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EDITORIAL FROM CO-EDITORS-IN-CHIEF 

 Francis Hasford & Sameer Tipnis

The IOMP’s Medical Physics International (MPI) Journal has remained IOMP’s 

flagship publication since formation in 2013. Since taking over the editorial 
responsibility from Dr. Slavik Tabakov and Dr. Perry Sprawls, we have produced 
several issues, keeping the spirit of this publication in mind. The July 2023 issue (Vol. 11, 

No. 1) compiled over 280 pages including abstracts from the Regional Conference of 

the Federation of African Medical Physics Organizations (FAMPO) in Morocco in 

2022, and the Regional Conference of the Middle East Federation of Medical 

Physics (MEFOMP) in Oman in 2023. The December 2023 issue (Vol. 11, No. 2) 

expanded further, featuring abstracts from International Conference on Medical 

Physics (ICMP) 2023 in Mumbai and theses from the ICTP Master of Medical Physics 

Programme, reaching a record 618 pages. 

By 2024, readership had grown significantly, with the MPI website attracting over 

1,000 daily visits at peak. To manage the expanding content, the Publications 

Committee initiated the establishment of MPI-Proceedings, a special series dedicated 

to books of abstracts from ICMPs and World Congresses. This innovation is to ensure 

consistency in archiving, and to build MPI into a family of journals that includes MPI, 

MPI-History Edition, MPI-Proceedings, etc. 

This maiden issue of the MPI-Proceedings publishes abstracts from the Middle East 

Medical Physics Conference (MEFOMP 2025) held in Kuwait, from 08 – 10 

February 2025, and the dissertation abstracts from the 10th Cycle (2022 – 2024 batch) of 

the ICTP Master of Medical Physics Programme, Trieste, Italy. Enjoy reading MPI-

Proceedings and share with us your feedback, if you may. 

Francis Hasford, PhD. 
Editor-in-Chief 
Ghana Atomic Energy Commission, 
Accra, Ghana. 
haspee@yahoo.co.uk

Sameer Tipnis, PhD.DABR,FAPPM 
Editor-in-Chief 
Medical University of South Carolina, 
Charleston, USA. 
tipnis@musc.edu 
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COMPARATIVE ASSESSMENT OF AVERAGE GLANDULAR DOSE IN 

DIGITAL BREAST TOMOSYNTHESIS AND FULL-FIELD DIGITAL 

MAMMOGRAPHY IN OMAN  

N. Al Maymani1, R. Al Mamari2, A. Al Jabri3, S. Kheruka1, N. Al Makhmari1, H. Al Saidi1, S. Al 

Rashdi1, A. Al Balushi1 

1 Radiology and Nuclear Medicine Department, Sultan Qaboos Comprehensive Cancer Care and Research Centre (SQCCCRC), University 

Medical City, Muscat, Oman. 
2 Physics Department, College of Science, Sultan Qaboos University, Muscat, Oman. 

3 Radiology and Molecular Imaging Department, College of Medicine, Sultan Qaboos University, Muscat, Oman.

ABSTRACT 

Background: With the integration of Digital Breast Tomosynthesis (DBT) into breast imaging, there has been a 

significant advancement in the capabilities of Full-Field Digital Mammography (FFDM) for early breast cancer 

detection. However, the increased use of DBT raises concerns regarding radiation exposure levels.  

Objective: This study seeks to determine diagnostic reference levels (DRLs) at the Sultan Qaboos 

Comprehensive Cancer Care and Research Centre (SQCCCRC) for both FFDM and DBT across different 

compressed breast thicknesses (CBT), contributing to enhanced understanding of radiation dosimetry in breast 

cancer diagnosis. 

Methodology: Data including average glandular dose (AGD), kVp, mAs, entrance surface dose (ESD) and CBT 

were retrospectively collected on FFDM and DBT exams. For seven CBT groups ranges from 20 mm to 89 mm, 

the mean, median, range and 75th percentile of AGD values were determined for craniocaudal (CC) and 

mediolateral oblique (MLO) views. The differences in AGD values between FFDM and DBT were analyzed, and 

correlations among AGD and CBT, kVp, mAs and ESD were investigated.  

Results: Across all CBT ranges, AGD values for DBT were (1.3±0.10) higher than those for FFDM. The DRLs 

at SQCCCRC range from 0.70 mGy to 2.55 mGy for 

FFDM and 0.94 mGy to 3.67 mGy for DBT, Fig. 1. 

The AGD highly showed correlation with kVp, mAs, 

ESD and CBT. A significant difference in the AGD 

value was noticed between FFDM and DBT 

acquisition in both CC and MLO projections (p < 

0.005). 

