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Synthesis and characterization of gold coated iron oxide nanoparticles as magnetic 
resonance imaging and computed tomography contrast agents 
 
Raja Saleh Al-Ameri1, Selwan Abduljabbar Mohammed1, Nik Noor Ashikin Nik Ab Razak1, 
Mohammed Ali Dheyab1, Azlan Abdul Aziz1,2 
 
1School of Physics, Universiti Sains Malaysia, Gelugor, Penang, 11800, Malaysia. 
2Nano-Biotchnology Research and Innovation (NanoBRI), Institute for Research in Molecular 
Medicine (INFORMM), Universiti Sains Malaysia, Gelugor, Penang, 11800, Malaysia. 
 
Purpose: The application of gold coated iron oxide nanoparticles (Fe3O4@Au NPs) is a 
promising approach where multiple functions can be obtained in one stable entity. This study 
aims to synthesize Fe3O4@Au NPs using a sonochemical approach facilely in a short time 
and further characterized as a magnetic resonance imaging (MRI) and computed tomography 
(CT) contrast agents. 
 
Method: The sonochemical technique was used to synthesise Fe3O4@Au NPs. The 
characterization of nanoparticles was evaluated via X-Ray diffraction, Transmission Electron 
Microscope, Ultraviolet–visible spectroscopy, and Zeta potential. Lastly, the sensitivity of 
Fe3O4@Au NPs as contrast agent for MRI and CT scan were evaluated.   
 
Results: The ultrasound irradiation produced highly stable and good biocompatible 
Fe3O4@Au CSNPs in 7 minutes. The characterization confirmed the formation of Au shell on 
the Fe3O4 core with an average size of 20 nm, spherical shape, high stability, and 
monodisperse of Fe3O4@Au CSNPs. The as-synthesized NPs show that the transverse 
relaxivity value for MRI is 245 mM−1s−1 and X-ray attenuation for CT scan is 360 HU. Both 
indicate significantly higher values compared to conventional and commercial contrast agents. 

Conclusion: The findings support the use of ultrasonic irradiation for the synthesis of metal 
nanoparticles, particularly very stable GNPs with good shape, in a simple and rapid way. The 
Fe3O4@Au CSNPs has a promising capability to be used in medical imaging as a contrast 
agent in both scans MRI and CT. 

Acknowledgement: We wish to extend our gratitude to the Universiti Sains Malaysia for 
providing us with the Research University Grant FRGS/1/2021/STG05/USM/02/6 in 
supporting this work.  

 
Keywords: Fe3O4@Au, sonochemical method, dual-mode imaging, contrast agent, 
nanomedicine 
 
Corresponding Author: Raja Saleh Al-Ameri, rajasalehaa@gmail.com  
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Development and evaluation of radiologic QC assessment algorithms 
 
Jamal HF1, Abdul Aziz MZ1, Ahmad MZ1, Zaker Salehi2, Mohd Sazali MIS3 
 
1Biomedical Imaging Department, Advanced Medical and Dental Institute, Universiti Sains 
Malaysia, Kepala Batas, Pulau Pinang, 13200, Malaysia. 
2Department of Radiation Sciences, Yasuj University of Medical Sciences, Yasuj, Iran. 
3School of Electrical and Electronic Engineering, Engineering Campus, Universiti Sains 
Malaysia, Nibong Tebal, Pulau Pinang, 14300 Malaysia. 
 
Purpose: Quality Control (QC) assessment for radiography and fluoroscopy machines in 
health facility has a complex calculation formula and time consuming. This study aims to 
develop algorithms for QC radiography and fluoroscopy assessment in determining status of 
the tested machine. 
 
Methods: QC assessment algorithms for radiography and fluoroscopy system was developed 
using Microsoft Excel software. The QC test parameters, test tools, testing procedures and 
reference standards were developed based on Ministry of Health (MOH) standards. The data 
to evaluate the algorithms were retrieved from various location and different model of machine 
which consisted of 100 radiography machines and 55 fluoroscopy machines. The time taken 
(minutes) and presence of errors were compared between use of algorithms and manual 
calculation. 
 
Results: There was significant difference for time taken and presence of errors between use 
of algorithms and manual calculation (p < 0.001). There were no errors detected for use of 
algorithms while 29 errors and 17 errors detected for manual calculation for radiography and 
fluoroscopy respectively. 
 
Conclusions: This QC assessment algorithms proven benefit to all QC testers as it produces 
no errors and less time consuming. 
 
 
Keywords: Quality Control, algorithms, radiography, fluoroscopy 
 
Corresponding Author: Jamal HF, herdifirdaus3012@student.usm.my  
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A phantom study of the impact of patient miscentring on computed tomography dose 
measurements 
 
Siti Humairah Mohd Razlan Teo1, Noor Diyana Osman2, Yasmin Md Radzi1, Mohd Amir 
Syahmi Mat Razali2,3  
 
1School of Physics, Universiti Sains Malaysia, Minden, Penang, 11800, Malaysia. 
2Advanced Medical and Dental Institute, Universiti Sains Malaysia, Kepala Batas, Penang, 
13200, Malaysia. 
3Department of Medical Imaging, Teaching Hospital Universiti Sultan Zainal Abidin, Kuala 
Nerus, Terengganu, 21300, Malaysia. 
 
Purpose: This study aims to evaluate the impacts of patient miscentring on dose 
measurement in computed tomography scanning using a phantom study.    
 
Methods: A phantom scanning on computed tomography dose index (CTDI) phantom was 
performed by 128-slices SOMATOM Definition AS+ CT scanner (Siemens Healthcare, 
Germany). For CT dose assessment, the top and below surface dose, and CTDIvol (in mGy) 
were measured at the centre and peripheral holes of 16 and 22 cm CTDI phantoms using 
UNFORS RaySafe Xi CT dosimeter. Patient miscentring were simulated by positioning the 
phantom at different table positions (Y direction) such as 10, 20, 30, 40, and 50 mm, for both 
negative (Shift –Y) and positive (Shift +Y) miscentring positions.  
 
Results: An increase in miscentring (both shifts) caused a reduction in measured CTDIvol 
(mGy) about 0.6% to 8.3% from -10 mm to -50 mm for 16 cm CTDI phantom and for 22 cm 
CTDI phantom were about 0.1% to 1.8% from -10 mm to -40 mm and 0.2% to 1.3% from +10 
mm to +30. The measured CTDIvol resulted higher in smaller sized phantom (16 cm) compared 
to larger sized phantom (22 cm).  
 
Conclusions: Patient miscentring affects the CT dose measurement such as CTDIvol, top and 
below surface doses. It is crucial for the operators to ensure accurate patient positioning during 
CT examination to minimise error in dose measurement. 
 
Acknowledgement: The authors would like to thank all staff at Imaging Unit, USM Bertam 
Medical Centre (PPUSMB), Penang, for their help and support throughout this work.  
 
Keywords: computed tomography, radiation dose, patient miscentring, phantom 
 
Corresponding Author: Siti Humairah Mohd Razlan Teo, stimaira97@gmail.com  
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Integral Noise Power Spectrum reduction and low contrast detectability enhancement 
for iterative reconstruction in computed tomography, a phantom study 
 
Hamza A1,2; Osman ND1; Ahmad MZ1; ALMasri H3; Aziz ME4 

 
1Advanced Medical and Dental Institute, Universiti Sains Malaysia, Kepala Batas, Penang, 
Malaysia. 
2Radiology Department, Allmed Radiology, Ramallah, Palestine. 
3Medical Imaging Department, Al-Quds University, Jerusalem, Palestine. 
4Department of Radiology, School of Medical Sciences, Universiti Sains Malaysia, Kubang 
Kerian, Kelantan, Malaysia. 
 
Purpose: The noise in computed tomography (CT) affects the ability to detect low-contrast 
objects. This work aims to measure the low contrast detectability (LCD) for brain CT protocols.  
 
Methods: A phantom study involved the uniform water phantom performed on three different 
CT scanners, Siemens, Philips, and GE. The phantom images were reconstructed with 
different algorithms; iterative reconstruction (IR) and filtered back projection (FBP), using 5 
mm and 2 mm slice thickness. The integral noise power spectrum (INPS) was evaluated to 
define image noise, and minimum detected contrast (MDC) was used as an index for LCD. 
The phantoms were scanned using two protocols, low-dose CT (volume CT dose index, 
CTDIvol of 35 milliGrays (mGy), and standard CT protocol (CTDIvol of 65 mGy). 
 
Results: The INPS from the three CT scanners were reduced significantly p value < 5%. 
SAFIRE reduce INPS by 0.5 or less while iDose4 reduction around 1, and ASiR-V reduction 
around 2.5 , also Standard protocol lower the INPS more than the low dose protocol, as thick 
slice lower the INPS more than thin slice. The INPS is worsened in Siemens CT scanner with 
iterative beam hardening correction (iBHC) Finally, all 4 algorithms reduce MDC and enhance 
the LCD in comparison to FBP. 
 
Conclusions: The low-dose CT protocol in combination with IR algorithm yields similar INPS 
and LCD values as 65 mGy dose CT protocol in combination with FBP. 
 
Acknowledgment: my appreciation to Dr. Anam C, Diponegoro University, for his support on 
Image Quality analysis using IndoQCT software. 
 
Keywords: iterative reconstruction, low contrast detectability, noise power spectrum 
 
Corresponding Author: Hamza Arjah, hamza.arejeh@gmail.com  
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Safety issues of wearing facemasks with metals during MRI  
 
Sin Yean Kok1, Che Ahmad Azlan2, Ahmad, M.Y.B.3, Nur Farhayu Omar4  

 

1Faculty of Medicine, Universiti Malaya, 50603 Kuala Lumpur, Malaysia. 
2Department of Biomedical Imaging, Faculty of Medicine, Universiti Malaya, 50603 Kuala 
Lumpur, Malaysia. 
3Department of Biomedical Engineering, Faculty of Engineering, Universiti Malaya, 50603 
Kuala Lumpur, Malaysia. 
4Department of Biomedical Imaging, Faculty of Medicine and Health Sciences, Universiti Putra 
Malaysia, 43400 Selangor Darul Ehsan, Malaysia.  
 

Purpose: The past few years have seen a growing trend toward the importance of face masks 
in dealing COVID-19 pandemic. The face masks or respirators consist of metal strips and 
nanoparticles or coatings, consisting of a metal such as silver or copper during the magnetic 
resonance imaging (MRI) exam. The Food and Drug Administration (FDA) of the United States 
has issued a warning to healthcare practitioners that wearing face masks with metal nose strip 
during magnetic resonance imaging (MRI) exams potentially result in patient injury. Much work 
has been done to date to study the resonant frequency that may cause serious tissue heating 
by metallic implants during MRI. However, the resonant frequency of the short conducting wire 
that is close to the nose bridge which causes excess heating is unclear. The purpose of this 
study was to study the antenna effect due to the metallic strip of face masks during MRI using 
finite element analysis; to determine the resonant frequency on the metal wire of the facemask 
at a different distance, and to investigate the resonant frequency of metal wire varies with the 
length of wire. 
 
Methods: The electromagnetic simulations were solved with finite element analysis with the 
use of FEKO-EM Software & Systems version 2018 (Altair Engineering, Stellenbosch, South 
Africa) in this study. A homogeneous cylindrical tissue phantom with relative permittivity, εr 
=77; conductivity, σ = 0.5 S/m; and mass density of 1000 kg/𝑚3 was simulated. The aluminium 
wire with relative permittivity, εr =1, and mass density of 2689 kg/𝑚3 was set on the surface 
and parallel tissue phantom. First, the radiofrequency near field (64 MHz and 128 MHz) maps 
on a phantom with and without wire conditions were compared. The resonant frequency of 
10.6 cm aluminium wire at a different distance from the phantom and the resonant frequency 
for different wire lengths on the phantom surface were investigated. 
 
Results: The result showed there was a localized electric field observed beyond the phantom 
surface with the presence of aluminium wire at 64 MHz and 128 MHz. The resonant frequency 
of the metal strips depends on the distance from the phantom. The resonant frequency was 
found in GHz range and reduced from the phantom surface. The highest resonant frequency 
which is 2.397 GHz is found at the surface of the phantom. The resonant frequency was also 
reduced with the length of the metal wire at the same distance from the tissue phantom.  
 
Conclusions: The resonance does not occur at the Mega-frequency range for the typical 
length of face mask wire therefore the significant heating does not occur in 1.5 T and 3.0 T 
magnetic resonance exams. The typical length of the facemask wire does not support the 
antenna effect to cause localized heating at the RF frequencies used in 1.5 T & 3.0 T MRI.  
 
Keywords: MRI, facemask 
 
Corresponding Author: Sin Yean Kok, sinyeankok@gmail.com  
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QuIQCT Web  for rapid automated quantitative analysis of Computed Tomography 
image quality 
 
S Y Lim1, Nur Adibah Kusini1, Nur Shaheera Midi1, Noor Khairiah A Karim1, K H Ng2, Hafiz M 
Zin1 
 
1Advanced Medical and Dental Institute, Universiti Sains Malaysia, Bertam, Pulau Pinang, 
13200, Malaysia. 
2University of Malaya, Kuala Lumpur, Wilayah Persekutuan Kuala Lumpur, 50603, Malaysia. 
 
