertainty in the 
positioning of the ionization chamber was found to be at 
0.02%. Meanwhile, the uncertainty for water tank 
positioning was also determined by estimating the 
maximum displacement of 0.05 mm corresponding to 
the 1000 mm source-to-surface distance (SSD) during 
the calibration. The Type B uncertainty in positioning 
the water tank was found to be at 0.003%. When dealing 
with the uncertainty in positioning the capsule of 
GeDCOF and TLD-100 (u(pRi)), a similar assumption 
of rectangular distribution was used.  

The reproducibility of the TL signals over 5 repeated 
irradiations was used to calculate the uncertainty of the 
GeDCOF and TLD-100 mean TL readings (u(Ri)). The 
Type A uncertainty for mean GeDCOF and TLD-100 
readings was found to be 0.23% and 0.08%, 
respectively.  

 
IV. DISCUSSION  

 
The calibration coefficient of the ionization 

chamber (ND,W) contributes the most to the uncertainty 
of the absorbed dose measurement to water, accounting 
for 1.22% (k=2). The NE 2571 ionization chamber was 
used as a field chamber and was cross-calibrated to a 
reference NE 2611 ionization chamber via a sequential 
setup. ND,W is important to provide accurate knowledge 
of the chamber-sensitive volume. Ideally, the reference 
chamber is not required to be used for routine dose 
determination, reducing the likelihood of damage. 
Cross-calibration should be performed annually and 
before the reference chamber is sent to the Secondary 
Standards Dosimetry Laboratory (SSDL) for 
recalibration every two years [16] if it has been away for 
an extended period. The frequency of recalibration of 
the reference chamber should follow the 
recommendation of the SSDL. 

For the GeDCOF system, the analysis found that 
the uncertainty in the reported TL reading 

reproducibility was at 0.23% at one sigma level, which 
is significantly higher than the 0.08% found for TLD-
100. This discrepancy could reasonably be attributed in 
large part to an amorphous structure of the GeDCOF, 
which provides random trapping centres each time the 
dosimeters are irradiated [20], as well as differences in 
optical dopant distribution between dosimeters [21]. 
Meanwhile, TLD-100 has crystalline structures that 
provide localized electron traps in metastable energy 
states to conserve absorbed energy, resulting in higher 
TL reproducibility. Even among dosimeters 
manufactured in the same batch, sensitivity variations 
can occur. As a result, dosimeter screening prior to 
irradiation remains necessary. 

The uncertainty analysis is required to determine 
the level of confidence and accuracy that the value 
actually falls within the range defined by the uncertainty 
interval, notably after several correction factors are 
applied in the conversion of physical quantities. Unlike 
other correction factors involved in the measurement of 
absorbed dose by an ionization chamber, the uncertainty 
for ion recombination was not considered in this 
uncertainty budget. According to IAEA [16], all the 
ionization chambers calibrated at the IAEA laboratory 
were not corrected for ion recombination. Thus, no 
significant value was counted for uncertainty in ion 
recombination. However, the previous study [22] makes 
use of ion recombination uncertainty. This contradiction 
was due to the ionization chamber used in the previous 
study being calibrated in terms of absorbed dose to 
water traceable to different primary standards as in the 
current study. 

 
V. CONCLUSION  

 
The uncertainties in the calibration coefficients of 

GeDCOF and TLD-100 for absorbed dose measurement 
to water in megavoltage photon beams were 
investigated. The analysis includes uncertainties in the 
absorbed dose to water determined by the ionization 
chamber, dosimeter reading, and dosimeter positioning. 
The uncertainties in the GeDCOF and TLD-100 
calibration coefficients are acceptable, and the ±3% 
tighter dose margin estimates for relative dosimetry 
systems are achievable after all recognized systematic 
errors have been eliminated by applying appropriate 
corrections. The analysis of the uncertainty of the 
experimental data is essential to allow users of the 
results to assess the reliability of the measured data. 
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Abstract — COVID-19 is a global health crisis for 
every health professional including radiographers. 
Adequate knowledge, a good attitude, and safe 
practice are very important in the present scenario. 
In this present study, we aim to determine the 
knowledge, attitude, and practice (KAP) of COVID-
19 among radiographers in the kingdom of the 
Himalayas, Nepal. An electronic questionnaire 
survey consisting of 15 questions, 5 questions for 
each knowledge, attitude, and practice including 
socio-demographic variables (gender, age, academic 
qualification, work experience, workplace, and work 
province) was conducted from January 5 to 
February 15, 2021. A score of 1 was given for each 
correct answer and a score of 0 was given for each 
incorrect answer. A score of 0-60% was considered 
inadequate and above 60% was considered 
adequate. Data were analysed using SPSS version 27 
(IBM Chicago, United States). A non-parametric test 
was used since the data did not follow a normal 
distribution. The p-value was set at a 5% level of 
significance. Total 390 radiographers, 262 male, and 
128 females, mean age 27.17±5.64 years, range 20 to 
50 were included in this study. The mean knowledge, 
attitude, and practice were 4.46±0.54, 89.20%, 
3.94±0.96, 78.80%, and 4.40±0.77, 88.00% 
respectively. According to socio-demographic 
variables, there was no statistically significant 
difference in knowledge and practice. However, 
there was a statistically significant difference in 
attitude according to gender and work province but 
was not statistically significant by age group, 
academic qualification, work experience, and 
workplace. The radiographers in Nepal had 
adequate knowledge, a good attitude, and safe 
practice during the COVID-19 crisis. 

Keywords — COVID-19, Nepal, Radiographers, 
KAP 

 
I. INTRODUCTION  

 
The year 2019, December initiated the most 

enduring period in medical history leaving a severe 
impact on the general public globally. In the city of 
Wuhan China, several cases of pneumonia with an 
unidentified source were observed in a bunch of 

individuals. The pneumonia was stated to be caused by 
the SARS-CoV-2 virus called as 2019 novel coronavirus 
(2019 -nCoV) before the official name was declared by 
World Health Organization (WHO) as COVID-19 in 
February 2020 [1].  The outbreak of this disease was 
beyond control since on March 11, 2020, WHO declared 
this a pandemic [2]. This ongoing pandemic has already 
reached >8.5 million worldwide by year 2020 June [1]. 
As of today’s date, the United States have the highest 
death ratio of 941,112 whereas Nepal is in 56th position 
with a death ratio of 11,938 [3]. In Nepal, the first 
confirmed case of COVID-19 was observed in a 32-
year-old male patient studying at Wuhan University, 
China who just returned to Nepal on 24th January 2020 
[4,5]. Similarly, after 2 months the second case was 
confirmed in a person returning from France [5]. 

The year 2020 was regarded as the most impacted 
year of COVID-19 [6]. As radiographers are the 
frontline workforce for COVID-19, we aim to determine 
the knowledge, attitude and awareness of COVID-19 
among radiographers in Nepal. 

 
II. MATERIALS AND METHODS  

 
A. Study Design 

The questionnaire survey was conducted among 
radiographers in this study. The survey included socio-
demographic variables such as age, gender, academic 
qualification, work experience, workplace and work 
province) and 5 questions each for knowledge, attitude 
and practice of COVID-19. The academic qualification 
included diploma, bachelor and master degree from a 
total of 7 Provinces namely Province 1, Province 2, 
Bagmati province, Gandaki province, Lumbini 
province, Karnali province and Sudurpaschim. The 
workplace included government, community and 
private hospitals. 

B. Data Collection 
The data was collected from January 5 to February 

15, 2021. The inspection was carried out via google 
forms. There was no negative or false marking and a 
score of “1” was given for each correct answer and zero 
for each incorrect answer. 
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C. Data Analysis 
For the analysis of data, we used SPSS version 27 

(IBM Chicago, United States). The data were analyzed 
on a descriptive and statistical basis. A score of 0-60% 
was considered inadequate and above 60 – 80% 
adequate and 80 – 100% excellent. The Shapiro-Wilk 
test was utilized to check the normality of data. The 
equality was obtained by Levenes Test. Non-parametric 
test known as the Mann-Whitney test and Kruskal-
Wallis H-Test were applied since the data didn’t follow 
a normal distribution. The p-value was set at a 5% level 
of significance.  

 
III. RESULTS  

 
Total 390 radiographers participated in a survey, 

262 male and 129 females, mean age 27.17+5.64 range 
between 20 to 50 years. The data was based on 
sociodemographic values summarized in Table 1. 

The mean knowledge, attitude, and practice were 
4.46±0.54, 89.20%, 3.94±0.96, 78.80%, and 4.40±0.77, 
88.00% respectively. According to socio-demographic 
variables, there was no statistically significant 
difference in knowledge and practice as shown in Table 
2 and 4. However, there was a statistically significant 
difference in attitude according to gender and work 
province but was not statistically significant by age 
group, academic qualification, work experience, and 
workplace as demonstrated in Table 3. The correct 
responses are shown in Table 5. 

Table 1. Socio-demographic Characteristics 

 
 
 
 
 
 

Table 2: Mean knowledge of COVID-19 with statistical 
significance 

 
 
Table 3: Mean attitude of COVID-19 with statistical 
significance 

 
*statistically significant 
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Table 4: Mean practice of COVID-19 with statistical 
significance 

 
 
Table 5: Correct response of the questionnaire survey 

 

 
IV. DISCUSSION  

 
This study showed the radiographers in Nepal had 

excellent knowledge and practice and adequate attitude 
of COVID-19. Excellent knowledge and practice imply 
radiographers are fully aware of COVID-19 and they 
have an optimal practice to take care of patient safety 
and their own safety. However, 51% radiographers were 
aware of the incubation period of the COVID-19. 
Surplus information of COVID-19 might be useful for 
them. Again, the attitude of radiographers was low 
(51%) regarding the preparedness at the workplace to 
control COVID-19. This indicated the hospitals need to 
upgrade the preparedness to fight against this pandemic. 
 

 
Although there were plenty of research related to 
knowledge of radiation protection among radiographers 
in Nepal, this is the first one to depict of KAP of 
COVID-19 among Nepalese radiographers [7,8]. 

The study was carried out using electronic medium. 
So, the investigator could not be physically present in 
front of the participant.  

 
V. CONCLUSION  

 
Though the results showed excellent knowledge and 
practice and adequate attitude among radiographers, 
there are still rooms to improve the present situation of 
COVID-19 in Nepal. Nepalese government and 
international and national organizations should 
collaborate with hospitals to control COVID-19 
pandemic. 
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Abstract — The patient's lack of knowledge 
regarding the important aspects of the treatment 
undergone will adversely affect the consistency of 
patient behavior. A good understanding of 
radiotherapy can help gain better knowledge so that 
patients who understand the basics of radiotherapy 
are better prepared to anticipate potential side 
effects. One of the successes of radiation therapy is 
influenced by good education, one of which is mobile 
android-based education which is developing today 
with the delivery of more effective and interesting 
material. Research and Development (R&D) and 
model testing using quasi-experiment design (pre 
and post-test with control group design). The 
independent variables of this study are the android 
mobile education model and the oral education 
model. The dependent variables of this study are 
knowledge, attitudes, and behaviors and the 
confounding variables of this study are age and 
education. The study population and sample were 
divided into 2 intervention groups of 45 patients and 
a control of 45 patients. The data were tested using 
the Wilcoxon test and the Mann-Whitney test. The 
radiotherapy education model with the android 
mobile-based application method has referred to the 
R&D theory, which consists of five stages: 
information collection, application design, expert 
validation test, model product trial, and results. The 
android mobile-based Radiotherapy education 
model is feasible and relevant as an educational 
medium based on expert validation tests. The 
android mobile-based radiotherapy education model 
is effective in increasing the knowledge (p-value of 
0.000), attitude (p-value 0.000), and behavior (p-
value 0.025) of patients undergoing external 
radiation therapy. The development of a mobile 
android-based radiotherapy education model is 
feasible as a radiotherapy educational medium and 
its application is effective in increasing the 
knowledge, attitudes, and behavior of radiation 
therapy patients. 

Keywords — Development of Educational 
Model, Radiotherapy, Mobile Android, External 
Radiation Therapy 

 
I. INTRODUCTION  

 
 Based on the increasing use of radiotherapy, it is 
necessary to develop a patient education system in the 
treatment process in radiotherapy, applications are made 

based on Android to make it easier for radiotherapists, 
nurses, and radiation oncology doctors to conduct 
education to improve patient knowledge, attitudes and 
behavior about the process in radiotherapy, as well as 
evidence of the implementation of education to patients 
can be well documented. The patient's lack of 
knowledge about the important aspects of the treatment 
undergone will have a bad impact on the consistency of 
the patient's treatment behavior so important aspects of 
treatment become things that patients need to 
understand [1]. The lower the patient's knowledge of 
information that is important in medicine, the more 
disobedient it is for the patient in medicine, and vice 
versa [2]. Meanwhile, a patient's understanding of good 
radiation can help in gaining better knowledge so that 
patients who understand the basics of radiotherapy are 
better prepared to anticipate potential side effects so that 
radiotherapy can run smoothly and reduce radiotherapy 
dropouts [3]. The knowledge of patients with 
radiotherapy will be influenced by their understanding 
of the procedure. Adherence to radiation therapy is 
essential to achieving the best benefits, such as healing 
and improving the quality of life [4]. Most cancer 
patients experience anxiety as a result of their natural 
illness [5].  

Knowledge and attitudes are factors that influence a 
person's awareness in preventing the risk of side effects 
of radiation therapy. This is by following the results of 
studies that state that there is an influence of gender, 
knowledge, and attitudes toward radiation safety 
measures [6]. It is also stated that increasing knowledge, 
attitudes, and behaviors in patients undergoing radiation 
therapy can be done through the provision of education 
as a form of health promotion approach. The success of 
the educational process is indicated by changes in 
behavior that are better regarding changes in knowledge 
(cognitive), skills (psychomotor), and attitudes and 
behaviors (affective). In addition, the delivery of 
educational materials is more effective when delivered 
in a pleasant atmosphere and with interesting methods 
[7]. Currently, radiotherapy education in patients 
undergoing external radiation therapy is only delivered 
orally by radiation oncologists or other radiation 
workers. This method has its drawbacks in terms of the 
successful delivery of information and requires more 
time [8]. Education about the process of radiotherapy is 
an effort made to increase knowledge about a person's 
radiotherapy regarding the risk factors for radiotherapy 
side effects and the irradiation process. Education about 
the treatment process in radiotherapy can influence a 
person's knowledge, which can be processed from 
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various information such as electronic media and print 
media [5]. When using an educational model by 
utilizing the media as a tool, it can explain part or all of 
the information that is difficult to explain orally. One of 
the media that can be used as educational media is an 
Android smartphone device [8]. 

The existence of very rapid technological 
developments presents various information including 
about health. The information provided through android 
is very fast and easy to get. Its use can be accessed 
anywhere and anytime when needed. Therefore, the 
application of educational media for android mobile-
based patients is a solution to convey information and 
increase knowledge about the radiotherapy irradiation 
process and make it easier so that there are no mistakes 
in the radiation therapy process. 

 
II. MATERIALS AND METHODS  

 
  A. Patient data collection 
     Research and Development (R&D) with the 
research design used is quast experimental research 
with a pre-posttest control design research design [9].  
The study is to test the effectiveness of developing an 
android-based radiotherapy education model in 
patients undergoing radiation therapy by giving 
treatment to the tested group. The independent 
variables of this study are the android mobile education 
model and the oral education model. The dependent 
variables of this study are knowledge, attitudes, and 
behaviors and the confounding variables of this study 
are age and education. The study population and 
sample were divided into 2 intervention groups of 45 
patients and a control of 45 patients. The data were 
tested using the Wilcoxon test and the Mann-Whitney 
test. According to Dick et al. (2005) developing a 
model, the development model is the ADDIE model, 
the model consists of five stages of development, 
namely, Information Collection, model design, expert 
validation and revision, model testing, and model 
results. 

Figure 1 Research Development 

 
 

B. Research Instruments 
    Research instruments are tools used in the research 

process to obtain supporting data in conducting a study. 
Research instruments commonly used in research are 
several lists of questions and questionnaires submitted 
and given to each respondent who is a sample in the 
study at the time of observation or dissemination of the 
questionnaire. This instrument has a very important 
role and uses because if we do not have an instrument 

for obtaining research data, it can result in us being 
wrong in drawing conclusions in research and having 
difficulty in grouping and processing relevant data in 
the research. Measuring instruments in research are 
usually called research instruments [10]. In general, the 
technique in scoring used in this research questionnaire 
is the Likert Scale technique and research instruments 
with the android application model "Ib.RadOnc" as an 
intervention tool in providing patient education about 
radiotherapy in patients undergoing radiation therapy. 

 
III. RESULTS 

 
  The radiotherapy education model with the 

android mobile-based application method has referred 
to the R&D theory which consists of five stages, 
namely information collection, application design, 
expert validation test, model product trial, and the 
results of the android mobile-based radiotherapy 
education model feasible and relevant as an educational 
medium based on expert validation tests. Data from 
information collection carried out in 4 respondent 
professions and articles were used to design 
educational models for patients undergoing external 
radiation therapy. The results of information collection 
revealed that the patient's knowledge, attitudes, and 
behavior while undergoing radiation therapy were still 
low. An important role in improving the knowledge, 
attitudes, and behavior of patients undergoing external 
radiation therapy is an effort to assist patients in the 
process of external radiation therapy in radiotherapy. 
Educational media in patients undergoing external 
radiation therapy must be oriented towards media 
quality and information quality by following revolution 
4.0 so that this media can be used according to the 
needs of patients undergoing external radiation therapy. 

A. Expert Validation 
Expert Validators in testing the feasibility of an 

android-based external radiation therapy patient 
education model totaling 3 Expert validators, namely 
radiation oncology specialists, senior radiotherapists, 
and information systems/information technology 
experts.  Based on the assessment results of 3 expert 
validators, it is known that the frequency data 
distribution of IT experts is 96%, Radiation Oncology 
Doctors 98%, and Senior Radiotherapists by 100%, The 
average feasibility value is 98% with a very decent 
category. The results of the validity test showed that the 
p-value = 0.004 (<0.05) which means that the 
Development of a mobile android-based Radiotherapy 
Education Model in patients undergoing external 
radiation therapy is relevant and feasible as an 
educational medium in educating radiotherapy patients 
undergoing external radiation therapy. 

B. Model/Product Trials 
     Trial of an educational model of radiotherapy 
patients undergoing external radiation therapy in 
shaping the knowledge, attitudes, and behaviors of 
patients undergoing external radiation therapy using the 
Quasi-Experimental method with a pre-posttest research 
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design with control design. This research was conducted 
at the Radiation Oncology Installation there are 2 linear 
accelerators (LINAC) tools of the same type and tools. 
Linac 1 is used for control and Linac 2 is used for 
intervention by dividing 2 intervention and control 
groups in linac 1 and linac 2 it is hoped that the study 
samples do not meet each other so that there is no 
jealousy between patients with each other and make it 
easier for researchers to take research samples. 

 This study has the purpose of the trial, namely to 
determine the effectiveness of developing educational 
models in patients undergoing external radiation therapy 
on knowledge, attitudes, and behaviors that are expected 
to change the knowledge, attitudes, and behaviors of 
patients in undergoing external radiation therapy in 
radiotherapy and is expected to provide insight and 
knowledge about radiotherapy and cancer patients can 
know the actions and processes carried out in 
radiotherapy. Testing was carried out with two different 
groups to determine the effectiveness of the educational 
model. the first group as an intervention model received 
an android-based external radiation therapy education 
model treatment while the second group as a control 
group received treatment with the education that had 
been applied in hospitals. 

 The results of the respondent characteristics test 
found out the gender of the respondents who were 
sampled in this study in the intervention group and 
control group, namely men as many as 8 people (18%) 
and women as many as 37 people (82%) showed the 
number of respondents based on gender, the most were 
women. The frequency value of respondents based on 
presentation age was the largest (53%) with an average 
age of 45-58 years in the intervention group. The 
frequency of the high type of education was 31 people 
(69%) namely in the intervention group while in the 
control group the frequency of the highest type of 
education was 29 people (65%). The frequency of the 
most types of cancer was 25 patients (58%) namely the 
type of cancer in the abdomen/pelvis in the intervention 
and control group. 

The results of the homogeneity test showed that the 
variables of sex, age, and type of cancer had the same 
data variations in the intervention group and the control 
group had a p-value of >0.05, while the education type 
variable had the same data variation in the intervention 
group and the control group had a p-value of 0.005 
(<0.05), so it can be concluded that the sex, age and type 
of cancer from the two sample groups are homogeneous 
while for the variant type variables education in two 
groups is not homogeneous. A normality test is a test 
that aims to determine whether the data collected on 
each normally distributed variable or not. Normality 
testing using the Shapiro-Wilk method because the data 
of each treatment is less than 50. The data is normally 
distributed if the signification value >0.05. Based on the 
Normality Test, the data showed for pre-post-test 
knowledge, pre-post-test attitudes, and pre-post-test 
behaviors, both control and intervention groups were 
not distributed normally because the p-value <0.05. So 
in the absence of normal distribution the next test used 

is the non-parametric test, namely the Wilcoxon and 
Mann-Whitney tests. 

C. Model/Product Results 
The product produced is one of the innovations of 

promotional and preventive efforts to prevent 
educational problems for cancer patients undergoing 
external radiation therapy and change knowledge, 
attitudes, and behaviors in cancer patients undergoing 
external radiation therapy. 

Figure2.Product results of android mobile-based 
applications 

     
 

     
 
D. Model/Product Effectiveness 

The results of the data effectiveness test paired with 
knowledge of external radiation therapy patients 
showed that the p-value of the intervention group was 
0.008 (p<0.05) meaning that the development of an 
educational model for cancer patients undergoing 
android-based external radiation therapy was effective 
in increasing patient knowledge on external radiation 
therapy. The p-value of the knowledge of the control 
group was 0.000 (p<0.05), meaning that the oral 
education used in the control group effectively increased 
the knowledge of cancer patients undergoing external 
radiation therapy. 

The results of the data effectiveness test paired with 
attitudes of external radiation therapy patients showed 
that the p-value of the intervention group was 0.000 
(p<0.05) meaning that the development of an 
educational model for cancer patients undergoing 
android-based external radiation therapy was effective 
in improving patient attitudes on external radiation 
therapy. The p-value of the attitude of the control group 
was 0.000 (p<0.05), meaning that the application used 
in the intervention group effectively improved the 
attitude of cancer patients undergoing external radiation 
therapy.  
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The results of the test of the effectiveness of the paired 
data on the behavior of external radiation therapy 
patients showed that the p-value of the intervention 
group was 0.000 (p<0.05), meaning that the 
development of an educational model for cancer patients 
undergoing android-based external radiation therapy 
was effective in improving patient behavior in external 
radiation therapy. The p-value of the control group 
attitude is 0.000 (p<0.05), meaning that the application 
used in the intervention group is effective in improving 
the behavior of cancer patients undergoing external 
radiation therapy. 

The results of the data test on the effect of education 
on knowledge showed a p-value of 0.182 (p>0.05) so 
can be concluded that education does not affect 
increasing the knowledge of patients undergoing 
external radiation therapy. The data test results on the 
effect of education on attitudes showed a p-value of 
0.839 (p>0.05) so it can be concluded that education 
does not affect the attitudes of patients undergoing 
external radiation therapy. The data test results on the 
effect of education on behavior show a p-value of 0.059 
(p<0.05) so it can be concluded that education affects 
the behavior of patients undergoing external radiation 
therapy. 

 
IV. DISCUSSION  

 
The radiotherapy education model with the android 

mobile-based application method has referred to the 
R&D theory which consists of five stages, namely 
information collection, application design, expert 
validation test, model product trial and results in the 
android mobile-based Radiotherapy education model is 
feasible and relevant as an educational medium based on 
expert validation tests. The android mobile-based 
radiotherapy education model is effective in increasing 
the knowledge (p-value of 0.000), attitude (p-value 
0.000), and behavior (p-value 0.025) of patients 
undergoing external radiation therapy. 

The limitations of this study are; first, the application 
is used only for android so can't use ios. While some 
patients use ios. The two types of cancer in the study 
sample in the hospital were predominantly the most 
common cancers in the abdomen and pelvic parts. 

 
V. CONCLUSION  

 
The educational model with a mobile android-based 

method has referred to the R&D theory which consists 
of five stages; information collection, application 
design, expert validation tests, model product trials, and 
model results. 

The android mobile-based radiotherapy education 
model is feasible based on expert validation tests as an 
educational medium for patients undergoing external 
radiation therapy, it is proven that the p-value is 0.004 
(p<0.05). 

The android mobile-based radiotherapy education 
model effectively increased knowledge in patients 
undergoing external radiation therapy compared to the 
control group, proving the p-value was 0.000 (p<0.05). 

The android mobile-based radiotherapy education 
model effectively improved attitudes in patients 
undergoing external radiation therapy compared to the 
control group, proving the p-value was 0.025 (p<0.05). 

The android mobile-based radiotherapy education 
model effectively improved behavior in patients 
undergoing external radiation therapy compared to the 
control group, proving the p-value was 0.000 (p<0.05). 
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Abstract — Dual source dual energy CT (dsDECT) 
application on CT brain able to produce a Virtual 
Non-Contrast (VNC) image dataset. Through VNC, 
there is a possibility elimination for non-contrast CT 
(NCCT). In routine examinations, NCCT of CT 
brain is used to rule out bleeding associated. With 
VNC, time and radiation dose might be saved for 
further treatment. This study aims to show that 
dsDECT is effective in reducing radiation dose and 
maintaining image quality and examining the 
reliability of VNC images in replacing True Non-
Contrast (TNC) images during routine scan for 
stroke patient. A CT 16cm diameter head phantom 
of was scanned on a 64-slice scanner Siemens 
Somatom Definition AS (Siemens Healthcare) at 
120kV, 384mAs and 0.55 pitch. The CT dose index 
(CTDIvol), dose-length product (DLP) and Effective 
radiation exposure (ED) were measured for single 
source single energy CT (ssSECT) and dsDECT. The 
image quality were assessed by drawing 3-point 
region of interest (ROIs) measuring 11mm2 on axial 
slices for objective evaluation of image quality. 
Results: 54.16% of dose reduction in CTDIvol when 
using dsDECT compared to ssSECT. For DLP and 
ED, the reduction in dose was 51.39% in dsDECT 
compared to ssSECT. For image quality, the noise 
increased by 18.18% in VNC. The SNR decreased by 
6.22% in VNC. The CNR decreases in VNC. VNC 
have lower image quality than TNC but statistically 
not significance on cerebral artery. DsDECT are 
effective in reduction of radiation dose compared to 
ssSECT. Conclusion: VNC images are reliable as 
potential alternative to TNC images of CT Brain in 
patients with suspected acute ischemic stroke. 
DsDECT via VNC application helps further reduced 
radiation dose. 

Keywords —  ssSECT, dsDECT, TNC, VNC, stroke 

 
I. INTRODUCTION  

 
CT brain is one of the most common examinations 

requested by doctors in CT scan. This is due to the facts 
that head CT brain plays a vital role in the evaluation of 
intracranial abnormalities. 

In Malaysia, stroke is one of the top five leading 
causes of death after ischemic heart disease, septicemia, 
malignant neoplasms, and pneumonia [1]. Stroke 
contributes to major morbidity and mortality in both 

developed and developing countries. CT brain will 
produce a detailed image of the brain structures. It can 
show bleeding in the brain, an ischemic stroke, a tumor 
or other conditions. CT angiography (CTA) aids in the 
diagnosis of acute ischemic stroke [2]. CTA is able to 
diagnose intracranial atherosclerosis, carotid stenosis, 
and large vessel occlusions at the time during stroke 
occur. CTA of the carotid and intracranial arteries is a 
widely used cross-sectional imaging technique to 
evaluate the vascular supply to the brain. It is routinely 
used in the emergency setting in patients with suspected 
stroke to assess acute vascular occlusion [3]. The first 
line in diagnosing stroke would be performing a plain 
pre contrast CT brain. If there is no hemorrhaging in the 
brain area, a CT angiogram of the brain will be 
performed and later a CT perfusion of the brain. 
However, this would lead to an increase in radiation 
dose to patient due to repetitive scan of the same brain 
area.  

Thus, this study hypothesizes the effectiveness of 
dual source dual energy CT regarding the radiation dose 
and the impacts of image quality with the application of 
dual source dual energy CT in CT brain. This study also 
hypothesizes the reliability of Virtual Non Contrast 
Image in potentially replacing True Non Contrast 
images of CT brain so that a pre contrast brain scan can 
be eliminated during routine scan in assessing stroke for 
a further dose reduction to patient by using first 
generation dsDECT. 

 
II. MATERIALS AND METHODS  

 
A. Study Design 

An experimental on PH3 Angiographic CT Head 
Phantom ACS was performed to investigate the 
effectiveness of dual source dual energy CT application 
by analyzing the radiation dose reduction from dose 
phantom measurement and the image quality analysis 
(noise, SNR and CNR). This study also intends to 
investigate the reliability of VNC as an alternative to 
TNC.  PH3 Angiographic CT Head Phantom ACS 
(Figure 1) was exposed using multi – slice CT scanner, 
(Siemens 64 Slice Somatom Definition AS) located at 
CT scan room, University Malaya Medical Centre 
(UMMC). 
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Figure 1. PH3 Angiographic CT Head Phantom ACS 
used in this study. (a) AP view, (b) Lateral view  
 

        
        (a)                                          (b) 

 
The CTDIvol  and DLP values available from the CT 

console were recorded during each exposure as provided 
by the CT scanner. The effective radiation dose (ED) 
associated with the CT examination were calculated. 

The images of CT brain were assessed for image 
quality by drawing 3 point region of interest (ROIs) for 
objective evaluation of image quality: attenuation (A) in 
Hounsfield units (HU) and its standard deviation (SD) 
representing image noise (N) for 64-slice single source 
single energy and first generation dual source dual 
energy CT of the CT brain examination.   

B. Study Setting 
This study was conducted at Bio-medical Imaging 

Department Universiti Malaya Medical Centre 
(UMMC), Kuala Lumpur. Quality control test such as 
laser accuracy, table travel, CT number accuracy, slice 
thickness and dose measurements has been conducted 
prior to the study to ensure the performance of the CT 
particularly image quality and the CT number within the 
range recommended by American College of Radiology 
CT Accreditation Testing Instructions to ensure the 
facility’s protocols meet the revised requirements [5]. 

 
C. PH3 Angiographic CT Head Phantom ACS 

This head phantom contains brain structure. The 
brain tissue made of urethane base resin, while the 
synthetic skull and cervical vertebrae (C1-C7) that made 
of epoxy base resin. The other feature of this phantom is 
that it simulated arteries with contrast medium covering 
left anterior cerebral arteries and middle cerebral artery 
(Figure 2). 

Figure 2. PH3 Angiographic CT Head Phantom ACS 
used in this study. (a) AP view, (b) Lateral view (c) 
Axial View 
 

           

 
 

Table 1. Criteria and Hounsfield CT Number of PH3 
Angiographic CT Head Phantom ACS  

Criteria Cerebrum Cerebellum Cerebral 
Artery 

Hounsfield 
CT Number 40 40 >40 

 
D. Dose Measurement 

To quantify the reduction of radiation dose, we 
assessed the CTDIvol, overall dose-length product 
(DLP), and effective radiation dose between ssSECT 
and dsDECT. The radiation dose exposure that assessed 
are as provided by the CT scanner. The effective 
radiation dose (ED) associated with the CT examination 
are calculated using the equation: DLP (mGy x cm) x 
0.0019 (mSv x mGy-1 x cm-1) based on ICRP publication 
103 [4].  

E. CT Acquisition Protocols 
The phantom assembly was scanned using first 

generation CT scan machine 64 slice Siemens Somatom 
Definition AS in 2 scan modes: conventional 
polychromatic x-ray imaging mode (ssSECT) and dual 
energy CT mode (dsDECT).  

Table 2. CT Acquisition Protocols 

CT Parameter ssSECT dsDECT 

Tube Voltage 120kVp 140/80 kVp for 
tube A/B 

mAs 384 67/285 for tube 
A/B 

Pitch 0.55 0.55 

Tube Rotation 
time 

0.5 second 0.5 second 

Collimation 64x0.6mm 64x0.6mm 

FOV 222mm 222mm 
 
F. Calculation of virtual non-contrast image (VNC) 

For generating virtual non-contrast datasets (VNC), 
a commercially available software (SyngoVia VB20 A, 
Siemens Healthcare, Forchheim, Germany) was used. 
Reconstruction was performed in axial orientation with 
the same paramater in order to obtain identical images 
to those of TNC (Figure 4).  
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Figure 4. (a) TNC image of ssSECT routine acquisition 
at 120 kVp and (b) VNC image of dsDECT acquisition 
at 80kVp + 140 kVp 

          
 
G. Data Collection 

A scout scan has been done first to localize the area 
of scanning (Figure 5). The scan length and scan FOV 
(222mm) was kept constant throughout the experiment. 
Using the same scout scan data, the scan was done using 
ssSECT (Set A). Radiation exposure dose, CTDIvol and 
dose-length product (DLP) during each exposure made 
were recorded. Image of the scan was labelled as A1. 
Thus, the total number of exposure for single source CT 
was 1 (n = 1).  The image of CT brain were assessed for 
image quality by drawing 3 point ROIs on axial slices 
(Figure 6) measuring 11mm square on a uniformly 
attenuating region of the brain tissue for objective 
evaluation image quality: attenuation (A) in Hounsfield 
units (HU) and its standard deviation (SD) representing 
image noise (N) between single source and dual source 
dual energy CT of the CT brain examination. ROI 3 was 
marked on cerebral artery area without contrast since the 
phantom was pre-filled contrast to simulate NCCT 
brain. 

Figure 5. Scout image of the phantom 

 
 
Figure 6. ROI placement in TNC. ROI 1 at Cerebrum, 
ROI 2 at Cerebellum and ROI 3 at Cerebral artery. 
 

 
 
 
 

 

III. RESULTS  
 

A. Analysis of effective radiation dose 

Table 3. The Radiation Dose Output (CTDIvol), DLP, 
and effective radiation exposure (ED)  value that were 
recorded between ssSECT and dsDECT. 

 
Based on the Table 3, it showed the radiation dose 

output (CTDIvol) of ssSECT and dsDECT of this study. 
It is observed that there were 54.16% of dose reduction 
in CTDIvol  when using dsDECT (20.60mGy) compared 
to ssSECT (44.94mGy). For the DLP, the reduction in 
dose was 51.39% from 827mGycm in ssSECT to 
402mGycm in dsDECT. It is observed a significant dose 
reduction in effective radiation exposure by 51.39% 
from 1.5713mSv in ssSECT to 0.7638mSv in dsDECT 

B. Analysis of noise 

Table 4. The noise (SD) value that were recorded 
between TNC and VNC. 

CT Images TNC VNC Percentage 
Increase % 

Noise 
(SD) 

4.5 5.5 18.18 

 
In TNC, the value of noise was 4.5 while for VNC 

was 5.5. For image quality, the noise increased by 
18.18% in TNC (4.5) and VNC (5.5).  
 

Table 5. Paired T-test 

 
 

CT 
Acquisition 

ssSECT DECT Percentage 
Decrease % 

Radiation 
Dose Output 
CTDIvol 
(mGy) 

44.94 20.60 54.16 

Dose Length 
Product 
(mGycm) 

827 402 51.39 

Effective 
Radiation 
Exposure 
(mSv) 

1.5713 0.7638 51.39 

    p - value 

    
Noise 
(SD) SNR  

CNR HU 

Pair 
1 

ssSECT 
ROI 1 – 
dsDECT 
ROI 1 

0.255 0.021 0.124 0.008 

Pair 
2 

ssSECT 
ROI 2 – 
dsDECT 
ROI 2 

0.444 0.038 0.803 0.006 

Pair 
3  

ssSECT 
ROI 3 – 
dsDECT 
ROI 3 

0.735 0.776 0.054 0.908 
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Based on the statistics on Table 5, the noise (SD) is 
not statistically significant as p-value is p > 0.05 for all 
of the ROIs between ssSECT and DECT. 
 
C. Analysis of signal-to-noise ratio 

Table 6. The signal-to-noise (SNR) value that were 
recorded between TNC and VNC. 

CT 
Acquisition  

TNC VNC Percentage 
Decrease % 

SNR 8.84 8.29 6.22 
 

In TNC, the value of signal-to-noise ratio was 8.84 
while for VNC was 8.29. The SNR decreased by 6.22% 
in TNC (8.84) and VNC (8.29).  

Based on the statistics on Table 5, the SNR is 
statistically significant or cerebrum (ROI 1) (p = 0.021) 
and cerebellum (ROI 2) (p = 0.038) as both p-value is 
less than 0.05 (p < 0.05) between 64-slice ssSECT and 
first generation DECT. However, the SNR for cerebral 
artery (ROI 3) (p = 0.776) was statistically not 
significant as the p-value more than 0.05 (p > 0.05) 
between ssSECT and DECT. 

D. Analysis of contrast to noise ratio 

Table 8. The contrast-to-noise ratio (SNR) value that 
were recorded between TNC and VNC. 

 
In TNC, the value of contrast-to-noise ratio was -

0.04 while for VNC was -2.56. The CNR value was 
decreased in TNC (-0.04) to -2.56 in VNC. 

Based on the statistics on Table 5, the CNR is not 
statistically significant as p-value is more than 0.05 (p > 
0.05) for all of the ROIs which are cerebrum (ROI 1) (p 
= 0.124), cerebellum (ROI 2) (p = 0.803) and cerebral 
artery (ROI 3) (p = 0.054) between ssSECT and first 
generation DECT. 

 
E. Analysis of Attenuation Value (HU) between TNC 
and VNC 

 
Table 6. Attenuation (HU) values between TNC and 
VNC 

Brain 
Structure 

Cerebrum 
ROI -1 

Cerebellum 
ROI -2 

Cerebral 
Artery 
ROI -3 

Images Attenuation 
Value (HU) 

Attenuation 
Value (HU) 

Attenuation 
Value (HU) 

TNC 40 40.4 39.8 
VNC 52 51.3 45.6 
Differences 12 10.9 5.8 

 
 
 
 
 
 

Table 7. The Attenuation (HU) values of the phantom 
based on manufacturer value. 

Criteria Cerebrum Cerebellum Cerebral 
Artery 

Hounsfield 
CT Number 40 40 >40 

 
From the result in Table 6, it was shown that the 

attenuation (HU) value of TNC and VNC in the ROI’s 
drawn. While Table 7 shows the attenuation (HU) 
values of the phantom based on manufacturer value. The 
difference between in the attenuation value of TNC and 
VNC was 12 in ROI 1. The difference between in the 
attenuation value of TNC and VNC was 10.9 in ROI 2. 
The difference between in the attenuation value of TNC 
and VNC was 5.8 in ROI 3. 

Based on the statistics on Table 5, the attenuation 
(HU) value is statistically significant for pair ROI 1       
(p = 0.008) which is cerebrum and pair ROI 2 (p = 
0.006) which is cerebellum as both p-value are lower 
than 0.05   (p < 0.05 ) between 64-slice ssSECT and first 
generation DECT. While in cerebral artery, ROI 3 (p = 
0.908), the attenuation (HU) value is statistically not 
significant as the p-value is higher than 0.05 (p > 0.05) 
between 64-slice ssSECT and first generation DECT. 

 
IV. DISCUSSION  

 
Previous study has concluded that by omitting the 

unenhanced CT, radiation can be reduced [6]. This 
shows that the application of dsDECT will deliver doses 
lower than ssSECT. Walter, S.S. et al also yields a 
significant reduction of 29.59% in the radiation dose 
exposure of patients in dsDECT [7]. One of the reasons 
in dose reduction is due to the selection protocol of 
parameter by altering quality reference mAs between 
ssSECT and dsDECT. The other reason why dsDECT 
produce less radiation dose compared to ssSECT 
because dsDECT utilized a smaller detector field as 
compared to ssSECT that used a wider detector field 
during acquisition. These effects were explained in a 
study by Weinman et al. stating that the reason for a 
greater reduction in radiation exposure, as the difference 
is likely due to the wider detector field in the 
conventional scan [8]. In their study, the dual energy 
acquisition only allows for 40 detectors to be utilized at 
each energy, as opposed to both banks of 64 detectors 
each (128 detectors total) being utilized in the 
conventional scan of single energy. In their study, 
radiation exposure as measured by CTDI and DLP was 
significantly lower on dual energy scans in both patient 
populations for CT brain. Even though their study 
emphasizes on CT brain on pediatrics, the current study 
also able to show reduction in radiation exposure with 
dsDECT acquisition in adult CT brain protocols.  

From our study, our result was still within the 
Malaysian’s Diagnostic Reference Level (DRL) in 
Medical Imaging for CT brain. This reference level 
serves as a guide for medical exposure from 
examinations and also to avoid unnecessary highly 

Parameter TNC VNC 
CNR - 0.04 - 2.56 
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radiation exposure to the patient. The recommended 
DRL for CTDI was 46.8 mGy and for DLP 1050 
mGycm. While ACR–AAPM–SPR Practice Parameter 
for Diagnostic Reference Levels And Achievable Doses 
In Medical X-Ray Imaging revision 2018 recommended 
that DRL value was 56mGy for CTDIvol and 962mGycm 
for DLP respectively [5]. In comparison to our study, 
the values were still below the DRL value as 
recommended by Malaysian’s DRL in Medical Imaging 
and the DRL value from American College of 
Radiology. 

For image quality between TNC and VNC, the noise 
in VNC is higher than TNC. However, based on 
statistics, the noise (SD) is not statistically significant as 
p-value is p > 0.05 for all of the ROIs between 64-slice 
ssSECT and first generation DECT.  For SNR and CNR 
in VNC lower than that in TNC. This is because both 
tubes are simultaneously producing x-ray, causing 
scattered radiation that whose original primary photon 
came from one tube may be detected by the detector for 
the other tube, and vice versa [9]. Thus, this causes an 
increase in the amount of noise in VNC. The result 
showed that a VNC have lower image quality than TNC. 
Even though SNR and CNR of VNC were lower, 
statistically, the SNR and CNR is not statistically 
significant as p-value is (p > 0.05) for cerebral artery 
(ROI 3) between 64-slice SECT and first generation 
DECT. 

Previous study has state that there is significant 
reduction in overall image quality, noise and sharpness 
in VNC as compared to TNC [7]. However, their results 
showed that both non contrast datasets are comparable 
in acute hemorrhage and hematoma detection. In 
addition, they able to show, that VNC significantly 
reduced artefacts when compared to TNC. Even though 
the study produces images with low CNR value, the 
study still able to produce CT images of the brain that 
can show visually sharp reproduction of the border 
between white matter and grey matter. The study also 
able to visualize whole cerebrum, cerebellum, and also 
whole skull. This is in accordance with European 
Guidelines on Quality Criteria for Computed 
Tomography, under Brain General category. The 
guidelines required the visualization of whole cerebrum, 
whole cerebellum, and whole skull base. This shows 
that even though the image quality of VNC slightly 
degrades than TNC, the brain structures are well 
defined. Thus, VNC can be accepted as a potential 
alternative for TNC. 

In overall, our study showed differences of 
attenuation (HU) value of all ROIs was within range 0-
15HU. In agreement with Toepker, M., et al state that 
the difference between non-contrast and virtual non-
contrast was under 15 HU in 91.5% of their subject [10]. 
Thus, this shows that our results are correlate with other 
research study as the result are still within the range 
between 0-15HU. Thus, VNC are reliable as an 
alternative to TNC in CT brain. In a study by Ferda et 
al., their result demonstrates the ability dsDECT 
angiography application in the detection and description 
of intracranial bleeding with the use of VNC in 

visualization of the hemorrhage. They able to detect the 
correct location and extent of intracranial bleeding with 
VNC images in 24 of 25 patients, but the presence of 
bleeding was found in all of them [11]. They concluded 
that, it is possible to show the presence of intracranial 
bleeding with high detectability from a single-phase 
contrasted CT brain without the need of NCCT of CT 
brain. This is because, by using only the post contrast 
dual-energy acquisition, they able to show a significant 
potential for the detection of bleeding.  Their study 
indicated the potential of contrast enhanced DECT 
which includes analysis of VNC to replace generally 
conventional TNC in CT brain imaging. The reliability 
of attenuation values important especially in 
differentiating between iodine and blood haemorrhage. 
Thus, our results indicate that the attenuation (HU) 
value of VNC images are reliable to that in TNC. This 
is because the highest range of differences in attenuation 
value are 12, and it is lower than Toepker’s finding. 

Study by May et al., also concluded that dual energy 
offers the opportunity to increase the contrast to noise 
ratio by low monoenergetic reconstructions to improve 
the diagnostic image quality [12].  

 
V. CONCLUSION  

 
It was concluded that dsDECT application is 

effective in the reduction of radiation dose to compared 
to ssSECT from the phantom dose measurement data. 
This is based on our results that showing effective 
radiation dose of the CT Brain in dsDECT are much 
lower compared to ssSECT.  

VNC has lower image quality compared to TNC. 
The noise value of VNC is higher compared to TNC but 
statistically not significant on cerebral artery (ROI3). 
CNR and SNR of VNC are also lower compared to 
TNC. This is the drawback in the application of VNC. 
However, it was shown that the results were statistically 
not significant for cerebral artery (ROI 3). Furthermore, 
VNC able to reduce the radiation dose by utilizing the 
benefits of dsDECT. Further judgements should be 
considered in weighting between image quality and 
radiation dose.  

It was concluded VNC images are reliable as 
potential alternative to TNC images of CT Brain scans 
in patients with suspected acute ischemic stroke. This 
was evidenced by the result was not significance for 
noise, SNR and also CNR for cerebral artery (ROI 3). 
The utilization of dual energy CT via VNC application 
helps further reduced radiation dose to patient. This is 
because dsDECT with VNC can eliminates the biphasic 
scan that requires NCCT of CT brain before proceeding 
with contrasted CT brain. Thus, this will eliminate the 
repetitive scan of the same area, and subsequently 
reduce the radiation dose and also shortens the scan 
time. 
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Abstract — Hydrocephalus abnormalities can be 
detected through MRI brain examination using 
Evan's Index method. However, this assessment is 
manual and subjective, so it is necessary to develop 
a method automatically that has uniformity in 
diagnosing Hydrocephalus. This study aims to 
automatically develop Evan's Index method using 
CNN-based Deep learning (DL) applications. The 
data used in this study was to use an MRI picture of 
the axial Brain T2 Flair as many as 360, which were 
obtained retrospectively without considering the 
abnormalities. The data obtained in the analysis 
using Evan's Index method manually is then 
validated by a Radiologist. From the measurement 
results obtained 2 (two) data groups with Evan's 
Index values > 0.3 as an abnormal group and < 0.3 
as a normal group. Furthermore, this data is used to 
train CNN-based Deep learning (DL) which aims to 
obtain the Hydrocephalus classification. The CNN-
based deep learning model was created using 
Matlab R2021a programming. The performance of 
this application was tested using statistical tests of 
chi-square, ROC, confusion Matrix, and cross-
validation. Based on the assessment of the chi-
square statistical test with a significance value 
(p<0.5) shows the performance results of the deep 
learning model application on the MRI Image Brain 
T2 Flair axial are comparable to the assessment of 
Radiologists. Logistic regression shows the ROC 
curve as an indicator of the accuracy level of the 
application showing an AUC value of 84.30%. And 
to produce an accuracy value of 88,57%, sensitivity 
of 72,72%, specificity of 95,83%, and positive 
predictive value of 88,89%. The negative predictive 
value is 88.46%. It can be concluded that Evan's 
Index Method can be used to automatically assess 
Hydrocephalus using the CNN-based Matlab deep 
learning application. 

Keywords —  Evan’s Index, Hydrocephalus, deep 
learning, CNN. 

 

 

 
 

I. INTRODUCTION 
 

Hydrocephalus is a disorder caused by disruptions 
in the production and circulation of Cerebro Spinal 
Fluid (CSF), resulting in a buildup of fluid in the 
ventricles of the brain. This disorder can be found at 
any age, children with Hydrocephalus have a head size 
that is larger than the normal head size. Hydrocephalus 
in adults occurs due to injuries to the head, the presence 
of tumors in the brain, the presence of infections in the 
brain, as well as the occurrence of bleeding so that the 
circulation of cerebrospinal fluid is disturbed[1]. 

Hydrocephalus in adults has the same symptoms as 
Alzheimer's and Parkinson's. Gait disorders in NPH are 
the same as Alzheimer's disorders while urinary 
incontinence disorders are the same as Parkinson's 
disorders, but for patients with Alzheimer's and 
Parkinson's, there is no ventricular dilation[2]. For 
proof, it is necessary to carry out Diagnostic Supporting 
Measures such as Magnetic Resonance Imaging (MRI). 

Ventricular size is an early sign that is used to detect 
Hydrocephalus abnormalities. A commonly used 
method is Evan's Index, which is to measure the 
maximum width ratio of the frontal horn from the 
Lateral ventricle with the maximum diameter of the 
inner skull, if the value obtained is more than 0.3 (>0.3) 
it is declared that dilation occurred and is expressed as 
Hydrocephalus [3,4]. Ventricular size is an early sign 
of what is used to detect abnormalities The Evan's 
Index method is carried out manually and is very 
subjective depending on the science and experience of 
radiologists, to get easy, precise, and accurate 
measurement results, it is necessary to make a method 
that can make an assessment automatically. 

This study aims to create an application by utilizing 
computer technology Artificial Intelligence (AI) Deep 
learning techniques based on Convolutional Neural 
Networks (CNN) in determining ventricular size. CNN 
is one of the algorithms from Deep Learning that 
applies neural networks that can specifically process 
data in the form of images, so it is very appropriate to 
use in medical images[5]. Although many have done 
the same research, the authors focus on the MRI 
examination of the axial Brain T2 Flair. The resulting 
picture can assess the soft tissue of brain tissue and 
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ventricles, where the ventricular image containing CSF 
looks more hypointense (black) than the surrounding 
area so it is easier to identify or distinguish. Another 
characteristic of the T2 Flair sequence is that it 
compresses the fluid picture so that it can emphasize 
the CSF picture in the ventricular cavity. 

 
II. MATERIALS AND METHODS 
 

A. Data collection techniques 
This type of research is Research and Development 

(R&D). The population of this study was an MRI Brain 
examination without considering the diagnosis, which 
was contained in the service unit of Fatmawati Hospital 
from 2020 to 2021 and was taken retrospectively. The 
sample of this study is an overview of diagnostic 
imaging using the purposes sampling Non_Probability 
technique. This was done because the researcher chose 
an MRI examination of the head without contrasting T2 
flair sequences of axial pieces. 

Several data were obtained as the study population, 
but what was used as a sample was the one that fits the 
research inclusion criteria of 360 samples. The data 
obtained were divided into two data set groups, namely 
the group with a normal ventricular size of 246 and the 
group with an abnormal ventricular size of 114. The 
normal ventricle is characterized by its Evan's Index 
value is small from 0.3 (<0.3) while the abnormal 
ventricle is characterized by a large Evan's Index value 
of 0.3 (>0.3). The purpose of this data grouping is to 
find out whether deep learning applications can 
conduct assessments of normal groups and abnormal 
groups.  

Furthermore, the datasets are grouped into 325 
training data and 35 testing data.  Training data is used 
to form deep learning models and testing data is used 
as validation of deep learning models. Data mining 
processing uses the MATLAB (matrix laboratory) 
programming language version R2021a which is one of 
the programs commonly used in universities or 
universities. 

B. Pre-Processing 
Ventricular measurements were carried out using 

the Evan's Index (EI) method on the Axial Brain T2 
Flair MRI image by calculating the magnitude of the 
maximum width ratio of the right and left frontal horns 
with the maximum diameter of the cranium (Fig1). 
Measurements are done manually by using the DICOM 
Viewer application. Measurements were made on slices 
that could see the anterior cornu (frontal horn) and 
posterior cornu (posterior horn) of the lateral ventricles 
on one slice. 

 

 

 

 

Figure1. Ventricular measurement using Evan's Index 
method on MRI T2 Flair Axial image. (a) frontal length 
of the right and left lateral horns. (b) maximum 
diameter of the skull of the head 

 
. 

C. Deep Learning Process 
CNN's deep learning architecture is used to classify 

normal and abnormal ventricular sizes. The 
classification process in deep learning used in this study 
consists of two stages: the training and testing 
processes. The convolution layer classification process 
is carried out inside the server until it is completed. The 
dataset is trained to get the CNN model. The training 
process of this data set was carried out to build a normal 
and abnormal ventricular classification model to assess 
Hydrocephalus. The model obtained was applied to the 
testing data to determine the characteristics of the 
ventricles. This modeling is done using MATLAB 
programming. The training stages include several 
processes; input data set, feature extract, and 
classification process. 

Input the dataset. The first stage in the CNN 
architecture is data input in the form of an axial Brain 
T2 Flair MRI image. The data set used is stored in the 
DICOM (Digital Imaging and Communications in 
Medicine) format. So that the computational process 
does not take a long time and does not burden the 
system, it is carried out; resize i.e. from 512 x 512 to 64 
x 64. Downscale the image size is converting data from 
12 bits to 8 bits which can also ease the work of the 
system in computing. 

Feature learning. The process that occurs at this 
stage is convolution and pooling, which is to detect 
image characters or collect features using filters or 
kernels. Convolution is the merging of an image with a 
summation algorithm using a kernel or filter to obtain a 
new image. Continued with the ReLU (Rectified Linear 
Units) activation function, which filters negative values 
by replacing negative values with zeros.  

Furthermore, further convolution is carried out on 
the results of the convolution before it by using a 
pooling technique, namely the addition or calculation 
algorithm using a smaller kernel (2x2), but the pixel 
value taken from the summation is the largest value, 
this technique is also called max-pooling. The function 
of this pooling is to reduce the number of parameters 
and network computing and shorten the training time. 
The parameters used on this CNN are to use a kernel 
size of 3x3, striding 2, same padding type, or zero 
padding. This process can be done repeatedly to get the 
best matrix value. 
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Output Layer. The output layer is an advanced 
stage after going through the convolution layer process 
and pooling this layer is a classification process 
consisting of several fully-connected layers. Fully-
connected layers are layers generated by the 
convolution process before they are stacked together so 
that they will get different variations of values on one 
line of layers. Mapping of the values presenting each 
group is carried out. The average value of each group is 
sought which will then produce a number that presents 
each object. This value is used as a formulation for 
assessing an image. The value generated by each pixel 
is a feature extraction or characteristic of the image on 
each pixel.  

The training process is carried out repeatedly until 
you find the best weight and bias, also known as Back-
Propagation. After getting the best weight, it is stored 
in the model as a reference used for the testing process. 

Testing Process. After the model of the CNN 
architecture deep learning application was formed, a 
testing process was carried out using different data. The 
amount of data used in the testing process is less than 
in the training process. The model obtained from the 
training results is used for the testing process, so the 
testing process is carried out only with one iteration or 
epoch without Back-Propagation. The testing process is 
carried out using the same CNN architecture as the 
training process, the difference is not to do repetition or 
Back-Propagation.  

The codes generated from this CNN process can 
only be read by computer devices. 

Figure 2.  Algorithm Architecture CNN. (A) 
Architecture CNN. (B) Flow Chart Training Process. 
(C) Flow Chart Testing Process. 

 
 
D. Evaluating Deep Learning Models 

Evaluation CNN-based deep learning applications 
use statistical tests of confusion matrix, cross-
validation, chi-square, and ROC tests. 

Statistical analysis. Comparative test results were 
carried out on testing data using IBM SPSS Statistics 
26 with chi-square tests, because the data were 
categorical, not paired with nominal variables. 

Receiver Operating Charakteristic (ROC). The 
ROC curve can show the ability of deep learning 
applications to perform Hydrocephalus classification 
compared to Evan's Index method manually. 

Cross-validation Test. This study used the 10-Fold 
Cross Validation. The data set used was 360 consisting 
of a picture of an MRI Brain with 246 normal-sized 
ventricles and 114 abnormal ventricles.  

Confusion Matrix validation test. A confusion 
matrix is a tool used to analyze how well the 
calcification or grouping is carried out by deep learning 
applications based on sensitivity values, specificity, 
Positive Prediction Values, Negative Prediction 
Values, and accuracy of the data set. The data set 
assessment was carried out using a 2x2 matrix which 
was divided into positive groups and negative groups. 
The positive group represents the abnormal ventricle 
while the negative group represents the normal group. 

 
                  III. RESULTS 
 

Based on the evaluation of the performance of deep 
learning applications using statistical tests, this 
application is proven to be able to provide solutions in 
the hydrocephalus assessment automatically. 

From the results of statistical tests using SPSS, the 
significance value of p-value = 0.000 is less than 
(<0.05). This means that ventricular assessment using 
the Application of Artificial Intelligence (AI) Deep 
Learning techniques based on Convolutional Neural 
Networks (CNN) is the same as Evan's Index 
assessment method manually. 

Based on the analysis of the ROC and AUC curves 
obtained a value of 84.3%, it is stated that the ability of 
deep learning applications to predict according to 
Evan’s index analysis manually of 84.3% is interpreted 
as "very good." 

Using the cross-validation and confusion matrix test 
methods, a sensitivity value of 72.72%, a specificity of 
95.83%, Positive Prediction Values of 88.89%, 
Negative Prediction Values of 88.46%, and accuracy of 
88.57% showed excellent values and the same as the 
assessment using Evan's Index method manually. 

This can answer the research hypothesis that the 
results of the classification of CNN-based deep 
learning methods can be used for the identification and 
classification of ventricular enlargement as a basis for 
determining Hydrocephalus has good performance in 
the process of information and recognition of visual 
forms.  

 
IV. DISCUSSIONS 

 
The main focus of this study is to analyze 

ventricular size as a basis for determining 
Hydrocephalus abnormalities automatically by 
utilizing artificial intelligence (AI) technology, Deep 
learning techniques based on Convolutional Neural 
Networks (CNN). Hydrocephalus is a disorder in the 
head organs that can be experienced by all ages. 
Examination of this abnormality can be done 
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physically, through clinical examination, Neurological 
support examination, and diagnostic support. 

In previous studies, Hydrocephalus assessment was 
carried out using Evan's Index method to obtain the 
right EI value limit. The value obtained is still in line 
with the value obtained in the previous study (6). This 
illustrates Evan’s index analysis method is still relevant 
to use in assessing hydrocephalus abnormalities.   

The creation of Deep learning (DL) classification 
model for ventricular analysis was built using the 
MATLAB programming language version R2021a. 

Figure 3. Deep Learning Process using Matlab 
programming. The flow of this study began with 
conducting ventricular measurements using Evan’s 
index method manually. next in the formation of deep 
learning application models. after obtaining the model, 
ventricular analysis was performed using Matlab 
programming. 

 
 

The use of deep learning applications on MATLAB 
is as follows. The first stage is to select a deep-learning 
model for the program. Next, load the image to be 
analyzed. automatically the image will be processed by 
resizing first from 512 x 512 pixels to 64 x 64, then the 
identification of "Abnormal" will appear 

 
V. CONCLUSION 

 
Through this research, it has been proven that the 
performance of the CNN architecture deep learning 
application has been able to carry out hydrocephalus 
classification of hundreds of data sets that are trained 
and validated using data testing. The research data was 
obtained from Fatmawati Hospital in the form of an 
MRI Brain picture of the T2 Flair sequence. The high-
performance value generated by the application 
indicates that the CNN architecture parameters used are 
appropriate, but need to be improved by using a more 
complex and more recent convolute architecture 
network in future research. It is necessary to add more 
varied and more imagery to strengthen this application 
system.  
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 Abstract — Magnetic resonance imaging 
(MRI) is one of the most frequently requested 
procedures as it provides superior soft tissue 
visualization. However, nuclear spins utilized in 
MRI are susceptible to the internal magnetic fields 
generated in the tissues in which they reside. 
Inhomogeneities of the magnetic field will generate 
magnetic susceptibility artefacts, hence reducing the 
image quality. In recent years, the use of contact 
lenses has expanded considerably, particularly in 
Asia. There are many different varieties of contact 
lenses composed of unknown materials. Thus, the 
purpose of this study is to evaluate the visibility of 
susceptibility artefacts using alluring and colored 
contact lenses from authorized and unauthorized 
sellers. A cow's eyeball and agar-agar mixture 
phantom was scanned using a MAGNETOM Aera 
1.5T MRI scanner. The phantom was scanned with 
T1-weighted fast-spin-echo (FSE), T2-weighted FSE, 
and FLAIR sequences at constant flip angle, matrix, 
field of view (FOV), thickness, and number of 
excitations (NEX). Three MR radiographers 
evaluated the images based on the visibility of the 
artefact using a VGA checklist. Inter-rater reliability 
and Wilcoxon signed-rank tests were utilized to 
analyze the data. Inter-rater reliability test revealed 
a good degree of internal consistency with 
Cronbach's Alpha of 0.85 and the average 
dependability of three raters is 0.85 with a 95% 
confidence range (0.63, 0.95). The Wilcoxon signed-
rank test revealed no significant difference between 
alluring and colored contact lenses obtained from 
authorized sellers (p = 0.480) and from unauthorized 
sellers (p = 1.00). The analysis also reveals, a 
statistically significant difference between contact 
lenses bought from authorized and unauthorized 
sellers, with a p-value of 0.006. This study discovered 
that contact lenses from authorized sellers cause 
more visible susceptibility artefact on MR images 
than contact lenses from unauthorized sellers.  

 Keywords — MRI, contact lenses, 
susceptibility artefact, brain, artifact  

 
I. INTRODUCTION  

 
Non-ionizing radiation magnetic resonance imaging 

(MRI) of the head provides excellent soft tissue 
discrimination. It is the most frequently requested 
examination due to the prevalence of pathologies 
affecting the brain, face, and orbital soft tissues. 

Magnetic resonance (MR) images are formed by nuclear 
spin interaction in an external static magnetic field (B0). 
Nuclear spins, however, are influenced by the internal 
magnetic fields created in the tissues where they are 
found. Therefore, the quality of MR images will be 
degraded by magnetic susceptibility artefacts caused by 
inhomogeneities in the magnetic field. Susceptibility 
artefact occurred due to the presence of the metallic 
substance and causing loss of signal within and close to 
the object [1]. Magnetic susceptibility effects are most 
pronounced at interfaces between materials with 
extremely different susceptibilities that produce large 
spatial variations in the local magnetic field [2].  