Conclusion: The study confirms that DBT generally 

results in higher AGD levels than FFDM across 

various CBT ranges, aligning with those established 

internationally. This research highlights the need for 

balancing radiation exposure with diagnostic accuracy 

in clinical decision-making, reinforcing DRLs as a 

benchmark for radiation safety in breast cancer 

screening practices. 

References: 

1. Vañó, E., Miller, D. L., Martin, C. J., Rehani, M. M., Kang, K., Rosenstein, M., Ortiz-Lo ́pez, P., Mattsson, S., 

Padovani, R., & Rogers, A. (2017). ICRP Publication 135: Diagnostic Reference Levels in Medical Imaging. Annals of 

the ICRP, 46(1), 1-144. https://doi.org/10.1177/0146645317717209. 

2. Liu, Q., Suleiman, M. E., McEntee, M. F., & Soh, B. P. (2022). Diagnostic reference levels in digital mammography: a 

systematic review. Journal of Radiological Protection,42(1).  https://doi.org/10.1088/1361-6498/ac4214. 

 

Fig.1: The AGD per woman for full-field digital mammography 

(FFDM) and digital breast tomosynthesis (DBT) at seven breast 

thickness groups 
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EVALUATION OF MAMMOGRAPHY EQUIPMENT PERFORMANCE: A 

COMPARATIVE STUDY OF THREE AUTOMATIC PROTOCOLS  

N. Hasan 1, S. Alkhazzam 2, M. Kharita 1 

1 Salmaniya Medical Complex, Manama, Bahrain 
2 Occupational Health and Safety Department, Hamad Medical Corporation, Doha, Qatar 

ABSTRACT 

Background: Ensuring the performance of mammography units is essential to achieve optimal image quality and 

radiation dose outputs. The equipment's performance varies across different imaging protocols, each 

characterized by distinct exposure parameters that influence both image quality and radiation dose.  

Objective: This paper aims to compare the differences in the performance of mammography unit implementing 

three available automatic protocols compared to the standard protocol using an automated quality control system 

with interactive Power Bi dashboard in order to enable healthcare professionals to adopt optimized practices in 

mammography imaging. 

Methodology: This study compares three automatic imaging protocols in GE Sinographe Pristina mammography 

unit (STD-, STD+, and Implant) in reference to the standard protocol (STD), focusing on kV, mAs, image quality 

detectability d’, and entrance skin dose ESD metrics. The clinical protocols were tested by the IAEA phantom 

and analyzed with the dedicated PyATIA software. The average of the above metrics was calculated for the three 

measurements of each protocol. and STD was used as a reference value to compare with STD- and STD+, 

Implant protocols.  

Results: As shown in Fig.1, a reduction of mAs in the STD- protocol by 24% compared to mAs used in STD. 

Accordingly, ESD and d’ reduced by 21 and 15%, respectively. In contrast, increasing the mAs in STD+ by 52% 

compared to STD increases the ESD and d’ were increased by 50% and 16%, respectively. In addition, the 

increase in the mAs in the implant protocol by 18% compared to the STD increases the ESD by 12%; however, 

the d’ is comparable to STD. Investigating the effect of adjusting the mAs in each protocol on the ESD and the d’ 

compared to the STD protocol will provide insights into the effectiveness of each protocol.  

 

Figure 1: The average values of kV, mAs, detectability at 0.3 mm and Entrance dose (mGy) of three images taken under each of the three 

automatic protocols (STD-, STD+, and Implant) compared with the standard protocol of the mammography imaging equipment 

Conclusion: This study provides an understanding of mammography unit’s performance through a comparative 

analysis of three automatic clinical protocols with the automatic standard one. The outcomes will afford insights 

for healthcare practitioners in mammography to optimize the equipment utilization. 
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RADIATION DOSE MONITORING OF DENTAL RADIOLOGY WORKERS AT 

HAMAD MEDICAL CORPORATION: A FIVE-YEAR ANALYSIS (2020–2024)  

A. Al Attar1, S. Al Manea1, C.M. De Castro1, M.H. Kharita1 

1 Occupational Health and Safety Department, Hamad Medical Corporation, Qatar. 

ABSTRACT 

Background: Occupational radiation exposure is a significant concern for healthcare professionals in 

radiological settings. Dental radiology workers, in particular, are frequently exposed to low-dose ionizing 

radiation due to the routine use of diagnostic imaging techniques. This study provides a comprehensive analysis 

of occupational radiation doses among dental radiology workers at Hamad Medical Corporation (HMC) hospitals 

in Qatar over five years (2020–2024). The aim is to evaluate compliance with international safety standards, 

identify long-term trends in radiation exposure, and establish an investigation dose level for this workforce.  

Objective: To establish a data-driven investigation dose level for dental radiology workers at HMC; Measure and 

analyze the effective doses received by dental radiology workers bi-monthly over five years (2020–2024); 

Compare exposure levels among three subgroups: dental assistants, dental technologists, and dental doctors; 

assess adherence to regulatory dose limits in Qatar. 