Purpose: Today, computed tomography (CT) serves as the basis for diagnostic and 
therapeutic work in clinical medicine. Periodical quality assurance (QA) assessments of CT 
images are performed to ensure optimal quality. The goal of this work is to present a web-
based image quality (IQ) analysis software, QuIQCT, which can assess various CT IQ 
parameters quantitatively online.   
 
Methods: The algorithms were developed using MATLAB (MathWorks, Natick, MA) and run 
on a web-based interface. The IQ metrics assessed include uniformity, noise magnitude, CT 
linearity and accuracy, high- and low-contrast spatial resolution, geometric distortion and slice 
thickness, as advised in AAPM TG-233 and TG-142 QA programmes for helical CT scanners 
and cone beam CT (CBCT) scanners, respectively. The algorithms were designed for two 
commercial image quality phantoms, Catphan-600 (The Phantom Laboratory, Salem, NY) and 
CIRS-062QA phantom (CIRS, Norfolk, VA).  
 
Results: CT values for various target densities and spatial resolutions differ between different 
CT scanner models. Due to different designs and phantom size, inter-phantom variations were 
observed in each IQ metrics. Nevertheless, the results are within the specifications 
recommended by the manufacturer and TG-233. 
 
Conclusions: QuIQCT facilitates an expedited quantitative analysis of CT image quality for 
different CT scanner models and image quality phantoms. It improves measurement 
uncertainty caused by inter-observer variability. The system is currently undergoing beta 
testing involving different CT and CBCT machines. For an expression of interest and system 
trial please visit https://www.rti2research.com/quiqct. 
 
 
Acknowledgement: This work is funded by Pitch@USM 2022 for Accelerating Startups in 
Campus.  
 
Keywords: CT, cone-beam CT, image quality, quality assurance 
 
Corresponding Author: S Y Lim, rti2research@gmail.com  
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Synthesis of Magnetite (Fe3O4) nanoparticles using Gum Arabic (GA) as a stabiliser in 
water environment for ultrasound contrast agent 
 
Elham Mzwd1,2, Nursakinah Suardi1, Saleh K. Alsaee1,3, Azlan Abdul Aziz1 
 
1School of Physics, Universiti Sains Malaysia (USM), Gelugor, Pulau Penang, 11800, 
Malaysia. 
2Physics Department, Faculty of Education, Seiyun University, Seiyun, Hadhramout, 9256, 
Yemen. 
3Physics Department, Faculty of Science, Hadhramout University, Al-Mukalla, Hadhramout, 
50512, Yemen. 
 
Purpose: The development of an efficient ultrasonic contrast agent would significantly impact 
the medical field because it could widen the use of ultrasonography (US) as a diagnostic tool. 
So, this study aims to synthesise stable magnetite nanoparticles coated with Gum Arabic (GA-
MNPs) as ultrasound contrast agents to improve image quality. 
 
Methods: In this work, the magnetite (MNPs) and (GA-MNPs) were prepared by the co-
precipitation method using iron precursor Fe2+ only. The nanoparticles (NPs) were 
characterised by UV absorption spectrum, ultra-high-resolution scanning electron microscopy 
(SEM), Fourier transform infrared (FT-IR), Dynamic light scattering (DLS), zeta (ζ) potential, 
and magnetic attraction. US contrast studies were performed using tissue-mimicking 
phantoms prepared from gelatin. The samples were scanned using a digital B-mode US in 
which the software Image J was used to calculate the grayscale values. 
 
Results: GA-MNPs showed a stable uniform cubic morphology with a mean size of 8.61 ± 
1.31 nm compared to MNPs. FT-IR confirmed the functionalization of the MNPs with Gum 
Arabic (GA). GA-MNPs demonstrated high stability at zeta potential and via monitoring NPs 
precipitation for 5 weeks. Imaging studies showed that increasing the concentration of GA-
MNPs can improve the US image contrast. 
 
Conclusions: It can be concluded that there is a significant effect of GA as a stabilizer for 
MNPs, and as a contrast agent for US imaging. This investigation will be contributed to future 
research on the laser photothermal therapy application of GA-MNPs. Therefore, GA-MNPs 
are promising good theranostic agents in medical imaging. 
 
Acknowledgement: The authors gratefully acknowledge Universiti Sains Malaysia, for the 
financial support of this research by RUI grant (1001.PFIZIK.8011111). Also, Sheikh Abdullah 
Bugshan and Hadhramout Foundation for Human Development are truly acknowledged for 
their support. 
 
Keywords: Magnetic nanoparticles, Magnetite, Gum Arabic, stability, contrast agent 

 
Corresponding Author: Elham Mzwd, mazwadam@gmail.com   
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Synthesis and chemical investigation of novel pyrene based chalcone as ultrasound 
contrast in vitro imaging 
 
Saleh K. Alsaee1,3, Ibrahim Abdul Razak1, Suhana Arshad1, Elham Mzwd1,4, Nursakinah 
Suardi1, Mohamad Aizat Abu Bakar2 
 
1School of Physics, Universiti Sains Malaysia (USM), Gelugor, Pulau Penang, 11800, 
Malaysia. 
2Institute of Nano Optoelectronics Research and Technology, Universiti Sains Malaysia, 
11800 USM, Penang, Malaysia. 
3Physics Department, Faculty of Science, Hadhramout University, Al-Mukalla, Hadhramout, 
50512, Yemen.  
4Physics Department, Faculty of Education, Seiyun University, Seiyun, Hadhramout, 9256, 
Yemen. 
 
Purpose: Chalcones are widely used in medical treatment and optical applications due to their 
unique properties particularly in efficient role by applied energy such as Ultrasound (US) 
waves. The main aim of this study is to provide effects of pyrene based chalcone on ultrasound 
images. 
 
Methods: In this work, a novel pyrene based chalcone 3-(4-ethoxyphenyl)-1-(pyren-1-yl) 
propan-1-one (EPPP) was synthesized using Claisen Schmidt reaction and characterized via 
FTIR and UV-Vis absorption technique. Density functional theory (DFT) was utilized to 
investigate the molecular structure and chemical reactivity of the chalcone, besides the 
molecular electrostatic potential (MEP) has been used to provide clear understanding of the 
electrophilic and nucleophilic attack regions of the compound. Ultrasound imaging was tested 
in vitro using gelatine phantoms. B-mode ultrasound was performed to image the samples. 
Image J software was used to calculate the grayscale values.  
 
Results: The UV-Vis absorption spectrum shows the two bands of absorption occur at peaks 
277nm and 351nm. FTIR shows the functional group of the vibrations at 3050cm-1 (C-H), 1664 
cm-1 (C=C), and 1580 cm-1 (C=O). The agreement between the computational  
analysis and experimental data prove strong evidence to go further to extract more details 
about the compound under study. The US experiment presents the strong effect of EPPP 
concentration on performance clearer image as the concertation increases. 
 
Conclusion: The directly increasing relation between the concentration of the pyrene based 
chalcone and the intensity of the US image prove the potential of the EPPP in enhancing the 
quality of the US images.  
 
Acknowledgement: The authors thank the Universiti Sains Malaysia (USM) for the research 
facilities. The authors thank Ministry of Higher Education Malaysia for Fundamental Research 
Grant Scheme (FRGS) with Project Code: FRGS/1/2019/STG07/USM/01/1, Project ID:17064 
(USM FRGS No. 203.PFIZIK.6711767) to conduct this work.  
 
Keywords: Pyrene, chalcone, DFT ultrasound image, contrast agent 

 
Corresponding Author: Saleh K. Alsaee, saleh.alsaee@gmail.com   
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Resting-state functional MRI in healthy and regular kratom (Mitragyna speciosa Korth) 
users: a preliminary study  
 
Suzana Mat Isa1,4, Aini Ismafairus Abd Hamid1,5, Darshan Singh Mahinder Singh2, Muhamad 

Zabidi Ahmad3,4 
1Department of Neurosciences, School of Medical Sciences, Health Campus, Universiti Sains 
Malaysia, 16150 Kubang Kerian, Kelantan, Malaysia. 
2Centre for Drug Research, Universiti Sains Malaysia. 11800 Minden, Penang, Malaysia 
3Department of Biomedical Imaging, Advanced Medical and Dental Institute, Universiti Sains 
Malaysia, Bertam, 13200 Kepala Batas, Pulau Pinang, Malaysia. 
4Imaging Unit, USM Bertam Medical Centre, Advanced Medical and Dental Institute, Universiti 
Sains Malaysia, Bertam, 13200 Kepala Batas, Pulau Pinang, Malaysia. 
5Brain And Behaviour Cluster, School of Medical Sciences, Health Campus, Universiti Sains 
Malaysia, 16150 Kubang Kerian, Kota Bharu, Kelantan, Malaysia. 
 
Purpose: Kratom is a tropical tree native to Southeast Asia, particularly Malaysia and 
Thailand, containing psychotropic effect compounds. Despite its illegal status in Malaysia, 
Kratom is widely used as a productivity enhancer and recreationally. Resting state MRI is the 
condition where the participants receive no external stimulation during fMRI scanning. Our aim 
to assess and compare the brain activation between kratom users and healthy participants.  
 
Methods: Sixteen participants (nine kratom users and seven healthy controls) were recruited 
for this study. MRI scans were acquired using a 1.5T GE Signa HDxt. EPI sequences: TR = 
2000 milliseconds, TE = 30 milliseconds, slice thickness = 4 mm, number of measurements = 
240. Scanning is performed in darkness, and the participants were instructed to relax and stay 
awake. The brain activations were analysed using Statistical Parametric Mapping 12. The 
inferences were made at a statistical threshold of corrected family-wise error of pFWE = 0.05 at 
the cluster level. 
 
Results: Both kratom and healthy groups have similar activation patterns in the middle frontal 
gyrus, superior frontal gyrus, middle temporal gyrus and angular gyrus. Interestingly, the 
postcentral gyrus, which is involved in the somatosensory processing of sensory and motor 
input signals, was found to be activated in the kratom group but not in the healthy group.  
 
Conclusions: We conclude that consumption of kratom decoction has the potential to alter 
brain activity in regular kratom users, particularly in the postcentral gyrus. However, additional 
research and data are required to determine how kratom users’ brains function. 
 
Acknowledgment: RU grant (1001CDADAH/816306) & HICoE Grant 
(311CDADAH/4401009). 
 
Keywords: fMRI, kratom, brain activation 
 
Corresponding Author: Suzana Mat Isa, suzana.isa@usm.my  
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Low-cost breast phantom fabrication for ultrasound-guided biopsy 
 
Sara Ayman Adnan Abdulwahab1, Nursakinah Suardi1 

 
School of Physics, Universiti Sains Malaysia, 11800 Penang, Malaysia. 
 
Purpose: Ultrasound-guided needle biopsy is a freehand and real-time image guidance 
approach commonly employed during a biopsy operation. However, these operations could 
get more complicated, and the patient could suffer a catastrophic injury. As a result, extensive 
practice with phantoms is necessary before applying them to a patient. The study aims to 
fabricate an anthropomorphic breast phantom including tissue-mimicking (TM) glandular 
tissue, fat, and cyst, characterize the phantom, and acquire ultrasound images for the cysts 
and the biopsy. 
 
Methods: Double-layered breast phantom was fabricated using gelatine from bovine skin type 
B with different concentrations. The first layer represents glandular tissue, and the second 
layer represents fat tissue. To fabricate the cyst the surgical glove was filled with water, twisted 
to transport the water to the fingertip, and then knotted with a small piece of the same glove 
to create the cyst. In this study, the needle was inserted using free-hand technique toward the 
cyst and images were acquired using ultrasound machine. Acoustical properties were 
measured using an A-scan GAMPT device along with a few parameters which include the 
speed of sound, acoustical attenuation, and acoustic impedance were obtained.   
 
Results: The speed of sound of the glandular layer was 1616 m/s and 1437 m/s for the fat 
layer. Attenuations of the glandular and fat tissue respectively are 0.13 dB/cm, and 0.12 
dB/cm. While the acoustic impedance of the glandular and fat tissue respectively is 1.6 x 106 
kg/m2s and 1.3 x 106 kg/m2s. Ultrasound imaging was done to visualize the fabricated 
phantom, cysts, and needle. The fat layer appeared hypoechoic, and the glandular layer was 
intermediate in echogenicity. Cysts appeared as a well-defined, round, anechoic structure with 
a measurement of 20.2 mm x 20.3 mm and 13.6 mm x 16 mm for the second cyst, needle was 
visualized in its long axis inside the targeted cyst, the volume of water and the circular shape 
remained the same. 
 
Conclusions: The phantom was successfully fabricated and an image for guided biopsy was 
obtained. Based on the data, the phantom is suitable for imaging. 
 
Acknowledgment: I would like to acknowledge Universiti Sains Malaysia for the support 
under grant number 1001/PFIZIK/8011111 that assist in making the work smooth. 
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Cerebral atrophy and hypometabolism pattern of 18F-FDG PET neuroimaging used as 
Alzheimer’s disease (AD) detection among Malaysian population 
 
Siti Aishah Abdul Aziz1, Subapriya Suppiah2, M. Iqbal Saripan3  
 
1Medical Radiation Programme, School of Health Sciences, Universiti Sains Malaysia, Kubang 
Kerian, Kelantan, 16150, Malaysia. 
2Centre for Diagnostic Nuclear Imaging, Universiti Putra Malaysia, Serdang, Selangor, 43400, 
Malaysia. 
3Department of Computer and Communication Systems Engineering, Universiti Putra 
Malaysia, Serdang, Selangor, 43400, Malaysia. 
 