Dental amalgam fillings comprised of an alloy of 
mercury, silver, copper, tin, and occasionally zinc, as 
well as ceramic crowns made of a combination of 
zirconium dioxide and ytterbium trifluoride, ferric 
oxide, and lanthanum oxide, which are typically 
employed as coloring agents in composites, can create 
image disturbance in MRI and show the presence of 
susceptibility artefact on the MR image [3], similar to 
coloring agent used in contact lens production. In 
addition, a coincidental finding by Tokue et al. revealed 
the presence of circle contact lenses worn by the patient 
while scanning that unexpectedly contained iron oxide 
and other metals as a coloring agent, creating a 
susceptibility artefact in MRI [4]. 

The use of contact lenses, particularly cosmetic 
contact lenses, has expanded dramatically in recent 
years, particularly in Asia [5]. Many different types of 
contact lenses are offered in the market with unknown 
and undisclosed materials. Cosmetic or colored contact 
lenses have the same oxygen availability reduction 
effects on the cornea as vision-correcting contact lenses 
[6]. Furthermore, the transmission of oxygen through 
the contact lens regulates corneal surface damage, 
resulting in ocular complications [7].  

Lim et al. quote Efron stating that a various methods 
are used to produce cosmetic contact lenses, including 
dye dispersion tinting, vat-dye tinting, dye printing, 
chemical bond tinting, and opaque tints achieved by dot-
matrix printing, laminate or opaque backing methods 
[8]. Various methods of producing contact lenses, 
particularly opaque colored and opaque backing 
methods, raised safety concerns during MRI scanning 
because the radiographer could not identify that the 
patient was wearing contact lenses. Thus, it is very 
important to evaluate the visibility of susceptibility 
artefacts from authorized and unauthorized contact lens 
vendors. 
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II. MATERIALS AND METHODS  
 

A. Phantom preparation 
A fresh cow's eyeball obtained from a local butcher 

was used as a phantom as it has identical structure to 
human eyeballs. The eyeball was cleaned and stored in 
100% alcohol solution for one hour before being 
transferred to a container with a 10% formalin solution 
to preserve the phantom. Next, 15g of clear agar-agar 
powder and 600 ml of distilled water were combined, 
and the mixture was then heated to dissolve the powder 
before cooling to room temperature. The preserved 
cow's eyeball was placed in a clean plastic container, 
and the mixture was being gradually poured into the 
container. The cow's eyeball was placed in the center of 
the container and in the refrigerator for 24 hours to 
solidify, as shown in Figure 1. 

Figure 1. The phantom comprised of a cow's eyeball was 
placed in the middle of a jar containing an agar-agar 
mixture 

         
 

B. Contact lenses 
Alluring and colored contact lenses were bought 

from authorized local optometry and unauthorized 
sellers, including those from the night market and via 
social media platforms like Instagram, Facebook, and 
Twitter. In this study, 12 contact lenses were used, with 
each type of contact lens obtained in three colors 
(brown, grey, and black) for comparison.  

C. MRI scanning and data evaluation  
The MR images were obtained using a clinical 1.5 

Tesla MRI scanner (Magnetom Aera, Siemens, 
Erlangen, Germany) equipped with a head coil that is 
available at the Clinical Training Centre (CTC), Faculty 
of Medicine, Universiti Teknologi MARA (UiTM) 
Sungai Buloh, Selangor, Malaysia.  Each type of contact 
lens was imaged with T1-weighted fast spin-echo; FSE 
(TR=500msec, TE=10msec), T2-weighted FSE (TR= 
3400msec, TE=81msec) and FLAIR (TR=8980msec, 
TE 86msec) sequences at a constant flip angle, matrix, 
a field of view (FOV), thickness and number of 
excitations (NEX). The images were evaluated by three 
experience radiographers using Visual Grading 
Analysis (VGA), as in Table 1. 

 

Table 1. Visual Grading Analysis (VGA) checklist 

 
A. D. Statistical analysis 

The inter-rater reliability test was performed to 
compare the VGA scores of the images between the 
three raters. A Wilcoxon signed ranks test was 
conducted to compare the population mean rank of the 
VGA score of susceptibility artefact visibility on the 
MR image in each type of contact lens (alluring and 
colored contact lenses); and used to compare the 
susceptibility artefact caused by contact lens from the 
authorized and unauthorized vendors. The statistical 
significance was defined by p < 0.05.   

 
III. RESULTS  

 
Three MR radiographers with vast experience graded 

the visual grading analysis (VGA) checklist. The analysis 
comprised 5 ratings (1: No artefact seen to 5: Severe artefact 
seen), and the score for Cronbach's Alpha between the three 
raters was =.85, indicating strong internal agreement in the 
raters' evaluation of the MR picture. 

To compare the visibility of susceptibility artefact 
between alluring and colored lenses from authorized; and 
unauthorized sellers, a Wilcoxon Signed-Ranks test was 
performed. The results of the study comparing authorized 
contact lens types revealed that the ‘alluring contact lens’ 
(mean rank = 3.33) had a higher rating for visual 
susceptibility artefact than the ‘colored contact lens’ (mean 
= 2.50), Z = -.707, p < 0.05 (p = 0.480).  Meanwhile, the 
results of the study comparing unauthorized contact lenses 
indicated that the ‘alluring contact lens’ (mean rank = .00) 
was rated the same as ‘colored contact lens’ (mean = .00) in 
terms of visibility of susceptibility artefact with Z = -.000, 
p < 0.05 (p = 1.00).  

 A Wilcoxon Signed-Ranks test was also performed to 
compare the susceptibility artefact visible between the 
authorized and unauthorized sellers’ contact lenses. The 
'authorized contact lens' (mean rank = 5.00) was evaluated 
higher for visual susceptibility artefact than the 
'unauthorized contact lens’ (mean = .00), Z = -2.762, p 0.05 
(p = 0.006). Figure 2 demonstrates the MR images of the 
alluring contact lenses. 

 
 
 
 

 

Rating Magnetic susceptibility artifact 
grading 

1 No artifact seen 
2 Barely visible 

3 Moderate visibility 

4 Good visibility 

5 Severe artifact seen 
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Figure 2. T1 weighted, T2 weighted, and FLAIR 
sequences were used to obtain the MR image of a 
phantom using both authorized and unauthorized 
alluring contact lenses. When scanning with authorized 
contact lenses, the susceptibility artefact was more 
prominent. 

 
 

IV. DISCUSSION  
 

The Wilcoxon Signed Ranks Test result of the 
statistical test showed no significant difference between 
the authorized alluring and colored contact lens; and 
between the unauthorized alluring and colored contact 
lens in producing susceptibility artefact.  

The signal loss caused by susceptibility artefact was 
visible in both MR images, with authorized alluring 
contact lenses graded slightly higher than authorized 
colored contact lenses. However, both unauthorized 
alluring and colored contact lenses have the same score 
in visibility of susceptibility artefacts, which was 
minimally visible based on the MR images. This was a 
result of the applied color pigment and different material 
concentrations. Compared to the color of the colored 
contact lens, the color employed in alluring contact 
lenses appears to have been significantly more 
concentrated [3]. The pigments used to produce the 
color in contact lenses are frequently either organic, 
inorganic, or mixtures [9]. The opacity of the color; 

whether opaque, semi-opaque, or translucent, is 
influenced by concentration of titanium dioxide and 
color pigment [6].  As a result of the existence of varied 
concentrations of ferromagnetic material, different 
localized distortions and signal loss will occur within 
the area. 

The Wilcoxon Signed-Rank test was also used to 
compare the visibility of susceptibility artefacts from 
authorized and unauthorized sellers’ contact lenses. The 
test results show a significant difference in susceptibility 
artefact visualization, with authorized contact lenses 
scoring higher for visual susceptibility artefact than 
unauthorized contact lenses. Authorized cosmetic 
contact lenses are classified into three types: 
transparent-tinted, computer-generated opaque, and 
hand-painted custom contact lenses. Each variety has 
distinctive characteristics and a certain degree of color 
opacity [10]. Different colorants are employed in 
contact lenses depending on the manufacturing process. 
Most of those colorants’ ingredients or properties are 
hidden and undisclosed [11]. However, Hotta et al. 
detected chlorine, titanium, and iron components in 
colored contact lens prints [11], and this iron load could 
contribute to susceptibility artefacts. 

 
V. CONCLUSION  

 
The visibility of the susceptibility artefact differs 

significantly between authorized and unauthorized 
contact lenses, with authorized contact lenses producing 
more visible susceptibility artefacts on the MR images. 
Therefore, removing either type of contact lens is 
advisable for a high MR image quality. Future research 
should consider contact lenses from various 
manufacturers with varying types, lens designs, and 
material applications. Moreover, the rise in temperature 
on the contact lens might all be compared in a future 
study. 
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Abstract — Cardiomegaly is an enlargement of the 
heart. Cardiomegaly can be detected early on from 
a chest radiograph using the cardiothoracic ratio 
(CTR). Manual measurement of the CTR requires 
significant time and work. The use of deep learning-
based artificial intelligence with convolution neural 
network (CNN) can be applied for automatic heart 
size classification, with the advantage of faster time 
and good performance in performing heart size 
classification. The purpose of the study was to 
developed a smart algorithm design for the 
classification of the heart into cardiomegaly or 
normal heart, and obtained the accuracy of 
sensitivity, specificity, positive predictive value and 
negative predictive value from the CNN based deep 
learning program. Type of research is research and 
development with Post-test Only Control Group 
Design which is applied to chest radiography 
images. The thoracic image used as the data set was 
1258, the training data used 1177 antero-posterior 
and postero-anterior projection thoracic images, the 
test data used 81 postero-anterior projection 
thoracic images.  Python programs are used to build 
deep learning applications. Then measured 
accuracy, sensitivity, specificity, positive predictive 
value (NDP), negative predictive value (NDN) and 
receiver operating characteristics (ROC) curve. 
From the test, the value of accuracy is 86.41%, 
sensitivity is 95%, specificity is 78.05%, positive 
predictive value is 80.85%. The negative predictive 
value is 94.11%. and the area under curve (AUC) 
value is 0.875. Based on the results of testing the 
deep learning application based on convolutional 
neural network, it can be used as an alternative 
reference for heart classification into cardiomegaly 
or normal heart. 

Keywords — Cardiomegaly, deep learning, 
convolutional neural network 

 
I. INTRODUCTION  

 
Cardiomegaly is an enlargement of the heart, which 

is a sign of a condition associated with cardiovascular 
disease[1]. 

Thoracic examination is one of the modalities 
available in many low-cost diagnostic health services 
[2,3]. The resulting thoracic image is useful for 
detecting abnormalities in the chest cavity, organs in the 
chest cavity and nearby anatomical structures[4]. 
Thoracic radiographic images can be used to determine 

abnormalities in heart size by measuring the CTR 
(cardiothoracic ratio)[5]. The accuracy of using CTR 
(cardiothoracic ratio) to detect an increase in heart size 
and predict cardiomegaly is 95.8%[6]. 

Manual measurement of CTR and manual 
determination of organ boundaries are prone to 
inaccuracies and can lead to misinterpretation of 
readings[1]. Intra- and inter-individual variability of 
interpretation by radiologists tends to be high[7], so 
CTR measurements on the same thoracic image by two 
radiologists can produce different CTR values. 

The use of artificial intelligence (AI) with Deep 
Learning (DL) method provides a solution by 
classifying the size of the heart, into the category of 
cardiomegaly or normal size heart. This is because the 
use of AI with DL for computer-assisted classification 
of cardiomegaly has reached a level comparable to that 
of radiologists[8]. DL works on recognising and 
studying large data sets and discovering the structure of 
complex patterns and patterns that can be used to make 
predictions[9]. Convolutional neural network (CNN) is 
one type of deep learning (DL) algorithm that is used to 
identify cardiomegaly, as an artificial neural network 
CNN has good performance in visual shape recognition 
and information processing[10], CNN can work in 
image format, perform filtering, replace pixel values 
with a number of other pixel values but the image size 
remains the same, then with existing data this 
convolution models the image pattern[11]. 

 
II. MATERIALS AND METHODS  

 
This research aims to develop an intelligent 

algorithm design for cardiomegaly classification.  From 
the results of the classification of the heart into 
cardiomegaly or normal heart, get the accuracy value of 
sensitivity, specificity, positive predictive value and 
negative predictive value. 

Type of research and development with Post-test 
Only Control Group Design. Using 1258 thoracic 
images as data sets, training data used 1177 thoracic 
images of antero-posterior and postero-anterior 
projections, test data using 81 thoracic images of 
postero-anterior projections. Using python programme 
to build deep learning application.  The accuracy, 
sensitivity, specificity, positive predictive value (NDP), 
negative predictive value (NDN) and receiver operating 
characteristics (ROC) curve were measured. 
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III. RESULTS  
 

A. Sample characteristics 
Thoracic images were taken from PACS data from 

2013 to 2021. The data taken are adult patients with ages 
ranging from 18 years. The total number of thoracic 
images used for research is 1258 thoracic digital images. 
For training data to create DL architecture, 1177 
thoracic images are used, with details of thoracic images 
with cardiomegaly heart readings 546 images and 
thoracic images with normal heart readings 712 images. 
For testing the DL architecture, 81 thoracic images are 
used, with a comparison of 40 thoracic images with 
cardiomegaly heart readings and 41 thoracic images 
with normal heart readings. The remaining 1177 
thoracic images were used for training data to create the 
DL, with details of 506 thoracic images with 
cardiomegaly and 671 thoracic images with normal 
heart size. 

 
B. Deep learning architecture with CNN 
1. Thoracic image preparation 

This research data is retrospective, collected from 
Picture Archiving and Communication System (PACS) 
with a time span from 2013 to 2021. Thoracic images 
taken in the form of dicom and jpeg, thoracic images in 
the form of dicom are used in the form of training data 
and test data, while thoracic images in the form of jpeg 
are used to help identify thoracic images. Thoracic 
image in dicom form without patient identity. 
Radiologist reading data was taken in Jpeg format. 
Cropping process was performed on all test data images 
using fiji image software, stored in bitmap form. The 
thoracic image was uniformed to a size of 180 x 180 
pixels. 

2. Creation of deep learning application architecture 
The DL architecture was created using Python 

software, 

a. Feature Extraction 
Thoracic image with a matrix size of 180 x 180 

pixels, an augmentation process is carried out to 
increase the training data, a convolution process is 
carried out, with a 3 x 3 kernel, striding 2, the same 
padding type or zero padding, relu activation function, 
this activation function uses Stochastic Gradient 
Descent (SGD), poling layer using maxpool, batch 
normalisation, using average pooling, for classification 
using sigmoid and softmax activation functions. In the 
flatten process, the 2-dimensional matrix is converted 
into a 1-dimensional vector, this is the feature 
extraction. 

b. Classification 
Fully connected layer. In the application, the more 

similar an image is, the value will be closer to 1, for 
example if the value of the thoracic image tested is 54% 
similar to a normal heart and 100% similar to a 
cardiomegalic heart, then the thoracic image is included 
in the cardiomegalic heart classification. 

C. Deep learning architecture with CNN 
1. Training process 

The initial training process uses 1177 images as 
training data for the deep learning application. From the 
total training data, 80% or 942 images are used as 
training data and 20% or 235 images are used as 
validation data. The training process is carried out with 
20 epochs. At each epoch, the data identification 
process, training process, and results are repeated. It is 
expected that by repeating up to 20 epochs, a low loss 
value and high accuracy are obtained. At epoch 1, the 
loss value is 0.6419, the accuracy value is 0.6614, until 
at epoch 20 the value is 0.2714 with an accuracy value 
of 0.8854. The accuracy value of 0.8854 means the 
accuracy of the deep learning application is 88.54%. 

2. Deep learning testing 
Interpretation of thoracic images is the authority of 

radiologists, the application of deep learning for heart 
classification is compared with heart classification 
derived from radiologists' interpretation, in order to 
determine the accuracy of deep learning application. 
The data obtained were categorical and nominal scales, 
namely heart with cardiomegaly and normal heart, with 
two research groups, namely deep learning application 
group and radiologist interpretation group. 

In total, 81 images were used as a test process for the 
deep learning application test process, 40 images of the 
cardiomegaly category and 41 images of the normal 
heart category based on the reading results of 
radiologists. Then the chi squere test was carried out 
based on the results of the doctor's reading and the 
results of the deep learning classification of the test data.  

Deep learning test results from 81 thoracic images 
were generated: 

a. 38 thoracic images read by the radiologist and 
categorised by the deep learning application as 
cardiomegaly, which is said to be true positive (TP). 

b. 32 thoracic images read by the radiologist and 
categorised by the deep learning application as a 
normal-sized heart, which is said to be true negative 
(TN) 

c. 9 thoracic images read by radiologists as images 
with normal heart size and categorised by the deep 
learning application as cardiomegaly. Which is said 
to be false positive (FP) 

d. 2 thoracic images that were read by the radiologist 
as images with cardiomegaly and categorised by the 
deep learning application as normal heart size. 
Which is said to be false negative (FN) 

From the chi square test, the P value was less than 
0.05. Thus, there is a relationship in terms of 
determining the main category of the heart between the 
radiological reading and the deep learning application. 
This answers the main hypothesis that an intelligent 
algorithm based on deep learning can classify the heart 
into cardiomegaly or normal heart automatically and 
does not differ from the radiologist's reading. Or in other 
words, there is a similarity between the results of the 
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deep learning programme and the conventional method 
(from the radiologist's reading) in terms of cardiomegaly 
classification. This is consistent with the statement that 
CNN-based deep learning applications can be used for 
cardiomegaly identification and classification, having 
good performance in information processing and visual 
shape recognition. 

 
IV. DISCUSSION  

 
Based on the test results on 2x2 curve was created to 

obtain the accuracy, sendivity, specificity, negative 
presumptive value and positive presumptive value. 

1. The accuracy value of 86.41% shows the ability of 
the deep learning model to classify digital thoracic 
images into cardiomegaly or normal-sized heart. The 
deep learning model was able to correctly classify 70 
thoracic images into their respective categories, 
namely the cardiomegaly category or the normal-
sized heart category, out of the 81 thoracic images 
that constituted the entire images used as test data. 
Thus, there were 11 thoracic images classified by the 
deep learning model that differed from the 
radiologist's reading. 

2. The sensitivity value is 95%, which indicates the 
ability of the deep learning model to correctly 
classify the thoracic images into the cardiomegaly 
category, out of all the thoracic images that the 
radiologist read as cardiomegaly. The deep learning 
model was able to correctly classify 38 thoracic 
images into the cardiomegaly category, out of 40 
thoracic images that the radiologist read as 
cardiomegaly. There were 2 thoracic images that 
were classified as normal heart by the deep learning 
model, while the radiologist read the heart condition 
as cardiomegaly. Thus, the deep learning application 
is very good at classifying thoracic images with 
cardiomegaly. 95% is a high number for deep 
learning applications when making classification 
predictions, so it can be said that deep learning 
applications are very good at classifying thoracic 
images with cardiomegaly. In terms of patient 
treatment, if the thoracic image with cardiomegaly is 
then classified as a normal heart, it will cause the 
patient to not get the treatment process that he should 
get, this will be very detrimental to the patient and 
cause delays in the treatment of the disease. 

3. The specificity value is 78.05%, indicating the 
ability of the deep learning model to correctly 
classify the chest image into the normal heart 
category, from all chest images read by the 
radiologist as a normal heart condition.  

The test result for specificity value is 78.5%, 
the deep learning model is able to correctly classify 
32 thoracic images into the normal-sized heart 
category, out of 41 thoracic images that the 
radiologist reads as a normal heart condition. Thus 
there are 9 thoracic images that are classified into 
cardiomegaly by the deep learning model, while the 
radiologist reads the heart condition as a normal 

sized heart. The 78.05% is the lowest number 
compared to the accuracy, sensitivity, negative 
predictive value and positive predictive value. So it 
can be said that the deep learning application made 
is not good at classifying thoracic images with a 
large normal heart. In terms of patient treatment, if 
the chest image with a normal heart is then classified 
as cardiomegaly, it will cause the patient to get a 
treatment process that he should not get. 

4. The positive predictive value is 80.85%, indicating 
the proportion of cardiomegaly thoracic images 
among all thoracic images classified as 
cardiomegaly by the deep learning application. The 
deep learning model was able to correctly classify 38 
thoracic images into the cardiomegaly category, out 
of 47 thoracic images classified as cardiomegaly by 
the deep learning application. Thus there were 9 
thoracic images classified as cardiomegaly by the 
deep learning model, while the heart was read as 
normal size by the radiologist. 

5. The negative predictive value was 94.11%, 
indicating the proportion of thoracic images with 
normal hearts among all thoracic images classified 
as normal by the deep learning application. The deep 
learning model was able to correctly classify 32 
thoracic images into the normal heart category, out 
of 34 thoracic images classified as normal heart by 
the deep learning application. Thus there were 2 
thoracic images classified as normal heart by the 
deep learning model, while cardiomegaly was read 
by the radiologist. 

6. Characteristics of ROC receiver operation (ROC)  

The ROC curve is a curve formed from the 
sensitivity value and the false positive rate (FPR) value. 

Figure 1. ROC curve of deep learning model. 

 
 

Based on Figure 1, the resulting ROC curve has a 
high area so it can be said that the deep learning 
application has a good ability to predict the 
classification of cardiomegaly or normal heart. 
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Table 1. Area under curva (AUC) 

Area 
95% CI 

Lower Bound Upper Bound 
.875 .793 .957 

 

V. CONCLUSION  
 

1. The deep learning application with convolutional 
neural network produced has an accuracy value of 
86.41%, a sensitivity value of 95%, a specificity 
value of 78.05%, a positive prediction value 
(precision) of 80.85% and a negative prediction 
value of 94.11%. 

2. Convolutional neural network-based deep learning 
application can automatically classify the heart into 
cardiomegaly or normal heart, and has good 
performance. 

3. To further improve the performance of deep 
learning applications, it can be done by increasing 
the amount of data used in the training process and 
making variations to the deep learning programme 
architecture. 
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Abstract — Assessment of radiation doses received by 
patients and individual organs during radiological 
procedures is an essential part of radiation dose 
management. Direct radiation dose measurement 
using thermoluminescent dosimeters (TLDs) is a 
well-accepted method. However, for internal organs 
such as the thyroid gland, it is impossible to directly 
measure radiation doses.  Monte Carlo calculations 
are alternative methods to estimate radiation doses 
that may be useful for these organs. A study was 
conducted to determine the average radiation dose to 
patients’ skin and thyroid glands during intracranial 
aneurysm embolization. This paper will report on 
whether the Personal Computer Program for x-ray 
Monte Carlo (PCXMC) is a reliable method to 
estimate the radiation dose received by the thyroid 
gland during intracranial aneurysm embolization.  
Radiation exposure data of 28 adult patients who 
underwent intracranial aneurysm embolization was 
used to calculate thyroid radiation doses using 
PCXMC. In addition, three of the patient 
embolization procedures were simulated on the 
phantom during which radiation doses to the thyroid 
gland were measured using TLDs. A comparison was 
made between the PCXMC calculated and TLD-
measured thyroid doses for the simulated studies. 
PCXMC calculated thyroid radiation doses were 
between 2.6 and 10.0 mGy (mean 4.9 mGy) while the 
TLD measured doses ranged between 4.5 and 12.0 
mGy (mean 9.2 mGy). There was no agreement 
between PCXMC-calculated thyroid doses and 
TLD-measured thyroid doses. This suggests that 
PCXMC may not be a reliable method to estimate 
radiation dose to the thyroid gland. 

Keywords — Intracranial aneurysm embolization, 
Thyroid gland, PCXMC, Monte Carlo method, 
Radiation dose calculation  

 
I. INTRODUCTION  

 
Ionizing radiation plays a crucial role in medical 

imaging and subsequent accurate diagnosis and 
treatment of various diseases and conditions [1]. In 
recent years, there has been an increase in the use of 
ionizing radiation for the treatment of certain conditions 
during fluoroscopic-guided interventional procedures 
[1-2]. Despite the high levels of radiation associated 
with interventional procedures, these are often the 
preferred treatment option over surgical procedures 
which can be complex, time-consuming, and costly [3-
4].  

The high radiation dose levels in fluoroscopic-
guided interventional procedures necessitate proper 
radiation dose management which involves the 
estimation of radiation doses received from radiological 
procedures so that appropriate measures can be taken 
where necessary [5]. These measures include the 
employment of radiation dose reduction strategies and 
the identification and follow-up of patients who are at 
risk of developing radiation side effects, e.g., skin 
injuries [6]. This study focussed on the radiation doses 
received by the thyroid gland during fluoroscopic 
guided intracranial aneurysm embolization procedures. 
During this procedure, the radiation beam is focused 
over the head and neck region; as such, the thyroid gland 
is one of the organs that are exposed to radiation during 
these procedures. Radiation exposure to the thyroid 
gland is associated with thyroid cancer induction, 
hypothyroidism, and benign thyroid nodules [7-9].  

Radiation doses to the patient can be measured 
directly using thermoluminescent dosimeters (TLDs) or 
calculated using Monte Carlo methods [10]. The 
measurement of radiation doses using TLDs is a well-
accepted method, but this can be time-consuming and 
impossible for internal organs such as the thyroid gland 
[1,10-11]. In some studies, the entrance skin dose over 
the thyroid gland was used to estimate the radiation dose 
to the thyroid gland [12-13]. However, Peter and 
colleagues found a significant difference between the 
radiation dose measured on the anterior neck and that 
measured directly in the thyroid hole of the phantom 
during simulated intracranial aneurysm embolization 
procedures [14]. Therefore, there is a need to identify a 
reliable method for determining the radiation dose 
received by the thyroid gland during intracranial 
aneurysm embolization. 

Monte Carlo calculations play an important role in 
determining the radiation doses in the internal organs 
[1,11]. The Monte Carlo method simulates, on 
computational hermaphrodite phantoms that represent 
human beings, the interaction of x-ray photons with 
tissues [15]. The energy deposition in each tissue or 
organ is calculated and stored to calculate the radiation 
dose in these organs. The Personal Computer Program 
for x-ray Monte Carlo (PCXMC) uses the International 
Commission on Radiological Protection (ICRP) 103 or 
ICRP 60 tissue weighting factors to calculate organ and 
effective doses. The number of simulated photon 
interactions or photon histories affects the accuracy of 
the dose estimation.  Many photon interactions are 
required for improved accuracy [15].  Interestingly, 
Peters found no difference in the radiation dose 



Paper ID 152 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

 150 ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand   

estimation resulting from 10 000, 50 000, and 100 000 
photon histories [16].    

A study was conducted to measure the average 
radiation dose to patients’ skin and thyroid glands 
during intracranial aneurysm embolization. This paper 
will report on whether the PC Program for x-ray Monte 
Carlo (PCXMC) is a reliable method to estimate the 
radiation dose received by the thyroid gland during 
intracranial aneurysm embolization. 

 
II. MATERIALS AND METHODS  

 
Ethics approval was obtained from two research 

ethics committees associated with the research site. Data 
from 30 adult patients who underwent intracranial 
aneurysm embolization procedures at the research site 
were collected.  

The study involved two components. For the first 
component, the radiation exposure data for 28 of the 30 
patients included in the study was used for thyroid dose 
calculations; 2 patients were excluded because of 
incomplete data. For the second component, thyroid 
radiation doses were calculated using TLDs during the 
simulation of three of the 28 intracranial aneurysm 
embolization procedures on a phantom.  

A. Monte Carlo calculations 
The Monte Carlo program PCXMC 2.0 (2008) by 

STUK, Finland, was used for calculating the thyroid 
radiation doses resulting from intracranial aneurysm 
embolization procedures during the first component of 
the study. ICRP 103 weighting factors were used for the 
organ dose calculations.  The Kerma Area Product 
(KAP) (in mGy.cm2), x-ray tube voltage (kV), and the 
x-ray beam angulation documented during the patient 
study for each projection were entered into the PCXMC 
software for dose calculations [15].  The focal spot-to-
skin distance (FSD) ranged between 65 cm and 80 cm 
during embolization procedures on patients.  This was 
however not documented for all patients during data 
collection therefore, a decision was taken to use a 
standard FSD of 65cm for all calculations. The x-ray 
field size as well as patients’ weight and height were 
also not measured during data collection, and therefore 
the default values on PCXMC were used for all 
calculations.  The default patient weight was 73.2kg, 
and the patient height was 1.78 metres. Additional 
parameters used for dose calculations are listed in table 
1. 

Intracranial aneurysm embolization procedures 
often involve acquiring two-dimensional (2D) 
projection and three-dimensional (3D) rotational 
(DynaCT) images around the patient. For 2D projection 
images, the thyroid doses were calculated for each 
projection. Svalkvist and colleagues found a less than 
5% difference between doses calculated for each 
projection angle in 3D DynaCT and those calculated 
using a mean kV and total KAP over the rotation angle 
[17]. Therefore, for this study, dose calculation for each 
3D DynaCT image acquisition was performed using the 

mean kV, and the total KAP averaged over the rotation 
angle. The calculated thyroid doses for the different 
views were summed up to give a total thyroid dose for 
each patient scenario.  

Table 1.  Additional parameters used for dose 
calculations in the PCXMC program 

Parameter Value 

X Ref 0 

Y Ref 0 

Z Ref 87 

X-ray field size 20 x 20 cm2 

Number of photons 20 000 

Anode angle 14º 

Filtration 2.7 mm Al + adaptive 
copper filtration (0.1- 0.3 
mm Cu) 

 
B. Simulation of the intracranial aneurysm embolization 
procedures 
  During the second component of the study, intracranial 
embolization procedures were simulated on a RANDO 
phantom, and radiation doses were measured by placing 
TLDs in the thyroid hole of the phantom. The purpose 
of this study component was to determine whether there 
was an agreement between the dose measured in the 
thyroid gland using TLDs and that calculated using 
PCXMC. The patient embolization procedures that 
recorded the lowest, medium and highest fluoroscopic 
times were selected for these simulations. The simulated 
procedures were studies 1, 14, and 28, henceforth 
referred to as simulations 1, 2, and 3. The materials and 
methods for performing intracranial aneurysm 
embolization, TLD calibration, and simulation 
procedures were explained in a previous publication 
[14]. 
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III. RESULTS 

 
The radiation exposure data of 28 patients who 

underwent intracranial aneurysm embolization 
procedures were used to calculate thyroid radiation 
doses using PCXMC. The thyroid radiation doses that 
resulted from this calculation ranged between 2.6 and 
10.0 mGy with an average of 4.9 mGy (Table 2).  

 
STUDY NO. KAP 

(mGy.cm2) 
PCXMC THYROID 

DOSE (mGy) 
*1 36600 5.4 
2 33100 4.4 
3 95200 7.7 
4 70100 10.0 
5 55400 4.9 
6 39900 3.9 
7 50900 4.4 
8 79800 5.6 
9 33200 3.6 

10 48700 2.9 
11 40300 4.2 
12 46200 3.5 
13 125700 7.2 

*14 33000 2.6 
15 59200 5.2 
16 68800 5.8 
17 47800 3.6 
18 69000 6.2 
19 57700 4.4 
20 49700 4.4 
21 33300 3.7 
22 53900 4.6 
23 64100 5.5 
24 83500 6.9 
25 53400 4 
26 34600 3.3 
27 52800 5 

*28 77800 5.2 

The thyroid radiation doses that were measured 
using TLDs during simulated intracranial aneurysm 
embolization procedures on the phantom were 4.5 mGy, 
11 mGy, and 12 mGy for simulations 1, 2, and 3 
respectively (Figure 2).    

Figure 2. Comparison between PCXMC-calculated 
thyroid doses and TLD-calculated thyroid doses. 

 

 
 

IV. DISCUSSION  
 

This study assessed whether PCXMC is a reliable 
method for estimating the radiation dose received by the 
thyroid gland during intracranial aneurysm 
embolization. The thyroid gland is one of the most 
radiosensitive organs usually positioned within or near 
the radiation field during intracranial aneurysm 
embolization. Other organs that are exposed to ionizing 
radiation during intracranial aneurysm embolization are 
the eyes, brain, skin, oral mucosa, and salivary glands 
[6,14]. The sensitivity of a tissue or organ towards 
radiation is indicated by a tissue weighting factor, and 
the sum of all tissue weighting factors for the whole 
body is 1. The tissue weighting factor for the thyroid 

Figure 1. Example of geometry data used in PCXMC for dose calculations 

 

 



Paper ID 152 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

 152 ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand   

gland is 0.04 while the brain, the salivary glands, and 
the skin have a tissue weighting factor of 0.01 each.  The 
oral mucosa is 1 of the 13 remainder organs and tissues 
that collectively have a tissue weighting factor of 0.12, 
which means the tissue weighting factor for the oral 
mucosa is less than 0.01 [18].   

The thyroid radiation doses obtained through TLD 
measurements were compared to the PCXMC-
calculated doses for the simulated procedures. The 
results showed no agreement between the measured 
thyroid doses and the calculated thyroid doses (table 2). 
Another study found a discrepancy between TLD-
measured and Monte Carlo-calculated thyroid doses 
from paediatric panoramic radiography, with the TLD-
measured doses higher than Monte Carlo-calculated 
doses [19]. Similarly, Kim et al. found TLD-measured 
thyroid doses to be 35% - 55% higher than PCXMC-
calculated doses during dental cone-beam computed 
tomography simulations on a phantom [20]. 
Furthermore, Foerth et al. found a difference of up to a 
factor of four between the TLD measurements and 
Monte Carlo calculated doses for certain organs, 
including the uterus and gonads [21]. We could not 
establish the reason for the difference between 
calculated and measured thyroid doses during the 
current study. However, Foerth et al. attributed the 
difference between the measured and the calculated 
doses to the difference in the construction and 
geometrical shapes of phantoms [21]. The results of the 
studies mentioned above suggest that the Monte Carlo 
calculations are inaccurate in estimating internal organ 
doses [19-21]. Contrary to the above, Harmer et al. 
reported a good agreement between TLD-measured and 
PCXMC-calculated radiation doses to the stomach 
arising from lumbar spine dual-energy x-ray 
absorptiometry (DEXA) scans, with the PCXMC doses 
slightly lower than the TLD-measured doses [10].   

Limitations 
The focal spot-to-skin distance (FSD) was not 

documented during embolization procedures on 
patients. The height and weight of patients, as well as 
the x-ray field size, were also not recorded during data 
collection for this study, and therefore default phantom 
weight, height, and field size were used for the Monte 
Carlo calculations.  This could have affected the 
accuracy of the calculated doses as the accuracy of these 
parameters is necessary for accurate organ dose 
calculations [15]. Furthermore, because of the limited 
number of simulation studies performed as part of this 
study, there was an inadequate comparison of measured 
versus calculated thyroid doses. Future studies which 
include a larger number of simulation studies are 
recommended. 

 
V. CONCLUSION  

 
Radiation dose measurement using TLDs is a well-

accepted method. However, this can be time-consuming 
and impossible to estimate the dose of internal organs 
such as the thyroid gland. This study compared thyroid 

radiation dose measurement using TLDs to the 
PCXMC-calculated thyroid doses. The results showed 
no agreement between TLD-measured thyroid doses 
and PCXMC-calculated thyroid doses, which suggests 
that PCXMC may not be a reliable method to estimate 
radiation doses to the thyroid gland. 
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Abstract — The trigeminal nerve is one of the largest 
brain nerves in the human body. Disorders that arise 
in this nerve are stabbing pain in the face, facial 
paralysis and involuntary movements known as 
trigeminal neuralgia. In cases of trigeminal 
neuralgia, a strong pulsating blood vessel is found 
pressing on cranial nerve V or the trigeminal nerve. 
To diagnose trigeminal neuralgia, MRI is an 
accurate and high-quality modality in visualizing 
brain tissue due to its good contrast against soft 
tissue1. In an MRI examination to view the 
trigeminal nerve, a 3D CISS (Constructive 
Interference in Steady State) sequence is used. In 
accordance with the anatomical location of the 
trigeminal nerve adjacent to the cerebral vascular 
system, it is necessary to perform an MRI 
visualization of blood vessels using a 3D TOF MRA 
series. In this case, each sequence acquires different 
anatomical information. To show the trigeminal 
nerve and blood vessels together, a fusion technique 
is used. Fusion is the merging of two or more 
different images with the aim of producing a new 
image by displaying the advantages of the original 
image. Fusion on MRI of the trigeminal nerve can 
clearly show the presence or absence of compression 
of the blood vessels against the nerve. The use of 
automated fusion applications is generally already 
embedded in MRI modalities that have software. 
This application is additional so that not all 
institutions have the ability to install this software. 
Therefore, researchers want to make an application 
using fusion techniques. Fusion is the merging of two 
or more different images with the aim of producing 
a new image by displaying the advantages of the 
original image. Fusion on MRI of the trigeminal 
nerve can clearly show the presence or absence of 
compression of the blood vessels against the nerve. 
The use of automated fusion applications is generally 
already embedded in MRI modalities that have 
software. This application is additional so that not all 
institutions have the ability to install this software. 
Therefore, researchers want to make an application 
using fusion techniques. Fusion is the merging of two 
or more different images with the aim of producing 
a new image by displaying the advantages of the 
original image. Fusion on MRI of the trigeminal 
nerve can clearly show the presence or absence of 
compression of the blood vessels against the nerve. 
The use of automated fusion applications is generally 
already embedded in MRI modalities that have 

software. This application is additional so that not all 
institutions have the ability to install this software. 
Therefore, researchers want to make an application 
of Fusion on MRI of the trigeminal nerve that can 
clearly show the presence or absence of compression 
of blood vessels against the nerve. The use of 
automated fusion applications is generally already 
embedded in MRI modalities that have software. 
This application is additional so that not all 
institutions have the ability to install this software. 
Therefore, researchers want to make an application 
of Fusion on MRI of the trigeminal nerve that can 
clearly show the presence or absence of compression 
of blood vessels against the nerve. The use of 
automated fusion applications is generally already 
embedded in MRI modalities that have software. 
This application is additional so that not all 
institutions have the ability to install this software. 
Therefore, researchers want to make an 
applicationfusion technology that utilizes computing 
technology, development of computer 
programming-based software such as Matlab to 
combine Ciss 3D and TOF 3D based on MRI's fusion 
engineering work system. 

Keywords — MRI; trigeminal nerve; Fusion; Matlab 

 
I. INTRODUCTION 

 
HIIn humans there are 12 pairs of cranial nerves. 

One of the largest brain nerves in the human body is the 
trigeminal nerve (nervus V). Disorders that arise in the 
trigeminal nerve can cause stabbing pain in the face, 
facial paralysis and uncontrollable movements. In cases 
of trigeminal neuralgia, strong pulsating blood vessels 
are found pressing on cranial nerve V or trigeminal 
nerve, causing a prickling sensation on the cheek, chin, 
lips, nose, forehead or gums on one side of the face or 
both sides [2]. MRI is the primary diagnostic tool for 
examining the trigeminal nerve. Examination using 
routine head examination sequences, coupled with Ciss 
3D and MRA TOF3D sequences [3]. In the MRI 
examination to view the trigeminal nerve, the 3D CISS 
sequence (Constructive Interference in Steady State) 
was used because of the increased sensitivity of the 3D 
Ciss sequence, namely suppression of the T2 value 
between cerebrospinal fluid (CSF) and pathological 
structures. In accordance with the anatomical location of 
the trigeminal nerve, which is adjacent to the blood 
vessel system, it was found that there were 
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abnormalities in the trigeminal nerve caused by the 
contact between the nerves and blood vessels. 
Therefore, it is necessary to visualize blood vessel MRI 
using 3D TOF MRA sequences. This 3D TOF technique 
uses incoherent gradient echo acquisition combined 
with gradient moment rephasing to produce a high 
signal in vascular flow. 

To further improve the visualization of the 
compression of blood vessels to the trigeminal nerve, a 
fusion technique is used. With the fusion technique, this 
difficulty can be overcome, namely blood vessels that 
visualize different from the trigeminal nerve [4]. 

Merging two or more images that have different 
purposes to produce a new image by displaying the 
advantages of the original image. Fusion technique in 
MRI, especially in the area of the Trigeminal Nerve, is 
a combination of 3D Ciss sequences with 3D TOF 
MRA. Fusion on MRI of the trigeminal nerve can 
clearly show the presence or absence of compression of 
the blood vessels against the nerve. 

The use of automatic applications is generally 
already embedded in the MRI modality that has the 
software. This application is an add-on so not all 
institutions have the ability to install this software. 
Because of this, researchers want to create a fusion 
application that utilizes computational technology, 
developing computer programming-based software 
such as Matlab to combine Ciss 3D and TOF 3D based 
on the fusion technique work system owned by MRI. 

 
II. MATERIALS AND METHODS 

 
This study aims to apply the useful fusion technique 

Matlab application to Ciss3D and TOF3D raw data to 
visualize the trigeminal nerve. The process begins by 
entering the Ciss3D MRI and TOF3D MRA images, 
image preprocessing and application. The results of the 
fusion technique with matlab were compared with the 
results of the fusion software on the MRI modality. 

A. Type of Research 
This type of research is an experimental method 

using a combination of qualitative and comparative 
studies. (mixed method). Qualitative method is used to 
describe the application process of Ciss 3D and TOF3D 
raw data fusion techniques using Matlab. While the 
experiment using post test only with control compares 
the results of the fusion application on matlab with the 
results of the fusion software fusion on MRI as a 
reference (golden standard). 

B. Population and Research Sample 
The research was carried out at the Radiology 

Installation of Gatot Soebroto Army Hospital from 10-
6-2022 to 25-6-2022. The population in this study were 
volunteers who listened to the study. The affordable 
population is the age of 40-60 years. Determination of 
the sample using the Lemeshow hypothesis, the number 
of samples 7. Data analysis using Kappa analysis which 
is used to determine the close relationship of the 

observer to the anatomical information of the trigeminal 
nerve mri. To obtain an analysis of the differences in the 
anatomical information of the trigeminal nerve MRI, the 
fusion software on MRI and MATLAB used the 
Wilcoxon test. 

The study began by performing an MRI examination 
of the head. This was continued by selecting the Cis3D 
sequence and the TOF3D MRA. In the Ciss3D 
sequence, the position was adjusted so that it was right 
in the area of the trigeminal nerve. and in the second 
selection the TOF3D MRA is set to the same and exact 
position by selecting 'copy parameter' 

Figure 1. localizer for Ciss3D 

 
 

Figure 2. TOF3D MRA Localizer 

 
 

Figure 3. Showing the trigeminal nerve 

 

Figure 4. Showing the blood vessels in the head 
 

 
 

 
III. RESULTS 

 
The results of the Wilcoxon test in this study showed 

information on the anatomy of the trigeminal nerve mri 
between the fusion technique control group on the MRI 
modality and the matlab fusion treatment group. The 
root entryz one has a p-value of 0.317, which means 
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there is no difference. In one third the middle root has a 
p-value of 0317 which means there is no difference. 
Meckel Cave has a p-value of 0.025 which means there 
is no difference. The basilar artery has a p-value of 0.157 
and the superior cerebellar artery has a p-value of 0.564, 
which means there is no difference. So it can be said that 
there is no difference in the anatomical formation of 
MRI of the trigeminal nerve fusion on MRI modalities 
and matlab fusion.  

Table 1. Assessment of anatomical information on 
trigeminal nerve images resulting from fusion of MRI 
modalities and matlab fusion 

 
 
A. Fusion Process 

The image fusion processing process passes through 
four stages, namely MRI image capture, Wavelet 
Decomposition, Image Merger and Inverse wavelet 
decomposition. 

B. Comparison of MRI and matlab fusion results 
From the results of combining Ciss3D and MRA 

TOF3D images, nerves and blood vessels can be seen 
clearly. Thus proving that fusion is able to display the 
advantages contained in each image simultaneously. 
Ciss is superior to showing nerves and a TOF3D MRA 
image is superior to showing blood vessels. 

Image 1. Comparison of fusion results of MRI and 
Matlab . fusion modalities 

 
 

IV. DISCUSSION 
 

To improve the anatomical information of the 
trigeminal nerve mri image, a fusion technique is used. 
Fusion is a merging technique to increase information 
that comes from two or more. In this study, combining 
two images from the same modality, namely MRI by 
combining images from two different sequences, 
namely Ciss 3D and TOF3D. The fusion process is 
expected to provide better information than the images 
from each sequence. 

Based on previous research, abnormalities in 
trigeminal neuralgia were found which were caused by 
the presence of blood vessels pressing on the trigeminal 
nerve. This can not be seen simultaneously if only one 

sequence is used, the limitations of each sequence are 
limited. Based on this, the image merging technique is 
an effort to improve trigeminal nerve anatomical 
information which is very helpful for doctors in 
diagnosis. 

The image fusion technique can be performed 
directly on the MRI modality which is equipped with 
fusion software. In fact, there are modalities that are not 
equipped with fusion software. Therefore, the use of 
Matlab computer programming-based fusion was 
developed. The output of this research is the image of 
the combined Ciss3D and MRA TOF3D sequences. 
Ciss3D image excels in showing nerves, while the 
TOF3D MRA image excels at showing blood vessels. . 

The fusion process in matlab begins with changing 
the image which is the spatial domain to the frequency 
domain by using a wavelet transform. This process is 
called wavelet decomposition which aims to produce 
scale and frequency information. In this study, a level 1 
decomposition Haar wavelet is used. This 
transformation produces four coefficients from each of 
the combined sequences. Furthermore, the wavelet 
decomposition inverse transformation is carried out 
which changes the image in the frequency domain to the 
spatial domain. This results in a fusion of the two 
sequences. 

 
 

The images from the seven samples in the control 
group were then fused in matlab. The fusion process in 
the mri modality begins with selecting the target data 
volunteers, then selecting the Ciss3D sequence. do a 3D 
process to find the nerve area. Then the TOF3D MRA 
data is taken, select fusion, register, save data. 

The results of the fusion of the trigeminal nerve mri 
terminate the anatomical nerves and blood vessels 
simultaneously, namely the root entry zone, middle third 
of the root, Meckel's cave, basilar artery, superior 
cerebellar artery. According to the results of the 
observer's assessment, there is no difference in the 
anatomical information of the trigeminal nerve in fusion 
using this modality. mri and fusion in matlab. 

Thus matlab fusion can describe the anatomical 
information of the trigeminal nerve and blood vessels. 
So this application can be used in modalities that do not 
have fusion software. 

The use of matlab fusion, can reduce costs much 
cheaper than the installation of fusion applications on 

 No Visualisasi Signifikansi 
 (p-value) 

Keterangan 

MRI nervus trigeminus 
1 Root Entry Zone 0, 317 Tidak ada beda 
2 sepertiga akar tengah 0, 317 Tidak ada beda 
3 Gua Meckel 0,564 Tidak ada beda 
4 Arteri basilaris 0,157 Tidak ada beda 
5 Arteri Serebelar Superior 0, 564 Tidak ada beda 
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mri modalities. And can be used not only in the hospital 
environment. 

V CONCLUSION 
 

1. Matlab fusion application can be applied with a 
simple procedure and is able to visualize the trigeminal 
nerve and blood vessels. 

2. There is no difference in the anatomical 
information of the trigeminal nerve between the 
application of the MRI modality and matlab fusion. 
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Abstract — COVID-19 brought about profound 
impact in almost all sectors and tremendous change 
in the realm of education across the globe. 
Educational leaders had the daunting task of 
reshaping education and universities were forced to 
take learning online using a traditional learning 
curriculum. The objective of the study was to explore 
the students and Faculty experience in their well-
being, learning process and outcome during COVID-
19 pandemic in higher education. The study is based 
on qualitative data collected from 30 respondents 
consisting of students and Faculty.  Online 
interviews were conducted using Microsoft Teams 
with open-ended questions based on three 
categories: general well-being, learning process and 
student outcomes. Three core themes emerged:  
general well-being, learning process and outcomes. 
Many students reflected on how they felt 
overwhelmed and frustrated as they adapted to the 
new normal. As lectures moved online, there was 
anxiety and uncertainties, gratitude was a recurring 
theme as students appreciated the availability of 
technology, supportive social networks and the 
flexibility to renegotiate their time. According to the 
students the faculty used various pedagogy and 
innovation during online learning to engage the 
students. There was options of both synchronous and 
asynchronous learning which facilitated learning at 
own pace and time. The benefits of online learning 
were flexibility and replay of recorded lectures and 
simulation sessions which increased retention of 
information hence better academic performance. 
The extended duration of the pandemic may have a 
lasting impact on student learning and confidence in 
undertaking clinical responsibilities. COVID-19 had 
created the revolution in higher education, the 
teaching fraternity had adopted   technology in the 
virtual engagement of students. The creation of  
novel and innovative learning resources together 
with variations in course delivery had better 
outcomes. 

Keywords — COVID 19, Faculty, student, well-being 
learning process, outcomes 

 
I. INTRODUCTION  

 
COVID-19 has profoundly impacted almost all sectors 
of society. There have been mass job losses, 
emptied supermarket shelves, mandatory social 
distancing and disruption of studies in educational 
institutions. Students face an increasingly uncertain 
environment, where financial and health shocks or fear 
of becoming seriously sick, along with the transition to 

online learning. Many university students around the 
world experienced considerable stress as a result of the 
transformation in how they practice and fear of an 
uncertain future [1]. Traditionally, education has mainly 
been supported through a variety of campus-focused 
activities, which involve face-to-face interactions of 
students with peers and work-integrated learning. For 
decades, doctors, nurses and health professionals have 
been trained by observing and learning from 
experienced clinical practitioners [2] Student learning 
typically takes place in locations like lecture theatres, 
hospital wards, operating theatres, practitioners’ clinics 
and the community. Face to face education has been 
shown to create more student-lecturer and student-
student interaction, which can promote better 
engagement [3]. However, due to the COVID-19 
pandemic all in person opportunities for formal and 
informal learning had ceased and health professional 
courses have been required to move to exclusive 
delivery through online education [4].  There is a lot on 
the news about the pandemic’s impact on learning 
process, drop in number of international enrollment and 
university funds, but not from students themselves on 
how COVID-19 has impacted their life. Therefore, this 
study was designed to explore the students and Faculty 
general wellbeing, learning process and outcomes 
during COVID-19. 

 
II. MATERIALS AND METHODS 

 
2.1. Study Design 

A qualitative study was designed for 30 respondents 
consisting of 10 Faculty and 20 undergraduates from 
health professional programmes in an online platform 
Microsoft Teams.  

2.2. Ethical Considerations 
The study was approved by the Ethics Committee of 

AMU (CRD-AMU-052-2001).  

An explanatory statement was provided and written 
consent was obtained from student and Faculty who 
offered to participate in the study on a voluntary basis. 

2.3 Interview 
Open-ended questions were based on three 

categories: well-being, learning process and outcomes. 
The interview was started with a general question for 
orientation followed by a list of the key questions  with 
some useful prompts to encourage the interviewee to 
talk about specific issues to ensure adequate coverage of 
the content. The initial qualitative exploration focused 
on experience of teaching and learning during COVID-
19 and outcomes. Follow up interviews will be 
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conducted at the conclusion of the academic studies 
(graduate point for students). The purpose of the follow 
up is to explore longer-term impacts on Faculty and 
students. In particular, what have been the permanent 
changes to teaching practice and for students/graduates, 
do they feel prepared for practice. These interviews will 
take a narrative approach asking participants to reflect 
on experiences of learning and the personal and 
professional impacts on them and work readiness. The 
structured interview question is as shown below: 

x How have the teaching and learning approaches 
been received by students?   

x What factors have influenced learning outcomes?   
x Has there been any influence on learning outcomes, 

including practical skills and performance on 
placements?   

x How has the change to remote learning impacted 
upon student academic performance?  

x What has been the impact on graduate outcomes, 
preparedness for practice, work readiness and 
employability?  

x What challenges were faced transitioning teaching 
approaches?  

x What support was provided to enable transition?   
x How effectively did teachers adapt to the change and 

what factors influenced their adaptability? 
x Which new modes and approaches to teaching and 

learning are worth considering for long-term 
integration?   

x What factors have influenced teaching and learning 
outcomes 

 
III. RESULTS 

 
Data from interviews was transcribed verbatim. 

Interview data was analyzed using Ritchie and 
Spencer’s [5] five-stage framework analysis, which 
include familiarization, identifying the coding 
framework, indexing, charting, mapping and 
interpretation. Three core themes emerged:  general 
wellbeing, learning process and outcomes. 

3.1   General Wellbeing  
Many students reflected on how they are coping 

with feeling overwhelmed and   frustrated as they 
adapted to the new normal. As lectures moved online, 
there was  anxiety for a few, the monotonous routines 
and being homebound had led to struggles with self-
regulation, keeping up with content and feeling isolated 
from fellow students. Images of schedules, timetables 
and technology feature prominently, with many 
documenting difficulties in studying while dealing with 
other COVID-19 stressors like world updates, panic-
buying and fear of what would happen to themselves, as 
well as their family and friends. There was sudden 
reliance on internet and mobile phone signals for 
productivity and social connection accompanied with 
concerns around the stability and reliability of these 
online links. Sitting four people and up to six laptops on 
a small lounge room table is tight, as we “Zoom, Skype 
and write in the new COVID-19 reality”. according to a 

student. The feeling as a student in this new space feels 
in some ways inclusive, but also isolated and separate 
from their usual support network and community. These 
uncertainties present challenges for few students, while 
others created their own stability with time-tables, 
personal workspaces and connections with loved ones. 
The nature of the home environment was an issue for 
groups of students from lower socio-economic status 
where it was important for the students to replace the 
quiet study spaces available in a face-to-face teaching 
mode which had been lost due the COVID-19 
restrictions. Despite the circumstances, gratitude was a 
recurring theme as students appreciated the availability 
of technology, supportive social networks and the 
flexibility to renegotiate their time. COVID-19 has 
transformed the student experience, it has created the 
opportunity for students to self-reflect and appreciate 
the  strengths within themselves and family. Apart from 
regular virtual class engagement, there are various 
initiatives taken A club took the initiative of 
collaborating for coffee online and share the gratitude 
on every Friday at 5 pm during the Lockdown period. 
This was a form where students will have social 
interaction with each other, as humans are social 
animals they need to collaborate and exchange their 
views. 

3.2 Learning process 
The sudden shift to online learning using a 

traditional curriculum with the inability to engage in 
face- to-face tutorials, seminars and meetings was a 
challenge to both faculty and students. COVID-19 had 
created the revolution in  higher education, as there was  
resistance in teaching fraternity adapting  technology 
and virtual engagement of students.  Nevertheless, the 
institution conducted Faculty development programs 
online to gear up the positivity among faculty during the 
crisis hence faculty was adaptive and change their 
mindset towards the virtual classroom for the academic 
progress of students. Faculty was learning 
collaboratively and sharing expertise at a rapid rate and 
this created bonds between them at all levels across the 
educational institution.  The tools used by faculty during 
lockdown for teaching and learning through online 
modes are Zoom, Google classrooms, YouTube, etc. 
The Faculty felt there is not much difference between 
online and offline sessions as they can share PPT, play 
videos and use board and marker as regular classrooms.  
The Faculty had also done online role-play, group 
presentations, guest sessions by experts in the discipline 
for students’ engagement. A curriculum that has been 
transitioned from in person to online is likely to impact 
how students learn and how they can contextualize that 
learning into clinical practice. Obtaining constant 
feedback and initiatives on student engagement, 
learning and behavior (both positive and negative), will 
provide important information for teaching and learning 
practice in the future in particular the influence of online 
education on the development of practical skills and 
graduate readiness to practice [6]. Identifying any 
barriers to learning early enough may provide an 
opportunity to institute remediation changes to assist 
student confidence. 
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According to the students, the Faculty used various 
pedagogy and innovation during online learning to 
engage the students. There was options of both 
synchronous and  asynchronous learning which 
facilitated learning at own pace and  time. The benefits 
of online learning were flexibility and replay of 
recorded lectures and simulation  sessions which 
increased retention of information hence better 
academic performance.The most popular challenge for 
students was having a time management system set their 
daily schedule and study despite constant distractions. 
The setbacks were connectivity issues, computer 
knowledge, and self-motivation.   

3.3 Outcomes 
It is anticipated that the extended duration of the 

pandemic may have a lasting impact on student learning 
and confidence in undertaking clinical responsibilities. 
The lack of clinical exposure for many months at the 
peak of the pandemic and sustained changes to how 
students learn (e.g.large group teaching replaced by 
online learning, minimal peer and Faculty interaction 
occurring in person) may impact students’ learning 
styles and possibly effect preparedness for future 
clinical practice.  

 
IV. DISCUSSION 

 
The closures have come toward the end of the 

academic year, disrupting completion of the syllabus for 
the academic year, examinations required for transition 
or graduation [7]. The move to online-only classes for 
instruction prompted concerns about the quality of 
educational instruction provided mainly in skill related 
courses [8]. Educational initiatives during and after the 
pandemic can only be achieved through evaluation of 
learning outcomes achieved through online education. 
In this study, the instructional strategies has been helpful 
to learners, some of these may be considered for 
integration in courses in the long term after the 
pandemic has ceased and not just be limited to the 
current situation with enforced online education [9]. 
Another study, showed 74.5% students disconnected 
from their medical school and their peers and 43.3% 
unprepared for their clerkships.  

 
V. CONCLUSION 

 
COVID-19 had created the revolution in higher 

education, the teaching fraternity had adopted   
technology in the virtual engagement of students.The  
creation of  novel and innovative learning resources 
together with variations in course delivery had better 
outcomes.   
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Abstract — CT scan room is a radiation working 
area. The increasing workload in CT is subsequently 
increasing the risk of radiation hazards to the 
persons working around. We aim to evaluate 
protective barriers in the CT scan room at a medical 
college, in Chitwan, Nepal. The total number of head 
and body scans and their corresponding CT-DLP 
values of a selected week were taken for the 
calculation of unshielded secondary air kerma at a 
1m distance from the isocenter of the gantry. The 
distances of barriers from the isocenter of the gantry 
and their thickness were measured by measuring 
tape and Vernier caliper. The amount of unshielded 
air kerma at each barrier distance was calculated by 
inverse square law which was converted into 
transmission factors. Data were analyzed using an 
IBM SPSS 20 software. The thicknesses of lead and 
concrete were calculated from the standard graphs 
given by National Council on Radiation Protection 
and Measurements (NCRP). The necessary barrier 
thicknesses for console wall, corridor walls, 
reporting room wall, backyard wall, and ceiling were 
190mm, 223mm, 190mm, 195mm, 156mm, and 
280mm of concrete respectively whereas for console 
room door, console room window and the entrance 
door were 2.00mm, 2.09mm and 1.53mm of lead 
equivalent respectively according to their 
transmission factors. The thicknesses of the console 
wall, corridor walls, reporting room wall, backyard 
wall, and ceiling present in the CT room were 
280mm of concrete whereas the console room door, 
console room window, and entrance door were 
2.00mm, 2.36mm and 2.00mm of lead equivalent 
respectively. In short, the barriers in CT room have 
an equal or greater thickness than was necessary to 
stop hazardous radiation. The study showed that the 
radiation shielding status of the diagnostic CT scan 
room of CMCTH is adequate and there is no risk of 
radiation hazards. 

Keywords — DLP, NCRP 147, Shielding, Occupancy 
factor 

 
I. INTRODUCTION  

 
Computed Tomography (CT) scan is a commonly 

performed X-radiation imaging modality and it’s use is 
increasing extensively with huge advancement in digital 
technology and medical engineering [1].  The rooms 
where such scans are performed need to be shielded so 

that radiographers, health care professionals as well as 
patients and visitors are not exposed to unnecessary X-
radiation [2,3]. Thus, the National Council on Radiation 
Protection and Measurements (NCRP) in the United 
States has recommended shielding of CT scan room in 
Report No. 49 [4], which was revised in Report No. 147 
[5]. The Report No. 147 addresses the structural 
shielding design for medical X-ray imaging facilities 
and recommends three CT shielding calculation 
methods, namely, the dose length product (DLP) 
method, the computed tomography dose index (CTDI) 
method and isodose map method [5]. 

The standard shielding material is lead (Pb) to ensure 
operational radiation safety [2]. However, walls of 
brick, concrete and plastic boards could be also used [2]. 
In this study, we aim to evaluate the protective barriers 
of a CT scanner at a medical college, Chitwan, Nepal.  

 
II. MATERIALS AND METHODS  

 
A. CT Scanner 

A 16-slice brightspeed CT scanner, GE Healthcare, 
Chicago, IL, United States was used at Chitwan Medical 
College (CMC), Chitwan, Nepal. The system 
component features gantry, X-ray tube, and high voltage 
generator. 

B. Siting requirements for the CT Scanner 
The minimum and recommended suit size for an 

exam room without limited access option is 3.91 m x 
5.87 m and 3.96 m x 6.30 m respectively, whereas the 
minimum size for an exam room with limited access 
option is 3.31 m x 5.92 m. 

C. Shielding calculation method 
The shielding calculation method named DLP 

proposed in NCRP 147 report was adopted. 

K1
sec (head) = kheadx DLP x 1.4    and 

K1
sec (body) =1.2 x kbody x DLP x 1.4 

where, 
K1

sec (head) is unshielded air kerma / head patient at 1 m 
K1

sec (body) is unshielded air kerma / body patient at 1 m 
k(head) and k(body) are scattered fractions/cm at 1 m from 
body and head phantoms, respectively. 
k (head) = 9 x 10-5 cm-1 and k (body) = 3.6 x 10-4 cm-1 in the 
NCRP 147 report. 
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The total unshielded weekly air kerma (exposure) 
at 1m distance from the isocenter was calculated.  
K1

total = no. of head scanned patients x K1
sec (head) + no. of 

body scanned patients x K1
sec (body) 

The unshielded weekly air kerma at the required 
distance (y) where barrier is present can be calculated 
as: 

Ky = K1
total /(y)2 

The transmission factor at the barrier distance (y) 
can be calculated as: 

B = (P/T)/Ky 

where, P is the weekly permitted air kerma in the 
occupied area and T is the occupancy factor. 

The transmission required for the barriers were 
calculated from the figures below: 

Figure 1: Transmission of CT scanner secondary 
radiation through concrete (NCRP Report No. 147) 

 
 
Figure 2: Transmission of CT scanner secondary 
radiation through lead (NCRP Report No. 147) 

 

III. RESULTS 
 

The size of CT room was 5.32 m x 5.12 m, whereas 
the console was 5.32 m x 2.88 m respectively. Figure 1 
shows a schematic diagram of different rooms in CT 
department. 

Figure 3. Measurements of barriers in a CT department 

 

Table 1. Distribution of distance between the point of 
area to be shielded and the isocenter of the gantry. 