Methodology: A total of 49 dental radiology workers from Rumailah Hospital, Al Khor Hospital, Al Wakra 

Hospital, Hazm Mebaireek General Hospital, and the Cuban Hospital were monitored. Participants were 

categorized into three subgroups: dental assistants, dental technologists, and dental doctors, based on their 

professional roles. Radiation doses were measured bi-monthly using Thermoluminescent Dosimeters (TLD-100, 

LiF: Mg, Ti), placed at chest level. Dosimeters were processed using the TLD Harshaw Reader 88000 at the 

Personal Dosimetry Laboratory under the Medical Physics section of HMC’s Occupational Health and Safety 

Department. Statistical analysis was conducted to determine mean doses and standard deviations. A proposed 

investigation level was established based on the +3 standard deviation threshold.  

Results: The bi-monthly average effective doses were consistent across the three subgroups: 0.089 mSv for 

dental assistants, 0.089 mSv for dental technicians, and 0.090 mSv for dental doctors. The analysis of the five-

year dataset revealed that all measured doses fell well within safe levels, with 99% of values below the +3 

standard deviation threshold. Based on these findings, an investigation dose level of 0.200 mSv was identified as 

the most appropriate threshold, aligning with the ALARA (As Low as Reasonably Achievable) principle. 
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Conclusion: This comprehensive five-year analysis highlights HMC’s commitment to maintaining occupational 

radiation doses well within international safety standards. The introduction of an investigation dose level of 0.200 

mSv reinforces HMC’s leadership in radiation safety and exemplifies best practices in occupational radiation 

protection in healthcare settings. 

References: 

1. https://www.iaea.org/resources/rpop/health-professionals/dentistry. 

2. Recommendations of the International Commission on Radiological Protection (ICRP) (ICRP Publication, 1991) No: 60, 21. 
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EXTRACTION, SELECTION AND COMPARISON OF RADIOMIC FEATURES 

FROM CARDIAC REST AND STRESS SPECT/CT SCANS  

R. AlMaashani1, A. AlMaawali1, A. AlMaimani2, H. Nadeem2, A. AlJabri2, Y. Bouchareb3 

1Sultan Qaboos University, College of Science, Muscat, Oman. 
2Sultan Qaboos University Hospital, Radiology and Molecular Imaging, Muscat, Oman. 

3Sultan Qaboos University, College of Medicine and Health Sciences, Muscat, Oman.

ABSTRACT 

Background: SPECT/CT is an imaging modality that has been used over few decades for the diagnosis and 

monitoring purposes of many cardiac diseases [1]. The application of artificial intelligence and radiomics has the 

potential to further enhance the detection, characterization, and prediction of diseases [2]. The extraction and 

selection of radiomics features that characterize cardiac SPECT/CT images could enhance further the diagnostic 

value of SPECT/CT imaging, help in reducing patient radiation doses, and improve clinical workflow.  

Objective: The aim of this study was to investigate the potential of radiomics and artificial intelligence to 

characterize the differences in tissue patterns between rest and stress SPECT/CT scans, aiming to eliminate the 

need for rest scans by predicting results from stress scans alone. 

Methodology: This research study included stress and rest cardiac SPECT/CT scans from 60 patients injected 

with Tc-99m Tetrofosmine (Myoview). The patients consist of 30 normal and 30 abnormal patients based on 

their ejection fraction. Patients with an ejection fraction greater than 50% were classified as normal while those 

with less than 40% were deemed abnormal. The cardiac SPECT/CT scans were selected from the local PACS at 

Sultan Qaboos University Hospital (SQUH) between January 1, 2023, and March 1, 2024. The DICOM images 

were uploaded to the 3D Slicer software for further processing. The 3D slicer segmentation tool was used to 

delineate the whole myocardium. Subsequently, features extraction from the segmented areas was performed 

using the SlicerRadiomics extension. For features selection, Principal Component Analysis (PCA) was utilized.  

Results: A total of 107 radiomic features were extracted from the image series; falling into six categories: shape 

features, first order features, gray-level co-occurrence matrix (GLCM), gray level-run-length matrix (GLRLM), 

gray level-size-zone matrix (GLSZM), gray level-dependence matrix (GLDM), and neighboring gray-tone-

difference matrix (NGTDM). PCA was used to reduce the feature set for the stress scans to 14, and 16 features 

for the rest scans, accounted for 78.7%, 73.4% of the total variance in the dataset, respectively. 