Purpose: This study aimed to compare the patterns of atrophy and impaired glucose metabolism 
of 18F-FDG PET neuroimaging in various stages of AD among the elderly population in Malaysia. 
 
Methods: Corrections of deformation field on 16 AD subjects were done by using the 
Malaysian healthy control template based on our 14 participants above 60 years of age. Next, 
the images were segmented into GM, WM, and CSF by unified tissue segmentation procedure 
nonlinearly transformed by DARTEL to create a set of group-specific templates. Two sample 
t-tests between-group analyses selected the age, total intracranial volume, MoCA score, and 
ADAS-Cog score as the covariates. The inference of our brain analysis was based on a 
corrected threshold of p<0.0001 at z-score threshold at 2.0 with a positive value above it as 
hypometabolic. Z-score were calculated based on gray matter volume (GMV) and white matter 
volume (WMV) adjusted to the mean volume of healthy controls for estimation of AD group 
atrophy pattern. 
 
Results: Pearson correlations of GM, WM and CSF volume between healthy control and AD 
groups indicated that brain atrophy in GM (ρ=-0.610, p<0.0001), WM (ρ=-0.178, p=0.034) and 
TIV (ρ=-0.374, p=0.042) but increased volume of CSF (ρ=0.602, p<0.0001). Analysis of 
Means for Variances-Levene (ADM) were done on GM & WM regional volumes to select the 
region that falls outside the lower decision limit from the analysis of means charts. The GM 
clusters are the cingulum, hippocampus, inferior frontal gyrus, Heschl gyrus, 
parahippocampus, inferior parietal gyrus, medial temporal gyrus and thalamus. The WM 
clusters are corpus callosum, frontal, insula, limbic, occipital, parietal, penduncle and temporal 
region.  
 
Conclusions: In conclusion, our study confirms the hypometabolic region and atrophy pattern 
of Alzheimer’s disease with reference to the 18F-FDG PET Malaysian template. 
 
Acknowledgement: This study was funded by Bridging Grant: Universiti Sains Malaysia 
(304.PPSK.6316218) and Geran Penyelidikan Individu Berprestasi Tinggi-Putra: Universiti 
Putra Malaysia (940990).  
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Establishment of Local Diagnostic Reference Levels for adult 18F-FDG whole body 
PET/CT study in Yangon General Hospital 
 
Thinn Thinn Myint1, War War Wann Maung1, Hnin Nitar2  
 
1Department of Nuclear Medicine, PET/CT and Cyclotron Center Yangon General Hospital 1, 
Yangon, 11141, Myanmar. 
2ML’ve Medical Diagnostic Suite Novena Specialist Center, 307470, Singapore. 
 
Purpose: The aim of this study was to establish local diagnostic references levels (LDRLs) 
for adult 18F-FDG whole body positron emission tomography/computed tomography (PET/CT) 
at Yangon General Hospital, Myanmar.  
 
Methods: This was retrospective study that involved 299 patients (121 male, 178 female, 
aged 55±15 years) underwent whole body 18F-FDG PET/CT from 2020 to 2021. Patient’s 
demographic data, scan protocols and radiation dose quantities were collected. There were 
three protocols used for PET/CT scan in this hospital: (A) skull based to midthigh, (B) vertex 
to midthigh, and (C) vertex to feet. Low dose CT was used for attenuation correction and 
anatomical localization in all the scans. The LDRLs were determined based on the median 
values (50th percentile) of the collected data. Pediatric patients and contrast-enhanced CT 
studies were not included in this study.  
 
Results: LDRLs of administered activity and activity per weight for adult 18F-FDG whole body 
PET/CT scan  were determined as 289 MBq and 4.82 MBq/kg, respectively. For scan 
protocols A, B and C, the LDRLs for CT dose index volume (CTDIvol) were 4.90, 4.90 and 8.80 
mGy for dose length product (DLP) were 477.58, 518.82 and 1446.50 mGy.cm and for size 
specific effective dose (SSDE) were 7.79, 7.50 and 11.62 mGy respectively.  
 
Conclusions: The LDRLs for adult 18F-FDG whole body PET/CT using three different 
protocols were established at Yangon General Hospital. Since this is the first DRLs study for 
PET/CT in Myanmar, the LDRLs derived from this study will serve as a reference for the 
establishment of national DRL (NDRLs) in Myanmar later. 
 
Acknowledgement: Add acknowledgement here if required, for example, the funding body of 
the research work.  
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Evaluation of the dosimetric parameters of the HDR interstitial brachytherapy for 
hepatocellular carcinoma (HCC)  
 
Yogabalan K1, Abdul Aziz MZ2, Appalanaido GK2, Jayamani J1  
 
1Medical Radiation Programme, School of Health Science, Health Campus, Universiti Sains 
Malaysia, Kubang Kerian, Kelantan, 16150, Malaysia. 
2Advanced Medical and Dental Institute (AMDI), Universiti Sains Malaysia, Oncological and 
Radiological Sciences Cluster, Kepala Batas, Pulau Pinang, 13200, Malaysia. 
 
Purpose: To evaluate the dosimetry tolerance for the target and OAR via HDR IBT technique 
and Iridium-192 (Ir-192) source. 
 
Methods: A computed tomography (CT) image-guided of 41 patients in this centre were used 
to analyse the dose distribution in target (HCC) and the OAR (diaphragm). The calculated 
dosimetry data from the Oncentra treatment planning system (TPS) was used to analyse the 
relationship between the dosimetric variables, of the prescribed dose (15Gy – 25Gy) and the 
fractionation used for the HDR IBT for HCC by statistical analysis. 
 
Results: Results in this study was analysed based on RTOG 0438, liver SBRT protocol. For 
gross tumour volume (GTV) dose, the minimum GTV dose recommended for single and 
multiple fractionations at 15Gy – 25Gy prescribed dose are V99% ≥ 90% of the prescribed 
dose, V95% ≥ 95% of the prescribed dose V90% ≥ 100% of the prescribed dose, respectively. 
For OAR in single fraction, 0.2cm3 diaphragm dose was 45Gy at 25Gy prescribed dose, quite 
high compared to 6.71Gy and 3.82Gy at 20 and 15Gy prescribed dose respectively. 
Meanwhile, for multiple fractionations, 0.2cm3 diaphragm dose was 85Gy, very high than 
single fraction. Therefore, the diaphragm tolerance dose recommended for 0.2cm3, 0.5cm3 
and 2.0cm3 diaphragm at 15Gy prescribed dose is < 10Gy, at 20Gy prescribed dose is < 15Gy 
and at 25Gy prescribed dose is < 20Gy in single fraction. Whereas for multiple fractionations, 
the diaphragm tolerance dose for 0.2cm3, 0.5cm3 and 2.0cm3 diaphragm at 15 – 25Gy 
prescribed dose should be < 54Gy. 
 
Conclusions: In conclusion, HDR IBT technique for HCC is one of the promising technique 
due to maximizing dose to GTV and sparing the diaphragm in single and multiple 
fractionations. 
 
Acknowledgement: Add acknowledgement here if required, for example, the funding body of 
the research work.  
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A dosimetric study of interstitial high-dose rate brachytherapy treatment for cervical 
cancer 
 
Abdullah, Reduan1,3, Zailani, Nur ‘Ainani2, Azahari, Ahmad Naqiuddin3, Appalaniado, Gokula 
Kumar3, Mohamad, Mazurawati4, Abdul Aziz, Mohd Zahri3 
 
1Department of Nuclear Medicine, Radiotherapy & Oncology, Hospital USM,16150 Kota 
Bharu, Kelantan. 
2School of Health Sciences, Universiti Sains Malaysia, 16150 Kota Bharu, Kelantan, Malaysia. 
3Advanced Medical and Dental Institute, Universiti Sains Malaysia, 13200 Bertam, Penang, 
Malaysia. 
4Department of Nuclear Medicine, Radiotherapy & Oncology, School of Medical Sciences, 
Health Campus USM,16150 Kota Bharu, Kelantan, Malaysia. 
 
Purpose: The purpose of the study was to evaluate clinical target (HR-CTV) coverage and 
OAR doses of ISBT and IS-ICBT brachytherapy techniques for cervix cancer. 
  
Method: As this is a retrospective study, 11 patients treated from 2018 to 2022 were identified, 
ISBT (n=4) and IC-ISBT (n=7). Dose-volume histogram (DVH) from Oncentra Treatment 
Planning System and dosimetric parameters were analyzed and evaluated. 
 
Results: The results showed the mean EQD2 of HR-CTV for both techniques were 89.1 ± 
11.71 Gy while the mean EQD2 of D2cc for bladder, rectum and sigmoid were 88.9 ± 16.71 
Gy, 81.2 ± 12.63 Gy, and 70.1 ± 15.95 Gy, respectively. For IC-ISBT technique, the mean 
EQD2 of HR-CTV was 91.5 ± 8.4 Gy which was slightly exceeds the dose constraints of 80 to 
90 Gy based on ABS recommendation. HR-CTV volume that ranged from 34.93 - 168.33 cm3. 
The mean of CI was 0.90 and the mean of DHI for this technique was 0.36 ± 0.06. Meanwhile 
for ISBT technique, the mean HR-CTV volume range from 26.95 - 82.82 cm3. The mean 
EQD2 of HR-CTV was at 85.1 ± 16.75. The mean CI and DHI were at 0.85 ± 0.16 and 0.37 ± 
0.1, respectively. 
 
Conclusion: As a conclusion, the mean EQD2 doses to the rectum (81.2 Gy) in both 
techniques slightly exceeded the limit from ABS recommendation. The mean DHI value was 
not quite significant different in both techniques. However, the IS-ICBT technique was more 
superior in conforming dose to HR-CTV based on higher CI value compared to ISBT alone. 
 
Acknowledgment: The authors are highly grateful to the Department of Higher Education 
(Malaysia) for funding this study with an RUI Grant (No. 1001304/CIPPT/8011001). In addition, 
we are grateful to the Advanced Medical and Dental Institute of Universiti Sains Malaysia and 
the Department of Nuclear Medicine, Radiotherapy & Oncology, Hospital USM.  
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Planning target volume margins calculation using automated algorithm for image-
guided radiotherapy protocols. 
 
Nur Aqila Mazlan1, Auwal Abubakar1,2, Hafiz Mohd Zin1 

 
1Advanced Medical and Dental Institute (AMDI), Universiti Sains Malaysia, Kepala Batas, 
13200, Malaysia. 
2Department of Medical Radiography, Faculty of Allied Health Sciences, College of Medical 
Sciences, University of Maiduguri, Maiduguri, Nigeria. 
 
Purpose: To compensate for geometric uncertainties that limit the high precision and 
accuracy in radiotherapy, there should be a site-specific planning target volume (PTV) margin. 
This study is done to evaluate setup errors from cone-beam computed tomography (CBCT) 
data. 
 
Methods: A MATLAB algorithm developed will be used to extract setup errors in 3 
translational directions (x, y and z) from CBCT data. Then, the algorithm calculates the 
population setup errors and PTV margins with van Herk margin recipe and their respective 
values for no action level (NAL) and extended no action level (eNAL) offline protocols. The 
algorithm will be tested on a number of patients from several institutions in Malaysia.  
 
Results: The result from previous data tested on 25 head and neck cancer patients shows 
that the patients require a PTV margin of 3.1, 2.7, and 3.2 mm in the x-, y-, and z-direction, 
respectively, without IGRT. NAL correction protocols reduced the margins to 2.0, 2.2, and 3.0 
mm while 1.6, 1.7, and 2.2 mm in the x-, y-, and z-direction, respectively are achieved with 
eNAL protocol. Largest setup errors and PTV margins seen along z-direction. The results from 
eNAL offline correction shows that it is the most effective as it can detect errors in later 
fractions. Similar results may be seen in institution with same offline correction protocols. 
Different immobilization and correction strategy may lead to different results of PTV margins. 
 
Conclusions: High reproducibility patient set-up with eNAL offline correction protocol will 
results in smaller PTV margins value. 
 
 
Acknowledgement: This work is supported by Advanced Liver Malignancies Research 
Program. 
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Promoting cost effective applications of medical physics in nuclear medicine: moving 
beyond guidelines 
 
Parimalah Velo, Muhammad Za'im Mohamad, Nur Asilah Jalalludin 
 
Beacon Hospital Sdn Bhd, Petaling Jaya, Selangor, 46050, Malaysia. 
 
Purpose: Beacon Hospital is well known for its GMP certified FDG manufacturing facility and 
Nuclear Medicine clinical services. As the number of PET/CT centers in Malaysia is rising, the 
demand for FDG supply has increased. Similarly, following the FDA approval of Lu-177 PRRT, 
the demand for the service has also increased in our center which has added workload for the 
radiation personnel, hence our concerns on radiation safety has increased. The aim of this 
presentation is to share the innovations made with medical physics knowledge to improve the 
radiation safety to personnel in our center. 
 