Area Distance from 
isocenter (m) 

Unshielded 
air kerma 

(mGy) 
Control console wall (WA) 3.94 95.78 
Control console lead glass 
window (Gw) 

4.18 85.09 

Control console door (DA) 3.89 98.26 
Entrance door (DB) 3.64 343.71 
First Corridor wall (WB) 2.08 112.23 
Reporting room wall (WC) 3.32 134.90 
Backyard wall (WD) 2.41 256.60 
Second Corridor wall (WE) 4.00 92.93 
Ceiling wall (WF) 2.06 350.38 

 
Table 2. Distribution of area occupancy 

Area Transmission 
Factors 

Occupancy Occupancy 
factor 

WA 1.044 x 10-3 Controlled area 1 
GA 1.175 x 10-3   
DA 1.017 x 10-3   
DB 2.909 x 10-4 Controlled area 1/5 
WB 4.455 x 10-3 Uncontrolled 

area 
1/5 

WC 7.412 x 10-4 Controlled area 1 
WD 3.117 x 10-3 Uncontrolled 

area 
1/40 

WE 1.076 x 10-3 Uncontrolled 
area 

1 

WF 5.7 x 10-5 Uncontrolled 
area 

1 
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The total number of head and body CT scans per 
week were 110 and 49 respectively.  

Table 3. Distribution of permitted air kerma level 

Area Required 
Thickness 
(mm) 

Measured 
Thickness 
(mm) 

Material 
(~) 

WA 190 280 Concrete 
GA 2.09 2.36 Lead 
DA 2 2 Lead 
DB 223 280 Concrete 
WB 1.53 2 Lead 
WC 195 280 Concrete 
WD 156 280 Concrete 
WE 190 280 Concrete 
WF 280 280 Concrete 

 

IV. DISCUSSION  
 

Since the thickness of the barriers are equal or 
greater than the standard reference values, the barriers 
are safe enough in the CT department. This is the first 
study of its kind conducted in Nepal. Since, Nepal still 
lacks radiation safety and protection laws till date [6–8], 
we recommend evaluating shielding at other CT 
scanners across the country and ensure operational 
safety. 

The DLP method applied in this study is easy to 
obtain and convenient method [3,9]. However, the air 
kerma scatter factor (k) for this method has not been 
adequately validated and this might underestimate doses 
and shielding calculations [10,11].  

We could not incorporate backscattering of radiation 
from the walls, and this might have overestimated the 
barrier thickness. We recommend further studies 
incorporating dose optimization and backscattering. 

 
V. CONCLUSION  

 
 We concluded that the protective barriers in a 
medical college, Chitwan, Nepal are safe by using DLP 
method. 
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Abstract — In prostate cancer radiotherapy, there is 
a lack of prediction in early treatment response 
which is critical to assist treatment decision making. 
This retrospective study will predict 1-month post-
treatment serum PSA level as a surrogate of early 
treatment response for prostate cancer patient 
treated with SBRT via CT- and MR-based radiomics 
model. One hundred & nine prostate cancer patients 
receiving 5 fractions of Stereotactic Body 
Radiotherapy (SBRT) using Elekta Unity MR-Linac 
were retrospectively recruited into the study. Pre-
treatment CT and T2-w MR images were processed 
using RADAR (software developed by Department 
of HTI at Hong Kong Polytechnic University). 1059 
radiomics features were extracted from the prostate 
CTV (clinical target volume) in CT and MR images. 
The radiomic model was trained using CT and MR-
based radiomic features to predict the serum PSA 
status one-month post-treatment. The maximum 
relevance and minimum redundancy (mRMR) 
feature selection algorithm was implemented to 
select the final features for model building. The 
performance of the radiomic model was validated 
using a 3-fold cross-validation.  Area under the 
receiver operating characteristic curve (AUC) were 
used to evaluate the predictive power of the radiomic 
model. Ten features from each modality were 
selected for model building. Averaged AUC in 
training and testing were 0.86 (SD=0.03) and 0.75 
(SD=0.02) for CT model. For MR model, the AUC 
for training and testing were 0.85 (SD=0.04) and 0.78 
(SD=0.03) respectively. There is no statistically 
significant AUC difference in CT vs. MR-based 
radiomic model (P > 0.05). The fused model of CT 
and MR showed AUC of 0.92 (SD=0.03) and 0.84 
(SD=0.02) for training and testing respectively. A 
statistically significant improvement (P < 0.05) for 
the combined model. The results indicate radiomics 
features from CT & MR have the potential to predict 
the 1-month post-treatment serum PSA level for 
prostate cancer. 

Keywords — radiomics, prostate, prediction, MR-
linac 

 
I. INTRODUCTION  

 
Prostate cancer is one of the most common cancers 

for men especially in western countries. According to 
the data from World Health Organization (WHO), 
prostate cancer is the third most common cancer after 

lung and colorectal cancer in 2020. A total of 1,414,259 
cases (7.3% of all cases) was diagnosed and is the most 
common cancer diagnosed in over 50% of countries [1]. 
In Hong Kong, prostate cancer was the third highest 
incidence of cancer for men in 2017 and led to 13.3 % 
of new cases in male cancers. The age-standardised 
incidence rate was 33.1 per 100,000 and has been on a 
rising trend in the past 30 years. In 2018, 468 men died 
as a result of prostate cancer and it accounted for 5.5% 
of all male cancer deaths [2]. The increasing trend in 
incidence rate and the number of deaths caused by 
prostate cancer have highlighted the need to optimize 
the current management workflow to achieve better 
control and relapse free survival. 

Radiomics refers to the high throughput of data 
extraction and quantitative analysis based on 
mathematical calculation on the high dimensional data 
from clinical imaging [3,4]. With the advances in 
radiotherapy imaging technology and the availability of 
massive imaging data, application of radiomics has been 
developed rapidly in the last decade. Recent studies 
have demonstrated the capability of using medical 
images with machine learning to predict prognosis [5,6]. 
The advancement in technology also changed the 
response evaluation on prostate cancer. Traditionally, 
prostate cancer patients need to complete the whole 
course of treatment and wait for months before any 
follow up examination like CT or MRI to be done to 
evaluate the response from treatment. However, the time 
gap in discovering treatment response from radiation 
discourages radiation oncologists to have prompt 
actions on progressing, non-responding and less 
responding tumours in initial stage. The lack of 
prediction on treatment outcome in early stages gives a 
window for the tumour cells to regenerate or the disease 
to relapse before detected by other tests in post treatment 
follow up. This makes prediction of treatment outcome 
becomes one of the important factors in optimizing the 
treatment management of prostate cancer. The 
application of radiomics and machine learning in 
biochemical result prediction in prostate cancer 
treatment helps to improve the efficiency and 
effectiveness in patient treatment. The prediction ability 
is highly desirable in radiotherapy of prostate cancer as 
it could assist the oncologist and patient to determine the 
optimal treatment strategies based on objective PSA 
biochemical results prediction. 
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II. MATERIALS AND METHODS  
 

This is a retrospective study using pre-treatment CT 
and T2w MR images from prostate cancer patients 
receiving IMRT radiotherapy in the Elekta Unity MR 
Linac (Elekta AB, Stockholm, Sweden). All the patients 
have received 5 fractions of SBRT to the prostate with 
prescription dose of 36.25 Gy. A general overview of 
the study is shown in figure 1. 

Figure 1. Overview of the study 

 
 
Planning CT 

A planning CT scan using Siemens Somatom 
Confidence (Siemens Healthcare, Erlangen, Germany) 
was performed on each subject. The energy used was 
fixed at 120kV with auto mAs control. The field of view 
(FOV) was 500 x 500mm. A slice thickness of 2mm was 
applied on all cases. The length of the scan covered from 
third lumbar vertebra level to 5 cm below the most 
inferior tip of perineum. 

Planning T2w MR 
A planning MR scan using Philip Ingenia 1.5T MRI 
scanner (Philips Healthcare, Amsterdam, Netherlands) 
was also conducted after the CT scan. Both T1 and T2 
images were acquired for target delineation. For image 
acquisition, the FOV was set at 400(AP) x 400(RL) x 
300(FH)mm with voxel sizes of 1.5 x 1.5 x 2 mm. 

Prostate target delineation 
The planning CT and MR were co-registered before 

target delineation. All targets delineation were done by 
a single radiation oncologist P which specialise in 
urological cancer using MIM (MIM Software Inc, 
Cleveland, OH, USA) contouring software. Contouring 
by a single radiation oncologist can serve to minimize 
interobserver bias as all the contouring is done by the 
same individual. The delineation of the target followed 
the recent 2018 European Society for Radiotherapy and 
Oncology (ESTRO) guidelines on prostate target 
volume delineation [7]. The same target volumes were 
associated to both CT & MR. 

Blood serum PSA results 
Blood serum PSA level (nanograms of PSA 

per milliliter, ng/mL) was used to assess the response on 
prostate cancer after radiotherapy. Two PSA results on 
each subject were collected for biochemical evaluation. 
The pre-treatment PSA was used as a reference baseline 
measurement and the results from post treatment were 

compared with the reference to determine the 
biochemical response. For this study, PSA results in 1-
month post-treatment follow up were collected for 
analysis. According to the Prostate Cancer Working 
Group 2 (PCWG2) criteria, PSA response can be 
defined as a decrease of 50% from the baseline value 
[8]. For patients with more than 50% reduction in post 
treatment serum PSA, it is considered as biochemical 
responding and labelled as 1. On the contrary, patients 
who have less than 50% reduction in PSA is classified 
as not responding and labelled as 0.  

Radiomics features selection 
The extraction of radiomics features were conducted 

using 2 different sets of images. The first one was using 
the planning MR images as the source image. The 
second one was using the planning CT. Each set of 
images and the corresponding RT structure sets from the 
subjects were anonymized and imported into the 
RADAR program to extract the necessary information. 
There was a total of 1059 quantitative radiomics 
features were extracted. In this study, mRMR were used 
to select and prioritize the order of the 1059 radiomics 
features. Ten radiomics features from planning CT and 
MRI were selected for machine learning. The selected 
10 features have the highest calculated AUC and most 
correlated to the one-month post treatment PSA 
biochemical outcome. 

Model training and validation 
A cross-validation method was used to train and 

validate the machine learning model. To evaluate the 
accuracy of the model in predicting the biochemical 
response, a receiver operating characteristic (ROC) 
curve was plotted using the output from the model. The 
ROC is a plot of true positive rate, TPR, against false 
positive rate, FPR. The TPR is also known as sensitivity 
(Sn) and FPR as specificity (Sp). The TPR and FPR can 
be calculated by the following equations. 

𝑇𝑃𝑅 =  *   𝐹𝑃𝑅 = * 
 
*TP=True Positive, FP=False Positive, FN=False 
Negative, TN=True Negative 

In this study, the area under curve (AUC) was used 
to determine the accuracy of the machine learning 
model in predicting the PSA response. Three different 
AUC values will be obtained from three different sets of 
images used for radiomics features extraction. The 
AUCpl MR from planning MR images were used to 
evaluate the prediction of the MR-based model. The 
AUCpl CT from planning CT images were used to 
evaluate the accuracy of the CT-based prediction model. 
Finally, the combined CT and MR AUCpl CT+MR were 
used to evaluate the predicting power of the model when 
combining both imaging modalities. 
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https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000044214&version=Patient&language=English
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Figure 2. Flowchart of radiomics features selection & 
model training and validation 

 
 

III. RESULTS  
 

One hundred and nine (n=109) patients were 
included in the study. The age of the study subjects 
ranged from 46 to 91 with an average age of 70.7 years. 
Table 1 summarizes the demographics, pre-treatment 
PSA level and the T-stage of the patients included in this 
study. 

Table 1. Demographics of the subjects in the study 

Demographics  
Patients enrolled n=109 
Age in years 
Pre-treatment(baseline)PSA (ng/ml) 
mean PSA 
 
PSA <10 
10<PSA<20 
PSA>20 
 
Gleason score 
6 
7 
8 
9 
10 
NA 
 
T stage 
T1-2 
T1a 
T1c 
T2 
T2a 
T2b 
T2c 

46 – 91 (mean70.7) 
 
22.1 (range 0.1 - 866.1) 
n=61(56%) 
n=30(27.5%) 
n=18(16.5%) 
 
  
n=30(27.5%) 
n=39(35.8%) 
n=10(9.2%) 
n=19(17.4%) 
n=4(3.7%) 
n=7(6.4%) 
 
 
 
n=3(2.8%) 
n=1(0.9%) 
n=8(7.3%) 
n=11(10.1%) 
n=10(9.2%) 
n=15(13.8%) 
n=19(17.4%) 

 
Planning CT radiomics model 

Out of the 1059 radiomics features available in the 
images, 10 features were selected to build the model. 
Averaged AUC in training and testing over cross-
validations were 0.86 (SD=0.03) and 0.75 (SD=0.02) 
for CT-based radiomic model. 

Planning MR radiomics model 
In planning MR radiomics model, the 10 features 

with highest individual AUC were inputted in the 
machine learning model. The obtained average AUC in 
the training dataset were 0.85. On the testing dataset, the 
average AUC were 0.78. 

Planning CT + MR radiomics model 
The radiomics features selected in the two models 

(planning CT and planning MR) were combined in this 
model for further analysis. The averaged AUC for 
training and testing dataset were 0.92 and 0.84 
respectively. 

Figure 3. Box plot of CT, MR & CT+MR based 
radiomics model AUC ressults 

 

 
IV. DISCUSSION  

 
SBRT of prostate cancer is a hypofractionated 

radiation treatment using large daily fractional doses to 
treat the prostate. The theory is to deliver an ablative 
high dose to the target to eradicate the tumour in fewer 
fractions. The use of SBRT in prostate cancer has 
proved to have promising results in relapse free survival 
[9]. With elevated fractional dose and shorter 
fractionations of SBRT, utilizing serum PSA level as a 
surrogate can be feasible to reflect the early treatment 
response after the treatment. 

In this study, maximum relevance and minimum 
redundancy (mRMR) were used to select and prioritize 
the order of the 1059 radiomics features. mRMR 
algorithm is a filter-based feature selection method in 
radiomics features selection. This algorithm will select 
a series of features that are most correlated (maximum 
relevance) within a class but with least correlation 
between the selected features [10]. Ten radiomics 
features from each planning CT and MRI were selected 
for machine learning. This enabled the study to use the 
most robust radiomics features for model building. 

Repeated 3-fold cross-validation was used in the 
study to evaluate the 3 radiomics model. The cross-
validation method randomly separated the 109 subjects 
into 3 equal groups, 2 groups as training and 1 group as 
testing. An AUC value from ROC curve was generated 
in each validation. The cross-validation was repeated for 
thirty times. In each iteration, the study subjects were 
randomly assigned to each training and testing groups. 
This method is applied in this study to minimize bias 
and increase the estimation accuracy with the limited 
sample size (n=109). 

 

 
Prostate cancer patients 
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36.25Gy in 5fr using Unity 

MR-Linac 
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Training : testing 
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0.92: 0.84 

 
mRMR – 10 features 

selected 
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The results indicated CT-based, MR-based and 
CT+MR based radiomics model achieved good 
prediction results with AUC in testing cohort >0.7 
across all models. However, there is no statistically 
significant result (p>0.05) when comparing the AUC of 
MR-based model with CT-based model. This indicates 
that the prediction power of MR-based radiomics model 
is not superior non inferior to the CT-based radiomics 
model. This finding is interesting as MR images have 
intrinsic advantages in details of soft tissue imaging like 
in prostate. It would be logic to consider MR-based 
radiomics model can achieve better AUC results than 
CT-based radiomics model. Further analysis is needed 
to evaluate the impact of sample size on the performance 
of the models. The AUC result in CT+MR model is the 
highest among the three model. It achieved 0.92 & 0.84 
in training & testing cohort respectively. The statistical 
test result is also significant (p<0.05) which indicates 
that this model is superior in prediction power than the 
MR or CT-based model. This model is different from 
the other two models as it has 20 radiomics features (10 
from CT & 10 from MR) rather than 10. This could be 
the contributing factor for better performance as more 
radiomics features are included. However, doubling the 
radiomics features in the model could cause the issue of 
overfitting and reduce the robustness of the model. 
Balance between better prediction power and overfitting 
of the model must be considered when increasing the 
number of features used in the model. 

Evaluation of treatment response in radiation 
therapy is one of the key indicators to demonstrate the 
successfulness of treatment. If the tumour response 
could be known in the early stage, under-responding or 
non-responding tumour can be identified earlier. 
Alternative or booster treatment can be introduced to 
those non-responding tumours or less responding 
tumours. This could potentially improve the treatment 
outcome. 

 
V. CONCLUSION  

 
This study has demonstrated multi-modal radiomics 

machine learning model have the potential to predict 
early treatment response from PSA decline in prostate 
cancer patients under stereotactic body radiotherapy in 
MR-Linac. With better understanding of the early 
treatment response, it could assist the clinician in 
planning a more patient-specific treatment regime with 
the aid of radiomics model prediction. 
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Abstract — The learning environment of a 
medical scholar has a significant impact on 
achievements and learning outcomes. Despite the 
validation and accreditation of the programme 
by the Tanzania Commission for Universities 
(TCU), the learning environment is not only 
perceived by the documented curriculum but also 
by the interactions within the campus, and 
relations between students and lecturers. This 
study aims at evaluating the perception of the 
learning environment among Bachelor of Science 
in Medical Imaging and Radiotherapy (BMIR) 
programme students at the Catholic University of 
Health and Allied Sciences (CUHAS). A cross-
sectional study was conducted where all students 
taking BMIR programme at CUHAS were 
included, DREEM (Dundee Ready Educational 
Environment Measure) questionnaire was 
provided to all participants. Data analysis was 
done through Microsoft Excel and SPSS v20 
using descriptive statistics. The mean was 
calculated for all the items in each year level and 
across the year levels. A total of 62 students 
(96.9%) of BMIR responded to the questionnaire. 
The overall total score for the three classes was 
131.7/200 (65.9%) indicating that the majority 
have a positive perception towards the learning 
environment. The lowest score was seen among 
third-year students. Educational environment 
perception by the students is a key factor in 
determining the nature of their learning 
experience. This study illustrated the challenge of 
maintaining an equitable and positive learning 
environment for all classes in the programme and 
underlines the need for careful ongoing 
evaluation of the learning environment and 
review of the curriculum. 

Keywords — 3-5 Perception, Education, Students, 
Lecturer 

Abbreviations  
CUHAS -Catholic university of health and allied 
sciences 

BMIR- Bachelor of science in medical imaging and 
radiotherapy 
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I. INTRODUCTION 
 

The learning environment of a medical school 
has a significant impact on students’ achievements 
and learning outcomes. The importance of equitable 
learning environments across the programme is 
implicit in any undergraduate medical programme 
being developed and established [1]. Despite the 
validation and accreditation of the academic 
programme by the Tanzania Commission for 
Universities (TCU), the learning environment is not 
only perceived by the documented curriculum but 
also by the interactions within the university campus 
and relations between students and teachers. 
Understanding these internal perceptions can 
precisely monitor the review of curriculums and the 
improvement of the learning environment. Also, the 
perception of these students of the environment 
within which they study has been shown to have a 
significant impact on their behaviour, academic 
progress and sense of well-being [2].  

A good learning environment is not limited to 
only the teacher’s good communication skills, 
knowledge, credibility and preparedness 
contributing towards teaching excellence but also an 
environment that best prepares the students for their 
future professional life and contributes towards their 
personal and psychosomatic development as well as 
the social well-being [3]. 

Evaluation of the educational environment in 
both academic and clinical areas is significant to the 
development of a student-centred curriculum of 
extraordinary quality [4]. 

Several methods have been used by medical 
educators to assess and analyse students’ 
perceptions of the specific program in medical 
institutes. The Dundee Ready Education 
Environment Measure (DREEM) is a highly generic 
and internationally validated study tool used to 
assess students’ perceptions of their learning 
environment [5]. 

The Catholic University of Health and Allied 
Sciences- Bugando is located in Mwanza, North-
Western Tanzania. CUHAS provides training, 
research and consultancy services, training health 
professionals in the field of medicine, pharmacy, 
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medical laboratory sciences, nursing, medical 
imaging and radiotherapy and public health through 
Diploma, Bachelor, Masters and PhD programmes. 

The Bachelor of Science in Medical Imaging and 
Radiotherapy (BMIR) programme at CUHAS is a 
newly established programme which began in the 
year 2019; there have been three intakes up to date 
including the class of 2020 and 2021. CUHAS was 
the first university to run a BMIR programme in 
Tanzania.  

The study aimed at evaluating whether the 
education environment and its aspect are perceived 
more or less favourably by students of different year 
levels in the BMIR programme at CUHAS 

 
II. MATERIALS AND METHODS  

 
Study design, area and sample size 

This work was a cross-sectional study which was 
conducted from May 2022 to November 2022. The 
study was conducted at CUHAS involving students 
in the BMIR programme present on campus during 
the time of the study. A total of 62 students 
participated in the study.  

Ethical clearance 
Ethical clearance was sought from the joint 

BMC/CUHAS Research Ethics and Review 
Committee (UECC no.2269b/2022).  

The purpose of the study was explained to the 
students before they were asked for their consent to 
participate. 

Data collection 
The research used a short demographic 

questionnaire constructed to collect information 
such as the participant’s gender and year of study. 
DREEM questionnaire designed to measure the 
educational environment specifically for medical 
schools and other health-related programs [3], was 
provided to all participants. The DREEM [6] is a 50-
item validated inventory with five subscales. The 
five subscales are students’ perceptions of learning 
(SPL), students’ perceptions of teachers (SPT), 
students’ academic self-perceptions (SAP), 
students’ perceptions of the atmosphere (SPA) and 
students’ social self-perceptions (SSP). The survey 
is answered on a 5-point Likert scale (strongly 
disagree, disagree, uncertain, agree and strongly 
agree) with a maximum global score of 200.  

Data analysis 
Data collected were entered in Microsoft Excel 

and Statistical Package for Social Science (SPSS) 
v20 using descriptive statistics. The mean was 
calculated for all the items in each year level and 
across the year levels. For each of the five domains 
(SPL, SPT, SAP, SPA and SSP), scores were 
calculated as the total of the item mean scores in that 
domain for each level. The subscale scores were 
summed across the classes and the mean was 
calculated for each subscale across the classes. The 
total DREEM score for each year level was 
calculated by adding the subscale scores of all five 
domains. For comparison, the domain scores were 
expressed as a percentage of the maximum subscale 
and DREEM score possible.  

 
III. RESULTS  

 
The response rate was 100%, 100% and 91.7% 

for the classes of 2019, 2020 and 2021 respectively. 
Of 64 students in the programme, 62 were able to 
fully answer the questionnaire with no missing data.  

Overall mean subscale scores 
The overall total for all three classes was 

131.7/200 (table 2). There was no significant 
difference in the scores between classes. The scores 
were 133.4/200, 137.3/200 and 124.6/200 for year 1, 
year 2 and year 3 respectively. The mean standard 
error was 0.1 and the standard deviation was 0.9. 

Mean score for all the items  
The responses to individual items are reviewed 

within the context of subscales as shown in table 1. 
The score for negatively phrased items [4, 8, 9, 17, 
25, 35, 39, 48, 50] has been reversed. 

Interpretation of mean scores 

Based on the 5-point Likert scale (strongly 
disagree_0, disagree_1, uncertain_2, agree_3 and 
strongly agree_4), a mean score of 0_1.50 implied a 
predominantly negative perception; 1.51_2.50 
implied a mixed or uncertain perception; 2.51_3.0 
implied a more positive perception with room for 
improvement; 3.01_3.50 implied a positive 
perception, and _3.51 implied an excellent 
perception of the item. If more than 80% of students 
in a group agreed or strongly agreed with the 
statement, this was considered a strong positive 
perception. 
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 Table 1. Individual items mean scores 

QUESTION 

 
YEAR 1 

 
YEAR 2  

 
YEAR 3 

STUDENTS’ PERCEPTION OF LEARNING    
 1. I am encouraged to participate in class 3.1 3.5 3.5 
 7. The teaching is often stimulating 2.7 2.9 2.3 
 13. the teaching is profession centred 2.7 2.6 2.0 
 16. The teaching helps to develop my competence 3.2 3.2 2.6 
 20. The teaching is well focused  3.0 3.1 2.1 
 21. the teaching helps to develop my confidence 3.2 3.1 2.6 
 24. The teaching time is put to good use 2.5 2.7 2.2 
 25. The teaching over emphasizes case-based learning 1.3 1.3 2.2 
 38. I am clear about the learning objectives of the course 2.8 2.9 2.3 
 44. The teaching encourages me to be an active learner 2.8 3.1 2.3 
 47. Long-term learning is emphasized over short-term learning. 2.8 2.7 3.0 
 48. The teaching is too teacher centred 2.4 2.2 2.8 
 Subscale score  32.6 33.3 29.9 
STUDENTS’ PERCEPTION OF TEACHING    
 2. The teachers are knowledgeable 3.2 3.2 2.7 
 6. The teachers support a patient-centred approach to patient care 2.9 2.8 2.5 
 8. The teachers ridicule the students 2.4 2.2 2.5 
 9. The teachers are authoritarian 1.5 1.9 1.8 
 18. The teachers have good communication skills with the patients 3.0 3.1 3.0 
 29. The teachers are good at providing feedback to students 2.7 2.7 2.2 
 32. The teachers provide constructive criticism here 2.1 2.3 2.0 
 37. The teachers give clear examples  3.1 3.2 2.8 
 39. The teachers get angry in teaching sessions 2.3 2.5 2.5 
 40. The teachers are well prepared for their teaching sessions 2.7 2.6 1.6 
 49. I feel able to ask the questions I want 2.9 3.0 3.4 
 Subscale score 28.8 29.5 27.0 
STUDENTS’ ACADEMIC SELF-PERCEPTION    
 5. Learning strategies which worked for me before continue to work for me now  2.5 2.5 2.1 
 10. I am confident about passing this year  3.4 3.5 3.2 
 22. I feel I am being well-prepared for my profession  3.5 3.1 2.3 
 26. Last semester's work has been good preparation for this semester's work. 2.8 2.9 2.1 
 27. I am able to memorize all I need 2.3 2.4 2.4 
 31. I have learned a lot about empathy in my profession 3.1 3.1 2.5 
 41. My problem-solving skills are well-developed here. 2.8 3.0 2.2 
 45. Much of what I have to learn seems relevant to a career in healthcare 3.3 3.3 2.6 
 Subscale score 23.7 23.8 19.4 
STUDENTS’ PERCEPTION OF THE ATMOSPHERE    
 11. The atmosphere is relaxed during practical teaching 2.8 2.5 2.6 
 12. The course is well timetabled 1.8 2.6 1.3 
 17. cheating is a problem in this course 2.6 2.7 2.7 
 23. The atmosphere is relaxed during lectures 2.8 2.9 3.0 
 30. There are opportunities for me to develop interpersonal skills 3.2 2.9 2.5 
 33. I feel comfortable in teaching sessions socially 3.1 3.1 2.9 
 34. The atmosphere is relaxed during seminars or tutorials 2.8 2.9 2.6 
 35. I find the experience disappointing 2.5 2.2 2.0 
 36. I am able to concentrate well 2.7 2.9 2.6 
 42. The enjoyment outweighs the stress of the course 2.2 2.3 2.0 
 43. The atmosphere motivates me as a learner 2.7 3.0 2.7 
 50. The students irritate the teachers 2.6 2.5 3.1 
 Subscale score 31.8 32.5 30.0 
STUDENTS’ SOCIAL PERCEPTION    
 3. There is a good support system for students who get stressed 1.7 2.3 1.9 
 4. I am too tired to enjoy the course 2.7 2.8 2.4 
 14. I am rarely bored in this course 1.8 1.9 2.2 
 15. I have good friends in this course 3.3 3.2 3.4 
 19. My social life is good 2.5 3.1 3.2 
 28. I seldom feel lonely 1.9 2.2 1.7 
 46. My accommodation is pleasant 2.6 2.7 3.1 
 Subscale total 16.5 18.2 17.9 
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Table 2. subscale scores (percentage) and total DREEM Scores 

STUDENTS’ PERCEPTION  YEAR 1 YEAR 2 YEAR 3 ALL  
Students’ perception of learning 32.6(67.9%) 33.3(69.4%) 29.9(62.3%) 31.9(66.5%) 

Students’ perception of teaching  28.8(65.5%) 29.5(67.0%) 27.0(61.4%) 28.4(64.5%) 

Students’ academic self-perception 23.7(74.1%) 23.8(74.4%) 19.4(60.6%) 22.3(69.7) 

Students’ perception of the atmosphere 31.8(66.3%) 32.5(67.7%) 30.4(63.3%) 31.6(65.8%) 
Students’ social perception 16.5(58.9%) 18.2(65.0%) 17.9(63.9%) 17.5(62.5%) 

TOTAL SCORE 133.4(66.7%) 137.3(68.7%) 124.6(62.3%) 131.7(65.9%) 
     

 
IV. DISCUSSION  

 
Educational environment perception by the students 

is a key factor in determining the nature of their learning 
experience [7]. However, the university environment 
alone is not completely responsible for being the source 
of stress, It is also influenced by the student's personality 
type, gender, socio-cultural differences and emotional 
intelligence [8]. According to our research, this is the 
first study of students’ perception of the educational 
environment at CUHAS to be conducted using the 
DREEM inventory.  

The third-year students felt encouraged to participate 
in class and were able to ask questions whenever they 
wanted. However, think teachers are not well prepared 
for teaching lessons and are authoritarian They were 
challenged with the course timetable but positive about 
passing the academic year. On social perception, the 
study revealed that third-year students had good friends, 
good social life and their accommodations were 
pleasant. They also pointed out that there is no good 
support system for students who are stressed and most 
feel lonely. 

Second-year students appear encouraged to 
participate in classes, they felt that teaching helps to 
develop their competence and confidence as it is well-
focused and are encouraged to be active learners. They 
generally perceived the learning environment to be more 
favourable towards the teaching and learning 
atmosphere as well for their academics and social 
welfare.  

With consideration of being at the campus for less 
than a year, first-year students' experience of the 
learning environment was more positive than negative. 
They perceive the teaching as moving in the right 
direction on a positive side. They were being challenged 
by the course timetable and lack of good support to those 
who were stressed, while some were not in a good place 
socially. 

From the above results as illustrated within the 
tables, it is seen that year 3 has lower scores in learning 
perception, teaching perception, self-perception in  

 

academics and perception of atmosphere, and the 
overall total was lower in comparison to other classes 
indicating that there are more challenges facing the 
pioneer class. The score in years one and two are 
relatively higher in comparison to year three, these 
results are attributed to improvements done within the 
lower-level classes, that is the shortcomings that are 
seen in the pioneer class can be corrected in the other 
classes. 

A Limitation of the study was that the data was 
collected from only one university. Therefore, it was not 
possible to generalize the results for other universities in 
Tanzania 

 
V. CONCLUSION  

 
This study illustrated the challenge of maintaining 

an equitable and positive learning environment for all 
classes in the programme on the account of students 
themselves and their teachers. From this study, the need 
for careful ongoing evaluation of the learning 
environment and review of the curriculum has surfaced 
and requires action. 

The difference between the pioneer class and the 
other two classes has shown the effort of students and 
teachers to improve the learning environment to become 
more favourable. Further studies are encouraged to be 
done within the programme and other programs in the 
university and country. 

The university should consider establishing a 
support system for the students who feel stressed and 
those in need of support in any other form. A one-to-one 
emotional, academic and social guidance platform can 
be introduced to help students plan for their futures by 
guiding them in building a career, assigned student 
advisors, counsellors and mentors can accomplish this 
task. 
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Abstract — Not only have physician extenders filled 
the void in patient shortage, but they have also 
assisted in the responsibility of teaching in the 
academic facility. Since the inception of physician 
extenders, numerous articles have been published 
stating how Mid-Level Practitioners, including 
Physician Assistants (PAs) and Nurse Practitioners 
(NPs), have been incorporated into the academic 
center. Still, minimal publications have been shared 
about the satisfaction of Radiologist Assistants 
working and training Radiology Residents in the 
academic center. Therefore, I planned to evaluate 
how my position as a Radiologist Assistant (RA) has 
influenced a busy fluoroscopic department at an 
Academic Pediatric Institution. 
Keywords — Registered Radiologist Assistant, 
Radiologist Practitioner Assistant, Resident, 
Academic Facility, Satisfaction. 

 
I. INTRODUCTION  

 
Since its introduction in the mid-1960s, physician 

extenders, also known as Non-Physician Providers 
(NPPs) and Mid-Level Practitioners, were created to fill 
the void in areas of medicine suffering from a physician 
shortage. Due to the lack of individuals providing 
radiology services, a new physician extender role 
known as the Radiologist Practitioner Assistants role 
was introduced in 1993. Shortly afterward, the 
Registered Radiologist Assistants in 2003. Within the 
United States, the extent of the physician shortage and 
the need to provide medical services in specialties have 
produced numerous Physician Assistants (PAs), Nurse 
Practitioners (NPs), and Radiologist Assistants 
(RPAs/RRAs).  

Over time, these Mid-Level Practitioners have not 
only been utilized to meet the demand in patient care but 
have also been integrated into providing instruction in 
the academic facility. 

 
II. MATERIALS AND METHODS  

 
Three surveys were conducted in our Pediatric 

Radiology Department, which included the pediatric 
division body Radiologists, pediatric division 
Radiologic Technologists, and Radiology Residents 
from 2018-2019 and 2019-2020. Surveys were 

conducted to assess everyone’s overall experience of a 
Radiologist Assistant working and training Radiology 
Residents in pediatric fluoroscopy. 

Radiologist’s and Radiologic Technologists were 
surveyed similar questions: 1) How comfortable are you 
having a Radiologist Assistant performing fluoroscopic 
procedures, 2) Does the Radiologist Assistant 
demonstrates the ability to teach, 3) Does the 
Radiologist Assistant have basic Radiology knowledge, 
4) Does the Radiologist Assistant possess the 
appropriate clinical procedure skills when performing 
pediatric procedures, 5) Are you satisfied with the 
Radiologist Assistant teaching fluoroscopic procedures, 
6) Do you think the Radiologist Assistant participate 
effectively as a member of the Radiology team, 7) Does 
the Radiologist Assistant provide procedure feedback 
when appropriate, 8) Do you think having a Radiologist 
Assistant in the Academic Facility enhances the learning 
environment, 9) Do you consider the Radiologist 
Assistant a valued team player in Pediatric Radiology, 
and 10) Overall, how satisfied are you with having a 
Radiologist Assistant assist with training in the 
fluoroscopy suite? 

While majority of the surveyed questions for 
Radiology Residents were similar, a few questions 
differed in regards to their personal experiences: 1) Prior 
to your Pediatric rotation how comfortable were you at 
performing fluoroscopic procedures, 2) Does the 
Radiologist Assistant demonstrate the ability to teach, 3) 
Did the Radiologist Assistant explain in detail how to 
perform procedures, 4) During your training, how would 
you rate the supervision levels of the Radiologist 
Assistant, 5) Do you feel like you received adequate 
training from the Radiologist Assistant, 6) Do you think 
the Radiologist Assistant participates effectively as a 
member of the Radiology team, 7) Does the Radiologist 
Assistant provide procedure feedback when appropriate, 
8) Do you think having a Radiologist Assistant in the 
Academic Facility enhances the learning environment, 
9) After completion of your Pediatric rotation do you 
feel comfortable performing fluoroscopy in pediatrics, 
and 10) Overall, during your pediatric rotation, how 
satisfied are you with the training you received from the 
Radiologist Assistant while in the fluoroscopy suite? 
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III. DATA ANALYSIS 
 

Most of the questions had a 4-item answer selection 
ranging from either Exceptional, Excellent, and 
Extremely Satisfied as the best answers to Average, 
Poor, or Extremely Unsatisfied, with few questions 
having a 2-item answer as True or False. 

Each answer was inputted in excel format under its 
respective survey, with the best solution, Exceptional, 
Excellent, and Extremely Satisfied, receiving 4 points, 
and Average, Poor, or Extremely Unsatisfied, receiving 
1 point. An answer marked True was worth 2 points, 
while an answer marked False was worth 1 point. 

A total of 29 surveys were distributed. Of those 29 
surveys distributed, 23 surveys were collected: 4 out of 
4 Radiologists responded, 9 out of 9 Radiologic 
Technologists responded, and 10 out of 16 Radiology 
Residents responded. The total percentage that 
responded was 79%.  

IV. RESULTS  
 

Surveyed results from Radiologists, Residents, and 
Radiologic Technologists were obtained and calculated 
in excel format. Out of the returned Resident surveys, 
there was an 85% “Excellent” rating of the Radiologist 
Assistant explaining in detail of how to perform 
procedures, with a 100% response rate from 
Radiologists, Residents, and radiologic Technologists 
agreeing that the Radiologist Assistant provides 
procedural feedback when appropriate. 

Six analyzed responses based on the Radiologist 
Assistant's influence in the Pediatric Fluoroscopy suite 
are discussed in detail below. Figures 1 through 6 
provided below outline six surveyed responses; Figure 
1 provides answers to a similar question for both the 
Radiologist and Radiologic Technologist, Figure 2 and 
3 reflects a surveyed response captured from the 
Radiologist, Resident, and Radiologic Technologists, 
and Figure 4 through 6 reflects the Residents surveyed 
answers for the provided question. 

Of note, a low response rate from the Radiology 
residents were secondary to the time of year in which 
the residents were either on vacation, testing, or 
interviewing for career opportunities post residency 
completion. 

 

 

 

 

 

 

 

 

Figure 1 Radiologist & Radiologic Technologist 
comfort level of Radiologist Assistant  

 
 
Figure 2 Does Radiologist Assistant enhance the 
learning environment in Academic Facility 

 
 
Figure 3 Does the Radiologist Assistant demonstrate 
the ability to teach 
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Figure 4 Resident response to adequate training 
provided by Radiologist Assistant 

 

 
Figure 5 Resident's comfort level before and after 
pediatric fluoro rotation 

 

Figure 6 Resident satisfaction level of Radiologist 
Assistant training in Pediatric Fluoro 

 
 

 
V. DISCUSSION  

 
Physician Extenders have been employed in various 

specialties, including Emergency Medicine, Critical 

Care Units, and Diagnostic and Interventional 
Radiology and are a great resource in the education of 
Radiology Residents.  

Reines et al. (2006) noted that teaching hospitals are 
employing midlevel practitioners such as PAs and NPs 
to deliver safe, cost-effective, high-quality care to the 
patient, and their representative program chose to 
integrate midlevel providers into the teaching service to 
provide flexibility to the physicians. They noted that the 
midlevel providers were involved in the educational 
program and were involved in teaching conferences, 
teaching rounds, and grand rounds and were considered 
evaluators on the patient floors. They were also 
considered “incidental” teachers who aided students and 
resident physicians with varying attending physician 
requirements (Reines et al., 2006).  

From 2017 to 2019, the number of radiology 
practices employing physician extenders (NPs and PAs) 
outpaced the growth of radiologists, and some 
individuals wonder how the growth of physician 
extenders in the Academic facility may affect radiology 
education (Davenport et al., 2022). Davenport et al. 
(2022) mentioned that physician extenders have the 
potential to improve education in several ways: 1) by 
reducing noneducational or less educational duties, 
freeing trainees to participate in advanced activities; 2) 
teach trainees intensive skills, and 3) by educating 
trainees how to work in a modern multi-disciplinary 
health care environment. They also summarized that 
physician extender offers an opportunity for benefit 
without risk. 

In a commentary by Herliczek (2011) noted his 
experience of hiring a PA to function as a Radiology 
Extender (RE) in pediatrics because of their increasing 
workloads and service demands. This, in turn, allowed 
the attending radiologists time to interpret other 
modalities and teach residents at their workstations. 

I currently perform fluoroscopic procedures solo or 
assist in teaching fluoroscopic examinations to our 
Radiology Residents. During the day, there is an 
opportunity to teach before, during, and after 
examination performance, with the final interpretation 
being provided by the Attending Radiologist on service. 
I also provide fluoroscopic lectures outside the 
fluoroscopic suite to technologists, residents, med 
students, and specialized services throughout the 
hospital. 

The main objective of this study was to 
demonstrate that Radiologist Assistants should be 
considered an integral part of the Radiology team and a 
considerable component of the education of Radiology 
Residents at an Academic facility. 

 
VI. CONCLUSION  

 
The present study aimed to investigate the overall 

satisfaction of having a Radiologist Assistant 
performing and teaching procedures within the Pediatric 
division. Radiologist Assistants are knowledgeable 
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physician extenders that positively influence the 
fluoroscopic suite and are beneficial in the training of 
Radiology Residents. 
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Abstract —The default mode network (DMN) is a 
large brain network in the human brain and has a 
substantial correlation with Alzheimer's disease 
(AD). Grey matter volume (GMV) and functional 
connectivity (FC) involving the DMN were reported 
to be different between AD and healthy control (HC). 
Nevertheless, the structural and functional 
alterations that take place in AD in Malaysian 
patients is not well understood. Our aim was to 
demonstrate the differences in GMV of structural 
brain morphology on fMRI between AD and HC, 
that we processed using voxel-based morphometry 
(VBM). Comparison in the variations of FC 
involving the DMN on fMRI scans were also made 
between AD and HC. Based on our institutional 
geriatrician's clinical evaluation, neuropsychological 
tests such as the MoCA, MMSE, and CDR, the 
subjects were recruited and categorised as AD and 
HC. Rs-fMRI scan was acquired and VBM seed-
based analysis (SBA) was performed using SPM 12, 
Matlab to evaluate the GMV. SPM12 software and 
CONN toolbox were used to evaluate the FC and 
activation of the nodes of the DMN comparing AD 
and HC. 22 subjects were recruited in this pilot study 
[AD, n = 11, Age 64-84 (76.36 ±0.52) and HC, n = 11, 
Age 64-79 (69.91 ±5.34)]. In the AD group compared 
to HC, there was decreased GMV at the right and 
left inferior temporal gyrus (ITG r and ITG l), left 
superior frontal gyrus (SFG l), right superior frontal 
gyrus medial segment (MSFG r), right gyrus rectus, 
right temporal lobe, left putamen and right 
precuneus respectively. Significant decrease in 
activation of the nodes of the DMN noted in AD>HC. 
AD and HC patients have different GMV and 
resting-state FC profiles. By detecting decreased 
GMV using VBM and decreased functional 
connection in the DMN, rs-fMRI can detect imaging 
biomarkers to distinguish AD from HC. 

Keywords — Voxel-based morphometry, Seed-based 
analysis, grey matter volume, Alzheimer's disease  

 
I. INTRODUCTION  

 
Alzheimer's disease (AD) is the most prevalent form 

of dementia, the progressive neurodegenerative disorder 

associated with memory loss. It begins with atrophy in 
the hippocampus and spreads to other brain regions due 
to neuronal death [1,2]. AD is one of the important 
illnesses of the elderly, in which the incidence has 
increased significantly in recent years [3]. An earlier 
study among senior Malaysians revealed that older age, 
no formal education, female gender, low self-rated 
health quality, and Malay or Bumiputera ethnicity were 
all risk factors for dementia [4,5]. The estimated number 
of people with dementia in Malaysia reported by 
Alzheimer’s Disease International in 2030 is 261,000 
[6], 0.72% of the estimated population of 36.09 million, 
from the UN world population prospects 2019. The 
Alzheimer's Disease Foundation Malaysia (ADFM) was 
established in August 1997 to educate the public about 
AD and determine its cause in Malaysia. 

Currently, neurophysiological tests, such as the 
Montreal Cognitive Assessment (MoCA), Mini-Mental 
State Examination (MMSE), and Clinical Dementia 
Rating (CDR) Scores, are routinely used to diagnose AD 
[7,9]. The MoCA should not be used as a substitute for 
a more in-depth neuropsychological assessment [10-
12]. Meanwhile, the MMSE is an effective instrument 
for screening dementia in older persons with basic 
literacy abilities. Nonetheless, it has a high risk of 
misclassification in illiterate older persons, which has 
significant implications for detecting AD in developing 
nations with low literacy rates among older adults [13]. 
The CDR is a global dementia rating scale that 
determines the presence of dementia and evaluates 
cognitive change [14]. Consequently, neuroimaging 
research has been utilised to support the diagnosis of AD 
[15,16].  

Neuroimaging study T1 weighted images from 
magnetic resonance imaging (MRI) investigations were 
used to evaluate abnormalities in brain structure [17-
19]. When structural MRI images were processed using 
VBM, the GMV loss in brain structures was identified 
in AD patients (AD) When structural MRI images were 
processed using VBM, the GMV loss in brain structures 
was identified in AD patients (AD) [20-23]. VBM, an 
MRI analytic technique, can be used to investigate non-
invasively the morphological abnormalities of the brain 
[17-24]. VBM is a computational tool for examining 
anatomical sections of the neuronal cortices and 
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quantifying differences in local concentrations of brain 
tissue, mainly grey matter [25,26].  

Grey matter atrophy was specific to an increased risk 
for AD [27]. Grey matter density (GMD) at each voxel 
can be compared across the brain between AD patients 
[28,29]. The increased GMD that was inversely 
correlated with decreased GMV was found involving 
the medial temporal lobe extending to areas in the 
temporal gyri, precuneus, insular and cingulate cortex, 
and caudate nucleus in AD [29,30]. 

Meanwhile rs-fMRI neuroimaging studies the Seed-
based analysis (SBA) method was utilised to analyse FC 
based on blood oxygen level dependent (BOLD) 
sequence from rs-fMRI examinations [31,2]. SBA is 
useful for the detailed analysis of a particular Region of 
Interest (ROI), to measure functional changes between 
subjects and to reveal the FC among the nodes of the 
DMN [18,33]. Historically, DMN FC has been 
implicated with altered brain morphometry in various 
neurological and psychological disorders [34] Previous 
study has revealed that there is decreased FC that is 
widespread in the brain of AD compared to HC subjects, 
particularly involving the nodes of the DMN [35]. In 
AD subjects, the DMN FC was noted to be decreased in 
certain brain areas that were significantly correlated 
with reduced cortical thickness, namely in the superior 
temporal, supramarginal gyrus of the left cerebral 
hemisphere [23,36].  

DMN has been implicated in numerous studies 
involving FC in AD subjects. The nodes of the DMN 
include the precuneus (Prec), posterior cingulate cortex 
(PCC), retro-splenial cortex, medial parietal cortex 
(MPC), lateral parietal cortex (LPC), and inferior 
parietal cortex (IPC), medial prefrontal cortex (mPFC), 
and medial temporal gyrus (MTG) [4,36,37]. Despite 
many studies conducted in Caucasian and North Asian 
populations, there is a lack of data regarding rs-fMRI in 
Malaysia to elucidate the changes that occur in AD as 
well as identifying imaging biomarkers in our 
population. 

We hypothesize that there will be no significant 
difference in the age of the AD and HC, but there will 
be significant difference in the neuropsychological 
profile of AD compared with HC. We also hypothesize 
there will be altered GMV of some areas of the brain of 
AD subjects, similar to the a priori knowledge. 
Additionally, we hypothesize that the severity of AD 
can be correlated with marked atrophy of GMV and 
significant reduction in rs-fMRI neuronal FC. 

We aimed to describe processing of structural MRI 
data using VBM that can help to detect the differences 
in regional GMV in AD patients compared to HC. 
Another objective of this study was to identify the 
differences in rs-fMRI FC in AD compared to HC. 

 
 
 
 

II. MATERIALS AND METHODS  
 

A. Study design and subject recruitment 
This is a prospective cross-sectional study that had 

received ethical clearance from our institutional ethical 
committee (JKEUPM-2019-328) and MREC (NMRR-
19-2719-49105). The data for in study was collected 
from March 2021 to June 2022. The database of AD 
patients attending Hospital Kuala Lumpur (HKL) 
memory clinic, Klinik Kesihatan Pandamaran Klang 
(KKP), and Hospital Pengajar UPM (HPUPM) were 
surveyed to recruit the suitable AD subjects in Klang 
Valley for this study. We recruited age-matched 
cognitively healthy controls (HC). Only subjects who 
met the inclusion criteria were selected for this study. In 
accordance with the principles outlined in the 
Declaration of Helsinki, participation in the study was 
voluntary, and informed consent was acquired from 
potential participants prior to recruitment. The 
participants were compensated, and all data were 
anonymized. 

B. Inclusion and exclusion criteria 
The inclusion criteria for subjects with a clinically 

verified diagnosis of AD as well as being Malaysian 
citizens, aged from 55 and 90 years old. The physicians 
classified the participants into AD and HC groups based 
on their clinical assessment utilising DSM-5 and 
MoCA, MMSE, and CDR scores. Participants in the HC 
group were required to have a good memory and no 
brain diseases, including cancer and stroke. The subjects 
did not suffer from claustrophobia, did not have a metal 
implant in their bodies, and were cooperative for the rs-
fMRI scan. Exclusion criteria included non-citizens of 
Malaysia, those with neurological diseases other than 
AD. Relative and absolute contraindications for MRI 
examination included claustrophobia, irremovable 
metallic implants that were not MRI compatible, and 
electronic implants, such as pacemaker, cochlear or ear 
implants, and metallic tattoos. 

C. Alzheimer's disease and neurophysiological 
assessment 

The subjects were administered with several 
questionnaires, which included the MoCA, MMSE and 
CDR Scores.  

C.I. Montreal Cognitive Assessment (MoCA) 
An 8-item self-reported MoCA questionnaire was 

used to evaluate the short-term memory. The executive 
functions, visuospatial abilities, attention and 
concentration including working memory, as well as 
language and orientation to time and place were 
evaluated (MoCA Cognitive assessment). The scores 
ranged are 5 points for short-term memory recall task 
involves two learning trials of five nouns and delayed 
recall after approximately five minutes, for visuospatial 
abilities using 3 points clock-drawing and 1 point for a 
three-dimensional cube copy. Verbal language task was 
also administered. One point was given for attention, 
concentration, and working memory that were assessed 
using a sustained attention task; then 3 points for a serial 
numbers subtraction task, and 1-point digits span 
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forward and digit span backwards task. Three points for 
language are assessed using a three-item confrontation 
naming task with low-familiarity animals (lion, camel, 
rhinoceros), 2 points for repetition of two syntactically 
complex sentences, and the fluency above task. Finally, 
6 points for orientation to time and place are evaluated 
by asking the subject for the date and the city in which 
the test is occurring. The MoCA score ranges from 0 to 
30. After the evaluation of the MoCA questionnaire, a 
normal score is regarded to be 26 or higher. People 
without cognitive impairment scored an average of 27.4 
in research, while those with mild cognitive impairment 
(MCI) scored 22.1 and those with Alzheimer's disease 
scored 16.2 [38,39]. 

C.II. Screening tool: The Mini-Mental State 
Examination (MMSE)  

A five-item self-reported MMSE or Folstein test is a 
30 points questionnaire. The questionnaire was used to 
screen for dementia. The scores ranged are 10 points for 
orientation (time and place), 3 points for registration. 5 
points for Attention and calculation, 3 points for recall 
and 9 points for language (language, repetition, and 
complex commands). After evaluating the MMSE 
questionnaire, subjects who scored <26 for Alzheimer's 
disease and those who scored ≥26 were normal [40]. 

C.III. Clinical Dementia Rating (CDR) 
The CDR tool is utilised worlwide to identify the 

dementia severity stages. A numerical scale for 
assessing the severity of dementia symptoms (Morris, 
1993). A qualified medical or psychological personnel 
will determine a patient's cognitive and functional 
performance in 6 cognitive areas: orientation, memory, 
judgement & solving problems, home & hobbies, 
community affairs, and personal care, by administering 
a structured-interview based protocol developed in 1982 
by Charles Hughes [41]. The results of each of these are 
added together to get a composite score that ranges from 
0 to 3. This score is useful for characterizing and 
tracking a patient's level of impairment/dementia: 0 = 
Normal, 0.5 = Very Mild Dementia, 1 = Mild Dementia, 
2 = Moderate Dementia, and 3 = Severe Dementia. 

D. MRI data Acquisition  
The MRI was performed on a Siemens 3.0T scanner 

(PRISMA, Siemens, Erlangen, Germany). A 12-channel 
head coil was used for structural MRI. T1 MPRAGE 
MRI data with high resolution were acquired. The 
sequence's parameters were as follows: TR = 2300ms, 
TE = 2.27ms, TI=1100ms, number of slices =160, 
ascending sagittal oriented, FOV =256 x 256 mm2, 
matrix size =256 x 256, and slice thickness=1mm, high-
resolution T1-weighted magnetization-prepared rapid 
gradient echo pulse sequence, TR = 2300ms, TE = 
2.27ms, TI=1100ms, number of slices =160. 

E. Pre-processing Voxel-Based Morphometry (VBM) 
Analysis 

The VBM toolbox in the Statistical Parametric 
Mapping software (SPM 12, 
http://www.fil.ion.ucl.ac.uk/spm/software/spm12) was 
used to pre-process structural images [2,42,43]. 

First, all images were checked for artefacts and 
structural abnormalities. Secondly, the temporal 
processing involved slice timing, and thirdly, spatial 
processing involved realignment and estimate, set 
origin, co-registration, normalization and smoothing 
were performed. The group specific AD and HC 
template were utilized to reduce variability among 
subjects. The Asian brain map template was then used 
to normalize the images using the "DARTEL Normalize 
to Montreal Neurological Institute (MNI) Space" 
program. The volume for a specific ROI based on a 
priori knowledge was generated using T1-weighted 
images that were spatially registered to the MNI 
template. Based on spatial registration and modulated 
images of the grey matter that mirrored the tissue 
volumes, segmented images of the GMD and GMV 
were retained to measure the amount of volume 
changes. After that, a Gaussian filter was used to smooth 
the normalized brain pictures (8mm FWHM). The 
family-wise error (FWE) was used for multiple 
comparisons, using a p<0.05 threshold. The threshold in 
the SPM analysis, which was deemed uncorrected for 
FWE, was decreased to p<0.001 to find regions with low 
signals.  

The GMV differences between the AD group and the 
HC group were evaluated using 2-sample t-tests in 
SPM12. A threshold of voxel-wise uncorrected p < 
0.001 and cluster-level p < 0.05 FWE correction were 
applied to the rs-fMRI data. Uncorrected p<0.001 was 
used due to the small sample size. 

F. Resting-state functional Connectivity (Rs-FC) 
analysis using seed-based analysis 

Functional imaging was performed using an echo-
planar imaging (EPI) sequence. The phase encoding 
direction was from anterior to posterior, with a TR: 3000 
msec, TE: 30 msec, slice thickness 3 mm, FOV 220 x 
220 mm2, voxel size: 2.3 x 2.3 x 3 mm, number of slices 
38. Subjects were asked to lie down with their eyes 
closed but not to fall asleep.  

Rs-FC analysis was performed by applying a seed-
based approach using the CONN toolbox v20.b 
(http://www.nitrc.org/projects/conn). We conducted 
whole-brain research, followed by seed-based analysis 
(SBA) using ROIs that were set based on a priori 
knowledge. The functional images were pre-processed 
with SPM12 software by applying the following steps: 
slice-timing correction; spatial realignment; co-
registration to the T1-weighted anatomical image; 
spatial normalization to the MNI space, and smoothing 
(Wang et al., 2021). The significance level was set at 
p<0.001, FWE uncorrected.  

G.  Statistical Analysis 
SPM 12 and Statistical Package for the Social 

Sciences (SPSS software Version 25.0, SPSS Inc., 
Chicago, IL, USA) was used for statistical analysis. The 
descriptive statistic was performed to analyse subjects' 
socio-demographic data and chi-square test to analyse 
the association between two groups with 
neuropsychological test. Two sample t-test was used to 
compare the differences in brain GMV in AD versus HC 
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subjects using VBM. The significance level was set at a 
p-value < 0.05. Regression analysis was performed in 
ROI-based analysis of DMN data to identify regions of 
brain activation in AD subjects using SBA of rs-fMRI 
data. The significance level was set at a voxel threshold 
p-value < 0.001 and cluster threshold p-value < 0.05. 

 
III. RESULTS  

 
A. Demographic characteristics 

Twenty-two subjects were recruited in this study. 
The subjects were divided into AD and HC groups. Both 
groups were compared using age distribution, gender, 
education level and marital status, neuropsychological 
test i.e. MoCA, MMSE and CDR (Table 1).  Thus, there 
were eleven subjects in each group, i.e., Alzheimer's 
disease (AD) and healthy control (HC) groups as shown 
in table 1. The average age of the AD and HC groups is 
76 and 69 years old respectively. An independent-
sample t-test indicated that age were significantly 
different between AD and HC t(20)=-2.66, p=0.015. 
Therefore, there is a significant association between AD 
and HC refer to table 1.  

An independent-sample t-test indicated that MoCA , 
MMSE and CDR were significantly different between 
AD and HC t(20)=8.03, P=0.001, t(20)=5.50, P=0.001 
and t(10)=-6.90, P=0.001. Therefore, there is a 
significant association between AD and HC refer to 
table 1.  

A Chi-square test for independence indicated that 
the AD and HC subjects between male and female, < six 
years education level and >six years education level, 
single and marital status are not significantly different 
(gender; P=0.38 education level; P=0.27, and marital 
status; P=0.53 respectively). Therefore, there is no 
significant association between gender, education level 
and marital status with AD and HC refer to table 1. 

Table 1. Comparison of sociodemographic and 
neuropsychological profile of AD with HC. 

Variable 
n=22 

AD 
n=11 

HC 
n=11 𝑿ퟐ 풔풕풂풕풊풔풕풊풄풂 

(풅풇) 
𝑷 𝑽풂풍풖풆풂  Freq. 

(%) Freq. (%) 

D
em

og
ra

ph
ic

 D
at

a 

Gender 
      

0.79 (1)0.38 Male 5 (45.5%) 3 (27.3%) 

Female 6 (54.5%) 8 (72.7%) 
Education 
Level      

1.22 (1)0.27 >6 years 8 
(72.7%) 10 (90.9%) 

<6 years 3 
(27.3%) 1 (9.1%) 

Marital 
Status 

  

0.39 (1)0.53 Single 2 
(18.2%) 

9 
(81.8%) 

1 (9.1%) 
10 (90.9%) Married 

 
Min-max 
(mean ± 
SD)  

Min-max 
(mean ± SD)  

풕 풔풕풂풕풊풔풕풊풄풃 
(풅풇) 
𝑷 𝑽풂풍풖풆풃  

Age 
64-84 64-79 -2.66(20) 

0.015 (76.36 
±0.52) 

(69.91 
±5.34) 

N
eu

ro
ps

yc
ho

lo
gi

ca
l 

te
st

 
sc

or
es

. 

MoCA 
6-21 

16.00± 
4.88 

26-30 
28.45± 1.64 

8.03 (20) 
0.001 

MMSE 

 
22-30 

20.4±11.
85 

24-30 
28.3±2.00 

5.50 (20) 
0.001 

CDR 
 

1-3 
4.0±0.91 

 
0 

1.08±1.21 

 
-6.90 (10) 

0.001 

Note: AD: Alzheimer's disease group, HC: healthy control group, 
MoCA: Montreal Cognitive Assessment, MMSE: Mini-Mental 
State Examination, CDR: Clinical Dementia Rating Score. 

풂 Chi-square test for independence n= Frequency 𝑑𝑓= Degree of 
Freedom  

풃 t test for independence n= Frequency 𝑑𝑓= Degree of Freedom  

 
B. Neuropsychological assessment test 

The descriptive statistic of neuropsychological test 
scores for the AD and HC group with 
neurophysiological assessment parameters were 
tabulated (Table 1). In MoCA HC groups scores 26-30 
which indicate Normal, and AD group scores 6-21 
which indicate Normal. In MMSE HC groups scores 24-
30 which indicate no cognitive impairment, and AD 
group scores 22-30Mild and severe cognitive 
impairment respectively.  While in CDR n=22, there are 
subjects in the HC group found to be normal and 
questionable impairment, AD group found to have mild 
dementia.   

C. Voxel-based morphometry analysis 
Right inferior temporal gyrus (ITG r), left inferior 

temporal gyrus (ITG l), left superior frontal gyrus (SFG 
l), right superior frontal gyrus medial segment (MSFG 
r), right gyrus rectus or straight gyrus, right temporal 
lobe, left putamen and right precuneus was found to be 
high GMD or voxel density for AD compared to the HC 
group (p<0.001, FWE corrected) as shown in table 2 and 
figure 1. 
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Table 2: Tabulated values of regional difference in voxel 
density for AD > HC group and HC > AD (p<0.001, FWE 
corrected) 

AD>HC  Side Cluster Peak 
mm mm mm Voxel Peak 

T 
P Level 
(FWE) 

Inferior 
temporal 
gyrus  

ITG r Right 40 -9 -38 849 5.57 <0.001 

Inferior 
temporal 
gyrus  

ITG l Left -45 -32 -27 17 3.73 <0.001 

Superior 
frontal gyrus  SFG l Left -21 -8 56 55 4.91 <0.001 

Superior 
frontal gyrus 
medial 
segment  

MSFG 
r Right 8 58 -4 57 4.25 <0.001 

gyrus rectus  Right 6 52 -18 7 3.67 <0.001 
temporal lobe  Right 30 6 -40 11 3.66 <0.001 
Putamen  Left -24 9 -2 5 3.15 <0.001 
Precuneus  Right 8 -52 39 2 3.57 <0.001 

AD<HC  Side Cluster Peak Voxel Peak 
T 

P Level 
(FWE) 

-  - - - - - 

Note: AD: Alzheimer's disease group, HC: healthy control 
group  

 
Figure 1.VBM results had different density and reduced 
gray matter volume in AD more than HC subjects using 
T1 MRI structural data, corrected p-value 0.001 images 
(p<0.05, FWE corrected)  

 

D. Seed-based functional connectivity analysis 
In Table 3 and figure 2 brain regions showing 

significant functional connectivity differences within 
the seed between AD and HC subjects. The warm 
colours represent high values and cool colours represent 
the opposite. The high values found in the precuneus, 
and anterior cingulate gyrus (ACG) for both groups. In 
HC subjects the high values found in right and left 
lateral occipital, right and left frontal lobe. For AD 
subjects the high values found in the superior left 
occipital cortex, superior lateral occipital cortex. FC 
found there is no significant difference between AD and 
HC.  