Conclusion: The preliminary results from the study show that 14 and 16 features selected from stress and rest 

scans respectively describe the most pertinent features characterizing the myocardium tissue. Further analysis is 

needed to optimize feature selection by investigating other statistical methods that might provide better reduction 

for radiomic features. 
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ABSTRACT 

Background: Positron Emission Tomography/Computed Tomography (PET/CT) integrates PET, providing 

functional imaging, with CT, offering anatomical details which enhances diagnostic precision. Nevertheless, 

challenges such as radiation exposure from CT scans and respiratory misalignments between PET and CT persist. 

Li et al. [1] introduced a deep learning-based method to eliminate CT radiation while preserving diagnostic 

accuracy. Similarly, Zhanli Hu et al. [2] addressed issues like attenuation correction and respiratory mismatches 

by employing deep learning models to generate Attenuation-Corrected PET (ACPET) from non-attenuation-

corrected PET (NACPET). Despite these advancements, both studies relied on small datasets, limiting the 

robustness and clinical relevance of their results.  

Objective: This project aims to develop a deep learning-driven approach utilizing a deep residual U-Net 

(DResUNET) model to generate Attenuation-Corrected PET (ACPET) images from Non-Attenuation-Corrected 

PET (NACPET) images. 

Methodology: This study employed a 2D DResUNET [3] with an encoder-decoder architecture to generate 

attenuation-corrected (AC) PET images from non-attenuation-corrected (NAC) PET images. A dataset of 250 

patients was used, with 175 allocated for training and 75 for validation. The model was trained for up to 100 

iterations. To enhance learning and generalization, data augmentation techniques were applied, and the stochastic 

gradient descent (SGD) optimizer was utilized. The quality of the generated images was rigorously evaluated 

against reference images using quantitative metrics, including Mean Absolute Error (MAE) and Peak Signal-to-

Noise Ratio (PSNR).  

Results: In our study, the model achieved a PSNR of 52.95 ± 3.3 dB for synthetic ACPET, surpassing the PSNR 

of 40.841 ± 2.914 reported by Zhanli Hu et al. [2] and 34.03 ± 4.73 reported by Q. Li et al. [1], with a p-value of 

less than 0.05 based on Bland-Altman analysis. The model also achieved a mean absolute error (MAE) of 53.51 ± 

20.60 for synthetic ACPET compared to the significantly higher MAE of 183.82 ± 117.5 for (NACPET). 

 

Fig. 1 : Synthetic PET vs AC PET and NAC PET in DResUNET with 250 patients model training 

Conclusion: The DResUNET framework successfully generated ACPET images from NACPET without relying 

on CT images. Future research will focus on generating CT images from the generated ACPET images. 
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ABSTRACT 

Background: Cervical cancer is a major health concern, with high mortality rates worldwide [1]. HDR 

brachytherapy is a crucial treatment modality, yet conventional applicators face challenges adapting to complex 

tumor shapes. Recent advancements in 3D printing technology enable the creation of customized applicator 

components, enhancing treatment precision and allowing for broader usability across multiple patients [2].  

Objective: This study evaluates the efficacy and safety of 3D-printed applicators in HDR brachytherapy for 

cervical cancer, comparing their outcomes with conventional applicators to enhance precision and reduce 

complications. 

Methodology: A total of 16 Stage II/III patients were treated at KFMC (2023-2024). Eight patients were treated 

with 3D Interstitial Ring and Tandem or 3D Multi-Channel Interstitial Cylinder, while the other eight received 

conventional applicators. Dosimetric evaluation ensured that 95% of the HRCTV was covered by the prescribed 

dose. Dose constraints for OARs were applied following ICRU Report 89 to minimize radiation toxicity. 

Statistical analysis was conducted using SPSS 26.0, with independent t-tests comparing dosimetric differences. 

Results were expressed as mean ± SD and statistical significance was set at p < 0.05.  

Results: For HRCTV, D95 achieved similar levels of dose coverage, with the mean for the conventional 

applicator at 99.3% and the 3D printed applicator at 99.7%, showing no statistically significant difference (P= 

0.840). However, the 3D-printed applicator provided significant dose reductions to organs at risk (OARs), 

particularly the bladder and rectum. Significant reductions in bladder dose were observed at V25% (P= 0.005), 

V35% (P= 0.000), and V50% (P= 0.000), while rectal dose reductions were noted at V25% (P= 0.042), V35% 

(P= 0.023), and V50% (P= 0.012). These findings highlight the 3D-printed applicator’s advantage in minimizing 

radiation exposure to OARs, thereby potentially reducing complications like urinary dysfunction and rectal 

toxicity. No significant differences were found for V15% in both organs (bladder: P= 0.192, rectum: P= 0.092). 