Methods and Results: Our first initiative was a lead-lined waste cabinet (LLWC) which is 
fabricated to retain radioactive waste generated during Lu-177 procedures. A future proof 
radioactive waste room was built to accommodate up to 10 times of the current workload and 
various type of radioactive waste.  
 
The second innovation called Auto Injector Shielding (AIS) is designed and fabricated to shield 
the gamma radiation during Gas Chromatography procedures in FDG manufacturing. AIS has 
a reduced dose rate measured at the operator’s console from 160 to 17 µSv/hr during this 
procedure.  
 
The third innovation was a cost-effective lead-lined trolley (LLT) which is designed to transport 
radioactive materials within our premise safely. Radiation test for the shielding was performed 
by Class H licensed Consultant Medical Physicist.  
 
Conclusions: All our innovations have reduced radiation dose to personnel significantly. 
Medical Physicists could build a bridge between acquired knowledge and workplace needs. 
Local innovations without relying on imported technology should be encouraged to fulfil 
radiation safety.  
 
 
Acknowledgement: All the projects were funded by Beacon Hospital Sdn. Bhd. 
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Optimal bladder volume during hybrid intracavitary and interstitial high dose rate 
brachytherapy for cervical cancer: a dosimetric study 
 
Abdullah, Reduan1,3, Nik Mohamed, Anis Sahira2, Azahari, Ahmad Naqiuddin3, Appalaniado, 
Gokula Kumar3, Abdul Aziz, Mohd Zahri3 
 
1Department of Nuclear Medicine, Radiotherapy & Oncology, Hospital USM,16150 Kota 
Bharu, Kelantan, Malaysia. 
2School of Health Sciences, Universiti Sains Malaysia, 16150 Kota Bharu, Kelantan, Malaysia. 
3Advanced Medical and Dental Institute, Universiti Sains Malaysia, 13200 Bertam, Penang, 
Malaysia. 
 
Purpose: The purpose of this study is to establish the ideal bladder volume and its impact on 
organs receiving high-dose-rate (HDR) hybrid brachytherapy for cervical cancer. 
  
Method: From 2017 to 2019, 15 applications in patients with cervical cancer treated at our 
institute with 45 Gy of external beam radiation therapy and thereafter 21 Gy to 36 Gy of hybrid 
(intracavitary + interstitial) brachytherapy were examined. The applicants were divided into the 
following four groups: A, B, C, and D. The classification of the groups was done in order to 
compare how various bladder volumes might affect the dosage of OARs. The volume ranged 
from 0-80 cc as group A, 80-120 cc as group B, and 120-170 cc as group C. 
 
Results: According to the findings, the sigmoid dose was greatly impacted by bladder volume, 
while neither the bladder nor the rectum doses were shown to be significantly impacted. 
However, by examining the patterns of dose distribution for each group, it was discovered that 
the minimum doses for the rectum and sigmoid were recorded when the bladder was fully 
dilated (>170 ml), and the minimal reading for the bladder was discovered during empty 
bladder (0-80 ml). Group C's cumulative dose (120–170 ml) exceeded the American 
Brachytherapy Society's dose guidelines for OAR. A correlation test revealed that there was 
little association between bladder volume and HR-CTV (0.221). 
 
Conclusion: As a conclusion, our study revealed a connection between bladder volume and 
sigmoid dosages. a bladder capacity of roughly 170 ml. 
 
Acknowledgment: The authors are highly grateful to the Department of Higher Education 
(Malaysia) for funding this study with an RUI Grant (No. 1001304/CIPPT/8011001). In addition, 
we are grateful to the Advanced Medical and Dental Institute of Universiti Sains Malaysia and 
the Department of Nuclear Medicine, Radiotherapy & Oncology, Hospital USM.  
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Hybrid interstitial gynaecological brachytherapy dose distribution using high dose rate 
(HDR) graphical optimisation planning and simulated annealing (IPSA) 
 
Abdullah, Arifah1, Abdullah, Reduan2, Chen, Suk Chiang1 Appalaniado, Gokula Kumar3, Abdul 
Aziz, Mohd Zahri3 
 
1School of Health Sciences, Universiti Sains Malaysia, 16150 Kota Bharu, Kelantan, Malaysia. 
2Department of Nuclear Medicine, Radiotherapy & Oncology, Hospital USM,16150 Kota 
Bharu, Kelantan, Malaysia. 
3Advanced Medical and Dental Institute, Universiti Sains Malaysia, 13200 Bertam, Penang, 
Malaysia. 
 
Purpose: To compares and evaluates three inverse treatment planning (IPSA) approaches 
with the manual graphical optimization (GrO) treatment planning approach for gynaecological 
cancer using a hybrid ring applicator in high-dose rate (HDR) brachytherapy in terms of several 
dosimetric parameters.  
 
Methods: A retrospective of manual graphical optimization (GrO) treatment plans of five (5) 
gynaecological cancer patients with interstitial HDR brachytherapy were studied. The same 
dose constraint to the organs at risk (OARs) and three (3) inverse planning simulated 
annealing (IPSA) plans with various dose constraints on the high-risk target volume (HR-CTV) 
D90 were developed. From a dosimetric standpoint, the resulting dose-volume histogram 
(DVH) was examined and compared by assessing the DVH parameter, such as the high-risk 
clinical target volume (HR-CTV) D90, the most exposed 2cc of the bladder (D2cc), sigmoid 
(D2cc), and the rectum (D2cc) (D2cc). Using the American Brachytherapy Society LQ, the 
EQD2 of each treatment plan for (HR-CTV) D90 and OARs was determined. 
 
Results: The graphical optimisation (GrO) treatment plans were compared to three (3) inverse 
planning (IPSA) approach in terms of (HR-CTV) D90 (IPSA 1: p=0.0149, IPSA 2: p=0.1894, 
and IPSA 3: p=0.4938). Overall, the best results were obtained with graphical optimisation in 
dose to (HR-CTV) D90 and IPSA plans shows better in reduction of doses to D2cc of OARs. 
The CI values calculated indicated that graphical optimisation was better in dose conformity 
to target volume even-though IPSA 3 showed quite similar with GrO treatment plans.  
   
Conclusions: Dosimetric evaluation of graphical optimisation and inverse planning (IPSA) 
indicated the potential of IPSA to be practise in clinical for brachytherapy of gynaecological 
cancer. IPSA treatment plans with proper dose constraint performed better with better clinical 
outcomes. 
 
Acknowledgement: The authors are highly grateful to the Department of Higher Education 
(Malaysia) for funding this study with an RUI Grant (No. 1001304/CIPPT/8011001).  
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Modelling 3D-printed pelvis phantom for radiotheraphy dose verification 
 
Kamaros Eliyati Kamaruddin1, Mohd Zahri Abdul Aziz2, Jayapramila Jayamani1  
 
1Medical Radiation Programme, School of Health Sciences, Universiti Sains Malaysia, Kubang 
Kerian, Kelantan, 16150, Malaysia. 
2Advanced Medical and Dental Institute, Universiti Sains Malaysia, Kepala Batas, Pulau 
Pinang 13200, Malaysia. 
 
Purpose: Dose verification in radiotherapy using different types of dosimeters increase the 
accuracy of dose measurement on patients. Therefore, this study is aimed to design a three-
dimensional (3D) printed pelvis phantom that equipped with slots for various types of 
dosimeters in radiotherapy dosimetry.  
 
Methods: The design of the organs in pelvis phantom referred to the literatures on male pelvic 
anatomy. The phantom was fabricated using a 3D printer with various filaments with equal 
densities of the pelvis organs. The bladder and rectum were developed using Acrylonitrile 
butadiene styrene (ABS) (1.05 gcm-3) filament, prostate used Polylactic acid (PLA) filament 
(1.24 gcm-3) and femoral head used Polyethylene terephthalate (PET) filament (1.38 gcm-3), 
respectively. The phantom organ models were designed to have slots to insert various 
dosimeters such as film, thermoluminescent dosimeter (TLD), optically stimulated 
luminescence (OSL) and ionisation chamber (IC). To validate the phantom, it was scanned 
using a computed tomography (CT) to evaluate the CT number. 
 
Results: The percentage difference of the density between the filaments and organs (bladder, 
rectum, prostate and femoral head) were 0.96%, 1.94%, 21.36% and 1.43%, respectively. The 
3D printed pelvis organs used 100% filler to give a close density to the real organs. The CT 
number obtained for bladder, rectum, prostate and femoral head were -178.93 r 2.47HU, -
175.90 r 6.15 HU, 65.53 r 7.45 HU and 141.23 r 2.55 HU, respectively.    
 
Conclusions: The 3D-printed pelvis organs were validated to be use in clinical setting and 
has multipurpose usage by use various dosimeters for radiotherapy dose verification. 
 
Acknowledgement: The financial support funded by Universiti Sains Malaysia 
(304/PPSK/6315497) is gratefully acknowledged.  
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Remote assessment of cognition and QOI following radiotherapy for glioma: deep-
learning-based predictive models and MRI correlates 
 
Noor Shatirah Voon1, Hanani Abdul Manan2, Noorazrul Yahya1  
 
1Diagnostic Imaging and Radiotherapy, Faculty of Health Sciences, National University of 
Malaysia, Jalan Raja Muda Aziz 50300 Kuala Lumpur, Malaysia. 
2Functional Image Processing Laboratory, Department of Radiology, Universiti Kebangsaan 
Malaysia Medical Centre, Cheras 56000 Kuala Lumpur, Malaysia. 
 
Purpose: Glioma irradiation often unavoidably damages the brain volume and affects 
cognition. This study is aims to evaluate the potential relationship of remote cognitive 
assessments in determining cognitive impairment of irradiated glioma patients in relation to 
the quality of life and MRI changes. 
 
Methods: Thirty patients (16 - 76 years old) with two imaging (pre- (before initiation of RT) 
and post-RT (6 months to 1 year)) and completed cognitive assessments were recruited. 
Cerebellum, right and left temporal lobes, corpus callosum, amygdala and spinal cord were 
delineated and their dosimetry parameters were collected. Cognitive assessments were given 
post-RT via telephone (Telephone Interview Cognitive Status (TICS), Telephone Montreal 
Cognitive Assessment (T-MoCA), Telephone Mini Addenbrooke's Cognitive Examination 
(Tele-MACE)). Regression models and deep neural network (DNN) were used to evaluate the 
relationship between brain volume, cognition and treatment dose in patients. 
 
Results: Cognitive assessments were highly inter-correlated (r > 0.9) and impairment was 
shown between pre- and post-RT findings. Brain volume atrophy was shown post-RT, and 
cognitive impairments were correlated with radiotherapy-associated volume atrophy and 
dose-dependent in the left temporal lobe, corpus callosum, cerebellum and amygdala. DNN 
showed a good area under the curve for cognitive prediction; TICS (0.952), T-MoCA (0.909) 
and Tele-MACE (0.822). 
 
Conclusions: Cognition can be evaluated remotely in which radiotherapy-related brain injury 
is dose-dependent and volume-dependent. Prediction models can assist in the early 
identification of patients at risk for neurocognitive decline, thus facilitating potential treatment 
interventions. 
 
Acknowledgement: This work was funded by the National University of Malaysia under 
grants FF-2020-013, GP-2019-K017963 and GP-2021-K017963.  
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The roles of Nuclear Malaysia’s SSDL in the national remote dosimetry audit in 
radiotherapy 
 
N Abdullah1,2, N Mohd Noor1,3, J K Sangau2, M T Dolah2 
1Medical Physics Laboratory, Department of Radiology, Faculty of Medicine and Health 
Sciences, Universiti Putra Malaysia, 43400 Serdang, Selangor, Malaysia. 
2Radiation Metrology Group, Malaysian Nuclear Agency, 43000 Kajang, Selangor, Malaysia. 
3Medical Physics Unit, Teaching Hospital Universiti Putra Malaysia, Universiti Putra Malaysia, 
43400 Serdang, Selangor, Malaysia. 
 
Purpose: The remote dosimetry audits are often conducted as part of the quality assurance 
programme (QAP) in radiotherapy, with the aim of verifying the accuracy of clinical dosimetrics 
measurement. In this paper, we highlight the roles of the Secondary Standard Dosimetry 
Laboratory (SSDL) of Malaysian Nuclear Agency (Nuklear Malaysia) in strengthening the 
radiotherapy dosimetry audit programme in Malaysia. 
 
Methods: The therapy chambers from Malaysian radiotherapy centres are calibrated in terms 
of the absorbed dose to water in 60Co gamma rays based on Technical Report Series (TRS) 
No. 398 provided by the International Atomic Energy Agency (IAEA). The effectiveness and 
traceability of the calibration service are maintained through compliance with the requirements 
of the MS ISO/IEC 17025 standard. 
 
Results: The status and availability of the SSDL of Nuklear Malaysia in conducting the 
national dosimetry audit programme are presented. In addition, we report on the SSDL 
calibration service of therapy chambers, the participation in the international dosimetry audit 
and comparison exercises, as well as the research collaboration with other institutions in 
implementing the latest IAEA’s dosimetry audit methodologies in Malaysia.  
 