Figure 2. FC Analysis differences between AD and HC. 
Activation maps are graphical representations activation 
region in brain. Where hot colors represent greater mean 
regional activation between specific region and cold 
colors represent lower activation group differences. 
Activation values based on T values (i.e., activation 
color bar range -12.08 to 39.55 for HC, -12.07 to 18.20 
for AD and 0 to 9.75 for differences between AD and 
HC). FC: Functional connectivity. 
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Table 3. Tabulated values of regional difference in 
seed-based Rs-fMRI functional connectivity in AD, 
HC, AD>HC and HC.AD cluster-size corrected p<0.05 

    Side 
Cluster 

Size 
(voxels) 

Cluster 
MNI 

coordinates 
P 

Value 
x y z  

HC             
Precuneous     4138 

1/3 -40 -78 +32 

0.452 

Lateral 
Occipital 
Cortex 

  Left 2957 

Lateral 
Occipital 
Cortex 

  Right 2745 

Frontal 
Lobe FP Right 1238 

2/3 +00 +58 -02 Frontal 
Lobe FP Left 1082 

Cingulate 
Gyrus AC Anterior 934 

AD             
Precuneous     3755 

1/6 +02 -68 +50 

0.246 

Lateral 
occipital 
cortex 

sLOCl Superior, 
Left 2301 

Cingulate 
gyrus AC Anterior 1014 2/6 +02 +52 -04 

Lateral 
occipital 
cortex 

  Superior 1599 3/6 +46 -70 +34 

AD>HC             
-       

Note: AD: Alzheimer's disease group, HC: healthy control group 

 
IV. DISCUSSION  

 
Reduced MoCA and MMSE neuropsychological 

tests scores were significantly correlated with AD [9]. 
AD was observed to be associated with mild to severe 
cognitive impairment. To specify the outcome, we 
examine CDR scores and found that our AD subjects fell 
under the mild to severe category, as seen in previous 
studies [44]. The AD subjects had significantly different 
cognitive level compared to the HC subjects, as 
explained by their CDR scores.  

Considering that neuropsychological test scores can 
lack sensitivity and specificity for detecting AD, 
particularly at an early stage, we explored imaging 
biomarkers to help in the detection of early features of 
AD. Our study utilised morphological data based on 
structural MRI images and functional data from rs-
fMRI, hence we evaluated the intrinsic neural activity in 
subjects with AD [45]. Our study revealed that 
individuals with AD had reduced GMV, i.e., increased 
GMD, at the right and left inferior temporal gyrus (ITG 
r and ITG l) [46], left superior frontal gyrus (SFG l) [47], 
right superior frontal gyrus medial segment (MSFG r) 
[47], right gyrus rectus or straight gyrus [47], right 
temporal lobe [48], left putamen [49] and right 
precuneus, similar to our a priori knowledge. Guo, Chen 
[50] found decreased GMV in the ventral precuneus 
may boost the efficiency of conscious processes, 
allowing individuals to transition between different 
temporal frames depending on the situation and lead to 

more balanced time perspectives. There were no 
significant regions having brain atrophy detected in our 
HC subjects. As expected, our AD subjects 
demonstrated GMV atrophy as predicted by other 
studies [51].  

Rs-MRI found reduced FC in region of DMN similar 
to previous studies [36]. In our study, we also detected 
reduced FC in AD in our Malaysia population. We 
detected high values found in the precuneus, and 
anterior cingulate gyrus (ACG) in both groups. Previous 
study had reported functional alterations with higher 
activity in precuneus and ACG in addiction subjects 
[52]. In HC subjects the high FC values were found in 
the right and left lateral occipital, right and left frontal 
lobe. For AD subjects the high FC values were found in 
the superior left occipital cortex, and superior lateral 
occipital cortex. However, we did not detect any 
significant FC difference between AD and HC, likely 
due to our relatively small sample size.  

We found reduced GMV and increased GMD using 
VBM analysis and high values of FC in regions of DMN 
using SBA at the precuneus.  The precuneus is involved 
in memory activities, such as when people view images 
and attempt to reply to verbal inquiries regarding their 
spatial aspects based on what they have remembered 
[53]. This may explain why there occurs derangement in 
recent memory cognitive domain in AD patients. 
Overall, there was a lack of significant results to 
correlate regions with reduced GMV and decreased FC 
among our AD subjects. It may be due to our low sample 
size and the fact that some of our AD subjects were still 
in the early stages of AD, hence demonstrating clinical 
features of mild dementia. Nevertheless, we can accept 
our hypothesis that there is altered GMV in brain 
regions that are similar to our a priori knowledge. In 
future, we would like to investigate other rs brain 
networks apart from the DMN, namely the language 
network, sensorimotor, salience network and rewards 
network in AD subjects. 
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Abstract — These work-quantified differences in 
image quality between two CT scanners using 
texture analysis from the MATLAB program. 
Because of the problem that the CT brain images of 
two scanners are very different Therefore, reading 
the results when the patient came to follow up from 
the CT brain, the radiologist could not compare the 
images. After the consensus of 7 radiologists, it was 
agreed that the CT brain images of Philips venders 
should be used as a model. Methods To conduct 
analysis a retrospective study of 200 patients who 
received CT brain from July 2021 to April 
2022.Using a 3-mm Jpeg file, transverse view,140 kV 
300 mA as a model from Philips scanners which 
select an image from CT GE scanners adjust 
parameters by setting in the X-ray tube with a 
constant equal to 120 kV and mA equal 280, 300, 310, 
and 315 using 30% dose reduction.Respectively then 
choose to consider the images at three levels are the 
base of skull, brainstem and parietal lobe by 
categorizing the images and automatic ROIs 10x10 
mm in area interest then the images to analyze the 
texture of the image with MATLAB program. To 
find value Mean, Contrast, Homogeneity and 
Entropy of CT brain images. then calculate Mean, 
Maximum and Minimum of CT brain images of the 
brain in Philips scanner and then mean compared 
with the mean of CT brain images of the brain in GE 
scanner. We found texture analysis images of all 3 
areas of CT brain images from a Philips scanner, and 
GE scanner 120 kV, 310 mA are similar overall in 
range 66.24 to 183.25, Contrast in range 53.17to 
93.25, homogeneity in range 0.14 to 0.24and Entropy 
in range 4.24 to 6.48. We found that the value 
obtained from parameters of CT brain images in a 
GE scanner (120 kV, 310 mA) get the value closest to 
the images in a Philips scanner. 
Keywords — CT brain, Image quality, Texture 
analysis, MATLAB 

 
I. INTRODUCTION 

 
Since the introduction of CT, radiology departments 

have attempted to identify and quantify factors that 
affect patient throughput and CT scanner ca-pacity. As 
new technologies improve speed and capability and as 
older equipment ages, the overall cost of upgrading or 
adding equipment needs constant reevaluation. The 
potential of new technology to shorten examination 

times and thereby increase the number of scanners [1]. 
These work-quantified differences in image quality 
between two CT scanners using texture analysis from 
the MATLAB program. Because of the problem that the 
CT brain images of two scanners are very different 
Therefore, reading the results when the patient came to 
follow up from the CT brain, the radiologist could not 
compare the images. After the consensus of 7 
radiologists, it was agreed that the CT brain images of 
Philips venders should be used as a model. 

 
II. MATERIALS AND METHODS  

 
This study performed a retrospective analysis of 

adult patients who were admitted to Samitivej 
Srinakarin hospital setting and to texture analysis in the 
CT images of 200 patients who received CT brain from 
July 2021 to April 2022.Using a 3-mm Jpeg file, 
transverse view,120 kV 300 mA as a model from Philips 
scanners (Ingenuity 64)  60 images , which select an 
image from CT GE scanners (Optima 64) adjust 
parameters by setting in the X-ray tube with a constant 
equal to 120 kV and 280 mA  20 images, 300 mA  50 
images, 310 mA  50 images, and 315 mA  20 images 
using 30% dose reduction (Table 1). 

Table 1. Protocol of CT brain in Samitivej Srinakarin Hospital 

Vendor Technique Dose 
reduction 

Slice 
thickness 

Ingenuity 64(A) 120kV 300mA - 3mm 

Optima 64 (B) 120kV 300mA 30% 3mm 

Optima 64 (B1) 120kV 280mA 30% 3mm 

Optima 64 (B2) 120kV 310mA 30% 3mm 

Optima 64 (B3) 120kV 315mA 30% 3mm 

 
Figure 1. Ingenuity 64 120kV 300mA(A), Optima 64 120kV 
310mA(B), Optima 64 120kV 300mA (C) 
 

         
 
 
 
 
 

   (A)                        (B)                          (C) 
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Figure 2. Diagram shown Pre-processing CT brain 
images using texture analysis method with MATLAB 
program 

 
 

Steps for Pre-Processing of Images and Calculating 

   We analyzed the CT brain non contrast images in the 
axial view. CT brain is most easily visible at window 
width 80 and window level 40[2]. The CT images 
obtained were stored as RGB images.  

Texture Analysis 

   Is a texture used to the areas in each part to analyze 
interest regions. Using texture features for the analysis 
of medical images is very useful because compare 
image quality from two scanner vendors [3]. We have 
used texture features of four types is mean, contrast, 
entropy, and homogeneity which will use the following 
analysis [4]. 

Mean 

Mean           : 𝑃 , 𝑖
,

 

Contrast      : 𝑃 , (𝑖 − 𝑗)
,

 

Entropy : 𝑃 𝑖, 𝑗 −
,

𝐼𝑛𝑃 ,  

Homogeneity : 𝑃 ,

1 + (𝑖 − 𝑗)
,

 

 
 

Mark location’s region of interest 

Mark location’s automatic ROI areas of around 10 × 
10 pixels at 3 positions in CT brain (the base of the skull, 
brain stem and Parietal lobe) the use ROIs of rectangle 
analyze texture to compare image quality in CT brain 
 
Figure 3. Automatic ROIs 4 time in the same area and be 
careful that no ROIs include the other area. ROIs of 
approximately 10 × 10 pixels at the base of the skull (A), 
brain stem (B) and Parietal lobe (C). 
 

 
 

Find the mean value, the maximum value, and the 
minimum value of CT brain images in machine and take 
the values obtained from computed tomography images 
The four protocol of the Optima 64 were compared with 
the values  CT Ingenuity 64. 

 
III. RESULTS  

 
We found texture analysis images of all 3 areas of 

CT brain images from Ingenuity 64and Optima 64 
scanner 120 kV, 310 mA are similar overall mean in 
range 66.24 to 183.25, Contrast in range 53.17 to 93.25, 
homogeneity in range 0.14 to 0.24 and entropy in range 
4.24 to 6.48. 

Table 2. Texture Analysis of Base of skull  

Technique Contrast Mean Homogeneity Entropy 

Ingenuity 64(A) 
120kV 300mA 

67.46 120.70 0.22 5.50 

Optima 64 (B) 
120kV 280mA 

75.92 140.87 0.21 6.00 

Optima 64 (B1) 
120kV 300mA 

90.46 170.50 0.18 6.29 

Optima 64 (B2) 
120kV 310mA 

66.71 120.60 0.22 5.44 

Optima 64 (B3) 
120kV 315mA 
 

58.26 98.07 0.23 4.81 

 
Mean: minimum value and the highest value are in the 
range 96.24-135.75 It can be seen that B2 (120 kV,310 
mA) has an average value of 120.60, which is closest to 
A (120 kV,300 mA), has an average value of 120.70. 

Contrast: minimum value and the highest value are in 
the range 58.92-74.26 It can be seen that B2 (120 
kV,310 mA) has a mean value of 66.71, which is closest 
to A (120 kV,300 mA), has a mean value of 67.46. 

 Homogeneity: minimum value and the highest value 
are in the range of 0.21-0.23 It can be seen that B2 (120 
kV,310 mA) with an average value of 0.22, closest to A 
(120 kV,310 mA), with an average value of 0.22. 

(A)                         (B)                           (C) 
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Entropy: minimum value and the highest value is in the 
range of 5.04-5.87 It can be seen that B2 (120 kV,310 
mA) has a mean value of 5.44, which is closest to A (120 
kV,310 mA), has a mean value of 5.50. 

Table 3. Texture Analysis of Brain stem (mean) 

Technique Contrast Mean Homogeneity Entropy 

Ingenuity 
64(A) 
120kV 
300mA 

66.35 97.48 0.22 5.45 

Optima 64 (B) 
120kV 
280mA 

76.29 89.44 0.21 5.70 

Optima 64 (B) 
120kV 
300mA 

88.82 116.16 0.16 6.12 

Optima 64 
(B2) 
120kV 
310mA 

66.78 93.70 0.22 5.51 

Optima 64 
(B3) 
120kV 
310mA 
 

56.98 84.83 0.23 4.87 

 
Mean: minimum value and the highest value are in the 
range 96.36-122.71 It can be seen that B2 (120 kV,310 
mA) has an average value of 93.70, which is closest to 
A (120 kV,300 mA), has an average value of 97.48 

Contrast: minimum value and the highest value are in 
the range 54.73-76.54 It can be seen that B2 (120 
kV,310 mA) has a mean value of 66.78, which is closest 
to A (120 kV,300 mA), has a mean value of 66.35. 

 Homogeneity: minimum value and the highest value 
are in the range of 0.21-0.23 It can be seen that B2 (120 
kV,310 mA) with an average value of 0.22, closest to A 
(120 kV,310 mA), with an average value of 0.22. 

Entropy: minimum value and the highest value is in the 
range of 5.05-5.90 It can be seen that B2 (120 kV,310 
mA) has a mean value of 5.51, which is closest to A (120 
kV,310 mA), has a mean value of 5.45. 

Table 4. Texture Analysis of Parietal lobe (Mean) 

Technique Contrast Mean Homogeneity Entropy 

Ingenuity 64(A) 
120kV 300mA 

68.57 107.82 0.22 5.45 

Optima 64 (B) 
120kV 280mA 

77.36 121.99 0.21 5.88 

Optima 64 (B1) 
120kV 300mA 

89.08 130.45 0.16 6.25 

Optima 64 (B2) 
120kV 310mA 

67.32 104.82 0.22 5.40 

Optima 64 (B3) 
120kV 315mA 
 

57.41 97.53 0.24 4.89 

 
Mean: minimum value and the highest value are in the 
range 96.36-122.71 It can be seen that B2 (120 kV,310 
mA) has an average value of 104.82, which is closest to 
A (120 kV,300 mA), has an average value of 107.82. 

Contrast: minimum value and the highest value are in 
the range 53.25-77.36 It can be seen that B2 (120 
kV,310 mA) has a mean value of 67.32, which is closest 
to A (120 kV,300 mA), has a mean value of 68.57 

 Homogeneity: minimum value and the highest value 
are in the range of 0.20-0.23 It can be seen that B2 (120 
kV,310 mA) with an average value of 0.22, closest to A 
(120 kV,310 mA), with an average value of 0.22. 

Entropy: minimum value and the highest value is in the 
range of 5.03-5.86 It can be seen that B2 (120 kV,310 
mA) has a mean value of 5.40, which is closest to A (120 
kV,310 mA), has a mean value of 5.45. 

 
IV. DISCUSSION 

 
      In comparing mean value, there should be the 
amount of data in each group is the same. to increase the 
accuracy of data. The size of the ROI (Region of 
interest) affects the analysis of the image. The size of 
the ROI is small, the value will be small, if the size of 
the ROI is large, the value will be large drawing position 
ROI (Region of interest) affects the analysis of the 
image. 

 
V. CONCLUSION 

 
       From the study of the changes in the CT brain 
obtained from the potential difference in X-ray tube  120 
kV were 280 mA, 300 mA, 310 mA, and 315 mA, 
respectively, by analyzing the image surface with the 
program MATLAB, which finds the mean , the contrast 
, the homogeneity and entropy of CT brain images in CT 
Optimal 64 compared to the image in the Ingenuity 64 
found that the value Obtained from the second 
adjustment of the parameters of the cerebral computed 
tomography in the CT Optima 64  (120 kV,310 mA) was 
the closest to the cerebral computed tomography in CT 
Ingenuity 64, inferring that The image quality obtained 
from the 2nd parameter adjustment of the Optima 64 
machine was comparable to that of the CT Ingenuity 64 
and in the future can bring to guide the selection of X-
ray imaging parameters. 
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Abstract — The radiation workers in nuclear 
medicine are involved with unsealed radioactive 
source. The measurement of eye lens dose using 
dosimeter could lead to significant error and 
uncertainties. Therefore, this study aims to estimate 
the eye lens dose of the radiation workers in nuclear 
medicine using Monte Carlo (MC) simulation. In this 
work, MC simulations were performed using 
MCNP5. The measured Hp(3) using NanoDotTM in 
cylindrical phantom with 60Co and 137Cs standard 
sources were conducted to validate MCNP code. 
Additionally, the simulated air kerma rate constants 
have been validated using commonly used 
radionuclides including 18F, 99mTc and 131I. Then, the 
validated MCNP code was used to estimate the eye 
lens at distance of 10 to 50 cm from eye level of 
PIMAL phantom. The percentage errors of 
experimental and simulation results were less than 
the acceptance limit of 10% for code validation. 
Then, the clinical source geometries were simulated 
e.g., 3 mL solution in the 5-mL syringe for 18F, 1 mL 
solution in the 3-mL syringe for 99mTc and the 
capsule in the 10-mL vial for 131I. The eye lens doses 
were increased when the energy of emitted photon 
increased. Subsequently, 18F provided highest eye 
lens dose followed by 131I and 99mTc. At 10 cm, the eye 
lens dose rates were 20.55,7.90 and 2.33 µSv/MBq/hr 
for 18F, 131I and 99mTc respectively. The eye lens dose 
rates were decreased when the distance increased as 
expected. At 50 cm, the eye lens dose rates were 
dramatically dropped to 1.16, 0.46 and 0.14 
µSv/MBq/hr for 18F, 131I and 99mTc respectively. In 
summary, the eye lens dose rates from commonly 
source geometries and distances were simulated in 
this work. The values could be used as a caution limit 
to ensure that no individual is committed to 
unacceptable risk due to radiation exposure. 

Keywords — eye lens dose, occupational exposure, 
Monte Carlo simulation, radiation protection 

 
I. INTRODUCTION  

 
The reduction of occupational eye lens dose limit has 

been launched in the International Commission on 
Radiological Protection (ICRP) publication 118 (2011) 
from 150 mSv to 20 mSv averaged over defined periods 
of 5 years with no exceeding 50 mSv in any year [1].  

In general, the personal dosimeters that used to 
monitor the eye lens dose is the optically stimulated 
luminescence dosimeter (OSL). NanoDotTM OSL 
dosimeter is commercially developed by Landauer 
Incorporated company.  Because of it compactable size, 
NanoDotTM can be used for single point radiation 
assessment in small organ such as eye lens [2]. 
However, various research showed that NanoDotTM has 
angular and energy dependences which might bring 
uncertainty in the eye lens dose determination [3-8]. 
Therefore, Monte Carlo (MC) simulations may be used 
to estimate the eye lens dose with more accurate results 
[9-12]. 

MC simulation is computational method that can be 
used to estimate the equivalent dose to eye lens [13-17]. 
MC simulation can conquer the limitations of OSL 
dosimeter for instance energy dependence, angular 
dependence, inappropriate site worn and cost of 
dosimeter, [18].  Additionally, MC method can be 
performed under flexible clinical conditions.  

Therefore, this work aims to estimate the eye lens 
dose of the radiation workers for commonly used 
radionuclides 18F, 99mTc and 131I in nuclear medicine 
practices using MC simulation.  

 
II. MATERIALS AND METHODS  

 
A. Validation of MC Code  

An experiment was performed to validate MC 
simulation using commercial NanoDotTM Al2O3:C OSL 
dosimeters (Landauer Inc., IL, USA). The standard 
radiation sources of 60Co and 137Cs were placed at 
distance of 2.5 m. For each condition, five NanoDotTM 
OSL dosimeters were placed on a cylindrical PMMA 
phantom filled with water as shown in Figure1. 
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Figure 1. Position of NanoDotTM OSL dosimeter placed on 
PMMA cylindrical phantom filled with water used in MC 
validation 

 

 
 

The MC simulation was performed using MCNP 
(Los Alamos National Laboratory, USA), version 5. The 
MCNP5 was simulated following experimental 
conditions. The MCNP5 code was also validated with 
air kerma rate constants published in the IAEA 
(International Atomic Energy Agency) and M.N. Marko 
and A. Feriz publication [19, 20].  

B. Estimation of the Occupational Eye Lens Dose for 
Nuclear Medicine Staff 

The PIMAL phantom with additional eye lens 
structure from the work of S. Yokoyama et al. and 
Behrens et al. were used for estimation [11, 21]. The 
commonly used radionuclides in nuclear medicine were 
simulated including 99mTc,18F, and 131I. The radioactive 
sources were placed at distance of 10, 20, 30, 40 and 50 
cm from the eye level of the PIMAL phantom as 
illustrated in Figure 2. For each condition, 108 histories 
were simulated to achieve a relative error of less than 
2% [22]. 

In this work, the source geometry was designed in 
different context depended on the clinical condition. 18F 
was simulated with 3 mL solution in the 5-mL syringe. 
The dimension of 5-ml syringe was taken from the study 
of McCann et. al. [23]. However, plunger and needle 
were not included in our simulation. For 99mTc, the 3-
mL syringe was simulated with 1 mL solution [24]. The 
orientations of syringe in vertical and horizontal 
directions were also simulated as displayed in figure 8. 
For 131I, the 10-mL glass vial was simulated [25]. The 
radioactive source was simulated in a capsule size 3 with 
external diameter of 5.695 mm and total length of 15.9 
mm [26]. 

Figure 2. Diagram of syringe in vertical orientation at 
distance of 10, 20, 30, 40 and 50 cm from PIMAL 
phantom at eye level 

 

III. RESULTS  
 

Validation of MC simulation was performed by 
comparing with the experimental NanoDotTM OSL 
dosimeters and the published air kerma rate constants as 
tabulated in Table 1.  

Table 1. Comparison of Hp(3) and Air kerma rate constant for 
MCNP5 validation 

Source 
Hp(3) (µSv) 

Percent 
Error (%) Experimental 

OSL 
MCNP 

(our study) 
60Co 48.82 49.02 0.41 
137Cs 977.26 965.56 1.20 

Source 

Air Kerma rate constant 
(μGym GBq h ) Percent 

Error (%) Published 
Values 

MCNP 
(our study) 

60Co 309.00 306.14 0.92 
137Cs 77.30 75.48 2.36 
99mTc 14.10 14.00 0.70 

131I 52.20 50.10 4.02 
18F 135.10 134.42 0.50 
 

The percentage errors of equivalent dose were lower 
than acceptance limit at 10% due to uncertainty of 
NanoDotTM OSL dosimetry [27]. Consequently, the 
MCNP5 code was reliable for simulation in clinical 
procedures. 

The eye lens dose for radiation workers was 
estimated from the simulated eye lens model in the 
PIMAL phantom in unit of µSv/MBq/hr. The eye lens 
dose for 99mTc source, 18F source, and 131I source are 
shown in Figure 3-5 respectively. 

Figure 3. Eye lens dose rate for 99mTc at eye level of 
PIMAL 
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Figure 4. Eye lens dose rate for 18F source 

 
 
Figure 5. Eye lens dose rate for 131I source 

 
 

For 99mTc, the highest eye lens dose rate at the 
shortest distance of 10 cm was 2.33 µSv/MBq/hr in 
vertical orientation. For 18F, the highest eye lens dose 
rate was reported to be 20.55 µSv/MBq/hr in vertical 
orientation at 10 cm. When comparing between two 
syringe orientations, the syringe in vertical orientation 
exhibited higher eye lens dose than the horizontal 
orientation. For 131I, the highest eye lens dose was 7.90 
µSv/MBq/hr. The eye lens dose rates were decreased 
with the distance increased respectively.  

 
IV. DISCUSSION 

 
According to our results, the eye lens dose increased 

when the energy of emitted photon increased; 
Subsequently, the 18F provided the highest eye lens dose 
followed by 131I and 99mTc for both orientations (Figure 
6 and 7). The results were in good agreement with the 
study of Y. Cho et al. that estimated the eye lens dose of 
radiation workers from diagnostic radionuclides using 
MCNPX simulation [12].  

 

 

 

 

 

 

Figure 6. Eye lens dose rate located at eye level of 
PIMAL phantom in vertical orientation 

 
 

Figure 7. Eye lens dose rate located at eye level of 
PIMAL phantom in horizontal orientation 

 
 

In comparison between vertical and horizontal 
orientation, the results showed that at eye level the 
syringes in vertical orientation provided higher eye lens 
dose rate than in horizontal orientation for both 99mTc, 
and 18F source. This phenomenon was effect by the 
geometry of the syringe as show in Figure 8. As the 
emitted photons in horizontal orientation were absorbed 
by the 5.0-mm thick butyl rubber resulted in lower eye 
lens dose comparing to vertical orientation that emitted 
photons were absorbed by 0.91 mm-thick polypropylene 
(Figure 8). 

Figure 8. Alignment of syringes in vertical and horizontal 
orientation to Eye model 

 
 

Number of procedures was calculated in order to 
ensure that the eye lens dose of radiation workers is not 
exceeded the dose limit of 20 mSv per year as 
recommended by the ICRP publication 118 [1]. The 
activities for calculation of 99mTc (20 mCi), 18F (10 
mCi), and 131I (15 mCi for treatment of hyperthyroid and 
150 mCi for treatment ablation of thyroid cancer) were 
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used as recommended by the related publications [28-
30]. The estimated maximum number of procedures for 
99mTc, 18F and 131I are tabulated in Table 2 – 4, 
respectively.  

Table 2. Maximum number of procedures in 5, 10 and 15 
minutes for 99mTc activity of 20 mCi at distances 10, 20 and 
30 cm 

Distance 
Maximum Number of Procedures 

5 min 10 min 15 min 

10 cm 139 69 46 

20 cm 432 216 144 

30 cm 885 442 295 
 

Table 3. Maximum number of procedures in 5, 10 and 15 
minutes for 18F activity of 10 mCi at distances 10, 20 and 30 
cm  

Distance 
Maximum Number of Procedures 

5 min 10 min 15 min 

10 cm 31 15 10 

20 cm 100 50 33 

30 cm 211 105 70 
 

Table 4. Maximum number of procedures in 5, 10 and 15 
minutes for 131I activity of 15 mCi  and 150 mCi at distances 
10, 20 and 30 cm 

Distance 

Maximum Number of Procedures 
(for 131I activity of 15 mCi) 

5 min 10 min 15 min 

10 cm 54 27 18 

20 cm 173 86 57 

30 cm 361 180 120 

Distance 

Maximum Number of Procedures 
(for 131I activity of 150 mCi) 

5 min 10 min 15 min 

10 cm 5 2 1 

20 cm 17 8 5 

30 cm 36 18 12 

 
 

V. CONCLUSION  
 

This study estimated the eye lens dose rates from 
commonly used radionuclides in nuclear medicine 
practices. The estimated values from the study could be 
used to evaluate safety procedures to ensure that no 

individual is committed to unacceptable risk due to 
radiation exposure of eye lens. 
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Abstract — In Republic of Korea, As a result of 
analyzing the recent National Emergency Patient 
Care Network (NEDIS) data, a total of about 1.03 
million children visited 167 emergency centers in 
Korea, accounting for an average of 11% of the age 
group. Pediatric patients are mainly suffering from 
head trauma and acute abdominal pain, so skull and 
simple chest-abdominal General Radiography 
examinations are generally performed for diagnosis. 
In addition, because the pediatric patients are more 
sensitive to radiation than adults, dose reduction 
through appropriate shielding is necessary. The lead 
currently in use has the disadvantage of heavy metal 
contamination and heavy. so it is use difficulty in 
using. Therefore, in this study, a shielding board was 
manufactured from bismuth, which is lightweight, 
has excellent dose reduction effect, is easy to process, 
and researched to investigate what kind of effect it 
has on radiation exposure reduction. 

Keywords — Pediatric, Sensitive to radiation, 
Bismuth, Shielding (from radioactivity) 

 
I. INTRODUCTION  

 
The number of X-ray examinations for treatment 

and health checkups at medical institutions is increasing 
due to improvements in people's quality of life due to 
the development of medical technology and the 
enhancement of the medical insurance system. The 
average number of tests per person in Republic of Korea 
using medical radiation is increasing from 6.1 cases in 
2016 to 7.2 cases in 2019, and the average exposure dose 
increased from 1.96 mSv in 2016 to 2.42 mSv in 2019, 
a high increase compared to developed countries such as 
Europe and the United States. General X-ray 
examination had the highest rate of 71.6% among all 
radiological examinations including computed 
tomography, dental imaging, mammography, 
fluoroscopy, and vascular intervention. It was found to 
be the most frequently performed examination [1].  

According to a recent analysis of Korea's National 
Emergency Medical Information Network (NEDIS) 
data, a total of about 1.03 million children, or 11% of 
the total age group, visited 167 emergency centers, It 
was found that the number of pediatric patients visiting 
the emergency medical center due to exposure to safety 
accidents in daily life, such as swallowing foreign 
substances or putting them in the nose or ears, increased 
rapidly. For the diagnosis of pediatric patient, the skull 

and simple chest, abdominal X-ray examinations are 
mainly performed [2]. 

Children are about ten times more sensitive to 
radiation than adults, and the harmful effects of 
radiation occur frequently as life expectancy increases. 
It is known that children exposed to radiation have a 
lifetime risk of death 2 to 3 times higher than adults [3]. 

The exposure dose received by pediatric patients 
differs depending on the type of examination, each 
country and each medical institution. Even in the 
European Union (EU) or Organization for Economic 
Cooperation and Development (OECD) countries, even 
if the same test is performed, the exposure of patients 
varies by 10 to 20 times depending on the medical 
institution. International dose limits have not been 
established because of the justification that the doses 
received by patients during radiological examinations 
have relatively greater benefits than the potential risks 
posed by radiation. For optimal dose management, 
Radiological technologist must wear a lead apron, use 
appropriate irradiation doses limited to the region of 
interest, and apply radiation shielding to sensitive 
organs (eye ball, thyroid, breast, reproductive glands) to 
reduce dose as much as possible [4]. 

Lead, which is currently mainly used as a shielding 
material, is a heavy metal harmful to the human body 
and liquefies at a high temperature (300℃) to generate 
toxic gas. Soil contaminated with lead can affect plants 
and animals and accumulate in the human body, causing 
serious neurological disease [5]. In addition, it is heavy 
and difficult to wear, which can cause musculoskeletal 
disorders when worn for a long time by a radiological 
technologist [6]. Because of these disadvantages, new 
shields are being studied. Among them, the 
representative bismuth shield shows a maximum X-ray 
shielding performance of 60.49% at 30 kVp when 
placed on the surface of the organ of interest, protecting 
surface organs such as the eyes, thyroid gland, and 
breast, from radiation [7]. However, the application of 
bismuth shielding in pediatric radiography is currently 
not active. Therefore, in this research, we manufactured 
a bismuth acrylic shield that is light, easy to use, has 
excellent radiation exposure reduction effects, and is 
easy to process. 
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II. MATERIALS AND METHODS 
 

A.  Manufacture of shielding 
Bismuth material RADPAD®, 5511 & 5300, 

USA(A) was attached to an acrylic model of 60cm in 
width, 85cm in length, 28cm in height, and 5mm in 
thickness. It is manufactured so that the pad can be 
attached and detached according to the position of the 
child's head, chest, and abdomen(B) (Fig. 1). 

Figure1. Acrylic shielding with bismuth 

  
 

B. research method 
AccE GC85A DR, SAMSUNG, Korea (A) was used 

as a diagnostic radiation generator. Unfors PSD, 
RaySafe, USA (B) was used as dosimetry equipment. 
The head, chest, and abdomen of children were 
examined using Body Phantom (C). 

Children were divided into head, chest, and 
abdomen by applying a shield, and examination 
conditions were varied. After attaching dosimeters to 
the four radiosensitive sites of the eyes, thyroid, breast, 
and gonads, dose values before and after shielding were 
measured 10 times each. 

C. Experimental conditions 
A) The pediatric head examination conditions were 

set to 70 kVp/12.8 mAs/320 mA, SID 130 cm, 
and the position of the tube was positioned at the 
head. 

 
 
 
 
 
 
 
 
 

Figure2. Materials & measurement 
 

 
 

B) The pediatric chest examination conditions were 
set to 100 kVp/3.2 mAs/320 mA, SID 130 cm, 
and the position of the tube was positioned on the 
chest. 

C) The pediatric abdominal examination conditions 
were set to 68 kVp/8 mAs/320 mA, SID 130 cm, 
and the position of the tube was positioned on the 
abdomen. 

D. Image evaluation 
After installing dosimeters in the four parts of the 

Body Phantom: eyeball, thyroid, breast, and gonad, the 
exposure doses of the Bismuth shield control group 
(before application) and the experimental group (after 
application) were measured.  

SPSS Ver. 27 using the normality test Shapiro-wilk 
test and the nonparametric test Wilcoxon signed-rank 
test, and when P<0.05, the difference before and after 
application of the Bismuth shield was judged to be 
significant. 

 
 

(A) RADPAD®, 5300(L) & 5511(R) 

(B) Acrylic shielding 

 

(A) AccE GC85A DR 

 

(B) Body Phantom 

 
(C) RaySafe® Unfors PSD 
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III. RESULTS 
 
A. Site dose of head examination  

Under the pediatric head conditions, the exposure 
dose reduction rates before and after applying the shield 
were eyeball 68.58%, thyroid 72.88%, breast 84.2%, 
and gonad 72.35%, all of which were statistically 
significant (P<0.05) (Table 1). 
 
Table 1. Average dose of skull study                       Unit:µSv 

 Non 
Shielding Shielding Z 

score 
P-

value 
EYEBALL 319.96 100.53 6.78 .000 
THYRIOD 763.63 207.08 14.07 .000 
BREAST 15.19 2.40 0.38 .000 
GONAD 3.58 0.99 0.32 .000 

 
 
Figure 3. Total dose of skull study  
 

 

 
 

B. Site dose of chest examination 
The pediatric chest condition showed reductions of 

19.55% eyball, 56.99% thyroid, 1.22% breast, and 
0.77% gonad. 

In the thyroid and gonads, where the assumption of 
normality distribution was satisfied, the thyroid P-value 
was less than 0.05, which was significant. However, a 
positive effect could be expected with a decrease rate of 
0.77%. Normal distribution assumptions were not met 
in the eye and breast. As the nonparametric test P-values 
were 0.005 and 0.114, respectively, statistically 
significant results were obtained in the eye (P-
value<0.05). Breast showed no significant results with a 
P-value of 0.114, but showed a decrease rate of 1.22%, 
so a positive effect could be expected (Table 2). 

 
 
 
 

Table 2. Average dose of chest study              Unit : µSv 

 Non 
Shielding Shielding Z 

score 
P-

value 
EYEBALL 7.62 6.13 0.98 .005 
THYRIOD 67.20 28.90 1.72 .000 
BREAST 202.23 199.77 23.44 .114 
GONAD 6.49 6.44 0.88 .877 

 
 
Figure 4. Total dose of chest sutdy 
 

 

 
 
 
C. Site dose of abdominal examination 

Under the pediatric abdominal conditions, the 
reduction rates of the eyeballs were 2.76%, the thyroid 
gland 10.58%, the breast 19.83%, and the gonads 
82.02%. In the eye, the P-value was greater than 0.05, 
so no significant results were obtained, but it was 
statistically significant (P<0.05) because the P-value 
was less than 0.05 in the thyroid, breast, and gonads, 
respectively. (Table 3). 

Table 3. Average dose of abdomen study         Unit: µSv 

 Non 
Shielding Shielding Z 

score 
P-

value 
EYEBALL 2.54 2.47 0.23 .395 
THYRIOD 5.20 4.65 0.69 .033 
BREAST 27.03 21.67 0.46 .000 
GONAD 130.86 23.53 1.41 .000 

 
 

IV. DISCUSSION  
 

Radiological technologists must comply with the 
ALARA (As Low As Reasonably Achievable) 
principle. The basic concept of radiation protection 
published in the 1977 Recommendations of the 
ICRP(International Commission on Radiological 
protection) (all exposures should be rational, taking into 
account social and economic factors) should be kept as 
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low as practically achievable)[7]. The ICRP 
recommended radiation exposure doses according to the 
actual conditions of each country, but in the Republic of 
Korea, diagnostic reference levels were set only for the 
chest in 2010 and for the head, abdomen, and pelvis in 
2013 only for 5-year-olds[8].In particular, pediatric are 
more sensitive to radiation than adults, and even small 
amounts of ionizing radiation can induce injury. The 
probability of inducing fatal cancer depends on the age 
of the patient and the type of examination. Pediatric are 
at two to three times the risk of cancer induction than 
adults[9]. Therefore, Radiological technologists must 
provide maximum medical services with minimum 
radiation exposure through adequate shielding. 

Figure 5. Total dose of abdomen study  

 
 
 
Currently, the classical shielding method of lead 

shielding is done by simply attaching a lead plate, which 
makes it difficult to quantitatively evaluate the 
shielding. Therefore, in this study, we tried to be making 
a Bismuth shield suitable for children and evaluate the 
reduction of exposure dose to sensitive organs. We 
applied the examination protocol of the pediatric head, 
chest, and abdomen that are used. The usefulness was 
evaluated by comparing and analyzing the dose with and 
without the use of shielding. Pediatric head examination 
conditions, the exposure dose reduction rate was 
68.58% in the eyeball, 72.88% in the thyroid, 84.2% in 
the breast, and 72.35% in the gonad. The pediatric chest 
examination condition, the reduction rate was 19.55% 
eyeball, 56.99% thyroid, 1.22% breast, and 0.77% 
gonad. The pediatric abdominal examination condition, 
the reduction rate was 2.76% eyeball, 10.58% thyroid, 
19.83% breast, and 82.02% gonad. Therefore, the use of 
Bismuth shields during pediatric radiography can be 
expected to have positive effects. 

The limitations of this study were that the Body 
Phantom was used instead of the actual pediatric patient, 
that only the surface dose was measured instead of the 
deep organ dose, and that the limited examination 
position was used. 

The result of an experiment showed dose reduction 
effects in both head, chest and abdomen examinations, 
with the highest dose reduction in head examinations 
using high tube currents. 

Chest exams using relatively low doses did not show 
dose reductions as compared to other exams, and 
additional shielding research is necessary. 

If the Bismuth shield is applied not only to children 
but also to adults and used for other radiological 
examinations such as CT examinations and fluoroscopy, 
it will be possible to reduce unnecessary exposure doses 
to patients other than examination sites. 

 
V. CONCLUSION  

 
In this study, comparison was made in the pediatric 

examination conditions of the head, chest, and abdomen 
before and after the application of the Bismuth shield. 
The doses were measured in 4 areas of the eye, thyroid, 
breast, and gonad, which are sensitive to radiation. 
When the Bismuth shield was applied, there was a 
significant reduction in exposure dose in all of the head, 
chest, and abdomen examinations. Starting with this 
study, if research on Bismuth shielding is activated, it 
will be utilized in various diagnostic radiation fields and 
will approach the goal of radiological technologists. 
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Abstract — The structure of the breast causes 
anisotropic diffusion in the breast. Diffusion Tensor 
Imaging (DTI) is considered more accurate than 
Diffusion Weighted Imaging (DWI) in providing 
anisotropic diffusion information. The purpose of 
this study was to determine the acquisition 
parameters and the role of DTI in breast MRI 
examination in clinical breast cancer. This study 
started from the planning stage (problem 
identification), conducting stage (searching, 
selecting, extracting, and synthesizing articles), and 
reporting stage (elaboration of results). Proquest, 
Google Scholar, Science Direct, Springer and 
Pubmed databases were search from February until 
April 2022 for the studies. Studies were reviewed 
according to the inclusion and exclusion criteria. The 
acquisition parameter setting on the DTI used varies 
in each article. The sequence used is Echo Planar 
Imaging (EPI), the magnetic field strength used is 
1.5T or 3T, the number of diffusion gradient 
directions applied varies from 6 to 64, and the b-
value used varies from 600 s/mm² to 1000 s/mm². 
Fractional Anisotropy results in higher scores in 
malignancy compared to benign lesions. Meanwhile, 
eigenvalues and mean diffusivity resulted in lower 
values for malignancy compared to benign lesions. 
An optimal setting of DTI acquisition parameters is 
required to produce accurate diagnostic 
information. DTI is considered to have a role in 
differentiating malignancy from benign lesions 
which was proved by the significant difference values 
between malignancy and benign lesions. 
Keywords — Breast Cancer, Breast Imaging, 
Diffusion Tensor Imaging, Diffusion Magnetic 
Resonance Imaging, Cell Differentiation 

 
I. INTRODUCTION  

 
Breast cancer is the most common cancer and a 

leading cause of death in women with cancer. Of the 1 
million cases of cancer reported in the world, breast 
cancer is the most common type of cancer in women, 
accounting for 18% of total cancers in women. The 
incidence increased to 85 out of 100 thousand women in 
2021 [1]. 

MRI chosen as the recommended modality in breast 
imaging in high-risk patients [2,3]. Dynamic Contrast-
Enhanced (DCE) MRI is a technique with high 
sensitivity. However, this technique could give false-
positive cases and result in unnecessary biopsies [4]. 
Therefore, DCE-MRI is often combined with Diffusion-

Weighted Imaging (DWI). The use of DWI is 
considered to be able to answer the problems that exist 
in the DCE-MRI. However, DWI was reported to have 
a weakness, such as the misdiagnosis of Ductal 
Carcinoma In Situ (DCIS) [5,6]. 

To overcome the problems that exist in DWI, a 
diffusion imaging technique that can assess more than 6 
diffusion directions and can provide information about 
anisotropic diffusion in the breast, namely Diffusion 
Tensor Imaging (DTI) was developed [7]. DTI can 
produce several output parameters such as Fractional 
Anisotropy (FA), Mean Diffusion (MD), and 
eigenvalues (λ1, λ2, and λ3) [8]. The value generated 
from these output parameters can provide diagnostic 
information such as the rate of diffusion and the 
direction of diffusion in tissues. This will be useful 
because the rate of diffusion and the direction of 
diffusion possessed by malignant tissue and benign 
lesions are considered to be different [9]. 

 
II. MATERIALS AND METHODS  

 
To assessed the acquisition parameter and ability of 

DTI of breast MRI we conducted a review study that 
started from planning stage (problem identification), 
conducting stage (literature search, literature selection, 
data extraction, and data synthesis), and reporting stage 
(elaboration of results) [10]. 

The study were conducted from January to February 
11, 2022, on several online databases, such as Proquest, 
Google Scholar, Science Direct, Springer, and Pubmed 
NCBI. The keywords used in the literature search 
included Diffusion Tensor Imaging, DTI Breast 
characterization, and Breast lesion differentiation. 

The inclusion criteria of this study were: (i) research 
article is limited to English articles published between 
2012 until 2022, (ii) the study assessed the ability of DTI 
output parameters (Mean Diffusivity, Fractional 
Anisotropy, eigenvalues, etc.) to differentiate between 
malignant and benign in breast. The study were 
excluded if the study is a review study, phantom study, 
and uses patient with breastfeeding and history of 
surgery, chemotherapy, and radiotherapy as a subject. 

 
III. RESULTS  

 
We conducted 10 articles that are compatible with the 
criteria. The selection process of articles can be seen in 
figure  
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Figure 1. Articles selection process with PRISMA flow chart 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 

There were several types of breast lesions observed 
in these studies. The types of benign lesions observed 
included fibroadenoma, fibrocystic changes, adenosis, 
phyllodes, granulomatous mastitis, fibrocystic disease, 
oil cystic, fat necrosis, abscess, and cystic with a thick 
fluid, fibroadenomatosis, and sclerosing adenosis. 
While the types of malignancy observed were Invasive 
Ductal Carcinoma (IDC) (stages I, II, and III), Ductal 
Carcinoma In Situ (DCIS), IDC with DCIS, Medullary 
carcinoma with DCIS, Mucinous carcinoma with DCIS, 
Mixed papillary carcinoma, ILC, mucinous carcinoma, 
and papillary carcinoma. 

This image shown an IDC lesion in a 43-year-old 
patient in one of the articles. 

Figure 2. A: T1 Weighted Imaged Contrast Enhanced, B: 
MD map, C: FA map, D: λ1 map, E: λ2 map,  F: λ3 map 
[11] 

 

Based on the analysis of the 10 articles, DTI images 
were acquired from several MRI vendor such as 
Siemens, GE Healthcare, and Philips. In addition, the 
acquisition parameters used in each article varied. The 
DTI acquisition parameters for each article can be seen 
in table 1. 

The DTI output parameter is considered to have a 
role in differentiating between benign and malignant 
lesion if it produces a significantly different value 
between the two types of lesions. The output parameters 
observed in the selected articles include Mean 
Diffusivity (MD), Fractional Anisotropy (FA), λ1, λ2, 
λ3, Maximal Anisotropy (MA), Radial Diffusivity 
(RD), Relative Anisotropy (RA), Volume Ratio (VR), 
Exponential Anisotropy (EA), and Generalized 
Anisotropy (GA). In some of the articles, several output 
parameters could produce significant differences in 
values between benign and malignant lesions but the 
others could not. The value of diffusion rate in each DTI 
output parameter and the P-value of each DTI output 
parameter observed in each article can be seen in table 
2. 

However, there are 2 articles, Abdelhady [6] and 
Eyal [12] that did not present the average value of the 
diffusion rate as a number. The two articles only provide 

Identification of studies via databases 

Records identified from databases (n 
=123) 
 

Records removed before screening: 
     Duplicate records removed (n =92) 
   

Records screened 
(n = 31) Records excluded (n = 13) 

The study did not focus on assessing the 
ability of DTI parameters in characterization 
of benign and malignant lesion in breast 

Reports assessed for eligibility 
(n = 18) Reports excluded: 

     The study is a review study (n = 4) 
     The study is phantom study (n = 1) 
     The subject used in study is patient with       
     breastfeeding and history of surgery,  
     chemotherapy, and radiotherapy (n = 3) 

Studies included in review 
(n = 10) 
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the information of DTI ouput parameters value using a 
boxpot as shown below in figure 3 and 4. 

Figure 3. The diffusion rate of DTI output parameters 
with boxplot (Eyal, 2012) 

 

 

 

Figure 4. The diffusion rate of DTI output parameters 
with boxplot (Abdelhady, 2021) 

 

IV. DISCUSSION  
 

A. DTI Acquisition Parameters 
It can be seen in table 1 that each article used 

different acquisition parameter values, especially 
magnetic field strength, sequence, number of applied 
diffusion gradient directions, and b-value. In previous 
studies, it had been proven that different acquisition 
parameter values could affect image quality and the DTI 
output parameter values. So that the acquisition 
parameter settings need to be considered to produce 
optimal DTI information. 

 
Table 1. Acquisition parameters in each article 

No Article Magnetic 
Field 

Strength 

Sequence TR TE Diffusion 
Gradien 

Direction 

b-value Slice 
thickness 

1 Abdelhady, 
2021 

3T 
(Philips) 

Diffusion-
Weighted EPI 
with SPAIR 

6000 ms 65 ms 15 0,400, and 
800 s/mm² 

3 mm 

2 Tsougos, 
2019 

3T (GE) EPI 6000 ms 63.70 ms 6 0 and 600 
s/mm² 

4 mm 

3 Luo, 2019 3T 
(Philips) 

Diffusion-
Weighted EPI 

5336 ms 61 ms 6 0,100,800 
s/mm² 

5 mm 

4 Jiang, 2016 
(A) 

1.5T 
(Siemens) 

Diffusion-
Weighted EPI 

6900 ms 90 ms 6 0 and 1000 
s/mm² 

5 mm 

5 Jiang, 2016 
(B) 

1.5T 
(Siemens) 

Diffusion-
Weighted EPI 

6900 ms 90 ms 6 0 and 1000 
s/mm² 

5 mm 

6 Teruel, 2016 3T 
(Siemens) 

Twice refocused 
SE with EPI 

9300 ms 85 ms 30 0 and 700 
s/mm² 

2.5 mm 

7 Wang, 2015 1.5T (GE) EPI 9000 ms Minimu
m 

6 0 and 600 
s/mm² 

3 mm 

8 Tsougos, 
2014 

3T (GE) Diffusion-
Weighted EPI 

6000 ms 63.7 ms 6 0 and 600 
s/mm² 

4 mm 

9 Cakir, 2013 3T 
(Philips) 

TSE with EPI 10461 ms 55 ms 16 0 and 1000 
s/mm² 

2 mm 

10 Eyal, 2012  3T 
(Siemens) 

Twice refocused 
SE with EPI 

10400 ms 120 ms 30 atau 64 0 and 700 
s/mm² 

1.9-2.5 mm 

Research by [13] had proven that the higher the 
magnetic field strength will increase the Signal to Noise 
Ratio (SNR), but the MD, AD, and RD values will 
decrease. Polders [14] also proved that an increase in the 
strength of the magnetic field would increase the SNR, 
but the FA value remains stable. Polders [14] stated, that 
SNR <25 would result in non-optimal FA values.  

The sequence used in all study was Echo Planar 
Imaging (EPI). According to Jones [15], this sequence 
is used in diffusion imaging because it has the most 
suitable working mechanism for diffusion imaging. In 
EPI, K-Space sampling is done after the gradient 
sensitizing has completed. So no data will be lost.  

Yao [16] stated that the use of 6 diffusion gradient 
directions was able to provide optimal anisotropic 
information. However, increasing the number of 
diffusion gradient directions above 11 was considered to 
improve the performance of the tractography 
characteristics. Ni [17] proved that the addition of the 
number of diffusion gradient directions can affect the 
resulting eigenvalues. Ni [17] suggested to use the 
number of diffusion gradient directions as much as 21 if 
eigenvalues is the main focus to be measured. 

Several studies on articles were analyzed using two-
point b-value and multi-point b-value techniques. Park 
[18] stated that these two techniques did not affect the 
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average value of diffusion in tissues. The use of multi-
point b-value would result in a decrease in SNR and an 
increase in image acquisition time. In addition, 
Eghtedari [19] also proved that the b-value that 
produced the most optimal MD value is 1000 s/mm² if 
it is used for 3T magnetic field strength.  

B. DTI in Characterization Breast Lesion  
Based on table 2, it can be seen that there are several 

studies that stated that DTI output parameters could not 
differentiate between malignancy and benign lesions. 
This could be due to the molecular diffusion distance 
and microstructure in the breast smaller than the size of 
the voxel, the effect of calculating the arithmetic mean 

used in the formulation of the output parameters, 
unoptimal acquisition parameter settings, and the 
presence of cancer cells with diffusion close to isotropic. 

The difference in DTI parameter values between 
benign and malignant lesions could be caused by several 
factors, such as cell density/cell cellularity level, 
increased cell microvascularity due to cancer, formation 
of invasive cancer pathways, and tissue necrosis. This 
statement has been proven through research conducted 
by Jiang [20] which proved that the level of cell 
cellularity in malignant lesions was higher than in 
benign lesions.

 
Table 2. Acquisition parameters in each article 

Parameter Article Diffusion rate of malignant Diffusion rate of benign P value 
MD Tsougos, 2019 [21] 1.25±0.31 (Functool) 1.70±0.24 (Functool) <0.0001 

  1.22±0.26 (Explore DTI) 1.80±0.25 (Explore DTI) <0.0001 
 Luo, 2019 [4] 1.26±0.32 1.55±0.30 <0.001 
 Jiang, 2016 (A) [20] 0.93±0.25 1.47±0.35 0.000 
 Jiang, 2016 (B) [11] 0.94±0.33 1.52±0.33 <0.01 
 Teruel, 2016 [22] 1.06±0.20 (second-order) 1.69±0.23 (second-order) <0.01 
  1.06±0.20 (fourth-order) 1.68±0.23 (fourth-order) <0.01 
 Wang, 2015 [23] DCIS: 1.54±0.19 IBC: 1.16±0.24 <0.001 
 Tsougos, 2014 [24] 1.54±0.59 1.67±0.62 0.373 
 Cakir, 2013 [25] 0.71±0.23 1.08±0.34 0.00 
 Eyal, 2012 [12] Not presented as a number Not presented as a number <0.0001 

 FA Abdelhady, 2021 [6] Not presented as a number Not presented as a number 0.035 
 Tsougos, 2019 [21] 0.20±0.07 (Functool) 0.15±0.05 (Functool) 0.0003 
  0.18±0.08 (Explore DTI) 0.13±0.06 (Explore DTI) 0.001 
 Luo, 2019 [4] 0.28±0.15 0.23±0.13 0.007 
 Jiang, 2016 (A) [20] 0.19±0.05 0.17±0.05 0.038 
 Jiang, 2016 (B) [11] 0.20±0.06 0.17±0.05 0.203 
 Teruel, 2016 [22] 0.15±0.04 0.10±0.22 <0.01 
 Wang, 2015 [23] DCIS: 0.13±0.04 IBC: 0.16±0.9 0.288 
 Tsougos, 2014 [24] 0.24±0.05 0.21±0.04 <0.05 
 Cakir, 2013 [25] 0.55±0.15 0.50±0.15 0.124 
 Eyal, 2012 [12] Not presented as a number Not presented as a number 0.29 

λ1 Tsougos, 2019 [21] 1.43±0.28 (Functool) 1.91±0.24 (Functool) <0.0001 
  1.45±0.25 (Explore DTI) 2.08±0.34 (Explore DTI) <0.0001 
 Luo, 2019 [4] 1.62±0.41 1.91±0.36 <0.001 
 Jiang, 2016 (B) [11] 1.12±0.35 1.77±0.35 <0.01 
 Teruel, 2016 [22] 1.21±0.20 (second-order) 1.84±0.24 (second-order) <0.01 
  1.35±0.2 (fourth-order) 1.97±0.25 (fourth-order) <0.01 
 Eyal, 2012 [12] Not presented as a number Not presented as a number <0.0001 

λ2 Tsougos, 2019 [21] 1.29±0.28 (Functool) 1.70±0.21 (Functool) <0.0001 
  1.21±0.25 (Explore DTI) 1.76±0.24 (Explore DTI) <0.0001 
 Jiang, 2016 (B) [11] 0.93±0.35 1.5±0.34 <0.01 
 Eyal, 2012 Not presented as a number Not presented as a number <0.0001 

λ3 Tsougos, 2019 [21] 1.12±0.29 (Functool) 1.56±0.23 (Functool) <0.0001 
  1.00±0.30 (Explore DTI) 1.54±0.28 (Explore DTI) <0.0001 
 Jiang, 2016 (B) [11] 0.76±0.30 1.28±0.32 <0.01 
 Eyal, 2012 [12] Not presented as a number Not presented as a number <0.0001 

MA Tsougos, 2019 [21] 0.35±0.21 (Functool) 0.35±0.21 (Functool) 0.682 
  0.45±0.20 (Explore DTI) 0.53±0.33 (Explore DTI) 0.338 
 Luo, 2019 [4] 0.69±0.46 0.69±0.40 0.77 
 Jiang, 2016 (B) [11] 0.36±0.12 0.49±0.15 <0.01 
 Eyal, 2012 [12] Not presented as a number Not presented as a number 0.004 

RD Luo, 2019 [4] 1.37±0.34 1.08±0.35 <0.001 
RA Wang, 2015 [23] DCIS: 0.11±0.04 IBC: 0.14±0.09 0.301 
VR Wang, 2015 [23] DCIS: 2.35±1.29 IBC: 4.45±7.95 0.387 
EA Wang, 2015 [23] DCIS: 0.40±0.05 IBC: 0.51±0.07 <0.001 
GA Teruel, 2016 [22] 0.26±0.12 0.09±0.06 <0.01 
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Increasing the level of cellularity in malignancy will 
result in the extracellular space of the cell being 
narrower. This refers to a reduced rate of diffusion at 
higher levels of cellularity (malignancy). Therefore, the 
MD value will decrease in malignancy. The high level 
of cellularity in malignancy can also cause diffusion in 
certain directions to be restricted. This explains why the 
eigenvalues (λ1, λ2, and λ3) will decrease and the FA 
value will increase (the tissues becomes more 
anisotropic).  

Abdelhady [6], Tsougos [21], and Teruel [22] 
mentioned that in differentiating malignancy and benign 
lesions, the Apparent Diffusion Coefficient (ADC) had 
a better performance than the DTI output parameter. 
However, Abdelhady [6] found that ADC resulted in the 
misdiagnosis of malignancy (IDC and DCIS). However, 
the misdiagnosis could be corrected by the FA. In 
addition, Luo [4] proved that FA could provide higher 
information in the characterization of mass and non-
mass lesions and also between DCIS and IDC. 
However, Jiang [11] showed contradictory result by 
stating that FA was unable to distinguish between IDC 
and DCIS. In this case, Wang [23] stated that MD could 
distinguish IDC and DCIS and Jiang (Jiang, Zeng, et al., 
2016  stated that eigenvalues could distinguish IDC and 
DCIS.  

Based on the analysis of the studies, we assessed that 
the DTI output parameter has the feasibility to be an 
option in lesion characterization in the breast. The 
combination of DTI with other techniques will certainly 
improve diagnostic performance. Luo [4] and Wang 
[23] proved that the combination of DTI with DCE-MRI 
technique could increase the accuracy rate from 89.1% 
to 92.2%. In addition, Tsougos [24] proved that DTI 
could be combined with spectroscopy and produced an 
accuracy of 90.3%. Based on our observations, this 
study is the only literature review study in Indonesia that 
discusses DTI in the breast. This study has limitations, 
namely the DTI output parameters observed in each 
article are not uniform, so the DTI output parameters 
could not be compared with each other. 

 
V. CONCLUSION  

 
DTI is considered to have a role in differentiating 

malignancy and benign lesions of the breast which was 
proved by the difference value of DTI output parameters 
in each lesion. To produce accurate DTI diagnostic 
information, it is necessary to set the optimal acquisition 
parameters. 
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Abstract — In recent times further technological 
advancement and findings have improved 
radiation protection to both patient and staff due 
to better Collimation, digital acquisition of images 
and the application of Automatic Exposure 
Control (AEC). This study surveyed the 
perspectives of Radiographers on whether or not 
to provide patients with Patient Contact Shielding 
(PCS) such as gonadal /thyroid shielding for 
radiation protection purposes in diagnostic 
Radiography. The study used descriptive survey 
research design to sample opinion of 
Radiographers in Nigeria as to whether to Shield 
or Not to Shield with PCS for patients when 
undergoing diagnostic Radiography. 74.1% of the 
respondents were males while 25.9% were 
females. 58.2% had access to newer equipment. 
From the total of 224 responses, 200 (89.3%) 
indicated ‘No’ to Stoppage of PCS, 8 (3.6%) 
indicated Yes while 16 (7.1%) indicated ‘Maybe’. 
From all the respondents that indicated ‘No’, 112 
(56.54%) of them indicated all of the Options 
(ethical, legal, morals and psychological) for their 
reason. The study concluded that it is yet early to 
enforce or stop PCS and the patient’s doubts and 
fears must be allayed in all instances where PCS 
may or may not be applicable for Radiation 
Protection.  

Keywords — PCS, Radiation Protection, 
Shielding, Patient Contact Shielding 

 
I. INTRODUCTION 

 
Patient contact shielding which includes 

Gonadal Shielding (GS), Lead Aprons, thyroid 
shielding and a host of others was introduced and 
became widely recommended and accepted as the 
norm in the 1950 with the intent of minimizing the 
potential for heritable genetic effects during 
exposures of the primary reproductive and other 
sensitive organs in Radiography patient care [1]. 

The most applicable of this patient contact 
shielding is the gonad shields especially when 
dealing with pediatrics and patients of reproductive 
age. The concerns about the possible consequences 
of x-ray exposure on reproduction in the human 
population followed the discovery in the early 
twentieth century that x rays could rearrange and 

damage the heritable genetic material of the cell in 
the fruit fly and mouse [2]. 

Medical imaging technology has made 
significant advances over the past 70 years. 
Hospitals and imaging centers now have better 
imaging devices that use much less radiation. These 
new devices can reduce radiation exposure to the 
reproductive glands during pelvic imaging by as 
much as 96 percent [3]. 

In 1959, the radiation dose to the testes of a 4-
year-old male patient undergoing anteroposterior 
examination of the pelvis was approximately 2.5 
mGy. The radiation dose to the ovaries of a female 
patient undergoing the same examination was 1.2 
mGy.[4] By 2012, those doses had been reduced to 
approximately 0.06 mGy and 0.01 mGy to the testes 
and ovaries, respectively [5]. 

According to National Council on Radiation 
Protection and Measurements, GS can interfere with 
the use of Automatic Exposure Control (AEC) and 
thereby cause an increase in dose to other pelvic and 
abdominal organs that may be more radio-sensitive; 
and GS obscures portions of pelvic anatomy and 
may obscure important findings on radiographs. 
This limits the practical dimensions and area of the 
shield [6,7]. 

Discontinuing the use of patient shielding will be 
a significant departure from how radiology has been 
practiced for decades. Its long use has made it 
something that patients look to and demand, to be 
comfortable, in the course of administering care. 
Although the need to abandon this practice is clear, 
it is incumbent on health care professionals to help 
patients feel confident about the care they receive. 

It is from this standpoint that this study assesses 
radiographers' perspectives of patients contact 
shielding in Nigeria. 

 
II. MATERIALS AND METHODS 

 
The study used descriptive survey research design 

to sample opinion of practitioners of Radiography in 
Nigeria on the application of PCS for patients when 
receiving radiation for diagnostic purposes. The 
population of the study consists of all registered 
Radiographers in Nigeria numbered to br less than 
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5000 as published by the Radiographers Registration 
Board of Nigeria but because they leave the shores of 
the country. 

The actual practitioners available in the country is 
placed at 2500 by the Association of Radiographers 
of Nigeria (ARN,2022). Google Forms was used to 
administer a self-developed and structured 
questionnaire for data collection in this study. The 
sample size for the study is determined by the 
statistical formula for selecting from finite population 
and it was calculated to be 333. 

The structured questionnaire was divided into 6 
sections. Section 1 solicited demographic 
information of Radiographers. Sections 2 solicited 
the level of knowledge of radiation protection in 
clinical practice. Section 3 was designed as five-scale 
Likert-type questions/statements with the scale 
ranging from Strongly Agree (SA), Agree (A), 
Uncertain (U), and Disagree (D) to Strongly Disagree 
(SD). Section 4 was designed as close-ended items 
soliciting opinion on perceptions towards patients 
contact shielding. Section 5 was also designed as 
five-scale Likert-type questions/statements with 
similar scale in section 2.  

A total of 231 (69% of the sample size) responses 
were received from the survey out of which 4 were 
invalid and the remaining 227 responses were 
collated for analysis on the study. The data collected 
from the sample survey was analyzed using 
inferential statistics to obtain relative majority 
opinion in several categories for stoppage or 
enforcement of patients contact shielding. 

 
III. RESULTS 

 
From the total of 225 responses on Enforcement 

of Shielding, 37 (16.44%) indicated ‘Maybe’,24 
(10.66%) indicated ‘No’, 164 (72.97%) indicated 
‘Yes’. Also, the fact the number of respondents that 
indicated ‘Yes’ to all of the adduced reasons are in 
the majority which shows the high extent to which a 
categorical decision is difficult in PCS.  