Conclusion: 3D-printed applicators enhance treatment precision, ensuring safety and improved outcomes in 

HDR brachytherapy for cervical cancer. This innovative approach minimizes radiation-induced side effects and 

maximizes therapeutic benefits. 
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ABSTRACT 

Background: Digital radiography is a cornerstone of modern medical diagnosis, routinely employed to detect diseases and 

fractures. Given its critical role, rigorous quality control is imperative. Traditionally, this task is conducted annually by 

medical physicists. To support this process and enhance its effectiveness, the International Atomic Energy Agency (IAEA) 

has developed an automated and remote solution.  This innovative approach leverages a straightforward phantom and the 

open-source software PyATIA to evaluate the image quality of radiographic systems.  

Objective: To investigate the influence of human errors on radiographic image quality metrics across various exposure 

conditions using an automated quality control system with interactive Power Bi dashboard. 

Methodology: Fourteen different scenarios were designed for possible situations that a technician might encounter while 

doing the test of the IAEA Phantom, and the results were compared with the assumed baseline value of the correct setup.  

Results: The results presented in the figure below illustrate the following effects: increasing the SID from 110 cm to 120 

cm enhances detectability by 13% and raises the exposure index by 16%. Reducing the kV from 81 to 70 kV improves 

detectability by 8% but decreases the exposure index by 26%. Rotating the phantom by 30 degrees does not affect the 

detectability index (d′) or exposure index (EI). Selecting the right and left AEC chambers results in a slight increase in d’  

(8%) and EI (24%). Using added filters (0.1 or 0.2 mm Cu) causes a slight change in d′ and EI (5%). Choosing Speed 200 

significantly impacts d’ (43%) and EI (108%). Increasing contrast by +2 raises d’ by 27% and EI by 63%. Selecting a small 

FS has minimal effect on d′ and EI. 
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Conclusion: By implementing a Python-based Automated Image Analysis Tool with a dedicated dashboard, we can 

effectively isolate human errors resulting from test setup mistakes. This allows us to filter these errors from the results, 

enabling accurate monitoring of radiography system performance and predicting potential future deterioration. 
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ABSTRACT 

Background: Interventional radiology procedures involving X-ray imaging pose a significant radiation risk to healthcare 

workers, particularly their hands. To mitigate this risk, lead gloves are widely employed. However, these protective measures 

can inadvertently increase radiation exposure to both patients and operators by interfering with the primary radiation beam 

and consequently amplifying scattered radiation.  

Objective: To assess the radiation protection effectiveness of the SensiCare PI gloves and the impact of hand placement in 

the primary radiation field on increased exposure. 

Methodology: Materials used for the study include 

Dosimeter (Raysafe X2) with stand 30 cm + attenuator 2 mm 

Cu, Rad-Fluoroscopy unit (tube over table)- SIEMENS 

Luminos dRF, radiation field 30×30 cm, Anthropomorphic 

phantom (Hand), SensiCare PI Shield Radiation Protection 

Gloves. The radiation output of different energies (60, 81, 100, and 

121 kV) was measured at a distance of 75 cm from the focal spot of 

the x-ray tube, using 2 mm of copper (simulating the attenuation of 

a human body). The measurement setup is shown in Figure 1.  

Results: The results are presented in Table 1: radiation dose, dose 

rate, HVL, and total radiation. The glove was placed on an 

anthropomorphic phantom of a hand and the dosimeter was placed 

between the hand and the glove to measure the radiation attenuation 

of the glove as shown in Figure 2. The radiation air kerma 

measurements were recorded for different energies (60 ,81 ,100, 

and 121 kV), and the results are presented in Table 1 (with and 

without gloves). The radiation attenuation in the glove was 

calculated from the ratio of the radiation dose with the glove over 

the radiation dose without glove. The results are shown in Table 2. 

 
Table 1. The radiation output of the radiographic mode at 75 cm from the focal spot at different kVs 

kV mAs ms 
mGy mGy/s HVL TF 

w/o w/Gloves w/o w/Gloves w/o w/Gloves w/o w/Gloves 

60 10 100 537 195 5.33 1.94 2.4 3.5 3.3 6.8 

81 10 100 1025 470 10.21 4.68 3.2 4.8 3.2 6.8 

100 5 100 755 389 7.57 3.90 4.0 5.6 3.2 6.9 

121 5 100 1059 596 10.63 6.00 4.7 6.4 3.3 7.0 

 
Table 2. The attenuation values using the gloves at different kVs (efficiency of radiation shielding) 

kV Attenuation ratio 

60 64% 

81 54% 

100 48% 

121 44% 

Conclusion: These gloves provide partial protection against ionizing radiation, as they attenuate the radiation to the hands 

of the radiation workers by ~60-40% for the voltage range from 60 to 120 kV, respectively. This confirms the specifications 

provided by the vendor. 

Figure 1. radiation measurement of 75% of the gloves      

within the radiation field 
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ABSTRACT 

Background: The use factor (U) quantifies the fraction of beam-on time during which the primary radiation 

beam is directed toward a specific barrier. With the growing adoption of advanced radiotherapy techniques such 

as Volumetric Modulated Arc Therapy (VMAT), U may vary depending on treatment technique and site.  