Conclusions: There are strong justifications for the establishment of a structured national 
dosimetry audit programme due to the rapid technological development of radiotherapy and 
the limited participation of Malaysian radiotherapy centres in the IAEA/WHO remote dosimetry 
audit. Therefore, herein we discuss the major challenges and recommendations for improving 
the dosimetry audit programme in Malaysia.    
 
Acknowledgement: This work was supported by Prototype Research Grant Scheme 
PRGS/1/2021/SKK07/UPM/02/1 from the Ministry of Higher Education Malaysia with the 
Jabatan Perkhidmatan Awam Malaysia (Hadiah Latihan Persekutuan 2021) partially funding 
a tuition fee.  
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Development of a paediatric phantom for dosimetric studies using Geant4  
 
Salma Abdulrahman Al-wasli, Nurhidayah Mohd Nasir, Nurul Ab. Aziz Hashikin  
 
School of Physics, Universiti Sains Malaysia, 11800 USM, Pulau Pinang, Malaysia. 
 
Purpose: This research aimed to develop male and female paediatric phantoms for dosimetric 
studies using Geant4 Monte Carlo (MC) simulation. 
 
Methods: In developing the phantom, the Medical Internal Radiation Dosimetry template 5 
(MIRD-5) adult male and female anthropomorphic phantoms readily available in the Geant4 
MC package was used. The phantom was developed by reducing the size of organs (and 
hence, the masses) from the adult phantom to the ICRP89 reference sizes for 10-year-old. 
The organs were reduced considering the geometrical shapes and positions relative to the 
mother volumes. The reduced organ masses were compared with the reference masses. The 
phantom was evaluated by elaborating the penetration of radiations through the organs and 
the dose distribution of the sources within the phantom using Geant4 MC simulation. The 
simulations were done for brain tumour treatment with external and internal radiotherapy 
treatments.  
 
Results: The developed phantom did not show large differences in organs masses in 
compared to the ICRP89 reference, except for the trunk, head, and skull. The results of the 
simulation showed that the maximum absorbed doses were recorded by the brain tumour, 
followed by the skull, brain, head, upper spine and thyroid. However, the distribution of dose 
to the rest of the body was observed to be decreasing with increasing distance from the 
targeted volume, and with increased tissue thickness. The dose distribution also varied from 
one source to another.   
 
Conclusions: This study demonstrated the usefulness of the developed paediatric phantom 
for dosimetric studies, using Geant4.   
 
 
Acknowledgement: All authors declare that they have no conflicts of interest.  
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Verification of skin dose in brachytherapy treatment planning system (TPS) using 
thermoluminescent dosimeter (TLD) 
 
Azahari, Ahmad Naqiuddin1, Adzeme, Nur Khalilah2, Ab Shukor, Nor Shazleen, Musarudin, 
Marianie2, Abdullah, Reduan2, Mohamad Tajudin, Suffian3 Abdul Aziz, Mohd Zahri1 

 
1Advanced Medical and Dental Institute, Universiti Sains Malaysia, 13200 Bertam, Penang, 
Malaysia. 
2School of Health Sciences, Universiti Sains Malaysia, 16150 Kota Bharu, Kelantan, Malaysia. 
3Faculty of Health Sciences, Kampus Gong Badak, Universiti Sultan Zainal Abidin, 21300, 
Kuala Nerus, Terengganu Darul Iman, Malaysia. 
 
Purpose: The primary objective of this research was to validate the skin dose using the TG-
43 algorithm and to analyze the variance with the measurement using thermoluminescent 
dosimeters (TLDs). 
 
Methods: A custom gynaecology brachytherapy phantom with a cylindrical/vault applicator 
was used for the experimental setup. The phantom was CT-scanned and transferred to the 
Oncentra MasterPlan treatment planning system (TPS) for treatment planning (contouring and 
Ir-192 source activation). A dose of 8 Gy was prescribed for the treatment plan. To determine 
the skin dose of the endometrium region, calibrated TLD-100 chips were placed on 
predetermined positions and compared to the dose calculated by the treatment planning 
system. 
 
Results: In regions far from the target, such as ≥16 cm, the average mean skin dose of TLDs 
was higher than that of TPS, with 11 cGy and 6 cGy, respectively. TLD's measured deviation 
was thus 5 cGy greater than TPS's. However, in closer regions ≤16 cm, the average skin dose 
of TPS was 29 cGy and TLD was 25 cGy, respectively. In this case, TPS calculated deviation 
was 4 cGy greater than TLDs at the shortest distance from the source.    
 
Conclusions: TLDs have high sensitivity and stability while measuring skin doses in 
brachytherapy and TG-43 algorithm ignored the tissue inhomogeneity presence in the 
treatment plan. 
 
Acknowledgment: The authors are highly grateful to the Department of Higher Education 
(Malaysia) for funding this study with a RUI Grant (No. 1001304/CIPPT/8011001). In addition, 
we are grateful to the Advanced Medical and Dental Institute of Universiti Sains Malaysia and 
the Radiotherapy Department of Universiti Sains Malaysia Hospital.  
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Radiation shielding properties and characteristics of lead-free polymer-based materials 
for x-ray and gamma shielding applications 
 
Nadin Jamal Abualroos1, Rafidah Zainon1,2 
 
1Department of Biomedical Imaging, Advanced Medical and Dental Institute, University Sains 
Malaysia, SAINS@BERTAM, 13200, Kepala Batas, Pulau Pinang, Malaysia. 
2School of Physics, Universiti Sains Malaysia, 11800, Gelugor, Pulau Pinang, Malaysia. 
 
Purpose: The aim of his study was to characterise and evaluate the radiation attenuation 
properties of lead-free polymer-based materials tungsten carbide, tungsten carbide cobalt, 
and tin for X-ray and gamma shielding applications. 
 
Methods: This study investigated the radiation attenuation properties of the composites 
prepared by mixing different weight percentages (60%, 65%, 70%, 75%, 80%, 85%, and 90%) 
of tungsten carbide powder, tungsten carbide cobalt powder, and Tin powder with (40%, 35%, 
30%, 25%, 15%, and 10%) of epoxy resin respectively. The best filler/epoxy composite 
combination that has superior radiation shielding qualities among all fabricated composites 
were fabricated into bricks with thickness of 0.7 cm, 1.4 cm, and 2.1 cm. All samples were 
exposed to gamma radiation to evaluate the attenuation properties. Gamma shielding 
performance of the fabricated bricks were tested at 140 keV and 364 keV. In addition, field 
emission scanning electron microscopy (FESEM) were used to investigate the microstructural 
properties including powder surface morphology and the homogenous distribution of the filler 
powder within the epoxy matrix. 
 
Results: The study found that the newly fabricated lead-free polymer-based radiation 
shielding bricks can attenuate gamma radiation up to 98% at 140 keV, and 65% at 364 keV 
of the incident gamma radiation. The microstructural analysis indicated that the fillers 
distributed uniformly within the epoxy matrix. Some agglomerations were observed for 
composites of 75 weight percentage filler. 
 
Conclusions: In conclusion, tungsten carbide, tungsten carbide cobalt and Tin particles filled 
epoxy matrix leads to improvement in radiation shielding characteristics which has potential 
applications for X-ray and gamma shielding applications.  
 
 
Acknowledgement: The authors also would like to acknowledge financial support from USM 
for the Bridging Grant (304/CIPPT/6316267), Graduate on Time Incentive 
(1001/CIPPT/823194), and Tin Industry (Research and Development) Board. 
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Radiation-induced cytotoxicity effect in normal and cancerous bystander breast cell 
lines 
 
Wisam A. Alton1, Nursakinah Suardi2, Siti H. Ngalim3 
 

1 Universiti Sains Malaysia, Gelugor, Penang, 11800, Malaysia. 
2Al-Iraqia University, Adhamyh, Baghdad, 7366 Haifaa, Iraq. 
3Advanced Medical and Dental Institute, Universiti Sains Malaysia (USM), Bertam, 13200 
Kepala Batas, Penang, Malaysia. 
 
Purpose: Evidence indicates that the phenomenon of radiation-induced bystander effects 
(RIBE) is one of the important causes of non-irradiated cell killing. RIBE has been extensively 
studied at high doses as opposed to medium and low doses. Therefore, in this study, the 
cytotoxicity for non-targeted cells (bystanders) was examined in two different breast cell lines, 
the cancer cell line (MCF-7), and the normal cell line (MCF10A). 
 
Methods: MCF-7 and MCF10A cell lines were cultured in RPMI media containing 10% fetal 
bovine serum and maintained in an incubator at 37 °C. The irradiation was performed on 5×105 
cells seeded in a Petri dish (9 cm diameter) using a 6 MV photon beam at a dose range of 0.5 
to 5 Gy. Cytotoxicity assay was conducted with WST-1 reagent using a co-culture medium 
transfer technique in a transwell for 24 h. 
 
Results: The results showed that both cancer and normal cells (MCF-7 and MCF-10A) 
respectively produced bystander signals and cytotoxicity in bystander cells. The cytotoxicity 
increased successively with the increase of the radiation dose. The highest inhibition was 
observed on bystander MCF-7 cells at 22.7 % inhibition. 
 
Conclusions: Bystander signaling is involved in cytotoxicity, which causes significant killing 
in non-target cells even at low doses of radiation. This result is important in radiotherapy, 
where the phenomenon of RIBE may disturb the treatment function and affect normal tissues 
surrounding the tumor. 
 
Acknowledgement: Authors wish to thank Ministry of Higher Education Malaysia for 
providing Fundamental Research Grant Scheme with Project Code: 
FRGS/1/2021/STG07/USM/02/5. We greatly appreciate the valuable collaboration between 
School of Physics and Advanced Medical and Dental Institute for their support during this 
research. 
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Evaluation of low-level Laser penetration depths through Staphylococcus aureus 
inhibition in an In Vitro tissue model  
 
Ali Adil Turki Aldalawi1, Nursakinah Suardi1, Naser Mahmoud Ahmed1, Mahdi Ali S. Al-Farawn2 
 

1School of Physics, Universiti Sains Malaysia, 11800 Penang, Malaysia. 
2Al-Amal University College for medical sciences _Karbala 56001, Iraq. 
 
Purpose: One of the most important optimizations of low-level laser therapy (LLLT) is to know 
to what extent different wavelengths penetrate human skin. This study aims to evaluate light 
penetration depths of different wavelengths through microbial inhibition on in vitro tissue 
model.   
 
Methods: Chicken and beef meat infected with Staphylococcus aureus of different 
thicknesses (3, 5, and 10 mm) were used as in vitro tissue models. The samples were 
subjected to irradiation by a low-level laser diode of 532 and 660 nm in continuous mode for 
10 min. Laser light transmission was measured and the remaining colony forming unit (CFU) 
was counted after laser treatment. 
 
Results: Significant decrease (P < 0.05) in the optical transmittance for both wavelengths 532 
and 660 nm and tissues (beef and chicken) were observed as the thickness of tissues 
increased from 3 to 10 mm. The highest transmittance of laser light was observed at 660 nm 
in 3 mm chicken tissues (68.10%). Interestingly, the highest microbial inhibition was observed 
by a 532 nm laser in 3 mm beef tissues (91.58 %), while 85.11 % inhibition for a 660 nm laser 
of the same thickness.  
 
Conclusions: Under the conditions tested in this study, LLLT showed an inhibitory effect on 
Staphylococcus aureus, and laser parameters can be manipulated according to the biological 
interactions between tissues and different microbial species to enhance the treatment. 
 
Acknowledgment: The authors would like to thank Al-Qadisiyah University, College of 
Science - Iraq and School of Physics, Universiti Sains Malaysia (USM) for their support in the 
present work. 
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Underestimation of paediatric radiation dose from head and abdomen CT scan by size-
specific dose estimation method 
 
Nur Syahira Abu Bakar1, Noor Diyana Osman1, Muhammad Kabir Abdulkadir2, Ahmad Hadif 
Zaidin Samsudin3  
 
1Advanced Medical and Dental Institute, Universiti Sains Malaysia, Kepala Batas, 13200 
Penang, Malaysia. 
2Department of Medical Radiography, Faculty of Basic Clinical Sciences, University of Illorin, 
240213 Illorin, Nigeria. 
3Department of Radiology, School of Medical Sciences, Universiti Sains Malaysia, 16150 
Kubang Kerian, Kelantan, Malaysia. 
 
Purpose: This study aims to evaluate the dose underestimation in paediatric head and 
abdomen CT scan using size-specific dose estimation (SSDE) approach in comparison with 
the current CT dosimetry approach using displayed volume CT dose index, CTDIvol.  
 
Methods: The measured patient size (effective diameter) and CT scanner generated dose 
(CTDIvol) of 410 pediatric patients undergoing head and abdomen CT were obtained. In line 
with AAPM Report 204, SSDE was estimated as a product of CTDIvol and size correction factor 
corresponding to the measured patient size. The percentage estimation error associated with 
CTDIvol was derived as the percentage difference between the CTDIvol and SSDE values. The 
values were derived for pediatric age groups of group 1 (< 1 y), group 2 (1-5 y), group 3 (6-10 
y), group 4 (11-12 y), and group 5 (13-15 y). 
 