 
Table 1. Enforcement of PCS 

 
Enforce Shielding 

 
Freq 

 
% 

(Maybe) 

 
% 

(Enforce 
Shielding) 

 
Maybe All of the 

Options below 
26 70.59   

  Ethical 
responsibility 

8 20.59   

  Legal 
responsibility 

1 2.94   

  Moral 
Responsibility 

1 2.94   

  Psychological 
Responsibility 

1 2.94   

Sub 
Total 

(Maybe) 

  37   16.44 

No All of the 
options below 

10 41.66   

  Ethical 
responsibility 

8 33.33   

  Legal 
responsibility 

1 4.16   

  Moral 
Responsibility 

1 4.16   

  Psychological 
Responsibility 

4 16.66   

Sub 
Total 

(No) 

  24   10.66 

Yes All of the 
options below 

89 54.32   

  Ethical 
responsibility 

60 36.42   

  In view of 
current 
imaging 
realities 

1 0.62   

  Legal 
responsibility 

8 4.94   

  Moral 
Responsibility 

5 3.09   

  Psychological 
Responsibility 

1 0.62   

Sub 
Total  

(Yes) 

  164   72.97 

Total 
(Enforce 
Shielding) 

  225   100.00 

 
 
Table 2. Showing the responses to stoppage of PCS 

Stop Shielding  % 
(Maybe) 

% (Stop 
Shielding) 

Maybe All of the 
options below 

9 50.00   

  Ethical 
responsibility 

3 18.75   

  Legal 
responsibility 

1 6.25   

  Moral 
Responsibility 

2 12.50   

  Psychological 
Responsibility 

2 12.50   

Sub 
Total  

(Maybe) 

  17   7.48 

No All of the 
options below 

113 56.54   

  Ethical 
responsibility 

68 34.03   

  In view of 
current 
imaging 
realities 

1 0.52   

  Legal 
responsibility 

10 5.00   
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  Moral 
Responsibility 

5 2.62   

  Psychological 
Responsibility 

3 1.57   

Sub 
Total 
(No) 

  200   89.25 

Yes All of the 
options below 

4 57.14   

  Ethical 
responsibility 

3 42.86   

Sub 
Total 
(Yes) 

  7   3.27 

Total 
(Stop 

Shielding
) 

  224   100.00 

 
 

From the total of 224 responses on Stoppage of 
Shielding, 17 (7.48%) indicated Maybe, 200 (89.25%) 
indicated ‘No’, while 7 (3.27%) indicated Yes.   
 
Test of Hypothesis 
 
Null Hypothesis, H0: Discontinue Patient Contact 
Shielding (PCS) 
 
Alternative Hypothesis, H1: Continue Patient Contact 
Shielding (PCS) 
 
 
Table 3. Frequency table to test Hypothesis 

Enforce Patient  
Contact Shielding Frequency Percentage 

Yes 164 72.9 

No 24 10.7 

Maybe 37 16.4 

Total 225 100 

   
Stop Patient Gonadal 

Shielding Frequency Percentage 

Yes 7 3.6 

No 200 89.3 

Maybe 16 7.1 

Total 224 100 

   
Average Percentage 

Radiographers against stoppage of 
Patients Contact Shielding 

81.10 

Radiographers in support of stoppage of 
Contact Shielding 

7.15 

Radiographers uncertain about stoppage 
of Contact Shielding 

11.75 

 
 

 

Figure 1. Pie chart on PCS stoppage 

  
81.1% of Radiographer are against stoppage of 
Contact Shielding 
We therefore reject the null hypothesis 

  
 

Table 4. T-Test statistics 
 

One-Sample Statistics 

 N Mean 
Std. 

Deviation 

Std. 
Error 
Mean 

Ltd2Children 5 43.4000 45.53350 20.36320 

AdultOnly 5 43.8000 54.74669 24.48346 
LegalAction 5 43.8000 44.44885 19.87813 
PsycDeficit 5 43.0000 31.95309 14.28986 
PatientRequest 5 43.8000 46.74612 20.90550 
Abandon 5 43.4000 51.59748 23.07509 
CurrentTrend 5 43.8000 54.07587 24.18347 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Continue PCS

Continue PCS Discontinue PCS Uncertain
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Hypothesis 1 
Null Hypothesis: Patient Contact Shielding should 
be limited to Children 
In the SPSS Analysis above, the negative t value in 
the analysis table indicates that the mean of the 
responses is less than the hypothesized value 
(43.4000). We therefor accept the null hypothesis 
Accept the Null Hypothesis: Patient Contact 
Shielding should be limited to Children 
 
Hypothesis 2 
Null Hypothesis: Patient Contact Shielding should 
be applicable to adults only 
In the SPSS Analysis above, the positive t value in 
the analysis table indicates that the mean of the 
responses is greater than the hypothesized value 
(43.8000). We therefore reject the null hypothesis. 
Patient Contact Shielding should not be applicable 
to adults only 
 
Hypothesis 3 
Null Hypothesis: Patient Contact Shielding is 
important only to avoid legal action 
In the SPSS Analysis above, the positive t value in 
the analysis table indicates that the mean of the 
responses is greater than the hypothesized value 
(43.8000). We therefore reject the null hypothesis. 
Patient Contact Shielding is not important only to 
avoid legal action 
 
Hypothesis 4 
Null Hypothesis: Radiographers should do it to fulfil 
a psychological deficit 
In the SPSS Analysis above, the negative t value in 
the analysis table indicates that the mean of the 
responses is less than the hypothesized value 
(43.0000). We therefore accept the null hypothesis. 

Radiographers should do it to fulfil a psychological 
deficit 
 
Hypothesis 5 
Null Hypothesis: It should be done on patient’s 
request 
In the SPSS Analysis above, the positive t value in 
the analysis table indicates that the mean of the 
responses is greater than the hypothesized value 
(43.8000). We therefore reject the null hypothesis. 
It should not be done on patient’s request 
 
Hypothesis 6 
It is very difficult to comply with so it should be 
abandoned 
In the SPSS Analysis above, the negative t value in 
the analysis table indicates that the mean of the 
responses is less than the hypothesized value 
(43.4000). We therefore accept the null hypothesis. 
It is very difficult to comply with so it should be 
abandoned 
 
Hypothesis 7 
Null Hypothesis: Patients contact shielding should 
not be reviewed to accommodate current trend in 
technology 
In the SPSS Analysis above, the positive t value in 
the analysis table indicates that the mean of the 
responses is greater than the hypothesized value 
(43.8000). We therefore reject the null hypothesis. 
Patients contact shielding should be reviewed to 
accommodate current trend in technology. 

 
IV. DICUSSION 

 
Patient contact shielding is an integral part of 

radiology. Its practice and importance are so deeply 
ingrained that when a group of radiologic 
technologists were recently asked what they would do 
if their institution adopted a policy to not provide 
patient shielding, 86% of respondents stated that they 
would shield patients anyway. One percent of 
respondents said that such a policy change would 
cause them to quit their job [8]. 

Medical imaging technology has made significant 
advances over the past 70 years from when Patient 
Shielding was introduced in 1950. Hospitals and 
imaging centers now have better imaging devices that 
use much less radiation. These new devices can 
reduce radiation exposure to the reproductive glands 
during pelvic imaging by as much as 96 percent [9]. 

Substantial changes in imaging technology, from 
x-ray generation to detection and image formation, 
have further reduced any benefit from shielding. 
Collimation in modern Radiographic systems has 
been greatly improved; the requirements for 
minimum amounts of beam filtration have increased 
[10]. Shorter examination times have expanded the 
applicability of automatic exposure control to a wider 
range patient [11]. 

One-Sample Test 

 

Test Value = 43.57142857 

T df 

Sig.  

(2-tailed) 

Mean  

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Ltd2 

Children 
-.008 4 .994 -.17143 -56.7087 56.3659 

Adult 

Only 
.009 4 .993 .22857 -67.7484 68.2056 

Legal 

Action 
.011 4 .991 .22857 -54.9620 55.4191 

Psyc 

Deficit 
-.040 4 .970 -.57143 -40.2464 39.1036 

Patient 

Request 
.011 4 .992 .22857 -57.8144 58.2715 

Abandon -.007 4 .994 -.17143 -64.2382 63.8953 

Current 

Trend 
.009 4 .993 .22857 -66.9155 67.3726 
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The increased dynamic range of digital image 
receptors and advances in digital image processing 
have allowed further reductions in the amount of 
radiation needed to produce a diagnostic-quality 
image. In addition, radiology has moved from a field 
using conventional radiographs only to one that is 
heavily dominated by digital image receptors, digital 
image processing, and automatic exposure 
techniques. 

The survey has shown that majority of 
Radiographers practicing in Nigeria are not in support 
of the stoppage of patient contact shielding (PCS) as 
depicted in table 1 with 89.25% not in support.  This 
is in sharp contrast to recent publications that have 
queried the importance of PCS usage in radiological 
examinations with respect to the emerging 
technological improvements e.g. automated exposure 
control (for projection imaging), tube current 
modulation (for Computed Tomography scan) and 
other advancements in digital image receptors and 
processing, that have been shown to reduce radiation 
dose to patient considerably [12].  

This majority view point may be interpreted from 
the perspective of trying to fulfil their professional 
responsibility of radiation protection while being 
unaware of the reported potential drawbacks and 
limited utility in the use of patients contact shielding 
as being practiced currently in other parts of the globe 
especially European and American societies [13].  

On August 2021, the international society of 
Radiographers and Radiological Technologist 
(ISRRT), toe the line of numerous publications by 
many international learned organizations and 
professional bodies; and produced a position 
statement that endorsed the stoppage in the 
conventional use of direct patient shielding. 
However, ISRRT quickly added that any change in 
practice must be consistent with any specific national 
and local legislative guidance, protocols, and 
procedures; and went further to emphasize the 
leading role Radiographers undertake in the decision 
making, application and communication processes of 
this issue, particularly their foremost position in 
patient radiation dose optimization advocacy and 
public awareness regarding radiation dose [14. 

In view of this vested role of ensuring best 
possible radiation protection, the Nigeria 
Radiographers think that PCS should not be 
discontinued. Furthermore, considering the 
peculiarities of the Nigerian society where there are 
no existing governmental guidelines regarding PCS, 
these practitioners are left with no other option than 
to stick to the conservative practice of its usage. 

The analysis result of the first Null hypothesis test 
gave a negative t value which indicates that the mean 
of the response is less than the hypothesized value, 
thus concluded that Patient Contact Shielding should 
be limited to Children only. The reason for this stand 
is not farfetched as children are considered to be at 

greater risk of the dangerous effects of ionizing 
radiation.  

The European Society of Radiology (ESR) in her 
EuroSafe Imaging Call for Action (article 7) 2018 
leaflet production, affirmed that children are more 
vulnerable to x-rays than adults due mainly to 
increased radio-sensitivity and a longer lifespan after 
exposure, meaning that there is a greater risk of 
developing radiation induced cancer later in life. In 
addition to this, sensitive organs of children are closer 
to each other and not easy to exclude from the x-ray 
field. ESR therefore emphasized on the necessity of 
shielding of radiosensitive organs during pediatrics 
imaging at all times and that children 
examinations/procedures should be justified and 
optimized [15]  

The third Null hypothesis with positive t value 
suggests that Patient Contact Shielding is not 
important only to avoid legal action. According to 
Centers for Disease Control and Prevention (CDC), 
the guiding principle of radiation safety is ‘ALARA’ 
which is “as low as reasonably achievable”. This 
means avoiding exposures to radiation that does not 
have a direct benefit to the patient, even if the dose is 
small. To do this, one has three basic protective 
measures which are time, distance and shielding [16]. 

The International Atomic Energy Agency (IAEA) 
in a recent online publication maintained that in 
pediatrics radiology, the radiation beam should be 
limited using collimation and that shielding devices 
should be appropriately positioned to be efficient for 
protecting the tissues for which they are placed so as 
to avoid unnecessary repeat examinations [17].  

In the light of the aforementioned stance of these 
international bodies, the majority of Nigerian 
practitioners opined that shielding should be 
exclusively limited to children. 

The second Null hypothesis test gave a positive t 
result which concluded that Patient Contact Shielding 
should not be limited to adult only. There is no 
literature found that supports the usage of patient 
contact shielding or other protective measures solely 
on adult patients. Unlike children, the vital and 
sensitive organs in adults are much more developed 
and so, whatever that will affect the adults will also 
affect children in greater measure, hence, no special 
treatment is reserved for the older generation.  

So, most Radiographers bear this in mind while 
exposing patients to ionizing radiation and thus 
believe that the use of patient contact shields will 
assist in cutting off unnecessary radiation from the 
sensitive tissues that are not part of the region of 
interest. This is done not necessarily to avoid legal 
actions against them but as a professional role of 
effective patient care and safety procedure. 

The British Institute of Radiology (BIR) 
published a Guidance document on shielding of 
patients for diagnostic radiology applications in 
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March 2020 and maintained that though PCS is not 
generally required in diagnostic and interventional 
radiology, that there are few exceptions, which may 
occur where a particular patient care pathway 
requires a number of repeat examinations, 
particularly in the case of pediatric patients.  It further 
noted that the application of PCS, if required, should 
only take place once all other dose reduction 
techniques (e.g. selection of exposure factors, 
collimation) have been applied [18].  

The 5th Null Hypothesis results concluded that 
patient contact shielding should not be done on 
patient’s request. Once again, the BJR guidance 
document reported that the overriding consideration 
in radiation safety is the patient’s need in terms of risk 
reduction and reassurance and that in the use of PCS 
the operator should be further guided by what matters 
to the patient, taking care to ensure that the operator’s 
actions result in an overall net benefit to the patient 
[18]. 

Although the need to abandon the practice of 
patient shielding is clear, it is incumbent on health 
care professionals to help patients feel confident 
about the care they receive. This is especially 
important regarding issues of radiation risk, for which 
misinformation is rampant. Consequently, how to 
address patient concerns as facilities stop providing 
patient shielding should be considered. 

 
V. CONCLUSIONS 

 
Radiographers in Nigeria will continue to shield 

patients despite several evidences that the practice 
should be abandoned. Making the change is very 
difficult but they must rise up as reasonable voices 
on the subject while discarding the perception of 
radiation risk to gain public trust and confidence on 
the subject.  Further research into the actual practice 
by blind observation from one department to the 
other across the nation is advised. 

 
LIMITATIONS: Small sample size 
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Abstract — In carpal tunnel syndrome (CTS), the 
median nerve is compressed leading to changes in 
the fibrous microstructure, whereby the diffusion of 
water molecules also loses its anisotropy. DTI 
sequence has been applied to access microstructure 
changes of the median nerve in CTS patients. An 
optimized DTI sequence was performed by 16-
Chanel Hand-coil with suitable scan time in a 
clinical perspective at our institute. Median nerve 
fiber tractography and DTI scalar metrics can be 
extracted by applying the available software of the 
MRI Siemens Amira 1.5T at the Hospital of Hue 
University. Manual seed ROIs were positioned on 
median nerve axials at 4 levels (the distal radioulnar 
joint, the pisiform, the hamate, and the hook of 
hamate) to extract focal and whole-tract DTI 
metrics. The following parameters were used for 
fiber tracking: FA threshold 0.20, samples per voxel 
length 2, step length 1.25 mm, angle threshold 30 
degree, with a Range-Kutta (Fourth-order) 
deterministic tractography algorithm. Our study 
aims to evaluate the quality of the median nerve 
tractography and compare diffusion parameters 
(FA, MD) between groups with and without carpal 
tunnel syndrome. In conclusion, the DTI sequence 
with 16-Chanel Hand coil at 1.5 T provides a great 
visualization of the median nerve and its branches. 
Furthermore, the DTI can reveal subtle 
microstructure with scalar metrics measurement. 
Increased mean MD values and decreased mean FA 
values were found in CTS compared to normal 
control significantly in our population. 

Keywords — DTI, CTS, median nerve, 
tractography. 

 
I. INTRODUCTION  

 
Carpel tunnel syndrome (CTS) is known as a the 

most common neuropathy of the upper extremity. The 
median nerve at the level of the carpal tunnel is 
compressed, and caused to negative effects to the 
patients with a bunch symptom [1-3]. Surgical release 
of medium nerve to get confortable outcome is in need 
for the most of CTS patients. To confirm the absence of 
CTS in patients with/ without symptoms and 
classification the serious level of median nerve 
compression, further imaging examinations are in need.  

Besides conventional imaging techniques, MRI is not 
only using conventional sequence to show 
morphological and signal changes of all the 
surrounding tissue but also adding an advanced 
sequence to reveal microstructure changes of nerve 
fiber pass through wrist level [3]. The advanced 
sequences were trigged the traveling of water 
molecular along median nerve by an upgrade 
diffusion weighted imaging, known as a diffusion 
tensor imaging (DTI). There has been a host of studies 
using DTI have shows changes in median nerve 
structre in CTS patients [1-7].  

Median nerve tractography, quantitative DTI-
extracted paramaters in CTS patients has been 
performed by computing two commonly parameters, 
FA and ADC. Previous scientific works has been 
measuring DTI scalar metrics (FA and ADC) of the 
median nerve segments at different level (usually 4 
ROIs at distal radioulnar joint, pisiform, hamate and 
hook of hamate) [3]. A meta-analysis of C.Liu et al in 
2018 [5] have shown that a significant FA reduction 
and ADC increase in patient groups compared to 
healthy subjects and optimal location to measuring DTI 
parameters are at the pisiform and hamate levels. These 
sites are proximal and middle portion of carpal tunnel, 
respectively [3,5]. Furthermore, other studies also 
revealed a cut-off values for the diffusion tensor 
parameters [3,4], FA value is less than 0.54 (540 x 10-

4) and ADC is greater than 1.19 x 10-3 mm2/s (1190 x 
10-6 mm2/s) [3]. To the best of knowledge, there are no 
studies using DTI quantitative in Vietnamese 
population. The present work aims to evaluate our DTI 
sequence, median nerve tractography quality, and to 
check our hypothesis that is the differences between 
CTS patients and normal controls by diffusion scalar 
metrics. 

 
II. MATERIALS AND METHODS  

 
A. Patients and method 

Total 43 wrists from 39 participants were classified 
in to two group by clinician and radiologist via clinical 
exammination, US, EPS and diagnostic MRI 
sequences. Two groups are confirmative CTS and 
healthy controls. Healthy controls groups does not have 
any symtom and wrist-related abnormal before. 

 



Paper ID 212 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand  213  

To evaluate DTI sequece quality, artifact frequency 
and the impact of artifact to overall DTI quality was 
checked in detail by radiologist and radiographer 
following 4-point Likert scale (1. Poor, 2. Average, 3. 
Good, 4. Excellent) 

To compare DTI-created scalar metrics between the 
groups, Seed ROIs was placed at four different levels on 
the nerve axial (Figure 1): the distal radioulnar joint 
(ROI1), the pisiform (ROI2), the hamate (ROI3), and the 
hook of hamate (ROI4) to extract focal and whole-tract 
DTI metrics. 

Figure 1. Seed ROIs placed at four different level of 
carpel tunnel From left to right: the distal radioulnar joint 
(ROI1), the pisiform (ROI2), the hamate (ROI3), and the 
hook of hamate (ROI4) 

 
 

Decriptive test, one sample t-test and pair sample t-
test was performed for the population to evaluate DTI 
quality and to compare mean difference in DTI metrics 
(FA, MD) between the groups by SPSS version 20 (IBM, 
USA). 

B. Magnetic resonance imaging technique 
All MRI wrists were done by a radiographer with 10 

years of experience using a 1.5T MR scanner (Siemens 
Magnetom Amira, Erlangen, Germany) with a 16-
Channel wrist coil. All subjects were scanned feet first in 
a supine neutral position, the palm was facing the body, 
all the finger straight and the thumb pointed upwards. 
The examination protocol included a chain of routine 
sequences for anatomical evaluation and a diffusion 
tensor imaging sequence for the main purpose of the 
study. Conventional sequences included T1, T2, PD fat 
sat, T2 SPAIR axial and coronal plane to selective never 
and access signal changes of median never. 

For tractography reconstruction purpose, an axial 
diffusion-weighted sequence 30 non-collinear gradient 
directions were applied with two b values (TR  4000 ms 
; TE 95 ms; field of view read 160 mm, base resolution 
64; 30 slices with slice thickness of 2.5 mm; Dist. factor 
0, b values 0 and 800 s/mm2 with averages 4, n voxel sixe 
2.5 x 2.5 x 2.5 mm3, noise level 40, strong fat sat mode). 
The sensitivity encoding (SENSE) single-shot echo-
planar imaging (EPI) sequence with SENSE factor 2 was 
used to reduce distortions. A standard 3D shim was 
applied to ensure optimal field homogeneity. The 
sequence was repeated four times, lasting 8 mins 28 
seconds in total. Diffusion tensor images were averaged 
across the four acquisitions before analysis to increase 
the signal-to-noise ratio. DTI analysis was performed by 
a radiologist and a radiographer independently.  

C. DTI analysis and tractography 
DTI metrics (FA, MD) of median nerve were 

extracted from Region of Interest (ROI) at the four 
different levels by inline Neuro3D software of the MR 
Siemens scanner (E11 Version). Median nerve fiber 
tracking also performed from a seed ROI from which a 
line/tube was propagated according to the eigenvector 
at each voxel. Median nerve tract was display for each 
location of seed ROIs. Number of tract, mean values of 
FA and MD for each tracts also calculated 
automatically. The seed ROIs were located at the center 
of median nerve that have seen on axial plane within a 
voxel to minimize spatial volume artifact. The 
following parameters were used for fiber tracking: 
manual ROI (1 voxel/ROI position), FA threshold 0.20, 
samples per voxel length 2, step length 1.25 mm, angle 
threshold 30 degree, with a Range-Kutta (Fourth-order) 
deterministic tractography algorithm.  

 
III. RESULTS  

 
A. Demographics 

In the CTS group, female patients were 
approximately 87.5%. There was no significant 
difference in terms of gender in the CTS group 
compared to the normal control (p > 0.05). In terms of 
ages, average ages were  46.3 ± 10.7 and 41.9 ± 10.8 
years old in CTS groups and normal control 
respectively. There was no significant difference in 
terms of average ages between the two groups (p > 
0.05). The youngest was 26 years old, and the oldest 
was 67 years old in the CTS group. Most of the CTS 
patients were in their 40s to 60s. In terms of body mass 
index, the mean BMI was 23.5 ± 2.6 kg/m2 in the CTS 
group, and 22.1 ± 1.0 kg/m2. No significant difference 
was in CTS compared to normal in terms of body mass 
index (p > 0.05). Most of CTs patient was in high BMI.  

B. Median nerve tractography quality and its branches  
In terms of satisfaction of radiology experts, the 

average score satisfies of the 10-year-experiment 
radiologist and radiographer were 3.60 ± 0.54 (p < 
0.05) and 3.72 ± 0.45 (p < 0.05) at value test was 3 
(equals good image quality), respectively. 

Median nerve fibers and its branches are visualized 
as confirmative. 93.02 % of CTS patients and 100 % of 
normal control DTI provided good-quality of median 
nerve tractography. Most of the participants (93.02 %) 
show that the median has had from 3 to 5 branches at 
the outlet level of CT (Figure 2). The rest of the data (8 
%) show the distortion and/or motion artifact severely 
at the outlet level, which negatively impacts to 
branching of the nerve. 

The length of tracts was 37.74 ± 15.00 mm, 44.74 
±16.55, 45.31 ±15.22, 40.39 ±11.21 with the seed ROIs 
placed at the distal radioulnar joint (Level 1), the 
pisiform (Level 2), in the carpal tunnel (Level 3), the 
hook of the hamate (Level 4) respectively. There was  
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no significant difference in the length of the nerve in 
the group comparison ( p > 0.05). 

 
Figure 2. Median nerve tractography and its branches 
 

 
 

C. DTI-derived metrics quantitative 
Decreased mean FA values were found at four tracts 

that propagated from corresponding seed ROIs in CTS 
compared to normal volunteers with p < 0.05. Mean 
MD values of whole median nerve tract were higher in 
CTS compared to normal control significantly at the 
whole tract from seed ROI 2 (Table 1). 
 
Table 1. Group comparison of Whole tract DTI 
parameters that propagated from difference seeds 

Parameters CTS NC p value 

Whole tract from ROI 1 at  the distal radioulnar joint level 

The length 37.74 ± 15.00 34.72. ± 11.77  

Mean FA_WT 457.61 ± 61.18 517.76 ± 83.11 p < 0.05 

Mean MD-WT 1316.11 ± 293.77 1146.59 ± 313.26  

Whole tract from ROI 2 at  the pisiform level 

The length 44.74 ± 16.55 43.99 ±19.08  

Mean FA_WT 419.99 ± 52.60 520.37 ± 74.37 p < 0.01 

Mean MD-WT 1454.07 ± 166.72 1262.55 ± 336.20 p < 0.05 

Whole tract from ROI 3 at the hamate level  

The length 45.31 ± 15.22 44.79 ± 12.79  

Mean FA_WT 405.50 ± 52.02 471.05 ± 42.12 p < 0.01 

Mean MD-WT 1470.00 ± 152.63 1400.27 ± 134.64  
Whole tract from ROI 4 at the hook of hamate level  

The length 40.39 ± 11.21 36.60 ± 10.62  

Mean FA_WT 404.16 ± 47.54 489.85 ± 33.71 p < 0.01 

Mean MD-WT 1501.87 ± 191.72 1329.13 ± 210.73  
 

Group comparison of focal DTI parameters showed 
that decreased mean focal FA values at four Seed ROIs 
significantly with p < 0.01 at ROI1 and ROI 3, p < 0.05 
at ROI 2, and ROI4 in CTS. Mean focal MD values 
were found higher in CTS compared to control with p 
< 0.05 at ROI 3 and ROI 4 (Table 2). 
 
 
 
 
 
 
 

Table 2. Group comparison of focal parameters at 
difference seed ROIs 
 
Parameters ROI 1 ROI 2 

NC CTS p NC CTS p 

Focal FA 607.88  ± 
173.76 

446.46 ± 
141.10 

p < 0.01 502.50 ± 
89.65 

420.11 ± 
97.32 

p < 0.05 

Focal MD 1157.88  ± 
616.88 

1212.17  ± 
453.71 

p > 0.05 1246.25 ± 
198.34 

1487.63 ± 
270.00 

p > 0.05 

Parameters 
ROI 3 

ROI 4 

ROI 4 

NC CTS p NC CTS p 

Focal FA 546.13 ± 
69.39 

445.97 ± 
79.57 

p < 0.01 555.50 ± 
133.63 

480.23 ± 
97.63 

p < 0.05 

Focal MD 1374.38 ± 
140.00 

1586.23 ± 
240.34 

p < 0.05 1310.25 ± 
187.21 

1607.86 ± 
217.14 

p < 0.05 

 
 

IV. DISCUSSION  
 

A. Tractography quality 
To access DTI tractography, artifacts have to 

check carefully by an experiment radiographer and 
radiologist. As a EPI sequence, distortion and motion 
artifacts not only affect image visualization but also 
affect quantitative parameters. Especially, these 
parameters that extract from the median nerve at the 
levels at the top and bottom of the field of view 
(FOV). This area may be influenced by an 
inhomogeneous field. To address this kind of 
problem, a 3D shim coil was applied fitting the FOV. 
Besides that, motion artifacts can be reduced by 
applying motion correction algorithms and/ or more 
basically by setting patients in the most comfortable 
position and wrists on the hand coil firmly. However, 
8% of our population showed severe distortion at the 
beginning and the end of the FOV, which leads to the 
median nerve tract visualization insufficiently. The 
length of the whole tract that propagated from ROI1 
and ROI4 was quite shorter than that from ROI2 and 
ROI3. These ROIs locate in the middle of the carpal 
tunnel. 

Due to the small matrix and quite big voxel size, 
DTI could not provide a great image quality, a Seed 
ROI covering a section of nerve is impossible. To 
minimize partial volume artifacts a selective seed 
ROI (only one voxel) was positioned in the center of 
the cross-section. Besides that, a higher sample 
collection also helps to improve image quality. Our 
DTI sequence was 30 diffusion directions with 2 b-
values (0, 800), and 4 diffusion sampling directions. 
A total of 120 sampling diffusion directions were 
acquired.  

Our work attempt is to gain as great DTI data as 
possible. Following radiology expert satisfies, the 
finding suggested that our DTI sequences provide a 
good median nerve tractography quality, branching 
off the never also display in most of the cases. 
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B. DTI metrics quantitative 

Various previous studies showed that increased mean 
FA values and decreased mean MD values were found in 
the patients with CTS in comparison with normal 
controls. Our finding also had a similar result in terms of 
FA and MD values. These findings can be explained that 
micro changes are present inside the median nerve. In 
CTS, the median nerve was compressed and lost 
anisotropy of water molecules along the fibers. DTI 
tractography provides not only a structure visualization 
but also an insight into micro changes by quantitative 
diffusion scalar metrics. The present scientific work 
showed that the median nerve micro changes in CTS 
either focal DTI parameters quantitative or whole tract 
DTI parameters with p values less than 0.05 significantly. 

Even the median nerve and its branch were evaluated 
with high satisfaction, DTI parameter quantitative also 
gave a piece of useful information.  

Our research meets several limitations. Firstly, our 
sample is quite a small population. Furthermore, further 
quantitative and correlation tests with other factors did 
not perform due to a lack of data and experiments. In 
addition, in-plane and through-plane resolutions are 
insufficient. Last but not least, the total scan time of both 
conventional and DTI sequences was around a half of 
hour. An optimized DTI in terms of in-plane, through-
plane resolutions, and minimized the total scan time are 
considering in the next steps. 

 
V. CONCLUSION  

 
The DTI sequence with an 16-Chanel hand coil at 1.5 

T provides a great visualization of the median nerve and 
its branch. Furthermore, the DTI can reveal subtle 
microstructure changes with scalar metrics measurement. 
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Abstract — Infection control is a scientific approach 
designed to control the proliferation of nosocomial 
infections. It is regarded as the gold standard for 
patient safety by minimizing the risk of health care 
associated infections also promoting health of patient 
and heath care workers including radiography 
professionals. This study aimed at evaluating the 
knowledge and practice regarding infection control 
among radiography professionals of five tertiary 
level hospitals of Nepal. Cross-sectional study was 
conducted in the department of radiology and 
imaging of five tertiary level hospitals of Nepal from 
August 2019 to October 2019. Questionnaire survey 
was designed to evaluate knowledge and practice 
regarding infection control. Data analysis was 
performed in SPSS software, version 27. Total 86 
radiography professionals, 48 male (56%), 38 female 
(44%), age range 20 to 59 were included in the study. 
The mean knowledge and practice below 60% were 
considered as adequate, 60-80% adequate and above 
80% excellent. This study showed that 69.80% of 
participants hadn’t attended trainings on infection 
control. The mean scores for knowledge and practice 
were 7.12 and 7.087 respectively which was 
adequate. Proper infection control guidelines should 
be established in the department to maintain secure 
infection control practice in radiology department. 
We recommend the need of education and trainings 
on infection control. 

Keywords — infection control, standard precautions, 
radiography professionals, nosocomial infections. 

 
I. INTRODUCTION  

 
Infection control is a scientific approach designed to 

prevent health care associated infections [1]. Hospital 
Acquired Infections (HAIs) sometimes termed as 
nosocomial infection or health care associated infection 
are those infections that are acquired during health care 
delivery within health care facilities. According to the 
World Health Organization (WHO), infection control is 
regarded as the gold standard for patient safety [2]. 
Standard Infection Control Precautions (SICPs) are 
designed not only to prevent the transmission of HAIs 
but also to protect health care workers (HCWs) from 

cross-infections which includes hand hygiene, personal 
protective equipment, safe handling and disposal of 
needles and sharp instruments, respiratory hygiene, 
environmental cleaning and cough etiquette, proper 
handling of the linens and proper waste disposal and 
management [3,4]. Hundreds of patients visit radiology 
department every day and they encounter the various 
equipment during their stay. Image receptors, 
anatomical markers, lead aprons are few examples of 
carriers that have been proved to carry various 
pathogens which are susceptible for causing HAIs [5-8]. 
Direct contact has also been considered as a principal 
cause of cross-bacterial infection between HCWs and 
patients [9]. 

As the key member in the radiology department, 
radiography professionals should have adequate 
knowledge and practice regarding infection control. 
However, inadequate knowledge and poor practice of 
infection control is highlighted as the major contributor 
for spread of HAIs and plays vital role in intensifying 
the cost related with infection control [10-13]. Such 
expenditure negatively affects the already limited 
budgets of radiology departments [14]. 

We aim to assess the knowledge and practice of 
radiography professionals of five tertiary level hospitals 
of Nepal. 

 
II. MATERIALS AND METHODS  

 
This cross-sectional study was conducted at the 

department of radiology and imaging in five tertiary 
level hospitals in Kathmandu, Nepal. These five tertiary 
level hospitals were selected. Radiography 
professionals working at five tertiary hospitals were 
included in this study, whereas those on leave were 
excluded. Written informed consent was taken from 
participants. Privacy and confidentiality of participants 
was strictly maintained. 

A. Data collection tool 
Self-administered survey questionnaire was 

designed according to international standards on 
infection control and SICP. 
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The questionnaire was divided into four groups. 

x The socio-demographic data i.e., gender, age, 
educational qualification, work experience, 
workplace, in-service training and out-service 
training were included. 

x The knowledge associated with infection control 
(10 statement with nominal scale “Yes” or “No”). 

x The practice associated with infection control (10 
questions with three-point Likert scale “Always”, 
“Sometimes”, or “Never”) 

x Additional 2 questions in-service and out-service 
trainings on infection control) 

 
The score for knowledge and practice were scored as 
points.  

Knowledge score = (no of correct response × 1) 
Practice score = (no of “Always” × 1) + (no of 
“sometimes” × 0.5) + (no of “never” × 0)  
 
B. Data processing and statistical analysis 

Comprehensiveness of questionnaire was checked. 
Data was entered and analyzed using IBM SPSS version 
25. Descriptive statistics (mean and standard deviation) 
were calculated. The mean knowledge and practice 
below 60% were considered as adequate, 60-80% 
adequate and above 80% excellent. 

 
III. RESULTS 

 
Total 86 radiography professionals, 48 (55.8%) male 
and 38 (44.2%) female were included in this study.  

A. Knowledge on infection control 
The mean knowledge score of participants was 

adequate at 7.12±1.491 with minimum 3 and maximum 
10. Table 1 demonstrated the mean knowledge and the 
frequency distribution of the participants according to 
gender, educational qualification, work experience, 
workplace, and in-service training. 

Table 1. Frequency and Mean knowledge  
Parameters Category N Knowledge score 

mean(SD) 
Gender Male 

female 
48 
38 

7.08(1.52) 
7.15(1.46) 

Educational 
qualification 

Diploma 
Graduate 

Post-graduate 

54 
24 
8 

6.98(1.60) 
7.16(1.23) 
7.87(1.24) 

 
Work 
experience 

<5 years 
5 - 10 years 
> 10 years 

34 
31 
21 

6.58(1.63) 
7.41(1.36) 
7.52(1.20) 

 
Workplace Bir hospital 

NTC 
CSH 

MCTVC 
TUTH 

15 
13 
16 
9 
33 

 

7.4(1.40) 
6.23(1.58) 
7.93(1.23) 
7.44(1.13) 
6.84(1.50) 

In-service 
training 

Yes 
No 

 

26 
60 

7.34(1.16) 
7.01(1.61) 

Out-service 
training 

Yes 
No 

26 
60 

7.19(1.13) 
7.08(1.62) 

where, NTC=National Trauma Center; CSH=Civil 
Service Hospital; MCVTC=Manmohan Cardiothoracic 
Vascular & Transplant Center; TUTH= Tribhuvan 
University Teaching Hospital and N=frequency 

B. Practice on infection control 
The mean practice score of participants was 

adequate at 7.087±1.437 with minimum 3.5 and 
maximum 10. Table 2 demonstrated the mean practice 
and the frequency distribution of the participants 
according to gender, educational qualification, work 
experience, workplace, and in-service training. 

 
Table 2: Frequency and mean practice 

Parameters Category N Practice score 
mean(SD) 

Gender Male 
female 

48 
38 

7.01(1.50) 
7.18(1.35) 

Educational 
qualification 

Diploma 
Graduate 

Post-graduate 

54 
24 
8 

6.98(1.42) 
7.25(1.50) 
7.31(1.43) 

Work experience < 5 years 
5 - 10 years 
> 10 years 

34 
31 
21 

6.75(1.46) 
6.96(1.33) 
7.80(1.33) 

Workplace Bir hospital 
NTC 
CSH 

MCTVC 
TUTH 

15 
13 
16 
9 
33 
 

7.36(1.15) 
6.69(1.96) 
6.37(1.29) 
7.33(1.22) 
7.39(1.35) 

In-service 
training 

Yes 
No 

 

26 
60 

7.55(1.14) 
6.88(1.51) 

Out-service 
training 

Yes 
No 

26 
60 

6.96(1.33) 
7.14(1.48) 

 
 

IV. DISCUSSION  
 

This study evaluated the knowledge and practice of 
infection control of radiography professionals. The 
adequate level of knowledge among radiographers was 
also found in similar studies conducted in Malawi and 
Ghana [4,15]. Post-graduate radiography professionals 
had greater knowledge and practice scores than graduate 
and diploma level radiography professionals. Similarly, 
participants who had work experience above 10 years 
tends to have more knowledge and practice scores than 
participants with low years of experience. This study 
highlighted the need of training, seminar, continuing 
educational program (CME) to upgrade their knowledge 
and for safe practice achieving the termination of HAIs.  

 
V. CONCLUSION  

 
In summary, the radiography professionals of five 

tertiary level hospitals in Nepal had adequate knowledge 
and practice regarding infection control. We 
recommend more educational and training activities 
regarding standard precautions and infection control. 
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Abstract — Magnetic resonance 
cholangiopancreatogrphy examination using natural 
contrast media has not been able to provide an 
optimal image of gastroduedenal suppression that 
covers the image of the biliary system. Natural 
materials used as contrast media continue to be 
developed with various previous studies, but not 
many have been associated with the use of 
nanoparticles as natural contrast media materials. 
This study aims to make manganese nanoparticles of 
oolong tea extract used as an oral contrast medium. 
In this experimental study, the extraction of oolong 
tea using the boiling method with 15 ml of distilled 
water was dissolved in 185 ml of distilled water and 
then sonicated with a frequency of 20 kHz with time 
variations of 10, 15, 20 and 25 minutes. The results 
of the sonication process carried out a Particle Size 
Analyzer (PSA) test. Furthermore, the obtained 
manganese nanoparticles were given orally to 
healthy volunteers and an MRCP examination was 
performed. In the resulting MRCP image, the SNR 
value is measured in the stomach, duodenum and 
biliary tract system. Synthesis of manganese 
nanoparticles with the sonication method showed 
that sonication for 10 minutes resulted in manganese 
particle sizes with a diameter of 1364.8 nm, 15 
minutes with a diameter of 1204.7 nm, 20 minutes 
with a diameter of 488.2 nm, 25 minutes with a 
diameter of 1131.8 nm. The results with the particle 
size with a diameter of 488.2 nm are nanoparticles, 
then used for MRCP examination. manganese 
nanoparticles of oolong tea extract can suppress 
objects that cover the pancreatic biliary tree system, 
while increasing contrast enhancement in the 
pancreato biliary tree system. 

Keywords — oolong tea; nanoparticles; manganese; 
Magnetic Resonance Cholangiopancreatography 

 
I. INTRODUCTION  

 
Several studies to find alternatives to natural 

negative oral contrast media in MRCP examination have 
been carried out, in the form of liquid or juice, both in 
fruits and tea drinks, which contain a lot of manganese 
(Mn). The following is a study on fruits as an alternative 
to natural negative oral contrast media and their Mn 
content is blueberry (Hiraishi et al., 1995; Papanikolaou, 
Karantanas, Maris, & Gourtsoyiannis, 2000) (3 – 4 
mg/dl), pineapple (Prasert, Rugkhasukon, & Tanomkiat, 
2009; Riordan, Khonsari, Jeffries, Maskell, & Cook, 

2004) (0.276 mg/dl), blackberries (Espinosa et al., 2006) 
(2.93 mg/dl), lemon or orange (Chu, Ji, & Zhang, 2010) 
(0.2 mg/dl) and black tea (Ghanaati et al., 2011) (0.44 
mg/dl). MRCP examination using oolong tea as a 
contrast medium because oolong tea has a high 
manganese content (0.94 mg/dl) compared to other 
natural ingredients (Fatimah, Susilaningsih, 
Sukmaningtyas, & Subagio, 2021). Its function is to 
increase the contrast between the bile ducts and 
surrounding organs. The limitation of using oolong tea 
is that the level of suppression or suppression of the 
signal intensity of the stomach and duodenum is still not 
optimal, so it is still possible that there are pathological 
conditions that cannot be visualized optimally (Fatimah, 
Suwondo, & Rajani, 2018). To overcome this limitation, 
it is necessary to develop further research on the use of 
oolong tea as a natural negative oral contrast medium by 
increasing the effectiveness of the manganese content of 
oolong tea using nanoparticle technology. Nanoparticle 
technology has been widely used in MRI, especially 
materials containing magnetic nanoparticles (MNP) are 
used for the development of MRI contrast media 
materials (Bae et al., 2012). Nanoparticles is a 
technology that aims to develop the size of the dosage 
form in the size range of 10 - 1000 nm. To produce 
nano-sized particles, several methods are used, one of 
which is sonication. This study aims to determine the 
best sonication time to produce manganese 
nanoparticles of oolong tea extract and whether it is able 
to suppress the organs that interfere with the MRCP 
examination. 

 
II. MATERIALS AND METHODS  

 
A. Materials 

Oolong tea extract is obtained from tea leaves 
(Camellia Sinensis) was obtained from Kemuning 
Village, Central Java, Indonesia which is processed 
using evaporated distilled water. Preliminary studies 
using Atomic Absorption Spectrometry (AAS) tests on 
several types of tea drinks, it is known that oolong tea 
has the highest Manganese content (0.94 mg/dL), 
compared to green tea (0.70 mg/dL), and black tea. (0.44 
mg/dL). 

B. Oolong Tea Extraction Process 
The process of extracting oolong tea leaves was 

conducted by maceration, namely: 100 g of simplicia 
powder of oolong tea leaves each was put into a glass 
container, firstly, it must be macerated in 1 L of distilled 
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water; when the process was finished the it was covered 
and leave it for 2 days. While protected from light it was 
stirring frequently, shredded, squeezed, washed the 
dregs with enough filter liquid to obtain 1 L. Then it was 
transferred to a closed vessel and leave it in a cool place. 
It must be protected from light for 2 days; and the 
second process it must be bowled with boiling at a 
temperature 140⁰C for 5 minutes then at 100⁰C for 15-
20 minutes using aquadest solvent. The results obtained 
were concentrated with a rotary evaporator type 
Rotavapor® R-100 until most of the solvent had 
evaporated and the evaporation process was continued 
on a water tube until a thick extract was obtained. 

C. Process for making nanoparticles 
With 15 ml of oolong tea extract dissolved in 185 ml 

of distilled water and then put into the sonicator BSD-
250W model. The solution was given a frequency of 20 
kHz for 10, 15, 20 and 25 minutes, respectively. Then 
the results of the sonication were measured to determine 
the size of the manganese particles using PSA (Particle 
sized Analyzer). 

D. PSA of manganese nanoparticle 
The size of manganese nanoparticles of oolong tea 

extract was obtained using a Cilas 1190 
spectrophotometer. Each of the results of sonication of 
oolong tea extract for 10 minutes, 15 minutes, 20 
minutes and 25 minutes was included in PSA. This 
measurement is based on the scattering of laser light by 
the particles in the sample. The light from the laser is 
emitted through a pinhole (a tiny needle) and then sent 
to the particles in the sample. The particles in the sample 
scatter the light back through the pinhole and into the 
detector. The detected analog signal is converted into a 
digital signal which is then processed into an arithmetic 
series, the final result is a spectrum. 

E. Magnetic Resonance Cholangiopancreatography 
(MRCP) 
MRCP examination using MRI machine with GE 

Signa Voyager (1.5 Tesla). Healthy female volunteers 
aged 47 years were given oolong tea extract as much as 
200 ml orally. The MRI scanning parameters for MRCP 
examination were T2 weighted images with HASTE 
(half fourier acquisition single shot TSE) fat saturation 
Coronal Thick Slab Radial to detect the suppression 
effect of gastrointestinal organs surrounding the 
pancreas and billiary trees. MRI parameters scanning 
for bottles is TR (time repetition) 4500 ms, TE (time 
echo) 700 ms, ETL (echo train length ) 300, average 1, 
slice thickness 50 mm, scan time 50 sec. Assessment of 
MRCP image information is carried out by assessing the 
signal to noise ratio in the pancreatic system image. This 
research has received permission from the Ethics 
Committee of the Kariadi Regional General Hospital 
Semarang, Central Java. 

 
III. RESULTS  

 
Based on the results of measurements using PSA on 

oolong tea extract which was sonicated with variations 

in time of 10 minutes (a), 15 minutes (b), 20 minutes (c) 
and 25 minutes (d), the spectrum was obtained as shown 
in Figure 1. In detail the results PSA shows that in the 
10 minutes sonication process, the manganese particle 
size is 1364.8 ± 267.5; in the sonication process for 15 
minutes obtained the size of 1204.7 ± 279.8; while in the 
20 minutes sonication process the size is 488.2 ± 116.0 
and in the 25 minutes sonication process the size is 
1131.8 ± 275.4. In the table, it can be seen that the 
results of sonication with manganese particle size less 
than 1000 nm occurred at 20 minutes of sonication. This 
means that the sonication process that produces 
nanoparticles is only sonicated for 20 minutes, while the 
other sonication processes have a manganese particle 
size of more than 1000 nm, so they are not called 
nanoparticles. PSA measurement results can be seen in 
table 1. 

Figure 1. Particle Size Analyzer (PSA) result : a. 10 
minutes, b. 15 minutes, c. 20 minutes, d. 25 minutes 

 
a 

  
 b 

  

 
c 

 
d 

 
Table 1. Diameter Mn nanoparticles of oolong tea 
extract 

No Sonication 
(minute) 

Diameter 
(mm) 

Std. Dev 

1 10 1364.8 267.5 
2 15 1204.7 279.8 
3 20 488.2 116.0 
4 25 1131.8 275.4 

 
Manganese nanoparticles of oolong tea extract 

material obtained by sonication for 20 minutes was then 
given to healthy volunteers by drinking 200 ml orally. 
The results of MRCP scanning before and after oral 
administration manganese nanoparticles of oolong tea 
extract can be seen in fig. 2. Where both before giving 
contrast (pre-contrast) and after giving contrast (post-
contrast), ROI (region of interest) was made in the same 
organs, namely the stomach(a), duodenum(b), gall 
bladder(c), and common bile duct(d). The ROI results 
will then display their respective SNR values as shown 
in figure 2 and table 2. 
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Figure 2. MRCP images with administration 
manganese nanoparticles of oolong tea extract at organ 
stomach (a) and duodenum (b) in pre and post-contrast 
are suppressed. Organ Gall Bladder(GB) (c) and 
Cammon Bile Duct (CBD) (d) in pre and post-contrast 
are hyperintensities.  

 
 

Table 2. Diameter manganese nanoparticles of oolong 
tea extract 

No Organ 
SNR Sig. 

PRE POST  
1 Stomach 895.14 95.12 .006 
2 Duodenum 758.21 81.21 .000 

3 Gall Bladder 
(GB) 540.38 637.56 .000 

4 Common bile 
duct (CBD) 326.52 300.30 .073 

 

Table 2 shows that the SNR values of pre and post 
contrast for the stomach and duodenum decreased from 
895.14 to 95.12 and 758.21 to 81.21, respectively. It can 
be seen in the MRCP image that the stomach and 
duodenum images are suppressed, which initially 
lightens then turns black. Meanwhile, in Gall Blader, the 
SNR value increased from 540.38 to 637.56 
respectively, while the common bile duct decreased 
from 326.52 to 300.30 because the organ was 
superpositioned with the duodenum. The increase in 
SNR in these organs is seen on the MRCP image with a 
change from hypointense to hyper intense, there is 
contrast enhancement. 

 
IV. DISCUSSION  

 
A. Manganese nanoparticle sonication process of 

oolong tea extract 
Giving ultrasonic waves to a solution will cause the 

molecules in the solution to oscillate with respect to 
their average position. The solution undergoes strain 
and density. When the ultrasonic wave energy given is 
large enough, the wave strain can break the molecular 
bonds between solutions (Joharwan & Ngafwan, 2017), 
and the gases dissolved in the solution will be trapped 
due to the solution molecules whose bonds are broken 
when a density returns. This results in the formation of 
hollow balls or bubbles filled with trapped gas, which is 
known as the cavitation effect. These bubbles can have 
a diameter that expands to a maximum size, then 
contracts and shrinks so that the volume decreases, some 
even disappearing completely. The effect of time affects 

the size and density of the resulting defects, and the 
sedimentation behavior of the dispersion of oolong tea 
extract nanoparticles (Cai, Jiang, Zhang, & Zhang, 
2018).  

In the process of making nanoparticles with a time 
of 10, 15, and 25, it produces a particle diameter size of 
>1000 nm, and is not a nanoparticle. The use of 
sonication time, which is less than 20 minutes, the 
process of sonication of the solution molecules whose 
bonds are broken when re-densification occurs has not 
occurred and when the sonication time is more than 20 
minutes agglomeration or agglomeration is seen, in the 
granules of the compound causing the particle size to 
appear larger. Agglomeration is the process of joining 
small particles into a larger structure. Agglomeration 
occurs due to mechanical chemical processes. The 
mechanical process is related to the physical binding 
mechanism in the high-speed milling process. High 
rotational speed causes greater kinetic energy, so that 
particle collisions will occur more often, which allows 
materials to interact with each other and will combine to 
form larger agglomerations (Joharwan & Ngafwan, 
2017). The agglomeration process can also be caused by 
chemical processes such as contamination of sample 
powder with ball mills and tube materials. Despite 
having a very high hardness, stainless steel in ball mills 
and tubes will still contaminate the milled sample 
powder (Joharwan & Ngafwan, 2017). The effect of 
water content that is still in the tube can also cause 
agglomeration. High milling speed and long time 
causing particle contamination from ball mills and tubes 
can be said to be almost unavoidable (Joharwan & 
Ngafwan, 2017). Research conducted by (Yan, Ying, 
Peng, & Lu, 2009) that the milling time is too long 
makes the nanoparticles experience agglomeration. 
With a time of 20 minutes seen from Figure 1, the 
particle diameter is 488.2 nm. In a study (Liang et al., 
2011) by coating chitosan with tea, the particle size was 
407 nm. 

Another thing is that PSA testing carried out 72 
hours from the sonication process can also cause 
agglomeration and sedimentation in the 10, 15, and 25 
minutes samples. Sonication probes are a way forward 
to disperse such non-inert NPs and reduce the size of the 
agglomerates formed. Nevertheless, rapid 
sedimentation results in a large (30-80%) difference 
between the nominal and the administered dose. The 
sonication probe also affects the rate of metal release, 
especially when a stabilizer is added (BSA). However, 
a small effect was observed when prolonging the time 
(conducting energy to the dispersion) of probe 
sonication (Pradhan, Hedberg, Blomberg, Wold, & 
Wallinder, 2016). 

B. Manganese nanoparticles of oolong tea extract for a 
natural oral contrast media on MRCP 
In general, MRCP examination is done without 

using contrast media, but when there is overlap between 
the gastrointestinal system and the pancreatobilliary 
system, it will produce a picture like a pseudostricture. 
This overlapping state in the MRCP examination can 
cause an unexpected increase in signal intensity. An 
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increase in signal intensity that occurs can lead to a 
misdiagnosis of between 5% and 7%, i.e. a normal 
picture is sometimes considered as pathological 
(Griffin, Charles-Edwards, & Grant, 2012; O'Connor, 
O'Neill, & Maher, 2011). Misdiagnoses on MRCP 
examination include frequent occurrence of fluid in the 
stomach or duodenum which is considered a 
pseudolesion in the pancreatobilliary system. Fluid 
located between the gastric folds although this is normal 
can be considered as fluid in the ectatic pancreatic duct, 
as well as fluid and air in the duodenal bulb can be 
considered as gallstones (Mandarano, Sim, & journal, 
2008; O'Connor et al., 2011; Vitellas, Keogan, Spritzer, 
& Nelson, 2000). 

To overcome this problem, as an alternative, oral 
contrast media is used with the aim of shortening the T2 
relaxation time. A short T2 relaxation time can reduce 
the intensity of the T2 signal of fluids in the 
gastrointestinal system to suppress or eliminate the 
picture of the gastrointestinal system, so that the picture 
of the pancreatobilliary system will appear clearer and 
not obscured by the stomach, duodenum, intestines or 
other organs (Ghanaati et al, 2011; Riordan et al, 2004). 

There are many types of negative oral contrast media 
used for abdominal MRI examination such as 
gadopentate dimeglumine, ferric ammonium citrate, 
manganese chloride, kaolinate, antacids, ferristene, 
ferumoxil, perfluoro-octylbromide and iron particles. 
Currently, this negative contrast medium is made of 
Mn2+ or MnCl2 ions (0.5 – 1 mg/dl Mn-DTPA), some 
of which are rarely used because they are no longer 
produced, have an unpleasant taste, are very difficult to 
swallow and are relatively expensive (Bae et al., 2012; 
Pressacco et al., 2013). In addition, some contrast media 
is administered intravenously. The level of cellular 
toxicity is higher than oral administration, the plasma 
half-life is very short so it is difficult to collect in the 
blood pool agent and there is still retention in the basal 
ganglia tissue for a long examination. Contrast media 
such as mangafodipir trisodium, used as a negative 
intravenous contrast medium showed biodistribution in 
mice at 30 minutes after injection that is 13% in the 
liver, 9% in the small intestine, 3% in the blood and 
1.3% in the intestine. Kidney (Regge, Cirillo, Macera, 
& Galatola, 2009). 

A previous study showed that oolong tea extract was 
used as an alternative negative contrast medium in 
MRCP examination because of its high manganese 
content (0.94 mg/dL). In the study it was shown that 
oolong tea extract increased the contrast between the 
images of the biliary tree and the surrounding organs. 
However, the suppression of the stomach and duodenum 
is still not optimal, so it is necessary to provide a 
solution so that the disturbing organ can be maximally 
suppressed by making oolong tea extract as 
nanoparticles (Fatimah et al., 2021). 

The advantage of nanoparticle-sized contrast media 
compared to conventional contrast media is that it has a 
stronger magnetic moment characteristic, because the 
relaxometric values of T1 and T2 become higher so that 

the signal intensity is strengthened. Besides that, the size 
of the material in the form of nanoparticles is able to 
control the pharmacokinetic process so that it can 
increase blood circulation time so that it allows the 
material to accumulate in the target tissue. The 
distribution of the nanoparticle material was cleared by 
the reticuloendothelial system (liver and spleen) (Pellico 
et al., 2019). Besides, the taste of oolong tea can be 
accepted by patients and is relatively safe. 

The overall difference in MRCP image information 
both on the effect of negative oral contrast media on 
gastric and duodenal signal intensity and on the effect of 
pancreatobiliary tree imagery indicates that oolong tea 
can be used as a negative substitution. The appearance 
of the gallbladder and intrahepatic ducts seen before or 
after oral contrast media administration manganese 
nanoparticles of oolong tea extract, increased. Oral 
contrast media administration manganese nanoparticles 
of oolong tea extract was able to distinguish enlarged 
gallbladder and Common bile duct (CBD). The 
intrahepatic ducts can only be seen in the right and left 
hepatic duct branches whereas the peripheral 
intrahepatic ducts are barely visible due to their smaller 
size which is in agreement with previous findings 
(Vitellas et al., 2000). 

The pancreatic duct and ampulla are barely visible 
on all MRCP images. The pancreatic duct is slightly 
angled making it difficult to see the entire pancreatic 
duct. The use of a single Shot Fast Spin Echo (SSFSE) 
sequence will show pancreatic ducts in the head (97%), 
body (97%), and tail (83%) (Vitellas et al., 2000). 
Fasting preparations aim to reduce gastric fluid and it is 
hoped that there will be a little residual fluid in the 
second part of the duodenum which is useful as a marker 
for the presence of the distal bile duct and ampulla. 
Administration of negative oral contrast media is helpful 
in suppressing signal intensity in the gut, but the 
ampulla is often not visible due to regurgitation of the 
contrast medium into the ampulla (Riordan et al., 2004). 
The limitation of this research is the time for the 
particles to persist in nano size, because it uses natural 
materials. In a certain period of time the particles will 
experience agglomeration. In addition, the oolong tea 
extract that has been dissolved in distilled water is also 
prone to decay. 

 
V. CONCLUSION  

 
Manganese nanoparticles of oolong tea extract 

obtained by sonication method for 20 minutes, obtained 
manganese nanoparticles with a size of 488.2 nm. 
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I. INTRODUCTION  
 

Helical Tomotherapy allows precise and 
homogenous tumour coverage with excellent sparing of 
Organs at Risk. Total Body irradiation process, is a pivot 
component of the conditioning regime, usually done in 
children and young adults those are undergoing stem 
cell transplantation. Total Body Irradiation procedure 
takes place in Radiotherapy set up, initially with the 
Tele-gamma equipment, later with the advantage of 
Linear Accelerators used as it provides good depth dose 
and less complications. In the past decade with the 
advantage of new Teletherapy delivery technology, 
Tomotherapy unit widely in use, where ever possibly 
available. With the development and clinical use of 
highly conformal radiation technologies such as helical 
Tomotherapy widely in use in delivering Radiotherapy 
procedures. 

Total body irradiation using helical Tomotherapy 
unit has advantages over the standard tele-gamma or 
Linear accelerator, based treatment units. Radiotherapy 
planning helps in better dose distribution on Target and 
OAR. With the helical Tomotherapy beam give rise to 
increased conformity and homogeneity on target 
volume. In Tomotherapy MV-CT imaging prior to 
treatment allows required corrections to be done for set 
up error and patient movements. Recently in our 
Institution, we acquired Tomotherapy “RADIXACT” 
unit, and started Total Body Irradiation Process in this 
unit, as it has lot of advantages over traditional Linac. 
Short treatment delivery time for TBI process compared 
to normal Linear accelerator, especially children and 
young adults. Since the treatment length covered in 
Tomotherapy unit for a single field up to 130 cms with 
helical mode, thereby avoiding multiples fields used in 
Linear Accelerator. In this article, describing the 
importance of Immobilisation, verification, planning 
CT, Pre-treatment verification, and alternate methods 
for immobilising the patient for the TBI process, which 
helps overall treatment process time reduction. 

Process: - 
Appropriate patient selection for Total Body 

Irradiation process done by Team of Medical physicians 
including Medical Oncologist, Radiation Oncologist 
and Bone Marrow Transplant specialist. Once the 
patient identified for the said process by following the 
hospital practice of group tumour board, the details of 
the treatment process with possible side effects, pros and 
cons explained to the patient and their family members, 

with the time line of events involved, and other relevant 
information pertaining to the entire course of process. 
Thereafter the patient moved to radiation oncology with 
prior appointment for further process 

Consent: - 
When the patient turned to radiation oncology at the 

stipulated schedule time, the basic details were verified 
by the concerned personnel before proceeding further. 
Patients’ identification, physicians’ prescription 
regarding the process undergo, etc were re verified, and 
Department specific serial number allotted to them. 
Then the patient proceeds to immobilisation preparation 
room. The mould room technologist greets the patient, 
check the documents, explain the procedure to be 
undergo by the patient, explain to parents or the 
guardian present with the patient. 

Informed consent taken from them after a brief 
interaction, and verified the basic demographic data like 
Name, Age, Hospital Identification number (Universal 
hospital Identification Number – UHID) etc. 

Preparation of immobilisation accessories. 
In general, every patient, undergoes Radiotherapy 

procedure requires specific immobilisation cast 
prepared to restrict the movement of the treatment site. 
Since in TBI involves whole body of the Patient, 
restricting movement a great challenge. In case of 
paediatric patient, it will be a hectic task, as we have to 
made them understand the process and get their 
cooperation to complete the process successfully. In few 
instances, the help of Anaesthesia team sought to 
complete the process as required. 

Accessories required 
Base Board- AIO Board 
Few Thermoplastic sheet, Pre-cut  
Vacuum Cushion and pump 
Fiducial Markers and copper wire 

In our hospital, we are using the base board as All In 
One (AIO) board for preparing the immobilisation 
device. The mould room is equipped with laser 
projection, to position the patient orientation and in 
straight line as required for the process. Appropriate 
Head rest used to comfort the patient head positioning, 
and a suitable vacuum bag placed beneath the patient 
over the base board. The bag should be of appropriate 
size and hold the entire length and width of patient with 
reproducible condition. For the benefit of 
reproducibility, the Head rest and the edge of vacuum 
cushion made in line and an impression of edge of Head 
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rest made in the cushion. By using this technique the 
movement of cushion with respect to head rest of 
patient, there will be no change. Patient positioned over 
the vacuum bag, and the head rest, care should be taken, 
that the sagittal laser line, exactly bifurcate the patient 
body and the board systems. Then the air in the vacuum 
bag withdrawn using the vacuum pump to take proper 
impression of patient body contour, including hands and 
leg upto toe were carefully made. Re positioning 
verified once, before proceeding to preparing 
immobilisation of head with a thermoplastic pre-cut 
sheet, care must to taken while making immobilisation, 
the chin position, rotation / tilt of head to ease the 
treatment process a simple. These devices will help to 
repositioning the patient accurately during CT planning 
image sequence and at treatment time. The laser 
guidance utilised appropriately to monitor the patient 
position, tilt which aides during the entire procedure. 
Different land mark positions were incorporated over 
the vacuum cushion to guide re producibility during 
imaging and treatment process 

 
Positioning and fiducial fixation 

In our centre, we use the Tomotherapy treatment unit 
and its lasers to mark and finalise the fiducial fixation 
for planning CT program. Identification marks with 
respect to sagittal laser marked as indicated and 
appropriate fiducial fixed on the immobilisation cast 
prepared over cranial region and the sides of vacuum 
cushion. Children and young adults up to 125 CM 
height, the planning CT done in single cranio caudal 
direction with fiducial at the centre of longitudinal 
direction. 

If the patient height more than 125 cms, then we split 
the imaging in two parts, cranio caudal direction from 
vertex till Mid-thigh of the patient with fiducial at the 
centre of longitudinal axis, and the other imaging 
sequence after rotating the patient, scanning in caudo – 
cranial direction from toes till hip. This 125 CM 
included as safety margin to cover the treatment volume 
without any missing.   A copper wire fixed on both sides 
of the Mid-thigh level for identification of junction 
matching during planning and the treatment session. 
Care should be taken that the hand fingers not to cross 
the junction level at mid-thigh for ease of planning and 
avoiding error in dose distribution. 