Objective: This study evaluates and compares the use factors for two TrueBeam machines treating different 

schemes of treatment sites with different fractions of technique type. 

Methodology: Data from two identical TrueBeam linear accelerators, Machine A and Machine B, were analyzed 

over 30 months. Machine A predominantly treated head and neck, chest, and breast cases, while Machine B 

focused on pelvic, palliative, total body irradiation, and breast cases. Beam-on time data were extracted from the 

ARIA reporting system and analyzed across four gantry angle ranges: 315°–45°, 45°–135°, 135°–225°, and 

225°–315°, corresponding to the floor, right wall, ceiling, and left wall barriers, respectively.  

Results: The proportion of VMAT treatments was 33% for Machine A and 63% for Machine B. Use factors for 

Machine A were distributed as follows: floor (26%), right wall (21%), ceiling (31%), and left wall (22%). For 

Machine B, the use factors were floor (15%), right wall (8%), ceiling (69%), and left wall (8%). Radiation 

shielding calculations for Machine B were updated based on the revised use factors, confirming compliance with 

safety standards. 

Conclusion: Advanced radiotherapy techniques and treatment site distributions influence use factor calculations. 

This study highlights the importance of incorporating clinical data into use factor assessments to ensure 

adherence to radiation safety standards. 
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ABSTRACT 

Background: Medical Imaging is one of the most important modalities despite being associated with some radiation 

exposure to patients. One of the main goals of quality assurance program in diagnostic imaging is to produce consistently 

high-quality radiographs with minimum exposure to patients creating images of sufficient quality for the clinical task, not of 

unnecessarily high quality resulting in high patient doses due to repetition. Thus, rejection analysis is an integral part of the 

QA program to evaluate image quality discouraging unnecessary repetitions.  

Objective: Assessment of actual radiograph rejection was the primary goal of this audit in the diagnostic imaging facility of 

a public sector. 

Methodology: Total of 47,300 radiographic examinations were analyzed retrospectively for the rejected radiographs and 

their causes at the department of Radiology, Lady Reading Hospital from Jan - Dec 2022.  

Results: Of the total, 5203 procedures were repeated resulting in 11% rejection with 46.1% rejection observed in male and 

53.9% in female respectively. Artifacts (26.2%) was the prime cause of rejection followed by motion (18.8%), positioning 

(14%), improper collimation (11.7%), exposure errors (8.4 %), wrong labeling (6.6%), machine faults (5.7 %), detector 

errors (4.5%), PACS issues (2.5 %) and re-request from referring physician (1.6%) as highlighted in figure. The highest 

rejection with respect to anatomical body parts was observed in chest radiography (29.9%), followed by extremities (28.8%), 

spine (11.4%), KUB (9.9%), skull (8.4%), abdomen (5.5%), pelvis (4.4%), and neck (1.7%) respectively. 

 

Figure 1: Rejected radiographs with respect to causes of rejection 

Conclusion: Radiograph rejection has reduced considerably but still remains common problem within the facility due to 

many contributing factors. Implementation of rejection analysis as integral part of quality assurance program along with 

focusing on staff-centered skill & knowledge upliftment training programs can result in significant reduction in percentage 

of digital radiograph rejection. 
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ABSTRACT 

Background: Lung cancer remains the leading cause of cancer-related mortality globally, highlighting the urgent 

need for effective early detection methods to improve patient outcomes [1]. Accurate segmentation of lung 

tumors in medical imaging plays a critical role in diagnosis, treatment planning, and radiotherapy. Medical 

physicists rely on precise delineation of tumor boundaries to ensure optimal radiation dose delivery while 

minimizing exposure to healthy tissues. This underscores the importance of developing robust segmentation 

models for lung cancer.  

Objective: The primary objective of this research is to enhance the performance of the U-Net model [2] for lung 

cancer segmentation by implementing a modified architecture. This study aims to evaluate the effectiveness of 

the enhanced U-Net model in accurately segmenting lung tumors and lung tissue in CT-PET images. 

Methodology: The proposed method utilizes a modified U-Net architecture that incorporates four convolutional 

blocks, allowing for deeper feature extraction compared to the standard three. The system was validated using the 

Lung-PET-CT-Dx dataset [3]. Performance metrics, such as the Dice coefficient, Jaccard index, F1-score, 

accuracy, precision, sensitivity, and loss values using both Binary Cross-Entropy (BCE) and Dice loss functions, 

were calculated to assess the model's effectiveness.  