Results: From the findings, the average dose underestimation of half (50%) and less than 
10% the displayed CTDIvol was observed in pediatric abdomen and head CT scans 
respectively. The dose underestimation reduces with increasing patient age. The minimum 
observed underestimation was about 43% (13-15 years) in abdomen and underestimation was 
observed to disappear as the patient age advances (13-15 years’) in head scans.   
 
Conclusions: In conclusion, the current displayed CTDIvol may not accurate as it tends to 
underestimate the CT dose among pediatric patients. Thus, SSDE approach is recommended 
for more accurate estimation of paediatric CT dose and important for adequate patient 
radiation protection.   
 
Acknowledgement: This work is supported by Fundamental Research Grant Scheme 
(FRGS) by Ministry of Higher Education (MOHE) Malaysia (FRGS/1/2019/STG02/USM/02/6). 
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Evaluation of weighted CTDI equation for 3D rotational angiography: a Monte Carlo 
study  
 
Akbar Azzi, Rismat Hidayat, Amalia Rosa, and Lukmanda Evan Lubis  
 
Department of Physics, Faculty of Mathematics and Natural Sciences, Universitas Indonesia, 
Depok, West Java, 16424, Indonesia. 
 
Purpose: This study aims to verify the weighted CTDI coefficients of 3D rotational 
angiography (3DRA) procedure using Monte Carlo simulation. 
 
Methods: Monte Carlo simulation usercode EGSnrc was used to perform 3D dose simulations 
on rotational angiography procedure. A virtual phantom that resembles the head CTDI 
phantom was constructed for this study. The diameter of the phantom was 15 cm with a density 
resembling polymethyl methacrylate (1.13 g/cm3). A series of virtual phantom consisting of 5 
images with ionization chamber detectors at the center position, 12 o'clock, 9 o'clock, 6 o'clock, 
and 3 o'clock were acquired. Simulations were carried out with photon sources of 70 and 109 
kVp for 200 degree x-ray tube rotation. The field of view was divided into narrow-, wide-, and 
full-beam with 1.7 cm; 4.9 cm; and 8.6 cm diameter, respectively. The simulated doses at the 
ionization chamber locations were then processed into weighting factor for weighted CTDI and 
compared with direct measurements. 
 
Results: The dose ratio between peripheral and center position for 360o CBCT and 200o 
3DRA was 1:1 and 1:3 in this study. The weighting factors of 3DRA for CTDIcenter was ¼ and 
CTDIperiphery was ¾. The measured average percentage difference of CTDIw between our 
weighted factor and conventional CTDIw was 1.75% (-3.99 to 6.08%).      
 
Conclusions: The x-ray tube position of 3DRA impacted the accuracy of weighting factor of 
CTDIw. The proposed weighting factor (Wcenter = ¼ and Wperiphery = ¾) could be employed when 
using a 3DRA machine.  
 
Acknowledgement: This study was funded by Faculty of Mathematics and Natural Sciences 
Universitas Indonesia grant number 019/UNF2.F3.D/PPM.00.002/2022  
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Truncation effect on size-specific dose estimation based on water equivalent diameter, 
Dw method in computed tomography (CT) imaging 
 
Mustapha Alhaji Barde1,2, Noor Diyana Osman1, Mohd Amir Syahmi Mat Razali1,3, Hafizah 
Mohd Naharuddin1, Fatanah Mohamad Suhaimi1, Nor Ashidi Mat Isa4 
 
1Advanced Medical and Dental Institute, Universiti Sains Malaysia, Kepala Batas, Penang, 
Malaysia. 
2Department of Medical Radiography, Faculty of Allied Health Sciences, Bayero University 
Kano, Nigeria. 
3Department of Medical Imaging, Teaching Hospital Universiti Sultan Zainal Abidin 
(HPUniSZa), Kuala Nerus, Terengganu, Malaysia. 
4School of Electrical & Electronic Engineering, Engineering Campus, Universiti Sains 
Malaysia, Nibong Tebal, Penang, Malaysia. 
 
Purpose: The size specific dose estimation (SSDE) has offered more accurate estimation of 
CT dose. However, previous study reported the impact of truncation in SSDE determination 
using effective diameter, Deff. This study aims to evaluate the effects of truncation artefact on 
SSDE using water equivalent diameter, Dw approach in CT imaging. 
 
Methods: A phantom study was carried out with Siemens SOMATOM Definition AS+ CT 
scanner on two CTDI phantoms of different sizes, 22 and 32 cm. Phantom images with various 
truncation percentages (TP) of 5%, 10%, 15%, and 20% were simulated and obtained. Based 
on the reported CTDIvol from CT scanner, the SSDE was calculated by multiplying the 
measured Dw with the correction factor reported by American Association of Physicists in 
Medicine (AAPM).  
 
Results: The statistical analysis showed significant correlations between TP and SSDE in 
both phantoms of 22 cm (r = − 0.891; P = 0.04) and 32 cm (r = − 0.957; P = 0.01). There was 
also strong correlation demonstrated between TP and Dw (r = − 0.918; P = 0.03 and r = − 
0.957; P = 0.01) for 22 and 32 cm phantom, respectively. It can be observed that the TP 
percentage error (PE) for Dw and SSDE increases as TP increased.  
 
Conclusions: It can be concluded that the truncation caused error in measurement of both 
Dw and SSDE. Therefore, truncation artefacts should be carefully considered for SSDE 
accurate calculation. 
 
Acknowledgement: This work is supported by Fundamental Research Grant Scheme 
(FRGS) by Ministry of Higher Education (MOHE) Malaysia (FRGS/1/2019/STG02/USM/02/6). 
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Spectroscopy study of packed erythrocytes irradiated by 532 nm low level Laser 
 
Abbas R. Hatif1,2, Nursakinah Suardi1, Naser M. Ahmed1, Ahmed Jumaah Mhawes3, 
Mohmmed Baqer AL-Karaawi1  
 
1 School of Physics, Universiti Sains Malaysia, 11800 Pulau Pinang, Malaysia. 
 2 University of Warith Al-Anbiyaa, College of Medicine, Karbala, Iraq. 
3 University of Kufa, College of Medicine, Kufa, Iraq. 
 

Background: Low-level laser wavelengths have been used in a variety of medical applications 
due to their ability to modulate blood rheology and enhance microcirculation. The reaction of 
human blood to low-level laser irradiation (LLLI) offers valuable information regarding the 
interaction of laser light with tissues.  
 
Objective: The aim of the study was to observe whether in vitro irradiation affects packed red 
blood cells and whole blood. Methods: Blood samples were each split into two equal aliquots 
labelled as control (non-irradiated) and irradiated groups. Irradiated sample was exposed to 
LLLI output powers of 60, 80, and 100 mW at 532 nm wavelength with various irradiation time 
ranged from 30, 60, 90, 120, and 150 s. 
 
Results: Irradiated samples for packed red blood cells (RBCs) before mixing with plasma 
have a lower absorption range compared to irradiated samples after mixing with plasma. When 
compared to whole blood, RBCs have a higher absorption range. Blood samples smeared 
showed variations in the packed RBCs morphology between the control samples. Blood 
samples smeared showed no changes in the red blood cell morphology between the control 
and irradiated samples. 
 
Conclusion: The results revealed that different irradiation exposure durations resulted in 
significant differences in light absorption of RBCs and whole blood. The optimum laser dose 
obtained from the result for RBC packed cell is 100 mW at 150 s while for whole blood is 80 
mW at 60s exposure time. 
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Low Level Laser potential as selective cancer inhibition  
 
Sarah Shakir1, Nursakinah Suardi1*, Daruliza Kernain2, Naser Mahmoud1 
 

1School of Physics, Universiti Sains Malaysia, 11800 Penang, Malaysia. 
2Institute for Research in Molecular Medicine (INFORMM), Universiti Sains Malaysia, 
11800 Penang, Malaysia. 

Purpose: Radiotherapy and chemotherapy are frequently used to treat cancer patients, but 
these treatments usually contribute substantial long-term adverse effects. As a result, more 
emphasis should be placed on developing alternative anti-tumour therapeutic approaches. 
This study aimed to evaluate the low-level laser (LLL) potential as selective cancer inhibition 
on breast cancer cell with a sparing effect on normal cells. 
 
Method: Breast cancer cells (MDA-MB-231) and human foreskin fibroblast (Hs-27) cells were 
seeded in a 96-well plate for 24 hours before being exposed to 808 nm laser at 25, 43, and 
120 mW output power and various exposure times (1,5,10 and 15 min). The irradiation was 
done in single and double fractionation with 5 min intervals between the fractional regimes. 
The cell viability was measured by using MTT assay. 
 
Result: The data revealed that the highest cancer cell growth inhibition (59.9%) was obtained 
from using 120 mW and 15 min irradiation time when exploring double fractionation regimes. 
Using the same regimes, no inhibition was observed in normal cells. Instead, cells proliferated 
and showed an increase in growth (141 %). The double fractionation method showed 
promising potential in killing cancer cells and stimulating normal cell growth. 
 
Conclusion: It was proven that low level laser has the potential to selectively inhibit cancer 
cells while having a positive effect on normal cells with correct dosage. This is crucial when 
treating cancer surrounded by normal cells.  
 
Acknowledgement: Authors wish to acknowledge Universiti Sains Malaysia for the support 
under grant number 1001/PFIZIK/8011111. 
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Sonochemical-assisted chitosan coated iron oxide nanoparticles for magnetic 
resonance imaging 
 
Farhank Saber Braim1,2, Nik Noor Ashikin Nik Abd Razak1, Azlan Abdul Aziz1,2, Layal Qasim 
Ismael2  
 
1Medical Physics Lab, School of Physics, Universiti Sains Malaysia, Pulau Pinang 11800, 
Malaysia. 
2Nano-Biotechnology Research and Innovation (NanoBRI), Institute for Research in Molecular 
Medicine (INFORMM), Universiti Sains Malaysia, Pulau Pinang 11800, Malaysia. 
 
Purpose: Due to the unique reaction conditions of the acoustic cavitation process, ultrasound-
assisted synthesis of nanoparticles has attracted increased research attention. In this study, 
we synthesized highly stable, biocompatible, and strongly magnetic chitosan-coated 
superparamagnetic iron oxide nanoparticles (CS-SPIONs) via sonochemical method as a 
contrast agent for magnetic resonance imaging (MRI). 
 
Methods: CS solution and colloidal suspension of SPIONs were mixed and sonicated for only 
3 minutes using an ultrasonic probe of 1.3 cm tip size horn, frequency (20 kHz), and power 
(750 W). Physicochemical properties of CS-SPIONs were characterized through various 
characteristic methods. Cell cytotoxicity and cell uptake were investigated with human 
embryonic kidney 293 (HEK-293) cells through MTT assay and Prussian blue staining, 
respectively.   
 
Results: The XRD and TEM results demonstrate that CS-SPIONs are highly crystalline with 
an average particle size of 11.1 nm. EDX and FTIR analysis confirmed the CS coating onto 
the surface of SPIONs. The Zeta potential value of the coated NPs was found to be + 48.7 
mV. The VSM result shows that the saturation magnetization of the SPIONs after the coating 
was 86.93 emu/g. Cell cytotoxicity and uptake of CS-SPIONs show that above 70% of cells 
were viable at the highest concentration and the longest incubation duration. The relaxation 
time T2 of the modified SPIONs was measured by MRI and the relaxivity (r2) value has been 
calculated to be 295.137 mM-1 s-1.   
 
Conclusions: Importantly, the CS-SPIONs synthesized by the sonochemical method are non-
toxic, biocompatible, and demonstrated promising potential as a contrast agent for MRI.   
 
 
Acknowledgement: The authors wish to thank Ministry of Higher Education Malaysia (MoHE) 
for providing Fundamental Research Grant Scheme with Project code: 
FRGS/1/2021/STG05/USM/02/6 in supporting this work.  
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The biological effect of 3.0T MRI and 1.5T MRI on DNA strands at different scanning 
time: In Vivo study  
 
 Ramziyah Mustafa Shaheen1, Nik Noor Ashikin Nik Abd Razak1, Muhammad Mizher Radhi2, 
Nursakinah Binti Suardi1     
 
1School of Physics, Universiti Sains Malaysia, 11800, Pulau Pinang Malaysia. 
 2Health and Medical Technology College, Middle Technical University (UTM), Baghdad, Iraq.   
 
Purpose: Some studies have reported an increase in deoxyribonucleic acid (DNA) damage 
during MRI scanning. However, a few studies show that MRI scans are insufficient to 
determine the possibility of this biological effect. Hence, more studies are needed to justify 
this effect during MRI scanning. This study aims to measure the biological effect of MRI 
scanning at different magnetic field strengths on the DNA single-strand.   
 
Methods: A total of 27 male New Zealand rabbits were scanned using 3.0T and 1.5T MRI at 
different scanning time intervals (10, 20, 30, and 40 minutes). The alkaline comet assay 
technique was used to study the DNA damage by quantifying single-strand break. Parameters 
such as comet mean intensity (CMI), tail intensity (TI), a fraction of total DNA in the tail, tail 
length (TL), and tail moment (TM) were evaluated.   
 
Results: Quantification of DNA single-break showed significant results for all tested 
parameters in both 1.5T and 3.0 T with a p-value =0.00. Animals tested with 3.0 T for 40 mins 
exerted the highest number of comet tails and tail moment compared to control with the value 
of 13.8670. This indicates higher damage was detected in DNA samples with a mean value of 
22.37.  
 