Need for alternative immobilisation process and 
innovation 

 
II. MATERIALS AND METHODS 

 
Preparing immobilisation device for paediatric 

patients become complex and cumbersome at times, 
when the patient not able to understand our instructions 
or making involuntary movement during the process. 
Sometimes application of mild sedatives helps to 
overcome the difficulty. Few times during the 
immobilisation or treatment process, we required the 
support service of anaesthesia team due to prolonged 
treatment time. 

Positioning the patient using vacuum cushion and only 
the head is fixed firmly using thermoplastic pre-cut 
device, causes movement of patient as whole body os 
freely movable over the vacuum cushion, there is no 
device to arrest the motion. To overcome the issue our 
team decided to use multiple pre-cut thermoplastic sheet 
instead of open vacuum cushion. After a multiple 
discussion and expertise opinions, devised a process of 
immobilisation without vacuum cushion. To prepare 
this type of immobilisation, requires few pre-cut 
thermoplastic sheet of different size, AIO board and 
additional fixation board to prepare immobilisation cast 
for toe and lower limb. AIO board usually covers up to 
knee level for young adults. In case of paediatrics the 
entire body covered inside the AIO board itself. 
Preparation of immobilisation for head with appropriate 
head support device, and another sheet to cover shoulder 
till pelvic regions/ mid-thigh, and additionally a sheet to 
cover the lower limb, including toe for proper fixation 
and re producibility. Few trails and learning from 
mistakes lead to final proper immobilisation technique 
for prefect positioning, esy to re produce with short 
duration to complete the entire process, without 
affecting the outcome of the procedure. 

Even with this process, the scanning for planning 
and treatment of lower limb region, with caudo cranial 
positioning made easy to rotate the board and verify the 
axis of rotation for verification, and execute imaging or 
treatment process accurately. Recently most of the 
paediatric and young adults, we utilise this type of 
immobilisation process without compromising the 
outcome and comfort of patient successfully. 

Fixation of fiducial markers and reproducibility 
Fiducial markers placed in mod point from vertex to 

mid-thigh and another one at the centre to mid-thigh to 
toe. All marking done over the thermoplastic casting, 
hence no marking required over the patient body 
surface. Placing fiducial markers over patient body 
directly while using the vacuum bag system, at times 
difficult ot identify when the patient coming for 
treatment after the preconditioning regime at BMTA 
unit as the marking might be lost due to many reasons, 
which made the positioning the patient for treatment a 
difficult one. Some patients body tone might be dark in 
complex difficult to identify the tattoo placed during 
imaging process, these types of drawbacks overcome by 
placing the marking over the thermoplastic sheet cast. 
At times, with fatty patients, and multiple fractions 
treatment, repositioning made a complex after few 
initial fractions as the vacuum cushion tend to loose its 
rigid shape, which overcome during the thermoplastic 
cast system. 

Role of Radiation Therapy Technologist in TBI 
process. 

Role of Radiation technologist/ Radiotherapist is 
very crucial in the entire process of Total Body 
Irradiation procedure, starts from explain the process to 
patient and their parents, depends on their understanding 
capability as most of the patients were paediatric group. 
Explaining the process and get their attention and 
cooperation till end of treatment, is best way to success 
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of treatment process. We have to lower our levels to the 
level of patient to explain and get their attention, 
understanding their needs, keep tracking their interests 
to interact with them to succeed in getting their 
cooperation in each and every process 

While moving the patient from Mould preparation 
area to fiducial fixation room, planning CT scan 
chamber and on the treatment day, keeping the patient 
in cool temperament, for the success of the procedure. It 
is the major task accomplished by a radiotherapist for 
the success 

Quality assurance and maintaining it in each and 
every step of the process, makes the treatment process 
and treatment delivery error free and the entire process 
a smooth. Patients whose height more than 125 cm 
requires caudo cranial sequence of imaging from toe to 
mid-thigh and for treatment too, hence rotating the 
patient over the couch with accessories fitted and 
verifying the reproducibility a huge task. Careful 
attentive way in doing the process helps to reduce the 
overall process time and improves the quality of 
treatment delivery. 

Treatment process: 
Every successful treatment plan delivery requires lot 

of process involved including preparation of mould, 
Planning CT imaging procedure etc. Appropriate 
delineation of structures, OAR, body contour and 
prescription of dose for calculation with specific dose 
level for OAR, a key to start of process by radiation 
oncologist. Once the process done by RO, the details 
handed over to Medical Physicist for generating a 
appropriate plan suitable to delivery, as per the dose 
prescription of the RO. Once the optimum plan 
generated, in discussion with the RO, treatment delivery 
plan approved and pushed to treatment system after 
validation. A Quality Assurance delivery plan made 
ready and executed in the treatment unit and 
measurement done and verified for consistency. Once 
the QA plan passed the QA and QC after its 
measurements, actual treatment plan loaded and 
scheduled in the treatment delivery unit, depending on 
the number of fractions. 

Treatment delivery 
As per the pre conditioning process of the patients 

schedule in the Bone marrow Transplant Unit (BMT) , 
the patient scheduled for treatment delivery. On the day 
of treatment delivery, patient shifted to Tomotherapy 
treatment delivery site in aseptic condition. Patient and 
their parents/ guardian were explained once again about 
the treatment process, outcome, duration of treatment 
program and got their approval in the way of consent to 
treatment delivery before starting the procedure. 

Patient positioned on the Tomotherapy treatment 
unit table with the required immobilisation system in 
place, keeping in view of patient’s condition handling 
the patient with aseptic condition. Careful fixation of 
immobilisation devices, the reproducibility verified 
using the land mark marks placed during the CT scan 
imaging process. Patient positioned for pre-treatment 

verification imaging process using the movable lasers 
fitted in the treatment suit and as per the patients 
approved treatment plan. As per the sequence selected, 
the region of interest scanned using MV CT imaging and 
acquired. IF the height of patient more than 125 cm then 
two set of images may require to complete the 
verification and treatment delivery. Acquired images of 
MV CT pre-treatment images verified for repositioning 
accuracy and the necessary correction if any required 
applied after careful evaluation by the Radiation 
Oncologist. Once the necessary required correction 
applied, the actual treatment started to deliver the 
planned approved dose. In case requirement of treating 
caudo cranially for the toe region, then patient rotated 
with the base board to do pre-treatment imaging, 
verification and treatment. The entire planned dose 
delivered using the approved plan, if multiple fractions 
for the same patient, the process repeated as per 
schedule and delivered appropriately till the entire 
planned dose delivered. 

Table. The below table shows the Total Number of 
patients received treatment after starting TBI process in 
Tomotherapy in the past six months, including younger 
,elder , median age, male and female numbers 
 

 

 
III. CONCLUSION 

 
The entire treatment process in Total Body 

Irradiation, a complex in nature, but careful planning 
made it easy to execute. Immobilisation and re 
positioning will be crucial steps in the entire process. 
When compared to thermoplastic and vacuum cushion 
technique, we found the only thermoplastic sheet 
immobilisation technique is quick to prepare, re 
position, time saving and easy to deliver successful 
execution of TBI treatment delivery. Helical 
Tomotherapy seems to be a promising tool for 
optimising radiation therapy in children and young 
adults, our institutional experience with the 
RADIXACT-9 treatment unit, shows helical beam and 
Tomotherapy delivery system a promising technology. 
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Abstract — Osteoporosis has been associated with 
overall bone mass reduction. Osteoporosis-induced 
alterations of bone quality as the results of late post-
radiation therapy effect are well known, yet its 
immediate effect is not well reported. This study is 
aimed to investigate the immediate effects of 
irradiation on morphometry and mechanical 
properties of osteoporotic cortical bone using micro-
focused computed tomography. Induced-
osteoporosis BALB/c mice model (n = 6, 38 weeks of 
age) were irradiated using the Cs-137 chloride 
source at 30 Gy which mimicked the clinical 
radiotherapy dose. The mice were euthanised and 
the femurs were dissected following seven days post-
irradiation. The distal femurs were imaged with a 
Skyscan 1172 micro-CT using 8 µm of voxel size and 
20.5 mins of scanning time and analysed using CT-
analyser (CTAn) for bone morphometric analyses. 
Afterward, bone mechanical properties were 
analysed by subjecting the femurs to a simulation of 
the three-point bending test using Ansys Workbench 
Paired-sample t-test was performed to compare the 
quantitative changes between irradiated and control 
groups model (n = 6, 38 weeks of age) with p < 0.05 
was deemed statistically significant. Micro-CT 
morphometric analysis showed an increment of 
1.75% (p = 0.904) and 4% (p = 0.904) in total cross-
sectional area, Tt.Ar and cortical cross-sectional 
area, Ct.Ar, respectively and a significant reduction 
of 10.56% (p = 0.027) in cortical thickness, Ct.Th. 
Cortical stiffness was significantly reduced by 
35.06% (p = 0.011) in the irradiated mice compared 
with control mice. The flexural strength for the 
irradiated mice was relatively lower by 18% (p = 
0.868) compared with the control mice. The 
immediate effects of post-irradiation at 30 Gy alter 
bone morphometry and mechanical properties in 
osteoporotic cortical bone. Hence, targeted therapy 
strategies should be improved to reduce the 
deleterious effects on the bone caused by the 
irradiation. 

Keywords — bone morphometry, irradiation, micro-
computed tomography, osteoporosis  

 
 

I. INTRODUCTION 
 

Osteoporosis is a skeletal condition characterized by 
porous and weak bones. In clinical practice, 
osteoporosis becomes manifest primarily fragility 
fractures, especially at the spine, hip, and wrist  [1]. 
Fractures caused by osteoporosis are known to be a 
serious health issue for the elderly. The number of elder 
population is expected to rise in the due to the increasing 
in life expectancy by 5 years in the last 15 years as 
reported by World Health Organization [2].  

Radiation therapy has been appreciated as a 
promising tool for cancer treatment. Approximately two 
third of the cancer patients received radiation therapy 
associated with other treatments such as surgery and 
chemotherapy [3]. This treatment has proven successful 
in minimising mortality and improving the quality of 
life. The accumulative radiation dose reported in 
Malaysia can be as much as 25 to 50 Gy [4]. 
Unfortunately, normal healthy tissue such as pelvic 
bone and proximal femur are also exposed to the 
radiation. Previous studies have revealed direct and 
systemic radiation effects on bone  following radiation 
therapy [5]. 

Radiation therapy has also been associated with 
adverse effects like diminishing bone density, which 
causes brittleness that leads to long-term fractures. More 
than 65% of women who received radiation therapy in 
the pelvic area have suffered hip fractures within five 
years post-radiotherapy [6]. Few studies have 
demonstrated the occurrence of insufficiency fractures 
following rectal radiation therapy [7]. So, this condition 
is more pronounced among women experiencing 
menopause, due to the inherent bone condition [8].  

Numerous studies have also demonstrated the latent 
effects of radiation on bone microarchitecture including  
reduction in mineral density, cortical thickness, 
trabecular number and connectivity density [9–12]. 
Nonetheless, there is data paucity and limited 
information on immediate radiation effects on 
postmenopausal osteoporotic bone. Therefore, this 
study is aimed to investigate the immediate effects of 
irradiation on morphometry and mechanical properties 
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of osteoporotic cortical bone using micro-focused 
computed tomography. 

II. MATERIALS AND METHODS  
 

A. Animals model 
A total of twelve (n=12) 38-weeks-old female 

BALB/C mice were obtained from the Laboratory 
Animal and Management Facility (LAFAM) of 
Universiti Teknologi MARA (UiTM) Selangor Puncak 
Alam Campus, Selangor, Malaysia. Ethical consent was 
granted by the institution’s institutional review board of 
UiTM Committee on Animal Research and Ethics 
(Reference UiTM CARE: 338/2021). The weight of 
each mouse was approximately 30 to 60 grammes. The 
mice were kept in individually ventilated cages in 12-
hour light and dark cycles and fed with regular pellets 
and water ad libitum. Gross anatomical measurements 
(weight and size) were documented prior surgical 
procedure.  

B. Ovariectomy  
Ovariectomy was performed on the mice to induce 

menopause and subsequent osteoporosis. The surgical 
procedure was conducted according to the established 
guideline [13] under the supervision of a veterinarian. 
The mice were anaesthetised with a ketamine and 
xylazine cocktail, which was intraperitoneally injected 
at a dose of 0.15 ml per 10 g of body weight.   

C. In vivo irradiation and bone sample preparation  
Whole-body irradiation with the calculated 

biologically equivalent dose of 30 Gy [11,14] was 
carried out on the mice (n=6) using Caesium-137 
chloride source. The mice were euthanised seven days 
following the irradiation. The control group (n=6) 
received the same ovariectomy and post-euthanasia 
handling but were not subjected to radiation treatment. 
The mice femurs were removed from their overlying 
soft tissues, tibias and feet before being cleaned with 
saline.  The femurs were thawed in 10 % buffer formalin 
at room temperature overnight prior to freezer storage 
and further analysis.  

D. Micro-computed tomography (µCT) assessment 
The femurs were scanned using the μCT Skyscan 

1172 (Bruker Corp, Kontich, Belgium) to assess the 
cortical bone microarchitecture. The femur bone was 
wrapped in wet tissue containing saline to preserve 
natural hydration. The samples were positioned 
vertically on a specimen table to allow 360° rotation. 
The scanning parameters were 50 kV and 198 μA, with 
a 0.5 mm Al filter. To obtain high-resolution images, the 
voxel size was set at 8 μm3 to provide high contrast 
resolution. Full data acquisition took approximately 20 
minutes. 

The femur growth plates were set as reference levels 
to select the volume of interest (VOI) because they were 
the sites of origin and extension of long bone growth in 
cortical areas. The offset of 600 slices was set to focus 
on the diaphysis region, where the cortical bone was 
thick and intact. The VOI from 100 contiguous slices 

was obtained to give representative results. The 
graphical display of the VOI selection is illustrated in 
Figure 1.  

Figure 1. An illustration of the Regions of Interest (ROI) 
at distal and mid-diaphyseal femur. 

 
 

E. Finite element analysis (FEA)  
To complement the µCT analysis, finite element 

analysis (FEA) was applied to determine mechanical 
impact on bone morphology. The data from µCT was 
used as a virtual mechanical testing input. All bone 
samples were subjected to a simulation of the three-
point bending test using the Ansys Workbench software 
(2020 R1 version).  

The primary step in developing a 3D model was to 
generate a geometric model representing the actual 
bone. μCT was used as a simple approach to acquire the 
external and internal structures of the femur and 
construct a 3D model. The tissue-level material 
properties of the modelling were derived by converting 
the greyscale value information into material properties 
of the bone. Density, poison ratio and Young's modulus 
were the most employed material properties in FEA 
models, especially in bone analysis. The material 
properties of the bone were assigned in line with the 
report by Sullivan et al. [12], which had a density of 1.8 
g/cm3, displacement (δ) of 50 μm, Poisson’s ratio (n) of 
0.3 and Young's modulus of 10 G GPa (10 x 103 MPa). 

In the test setup of FEA for the mice bone, the force 
was applied slowly on the anterior part of the femur until 
50 microns were displaced downward. Then, the load 
was applied at the centre of the two supports (4 mm on 
each side from the load) as shown in Figure 2. 

Figure 2. Test set up of finite element analysis (FEA). 
The support was placed at the distal and neck of the 
femur. Load was applied at the anterior part of the femur 
(A). Support was placed at the posterior part of the 
femur (B and C). 

 
(a) 
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F. Statistical analysis 

The quantitative parameters of µCT and FEA 
between the irradiated and control groups were 
compared using the Paired sample t-test. Statistical 
analysis was performed using IBM SPSS version 24 
(IBM Corp, Armonk, NY, USA) with p < 0.05 was 
deemed statistically significant. 

 
III. RESULTS  

 
A.  Analysis of cortical bone morphology 

The representative 3D models of the cortical femur 
of control and irradiated mice were constructed using 
µCT CT Analyser (CTAn) and CT Voxel (CTvox). 
Notably, the cortical thickness of the irradiated group 
(0.19 mm) was thinner than the control group (0.23 mm) 
as shown in Figure 3. Nonetheless, the endosteal 
parameter of the irradiated mouse (1.18 mm) seemed 
larger than the control group (0.7 mm). Hence, these 
results distinctly revealed an impact of radiation on the 
cortical bone, which made it thinner and brittle. 

Figure 3. Comparison of 3D µCT images of the cortical 
bone Note a reduction of cortical thickness in irradiated 
bone. 

 
 
B. Bone morphometry properties analysis using µCT   
µCT morphometric analysis showed an increment 

of 1.75% (p = 0.904) and 4% (p = 0.904) in total cross-
sectional area, Tt.Ar and cortical cross-sectional area, 
Ct.Ar, respectively.  On the other hand, a significant 
reduction of 10.56% was observed in cortical thickness, 
Ct.Th. (p = 0.027) as shown in Figure 4. 

 

 

 

 

Figure 4. Morphometric analysis of the cortical bone 
using µCT  

 
 
C. Bone mechanical properties analysis using FEA  

A steeper slope was demonstrated in the control 
mice compared to the irradiated mice as shown in the 
force-displacement curve (Figure 5), which revealed the 
ductility and stiffness of the bones.  

Figure 5. The force (N) and displacement (mm) curves 
for the control (blue) and irradiated group (red). 

 

 
 

The irradiated mice had a significantly lower 
stiffness than the control mice by 35.06 % (p = 0.011). 
Apart from this, the flexural strength of the irradiated 
mice was relatively lower by 18 % (p = 0.868) compared 
with the control mice, demonstrating bone fragility 
following post-irradiation.  

 
IV. DISCUSSION  

 
Femur is the longest bone in the body that bears the 

greatest stress of daily activities, such as lifting, walking 
and running. Medical records have shown that 
osteoporotic patients are highly susceptible to femur 
fracture [15]. Advances in screening protocols and 
treatment have resulted in many cancer patients 
suffering the adverse effects of radiotherapy including 
bone-related complications, particularly osteoporosis 
and fracture. Radiotherapy also has potential to induce 
normal cell destruction and functional impairment. 
Osteoradionecrosis has been strongly linked to the use 
of large radiation doses in treating cancerous cells [16].  

µCT is the most commonly used imaging tool for 
animal bone study and being considered as the gold 
standard in pre-clinical animal studies [5,9,10,11]. This 
study found that ionising radiation at a dose of 30 Gy 
could severely alter the bone microarchitecture of 

(b) 
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menopause-induced osteoporotic mice bones. The 
results suggested that the bones of irradiated mice would 
become more porous with increased bone space, which 
was inevitable in an osteoporotic bone. Furthermore, 
previous in-vivo studies revealed that a single dose of 
radiation (30 Gy) was sufficient to induce significant 
bone damage, so the effects of radiation on the bone 
could be further investigated [11]. Femoral bone was 
used because it was considered a well-established model 
for investigating radiation effects on biological and 
biomechanical characteristics [17], and had been 
verified for precision and reproducibility in animal 
studies [18]. Presently, there is data paucity regarding 
the adverse effects of radiation on osteoporotic bones of 
menopause humans. Previous studies focusing on adult 
murine models found that the animals still had an active 
bone remodelling process. Therefore, mice model is 
preferable for investigating bone alterations that could 
be translated to human responses. 

The findings in this study were in line with previous 
studies on late-stage radiation effects [10,11]. Loss bone 
alteration could be observed as early as one-week post-
irradiation. In contrast to those studies, the effects of 
radiation on bone morphology and strength became 
noticeable only at a later stage. Bartlow et al. [10] found 
that changes in Ct.Th and endosteal area occurred at 
four, eight and 12 weeks post-irradiation, and not 
immediately after treatment. Lima et al. [19] utilised 
low-dose irradiation and found no alterations in cortical 
femur bone morphology at the early period, and changes 
were only observed on day 21. Limirio et al. [11] also 
found that reduced radiodensity became prominent in 
the later period, which was on day 60 compared to day 
30. These results were further supported by Soares et al. 
[9], where the effects of irradiation could change the 
microarchitecture of cortical bone and increase bone 
fragility at the later period rather than immediate post-
radiation exposure. 

In the present study, cortical thinning was observed 
after irradiation at 30 Gy in menopause-induced 
osteoporotic mice as early as day 7 post-irradiation. 
Nevertheless, Tt.Ar and Ct.Ar followed an opposite 
pattern of alterations. These results contradicted the 
findings from an earlier study, where cortical thinning 
at mid-diaphysis was absent during the early stage post-
irradiation (from 0 to 8 weeks) until week 12 [5]. The 
cortical alteration at later stage was due to the long-term 
depletion of osteoclast number [5]. Oest et al. [5] also 
reported increased cortical area with time for all groups, 
which might be due to bone growth, since adult mice 
were employed, and they still possessed an active bone 
remodelling process. Likewise, Bartlow et al. [10] 
reported a reduction in cortical bone after week 4, and 
no reduction was documented immediately after 
radiotherapy. On the contrary, Sullivan et al. [12] found 
an increment of Ct.Th after 28 days post-irradiation at a 
dose of 18 Gy. They posited that a significant 
connection between irradiated marrow cell death and the 
activation of bone lining cells had triggered the 
expression of the osteoblast phenotype, which might 
explain cortical thickening. Meanwhile, another study 

found an elevation in bone growth due to bone lining 
cell activation at day 1 after irradiation at 6 Gy 
[20].Similarly, our findings were in agreement with 
Wright et al. [21] demonstrating alteration in bone 
microstructures as early as one week post irradiation. 
They revealed that rapid bone changes were due to 
increase in osteoclastogenesis three days after total-
body exposure. 

The femur would often be subjected to the highest 
stress during daily activities, and osteoporotic patients 
were susceptible to femoral fractures [15]. A FEA study 
by Sullivan et al. [12] had proven that radiation could 
reduce bone mechanical properties by altering its 
cortical stiffness and flexural strength. They found the 
structural properties of the tibial bone seemed to show 
significant changes of stiffness. However, the pattern 
was inconsistent with the reports by Willey et al,. [22] 
which demonstrated 32% increment in cortical bone 
stiffness of proximal tibia in the irradiated mice. 

To a certain degree, the microstructure of the cortical 
bone might significantly influence the mechanical 
competency and durability of bones [23]. The cortical 
bone supported a significant amount of pressure 
subjected to the skeleton, especially those found in the 
femur. Likewise, the Ct.Th of the irradiated mice femur 
had decreased post-irradiation by 10.56% compared 
with the control mice. The findings of the current study 
postulate the decrease in cortical thickness in 
postmenopausal women after radiotherapy. 
Furthermore, rapid cortical bone loss in patients’ ribs 
had been reported after administering radiotherapy for 
lung cancer [24]. The proximal femurs of anal cancer 
patients also demonstrated fast degradation of trabecular 
and cortical bone within two months of radiotherapy 
[25]. In the primate model, cortical thinning had been 
observed in the vertebrae of rhesus macaques after being 
administered with 10 Gray of radiation [26]. Increased 
incidence ranging from 65% to 216% of hip fractures in 
postmenopausal women, who underwent radiotherapy 
for cervical, rectal and anal cancers has been reported  
[27]. Cortical thinning indicates a smaller and fragile 
bone, which possibly explains the loss of femoral bone 
stiffness and flexural strength in this study. 

This study was limited to single radiation exposure 
to the whole body of the mice. This would result in more 
exposure instead of targeted therapy to a specific area of 
the body in the clinical setting of radiotherapy. Whole 
body exposure might result in a significant systemic 
response. Hence, exposure to a single limb may help 
differentiate local from systemic effects.  

 
V. CONCLUSION  

 
The immediate effects of post-irradiation at 30 Gy 

severely alter the morphometry and mechanical 
properties of osteoporotic cortical bone in menopause-
induced mice.  In clinical practice, early detection of 
high-risk individuals for radiation-induced bone 
alterations could lead to better prophylactic 
intervention. Targeted therapy strategies should be 
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improved to reduce the deleterious effects on the bone 
caused by the irradiation. Anti-resorptive therapies 
should be recommended throughout the radiotherapy 
treatment which would be helpful to improve bone 
formation, thus enhancing cancer treatment strategies in 
osteoporotic patients.  
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Abstract — Mammography remains a modality of 
choice for early breast cancer detection. It is 
estimated that up to 50% of women undergoing 
mammogram will have high breast density. The term 
breast density and mammographic density are used 
interchangeably to denote the visualization of fibro-
glandular tissues which are denser than the fatty 
tissues. Denser breast requires more radiation to 
enable adequate penetration. This study aimed to 
determine the effect of breast density on AGD. A 
total of 147 women who underwent screening 
mammogram was included in this study. Patients 
with previous history of breast disease, breast 
implant and cardiac pacemaker were excluded from 
the study. Data on AGD, CBT, compression force 
and breast density for CC and MLO views of both 
breasts were retrieved from PACS. Descriptive 
statistics was used to describe the patient’s breast 
density. ANOVA test was performed to compare the 
mean AGD for different breast density. 
Approximately 59.8% (N=88) of the patients have 
heterogeneously dense breast (BIRADS C) and 9.5% 
(N=14) have entirely fatty breast (BIRADS A). 
Patients that fall under BIRADS D shows the lowest 
mean age of 47.4. Besides, higher number of Chinese 
patients fall under BIRADS C and D; whereas more 
Indian patients falls under BIRADS A and B. Study 
found that there was a statistically significant 
difference in AGD with different breast density 
(p<0.001) for RCC and LCC. For RCC, post-hoc 
analysis shows significant differences in AGD 
between BIRADS A and C; whereas for LCC 
significant differences in AGD was found between 
BIRADS A and C as well as BIRADS B and C. 
However, RMLO and LMLO does not show any 
significant difference in AGD for different types of 
breast density. Breast density affects the AGD 
during mammographic procedure. Proper selection 
of exposure parameters should be emphasized to 
ensure good image quality and reasonable dose 
received by patients. 

Keywords — breast density, average glandular dose, 
mammogram, full-field digital mammography  

 
I. INTRODUCTION  

 
Breast cancer mortality has significantly reduced 

due to early detection through mammographic 
screening.  Participation in screening mammography 
has increased significantly due to increase awareness on 
its importance as well as its ability in depicting breast 

disease. Full-field digital mammography (FFDM) have 
been extensively utilised as the imaging modality of 
choice in breast screening programme as it offers greater 
contrast resolution and lower dose as compared to film-
screen mammography(FSM) [1]. 

Breast density may also affect average glandular 
dose (AGD). The term breast density and 
mammographic density are used interchangeably to 
denote the visualisation of fibro-glandular tissues which 
are denser than the fatty tissues. Dense breast is 
generally known to be associated with younger women 
and it may render mammography a less sensitive tool for 
early detection in women below 40 years old [2]. More 
radiation penetration is needed for denser breast tissue 
as compared to the fatty breast, hence higher AGD may 
be acquired by the patient. However, few studies have 
characterised that breast density has only a minor impact 
on AGD. 

With regard to AGD, there are several established 
studies which show a clear correlation between breast 
density and AGD. Previous study concluded that 
younger patients are associated with higher AGD due to 
denser breast composition [3]. This finding is in 
concordance with a result from a study conducted by 
Özdemir  which found that AGD is significantly higher 
in the patient with dense breast tissue as compared to the 
fatty breast [4]. The author also hypothesized that the 
finding might be due to the thicker breast in the denser 
breast group, thus requiring higher exposures to provide 
adequate penetration for the dense breast.  

Besides, another study found that breast density is 
only a minor determinant of AGD in screening 
mammography [5]. Due to its minor risk, it is suggested 
that women with dense breast should not be restricted 
from periodic screening mammography due to concerns 
about radiation risk. Moreover, numerous studies also 
demonstrated that the use of rhodium (Rh) or 
tungsten(W) anode with Rh filter for dense breast would 
significantly reduce AGD. 

However, as there has been an escalation in the 
number of women undergoing regular screening 
mammography, understanding of how breast density 
associated with AGD is crucial. 
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II. MATERIALS AND METHODS  
 

A. Data collection 
This retrospective study involved a collection of 

mammographic data of 147 women;aged between 40 to 
65 years old who came for screening mammogram at a 
public hospital. Patient with augmented breast and 
cardiac pacemaker were excluded from this study. 
These mammographic examinations were performed 
using GE Senographe Essential Digital Mammography 
Unit. This unit is equipped with 24x31 cm amorphous 
selenium detectors with rotating, air-cooled, Mo and Rh 
targets. There are various selections of anode-filter 
combinations namely Mo/Mo, Mo/Rh and Rh/Rh.  

The bilateral mammographic images of standard 
views, CC and MLO of 147 patients were retrieved from 
the radiology information system (RIS). Patient’s age 
during screening and mammographic parameters such 
as CBT (cm), AGD (mGy), compression force (N) and 
breast density of both breasts were recorded. The 
parameters of left and right breast for each view were 
recorded separately due to the possibility of difference 
in breast size and density. 

B. Classification of mammographic breast density 
For breast density, the grades were retrieved from 

patient’s radiological report. The classification of breast 
density for each image were documented according to 
criteria stated in fifth edition BI-RADS which consists 
of 4 categories; category A (almost fatty), category B 
(scattered areas of fibroglandular densities), category C 
(heterogeneously dense), and category D (extremely 
dense). 

C. Data Analysis 
Data obtained were recorded in Microsoft Excel and 

analyse using the Statistical Package for Social Science 
(SPSS). Mean values and standard deviation (SD) for 
AGD for each view CC and MLO were calculated. 
Quantification of the relationship between AGD and 
breast density was calculated using Pearson’s 
correlation coefficient.  

 
III. RESULTS  

 
The mean age of 147patients at mammography was 

52.8 years (SD= 6.72). The samples included were 44% 
Malay, 30% Indian and 26% Chinese. For the 
distribution of reported BIRADS category, 14 patients 
have almost entirely fatty breast density (category A) 
(10.1%) followed by 25 patients in scattered 
fibroglandular density group (category B) (16.9%), 
88patientsin heterogeneously dense mammographic 
composition (Category C) (61.2%) and 20 patients in 
extremely dense group (category D) (13.5%). The 
distribution of breast density categories was illustrated 
in Figure 1. 

 
 
 

Figure 1. Distribution of patient according to breast 
density  

 

In this study, 3 ethnic groups that were involved 
which were Chinese, Malay and Indian. It is worth to 
note that for category C and D which were considered 
as the dense group was predominated by the Chinese 
whereas category A and B which was considered as non-
dense group was predominated by Indians. The 
distribution of ethnic groups by breast density categories 
was summarized in Figure 2. 

Figure 2. Distribution of patients’ breast density by 
ethnic group  

 
 
 

For AGD, the mean AGD for CC view was 1.49 
mGy (SD = 0.77) and 1.54 mGy (SD = 0.25) for MLO 
view. For right and left breast, the mean AGD were 
1.54mGy (SD = 0.76) and 1.48mGy (SD = 0.26) 
respectively. The lowest reported AGD was 0.92mGy 
and the highest AGD in this study was 1.378mGy. There 
was no significant difference in the mean AGD between 
the two projections and between right and left breast. 

Analysis of variance (ANOVA) test was conducted 
to compare the effect of different breast density on 
AGD.For CC projection, there was a statistically 
significant difference in the effect of breast density on 
AGD [F (3,144) = 6.643, p <0.001] (Table 1). 
Subsequent post-hoc analysis showed that there were 
significant mean differences in the AGD between group 
A (M = 0.0125, SD = 0.0017) and C (M =0.0150, SD 
=0.0025) as well as between group B (M =0.0132, SD 
=0.0014) and C. Mean AGD for group A and B were 
significantly lower than mean AGD for group C. 
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Table 1. Comparison of mean AGD among different 
breast density in CC projection.  

Variables 
 

n Mean 
AGD 
(SD) 

F-
statsa(df) 

P value 

Breast 
density 

    

A 
 

14 0.0125 
(0.0017) 

6.853 
(3;143) 

<0.001b 

B 
 

25 0.0132 
(0.0014) 

  

C 
 

88 0.0150 
(0.0025) 

  

D 
 

20 0.0143 
(0.0034) 

  

a. One-way ANOVA test 
b. Only ‘A and C’ and ‘B and C’ pairs were significantly different by 
post-hoc test Scheffe’s procedures. 

However, for MLO view the result suggested that 
there was no statistically significant in the mean AGD 
among different breast density groups (Table 2). 
Although mean AGD for density group A was slightly 
lower with the other 3 groups which had almost similar 
AGD, the difference was not significant. 

Table 2. Comparison of mean AGD among different 
breast density in CC projection 

Variables 
 

n Mean 
AGD 
(SD) 

F-
statsa(df) 

P 
value 

Breast 
density 

    

A 
 

14 0.0138 
(0.0022) 

1.885 
(3;143) 

0.135 

B 
 

25 0.0155 
(0.0018) 

  

C 
 

88 0.0154 
(0.0028) 

  

D 
 

20 0.0153 
(0.0028) 

  

a. One-way ANOVA test 

 
IV. DISCUSSION  

 
In Malaysia, female breast cancer accounts for 

32.1% of all types of cancer among women. The 
incident of breast cancer was the highest among Chinese 
in which out of every 22 Chinese women, one of them 
is diagnosed with breast cancer [6]. It is interesting to 
note that in this study, Chinese race predominated the 
dense breast groups (group C and D). Findings from 
multiple studies demonstrated consistent correlation 

between increased breast density and increased 
susceptibility to develop breast cancer [7,8]. Hence, it 
can be hypothesized that increased breast density is a 
significant risk factor for breast cancer [9]. 

In this study, there were significant differences in the 
test variables between CC and MLO views. It is 
hypothesized that the positioning criteria contributed to 
such significant difference. An ideal positioning 
criterion for CC view should include maximum medial 
and lateral aspect of breast tissue resulting in 
visualisation of breast tissue with some concave-shaped 
pectoral muscle seen at the centre of image [10]. As for 
MLO view, tube angulation of 45˚ to 60˚ is required to 
include maximum tissue in upper outer quadrant of 
breasts.Due to this, it was reported that there was more 
inclusion of the firm pectoral muscle and breast tissue in 
MLO views as compared to CC views [11]. This in 
return resulted in greater CBT, hence required increased 
exposure factors to maintain image quality and led to 
greater AGD to patient. This variation in positioning 
criteria explained the significant difference in the 
mammographic parameters between CC and MLO 
views. 

The linear relationship between breast density and 
AGD was well studied and this study provided similar 
result as in previous studies [3,5]. This study found that 
the AGD for dense breast groups (C and D) were 
significantly higher than the non-dense groups (A and 
B. The result that dense breasts were exposed to higher 
AGD was consistent with the established facts that 
dense breasts are composed of greater fibroglandular 
tissue rather than adipose tissue. Fibroglandular tissues 
which comprises of epithelial, connective and glandular 
tissues are radiologically dense which means that they 
blocks x-ray more than fatty tissue [12]. Due to this, 
breasts with higher composition of fibroglandular tissue 
were associated with higher AGD [4]. However, it is 
also important to note that breast density may be 
influenced by several extrinsic factors such as parity, 
exercise and usage of hormone replacement therapy 
(HRT) which were not being taken into consideration in 
this study [8]. 

 
V. CONCLUSION  

 
As a conclusion, this study concluded that dense 

breasts are associated with higher AGD received by 
patients. Since screening mammography is the gold 
standard in detecting breast cancer, patient exposure to 
radiation should remain as the utmost priority. Since 
AGD is a concern especially for patient with dense 
breast, radiographers should alert on the specific 
adjustmentfor different breast density to minimize 
radiation exposure to patient as well as to provide 
comfort during screening mammography. 

 
ACKNOWLEDGEMENTS 

Faculty of Health Sciences, Universiti Teknologi 
MARA 
 



Paper ID 229 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

 236 ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand   

REFERNCES 
 
[1] Diffey, J. L. (2015). A comparison of digital 

mammography detectors and emerging technology. 
Radiography, 21(4), 315–323. 
https://doi.org/10.1016/j.radi.2015.06.007 

[2] Chun, J. E., Schnabel, F. R., Toth, H., Checka, C. M., & 
Lee, J. (2012). The Relationship of Mammographic 
Density and Age: Implications for Breast Cancer 
Screening. American Journal of Roentgenology, 198(3), 
W292–W295. https://doi.org/10.2214/ajr.10.6049 

[3] Baek, J. E., Kang, B. J., Kim, S. H., & Lee, H. S. (2017). 
Radiation dose affected by mammographic composition 
and breast size: First application of a radiation dose 
management system for full-field digital mammography 
in Korean women. World Journal of Surgical Oncology, 
15(1), 1–9. https://doi.org/10.1186/s12957-017-1107-6 

[4] Özdemir, A. (2007). Clinical evaluation of breast dose 
and the factors affecting breast dose in screen-film 
mammography. Diagnostic and Interventional 
Radiology, 13(3), 134–139. 

[5] Nguyen, J. V., Williams, M. B., Patrie, J. T., & Harvey, 
J. A. (2018). Do women with dense breasts have higher 
radiation dose during screening mammography? Breast 
Journal, 24(1), 35–40. https://doi.org/10.1111/tbj.12833 

[6] Azizah Ab M, Saleha, N., Hashimah, N., Asmah, & M. 
(2016). (2016). Malaysian National Cancer Registry 
Report 2007-2011. National Cancer Institute, 1, 1–228. 
https://doi.org/MOH/P/KN/01.16(AR) 

[7] Machida, Y., Tozaki, M., Shimauchi, A., & Yoshida, T. 
(2015). Breast density: the trend in breast cancer 
screening. Breast Cancer, 22(3), 253–261. 
https://doi.org/10.1007/s12282-015-0602-2 

[8] Pape, R., Spuur, K., & Umo, P. (2019). Exploring 
correlations between the breast density of the women of 
Papua New Guinea and breast cancer risk factors. 
Radiography, (xxxx), 1–9. 
https://doi.org/10.1016/j.radi.2019.02.001 

[9] Boyd, N., Martin, L., Gunasekara, A., Melnichouk, O., 
Maudsley, G., Peressotti, C., … Minkin, S. (2009). 
Mammographic density and breast cancer risk: 
Evaluation of a novel method of measuring breast tissue 
volumes. Cancer Epidemiology Biomarkers and 
Prevention, 18(6), 1754–1762. 
https://doi.org/10.1158/1055-9965.EPI-09-0107 

[10] Popli, M. B., Teotia, R., Narang, M., & Krishna, H. 
(2014). Breast Positioning during Mammography : 
Mistakes to be Avoided, 119–124. 
https://doi.org/10.4137/BCBCr.s17617.RECEIVED 

[11] Kunosic, S., Ceke, D., Kopric, M., & Lincender, L. 
(2010). Determination of mean glandular dose from 
routine mammography for two age groups of patients, 
4(1), 125–132. 

[12] Nazari, S. S., & Mukherjee, P. (2018). An overview of 
mammographic density and its association with breast 
cancer. Breast Cancer, 25(3), 259–267. 
https://doi.org/10.1007/s12282-018-0857-5 

 
Contacts of the corresponding author: 
Author:         Rafidah Supar 
Institute: Centre for Medical Imaging Studies, 
 Faculty of Health Sciences, 
 Universiti Teknologi MARA 
City: Puncak Alam        
Country:  Malaysia 
Email: rafidah5575@uitm.edu.my 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

https://doi.org/10.4137/BCBCr.s17617.RECEIVED


Paper ID 230 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand  237  

Knowledge of Radiation Protection Among Dental Students in A Medical 
College, Nepal 

 
Karuna Raya Chhetri1, Sushma Singh2, Icchya Tamrakar2, Anjan Dangal3

, Usha Poudel Lamgade4, 
Susmita Shrestha4

, Suraj Sah5, Abigail Wallace6, Nian Wang6,7
, Surendra Maharjan6* 

1Department of Radiology & Imaging, Sharda University, Greater Noida, Delhi, India 
2Department of Radiology & Imaging, Gandaki Medical College, Pokhara, Nepal 

3Department of Radiology & Imaging, Dhulikhel Hospital, Banepa, Nepal 
4Department of Radiology & Imaging, Chitwan Medical College, Chitwan, Nepal 

5Department of Radiology & Imaging, National Academy of Medical Sciences, Kathmandu, Nepal 
6Department of Radiology & Imaging Sciences, Indiana University School of Medicine, Indianapolis, United States 

7Stark Neurosciences Research Institute, Indiana University, Indianapolis, United States 
(*Corresponding author: smaharj@iu.edu / suren634634@gmail.com) 

 
 

Abstract — Radiation protection is the core of 
radiography to provide optimal patient safety and 
control radiation hazards. In this study, we aim to 
determine the knowledge of radiation protection 
among dental students in a medical college, in Nepal. 
Bachelor’s degree dental final year students studying 
at Gandaki Medical College (GMC), Pokhara, Nepal 
were included in this study. A questionnaire survey 
tool was developed by consulting with two lecturers 
of medical imaging technology having more than 10 
years of experience. 10 multiple-choice questions 
(MCQs) were handed to each participant. Each 
correct answer was given a “1” score and each 
incorrect answer was given a “0” score. There were 
no negative markings. The knowledge score was 
categorized as <60 % inadequate, 60–80 % 
adequate, and 80–100% excellent. Data were coded 
and analyzed in IBM SPSS statistics, version 28, 
Chicago, United States. The normality of the data 
was checked by using the Shapiro-Wilk test. The 
equality of variance was assessed by Levene’s test. 
The p-value was set at a 5% level of significance. Two 
sample t-test was applied since the data followed a 
normal distribution. Total of 16 dental students, 5 
male, and 11 female, 22.06r0.77 mean age, 20-23 age 
range were included in this study. Participants did 
not have prior training in radiation protection. The 
mean knowledge of radiation protection was 52.5%, 
5.25r1.52, maximum 8 and minimum 3 which was 
inadequate. There was a statistically significant 
difference in knowledge according to gender, p=0.01, 
t(14)=2.92. The mean response was 60% (adequate) 
for 21 years of participants and was inadequate at 
other ages. The knowledge of radiation protection 
should be improved among dental students. 
Adequate course materials and training should be 
included in their study. Radiation protection 
national laws should be implemented as soon as 
possible. 

Keywords — Radiation protection, dental 
students, Nepal, knowledge 

 
 
 
 

I. INTRODUCTION  
 

The increasing demand for the use of X-radiation 
and recent advancement in medical imaging technology 
has significantly upsurged a need for awareness of 
radiation protection among medical professionals [1,2]. 
Radiation protection is the soul of radiography for safe 
radiation-based imaging practice [3]. Ever since the 
inception of X-ray imaging by Wilhelm Conrad 
Roentgen in 1895, there had been countless radiation 
ailments that have plagued human beings [4]. Despite 
the revolutionization of medical science by X-radiation, 
it also offers unnecessary deleterious effects of 
carcinogenic and genetic health hazards and dental 
radiology is not an exception to that [5,6].  

X-radiation is extensively used in dental imaging for 
diagnosing, planning and monitoring treatments and for 
follow-up examinations [7]. According to the recent 
report by the United Nations Scientific Committee on 
the Effects of Atomic Radiation (UNSCEAR) in July 
2021, dental radiographs accounted for approximately 
26% of global diagnostic radiological investigations [8]. 
More than billions of dental radiographs are performed 
every year and nearly 274 million are carried out in low-
income countries that includes Nepal [8].  

With the recent advancement in dental imaging 
technology, there are various imaging techniques like 
intraoral radiography, cephalometric radiography and 
cone beam computed tomography (CT) scan [9,10]. The 
high radiation dose emancipated by the emerging CBCT 
diagnostic modality has further raised the concern about 
radiation safety and dose accumulation in patients 
[9,10]. Hence, adequate knowledge of radiation 
protection is needed with special attention to the 
justification and optimization of dental imaging 
procedures [8–10].  

Nepal is a peace-loving landlocked country situated 
in the laps of the great Himalayas [11]. Unfortunately, 
the health care system is very poor [11,12]. Again, there 
is no constitutional rules and regulations or any 
guidelines regarding radiation protection for diagnostic 
and therapeutic radiology in Nepal [1,2,13]. Hence, the 
awareness of radiation protection plays a pivotal role at 
present situation. We aim to determine the knowledge 
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of radiation protection among dental students in a 
medical college of Nepal. 

 
II. MATERIALS AND METHODS  

 
A. Questionnaire Survey 

A questionnaire-based survey was carried out to 
elucidate knowledge of radiation protection among BDS 
students in Gandaki Medical College, Pokhara, Nepal. 
The survey consisted of demographic variables like age, 
sex, and 10 multiple-choice questions (MCQs) related 
to radiation protection. The survey was prepared by two 
radiographers having more than 10 years of experience 
in radiation protection. 

B. Data Collection 
The data was collected from 1st to 31st May 2021. All 

the final-year BDS students participated in the study. 
The participants were provided with a printed copy of 
the questionnaire survey by the investigator and were 
asked to complete it in presence of the investigator 
herself. Each correct answer was marked as a score of 
“1” and the incorrect answer was marked as a score of 
“0”. There was no negative marking for incorrect 
answers. 

C. Data Analysis 
The data were inserted into SPSS statistical 

software, version 27, Chicago, United States. A 
descriptive analysis and statistical tests were carried out. 
The knowledge of radiation protection was classified 
into 3 categories, viz., <60% inadequate, 60-80% 
adequate, and 80-100% excellent. The normality of data 
was checked by using Shapiro-Wilk Test and the 
equality variance was inspected by Levene’s test. Two 
sample t-test was applied since the data followed a 
normal distribution. The p-value was set at a 5% level 
of significance. 

D. Ethical Consideration 
Ethical consent of approval was obtained from the 

institutional review committee (IRC) of GMC, Pokhara, 
Nepal. Written consent to participate was taken from 
each participant before conducting the survey. The data 
was made anonymous before inserting into the statistical 
software.  

 
III. RESULTS  

 
A total of 16 dental students, 5 (31%) male, and 11 

(69%) female, mean age of 22.06±0.77 years, range 20 
– 23 years of age participated in this study. The students 
had not taken any training regarding radiation 
protection. Table 1 showed the demographic features. 
Table 2 depicted the correct answers for each question. 

The mean knowledge of radiation protection was 
(52.5%), 5.25±1.52 which was inadequate. The 
maximum score was 8, whereas the minimum score was 
3. There was a statistically significant difference in 
knowledge according to gender, p=0.01, t(14)=2.92, as 

shown in Figure 1. The mean response was 60% 
(adequate) for 21 years of participants and was 
inadequate at other ages as depicted in Figure 2. 

 
Table 1. Demographic characteristics  

Demographic 
characteristics 

Frequency Percentage 
(%) 

Gender 
  

Male 5 31% 

Female 11 69% 

Age (in years)   

20  1 6% 

21 1 6% 

22 10 63% 

23 4 25% 

Table 2: Correct response to the questionnaire survey 

SN Questions Correct 
response 

Freq % 

1. X-rays were 
discovered by 

Wilhelm 
Roentgen  

6 38% 

2. When the distance 
from the source of 
radiation is 
doubled, the 
amount of 
radiation will be 

Reduced by 
1/4 

8 50% 

3. Full form of 
ALARA 

As low as 
reasonably 
achievable  

13 81% 

4. The protective 
clothes in X-ray 
imaging are made 
up of 

Lead (Pb) 15 94% 

5. The method to 
reduce a radiation 
exposure 

Reduced 
time, 
increase 
distance, and 
use shielding  

16 100% 

6. The type of tissue 
that is most 
sensitive to 
ionizing radiation 

Tissue with 
cells that 
divide 
quickly 

11 69% 

7. The whole-body 
occupational dose 
limit for hospital 
staff 

 50mSv/yr 2 13% 

8. The effect of 
ionizing radiation 
that occurs with a 
probability that is 
not proportional to 
the received 
radiation dose 

Stochastic 
effect  

0 0% 
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9. The effect of 
ionizing radiation 
that occurs with a 
probability that is 
proportional to the 
received radiation 
dose 

Deterministic 
effect 

7 44% 

10. The personnel 
radiation 
monitoring device 
should be worn 

Under the 
protective 
apparel on 
the collar 

6 38% 

Table 3: Mean knowledge of the questionnaire survey 

Demographic 
Characteristics 

Mean knowledge 

Gender 
 

Male  6.60±1.14 

Female 4.64±1.28 

Age (in years)  

20 4.00±0.00 

21 6.00±0.00 

22  5.40±1.64 

23 5.00±1.63 

 
Figure 1. Bar plot showing mean response by gender 
(*statistically significant) 

 
 

Figure 2. Line graph of mean response by age 

 
 
 
 

IV. DISCUSSION  
 

This study provided a snapshot of the knowledge of 
radiation protection among dental students in Nepal 
which was inadequate. This might have resulted because 
of following reasons. Firstly, the dental internship in 
Nepal is limited to interpretation of dental radiographs 
and there is no radiation protection syllabus in dental 
undergraduate educational course. So, they get less 
opportunity to learn about safe use of radiation in dental 
imaging and the inadequate knowledge of dental 
professionals would become more prone to risk the 
safety of the patient while imaging. Second, there is lack  
of training and workshop of radiation safety to dental 
students. We strongly recommend  providing training 
and organize workshop and seminar of radiation safety 
to dental students at present condition. There are plenty 
of research work conducted among radiographers, 
radiography professionals and physicians related to 
knowledge of radiation protection in Nepal [1–3,14–
16], however this study might be the first research of its 
kind to conduct it among dental students. 

Nepal is one of the least developed country in the 
world, ranked at 143rd position out of 191 nations in the 
human development index (HDI) [12]. Dental 
workforce is meager and dental hygiene education is 
very much limited. As a matter of fact, dental education 
in Nepal is still in juvenile stage. The first dental 
hygiene 2-years vocational training was started in 2000 
[11,12,17]. Later, in early 2000s, 3 years academic 
diploma and Bachelor of Dental Surgery (BDS) courses 
were conducted [18]. Subsequently, in early 2010s, 
Master of Dental Surgery (MDS) course was established 
[18]. Furthermore, Medical Education Commission was 
just established in 2017 in Nepal [19]. This implies 
medical education including dental surgery is still in 
early stage. Yet, imaging is gold standard for diagnosis 
in dental science, it is high time the authorized body take 
adequate actions to incorporate radiation protection in 
dental science with priority from basic level.  

In dental radiology, somatic stochastic effects are 
possible [9]. Hence, we recommend “As Low As 
Reasonably Achievable” (ALARA) principle [9]. 
Radiation dose imparted to the patient should be 
justified and optimized whenever possible and the dose 
should be given within the standard limits [7–9]. 
Protective devices should be used while exposing and 
pregnancy situation should be considered for 
childbearing aged women [9]. 

At present situation, Nepal lacks radiation protection 
laws [1,2,20]. So, it is a crucial time Nepal formulate a 
radiation regulatory body to draft and implement 
radiation safety guidelines, to inspect facilities and to 
monitor radiation hazards. Again, we recommend Nepal 
Dental Association (NDA) to formulate proper 
guidelines for safe imaging [21]. Nepal, being a member 
of International Atomic Energy Agency (IAEA) since 
2008, IAEA has been helping continuously including 
Country Programme Framework (CPF) for 2022-2027 
[1,20,22]. So, we suggest NDA and IAEA  to strengthen 
dental radiation safety very soon. 
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V. CONCLUSION  
 

In summary, to improve the knowledge of radiation 
protection among dental students, we recommend 
mandatory training to them. Radiation protection 
chapter should be included in the syllabus of dental 
education. Continuous seminars and workshops should 
be organized to them. Medical institutions could 
collaborate with international and national authorized 
bodies to provide knowledge of radiation protection. 
Lastly, Nepal must formulate radiation protection laws 
for diagnostic and therapeutic radio-imaging as soon as 
possible. 
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Abstract — Medical careers begin by encompassing a 
broad range of study which ultimately narrow down 
to specialization and sub-specialization. However, 
little is known about this transition. The main focus 
of this paper was to examine the Role of Preferred 
Career Choices in Health Professionals. The study 
objectively looked at whether the first dream of 
medical graduates was really preferably rooted in 
medical cadres setting. Specific objective was mainly 
to look at the choice of career to practice as medical 
personnel and the factors influencing their choices. 
Descriptive cross-sectional study was done. The 
study population was limited to seventy-four 
multidisciplinary medical professionals working in 
three health care facilities, of which two were public 
hospitals and one was private hospital in Dar es 
Salaam. The medical cadres included were nursing, 
medical doctors, pharmacy, radiography/ 
radiotherapy and laboratory technology. The 
questionnaires were piloted and validated with 17 
volunteers which were later included in the final 
analysis. The distribution of male to female was 
52.7% and 47.3%.  Respondents who worked in 
medical field for 11.09 years during the study time, 
ranging from a few months to 35 years post school 
graduation. A substantial variation of work 
satisfaction among the medical professionals was 
found with junior medical professionals were not 
satisfied with their career in medical field. Those 
with working experience between 4 and 9 years were 
13 times more likely not to choose the same career if 
were given a second chance to opt careers based on 
current preference as compared to more experienced 
professionals (P=0.028). Available admission 
opportunities and choice based on individual 
preferences were the most motivating factors 
(p<.05), whereas pay, sense of job commitment and 
study loan were the least factors (p>.05). The poor 
service provision many hospitals are suffering today 
is thought to be caused by prevailing dissatisfaction. 

Keywords — Radiography, Career Choices, 
Motivation, Medical Worker, Saving Lives 

 
I. INTRODUCTION  

 
Medical careers begin by encompassing a broad 

range of study which ultimately narrow down to 
specialization and sub-specialties. Despite that little is 
known about this transition to medical students, 
employers and to the public at large [16], employees’ 
performance is thought to be below expected level. 

Medical services delivery has been declining despite 
efforts taken by the government and other stakeholders. 
Contributory factors include low number of human 
resources for health, low incentives, and un-met 
preference of new graduates who are the main stake 
holders in service delivery. The purpose of this study is 
to explore to the extent miss-match between students’ 
career choices and/or career preferences and admission 
opportunities students get or fund securing from funding 
institution. Personal aspiration and right choice of 
courses to undertake play a great role in determining 
individuals’ future career.  Students’ career choices and 
socio-economic background is contributing aspects 
towards narrowing chances of a student not getting into 
a field of their choice [18]. Similarly, the know-how of 
the public on a proper level the entrants should 
streamline their decision into medical career bears same 
weight in this context. Career choices among the 
medical professionals may be made within and even 
before entry to medical school and not after internship 
[16]. Studies show that planning to become a family 
physician or to work in a rural setting was related to a 
career choice in primary care [3,14]. This scenario is 
contrary to education setting in Tanzania where 
admission opportunities and funds availability are the 
major determinant factors for a university entrant. 
Factors influencing career preference are looked at 
different facets by researchers. Despite the perception 
that career choice is an individual decision [6], there are 
other indicators which influence one’s ultimate career 
choice such as financial incentive [2,14,18]. On the 
other hand, Jungen suggests that many parents and the 
public are unaware of all the ways they can influence 
their children's career decision [6]. This has led to a 
number of scholars today to enter into profession that 
did not want to be and loose chances of not attaining 
what they decide to choose in pursuance of specific 
career fields in the course of their study. However, the 
situation is promising in Rwanda where as it is 
documented that largest majority of nursing students 
90% and medical students 63% stated that they knew 
their profession at the age of 12 years that they wanted 
to become a health worker and those who knew also 
stated more often they were influenced by parents, 
teachers or a health worker when making their career 
choices [7]. Motive towards employment setting choice 
is a principal role in career development. For instance, 
researchers have shown that preferences of present-day 
scholars may reflect ultimate career choices of future 
medical practitioners, which in turn play an important 
part in the healthcare sector of a country [1,16]. It is 
further shown that there is relationship that exists 
between workforce planning as a central issue for 
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service provision and medical education [17]. With this 
regard, fulfilling other’s wishes and expectations 
combined cannot be ignored at this juncture, as both 
provide reflection towards career choices of a scholar. 
Studies identified personal values, wishes and 
expectations as the most important attributes 
influencing career decisions, followed by market forces 
and availability of jobs, whereas fulfilling family’s and 
significant others’ expectations was the least important 
[19]. Furthermore, factors which influence career 
decisions are multiple, ranging from individuals’ 
characteristics to the perceived benefits and 
attractiveness of particular specialties [1].  

Education system in Tanzania does not provide clear 
setting for learners to channel into carrier of their 
preference earlier. This has resulted to a large proportion 
of graduates including medical personnel to fall into 
profession that they did not choose to take from the 
beginning of their studies. Choice of career is important 
to willingness and readiness to serve other people in 
particular expertise someone chooses. The literature 
shows that mismatch of personal motives and 
professional preference results into a large proportion of 
learners to fail meeting their ambition and expectations 
towards attaining expertise of their choice. Surprisingly, 
little attention has been paid not only to correct the 
situation but also help newly learners towards 
cultivating individuals’ internal aspiration before 
enrolling to higher learning institutions.  

The reasons underlying the choice of medical 
careers may lead to better continuity in medical career-
planning. Better matches of preference and actual 
specialty may prevent the early termination of a medical 
career. With this regard, personal interests become a 
vital prerequisite when making choices which graduates 
live with for the next two to seven years. Unless proper 
decisions made it could not be challenging and often 
uncomfortable even after profession securing [1]. 
Australia researchers estimate that around 30% of 
teachers leave the profession within 5 years of 
graduation due to lack of proper choice and other 
intrinsic factors [17]. Learning style preferences related 
to a teaming setting would be attributable to the choice 
of discipline-specific majors, and/or personality 
differences. However, a full understanding of the 
concept of career preference choice and the variables 
influencing medical university entrants is needed in 
order to improve healthcare services. This is also 
supported by Querido (2013) who cited the importance 
of gaining insight into what determines medical 
students’ specialty preferences and career choices [12] 
while Mosadeghrad (2014) in his study suggested that 
various healthcare stakeholders’ perspectives, desires 
and priorities must be considered in any effort to define, 
measure, and improve quality of healthcare [10]. That is 
why Jungen (2008) advocates that choosing a career is 
often considered a major turning point in a young adult's 
life and this decision alone has the potential to open the 
door for success or close the door of opportunity [6]. 
This is consistent with Mosadeghrad (2014) who 
mentioned that satisfaction is the key factor influencing 

the quality of healthcare [10]. Conversely, research 
showed that intrinsic motivation and personal based 
motivations affects performance in the sense that more 
motivated heath workers tend to perform better [7,12]. 
That is why Querido et al., (2016) supports that medical 
career decisions are formed by a matching of 
perceptions of specialty characteristics with personal 
needs [13]. Understanding of what goes on in particular 
profession is unavoidable when comes into designing of 
interventions that aim at influence of specialty choices 
which best fit entrants [5] and help cultivate their 
interests in future profession. Querido et al., (2016) 
further insisted the understanding of the medical career 
decision-making process is important to aid career 
counselling and thus prevent wrong choices, support 
medical graduates in their choice and promote faster 
choices [13]. It has been documented that at the start of 
medical school many students have misconceptions 
about the medical profession [12; 13] and yet their 
perception towards medical profession is at limited 
dimensions [11]. Choices among medical professionals 
therefore encompass the entire range of careers and then 
selecting those regarded as broadly acceptable, making 
their eventual choices. Likewise, the literature shows 
that career choices are mainly based on intrinsic factors 
(e.g. interest in the job, work that is personally 
satisfying), extrinsic factors (e.g. availability of jobs, 
well-paying or prestigious occupations), and 
interpersonal factors - which are factors pertaining to 
influence of parents [15,19]. Little work, however, has 
been done in educating new university entrant in 
Tanzania on career choices process and lack of clear 
entity to provide careers information and advisory 
services for recent graduate all combine pose a 
demanding set up amongst graduates’ society. Basic 
information on the factors influencing young medical 
personnel in choosing a particular specialty and 
deciding which profession they would opt to choose 
remain a challenging phenomenon among entrants.   

 
II. MATERIALS AND METHODS  

 
The study was descriptive cross-sectional study 

which was carried out among 74 medical staff. 
Participation was limited to medical cadres such as 
nursing, medical doctors, pharmacy, radiology/ 
radiotherapy and laboratory technology. A self-
administered questionnaire was used for data capturing. 
The questions mainly focused on choice of career to 
practice as medical personnel and the factors 
influencing their choices. The questionnaires were 
piloted and validated with 17 volunteer medical staffs. 
These seventeen pilots were also included in the final 
analysis. The study population was limited to seventy-
four medical professionals from multiple cadres of 
health staffs working in three health care facilities, of 
which two were public hospitals and one was private 
sector in Dar es Salaam region. The data were analyzed 
using statistical software, Excel and SPSS software 
programs using descriptive statistics, both linear and 
multinomial logic regression. 
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III. RESULTS AND DISCUSSION 
 

All 74 respondents who participated in this study 
were eligible and responded to all the questions from the 
questionnaire. The questions were set to provide 
demographic information and experience dynamics of 
the healthcare professionals that affects their choice of a 
desired career. 

Table 1. Distribution of Respondents by Gender.  
Male   Female 
N= 39 
 
52.7% 

 N= 35 
 
47.3% 
 

 
A. Demographics 

This study included male and female who were at the 
ratio of almost 1:1 or distribution of male at 52.7% and 
female at 47.3% (Table 1). In average the sampled all 
responders had worked in medical field for 11.09 years 
when this study was been conducted, ranging from a few 
months to 35 years after a graduation. 
 
B. Experience dynamics 

The finding revealed relationship between 
anticipation of medical professionals to abandon 
medical career and work experience (r=0.235, p=0.047) 
though this relationship is weak. There was a substantial 
variation of work satisfaction among the medical 
professionals. For instance, junior medical professionals 
– those with experience ranging from a few months to 7 
years of work experience after their graduation - are not 
satisfied with their career in medical field. This finding 
tallies with Morrison and Murray (1996) observation 
who reported that junior doctors changed their career 
preferences towards or away from general practice. 
Based on dissatisfaction with medical career, it was 
found that workers with work experience between 4- 
and 9-years’ experience (juniors professionals) were 13 
times more likely not to choose the same career as 
compared to more experienced professionals and this 
was significant (P=0.028). Contrary, the finding was 
different for respondents with experience ranging 10 to 
18 and 19 to 35 years of experience; it was found that 
this group was 71.2 % less likely not to choose the same 
career, even though, this finding was not significant 
(P>0.05). Generally, the analysis showed that 
experience account for 15.1% of the variation on the 
responders’ freedom to choose the same carrier after 
gaining work experience since their graduation. 
Nevertheless, the percentage of distribution between 
juniors and seniors in career satisfaction decreases with 
the increase of the number of years someone will work. 
There has been a noticeable trend of decrease in rating 
percentage for responders who will not choose the 
medical career if they were given another chance to opt 
for at present – from 66.7% in medical profession with 
7 years and below to 27.8% for respondents who have 
worked between 7 to 15 years and 5.6% for those who 
have worked between 21 to 35 years.  