Results: For the lung segmentation task, the U-Net achieved a BCE loss of 

0.96, a Dice coefficient of 0.93, a Jaccard index of 0.96, an F1-score of 

0.99, an accuracy of 0.96, a precision of 0.96, and a sensitivity of 0.99. For 

tumor segmentation, the performance metrics were a BCE loss of 0.74, a 

Dice coefficient of 0.59, a Jaccard index of 0.74, an F1-score of 0.99, an 

accuracy of 0.80, and a precision of 0.69. The segmentation of lung and 

tumor is illustrated in Figure 1 and 2, respectively. 

Conclusion: This study demonstrates the potential of the enhanced U-Net 

model for automating lung cancer segmentation in CT-PET images, crucial 

for improving diagnostic accuracy. However, further refinement is needed, 

particularly in tumor segmentation, to minimize misclassifications and 

enhance performance. 
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Fig.1 Lung Segmentation using U-Net 

model: (a) Input Image; (b) Mask; (c) 

Prediction Mask with Dice; (d) 

Prediction Mask with BCE. 

 
Fig.2 Tumor Segmentation using U-Net 

model: (a) Input Image; (b) Mask; (c) 

Prediction Mask with Dice; (d) 

Prediction Mask with BCE. 
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ABSTRACT 

Background: Mammography is a vital X-ray imaging modality for the early detection of breast cancer and 

related conditions. Given the radiosensitivity of glandular breast tissue, it is crucial to adhere to the "as low as 

reasonably practicable" (ALARP) principle to ensure maximum patient safety1.  

Objective: This study aimed to develop breast-size-based typical values for entrance surface dose (ESD) in 

digital mammography examinations conducted at a tertiary care hospital in Sri Lanka. 

Methodology: The retrospective study included 761 adult patients (3,044 mammograms) aged over 18 years who 

underwent diagnostic mammography between January 2022 and December 2023. Data extracted from the digital 

mammography system (Hologic Lorad Selenia) included patient age, compressed breast thickness (CBT), 

kilovoltage peak (kVp), milliampere-seconds (mAs), and ESD. Patients were categorized into three groups based 

on CBT: Group 1 (10–39 mm), Group 2 (40–69 mm), and Group 3 (70–89 mm). Statistical analysis determined 

typical values for each breast size group, using the median ESD as recommended by ICRP Publication 1352.  

Results: The typical values obtained for the entire range of CBT were 4.70 mGy for the CC view (CBT range: 

12–84 mm) and 7.02 mGy for the MLO view (CBT range: 14–88 mm). 

Table - Typical values for different CBT groups 

CBT range (mm) Mammographic 

Projection 

Number of 

mammograms 

Typical value 

(mGy) 

10 – 39 CC 126 3.7 

MLO 24 4.03 

40 – 69 CC 417 5.56 

MLO 440 7.80 

70 – 89 CC 18 11.10 

MLO 90 12.13 

Breast-size-based typical values reduced the ESD for Group 1, with 20.85% the CC for view and 42.59% for the 

MLO view. A positive correlation between CBT and ESD was observed, consistent with existing literature. 

Conclusion: This study highlights the significance of breast-size-based typical values for optimizing radiation 

doses and enhancing patient safety. Such an approach can help reduce patient radiation exposure and serve as a 

model for dose optimization in healthcare settings in Sri Lanka. 
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ABSTRACT 

Background: Occupational radiation exposure is a critical concern for healthcare professionals in nuclear 

medicine, particularly those handling radiopharmaceuticals. This study analyzes radiation doses recorded over 

five years (2020–2024) among Nuclear Medicine Department staff to assess exposure trends and the impact of 

expanding radiotherapy procedures, including Lu-177 PSMA and Y-90 synovectomy.  

Objective: The study seeks to - Evaluate whether the investigation levels need adjustment to account for the 

increased use of radioisotopes in the department; Calculate the average quarterly doses for each group and assess 

trends in their exposure levels; Identify factors contributing to dose variations, with a particular focus on 

Cyclotron staff and Technologists. 

Methodology: Radiation exposure for Nuclear Medicine and Molecular Imaging (NMMI) staff members was 

monitored every two months using Thermoluminescence Dosimeters (TLDs) worn at chest level. Staff were 

categorized into four groups: Physicians, Technologists, Nurses, and Cyclotron staff. TLDs were processed at the 

Personal Dosimetry Laboratory using the TLD Harshaw Reader 8800. Monitored doses averages were calculated, 

and statistical analyses identified trends. Investigation reports were triggered when doses exceeded the 

investigation level of 0.7 mSv per monitoring period of 2 months.  

Results: Over the past five years, average doses were 0.101 mSv (Physicians), 0.249 mSv (Nurses), 0.329 mSv 

(Technologists), and 0.193 mSv (Cyclotron staff), with mean + 3 SD values of 0.943 mSv and 0.885 mSv for 

Technologists and Cyclotron staff, respectively. In the last two years, averages increased to 0.106 mSv, 0.262 

mSv, 0.339 mSv, and 0.445 mSv, with mean + 3 SD rising to 0.980 mSv and 1.246 mSv for Technologists and 

Cyclotron staff. 