Conclusions: Although the magnetic field of MRI does not have direct biophysical effects, it 
leads to energy conversions that culminate in a high amount of energy within body organs. 
Therefore, the longer exposure duration with higher MRI magnetic strength causes a high 
significance of DNA SSBs in leukocytes (alkaline comet assay). 
(249 words) 
 
Acknowledgement: We wish to extend our gratitude to the Universiti Sains Malaysia for 
providing us with the Research University Grant FRGS/1/2021/STG05/USM/02/6 in 
supporting this work.  
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Evaluation of peripheral lung stereotactic body radiotherapy planning target volume 
using cone-beam computed tomography 
 

Ratha San1, Ngie Min Ung2, Zulaikha Jamalludin3  
 
1Clinical Oncology Unit, Faculty of Medicine, University of Malaya, 50603, Kuala Lumpur, 
Malaysia. 
2Medical Physics Unit, University of Malaya Medical Centre, Kuala Lumpur, 59100, Malaysia. 
3Medical Physics Unit, University of Malaya Medical Centre, Kuala Lumpur, 59100, Malaysia. 
 
Purpose: Cone-Beam Computed Tomography (CBCT) is a required Image-Guided system in 
peripheral lung cancer Stereotactic Body Radiotherapy (SBRT) for verifying treatment 
accuracy. This study aims to quantify the inter-and intra-fraction setup error using 
retrospective CBCT data for peripheral lung cancer patients undergoing SBRT at the 
University Malaya Medical Centre (UMMC). Furthermore, this study aims to evaluate the 
adequacy of standard 5 mm extension Internal Target Volume to Planning Target Volume 
(ITV-PTV) to account for the local population of lung SBRT setup error. 
 
Methods: pre-exposure CBCT retrospective data (n=310) were collected from 25 Lung SBRT 
patients by registering the CBCT images with CT simulation images and then the displacement 
of the patients in Left-Right (LR), Superior-Inferior (SI), and Anterior-Posterior (AP) direction 
were extracted. Error margins (inter-and intra-fraction, upper, middle, and lower subgroups) 
were determined using the van Herk recipe. Additional descriptive statistics of individual 
patient setup displacement were conducted to evaluate motion during treatment. 
 
Results: The margins accounted for inter- and intra-fraction were 1.9, mm 4.4 mm, 3.4 mm, 
and 1.9 mm, 4.4 mm, 3.4 mm in LR, SI, AP directions, respectively. The subgroup margin was 
found the largest of 5 mm in the lower subgroup in the SI direction. Both margins required for 
inter- and intrafraction were found less than 5 mm isotopically extension in UMMC.  
 
Conclusions: The calculated ITV-PTV margin provides confidence for UMMC in adopting the 
5 mm safety margin and indicates the possibility to reduce the extension in LR and AP direction 
to decrease surrounding tissue toxicity. 
  
Acknowledgement: We acknowledge the Clinical Oncology Unit, UMMC for the facilities, 
assistance and support provided to conduct the research. The first author would like to thank 
IAEA for its support in terms of academic scholarship.  
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Investigation of 2D ionisation chamber array performance for VMAT verification using 
linac log data 
 
Kai Wei Chuah1, Gokula Kumar1, A.T. Abdul Rahman2,3, Hafiz M. Zin1  
 
1Advanced Medical and Dental Institute, Universiti Sains Malaysia, Bertam, 13200 Kepala 
Batas, Penang, Malaysia. 
2Faculty of Applied Sciences, Universiti Teknologi MARA, 40450 Shah Alam, Selangor, 
Malaysia. 
3Centre of Astrophysics & Applied Radiation, Institute of Science, Universiti Teknologi MARA, 
40450 Shah Alam, Selangor, Malaysia. 
 
Purpose: Volumetric-modulated radiotherapy (VMAT) delivers complex photon dose to 
conform to the tumour whilst minimising the dose to organ at risk (OAR). The dose distribution 
is often measured using a 2D array detector before the planned treatment is delivered to the 
patient. Many studies reported limitations of the detector performance in terms of spatial 
resolution and analysis methods used to perform the treatment verification. This work aims to 
quantitatively measure this using a high resolution LINAC log data method.   
 
Methods: The study used an Octavius 1500 detector (PTW, Freiburg, Germany) which 
consists of 1405 detectors at 7.1 mm resolution. The study includes the detector’s stability, 
uniformity, linearity, output factor and the spatial performance of the detector array. The 
measurements were also performed using an ionisation chamber (IC) and radiochromic films 
for comparison. The measurement was also conducted using a rotating Octavius phantom to 
study the impact of gantry rotation. 
 
Results:  The output was found linear with R2=0.9, not affected by the dose rate variation and 
individual detector’s position. The gamma percentage pass rate between the detector array 
and the radiochromic film were ≥95% at 3%/3mm criteria. The gamma passing rate difference 
for arc field and static field were within 5%, respectively. Comparison to the log data shows 
that the pass rate varies with the interpolation used to compensate the detector’s limitation in 
resolution.  
 
Conclusions:  The use of log data provides empirical performance of the 2D array detector 
relevant for VMAT verification. This provides better understanding of the detector’s limitations 
during PSQA. 
 
Acknowledgement: This work is supported by the Advanced Liver Malignancies Research 
Program and is performed at Penang Adventist Hospital.  
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Assessment of non-dose value histogram based treatment planning for fast forward 
breast radiotherapy 
 
Wei Ling Ng1, Ngie Min Ung2, Zulaikha Jamalludin3 
 
1Radiotherapy dan Oncology Unit, Institut Kanser Negara, Putrajaya, WP Putrajaya, 62000, 
Malaysia. 
2Clinical Oncology Unit, Faculty of Medicine, Universiti Malaya, Kuala Lumpur, WP Kuala 
Lumpur, 50603, Malaysia. 
3Clinical Oncology Unit, Faculty of Medicine, Universiti Malaya, Kuala Lumpur, WP Kuala 
Lumpur, 50603, Malaysia. 
 
Purpose: Fast Forward (FF) 26 Gy 5 fractions have shown to be non-inferior compared to the 
standard 40 Gy 15 fractions. In breast irradiation, exposure to the heart and lungs is 
unavoidable. Increase of breast size will lead to dose inhomogeneity to the breast and 
increase toxicity to the heart and lung. As University Malaya Medical Centre (UMMC) is 
moving forward into FF protocol in breast planning, an assessment of the previous plans is 
needed to ensure previous 3D-CRT standard beam placement technique can meet the FF 
protocol requirement. 
 
Methods: 21 left whole breast cancer patients treated with 3D-CRT were delineated following 
the FF protocol with 5 mm skin thickness. DVH is assessed and processed. Descriptive 
statistic was compared with the FF dose limit and constraints. Dose indexes was evaluated 
using the Pearson correlation. 
 
Results: 19% of the plans passed the FF requirement with HI 0.17 ± 0.07 and CI 0.48 ± 0.10. 
Positive correlation of HI and negative correlation of CI with PTV volume. Heart V25% and 
V5% were positive correlated and no correlation on the ipsilateral left lung V30% and skin 
Dmax with PTV volume. Increase of 1.00 cm3 of PTV volume increased 0.004 times of V25% 
and 0.018 times of V5% of heart. 
 
Conclusions: The DVH outcome from the FF treatment planning did not meet the requirement 
of the FF protocol. Increase of the PTV volume leading to increase heterogeneity of the target, 
increase heart dose, no correlation with lung doses and skin maximum dose.  
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Diagnostic capability and therapeutic efficacy of neutron-activated Samarium-153 
polystyrene microspheres as a potential theranostics agent in liver tumour-bearing rats 
 
Hun Yee Tan1, Yin How Wong2, Azahari Kasbollah3, Mohammad Nazri Md Shah4, Basri Johan 
Jeet Abdullah2,4, Noorazrul Yahya5, and Chai Hong Yeong2 
 
1Medical Radiation Surveillance Division, Ministry of Health, 62590 Putrajaya, Malaysia. 
2School of Medicine, Faculty of Health and Medical Sciences, Taylor’s University, 47500 
Subang Jaya, Selangor, Malaysia. 
3Medical Technology Division, Malaysian Nuclear Agency, 43000 Bangi, Selangor, Malaysia; 
4Department of Biomedical Imaging, University of Malaya Medical Centre, 59100 Kuala 
Lumpur, Malaysia. 
5Diagnostic Imaging and Radiotherapy Programme, Faculty of Health Sciences, National 
University of Malaysia, 50300 Kuala Lumpur, Malaysia. 

Purpose: This study aimed to evaluate the diagnostic capability and therapeutic efficacy of 
radioactive samarium oxide loaded polystyrene (153Sm2O3-PS) microspheres in Sprague-
Dawley (SD) rats, each bearing a liver tumour. 
 
Methods: Twelve male liver tumour-bearing SD rats were divided into two groups and 
administered intra-tumourally with: (i) 37 MBq 153Sm2O3-PS microspheres (study group) and 
(ii) 0.1 mL saline solution (control group). The in-vivo distribution of 153Sm2O3-PS microspheres 
was monitored using static gamma imaging at Day 1, 2, 3, and 7. A clinical single photon 
emission computed tomography/computed tomography (SPECT/CT) system was used to 
scan the rats at Day 5 post-injection to obtain functional and anatomical images. The tumour 
progression was examined using ultrasound on Day 14, 28, 42, and 60 post-injection.  
 
Results: Static gamma images clearly showed the distribution of 153Sm2O3-PS microspheres 
within the tumour from Day 1 to Day 7 (nearly after 4 half-lives, t1/2 = 46.3 h), with no observable 
radioactive uptake in other organs. The microspheres were also visible on CT images which 
is an added benefit of 153Sm as an X-ray contrast agent. At the end of the study, the liver 
tumours in the study group (n = 6) disappeared completely from a mean diameter of 372 ± 57 
mm3 on Day 0. In comparison, the tumours in the control group (n = 6) increased from a mean 
diameter of 391 ± 88 mm3 on Day 0 to 9507 ± 3095 mm3 on Day 60.  
 
Conclusions: The diagnostic capability and therapeutic efficacy of the 153Sm2O3-PS 
microspheres were excellent as tested in intra-tumoural treatment of liver cancer in SD rats. 
This demonstrates a strong potential of 153Sm2O3-PS microspheres as a theranostic agent for 
treating liver or other solid tumours in human. 
 
Acknowledgement: This study was funded by the Fundamental Research Grant Scheme 
(FRGS/1/2019/SKK06/TAYLOR/02/3). The authors thank the Malaysian Nuclear Agency and 
National Cancer Institute for their facilities support.  
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Establishment of fabricated AutoDose™ to dispense radiopharmaceuticals in a nuclear 
medicine department 
 
Noorfatin Aida Baharul Amin1, Mohd Fadzil Ain2, Dhalisa Hussin3, Rafidah Zainon1 
 
1Department of Biomedical Imaging, Advanced Medical and Dental Institute (AMDI), 
SAINS@BERTAM, Universiti Sains Malaysia, 13200 Kepala Batas, Pulau Pinang, Malayisa. 
2School of Electrical and Electronic Engineering, Universiti Sains Malaysia, Engineering 
Campus, Seberang Perai Selatan Nibong Tebal, Penang 14300 Malaysia. 
3Department of Nuclear Medicine, National Cancer Institute, 62250 Wilayah Persekutuan, 
Putrajaya, Malaysia. 
 
Purpose: Manual handling technique of dispensing high radiopharmaceutical is strenuous, 
especially for high dose radiopharmaceutical. The aim of this study was to fabricate an 
automated dispenser system, AutoDose™ for dispensing radiopharmaceutical in nuclear 
medicine. 
 
Methods: An automated dispenser, AutoDose™ was fabricated by combining the use of 
peristaltic pumps with custom gear system to dispense more than one type of solution 
concurrently and it is controlled by an apps. In this study, Iodine-131 (131I) was used to 
measure the accuracy of the dispensing volume based on prescribed activity for each 
individual patient. The extremity dose of nuclear medicine personnel was evaluated by placing 
optically stimulated luminescence NANODOT on nuclear medicine personnel fingers who 
prepared the 131I. The dose to extremity was evaluated for manual dispensing technique and 
automatic dispensing technique by using AutoDose™. This study found that the accuracy of 
the dispensing volume by using AutoDose™ was 95%. In addition, the dispensing time has 
shortened 85% with the use of fabricated dispenser compared to manual dispensing 
technique. 
 
Results: This study found that the accuracy of the dispensing volume by using AutoDose™ 
was 95%. In addition, the dispensing time has shortened 85% with the use of fabricated 
dispenser compared to manual dispensing technique. 
 
Conclusions: The dose to extremity was reduced significantly by using AutoDose™ because 
the dispenser allows the dispensing process to be done automatically and the distance 
between the nuclear medicine personnel and the radioactive source increases during 
dispensing of 131I. 
 