Figure 1. Distribution of Medical Professionals by 
Work Experience 
 

 
 

Generally, the gap between those who would not go 
for the same profession contrasted with those who 
would go for same profession decreases with 
experience. Underlying reasons could be contributed by 
interest which tends to develop in the “experienced 
professionals” in the course of their work, market 
change could also be contributory factor, some careers 
and jobs become obsolete. Other interesting fields open 
up and many people realize a profession after working a 
while. More often junior professionals tend to make 
career changes in order to satisfy their lifestyle needs 
and wants than senior ones. This finding is more or less 
similar to that of Elizabeth and Egorton supposed that 
preferences and intentions can be expected to change as 
more experience is gained. Same findings were put 
forward by Querido et al (2016) who argued that as 
student’s progress through medical school, career plans 
and preferences tend to shift. Though, these shifts are 
determined by the medical curriculum that usually does 
not expose students to the wide variety of specialties as 
is the situation in the country. 

C. Variation of Happiness among Medical Staff 
The variation of responders’ personal contentment 

with respect to their career in medical field is explained 
by 6% of work experience. This is especially true for 
recently graduated to less than 7 years experienced 
staffs. For example, experienced staffs are likely to be 
happy (personally satisfied) with their career in medical 
discipline by 33.3% higher than those who are not happy 
with their careers. Considering a 10 scale of happiness 
scores, it was found that an addition of one year of 
working experience increases 0.1 scores of happiness 
among medical professionals. This finding was 
statistically significant (X2 = 2.078, p = .041). Not 
surprisingly, Workers enjoy their career to an 
appreciable level as the mean score of happiness for the 
sampled population was 6.81 (less happy to extremely 
happy ranging from 1.0 to 10 in 10 points happiness 
scale) while standard deviation was 2.4. 

When looking at the underlying motives which 
exacerbated staffs’ enrolment into medical schools 
during their schooling, there were various causes which 
motivated the responders for the enrolment in College. 
It would appear, however that, entry driving forces into 
various medical related programs bear influential 
properties towards entrants’ career satisfaction. For 
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example, the study shows that staffs whose admission 
determinant upon their entrance into medical programs 
were dictated by availability of loan compared to those 
whose reasons for admission into medical programs 
were rooted on their choice of preferences are 15 times 
more likely to be not happy with their current career than 
being personally satisfied with their careers today. 
Furthermore, staffs whose reasons for enrolment into 
medical school courses - which resulted into their 
current careers - were based on easily universities’ 
available admission opportunities compared to those 
whose university entry motives were rooted on their 
choice of preferences are 5 times more likely to be 
unhappy with their careers than being interested in their 
work. In general, underlying reasons for medical 
professionals to qualify for medical related careers seem 
to be accounted for by 15.2% variation in responders’ 
self-aspiration happiness (whether interested in the 
work or not) towards carrier’s matching with self-
aspiration. 

Same findings were also obtained when the 
influence of extrinsic factors such as well-paying 
salaries in relation to responders’ satisfaction was taken 
into equation. It was further observed that those who 
earn more from their careers compare to those who have 
inadequate substantial incentives from their career are 
more likely to be very happy 3.3 times than being 
unhappy. It also apparent that staffs who are proud with 
their work compared to those who are not proud of their 
jobs are 45.7 times more very happy than being not 
happy. Based on this study those who are prestigious 
with their work make 83.8% compared to their 
counterpart 12.2% who are not prestigious 
occupationally. The Chi squared test indicate that this 
difference is significant (X2=33.784, df=1, p<0.01).  

There is a proportion of staff members who are not 
happy with their work due to lack of incentives, further 
analysis shows that 36.1% out of 83.6% - of the 
responders who both proud and secured career of their 
preference choices - their current carrier is not exactly 
one respondent had longed to be even before enrolling 
for it and this was significant X2(4.738, 1), P=.030. 
Probably this set out an image that job proud can be 
contributed by good incentives and other motivation 
factors such as good working environment. 

D. Career Preference 
There is strong evidence from this study that medical 

professionals who wish to change their current 
profession differ from those who wish not to change 
their career due to mismatch of career selection before 
they qualified (X2=17.514, df=1, P<0.01). 
Approximately one-quarter (25.7%) of medical 
professionals wish to leave medical profession 
compared to their three-quarters (74.3%) counterparts 
who claim that their career selection was right decision 
and thus are motivated medical field. The results also 
show that 54.8% of responders their current carriers 
were right career selection which they had desired 
before the start of the medical school while 45.2% they 
are having jobs which were not their preferred career 
choices. This finding provided reflective attributes when 

all participants were simulated in 11 years back whether 
they would choose the same career before their 
admission into medical school.  74.3 per cent of 
participants supposed that they would pursue same 
course and 25.7 per cent would deviate from medical 
career. 

E. Staff Motivation and Job Satisfaction 
Findings revealed that available admission 

opportunities during application and choice based on 
individual preferences were the most motivating factors 
to a staffs’ sense of job proud (p<.05), whereas pay, 
sense of job commitment and loan availability during 
course registration were the least motivating ones 
(p>.05). Further analysis shows that 2.3% of the 
variation in work satisfaction is explained by incentives, 
2.6% explained by work commitment, 1.3% accounted 
for by opportunity of getting loan from funding 
institution during registration, while 5.3% and 6.5% of 
job happiness explained respectively by availability of 
admission vacancies and right choice of course – 
personal aspiration and preferences. 

These include loan availability opportunities and 
university available admission vacancy and career 
preference choices. But between 43.5% and 50% of 
medical professionals whose underlying motives in 
college entry was determined by loan and admission 
vacancies are unhappy to work into their current careers. 
It was also observed that 88.6% of medical field workers 
practice in the profession of preference. However, 
11.4%of them are not ready to work with this career 
despite of medical profession was their career of choice 
during their study at school. These differences however 
were significant (ꭓ2=10.645, df =2, p=0.005). The chi 
square test therefore confirmed that there is strong 
evidence of association between responders’ underlying 
motives towards admission and career satisfaction. The 
small to moderate effective size (.382, x2=10.580, df=2, 
p=.005) 

In contrary, there were 87.5% of responders whom 
their careers are exactly they wished for even before 
school were also not regret to possess them, while those 
who mismatched the profession and do not want to 
change constitute 57.6%. But those who loved to 
possess such profession but want to leave the career 
constitutes 12.5% and 42.4% are those who neither 
wished to possess the currently possess profession nor 
would want to leave the profession. (X2=8.41, df=1, 
p=.004) effective size .339 P=.004 

F. Career Proudness among Medical Professionals 
Job proudness differs among medical professionals. 

It is of interest that there has been a noticeable trend 
among medical professionals towards job proudness 
with accordance to the routes of entry into medical 
schools which shows a varying fashion see figure xx.  
Proportion of career proudness to those who are in 
profession by their preferred choices constitutes 67.7%, 
while those who enrolled into medical schools by 
selection availability basis comprised of 27.4% and for 
those who enrolled into medical schools by loan 
availability reasons was as low as 4.8%. However, this 
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variation of career proudness among medical personnel 
based on entrant underlying reasons was significant 
(X2=11.549, df=2, p=0.003). It was also found that 
24.24% of variation of responder’s career proudness is 
explained by the route of university entry motives 
(selection chances, preferred career choices and loan 
availability). The choices of preference being the best 
predictor of career proudness among medical 
professionals (contributes uniquely 8.9% p=.006) of the 
total variation in work proudness, followed by selection 
chances (5.2% uniquely, p=.034) and loan availability 
(2.1% uniquely p=.171) being the least determinant as 
illustrated in figure 2.  

Figure 2. Motives for Choosing Medical Career.  

 

Furthermore, 56.2% of respondents expressed that 
they had the plan to study health related courses before 
their enrollment to university (figure 3) 

 
Figure 3. Pre-enrollment Plan Status 

 
 
 

V. CONCLUSION  
 

In this study, the employees were supposed to assess 
satisfaction of their choices as health professionals. It is 
found that happy and satisfied employee performs their 
duties better, become more responsible and involving. 
The study was created on the basis of the authors' 
experience and found literatures. Research was limited 
to the authors subjectivity who looked at the problem 
from the health professionals’ point of view.  

Based on finding of this paper it is recommended 
that to revive satisfaction of many medical workers 
there should be motivation campaign programs such as 
seminars and workshops particularly to newly recruited 

professions. This will bring attitude change and make 
them more focused on service delivery in helping 
patients. 

 
REFERNCES 

 
[1] Cleland J.A, Johnston, P. W., Anthony M., Khan 

N., and Scott N.W. (2014), BMC Medical 
Education 2014, 
14:151http://www.biomedcentral.com/1472-
6920/14/151, A survey of factors influencing 
career preference in new-entrant and exiting 
medical students from four UK medical schools 

[2] DeZee KJ, Maurer D, Colt R, Shimeall W, Mallory 
R, Powers J, et al. Effect of financial remuneration 
on specialty choice of fourth-year U.S. medical 
students. Acad Med. 2011;86(2):187–93. 

[3] Egerton E.A (1984), Medical undergraduate 
Career preference enquiry, Northern Ireland 
Council for Postgraduate Medical Education, 
published by the ulster medical society, ulster med 
J. 1984 (1):93-97. 

[4] Hojat M, Zuckerman M (2008) Personality and 
specialty interest in medical students. Med Teach. 
2008;30(4):400–6. 

[5] Jaffrey H, David M.I, J, and Frank T.S, 1997, A 
study of medical students’ specialty choice 
pathways: trying on possible selves: academic 
medicine Vol.72:No.6:pg534-541 

[6] Jungen, K.A (2008) Parental Influence and Career 
Choice: How Parents Affect the Career 
Aspirations of Their Children 

[7] Lievens T, Serneels P, Butera J.D, Soucat A, 2010 
diversity in career preferences of future health 
workers in Rwanda, where why and for how 
much? 

[8] Lokan J., Ford P., & Greenwood L., (1996), Maths 
& science on the line; Australian junior on 
secondary students’ performance on the third 
international mathematics and science study. 
Melbourne: Australia council for education 
research. 

[9] Morrison J.M.  and Murray T.S., (1996), Career 
preferences of medical students: influence of a 
new four-week attachment in general practice 
British Journal of General Practice, 1996, 46, 721-
725. 

[10] Mosadeghrad A.M (2014), Factors influencing 
healthcare service quality, Int J Health Policy 
Manag 2014, 3(2), 77–89 

[11] Nieuwhof MG1, Rademakers JJ, Kuyvenhoven 
MM, Soethout MB, ten Cate TJ., 2005, Students' 
conceptions of the medical profession; an 
interview study. Med Teach. 2005 Dec;27(8):709-
14. 

[12] Querido S., (2013) Medical students’ career 
preferences and career choices versus the needs of 
health care workforce: A review of the literature 

[13] Querido, S.J., Vergouw, D., Wigersma, L., 
Batenburg, R.S., Rond, M.E.J. de, Cate, O.T.J. ten, 



Paper ID 233 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

 246 ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand   

2016. Dynamics of career choice among students 
in undergraduate medical courses. A BEME 
systematic review: BEME Guide No. 33. Medical 
Teacher:38(1), 18-29  

[14] Puertas E.B, Arósquipa C, and Gutiérrez D (2013) 
Factors that influence a career choice in primary 
care among medical students from high-, middle-, 
and low-income countries: a systematic review. 
Rev Panam Salud Publica. 2013;34(5):351–8. 

[15] Royston PJ, Mathieson K, Leafman J, Ojan- 
Sheehan O (2012), Medical student characteristics 
predictive of intent for rural practice. Rural 
Remote Health. 2012; 12:2107 

[16] Tennakoon H. D., Vidanapathirana A. K. and 
Sutharsan S. (1999), Career preferences and the 
factors influencing their selection in fourth year 
medical students in the University of Colombo 

[17] Watt H.M. G and Richardson P.W (2007) 
Motivational Factors Influencing Teaching as a 
Career Choice: Development and validation of the 
FIT Choice scale; The Journal of Experimental 
Education; spring 2007; 75(3), 165-202 

[18] Yeganeh-Arani, E, Chandratilake, M and Muula 
A. S (2012). Factors affecting career preferences 
of medical students at the College of Medicine, 
Malawi. South African Medical Journal, Vol 102, 
No 4 2:249-251. 

[19] Zeynep A. and Selda F. (2003), Career Choices, 
Job Selection Criteria, and Leadership Preferences 
in a Transitional Nation: The Case of Turkey. 
Journal of Career Development, Vol. 30, No. 2, 
Winter 2003  

 
Contacts of the corresponding author: 
Author:         Antony Benedict Burambo  
Institute:  Ocean Road Cancer Institute (ORCI) 
  Radiology and Imaging Section 
Street: Luthuli/Barack Obama Road 
City: Dar es Salaam   
Country:  Tanzania 
Email: aburambo@gmail.com 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Paper ID 239 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand  247  

Technique Real Time Ultrasonography Imaging with MRI or CT scan  
Using Fusion Imaging (Hybrid Imaging)” 

 
Giovana Prancisca1,3, Kelvin Halim2,3, Sugiyanto3 

1Health Imaging Department, Tawada Healthcare; Jakarta, Indonesia 
2Department of Radiology, Dr. Cipto Mangunkusumo National Hospital Jakarta, Indonesia 

3Imaging Diagnostic Program; Polytechnic Ministry of Semarang, Indonesia 
(*Corresponding author: giovana.radiologi@gmail.com)  

 
 
Abstract — Ultrasound examination (USG) is a 
modality that is real time, fast, has high resolution, 
and is dynamic, but ultrasound has shortcomings in 
displaying the anatomical context presented by CT 
and MRI, therefore fusion imaging connects several 
imaging modalities (hybrid imaging) between real 
time ultrasound, CT and MRI which are useful in 
providing anatomical information that help each 
other, besides that it can also be used for biopsy.Case 
Illustration: In real time ultrasound imaging, the 
author uses the Phillips brand ultrasound modality 
with a premium class Epiq 5 type which is equipped 
with Percunav imaging software and prepared 
equipment such as a transmitter, patient tracker, 
Ultrasound tracker (sensor bracket) and the probe 
used is Convex 5-1 .Discussion: We can see the focal 
nodule contour in real time with hybrid imaging, and 
we can compare the diameter of the lesion between 
the two modalities. In addition, with realtime 
ultrasound, we can see metastases by looking at 
vascularization using Doppler. Conclusion: In this 
4.0 era, fusion imaging (hybrid imaging) plays a very 
important role in diagnosis, staging and follow-up 
during treatment. Fusion imaging allows good 
control during the review of liver lesions so that no 
re-exposure to radiation is used. 

Keywords — Ultrasonografi Realtime, MRI, CT scan, 
Fusion Imaging 

 
I. INTRODUCTION  

 
Conventional cross-sectional imaging techniques 

[ultrasound, computed tomography (CT), magnetic 
resonance (MR). It has an important role in noninvasive 
diagnosis, and in tumor treatment strategies. The 
techniques used have different working principles, so 
they complement each other in providing information. 
The combination of the two imaging techniques 
developed in recent years is called fusion imaging. The 
combination of anatomical imaging techniques (USG 
with CT or MR imaging), as well as linking between 
anatomic (CT or MR imaging) and molecular imaging 
(SPECT or PET) modalities are currently used in 
clinical practice. 

Ultrasound examination (USG) is a modality that is 
real time, fast and has high resolution, and is dynamic, 
but ultrasonography has shortcomings in displaying the 
anatomical context presented by MRI/CT. Therefore, in 
the industrial revolution 4.0, fusion imaging technology 

was developed. The benefits of fusion imaging are based 
on the ability to display together various imaging 
modalities that help provide the best results for patients. 

 
II. MATERIALS AND METHODS  

 
The patient had previously had ultrasound, but due 

to the limitations of ultrasound, which made it difficult 
to evaluate the whole liver and difficult to penetrate 
obese patients, the picture of the nodules was less 
contrasting. Then the patient is subjected to a CT/MRI 
examination, because to see the nodules or clearly use 
CT/MRI, while interventional treatment is easier to do 
using Ultrasonography, besides that the increase in 
radiation exposure can be minimized, thus this fusion 
imaging is carried out by combining the advantages of 
imaging techniques that are different.  

In real time ultrasound imaging, the author uses the 
Phillips brand ultrasound modality with the premium 
class Epiq 5 type which is equipped with Percunav 
imaging software and prepared equipment such as 
Transmitter, patient tracker, Ultrasound tracker (sensor 
bracket) and the probe used is Convex 5-1. 

The steps taken for this fusion examination (1) the 
volume of CT/MRI data must be archived in DICOM 
format (2) the thickness of the slices must be 3mm (3) 
CT or MRI data is transferred to the Ultrasound machine 
(4) the magnetic sensor mounted on the probe must 
properly installed to detect changes in the location, 
direction and rotation of the probe. 

Then we combine the images or hybrid imaging by: 
1. Connect ultrasound tracker and patient tracker 
2. Place the patient tracker not snugly against the bone 
3. Send patient data to ultrasound 
4. Position the patient and match the target 
5. Choose Percunav 
6. Select CT/MRI/PET 
7. Select the patient's CT/MRI/Pet image 
8. And choose fusion 

 
III. RESULTS  

 
The patient had previously had ultrasound, but 

because of the limitations of ultrasound, which made it 
difficult to evaluate the whole liver and difficult to 
penetrate obese patients, the picture of the nodules 
looked less contrasting. Then the patient is subjected to 
a CT/MRI examination, because to see the nodule or 
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clearly use CT/MRI, while interventional treatment is 
easier to do using Ultrasonography, besides that the 
increase in radiation exposure can be minimized, thus 
this fusion imaging is carried out by combining the 
advantages of imaging techniques that are different. 

In real time ultrasound imaging, the author uses the 
Phillips brand ultrasound modality with the premium 
class Epiq 5 type which is equipped with Percunav 
imaging software and prepared equipment such as 
Transmitter, patient tracker, Ultrasound tracker (sensor 
bracket) and the probe used is Convex 5-1. 

Figure 1. Probe and Magnetic sensor, the transmission of 
which will be used as fusion imaging equipment.The 
steps for this fusion examination are (1) the volume of 
CT/MRI data must be archived in DICOM format (2) 
the thickness of the slices must be 3mm (3) the CT or 
MRI data is transferred to the Ultrasound machine (4) 
the magnetic sensor mounted on the probe must be 
properly installed due to detect changes in the location, 
direction and rotation of the probe. 

 
 

Figure 2. Illustration of the position of the sonographer, 
patient and equipment. Then we combine images or 
hybrid imaging by (1) Connecting the ultrasound tracker 
and the patient tracker. (2) Place the patient tracker not 
snugly against the bone\. (3) Send patient data to 
ultrasound. (4) Position the patient and match the target. 
(5) Select Percunav (6) Select CT/MRI/PET. (7) Select 
the patient's CT/MRI/Pet image. (8) And select fusion.  

 

Figure 3. HCC image with CT scan and ultrasonography. 1.5 
cm recurrent hepatocellular carcinoma in the left lobe in a 45 
year old patient with a history of liver cirrhosis. 

 
 
 

IV. DISCUSSION  
 

After performing a hybrid imaging (fusion imaging) 
examination on HCC patients, it was found that by using 
fusion imaging we are able to see a nodule in real time 
with ultrasound combined with other modalities such as 
CT/MRI/PET. 

Diagnosis can be made quickly. With hybrid 
imaging we can see a target or mass on a CT/MRI image 
moving simultaneously. So the sonographer can also 
work with the oncologist to perform a biopsy. 

Focal nodules can be seen in real-time contours with 
hybrid imaging, and can compare the diameter of the 
lesion between the two modalities. In addition, with 
realtime ultrasound, we can see metastases by looking 
at vascularization using Doppler. That means that in 
subsequent treatment we can see metastatic changes in 
masses or lesions that have been treated using fusion 
imaging alone. As well as doing a real-time biopsy with 
the right target because the ct/mri image will move in 
realtime and simultaneously on ultrasound. 

 
V. CONCLUSION  

 
Fusion imaging (hybrid imaging) is able to help 

establish the diagnosis quickly because it combines the 
advantages of all modalities, assisting in biopsy. The 
fused CT/MR images show the same plane and move 
synchronously. So in this 4.0 era, fusion imaging 
(hybrid imaging) plays an important role in both 
diagnosis, staging and follow-up during treatment. 
Fusion imaging allows good control during the review 
of liver lesions so that no re-exposure to radiation is 
used. 
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Abstract — There is scanty literature on why 
radiographers in Anambra state, southeast Nigeria 
are reluctant to embark on private clinical 
radiography practice. This study is aimed at 
assessing the prospects and challenges of 
entrepreneurship in radiography practice among 
radiographers in Anambra State, Nigeria.This 
prospective cross-sectional study targeted 60 
radiographers working in selected private and 
public radio- diagnostic facilities in Nnewi and 
Onitsha towns of Anambra State, Nigeria.52 
radiographers who consented and met the inclusion 
criteria were selected for the study by convenience 
sampling. The questionnaire used for this study was 
reviewed by a panel of two experts with a reliability 
coefficient of 0.72 using the Cronbach alpha and 
Kuder Richardson (KR) – 20 testsand a content 
validity index of 0.70. 52 questionnaires were 
distributed to the respondents which were completed 
and retrieved by the researcher and used for the 
study. Data were presented using descriptive 
statistics and analyzed at a 5% level of significance 
using SPSS (Statistical Package for Social Services) 
version 21. 51(98.1%) of the respondent have heard 
about entrepreneurship with respect to medical 
imaging and 26(50%) heared it through a seminar. 
38(73%) of the respondents have not received any 
entrepreneurial training in medical imaging. 
43(82.7%) of the respondent wants to own a radio-
diagnostic center while 6(11.5%) do not want  to own 
radio-diagnostic centers due to  lack management 
skills. The respondents agreed that finding and 
retaining appropriate personnel (48%), poor 
infrastructure and inadequate power supply (53%), 
incessant equipment breakdown (71%), Fear of the 
unkwown (8.16%), poor financial support system 
(44.9%) were among the challenges of 
entrepreneurship in the polpulatrion studied. Others 
were unstable economic environment and poor 
managerial skills. The majority of the radiographers 
were willing to become entrepreneurs in private 
radiography practice but this resolution is limited by 
incessant equipment breakdown, radiography 
manpower shortages, fear of the unknown, poor 
infrastructure and power supply, and unstable 
environmental factors, poor credit support system 
and poor managerial skills. 

Keywords — entrepreneurs, challenges, 
radiographers, practice 

I. INTRODUCTION  
 

Many factors influence the attitude of radiographers 
towards entrepreneurship. These include influence of 
entrepreneurial role models, the level of motivation of a 
radiographer towards entrepreneurship, prior 
knowledge of the industry, markets, and customers, 
affinity and tenacity against failure,  risk-taking, value 
creation and innovation. [1]. Healthcare workers 
especially radiographers are creative as well as 
innovative and thus require entrepreneurship skills to be 
self-employed and become active players in the 
healthcare industry. The dearth of medical imaging 
services at various levels of the healthcare delivery 
system in Nigeria can be alleviated by having more 
radiographers who are willing and able to set up their 
own imaging practices. The perceived lack of interest in 
entrepreneurship among radiographers may be 
attributed to the challenges facing entrepreneurial 
ventures in radiography which are not limited to 
problems of inadequate equipment/accessories, 
changing economic climate, lack of government 
support, lack of managerial skills, clash of interest 
among authorities regulating ionizing radiation, lack of 
administrative/ trade barriers, corruption, and poor 
access to credits. These challenges can be a thing of the 
past with commitment, determination, and 
perseverance, good credit support services, research and 
curriculum development, effective internal control, and 
regulatory framework [2]. Thus twenty-first-century 
radiographers and radiologists are not only required to 
be good image producers and readers but also apt in 
dealing with imaging in an increasingly complex and 
difficult business environment. Few studies have 
interrogated the knowledge of radiographers in 
entrepreneurship. A study on accessing radiographers’ 
knowledge on the concept of entrepreneurship revealed 
that entrepreneurial intentions are predicted by the need 
for achievement, family business background, and 
subjective norms. The result suggests that radiographers 
will choose to become entrepreneurs if there is a need 
for achievement when they come from a family that 
engages in business and if there is support from close 
individuals such as family members and friends [2]. 
However, none of the reviewed literature x-rayed 
entrepreneurship ventures in radiography practice in 
Nnewi and Onitsha towns, south East Nigeria hence the 
need for the present study. Therefore, this study is aimed 
at assessing the prospects and challenges of 
entrepreneurial ventures in clinical radiography practice 
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among radiographers in Nnewi and Onitsha metropolis, 
in Anambra State, Nigeria. 

 
II. MATERIALS AND METHODS  

 
This study adopted a descriptive survey design. A 

letter for ethical approval was obtained from the ethics 
and research committee of the faculty of health science 
and technology, Nnamdi Azikiwe University Awka, 
Anambra state Nigeria. Consent of the respondents was 
also obtained prior to the study.  

Population and Sample Size: The target population of 
the study comprised 70 radiographers including intern 
radiographers working in privately-owned radio-
diagnostic centers and Tertiary hospitals in Nnewi and 
Onitsha towns, Anambra State Nigeria. Using the 
method adopted by Otabor and Obahiagbon [3] for 
calculating the sample size for known populations, the 
sample size of 52 was determined and used for this 
study. Inclusion criteria for this study include being a 
radiographer and intern radiographer practicing in 
privately owned radio-diagnostic centers and tertiary 
hospitals in Nnewi and Onitsha metropolis while non-
radiographers were excluded from the study. 
Questionnaires were used for data collection. 

Questionnaire:  A 5 point Likert scale questionnaire  
made up of four sections labeled sections A, B, C, and 
D was used. 60 questionnaires were printed and 
personally distributed by convenience sampling among 
the practicing and intern radiographers in Nnewi and 
Onitsha metropolis. Some of the respondents filled and 
handed them over immediately, while others were later 
collected at an appointed time agreed by the respondents 
and the researcher.  A total of 52 questionnaires were 
completed and returned by the respondents showing a 
return rate of 86%. Data obtained from the study were 
analyzed using IBM SPSS (Statistical Package for 
Social Services) version 21.  

 
III. RESULTS 

 
Table 1 indicates that the majority of the respondent 

were males 36(69%) while a few 13(25%) were females. 
33(63%) of the respondents were between 20-30years 
while 16(31%) were between 31-40 years.40(77%) has 
up to 5 years work experience. 
 
Table 1. Demography of respondents  

                   Gender          Age range 
n(%) 

Work experience 

Male 
n(%) 

Female 
n(%) 

20-30 31-41    0-5 6-11 

36(69) 16(31) 33(63) 16(31) 40(77) 12(23) 

 

Table 2 indicate that, 51(98.1%) of the respondent 
have heard about entrepreneurship with respect to 
medical imaging and 26(50%) heared it through a 
seminar. 38(73%) of the respondents have not received 
any entrepreneurial training in medical imaging 

Table 2. knowledge of radiographers on the concept of 
entrepreneurship 

Variables Responses Fre
que
ncy 

Perce
ntage Have you heard of 

entrepreneurship 
with response to 
medical imaging? 
 
 
If yes, where did 
you hear it from? 
 
 
 
 
Have you received 
any entrepreneurial 
training towards 
medical imaging? 

Yes 
 
No 
 
 
 
 
From a 
colleague 
 
Seminar 
 
In the 
Hospital 
 
 
 
Yes  
 
No 

51 
 
1 
 
 
 
 
 
10 
 
26 
 
15 
 
 
 
 
14 
 
38 

 98% 
 
2% 
 
 
 
 
 
19% 
 
50% 
 
29% 
 
 
 
 
26.9% 
 
73.07
% 

 
43 (82.7%) of the respondent wants to own a radio-

diagnostic center while 6(11.5%) do not want  to own 
radio-diagnostic centers due to  lack management skills 
(Table 3) 
 
Table 3. Entrepreneurial aspiration/prospects 

Variable Response Freq % 
Would you like 
to start up 
radiography 
business? 
 
Why would 
you want to 
own 
radiography 
business? 
 
Why won’t 
you own a 
radio 
diagnostic 
centre 
 
 
 
 
 

Yes 
 
No 
 
 
Profit  
 
Entrpeneurship 
zeal 
 
 
Lack of access 
to finance 
 
 
Poor 
management 
skills 
 
 
 

43 
 
6 
 
 
29 
 
14 
 
 
 
 
2 
 
 
 
4 
 
 
 
 

87.8 
 
11.5 
 
 
55.8 
 
26.9 
 
 
 
 
4 
 
 
 
7.7 
 
 
 
 
10.2
% 

 
 
Challenges of entrepreneurship 

Figure 1 showed that (48.96%) and 18.37% of the 
respondent agreed and strongly agreed that finding and 
retaining appropriate personnel was among the 
problems associated with establishing and managing a 
private radio-diagnostic center while the least (4.08%) 
of the respondent strongly disagree. 



Paper ID 258 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

 252 ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand   

Figure 1. Figure 1 showing the responses of the 
respondents on finding and retaining appropriate 
personnel as a challenge to entrepreneurial ventures in 
radiography practice 

 
 

53.06% and 2.04% of the respondents agreed and did 
not agree that poor infrastructure and inadequate power 
were among the problems associated with establishing 
and managing private radio-diagnostic centers as shown 
in figure 2 

 
Figure 2. Poor infrastructure and inadequate power 
supply as a problem of entrepreneurial ventures in 
radiography practice 

 
 

It can be inferred from Figure 3 that 71.43% and 
8.16% of the respondents agreed and strongly agreed 
that incessant equipment breakdown was one of the 
problems associated with establishing and managing a 
private radio-diagnostic center.  

 
Figure 3. Incessant equipment breakdown as problem 
of entrepreneurial ventures in radiography 

 
 

Figure 4 indicates that 40.82% and 8.16% of the 
respondent disagreed and agreed that fear of the 
unknown was one of the problems associated with 
establishing and managing a private radio-diagnostic 
center 

 
 
 

Figure 4. Respondents’ view on the effect of fear of the 
unknown (risks) on entrepreneurial ventures in 
radiography 

 
Figure 5 showed that 44.9% and 55.10% of the 

respondent agreed and strongly agreed that poor 
financial support system is one of the problems 
associated with establishing and managing a private 
radio-diagnostic center 

Figure 5.  Respondents view on impact of poor financial 
support system on entrepreneurial ventures in 
radiography 
 

 
              

 
IV. DISCUSSION  

 
Challenges 

Prominent among the challenges were poor financial 
support system, incessant equipment breakdown, poor 
infrastructure and inadequate power supply, and lack of 
business management skills. Radiography equipment 
just like any other productive sector of the economy in 
Nigeria are in a state of decay because of problems 
associated with power supply. Every effort made to 
revamp the power sector has not yielded positive results 
[4]. As a result, most radio-diagnostic facilities, both 
public and private experience power outages and low 
voltage supplies which have detrimental effects on the 
radiography equipment. This oftentimes affects the 
fragile and sensitive diagnostic/hospital equipment and 
triggers equipment breakdown on a regular basis [4]. 
The operators of the imaging facilities will be faced with 
no other option than to depend mostly on generators for 
their power supply. This invariably increases their 
running cost and reduces the profit margin not only in 
Nigeria but in developing countries especially Africa 
where epileptic power supply is known to affect the 
growth of business concerns. Also, in the present study 
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all the respondents indicated that getting credit support 
for entrepreneurship ventures in radiography has been 
difficult. 

Again, an unstable economic environment appears 
to be one of the commonest challenges confronting 
entrepreneurs in managing their imaging facilities in the 
present study. This may be attributed to the increasing 
insecurity, inflation rate, rising interest rates, unstable 
macro /micro-economic policies of government, and the 
fluctuating foreign exchange rates which affect the 
prices of most consumables used in the x-ray units. The 
activities of agents of insecurity such as terrorists, 
unknown gunmen, armed herdsmen and bandits has the 
tendency to scuttle government economic policies and 
efforts of radiography entrepreneurs [5]. 

Furthermore, despite hearing about entrepreneurship 
in radiography, majority of the radiographers have not 
received any further entrepreneurship training. This 
explains why the majority of the respondents possess 
poor managerial skills (Table 3) which are required to 
run a successful radiography business. Another 
challenge faced by entrepreneurs in the field of 
radiography practice is the problem of finding and 
retaining appropriate radiography manpower. Getting 
qualified radiographers and retaining them to work in 
radiography outfits in Nigeria is difficult due to the 
dearth of radiographers (figure 1).  

Prospects 
The present study revealed that the majority 

51(98%) of the radiographers (Table 1) are 
knowledgeable about the concepts of entrepreneurial 
ventures in the field of medical imaging. In addition, 
majority of the respondents did not agree that fear of the 
unknown/risks will limit their entrepreneurship leap into 
medical imaging practice (figure 4). As a result many of 
radiographers are willing to face the unknown and take 
business risks because of the perceived positive 
relationship between risk-taking and returns on 
investments or profitability.  

 Nevertheless, in the present study, many 
radiographer entrepreneurs are willing to pursue their 
business goals as entrepreneurs despite these challenges. 
This shows that some radiographers see light at the end 
of the tunnel indicating bright prospects for radiography 
entrepreneurs. With a population of over 200 million 
people in a nation with a dearth of radiographers, poor 
health indices, and infrastructure, the prospects of 
entrepreneurship in private radiography practice will 
continue to be sought and lucrative for those that dare to 
engage in it. It is also recommended that the government 
should create enabling environment for 
entrepreneurship to thrive by providing a conducive 
business environment including access to capital, good 
power supply, adequate radiography manpower, 
security, entrepreneurship education, and orientation for 
graduates. The small size of the population used in this 
study may be a limitation to this study especially at 
making generalizations but has provided useful insights, 
especially to policymakers on the prospects and 

challenges of entrepreneurship in radiography practice 
in the studied population. 

 
V. CONCLUSION  

 
The future of entrepreneurial ventures in medical 

imaging is positive in the studied population but it’s 
hindered by challenges such as incessant equipment 
breakdown, radiography manpower shortages, fear of 
the unknown, poor infrastructure and power supply, 
unstable environmental factors, and poor credit support 
system and poor managerial skills. 
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Abstract — The covid 19 pandemic affected various 
sectors of the global economy with consequences for 
clinical radiography practice and training. This 
study determined the availability of 
equipment/accessories and the attitude of 
radiographers toward infection control/ hygiene 
before and after the second wave of the Covid 19 
pandemic and its effect on clinical radiography 
training and practice.This cross-sectional 
prospective research survey used questionnaires 
divided into two sections and consent as well as 
institutional ethical approval were obtained.A 
sample of 80 radiographers was selected by 
convenience sampling from a population of 90 
radiographers that met the inclusion criteria in the 
locality. The questionnaires were distributed to the 
respondents who completed and returned them to 
the researcher. Descriptive statistics were used for 
analyzing the questionnaires at a 5% level of 
significance using SPSS version 23. 22% and 99% of 
the respondents agreed that all the equipment and 
accessories required by the radiographers were 
available before the outbreak of Covid 19 and Post 
covid 19 respectively. 24% (pre covid 19) and 97% 
(post covid 19) of the respondents respectively 
observe personal hand hygiene, disinfect the 
diagnostic room, equipment / accessories 
immediately after attending to a suspected or 
confirmed covid-19 patient.11%  (pre covid 19)  and 
98% (post covid 19) of the respondents used face 
masks PPE and observed social distancing  within 
and outside  the diagnostic room respectively.1(0%) 
and 86(96%) of the respondents advised their patient 
to observe Covid 19 protocols during radio-
diagnostic procedures pre and post covid 19 
respectively.30(33%) of the respondents utilized 
online leaning and applied Covid 19 protocols during 
lectures and examinations in radiography post covid 
19 compared to less than 6% pre covid 19.There is 
sustained availability of personnel protective 
equipment, adaptation to online lectures/assessment 
for radiography students and transition to 
personnel/environmental hygiene including routine 
cleanliness of equipment/ accessories among 
radiographers post-Covid 19. 

Keywords — New, normal, covid19, clinical, 
radiography 

 

 

I. INTRODUCTION  
 

Personal hygiene is one of the ways to maintain 
health and prevent the spread of disease, it is a concept 
that is commonly used in medical and public health 
practices. It involves maintaining the cleanliness of our 
body and clothes. The practice of personal hygiene is 
employed to prevent or minimize the incidence spread 
of disease and personal hygiene is vital in public health 
services of practice. Most of the source of transmission 
of disease is through the finger nails and infected hands. 
Hands hygiene is the cheapest means of reducing 
transmission of infections from healthcare workers to 
patient. The current burden of the spreading corona 
virus (COVID 19) implied an action to review to our 
basic strategies in hand hygiene practice. This approach 
encourages healthcare workers to maintain high 
standard of hygiene and reduces the spread of diseases, 
especially before touching a patient, before 
clean/aseptic procedures, after body fluid exposure/risk, 
after touching a patient, after touching patient 
surroundings. Hand washing is recommended after 
coughing and sneezing and disposing of a tissue, on 
entering the home having come from public places, 
before preparing food, before and after eating and 
feeding/breastfeeding, after using the toilet or changing 
child's diaper and after touching animals. 

As part of a new hand hygiene campaign WHO 
recommends that universal access to hand hygiene 
facilities should be provided in front of all building and 
transport hubs such as schools, places of worship and 
hospital,to reduce the transmission of diseases. COVID-
19 has proven highly contagious and it mostly spreads 
through respiratory droplets, but may also be 
transmitted by touching a surface that is contaminated 
with the virus [1]. It is vital to identify and promptly 
isolate subjects with COVID-19. Based on the 
epidemiological update by the WHO, as of 11 December 
2021, five SARS-CoV-2 Variants Of Concerns have 
been identified since the beginning of the pandemic 
namely the Alpha, Beta, Gamma, Delta, and Omicron .  
The WHO has also described eight variants of interest 
(VOIs), namely Epsilon, Zeta, Eta, Theta, Iota, 
Kappa, Lambda and Mu. Despite the extraordinary 
speed of vaccine development against COVID-19 and 
continued mass vaccination efforts, including guidelines 
recommending vaccine boosters, the continued 
emergence of new variant strains of SARS-CoV-2 
threatens to overturn the significant progress made so 
far in halting the spread of SARS-CoV-2 [2]. The 
emergence of covid 19 pandemic and its mutant variants 
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has changed the way and manner radiography practice 
and education is carried out in Nigeria and these changes 
has remained in order to contain emergence of new 
variants of the Covid 19 pandemic. This study therefore 
reviewed the availability of equipment /accessories and 
attitude of radiographers toward infection control/ 
hygiene before and after the second wave of the Covid 
19 pandemic and its effect on clinical radiography 
training and practice 

 
II. MATERIALS AND METHODS  

 
This study adopted a cross-sectional prospective 

study design. 100 Practicing radiographers who engaged 
in examining COVID-19 patients during the research 
period in government and private owned hospital in 
Anambra state formed the target population. 

A. Inclusion & Exclusion criteria/sample size 
Inclusion criteria include being a radiographer, 

registered/ licensed to practice radiography within the 
period of the study and living in Anamnra state., 
Nigeria. All non radiographers, radiographers without 
current license or radiographers living outside Anambra 
state were excluded from the study.  A sample size of 90 
was determined using the method described by Yemane 
[3] after adding a standard error of 10%. 

B. Questionnaire 
The source of data was a semi-structured 

questionnaire. Questions were structured in line with the 
objectives of the study. The questionnaire was 
categorized into 2 sections, section A examined the 
socio-demographic characteristics of the respondent, 
while section B contained questions addressing the 
study’s objectives. 100 questionnaires were distributed 
to the respondents and 90 were completed and retrieved 
by the researcher 

 
III. RESULTS 

 
Demography and availability of equipment and 
accesosories 

60(66.7%) of the respondents were males while 
30(33.3%) of the respondents were females.22% and 
99% of the respondents agreed that all the equipment 
and accessories required by the radiographers to take of 
their patients were available before the outbreak of 
Covid 19 and Post covid 19 respectively (Table 1) 

 

 

 

 

 

 

Table 1. Availability of equipment /accessories for 
radiographers use 

       Responses 
of respondents   

Frequency 

PRE-COVID  
n(%) 

POST COVID   
n(%) 

Yes   20(22) 89(99) 

No  70(78 ) 1(0) 

Total  90(100) 90(100) 

 

Table 2 shows that  24% (pre covid 19) and 97% 
(post covid 19) of the respondents respectively observe 
personal hand hygiene, disinfect the diagnostic room, 
equipment / accessories immediately after attending to a 
suspected or confirmed covid-19 patient and twice daily 
post covid 19. All respondents were conscious of 
personal and environmental hygiene. 

Table 2. Frequency of personal hand hygiene, and 
disinfection of diagnostics rooms,equipment/cassettes 
after attending to a confirmed or suspected Covid-19 
patient 

 Pre covid Post Covid 

Immediately after 
attending to the 
patient 

 22(24%) 88(97%) 

Once a day 25(28%) 0(0) 

Twice a day 43(48%) 2(2%) 

Not at all -- -- 

 

11%  (pre covid 19)  and 98% (post covid 19) of the 
respondents used face masks PPE and observed social 
distancing  within and outside  the diagnostic room 
respectively.1(0%) and 86(96%) of the respondents 
advised their patient to wear face masks or observe 
social distancing during radio diagnostic procedures pre 
and post covid 19 respectively.30(33%) of the 
respondents utilized online leaning and applied Covid 
19 protocols during lectures and examinations in 
radiography post covid 19 compared to less than 6% pre 
covid 19(Table 3) 
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Table 3. Use of face mask, PPE, observing social 
distancing 

  
Questions 

Responses         
Pre Covid 19 

Responses Post 
Covid 19 

Yes 
n(%) 

No 
n(%) 

Yes  
n(%) 

No 
n(%) 

Do you wear 
face mask, 
PPE or 
observed 
social 
distancing 
within and 
outside the 
diagnostic 
room 

10(11) 80(89)  88(98)   2(2) 

Are patients 
instructed to 
wear face 
mask when 
coming to the 
diagnostic 
room 

1(0) 89(99) 86(96) 4(4.4)   

Online 
learning in 
radiography 

5(6) 85(94) 30(33) 60(67) 

Application of 
covid 19 
protocols 
during 
lectures, and 
examinations 
in radiography 

0(0) 0(0) 30(33) 60(67) 

 
 

IV. DISCUSSION  
 

     Maintenance of a high level of hygiene among 
radiographers and availability of personal protective 
equipment in the hospitals and healthcare facilities is of 
great importance to ensure the safety of the radiographer 
and reduction in the spread of the Covid-19 virus.        
This research showed that the most materials and 
personal protective equipment were readily available for 
achieving cleanliness and personnel hygiene in the 
radiography department. These includes alcohol-based 
hand sanitizer which has emerged as an important tool 
in the fight against SARS-CoV-2, the virus that causes 
corona virus disease (COVID-19) [4] which according 
to the respondents have 99% availability post covid 19 
compared to 22% availability pre covid 19 (Table 
1).This shows that the authorities in the respective 
hospitals and clinics have seen the need to make the 
necessary equipment and accessories available despite 
the initial challenges faced. The respondents are aware 
of the effect and level of harm that can be caused by the 
virus. Therefore, from the study there is increased 

compliance (98%;table 3) towards the use of the 
personal hand hygiene, and disinfection of equipment 
,cassettes and diagnostic rooms after attending to a 
patient which is supported by related studies which 
advocated that hand washing and environmental 
hygiene should be harnessed and maintained as a new 
normal by health workers post covid 19 [5]. 

In the present study, more than 95% of the 
respondent make use of face masks, PPE and observe 
social distancing within and outside the diagnostic 
rooms as well as advise their patients to wear face masks 
and observe social distancing during radiological 
procedures compared to 0-10% compliance pre covid 
19. This shows the increased level of awareness of 
infection control among the radiographers post covid 19 
and have been sustained overtime even as we speak. 
This study also showed that more radiographers post 
covid 19 have adopted online learning instead of 
attending physical classes compared to the pre covid 19 
period. Similarly, observance of social distancing, use 
of face masks, hand washing is now a new normal in 
radiography training and examinations in the locality. It 
is recommended that Radiography managers should 
maintain the present conditions of operations at the 
centres to checkmate possible emergence of mutants of 
covid 19 virus and spread of infections in radiography 
institutions in the future.  

 
V. CONCLUSION  

 
There is a positive new normal in the availability of 

personnel protective equipment, adaptation to online 
lectures/assessment for clinical radiography students 
and transition to personnel hygiene including routine 
cleanliness of radiography equipment/ accessories 
among radiographers post-Covid 19. 
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Abstract — Renal cortical scintigraphy using Tc-99m 
dimercaptosuccinic acid (Tc-99m DMSA) is the 
detection of cortical abnormalities. In addition, 
relative renal function (RRF) is performed by DMSA 
scintigraphy and estimated from the 
radiopharmaceutical uptake in both kidneys with 
radiation attenuation correction. Generally, 
attenuation correction is calculated from 
mathematic methods with kidney depth correction 
for an accurate renal function value. The purpose of 
this research was to study the correlation of the 
relative renal function from radiation attenuation is 
corrected by geometric mean and renal depth 
correction by Beer-Lambert law equation. This 
research, we studied in the spherical phantom, 
kidney phantom and patients imaging using gamma 
camera. Spherical and kidney phantom is studied 
attenuation correction by various kidney depth. In 
patients study, using anterior and posterior kidney 
image to evaluate the renal relative function. All 
study, the renal region of interest (ROI) is created 
from planar image for activity counts calculation. 
The results are subtracted background and 
corrected radiation attenuation using geometric 
mean and renal depth correction by Beer-Lambert 
law equation. Phantom studies, the relative renal 
function from geometric mean radiation attenuation 
correction was consistent with renal depth 
correction by Beer-Lambert law equation and true 
renal depth (ICC > 0.84). The patients study showed 
the relative renal function from geometric mean 
method related to the other renal depth correction 
methods (R2 > 0.95) and geometric mean method was 
not significantly different from other renal depth 
correction methods (P > 0.05, ICC > 0.95).  Finally, 
Radiation attenuation is corrected by geometric 
mean and renal depth correction by Beer-Lambert 
law equation method can be used to estimate relative 
renal function appropriately in renal cortical 
scintigraphy. 

Keywords — Renal cortical scintigraphy, Relative 
renal function, Kidney depth, Attenuation 
correction 

 
I. INTRODUCTION  

In nuclear medicine imaging, renal cortical 
scintigraphy using Tc-99m dimercaptosuccinic acid 
(Tc-99m DMSA) is widely used for diagnostic renal 
normality and abnormality. DMSA imaging is shown 
renal size, shape and renal morphology. Therefore, it’s 

good for confirmation of non-functional multicystic 
kidney, detection of ectopic kidney, renal scar, etc. 
Including, the Tc-99m DMSA imaging’s sensitivity is 
higher than ultrasound and intravenous urography in 
both acute and chronic pyelonephritis detection [1].  
However, the main reason for Tc-99m DMSA imaging 
is cortical abnormalities detection related to urinary tract 
infection.  In addition, relative renal function (RRF) is 
performed by Tc-99m DMSA planar scintigraphy, 
which has clinical results importance. 

Relative renal function is estimated form the 
radiopharmaceutical uptake in the left and right kidneys 
with background subtraction. Planar images of the both 
kidneys are not the net activity because it’s shown soft 
tissue activity uptake. Importantly, both kidney’s depth 
is differently. There are the reasons for background 
subtraction and radiation attenuation correction. 
Generally, radiation attenuation correction is calculated 
from mathematic methods with kidney depth correction 
for an accurate renal function value. This research was 
to study the correlation of the relative renal function 
value from geometric mean radiation attenuation 
correction and renal depth correction by Beer-Lambert 
law equation.  

 
II. MATERIALS AND METHODS  

 
A. Patient data collection 

This study was approved by the Institutional Review 
Board (IRB) of Faculty of Medicine, Chulalongkorn 
University. Thirty retrospective patient data who 
underwent Tc-99m DMSA scan at Nuclear Medicine 
section, King Chulalongkorn Memorial Hospital 
(KCMH) between 2019-2021. For the data analysis, all 
of scan, we were corrected anterior and posterior planar 
images, both kidney expression and don’t showed 
artifact in the images. According to the clinical protocol 
at KCMH, patients were intravenously injected Tc-99m 
DMSA 185 MBq for patient’s bodyweight 70 kg. Static 
images were acquired 2 hrs. after injection.  

B. Phantoms and patient’s study 
Spherical phantom study, start with the radionuclide 

preparation. Activity concentration is calculated from 
the average of counts per pixel in both kidneys divide 
by mean background counts in 10 patients. After 
radionuclide calculation, spherical phantom preparation 
using Tc-99m pertechnetate 3.7 MBq in water 60 ml. 
Filled the radionuclide in two spherical. Meanwhile, the 
Tc-99m pertechnetate 109.89 MBq in water 9,000 ml is 
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filled in phantom background. Spherical phantom 
imaging, the spherical depth is variable [2]. At each the 
depth of spherical, planar imaging is performed by the 
same protocol of Tc-99m DMSA scan. In kidney 
phantom study, we used oasis is designed shape and size 
likely human kidney. Put it on Tc-99m pertechnetate 
55.5 MBq/350 ml about 10 mins for uniformity 
absorption. After kidney preparation, all of both are 
fixed at phantom base and filled Tc-99m pertechnetate 
148 MBq in water 9,000 ml for phantom’s background 
activity [2]. Kidney depth is variable and the planar 
images are acquired (Figure 1). Finally, patients’ study 
is corrected from Picture Archiving and Communication 
System (PACs). The patient’s data, gender, age, weight 
and hight are recorded in patient record form. Finally, 
we use Tc-99m DMSA images in anterior and posterior 
view for data analysis. 

Figure 1. (a) Body phantom and two hollow sphere 
phantoms with radioactivity inside at activity 
concentration ratio of 1:4. (b) Home-made kidney 
phantoms with radioactivity inside body phantom. (c) 
The scintigraphy of 2 sphere phantoms of different 
diameters and count density. (d) Scintigraphy of kidney 
phantoms. 

 
 
C. Data analysis 

Planar images form spherical phantom, kidney 
phantom in every depth and patients’ study are used for 
create kidney and background region of interest (ROI). 
In each ROI is draw 10 times in 3 researchers for inter-
operator and intra-operator variability estimation. After 
ROI valuation, total count, area (pixel), background 
count, background area (pixel) from anterior and 
posterior images are recorded (Figure 1-2). Kidney net 
count of both kidneys are calculated with background 
subtraction from equation 1. 

 

 

 

 

Figure 2. Both patient’s kidney and background region 
of interest (ROI) in (a) anterior and (b) posterior view  

      
           (a) Anterior  (b) Posterior 
 
Equation 1 

Ccor in kid   = Ckid - Bgkid 
Bgkid       = (CBg / No. pixelBg) x No. pixelkid 

There are    
Ckid              : Total kidney ROI count    
Bgkid            : Background in kidney 
CBg               : Total background ROI count 
No. pixelkid  : Number of pixels in kidney ROI 
No. pixelBg   : Number of pixels in background ROI 

 
After net count in left and right are calculated, 

radiation attenuation correction is estimated by 
geometric mean and renal depth correction by Beer-
Lambert law equation. Geometric mean is calculated 
from equation 2 and kidney depth correction is 
calculated from 5 equations (equation 3-7). 
 
Equation 2 

              𝐶  ( .  .) = 𝐶  ( .  .)  ×  𝐶  ( .  .) 

There are    
Co : Net count in kidney     
CA : Net count in anterior kidney  
CP : Net count in posterior kidney 
Rt. : Right kidney 
Lt. : Left kidney 
 

Equation 3 Beer-Lambert law 

𝑥 =  
1
2

 (𝑑 −
𝑙𝑛 𝐶

𝐶
𝜇

) 

There are    
x : Kidney depth    
d : Patient’s thickness (cm)  
𝜇 : Attenuation coefficient of Tc-99m in tissue     
            (0.153 cm-1) 

 
Equation 4 Standard (Tonnesen) 

Rt. Kidney depth (cm) = 13.3 (weight/hight) + 0.7 
Lt. Kidney depth (cm) = 13.3 (weight/hight) + 0.7 

 
Equation 5 Standard (Tonnesen) 

Rt. Kidney depth (cm) = 15.31 (weight/hight) +  
                    0.022 (Age) + 0.077 

Lt. Kidney depth (cm) = 16.17 (weight/hight) +  
    0.027 (Age) - 0.94 

(a) (b) 

(c) (d) 
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Equation 6 Itho 

    Rt. Kidney depth (cm) = 13.6361 (weight/hight)0.6996 
    Lt. Kidney depth (cm) = 14.7577 (weight/hight)0.7554 
 
Equation 7 T. Itho 

Rt. Kidney depth (cm) = 16.55 (weight/hight) + 0.66 
Lt. Kidney depth (cm) = 17.05 (weight/hight) + 0.13 

 
 

However, after kidney depth are calculated from 
equation 3-7, we used Beer-lambert law (equation 8) for 
net count in kidney calculation. After attenuation 
correction, the relative renal function value is evaluated 
from equation 9. 
 
 

Equation 8 

𝐶  ( .  .) =  𝐶  ( .  .)𝑒 ( .  .) 

There are 
Co       : Net count in kidney     
CP : Net count in posterior kidney 
x : Kidney depth    
𝜇 : Attenuation coefficient of Tc-99m in tissue     

            (0.153 cm-1) 
 
Equation 9 

  𝑅𝑡. 𝑘𝑖𝑑𝑛𝑒𝑦 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 =  
𝐶  ( .)

𝐶  ( .) +  𝐶  ( .)
 ×  100% 

 

  𝐿𝑡. 𝑘𝑖𝑑𝑛𝑒𝑦 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 =  
𝐶  ( .)

𝐶  ( .) +  𝐶  ( .)
 ×  100% 

There are 
Co (Rt.) :  Net count in right kidney    
Co (Lt.) :  Net count in left kidney    

 
 
D. Statistical analysis 

All of study, relative renal function value after 
radiation attenuation correction from each method is 
compared. Using intra correlation coefficient (ICC) and 
paired sample t-test by SPSS statistics. 

 
III. RESULTS  

 
The relative renal function (RRF) values after 

background subtraction and radiation attenuation 
correction using geometric mean (GM) and kidney 
depth correction (KDC) by Beer-Lambert law equation. 
Phantom studies, the correlation of relative renal 
function with radiation attenuation by geometric mean, 
kidney depth correction by Beer-Lambert law equation 
and true kidney depth show in table 1 and table 2.  

 
 
 
 
 

Table 1. Comparison of correlation (ICC) for the 
relative renal function after attenuation correction in 
spherical phantom study. 

RRF methods RRF-GM RRF-KDC 
RRF-KDC 
(Depth calculation) 
RRF-KDC 
(Depth 
measurement) 

1.000 
 
0.844 

 
 
0.844 

 

Table 2. Comparison of correlation (ICC) for the 
relative renal function after attenuation correction in 
kidney phantom study. 

RRF methods RRF-GM RRF-KDC 
RRF-KDC 
(Depth calculation) 
RRF-KDC 
(Depth 
measurement) 

1.000 
 
0.849 

 
 
0.849 

 
 

The patient’s study showed the relative renal 
function from geometric mean method related to the 
Beer-Lambert law with kidney depth correction 
methods (R2 > 0.95) in all equation are shown in Figure 
3 . 

Figure 3. Correlation of relative renal function from 
geometric mean method and Beer-Lambert law with 
kidney depth correction methods. 

    
 (a) RRFGM - RRFBeer-Lambert law    (b) RRFGM - RRFTonnesen 

    
  (c) RRFGM – RRFEmory        (d) RRFGM – RRFItoh 

 
              (e) RRFGM - RRFT.Itoh 

 
 
 

However, in this study has shown the correlation of 
the relative renal function after radiation attenuation 
correction by geometric mean and Beer-Lambert law 
with kidney depth correction methods using paired t-test 
in 30 patient’s study with mean, variance (S2), Pearson 

y = x - 4E-14 
R2 =1 

y = 0.9971x + 0.1442 
R2 = 0.9855 

y = 0.963x + 1.8497 
R2 = 0.9626 

y = 0.9925x + 0.3771 
R2 = 0.9835 

y = 0.9801x + 0.9957 
R2 = 0.9784 
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correlation (r), t stat, t critical two-tail, etc. The results 
show in table 3-8.  

Table 3. Paired sample t-test between the relative renal 
function after attenuation correction using geometric 
mean and Beer-Lambert law equation with kidney 
depth correction 

 GM KDC 
Mean                            
Variance (S2) 
Pearson Correlation 
(r) 
t stat 
t Critical two-tail 
P(T<=t) two-tail 

50.0000 
396.7695 
1.0000 
0.572633 
2.000995 
0.569069 

50.0000 
396.7695 

 

Table 4. Paired sample t-test between the relative renal 
function after attenuation correction using geometric 
mean and Beer-Lambert law equation with Tonnesen 
depth correction 

 GM KDC 
Mean                            
Variance (S2) 
Pearson Correlation 
(r) 
t stat 
t Critical two-tail 
P(T<=t) two-tail 

50.0000 
396.7694 
0.9927 
9.5304x10-16 
2.0009 
1.0000 

50.0000 
400.2713 

 

Table 5. Paired sample t-test between the relative renal 
function after attenuation correction using geometric 
mean and Beer-Lambert law equation with Emory depth 
correction 

 GM KDC 
Mean                            
Variance (S2) 
Pearson Correlation 
(r) 
t stat 
t Critical two-tail 
P(T<=t) two-tail 

50.0000 
396.7694 
0.9811 
-1.1904x10-16 
2.000995 
0.569069 

50.0000 
382.2576 

 

Table 6. Paired sample t-test between the relative renal 
function after attenuation correction using geometric 
mean and Beer-Lambert law equation with Itoh depth 
correction 

 GM KDC 
Mean                            
Variance (S2) 
Pearson Correlation 
(r) 
t stat 
t Critical two-tail 
P(T<=t) two-tail 

50.0000 
396.7694 
0.9917 
3.0438x10-15 
2.0009 
1.0000 

50.0000 
397.3471 

 
 

 

Table 7. Paired sample t-test between the relative renal 
function after attenuation correction using geometric 
mean and Beer-Lambert law equation with T. Itoh depth 
correction 

 GM KDC 
Mean                            
Variance (S2) 
Pearson Correlation 
(r) 
t stat 
t Critical two-tail 
P(T<=t) two-tail 

50.0000 
396.7694 
0.9891 
0.0000 
2.0009 
1.0000 

50.0000 
389.5252 

 
IV. DISCUSSION  

 
In this study, the relative renal function with 

attenuation correction is estimated from geometric mean 
and kidney depth correction by Beer-Lambert law 
method in three studies. From spherical and kidney 
phantom study, the relative renal function from 
geometric mean was consistent with kidney depth 
correction by Beer-Lambert law equation and true 
kidney depth (ICC > 0.84). Including, in the patient’s 
study showed the good correlation between relative 
renal function from geometric mean and Beer-Lambert 
law with kidney depth correction methods (R2 > 0.95) 
and geometric mean method was not significantly 
different from other renal depth correction methods (P > 
0.05, ICC > 0.95) in all equation. There are related to 
relevant study [2],[3]. In addition, the relative renal 
function after attenuation correction by every equation 
is compared with together (Table 8).  

 

Table 8. Comparison of the relative renal function after 
attenuation correction with intra correlation coefficient 

RRF 
Method 

RRF - 
GM 

RRF - 
Beer-Lambert 
law 

RRF -
Tonnesen 

RRF -
Emory 

RRF - 
Itoh 

RRF - 
Beer-
Lambert 
law 
 
RRF -
Tonnesen 
 
RRF - 
Emory 
 
RRF - 
Itoh 
 
 
RRF - 
T. Itoh 

 
1.000 
 
 
0.993 
 
 
0.981 
 
 
0.992 
 
 
0.989 

 
 

 
 
0.993 
 
 
0.981 
 
 
0.992 
 
 
0.989 

 
 

 
 
 
 
 
0.991 
 
 
1.000 
 
 
0.989 

 
 

 
 
 
 
 
 
 
 
0.991 
 
 
0.998 

 
 

 
 
 
 
 
 
 
 
 
 
 
0.998 

 

The majority of patients undergoing renal cortical 
scintigraphy were pediatric patients. According to the 
research of Sontrapornpol T, et al [2], the results of the 
method for solving the kidney depth using the Beer-
Lambert law equation have a good correlation with the 
method calculated from the equation of Tonnesen, 
Emory. and Itoh, and there was no difference in adult 
patients. but differed significantly in pediatric patients. 
Therefore, the calculation of kidney depth using the 
Beer-Lambert law equation is valid and applicable in 
patients. This promotes the correctness of the radiation 
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attenuation method by the geometric mean method to be 
used in patients. Because there was a good correlation 
between the geometric mean calculation method and the 
renal depth resolution using the Beer-Lambert law 
equation, the two results were not statistically different 
(P>0.05, ICC=1).  

Relative renal function in every equation has a good 
intra correlation coefficient (ICC > 0.95). Especially, 
geometric mean method has high reliability. In addition, 
geometric mean method is easy to estimate in clinical 
service because it’s not necessary patient’s weight, hight 
and thickness for calculation. 

 
V. CONCLUSION  

 
Relative renal function with radiation attenuation 

correction techniques calculation by geometric mean 
method was not significantly different from other renal 
depth correction methods. Therefore, both of 
attenuation correction techniques can be used to 
estimate relative renal function appropriately in renal 
cortical. 
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Abstract — Image registration is an essential part of 
radiotherapy workflow which allows the use of 
multimodality imaging for delineation of tumors and 
normal structures. Misregistration can lead to an 
error in subsequent processes. Therefore, this study 
aims to validate our currently operated image 
registration software, Eclipse TPS v.16.1, using TG-
132 virtual phantoms. The TG-132 virtual phantoms 
were used to validate rigid registration accuracy 
using quantitative metrics recommended in the 
AAPM TG-132 report. Multimodality images of 
geometric and anatomical datasets were segmented 
and used to quantify the Dice similarity coefficients 
(DSC) and center of mass shift (COM). The 
propagated landmarks on the virtual phantoms were 
calculated as the target registration error (TRE) 
over six landmarks. The obtained results were 
compared to the recommended tolerance. The 
registration metrics showed the registration 
accuracy with a high DSC above the acceptable 
tolerance (DSC > 0.80). The DSC results of all 
contours were larger than 0.88 and 0.92 for 
geometric and anatomical datasets, respectively. The 
average COM was less than 1 mm for all directions 
except in rotation for CT to CT images and 
translation for CT to CBCT images. The maximum 
TREs for all datasets were within the acceptable 
tolerance of 2 mm. The rigid registration algorithm 
provides sufficient accuracy in virtual phantom 
study analysis with the quantitative metrics available 
in Eclipse TPS. These results were corroborated with 
high conformity values and low displacement errors. 