Acknowledgement: Add acknowledgement here if required, for example, the funding body of 
the research work.  
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Dose map blood irradiator dosimetry system: customized blood-equivalent phantom 
and Gafchromic EBT-XD Film 
 
A.S. Fazad1, N.M. Noor1,2, M.A M.A. Nasir3  
 
1Medical Physics Laboratory, Department of Radiology, Faculty of Medicine and Health 
Sciences, Universiti Putra Malaysia, 43400, Serdang, Selangor, Malaysia. 
2Medical Physics Unit, Hospital Pengajar Universiti Putra Malaysia, 43400, Serdang, 
Selangor, Malaysia. 
3Faculty of Science and Technology, Universiti Kebangsaan Malaysia, 43600 Bangi, Selangor, 
Malaysia. 
 
Purpose: The aim of this study is to measure the minimum, maximum and central absorbed 
gamma radiation dose delivered at the newly customized blood-equivalent phantom using a 
Gafchromic EBT-XD film.   
 
Methods: A Gammacell 3000 Elan Blood Irradiator with Cesium-137 source was used. The 
absorbed dose distribution was measured using Gafchromic EBT-XD film. To obtain the dose 
calibration curves, the films were placed at the centre of a phantom and irradiated with the 
dose range from 5 Gy to 35 Gy. The dose calibration curve was plotted using (red, green and 
blue) channels. While, for the dose mapping measurement, the irradiation exposure of 9.03 
minutes was used to deliver a central dose of 25 Gy to the film. The response of the film will 
be compared with the GC Dose Mapping Report 2022 which used water-equivalent medium 
as a phantom.  
 
Results: For the calibration curve, the red channel of the film was utilized in this study as it 
had a higher signal than the others channel. The doses obtained at central, maximum and 
minimum using EBT-XD film with customized blood equivalent phantom were in agreement 
with that obtained from GC Dose Mapping Report 2022 to be within ± 7.6%, ± 9.95% and ± 
8.51%, respectively.  
 
Conclusions: We concluded that the use of EBT-XD film with customized blood-equivalent 
phantom have a potential to map the dose in blood irradiator accurately. The doses obtained 
from EBT-XD film were in the range of doses needed to inhibit the proliferation of the T-
lymphocytes with central, minimum and maximum doses were 26.9 Gy, 17.2 Gy and 35.7 Gy 
respectively. 
 
Acknowledgement: The authors would like to thank the staffs of Secondary Standard 
Dosimetry Laboratories at Malaysian Nuclear Agency, Radiology and Pathology 
Departments, Hospital Pengajar Universiti Putra Malaysia (HPUPM) for their help in 
completing this study.  
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Dose mapping in Gamma-ray blood irradiator using novel Ge-doped silica optical fibres 
in comparison with Gafchromic film: a preliminary study 
 
Ku Shaidaton Akmar Ku Bakar1,2, Noramaliza Mohd Noor1,3, Mohammad Faizal Hassan1 
 
1Medical Physics Laboratory, Department of Radiology, Faculty of Medicine and Health 
Sciences, University Putra Malaysia, 43400 Serdang, Malaysia. 
2Medical Radiation Surveillance Unit, Penang State Health Department, 10590 Penang, 
Malaysia. 
3Medical Physics Unit, Teaching Hospital Universiti Putra Malaysia, 43400 Serdang, Selangor, 
Malaysia. 
 
Purpose: TA-GVH disease is one of the blood transfusion complications and to prevent it, the 
blood component irradiation process is employed. Dose mapping method was used to ensure 
that radiation dose to the blood is within the specified limits of minimum 15Gy and maximum 
50Gy to prevent the disease. In this study, the feasibility of novel fabricated germanium-doped 
(Ge-doped) silica-based optical fibres as a potential passive radiation dosimeter for mapping 
the gamma irradiation delivered to the blood have been investigated. 
   
Methods: The fabricated cylindrical Ge-doped optical fibres with large core volume (6.79 x 
10-11) m3 was used. The calibration curve of fiber was established by irradiating the fibres in 
the dose range from 5 to 35 Gy at the central of a Perspex phantom using a Gammacell 
irradiator located at Pathology Department, HPUPM. For dose mapping, the fibers were then 
irradiated for a gamma exposure of 8minutes 51seconds to deliver a central-dose of 25 Gy to 
the fibres. A Harshaw™ 3500 TLD reader was used to read out the thermoluminescence (TL) 
signals of the fibres. The results were then compared with Gafchromic Dose Mapping Report 
2021 published by Best Theratronics Dosimetry Laboratory, Canada. 
 
Results: The absorbed dose obtained from optical fibers show deviation within -0.2 to -17.2% 
and 0.1 to 7.4% between doses measured using fibres and Gafchromic Dose Mapping Report 
2021 for low and high dose regions respectively.  
 
Conclusions: The fabricated fibres with large core volume have a good potential as a new 
passive dosimeter for the blood dose mapping due to its high sensitivity, reusable, cost 
effective and reproducible characteristics. 
 
Acknowledgement: Staff of the Secondary Standard Dosimetry Laboratories at Malaysian 
Nuclear Agency and Department of Radiology, Faculty of Medicine and Health Sciences, 
Universiti Putra Malaysia are acknowledged in assisting in this study.  
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Photoinhibitory effect of Saccharomyces Cerevisiae induced by 405 nm Laser 
 
Mohamad Firdaus1, Nursakinah Suardi1, Eugene Ong Boon Beng2, Fong Jing Heng2 
 
1School of Physics, Universiti Sains Malaysia,11800 Penang, Malaysia. 
2Institute for Research in Molecule Medicine, Universiti Sains Malaysia,11800 Penang, 
Malaysia. 
 
Purpose: Saccharomyces Cerevisiae yeast has been used as a biological model for 
biophysics study as it shares a number of fundamental biological characteristics with human. 
Blue laser light has been reported to affect the human immune system positively and can be 
used for anti-microbial photodynamic therapy (for bacterial, viral, and parasitic diseases). 
Therefore, this study evaluates the effects of 405 nm blue laser treatment towards 
Saccharomyces cerevisiae to understand the biophysics interaction between them.  
 
Methods: Saccharomyces cerevisiae (S288C) were cultured in YPD broth and were exposed 
to 405 nm laser with different power (100 and 300 mW) and exposure time (10, 20, 30, and 
40 minutes). Yeast’s growth kinetics, protein elution and morphology were investigated. 
 
Results: Following irradiation, with an output power of 100 mW, no significant effects were 
observed in the growth kinetics of Saccharomyces cerevisiae. While for output power of 
300mW, yeast was damaged and caused inhibition. This was confirmed by plating results, 
with less colony observed. The protein band obtained from SDS-PAGE was faint and invisible, 
indicating less protein was detected after laser exposure. Moreover, less yeast was observed 
in G2 and M phases as the radiation dose increased. Yeast at G2 and M phases are most 
sensitive towards radiation, thus, lethal effects were observed. 
 
Conclusions: From the results obtained, the photoinhibition effect induced by 405 nm can be 
observed with 300 mW output power.  
 
Acknowledgement: This research was supported by Ministry of Higher Education Malaysia 
under Fundamental Research Grant Scheme with Project Code: 
FRGS/1/2021/STG07/USM/02/5. We greatly appreciate the valuable collaboration between 
School of Physics and Institute for Research in Molecular Medicine (INFORMM) for their 
support during this research. 
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The study of radiation level estimation for different radioactive sources using Arduino-
based Geiger Muller counter  
 
Nur Alia Natasya Mohamad Rapi, Nur Ain Wook, Yasmin Md Radzi 
 
Universiti Sains Malaysia, Gelugor, Penang, 11800, Malaysia. 
 
Purpose: Growing concern for radiological and nuclear safety and increasing the use of 
radiation protection instruments by both professionals and laypeople bring on high demand 
for developing low-cost and reliable instrumentation. This project focused on the 
implementation of compact, small sized and inexpensive radiation detection devices based on 
low-cost PIC microcontroller. The purpose of the system development is to estimate the 
radiation count of different radioactive sources. 
 
Methods: The system includes GM tube-based radiation counting, Arduino UNO kit, 
connecting wires, CoolTerm platform, and Arduino software (IDE) for controlling and 
monitoring the radiation count. The radiation level of natural back several radioactive sources 
(Co-60, Cs-137, Am-241, Sr-90, Ra-226) located at different distances (1.5cm-4.5cm) from 
the tube, has been measured and compared with a GM tube-based survey meter. Then, the 
conversion from CPM to dose rate technique was also performed by the Arduino to display 
the result in µSv/hr, multiplying the CPM by 0.0057. In addition, the percentage difference 
between the count rate measured using GM tube based on Arduino and survey meter is 
calculated. 
 
Result:  Based on the results, a correction factor of less than 2 was applied and the 
percentage difference between measured radioactivity with Arduino GM and commercial 
survey meter was less than 5% for all radioactive sources with distance applied.    
 
Conclusion: The purposed system is suitable for immediate radiation detection and 
measurement of radioactive sources with simple and easy-to-use hardware and software. 
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Assessment on the effectiveness of radiation attenuation of lead aprons through TLD 
dosimetry  
 
Siti Nursyahira Mohd Faizal, Raja Nur Irdina Syakirah Raja Nazmin, Yasmin Md Radzi 
 
Universiti Sains Malaysia, Gelugor, Penang, 11800, Malaysia. 
 
Purpose: To determine whether the old and new leaded aprons are able to shield radiation 
exposure in the laboratory. 
 
Methods: Two types of lead aprons were used (old and new) and a total of 10 TLD-100 chips 
were placed at five different sites (A, B, C, D, E) on the outside and the inside of each apron 
and were irradiated at 60, 80, 100 and 120 kVp with 100 mAs at field size of 25 x 25 cm2. The 
charge collected by the irradiated TLD-100 was readout, and the linear attenuation coefficient 
and percentage of absorber efficiency were calculated. 
 
Results: The measured linear attenuation coefficients for Apron 1 (old) and Apron 2 (new) at 
all kVp levels differ significantly from the NIST linear attenuation coefficient values. The 
measured μ-value observed at 83 keV (100 kVp) has the least percentage difference between 
measured and NIST μ-values compared to the other effective energies, indicating that the x-
ray output is most likely stable at effective energy of 83 keV. Apron 1 is observed to have the 
least absorber efficiency at site B for every x-ray voltage due to the loss of Pb thickness in the 
apron at certain part due to frequent use of lead aprons. The efficiency of absorber for Apron 
2 varies with increasing x-ray voltage and this is probably due to the lead thickness of the new 
apron is still satisfactory. 
 
Conclusions: Both lead aprons have the same capability to shield human body against 
radiation exposure. 
 
 
Acknowledgement: Add acknowledgement here if required, for example, the funding body of 
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Dosimetric comparison between mathematical and realistic human phantoms using 
Iodine-131: A Monte Carlo simulation 
 
ATI Moncef  
 
Faculty of medicine, University of Oran 1 Ahmed Ben Bella, Oran, 31000, Algeria. 
 
Purpose: The estimation of the dose absorbed by the organ in nuclear medicine therapy is 
crucial and very complex. However, the dose distribution inside the organ depends on many 
parameters as biologically, physically or chemically. In this work, we are interesting to 
investigate the internal absorbed dose parameters in a human model for gamma rays and 
beta particles using Gate Monte Carlo simulation. Therefore, different groups of segmented 
and mathematical and realistic female and male human phantoms using GATE toolkits 
focusing our work on the thyroid, with I-131 therapy in a context of internal dosimetry 
estimation.  
 
Methods: The S-value were evaluated for a separate adult male and female human phantom 
to derives the absorbed doses to organ volume with a real protocol of iodine thyroid therapy. 
Mathematical adult models called Adam (man) and Eva (women) according to the ICRP data 
of former Reference Man with spatial resolution of 1.60 x 1.60 x 2.0 mm3 converted to 256 x 
256 x 900 matrix size were used. On the other hand, Xcat male and female developed by 
Segars et al describe a realist anatomical phantom with highly detailed a spatial resolution of 
3.125 x 3.125 x 3.125 mm3 converted to 256 x 256 x 500 matrix size were used for comparison. 
Each voxel in the phantoms was related to an attenuation factor, μi and their mean weight 
around 68 kg. A combination of thyroid as source volume and liver, kidneys, bladder and eyes 
as target organs has been considered. An I-131 source with initial photon and electron 
energies to 364 KeV and 606 KeV, respectively. In this regard, Monte Carlo transport code, 
GATE was used to simulate monoenergetic photon and electron of 108 and 5 × 107 histories 
in a given organ.  
 
Results: The specific absorbed fractions (SAF) of various target-source organ for photons 
were obtained. The S-values are similar in both phantoms (anatomical and mathematical) with 
significant differences for liver and bladder organs. A similar but less obvious effect is seen for 
the thyroid-thyroid organ when target and source are the same. The SAF values of anatomical 
(Xcat) phantom and mathematical (ADAM and EVA) is particularly higher for the different 
organ pairs, considering the same source and target organ calculations we note that for the 
ADAM and Eva phantoms, the difference of the calculation between The SAF values and S-
values for these organs are higher for 364 keV photons.  
 
Conclusions: Internal dosimetry simulating I-131 therapy scenarios S-values based on 
different phantoms as XCAT and mathematical phantoms using Monte Carlo technique under 
Gate V9.1 based on Geant4. it is found that different organ size and density of male and 
female XCAT and mathematical phantoms affect the internal absorbed doses in the critical 
organs and tissues results.  
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