Keywords — validation of image registration, rigid 
image registration, virtual phantom, Eclipse TPS  

 
I. INTRODUCTION  

 
Commercial image registration software makes it 

feasible to manipulate displacement by creating 
algorithmic models for the best performance and 
applicability. However, the various factors in the 
registration process such as algorithms, area, and 
volume can lead to an error in image registration. The 
possibility of misregistration can be reduced by 
validating image registration. Many studies have 
investigated appropriately to assess the competence of 
image registration algorithms, with several indicators 
offered [1]. The key framework for validation and 

quality assurance experiments of the image registration 
algorithms used in radiotherapy is provided in the report 
of task group No. 132 of the AAPM Radiation Therapy 
Committee [2]. The report includes recommendations 
for tolerance along with a virtual phantom for verifying 
image registration software. Hence, by applying the 
virtual phantoms from the AAPM TG-132 publication, 
this study aims to confirm the accuracy of image 
registration implemented in the Eclipse treatment 
planning system (TPS). 

 
II. MATERIALS AND METHODS  

 
Comprehensive virtual phantoms produced by 

ImSimQA software acquired from the AAPM website 
were used in this study. Table 1 demonstrates the details 
of the phantom test recommended by the report 
containing the basic geometric and anatomical datasets. 
As recommended by the TG-132 report, a quantitative 
assessment consisting of a landmark analysis and 
a feature-based evaluation were used to validate image 
registration tools in Eclipse treatment planning system 
v.16.1 (Varian Medical Systems, Palo, Alto, California, 
USA). 

A. Feature-based evaluation  
The accuracy of image registration was evaluated by 

quantifying the contour overlaying metrics available in 
Eclipse TPS v.16.1. The estimated volume overlap 
between the compared contours is the Dice similarity 
coefficient (DSC) while the distance that the centric of 
volume shifts is known as the center of mass (COM). 
The shape inside the TG-132 virtual phantom was 
segmented using the specific segmentation tools 
available in Eclipse TPS v.16.1 to minimize the impact 
of user bias. The ROI and background were measured to 
determine the intensity range for segmenting the 
structure. 

A DSC value greater than 0.8–0.9 is acceptable 
according to TG-132, a recommendation which presents 
a substantial level of contour agreement, while the COM 
metric is a supplementary metric from Eclipse that is not 
yet frequently used to validate image registration and for 
which the exact tolerance has not been specified.  
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Table 1. List of registration tests. 

Note: MR1, MRI T1-weight image; MR2, MRI T2-weighted image; T, Translation; TR, Translation and Rotation; HFS, head-first 
supine; FFS, feet-first supine; HFP, head-first prone; FFP, feet-first prone 
 

It should be noted that the volume size of the 
examined structure has a significant impact on the 
applicability of the DSC parameter for considering 
contours. The intra-observer variability in delineating 
contours also causes some uncertainty and leads to an 
incomplete overlap [2]. The DSC is less sensitive to 
border inconsistencies whenever a larger total volume is 
present [3, 4].  

B. Landmark analysis 
TG-132 virtual phantoms contain virtual landmarks 

in each dataset that match the pair of registered images. 
The visible landmark is seen inside and on the surface 
area of the phantom. The average displacement error 
from six points between the pairs of images was 
calculated as target registration error (TRE) in both 
geometric and anatomical datasets. The computed TRE 
ought to be smaller than the maximal voxel dimension, 
which is approximately 2-3 mm for all datasets.  

 
III. RESULTS  

 
The TG-132 virtual phantoms were included in this 

study to test the functionality of the Eclipse image 
registration system. The registration results were 
assessed for validity by two approaches: feature-based 
and landmark analysis methods. 

A. Feature-based evaluation 
The agreement of contours between the source and 

target images was quantified using DSC parameters, as 
shown in Table 2. The DSC value for each structure was 
under the acceptable tolerance in the report as a 
consequence of the contour overlaying analysis (DSC > 
0.8–0.9). A high DSC value, never falling lower than 
0.90, was found for all modalities in both geometric and 
anatomical datasets.  

Additionally, the complementary metric, COM, 
demonstrated a variation in the position of volume-

centric shift compared to its actual location. The COM 
value represented the distance in millimeters; the 
corresponding value was less than 2 mm in all 
directions. When the image volume of each modality 
differs, a substantial displacement is frequently 
observed in the SI direction for CT to CBCT and CT to 
CT (translation and rotation), which raises the COM 
value overall (Figure 1).  

Figure 1. Different volumes of virtual phantoms 
(geometric dataset) presented in SI directions of a 
registered image between reference CT image and 
CBCT (A, C) and between reference CT image and CT 
image with added translation and rotation (B, D). 

 
 
B. Landmark analysis 

The TRE metric is used to describe the displacement 
error between the alignment of the actual point and the 
registration outcome. The Eclipse registration tool 
shows the accuracy of rigid image registration, with the 
most significant displacement of a maximum of 0.7 mm 
and 0.5 mm for geometric and anatomical datasets, 
respectively. Due to the absence of a landmark point on 
a virtual phantom, the landmark analysis section for 
PET and MRI images contains no information. 

Case Target images Source images Description 
1-4 Basic Phantom Dataset 2 

(CT w/ Translation) 
Basic Phantom Dataset 1 (PET) Geometric 

phantom with 
various intensity 
shapes 

Basic Phantom Dataset 1 (MR1) 
Basic Phantom Dataset 1 (MR2) 
Basic Phantom Dataset 1 (CBCT) 

5-9 Basic Phantom Dataset 1 
(CT HFS) 
 

Basic Phantom Dataset 2 (CT w/ Translation) 
Basic Phantom Dataset 3 (CT w/ Translation and 
Rotation) 
Basic Phantom Dataset 4 (CT) – HFP 
Basic Phantom Dataset 5 (CT) – FFS 
Basic Phantom Dataset 6 (CT) – FFP 

10-14 Basic Anatomical Dataset 1 
(CT) 

Basic Anatomical Dataset 2 (CT) Simulated pelvis 
region Basic Anatomical Dataset 3 (PET) 

Basic Anatomical Dataset 4 (MR1) 
Basic Anatomical Dataset 4 (MR2) 
Basic Anatomical Dataset 4 (CBCT) 
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Table 2. Dice similarity coefficient (DSC) of registration 
results between the source and target images of virtual 
phantoms from TG-132 publication. 

Case Datasets DSC ± SD 
1 Basic Phantom 

Datasets 
CT – PET 0.99 ± 0.01 

2 CT – MR1 0.98 ± 0.01 
3 CT – MR2 0.97 ± 0.02 
4 CT – CBCT 0.96 ± 0.03 
5 CT – CT (T) 0.98 ± 0.03 
6 CT – CT (TR) 0.96 ± 0.02 
7 CT – CT (HFP) 0.96 ± 0.04 
8 CT – CT (FFS) 0.99 ± 0.02 
9 CT – CT (FFP) 0.96 ± 0.03 
10 Basic 

Anatomical 
Datasets 

CT – CT (T) 0.98 ± 0.01 
11 CT – PET 0.99 ± 0.00 
12 CT – MR1 0.99 ± 0.02 
13 CT – MR2 0.96 ± 0.03 
14 CT – CBCT 0.98 ± 0.01 

Note: MR1, MRI T1-weight image; MR2, MRI T2-weighted 
image; T, Translation; TR, Translation and Rotation; HFS, 
head-first supine; FFS, feet-first supine; HFP, head-first 
prone; FFP, feet-first prone 

 
IV. DISCUSSION  

 
Rigid registration is typically examined in a 

straightforward approach, yielding data that may be 
easily verified. According to the TG-132 report, a 
comprehensive virtual phantom is recommended for 
validating image registration software with vector data 
analysis. However, exporting deformable vector field 
(DVF) requires ownership/access permission and a 
specific software package. Hence this study, like the 
great majority of published research on the evaluation of 
image registration software, did not involve additional 
DVF comparisons. By using tools that are incorporated 
into the software, we quantified the registration 
accuracy by analyzing the registration results via a 
contour comparison and target error estimation.  

On publicly accessible datasets from the AAPM TG-
132 study, the Eclipse image registration performed 
well within the contouring uncertainty of the structure 
specified in the report (DSC 0.8–0.9) [2]. All contours 
had high DSC values, which were never less than 0.90 
across all modalities, even the most varying datasets due 
to the presence of volume loss, such as CBCT or CT 
with translation.  

Secondly, the Eclipse registration toolset offers an 
additional quantitative parameter, COM, to determine 
the amount that the centric structure shifts from the 
reference image. The corresponding value of COM 
seemed to be higher for structures indicating partial 
volume loss, with a high value in the SI direction and 
resulting in a COM value greater than 1 mm in all 
directions. Unfortunately, this COM metric is not 
widely reported with any exact tolerance established, so 
this value is only offered for observation purposes. 

This experiment also involved a propagation 
analysis of landmarks to determine TREs. These 
phantom examinations have demonstrated that the rigid 
registration in Eclipse TPS measures up to the reference 

position, with the error never surpassing 0.7 mm in all 
directions. Since there are no observable markers on the 
virtual phantoms in this study, there is no information 
for PET and MRI images in the landmark analysis part. 

The validation of image registration accuracy using 
a TG-132 virtual phantom was also found in another 
study. Latifi et al. analyzed the discrepancy in a vector 
of each voxel between the registration results and the 
ground truth information using the rigid registration of 
the Mirada RTx software package [5]. The results had 
TREs under the ½ voxel dimensions except for 
translation testing in PET and MRI images. 
Additionally, they observed that intra-modality 
registration (CT to CT or CBCT) produced greater 
agreement than inter-modality registration (CT to MRI 
or CT to PET).  

Due to some degree of variability, particularly for 
multimodality image registration, it is unlikely to 
achieve the ideal registration. The dissimilarity in slice 
thickness between pairs of volumetric images could 
make it challenging to identify exactly where landmarks 
are located [6, 7]. Furthermore, a variation of structure 
segmentation could be impacted by a wide range of 
image quality and contrast [8].  

 
V. CONCLUSION  

 
We have demonstrated the effectiveness of the 

Eclipse TPS for applying rigid image registration using 
quantitative parameters. The results indicated that the 
TG-132 tolerance guidelines for the phantom 
experiment seem to agree with the reliability of the 
registration tools in Eclipse TPS. The contour 
evaluation obtained a good degree of conformity, 
achieving a displacement error below the maximum 
voxel dimension. 
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Abstract — Computed tomography (CT) is a part of 
heterogeneity correction in radiotherapy treatment 
planning using the calibration curve. The curve is the 
relationship between CT numbers (Hounsfield units, 
HU) and relative electron densities (RED) of the 
tissue characterization phantom in the treatment 
planning system (TPS). This process improves the 
accuracy of dose calculation. Many researchers 
concluded the ability to estimate tissue compositions 
of material by dual-energy (DE) technique. This 
study aims to evaluate the RED using CT numbers 
at different energy levels of the dual-layer CT and 
compare with the nominal RED (actual RED from 
the manufacturer) of the Gammex phantom via 
Saito’s equation. The virtual mono-energetic images 
(VMI) of the Gammex phantom were acquired with 
the clinical abdominal protocol at 120 and 140 kVp 
and reconstructed by dual-layer CT, IQon spectral 
model of Philips.   The RED of each material was 
estimated from Saito’s equation using HU 
subtraction of low-energy (40, 50, 60, 70, and 100 
keV) and high-energy (120, 140, and 200 keV) with 
fitting conversion function in MATLAB program. 
And then, the estimated RED was compared to the 
nominal RED. The percent error at x-ray energy 120 
kV did not pass the recommendation of IPEM 81. In 
contrast, at x-ray energy 140 kVp, the percentage 
error passed the criteria. Percentage NRMSE 
(normalized root mean square error) equal 1.39% 
(>1) and percentage NRMSE equal 0.62% (<1) at x-
ray energy 120 and 140 kVp, respectively. The 
analysis of covariance (ANCOVA) of RED each 
paired energy was not significantly different. The 
estimated RED via Saito’s equation using dual-layer 
CT is valid, especially in the 140 kVp technique. 
However, varying both low- and high-keV is not 
significantly affect the estimated REDs. 

Keywords — CT NUMBERS, DUAL-LAYER CT, 
RELATIVE ELECTRON DENSITY, SAITO’S 
EQUATION, VIRTUAL MONO-ENERGETIC 
IMAGE. 

 
I. INTRODUCTION 

 
Medical planning has assisted with medical 

radiation, such as diagnosis, radiotherapy, and nuclear 
medicine. The typical based assistant of medical 

planning is the computed tomography (CT) facility, 
which shows anatomical information in the form of CT 
numbers on cross-section radiography. One of the CT 
advantages in radiotherapy is useful for electron density 
calculation [1, 2]. The CT numbers relate to the linear 
attenuation coefficient (µ), which uses to calculate a 
relative electron density (RED) for dose calculations via 
the treatment planning system (TPS). In brief, the 
attenuation of cross-section photon depends on effective 
atomic number (Zeff), relative electron density (𝜌 ), and 
photon energy [3]. The CT numbers from single energy 
computed tomography or conventional CT are routinely 
used. The systematic errors (in terms of beam hardening 
and scatter radiation) and the properties of relevant 
radiation interaction caused the inaccuracy of electron 
density calculation [1]. Typical interactions in radiation 
therapy are predominantly Compton scattering [1]. 
Whereas the x-ray energies have been presented, both of 
photoelectric effect and Compton scattering played a 
significant role [1]. Photon energies with megavolt 
(MV) in radiotherapeutics departments differ from 
kilovolt (kV) in diagnostic. For these reasons, the linear 
attenuation coefficient parameter is not enough to 
calculate the dose in radiotherapy. Nowadays, the 
evolution of computed tomography (CT) is dual-energy 
technology with many approaches, e.g., dual-layer 
detector, dual source x-ray, or kV-switching technology 
[4, 5]. Many researchers [6-10] mentioned that the dual-
energy techniques could separate these relative electron 
densities of materials by CT numbers corresponding to 
the reconstructed images using two different energies. It 
improves the accuracy of dose calculations. The relative 
electron densities of various materials were 
distinguished and assessed using the dual-energy. The 
HU-subtraction (∆HU) is applied simply to calculate 𝜌  
of materials via Saito’s equation [2,11, 12]. It performed 
a high accuracy estimation of electron density. 

In conclusion, even single-energy computed 
tomography (SECT) imaging can estimate RED via 
conventional HU. However, they still had energy-
dependent images, including artifacts (systematic errors 
such as beam hardening and detection of scattered 
radiation [1]). The electron density can estimate more 
accuracy using the HUs at low and high energy levels 
from dual-energy computed tomography (DECT). 
Therefore, this study aims to assess the relative electron 
densities using low and high HU from the different 
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technology of dual-energy CT and compare them to the 
nominal RED values (𝜌 ) of the phantoms.  

 
 

II. MATERIALS AND METHODS 
 

A. Image acquisition and protocols 
Gammex phantom (Gammex Inc., Middleton, WI) 

comprises a solid water disk, 33 cm diameter, and 5 cm 
thickness, and sixteen rods, 2.8 cm diameter and 7 cm 
thickness, were utilized with this study. The phantom 
CT images were acquired five times with the routine 
abdomen protocol using the dual-layer scanner, IQon 
Spectral CT (Philips Healthcare, Best, and Netherlands). 
The spectral data could perform with 120 and 140 kVp 
to generate virtual mono-energetic images (VMIs) at 
selected energy. The routine protocol’s parameters used 
tube current modulation, 0.5 s rotation time, abdomen 
region, 40 mm total collimator width, 3 mm slice 
thickness, and helical mode at 1.018 pitch. The 
modulations provided average mA as 354 and 240 mA 
at 120 and 140 kVp, respectively. The VMIs were 
reconstructed at effective energy 40, 50, 60, 70 
(effective energy of conventional scan at 120 kVp), 100, 
120, 140, and 200 keV by software on IntelliSpace 
Portal Version 9.0.  

B. Measurement and RED estimation via Saito’s 
equation 

The CT number of each rod of Gammex phantom 
was measured by Radian DICOM viewer (RadiAnt 
DICOM Viewer 2021.2.2). The ROI diameter should be 
at least 1 cm diameter or about 0.785 cm2 according to 
the recommendation of Gammex 467 phantom Manual. 
The ROI in this study used a 1.5 cm diameter (about 
1.77 cm2) to cover more pixels. Each rod diameter is 2.8 
cm, shown in Figure 1.  

Figure 2. The drawn ROIs on insert materials for CT 
number measurement. 

 
 

The CT number in each rod was averaged and taken 
in RED estimation. Each data set of virtual 
monochromatic image CT numbers from dual-layer CT 
matched the low and high-energy CT numbers. The low-
energy CT numbers were measured from 40, 50, 60, 70 

and 100 keV images, while the high-energy CT numbers 
were 120, 140 and 200 keV in 120 and 140 kVp 
techniques, respectively. 

The relative electron densities of materials were 
determined by solving from Saito’s equation in 
MATLAB (version 9.11.0.1687835, R2021b) program. 
The nominal RED and CT numbers at low and high 
energy were inputted into the equation, shown in 
equation 1 [2].  

 𝜌 = 𝑎
∆𝐻𝑈
1000

+ 𝑏 (1) 

 ; ∆𝐻𝑈 = (1 + 𝛼)𝐻𝑈𝐻 − 𝛼𝐻𝑈   

When 𝜌  was actual relative electron density (according 
to the data-sheet of used phantom), and a, b were 
parameters (by α, a, and b were specific to the scanner). 
𝐻𝑈𝐻 and 𝐻𝑈 were Hounsfield units at high and low 
energies, respectively. Then 𝑎 and 𝑏 parameters were 
defined from determining 𝛼. So 𝛼 was varied to find the 
largest R2 then an optimum 𝛼 was obtained from the R2. 
Finally, the RED is determined by the 𝛼. 

C. Statistical analysis 
The statistical analysis for evaluating the relative 

electron densities from Saito’s equation was composed 
of the following; 

- Percentage error (%Error) is implemented to 
observe the difference of estimated RED (𝜌 ) 
from nominal RED, (𝜌 ), which is defined as 
equation 2, 

 %𝐸𝑟𝑟𝑜𝑟 =
𝜌 − 𝜌

𝜌
𝑥100 (2) 

- Root mean squared error (RMSE) is the square 
root of the mean of the square of all of the 
errors. The use of RMSE is very common and 
defines as equation 3, 

 𝑅𝑀𝑆𝐸 =
1
𝑁

(𝜌 − 𝜌 )2 (3) 

- Normalized root mean square error (NRMSE) 
is presented as the overall difference between 
estimated RED and nominal RED as the 
equation 4. 

 𝑁𝑅𝑀𝑆𝐸 =
𝑅𝑀𝑆𝐸

𝜌
 (4) 

 
      

; ρ = 1
𝑁

∑ ρ   

 
- The comparison between the determined REDs 

against groups at the RED equal nominal REDs 
used the analysis of covariance (ANCOVA) 
test. The test was implemented via the SPSS 
statistics program (PASW statistics 18). 



Paper ID 272 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand  269  

III. RESULTS 
 

The estimated REDs via Saito’s equation and the 
histogram of the percentage error of 120 and 140 kVp 
techniques are shown in Table 1-2 and Figure 2-3, 
respectively. 

The results for dual-layer CT at 120 kVp in Figure 2 
showed that the percentage errors of water, lung, and 
bone were higher than the IPEM criteria (water is within 

1%, and bone and lung is 2%) [13]. The maximum 
percentage error of water, lung, and bone at the 120 kVp 
technique were -1.29, 2.98 (LN-450 Lung), and 2.92 % 
(B200 Bone), respectively. In contrast to RED’s results 
at 140 kVp technique in Figure 3, most of the maximum 
percentage error of water, lung, and bone passed the 
criteria, except LN-450 Lung with the paired energy of 
40/120, and 40/140 keV (2.34, and 2.04 %, 
respectively).

 
 
Table 2. The estimated REDs from paring between low-keV (40, 50, 60, 70, and 100 keV) and high-keV (200, 140, 
and 120 keV) in dual-layer CT with abdomen protocol at 120 kVp. 

Material 𝜌  
𝜌  at high 200 keV pair 𝜌  at high 140 keV pair 𝜌  at high 120 keV pair 

40 keV 50 keV 60 keV 70 keV 100 keV 40 keV 50 keV 60 keV 70 keV 100 keV 40 keV 50 keV 60 keV 70 keV 100 keV 

LN-300 Lung 0.264 0.267 0.268 0.268 0.268 0.268 0.267 0.268 0.268 0.268 0.268 0.268 0.268 0.268 0.268 0.268 
LN-450 Lung 0.442 0.455 0.455 0.455 0.455 0.455 0.455 0.455 0.455 0.455 0.455 0.455 0.455 0.455 0.455 0.455 
AP6 Adipose 0.926 0.937 0.936 0.936 0.936 0.936 0.938 0.937 0.937 0.937 0.937 0.939 0.936 0.937 0.937 0.937 
BR-12 Breast 0.957 0.958 0.957 0.957 0.957 0.957 0.957 0.956 0.956 0.956 0.956 0.958 0.957 0.957 0.957 0.957 
CT Solid Water 0.988 0.984 0.984 0.984 0.984 0.984 0.986 0.985 0.985 0.985 0.985 0.986 0.985 0.985 0.985 0.985 
CT Solid Water 0.988 0.988 0.988 0.988 0.988 0.988 0.988 0.988 0.987 0.988 0.987 0.989 0.987 0.987 0.987 0.987 
CT Solid Water 0.988 0.989 0.989 0.989 0.989 0.989 0.989 0.989 0.989 0.989 0.989 0.989 0.989 0.989 0.989 0.988 
Water Insert 1.000 0.987 0.987 0.987 0.987 0.987 0.988 0.987 0.987 0.987 0.988 0.988 0.987 0.987 0.987 0.987 
BRN-SR2 Brain 1.047 1.049 1.048 1.048 1.048 1.048 1.050 1.048 1.048 1.048 1.048 1.051 1.049 1.048 1.049 1.049 
LV1 Liver 1.062 1.058 1.058 1.058 1.058 1.058 1.059 1.058 1.058 1.058 1.058 1.059 1.058 1.058 1.058 1.057 
B200 Bone Mineral 1.098 1.069 1.070 1.070 1.070 1.070 1.068 1.070 1.070 1.070 1.070 1.066 1.070 1.069 1.069 1.070 
IB Inner Bone 1.104 1.082 1.082 1.082 1.082 1.082 1.080 1.082 1.082 1.082 1.082 1.079 1.082 1.082 1.082 1.082 
CB2-30% CaCO3 1.278 1.300 1.301 1.301 1.301 1.301 1.299 1.300 1.300 1.301 1.301 1.297 1.300 1.300 1.300 1.301 
CB2-50% CaCO3 1.469 1.495 1.495 1.495 1.495 1.495 1.490 1.495 1.495 1.495 1.495 1.487 1.495 1.495 1.495 1.495 
SB3 Cortical Bone 1.694 1.686 1.686 1.686 1.686 1.686 1.690 1.686 1.686 1.686 1.686 1.694 1.686 1.686 1.686 1.686 

 
 
Table 3. The estimated REDs from paring between low-keV (40, 50, 60, 70, and 100 keV) and high-keV (200, 140, 
and 120 keV) in dual-layer CT with abdomen protocol at 140 kVp. 

Material 𝜌  
𝜌  at high 200 keV pair 𝜌  at high 140 keV pair 𝜌  at high 120 keV pair 

40 keV 50 keV 60 keV 70 keV 100 keV 40 keV 50 keV 60 keV 70 keV 100 keV 40 keV 50 keV 60 keV 70 keV 100 keV 

LN-300 Lung 0.264 0.261 0.261 0.261 0.261 0.261 0.262 0.261 0.261 0.261 0.261 0.264 0.261 0.261 0.261 0.261 
LN-450 Lung 0.442 0.449 0.449 0.449 0.449 0.449 0.451 0.450 0.450 0.450 0.449 0.452 0.450 0.450 0.450 0.448 
AP6 Adipose 0.926 0.930 0.930 0.930 0.930 0.930 0.931 0.930 0.930 0.930 0.930 0.932 0.930 0.930 0.930 0.930 
BR-12 Breast 0.957 0.960 0.960 0.960 0.960 0.960 0.961 0.961 0.961 0.961 0.961 0.962 0.961 0.961 0.961 0.963 
CT Solid Water 0.988 0.987 0.987 0.987 0.987 0.987 0.987 0.987 0.987 0.987 0.987 0.988 0.987 0.987 0.987 0.988 
CT Solid Water 0.988 0.989 0.989 0.989 0.989 0.989 0.990 0.989 0.989 0.989 0.990 0.990 0.990 0.990 0.990 0.990 
CT Solid Water 0.988 0.990 0.990 0.990 0.990 0.990 0.990 0.989 0.990 0.989 0.989 0.990 0.989 0.990 0.989 0.989 
Water Insert 1.000 0.995 0.995 0.995 0.995 0.995 0.996 0.995 0.995 0.995 0.995 0.997 0.996 0.996 0.996 0.996 
BRN-SR2 Brain 1.047 1.042 1.042 1.042 1.042 1.042 1.043 1.042 1.042 1.042 1.042 1.043 1.042 1.042 1.042 1.043 
LV1 Liver 1.062 1.071 1.071 1.071 1.071 1.071 1.072 1.071 1.071 1.071 1.071 1.072 1.071 1.071 1.071 1.069 
B200 Bone Mineral 1.098 1.086 1.085 1.085 1.085 1.085 1.083 1.085 1.085 1.085 1.085 1.081 1.085 1.085 1.085 1.086 
IB Inner Bone 1.104 1.098 1.097 1.097 1.097 1.097 1.095 1.098 1.098 1.098 1.098 1.093 1.098 1.098 1.098 1.098 
CB2-30% CaCO3 1.278 1.272 1.271 1.271 1.271 1.272 1.268 1.272 1.272 1.272 1.271 1.264 1.272 1.272 1.272 1.269 
CB2-50% CaCO3 1.469 1.481 1.480 1.480 1.480 1.480 1.473 1.480 1.480 1.480 1.480 1.466 1.480 1.480 1.480 1.480 
SB3 Cortical Bone 1.694 1.693 1.695 1.695 1.695 1.694 1.703 1.694 1.694 1.694 1.694 1.712 1.694 1.694 1.694 1.695 
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Figure 3. Histogram of the calculated percentage error from paring between low-keV (40, 50, 60, 70, and 100 keV) 
and high-keV (200, 140, and 120 keV) in dual-layer CT with abdomen protocol at 120 kVp. 

 
 
 
Figure 4. Histogram of the calculated percentage error from paring between low-keV (40, 50, 60, 70, and 100 keV) 
and high-keV (200, 140, and 120 keV) in dual-layer CT with abdomen protocol at 140 kVp. 
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ANCOVA recommended no significant difference 
for estimating RED, with ideal measurement 𝜌 =𝜌 , 
against varying low-keV and high-keV groups in the 
DLCT scanner (p=0.9992-1.0000 for β, and p=0.7405-
1.0000 for ϵ).  

The overall estimation error or normalized root 
mean square error (NRMSE) of comparing the 
estimated RED to nominal RED is in Table 3. For 
varying low and high keV in dual-layer CT, NRMSE 
demonstrated a value of more than 1 (>1) at the 120 kVp 
and less than 1 (<1) at the 140 kVp technique. The range 
of NRMSE at the 120 and 140 kVp techniques were 
1.35-1.40 and 0.60-0.89, respectively.  

 
Table 4. The calculated NRMSEs from dual-layer CT. 

Scan 
technique 

Paired energy % NRMSE 

            Low-keV    
 
High-keV 

40  
keV 

50 
 keV 

60 
 keV 

70 
 keV 

 100 
 keV 

120 kVp 

120 keV 1.35 1.39 1.39 1.39 1.39 

140 keV 1.35 1.39 1.39 1.39 1.38 

200 keV 1.39 1.40 1.40 1.40 1.40 

140 kVp 

120 keV 0.89 0.62 0.62 0.62 0.60 

140 keV 0.71 0.62 0.62 0.63 0.62 

200 keV 0.61 0.61 0.61 0.61 0.61 

 
 

IV. DISCUSSION 
 

The evaluation of feasible estimated RED via Saito’s 
model in the dual-layer CT system using the routine 
abdominal protocol was paired with the variable low- 
and high-keV of the VM images. The results found that 
the percentage errors of water, lung, and bone of dual-
layer CT at 120 kVp did not pass the IPEM criteria 
(water is within 1%, and bone and lung is 2% [13]). In 
contrast, the percentage errors at 140 kVp mostly passed 
the criteria, except LN-450 Lung in the 40/120 and 
40/140 keV (2.34 and 2.04 %, respectively). It might 
come from the image artifact appearing at 120 kVp more 
than 140 kVp, especially in low VMI (as shown in 
Figure 4). This reason brought to the error in the 
measured CT numbers 

These results differed from Mei’s study with dual-
layer CT in that the percentage error via Saito’s equation 
was LN-300 Lung, the lowest nominal RED [11]. It may 
cause by differences in the material arrangement of the 
Gammex phantom (Mei’s study used 467-TOMO), as 
shown in Figure 4 (c), and the setting parameters in the 
clinical protocol differed from Mei. This study put the 
Gammex phantom model 467 according to the routine 
position for calibration curve at Ramathibodi Hospital, 
so the image artifacts of this study were more than Mei’s 
study. Mei used iterative reconstruction in spectral data 
and the pitch value (Mei-0.983, this study-1.015). 
Iterative reconstruction algorithm can resolve noise, 
sharpness, and contrast in the image, the image quality 
was explained in Arapakis et al. (2014) [14, 15]. The 

pitch value affects image artifacts, and decreasing pitch 
reduces the image artifacts [16]. The pitch is the table 
movement in one rotation per beam collimation. 
Typically, a pitch less than 1 (<1) means overlapping of 
the acquired image data, and more than 1 (>1) means 
interpolation of image data. These reasons brought 
different results. Almeida et al.’s results (2017) have 
studied the twin-beam CT scanner to extract material 
(Iodine and calcium). As a result of slight spectra 
separation, the ability of RED estimation will decrease 
[17]. The reason is explained by Wang (2012) that if the 
separation of energy is slight, the noise from material 
decomposition will be significant [18]. 

This study found that the uncertainty of CT number 
from the artifact usually appeared at low tube voltage, 
for example, steaking artifact, cupping artifact, and 
quantum noise. The VM images at low-energy, such as 
40, and 50 keV, illustrated a noticeable artifact, as 
shown in Figure 4 (a) and (b), respectively. These 
artifacts can spread signal into the negligible sample, so 
the measured CT number may be disturbed and changed 
at low energy.  

Figure 5. The reconstructed VMI with window level 60 
and window width 400 from dual-layer scanner at 
effective energy (a) 40, (b) 50 keV, and (c) 50 keV of 
Gammex 467 TOMO in Mei’s study 

 

Moreover, the NRMSE using the routine protocol of 
dual-layer CT (DLCT) at 120 kVp of every paired 
energy raised to 1.40%. It referred to the estimated RED 
as a high difference from nominal RED. The DLCT at 
the higher x-ray energy of 140 kV showed the NRMSE 
was less than 1. According to this experiment, the 
statistical analysis showed that the estimated REDs were 
not significantly different for all variable energy pairs at 
confident interval of 95% with 2-tailed (𝑝 < 0.025 for 
2-tailed). 

 
 
 
 



Paper ID 272 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

 272 ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand   

V. CONCLUSIONS  
 

This study demonstrated the different estimation of 
relative electron density at the 120 and 140 kVp 
techniques of dual-layer CT via Saito’s equation, the 
∆HU-𝜌  conversion method due to the image noise and 
artifacts, especially in low keV VMI. Many factors 
affected the image quality, such as quantum noise, beam 
hardening, material arrangement in phantom, 
reconstruction algorithms, etc. They created an artifact 
that affected the measured CT numbers leading to the 
error in the estimated RED. For the varying low and 
high paired energy of dual-layer CT, this study 
recommends low keV should be at least 60 keV, 
whereas the high energy can use equal to or more than 
120 keV.  

The limitation of this study was that the image 
reconstruction did not investigate, leading to more 
image noise, especially in the dual-layer CT. 

In conclusion, the feasibility of Saito’s equation can 
be used to estimate the relative electron density in the 
DLCT with the appropriate protocol to reduce image 
noises and artifacts. 
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 Abstract — Magnetic resonance cholangio-
pancreatography (MRCP) is a non-invasive 
technique that allows access to the pancreato-biliary 
system. During MRCP, the pancreaticobiliary ducts 
can be obscured by the high-intensity signal from the 
stomach and duodenum. Pineapple juice (PJ) may be 
an alternative to commercially available negative 
contrast agents but has not been evaluated locally. 
An observational, comparative, analytical study was 
conducted within the radiology department of the 
University Clinical Center of The Republic of 
Srpska. The research was done with 10 patients 
submitted to MRCP exams and 10 healthy 
volunteers. A 1.5 Tesla MRCP sequence was 
performed before PJ and 15 and 30 minutes 
following ingestion of 400 mL of a local, 
commercially-available PJ preparation. Images 
were assessed blindly by two Consultant Radiologists 
using a standard grading technique based on 
contrast effect (degree of suppression of bowel 
signal), and image effect (diagnostic quality). There 
was a particularly significant improvement in the 
visualization of the pancreatic duct, ampulla, and 
bile ducts. Still, there was no significant difference 
between 15 minutes and 30 minutes after consuming 
the juice in the images. PJ preparation used in this 
study is an effective, affordable and natural negative 
oral contrast agent which provides effective signal 
suppression in the GI tract on MRCP. 

 
Keywords — MRCP, pineapple juice, negative oral 
contrast, pancreaticobiliary ducts   

 
I. INTRODUCTION  

 
Magnetic resonance cholangiopancreatography 

(MRCP) is a non-invasive technique that allows access 
to the pancreato-biliary system. MRCP use heavily T2-
weighted sequences, mainly coronal, maximum 
intensity projection (MIP), similar to conventional 
cholangiopancreatography [1]. During MRCP, the 
pancreaticobiliary ducts can be obscured by the high-
intensity signal from the stomach and duodenum [2].  

To overcome this, patients are fasted before 
examination so the negativ oral contrast agents may be 
administrated to further suppress signal from these 
structures [3]. The ideal oral contrast agent should 
increase the contrast effect homogeneously through the 
gastrointestinal tract, should be affordable, it should not 
be toxic, diluted during transit or stimulate peristalsis, 
with no side effects and at a low cost [4].  

    Pineapple juice (PJ) may be an alternative to 
commercially available negative contrast agents but it 
has not been evaluated locally yet. Pineapple is the most 
promising natural food with the highest content of 
manganese ions, providing image contrast, it  reduce T1 
and T2 relaxation times, thereby increasing T1 and 
decreasing T2-signall intensity [5].  

 
II. MATERIALS AND METHODS  

 
    An observational, comparative, analytical study was 
conducted within the radiology department of the 
University Clinical Center of The Republic of Srpska.           
The research was done with 10 patients submitted to 
MRCP exams and 10 healthy volunteers. The patient 
and healty volunteers fasting for 4 hours prior to the 
examination. During the examination, they must lie on 
their backs and be calm. They must not be 
claustrophobic.  

    Standard MRCP sequences (localiser in 3 orthogonal 
planes, T2 haste ax/cor navigator, T2 space navigator 
(after 15 and 30 minutes), T2 haste fs thick slab cor, and 
T1 vibe dixon ax, depend of  patology) was perform 
before and after 15 and 30 minuts oral administration of 
400 ml of a local commercially-available PJ preparation 
(100 % Pineapple, Fructal). All protocol obtein heavily 
T2-weighted sequences. The images were acquired with 
a 1.5 Tesla Magnetic Resonance Imaging System 
(Magnetom Avanto Fit, Siemans Ag 2015, Erlangen, 
Germany) using a phased-array body coil with 18 
chanels.  

    Images were assessed blindly by two Radiologists 
identified as R1 and R2, both with large experience in 
image diagnostics using a standard gradient technique 
based on contrast effect (degree of suppression of bowel 
signal), and image effect (diagnostic quality).  

    Signal intensity (SI) of the stomach and duodenum 
was measured on 15 and 30 minuts after oral contrast 
images, using picture archiving and communication 
system (PACS). The overal perceived SI of the stomach 
and duodenum (D1, D2, D3 segments) were recorded 
using a 3-point Likert scale (Table 1). 

Table 1. Perception of signal intensity in the stomach     
and duodenum (D1,D2,D3 segments) 

Score Signal suppression in the stomach and duodenum 
(D1,D,D3 segments) 

1 
2 
3 

Poor (high signal intensity) 
Good (slight signal intensity)  
Excellent (no signal intensity) 
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The visibility of the intrahepatic, extrahepatic and 
pancreatic ducts after 15 and 30 minutes PJ 
administration were graded qualitatively using the 3-
point Likart metod (Table 2).  

Table 2. Visibility and detectability of intrahepatic, 
extrahepatic and pancreatic ducts 

Score Visibility-Detectability 

1 
2 
3 

Poor-not detected 
Good-the anatomy is visible but with some difficulty 
Excellent- compleately visible 

 

III. RESULTS 
 

     Descriptive and comparative statistics were used 
among the statistical procedures. The parameters of 
descriptive statistics are aritmatic mean, standard 
deviation, minimum and maximum value. For 
comparative statistics, the Mann-Whitney U test was 
performed. 

Table 3. Descriptive statistics of the tested variables 

Structure Minimum Maximum Mean Std.Deviation 
15stomach 
15D1 
15D2 
15D3 
30stomach 
30D1 
30D2 
30D3 
15IHD 
15EHD 
15PMD 
30IHD 
30EHD 
30PMD 
Valid 
N(listwise) 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

2,67 
2,48 
2,30 
2,45 
2,37 
2,25 
2,07 
2,17 
2,78 
2,60 
2,03 
2,82 
2,42 
2,00 

,526 
,554 
,648 
,714 
,774 
,809 
,764 
,844 
,530 
,672 
,891 
,385 
,712 
,847 

 

Table 3 presents the basic descriptive parameters 
arithmetic mean, standard deviation, minimum and 
maximum values for the tested variables. 

Table 3. Display of the results of the average values of 
the tested variable 

 
 
 

 

 

Table 4. The difference between the ratings of the tested 
variables by different evaluators 

 S-15 D1-15 D2-15 D3-15 
Mann-
Whitney 
U Sig.(2-
teiled) 

177,500 
,446 

175,500 
,450 

146,000 
,105 

134,500 
,045 

 S-30 D1-30 D2-30 D3-30 
Mann-
Whitney 
U Sig.(2-
teiled) 

179,000 
,527 

171,500 
,404 

135,500 
,062 

154,500 
186 

 
 
Table 5. The difference between the ratings of the tested 
variables by different evaluators 

 IHD-15 EHD-15 PMD-15 
Mann-Whitney 
U Sig.(2-teiled) 

171,500 
,243 

158,000 
,158 

168,500 
,362 

 IHD-30 EHD-30 PMD-30 
Mann-Whitney 
U Sig.(2-teiled) 

190,000 
,681 

151,500 
,142 

148,000 
,135 

 

Tables 4 and 5 show the results of the differences 
between the evaluations of the evaluators. A statistically 
significant difference between the evaluations of the 
evaluators was found in variable 15D3. There are no 
statistically significant differences in other variables. 

Table 6. Differences between variables in relation to 
time 

 S-15/30 D1-15/30 D2-15/30 D3-15/30 
Mann-
Whitney U 
Sig.(2-
teiled) 

553,500 
,175 

587,500 
,378 

540,000 
,149 

558,500 
,221 

 
Table 6 presents the differences in test results after 

15 and 30 minutes of taking pineapple juice. The results 
indicate that no statistically significant difference was 
found in the tested variables. 

Table 7. Differences between variables in relation to 
time 

 IHD-15/30 EHD-15/30 PMD-15/30 
Mann-Whitney 
U Sig.(2-teiled) 

631,500 
,611 

609,000 
,519 

647,000 
,878 

 
Table 7 presents the differences in test results after 

15 and 30 minutes of taking pineapple juice. The results 
indicate that no statistically significant difference was 
found in the tested variables. 
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Graph 2. Differences between variables in relation to 
time 

 
 

This maximum intensity projection of coronal 
reconstruction MRCP image demonstrates structures of 
gastrointestinal tract before, after 15  and 30 minutes PJ 
administrated. 

Figure A. Before PJ MRCP; Shows high signal intensity 
in the stomach and duodenum(D1,D2,D3 segments) and 
poor diagnostic quality of image and good visualisation 
of biliar ducts.  

 
 

 

 

 

 

 

 

 

 

 

 

Figure B. After 15 minutes PJ MRCP; Shows us an 
excellently and compleately visible intrahepatic, 
extrahepatic and pancreatic ducts, considering that there 
was a complete suppression of the liquid signal in the 
stomach and duodenum(D1,D2,D)3. 

 
 
 
Figure C. After 30 minutes PJ MRCP; Which shows that 
there is no significant difference compared to the 
evaluated structured of 15 minutes. 

 
 

 
IV. CONCLUSION  

 
PJ preparation used in this study is an effective, 

affordable, naturally negative oral contrast agent, which 
provides effective signal suppression in the GI tract on 
MRCP and improves the diagnostic significance of the 
image and better visualization of pancreatic and biliary 
ducts.  
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Abstract — Radiographers provide mobile 
radiography services for patients who are critically 
ill as well as patients isolated due to highly infectious 
diseases. Patients infected with Coronavirus disease 
2019 (COVID-19) are isolated to prevent cross-
infection. This study aims to investigate the 
experience of radiographers performing mobile 
radiography during the COVID-19 pandemic. This 
study was conducted through an online survey 
disseminated to radiographers working in 
Singapore public hospitals who have performed 
mobile radiography from February 2020 to 
September 2021. The survey consisted of multiple-
choice and Likert scale questions and was designed 
to capture the participants’ experience when 
delivering mobile radiography services by 
understanding the workload, adequacy of support 
and resources available to radiographers. 96% of 
radiographers reported a rise in mobile 
radiography workload and less than half of the 
radiographers (47%) were able to cope with the 
workload. Male radiographers were found to have 
higher ability to cope with the mobile radiography 
workload. It was found that radiographers who 
reported difficulty in coping with the increasing 
workload were also the ones who found that extra 
manpower was not readily available to provide aid 
when required.  The need to preserve isolation and 
avoid cross infection during the pandemic has 
increased demand for mobile radiography, 
resulting in additional stress and anxiety among 
radiographers. Understanding the climate and 
perception of radiographers performing mobile 
radiography can assist the development of policies, 
processes, and resources so that radiographers feel 
supported and can perform their duties safely and 
effectively 

Keywords — COVID-19, pandemic, mobile 
radiography, portable radiography, X-ray  

 
I. INTRODUCTION  

 
Coronavirus disease 2019 (COVID-19) was first 

reported in 2019 and was soon after declared a 
pandemic by the World Health Organisation in 2020 
[1]. Due to its transmissibility and mortality, COVID-
19 threatened to overwhelm healthcare systems [2,3]. 
Healthcare institutions had to enact changes in their 
workflow to cope with the increased demand for 
healthcare services while protecting their staff and 
patients from COVID-19. Healthcare workers were 
also under immense pressure as they faced the 

challenge of adapting to everchanging guidelines while 
delivering care under increased workload and stress.  

Radiographers performing mobile radiography 
provide an important service for COVID-19 patients by 
allowing radiographs to be taken in the isolation room, 
reducing the spread of nosocomial infection. COVID-
19 mainly affects the respiratory tract, which can result 
in inflammation of the lungs and cause pneumonia. 
Imaging of the chest is crucial to assess disease severity 
and provide appropriate care for the patient [4]. 
Although chest radiographs have a lower sensitivity 
compared to chest Computed Tomography (CT), it is 
the most commonly ordered imaging test because it is 
fast and relatively inexpensive to obtain [5,6]. Chest 
radiographs may be ordered as part of the diagnosis 
process and is also often ordered to monitor the 
progress of COVID pneumonia [7].  

In a peacetime healthcare setting, mobile 
radiography services are provided for patients in the 
intensive care units or high dependency wards who are 
too ill to be brought out for X-rays. With the influx of 
COVID-19 cases requiring chest radiographs, 
radiographers found themselves overwhelmed with the 
rise of demands from both the critically ill patients and 
COVID-19 cases.  

This study aims to investigate the experience of 
mobile radiographers in the COVID-19 pandemic and 
identify factors that may influence radiographers’ 
ability to cope. In doing so, this study hopes to identify 
challenges and ways radiographers can be supported in 
their work.  

 
II. MATERIALS AND METHODS  

 
Data was collected through an online survey as it 

would allow us to reach a wide range of participants. 
The questions were designed to capture the 
participants’ experience in performing mobile 
radiography by understanding the workload, adequacy 
of support and resources available to radiographers.  

The questionnaire utilized a combination of close- 
and open-ended questions. The survey consisted of 
multiple-choice and Likert scale questions which range 
from a scale of 1-5, where 1- strongly disagree, 2-
disagree, 3- neutral, 4- agree, to 5- strongly agree.  

The survey link was disseminated to radiographers 
working in public hospitals in Singapore. The 
managers of radiography departments were contacted 
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to assist in sending the online survey link to 
radiographers in their department. 

All radiographers who performed mobile 
radiography from February 2020 to September 2021 
were invited to participate in the survey. The survey 
was opened for a period of one month between 13 
September 2021 to 13 October 2021.  Exclusion criteria 
included radiographers who were still undergoing 
training in mobile radiography as they would not be 
delivering the mobile radiography services 
independently. No identifiable information was 
collected in the survey. Participation in the survey was 
voluntary and participants were able to exit the survey 
at any time without consequences.  

The online questionnaire was created through 
FormSG (GovTech, SG), a secure and encrypted 
website that will enable the responses to be stored 
securely.   

No funding was received for this study and the 
authors declare no conflict of interest.  

Exemption from a full ethical review was approved 
by Singhealth Centralised Institutional Review Board 
(CIRB) as no identifiable details were collected in the 
survey and the study did not pose any foreseeable risks 
to the participants.  

A. Statistical analysis 

Descriptive statistics of baseline characteristics 
were reported as number and percent for nominal data, 
or median and interquartile range (IQR) for non-normal 
data. Univariable proportional odds models were used 
to identify the factors associated with the 
radiographer’s ability to cope with workload, fear of 
contracting COVID-19 at work, and feeling more 
assured when receiving the latest guidelines in a timely 
manner. Multivariable proportional odds models 
examined the factors independently associated with 
said outcomes, after adjustment for age group, gender, 
and radiography experience in years. Proportional odds 
ratios and the corresponding 95% confidence intervals 
were reported. The Wilcoxon signed-rank test assessed 
if there was a difference in time taken to perform one 
case in the general vs. COVID-19 ward. Statistical tests 
were two-sided with a 0.05 significance level. All 
statistical analyses were conducted using Stata 15.0 
(College Station, TX: StataCorp LLC). 

 
III. RESULTS  

 
A. Demographic 

A total of 78 radiographers participated in this 
study. 56.4% (44/78) of radiographers were between 
the ages of 25 and 29, and 68.0% (53/78) were female. 
The median radiography experience was 3 years (IQR 
5). Baseline characteristics are described in table 1. 

 
 

 

Table 1. Baseline characteristics of radiographers 

Characteristic All 
radiographers 
(n=78) 

Age group in years, n (%)  
   <25 10 (12.8) 
   25-29 44 (56.4) 
   30-39 18 (23.1) 
   ≥40 6 (7.7) 
Female gender, n (%) 53 (68.0) 
Median (IQR) radiography experience 
in years 

3 (5) 

Median (IQR) total number of weeks 
rostered to perform mobile radiography 
since February 2020 

10 (20) 

Median (IQR) daily mobile X-ray 
orders performed 

15 (12) 

Performs mobile radiography alone, n 
(%) 

66 (84.6) 

Covers other areas* and mobile 
radiography concurrently, n (%) 

63 (80.8) 

Covers mobile radiography between 
different buildings, n (%) 

66 (84.6) 

Covers both COVID and non-COVID 
wards concurrently, n (%) 

60 (76.9) 

 
 
B. Workload 

96% of the participants reported an increase in 
workload and 64% of radiographers also reported an 
increase in the number of orders for other body parts 
besides chest and abdominal X-rays. For those who 
reported an increase in orders for other body parts, 94% 
felt that it made the job harder. 

When comparing the time taken to complete one 
case in the general ward vs COVID-19 wards, 64.1%. 
(50/78) of radiographers took less than 10 minutes to 
perform one case in the general ward. 23.1% (18/78) 
took 10-15mins, 11.5% (9/78) took 15-20mins, and 
1.3% (1/78) took 20-25mins. For the same group of 
radiographers, 41.0% (32/78) took 10-15mins to 
perform one case in the COVID-19 ward. 24.4% 
(19/78) took 15-20mins, 18.0% (14/78) took 20-
25mins, 10.3% (8/78) took 25-30mins, and 6.4% (5/78) 
took 0-10mins. The average time taken to perform one 
case in the general ward was shorter than that in the 
COVID-19 ward (P<0.001) (Figure 1) 
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Figure 1. Average duration to perform one case in the 
general wards vs Covid wards 

 
 
 
C. Staff wellbeing 

i. Ability to cope with workload 

Less than half the radiographers (47%) reported 
being able to cope with the workload and only 21% of 
radiographers agreed that extra manpower was readily 
available if they needed help. 81% of radiographers 
agreed that it would be useful to assign different 
radiographers to perform mobile radiography for 
COVID-19 patients (Appendix table 1).  

After adjusting for age group and radiography 
experience, female radiographers had a 68% (OR 0.32, 
95% CI 0.12 to 0.85, P=0.021) lower odds of reporting 
a higher ability to cope with workload compared to 
male radiographers. After adjusting for age group, 
gender, and radiography experience, a similar 
association between reporting that extra manpower was 
readily available when they needed help and a higher 
ability to cope with workload was observed (P=0.006; 
table 2). There was no evidence that age group, 
radiography experience, or manpower deployment was 
associated with the ability to cope with workload (table 
2) 

ii. Fear of contracting COVID-19 at work 

Majority of radiographers agreed that they are 
trained in the use of PPE (92%), have access to 
adequate PPE (85%), and there are adequate 
disinfectant products to clean the mobile X-ray 
machine (86%). However, 58% of radiographers feared 
getting infected with COVID-19 from work (Appendix 
table 1).   

After adjusting for age group and gender, an 
additional year of radiography experience was 
associated with a 22% (OR 1.22, 95% CI 1.04 to 1.43, 

P=0.015) increase in odds of reporting a fear of 
contracting COVID-19 at work. There was no evidence 
that age group, gender, or access to personal protective 
equipment was associated with a fear of contracting 
COVID-19 at work (table 3) 

iii. Reassurance when receiving the latest 
guidelines in a timely manner. 

86% of respondents agreed that they are informed 
and kept up to date on the latest changes in guidelines. 
85% of respondents also agreed that receiving the latest 
guidelines by their department helps them feel more 
reassured.  

However, there was no evidence that age group, 
gender, or radiography experience was associated with 
feeling more reassured when receiving the latest 
guidelines in a timely manner (table 4).  

D. Challenges experienced by radiographers 

Most of the radiographers reported that they 
experienced an increase in workload and faced 
difficulty in coping with the demands for their services. 
Radiographers reported that they have to juggle 
between numerous competing X-ray requests with each 
request insisting on the urgency of their case. 

“Sometimes the workload could get heavy and it’s 
difficult to manage ICU, COVID-19 and general ward 

cases.” (Rad 9) 

To exacerbate matters, besides the increase in 
workload, radiographers also reported an increase in 
requests for other body parts that are complex to 
perform due to limitations with the mobile 
radiographic unit and ward layout.  

“Space limitation in the wards is a big challenge when 
doing other body parts such as horizontal beam lateral 

(HBL) hip.” (Rad 48) 

Another common challenge encountered was the 
inability of radiographers to obtain help from other 
radiographers or ward nurses when they encountered 
difficult cases.  

“High workload that is difficult to cope and find time 
to take a break. Also difficult to get help as other 

radiographers are occupied with their duties.” (Rad 
43) 

“Uncooperative patients which sometimes increase 
time of exposure to patients. Especially when there 
are no nurses available to assist and help.” (Rad 60)
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Table 2. Proportional odds model of radiographer’s ability to cope with workload on participant demographics, 
manpower deployment, resource allocation 

Variable Adjusted proportional odds 
ratio (95% CI) 

P value 

Demographics   
   Age group in years  0.202 
      <25 1.00 (ref.) – 
      25-29 2.40 (0.60 to 9.67) 0.217 
      30-39 0.73 (0.11 to 4.68) 0.739 
      ≥40 1.51 (0.14 to 16.46) 0.738 
   Female gender 0.32 (0.12 to 0.85) 0.021 
   Additional year of radiography experience 1.06 (0.93 to 1.21) 0.374 
Manpower deployment   
   Performed mobile radiography alone 0.81 (0.23 to 2.85) 0.740 
   Covered other areas* and mobile radiography concurrently 1.52 (0.49 to 4.71) 0.463 
   Covered mobile radiography across different buildings 0.44 (0.13 to 1.55) 0.204 
   Covered both COVID and non-COVID wards concurrently 0.86 (0.30 to 2.45) 0.781 
Resource allocation   
‘It is better to have different radiographers performing mobile 
radiography for the non-COVID and suspected/positive COVID 
patients.’ 

 0.152 

      Disagree or neutral 1.00 (ref.) – 
      Agree 0.57 (0.16 to 2.00) 0.379 
      Strongly agree 0.32 (0.10 to 1.05) 0.059 
‘Having multiple mobile machines stationed at various areas will help 
with the efficiency of performing mobile radiography.’ 

 0.226 

      Disagree or neutral 1.00 (ref.) – 
      Agree 0.73 (0.24 to 2.24) 0.585 
      Strongly agree 1.73 (0.52 to 5.73) 0.370 
‘Extra manpower is readily available if I need help.’  0.006 
      Strongly disagree 1.00 (ref.) – 
      Disagree 0.22 (0.06 to 0.87) 0.030 
      Neutral 0.83 (0.22 to 3.17) 0.784 
      Agree or strongly agree 2.10 (0.51 to 8.72) 0.306 

Adjusted proportional odds ratios were adjusted for age group, female gender, and additional year of radiography experience. *Including accident 
and emergency, inpatient, operating theatre, etc. 

Table 3. Proportional odds model of radiographer’s fear of getting infected with COVID-19 from work on participant 
demographics and access to personal protective equipment 

Variable Adjusted proportional odds 
ratio (95% CI) 

P value 

Demographics   
   Age group in years  0.807 
      <25 1.00 (ref.) – 
      25-29 0.61 (0.17 to 2.15) 0.439 
      30-39 0.42 (0.07 to 2.52) 0.339 
      ≥40 0.43 (0.05 to 3.89) 0.450 
   Female gender 1.17 (0.46 to 2.97) 0.749 
   Additional year of radiography experience 1.22 (1.04 to 1.43) 0.015 
Access to personal protective equipment   
   ‘I have access to adequate personal protective equipment.’  0.540 
      Strongly disagree, disagree, or neutral 1.00 (ref.) – 
      Agree 0.42 (0.09 to 2.00) 0.275 
      Strongly agree 0.45 (0.10 to 2.12) 0.313 
   ‘There are adequate disinfectant products to clean the mobile X-ray 
machine.’ 

 0.683 

      Strongly disagree, disagree, or neutral 1.00 (ref.) – 
      Agree 0.68 (0.17 to 2.71) 0.590 
      Strongly agree 0.54 (0.13 to 2.25) 0.394 
   ‘I am trained in the use of PPE.’  0.213 
      Strongly disagree, disagree, or neutral 1.00 (ref.) – 
      Agree 0.82 (0.15 to 4.40) 0.821 
      Strongly agree 2.09 (0.49 to 8.81) 0.316 
   ‘I am informed and kept up to date on the latest changes in guidelines.’  0.066 
      Strongly disagree, disagree, or neutral 1.00 (ref.) – 
      Agree 1.00 (0.24 to 4.07) 0.998 
      Strongly agree 0.35 (0.08 to 1.47) 0.150 

Adjusted proportional odds ratios were adjusted for age group, female gender, and additional year of radiography experience. 



Paper ID 49 | The 22nd International Society of Radiographers and Radiological Technologists (ISRRT) World Congress 2022 

ISRRT WC2022, 15-17 December 2022, Bangkok, Thailand  281  

Table 4. Proportional odds model of radiographer feeling more assured when receiving the latest guidelines in a 
timely manner on participant demographics 

Variable Adjusted proportional odds 
ratio (95% CI) 

P value 

Demographics   
   Age group in years  0.378 
      <25 1.00 (ref.) – 
      25-29 1.29 (0.35 to 4.79) 0.708 
      30-39 0.36 (0.05 to 2.40) 0.292 
      ≥40 0.59 (0.06 to 5.76) 0.649 
   Female gender 1.16 (0.44 to 3.03) 0.766 
   Additional year of radiography experience 1.09 (0.94 to 1.26) 0.257 

Adjusted proportional odds ratios were adjusted for age group, female gender, and additional year of radiography experience. 
 
 

IV. DISCUSSION  
 

Our study sought to understand the experience of 
radiographers performing mobile radiography in the 
COVID-19 pandemic. Overall, the results have shown 
that radiography staff experienced higher demand for 
mobile radiography requests resulting in significant 
stress on radiographers.  With the rise in COVID-19 
cases, the number of patients who require X-rays 
would invariably increase too. Radiographers now 
must juggle between providing their services for 
critically ill patients and COVID-19 patients. The 
increase in workload along with the additional time 
required to perform an X-ray in the COVID wards 
makes mobile radiography challenging.  

Female radiographers and those who were unable 
to obtain additional help upon request had lower odds 
of being able to cope with the workload. This could be 
attributed to the physically demanding nature of 
mobile radiography. To obtain the X-ray, the X-ray 
detector is placed behind the patient and this can often 
involve significant strength to manipulate the patient 
into the desired position if the patient is incapable of 
assisting the radiographer. Being in the isolation ward, 
coupled with manpower shortages have resulted in 
challenges in seeking for assistance when required 
during the delivery of mobile radiography services. 
Studies have shown that under the Job Demands-
Resources Model, healthcare staff working in highly 
demanding environments with lack of resources and 
control over their work processes may experience 
distress leading to exhaustion and burnout [8-10].  

When radiographers are able to seek for extra help 
when requested, they were found to be able to cope 
better with the rise in workload. Therefore, we 
envisage the resiliencies amongst the radiographers 
can be improved when departments support their staff 
by providing an avenue for mobile radiographers to 
activate extra support when there is a sudden surge in 
X-ray requests.  

Even though radiographers are trained and have 
access to Personal Protective Equipment (PPE) at 
work, most of them still fear being infected with 
COVID-19 in the workplace. In fact, contrary to our 
expectations that more experienced staff would have 
less fear, the results showed that increased years in  

 

radiography was linked to higher odds of experiencing 
fear in contracting COVID-19. One of the reasons 
radiographers report fear when performing COVID-19 
cases is due to the increased time spent with COVID-
19 patients. To alleviate radiographers’ fears as well 
as improve efficiency of performing mobile 
radiography, novel methods to acquire chest X-rays 
can be trialed. This includes obtaining the X-ray 
outside the isolation room by shooting through the 
glass window if the ward layout allows for it, 
minimizing contact between radiographers and the 
patient. A few studies have been demonstrated 
proving the feasibility of such a method where it was 
shown that images of diagnostic quality can be 
obtained without an increase in radiation dose [11-13]. 

This study has shown that regardless of age or 
work experience, radiographers felt more assured 
when receiving guidelines in a timely manner. In a 
fluid COVID-19 landscape with new strains 
constantly emerging, radiographers would benefit 
from being kept up to date on the latest COVID-19 
situation and workflow guidelines. Constantly 
changing protocols have been shown to raise anxiety 
and cause frustration among healthcare workers 
leading to poor work performance [14,15]. Instead, 
frequent updates that are disseminated in a transparent, 
consistent and timely manner have been shown to 
promote assurance amongst staff [16]. In times of 
pandemic, hospitals often face issues of supply and 
manpower shortages. Therefore, hospitals should 
regularly conduct pandemic simulation exercises to 
determine the readiness of institutions and identify 
areas of shortfall 

A. Limitations 

Limitations to the study include the use of an 
online survey, where responses were only captured via 
multiple choice questions and limited free text 
questions. This may limit the depth of response 
achievable as compared to a focus group interview. 
Furthermore, the method of disseminating the online 
survey resulted in a less-than-ideal response rate and a 
low sample size.    
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V. CONCLUSION  
 

COVID-19 which turned into a pandemic, was 
seen to have put healthcare systems to test. COVID-
19 has shown no signs of abating, with new waves of 
infection every few months when a highly 
transmissible variant emerges. Radiographers are 
inundated with high volumes of requests for mobile X-
rays and the physical nature of the job leads to both 
physical and mental fatigue for radiographers. 
Radiography departments can support their staff by 
facilitating clear communications and access to help 
whenever radiographers require it.  
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Appendix 
 
 
Table 1. Likert scale response of survey questions 

 
 

Questions Strongly agree Agree Neutral Disagree Strongly 
disagree 

I have access to adequate  
PPE.  

56% 32% 9% 0% 3% 

There are adequate 
disinfectant products to clean 
the mobile x-ray machine. 

49% 37% 10% 0% 4% 

I am trained in the use of PPE. 73% 19% 6% 0% 1% 

I am informed and kept up to 
date on the latest changes on 
guidelines. 

40% 46% 12% 0% 3% 

Adequate PPE supplies make 
me feel more comfortable 
performing mobile 
radiography. 

50% 33% 13% 1% 3% 

Receiving the latest guidelines 
by my department in a timely 
manner helps me feel more 
reassured. 

47% 38% 10% 1% 3% 

Having multiple mobile 
machines stationed at various 
areas will help with the 
efficiency of performing 
mobile radiography. 

33% 42% 15% 6% 3% 

It is better to have different 
radiographers performing 
mobile radiography for the 
non-COVID and 
suspected/positive COVID 
patients. 

55% 26% 14% 4% 1% 

I am able to cope well with the 
workload. 

15% 32% 40% 12% 1% 

I fear getting infected with 
COVID-19 from work. 

27% 31% 22% 15% 5% 

Extra manpower is readily 
available if I need help. 

3% 18% 29% 33% 17% 

Psychological help is readily 
available if I need help. 

3% 28% 38% 19% 12% 
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