 

Figure 1: Average dose for each subgroup– on two monthly monitoring period from 2020 - 2024 

Conclusion: The findings highlight the impact of radiotherapy expansion on occupational exposure, particularly 

for Cyclotron staff and Technologists. Adjusting the investigation level to 1 mSv per two months is 

recommended to accommodate the evolving workload in nuclear medicine especially for the Cyclotron staff. 

Continuous monitoring and updated safety protocols remain essential for maintaining staff safety. 
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ABSTRACT 

Background: Positron Emission Tomography (PET) modality is mainly used in detecting and staging tumors. 

Many factors influence the image quality of PET scans, but most importantly, the radiopharmaceuticals used. The 

fluorine-18 is a commonly used isotope due to its short half-life and high efficiency of positron emission. The 

properties of heavy water (O₂H18) for isotope play a significant role in the radiobiological process and can alter 

with radiation produced by F-18 and hence of PET scanning quality.  

Objective: This study aimed to investigate the impact of the half-life of Fluorine-18 on the image quality of PET-

scan depending on the percentage for the heavy water purity level of O₂H18 (99.999)%, O₂H18 (99.9999)%, and 

O₂H18 (99.99)%. 

Methodology: This is a prospective study with a 

convenience sampling technique performed at Warith 

International Cancer Institute (WICI), Karbala, Iraq, between 

May and October 2025. A total of 108 samples of Florine-18 

were used in this study, divided into three types depending on 

the purity of the heavy water (O₂H18 or oxygen-18 enriched 

water); each type contains 36 samples. These percentages 

were prepared under specific conditions, which are 99.99%, 

99.999%, and 99.9999%. The preparation of Fluorine-18 was 

done in a cyclotron and performed by the irradiation of the 

deuteron to an O₂H18. The half-life was tracked and recorded 

during the production each time. The half-life was measured 

using a spectrometer at specific time intervals after 

production to measure the decay rate. The images were 

acquired by PET/CT (Biograph Horizon PET/CT scanner 64 

slices, Siemens Healthcare, Munich, Germany). The image 

quality was assessed by three nuclear medicine specialists for 

each patient, and an average was calculated using a Likert 

scale. The statistical analysis was performed by SPSS 28.  

Results: The study shows that the mean half-life of Fluorine-

18 prepared by O₂H18 with heavy water with 99.99% purity 

was 98.66 ± 2.99 min, while those prepared with 99.999% 

purity were 102.66 ± 2.48 min. Furthermore, the mean half-

life for 99.9999% purity was 113.33 ± 1.98 min. The 

difference between these half-lives was high, with p ≤0.0001. 

The quality of images was found to be significantly (p-value 

of 0.003) higher (4.6 ± 0.15) at Fluorine-18 with heavy water 

purity of 99.9999%, followed by 4.25 ± 0.2 for 99.999% 

Comparative between the Half-Life of F-18 according to 
the purity of heavy water 

Comparative between the image quality according 

to the purity of heavy water 

25 



MEDICAL PHYSICS INTERNATIONAL Proceedings; Vol. 1, No. 1; 2025  

 

 

 

purity and 3.9 ± 0.25 for 99.99% purity, respectively. The confidential interval (CI) of 95% was approximately 

103.6 to 106.1 minutes. It was found that there is a strong positive correlation between image quality and purity 

of heavy water. 

Conclusion: It was found that the best image quality resulted from the higher purity of heavy water (99.9999%) 

and longer half-life. The study shows that a longer half-life produces a better image quality for PET scans. 
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ABSTRACT 

Background: Chest X-ray examinations are among the most frequently performed radiographic examinations 

worldwide. The variations in manual exposure settings in clinical practice often result in significant differences in 

patient doses, underscoring the need for effective dose optimization strategies to enhance patient protection.  

Objective: This study aimed to develop and evaluate regression-based machine learning (ML) models for 

predicting and optimizing patient dose in chest X-ray examinations. 

Methodology: Data from 1,060 chest posteroanterior examinations were analyzed, with predictors including 

BMI, kilovoltage peak, tube current-exposure time product, and X-ray system type. The kerma-area product was 

used as the target dose metric. Outliers were handled using the Local Outlier Factor method. Categorical 

variables were processed using one-hot encoding. Multicollinearity was tested and statistically significant 

variables were selected. Min-Max normalization and Yeo-Johnson transformations were applied to address 

skewness in both predictor and target variables. Twenty-five regression models were evaluated using PyCaret’s 

automated ML framework in Python, with an 80:20 training-testing split. Hyperparameter tuning was performed 

using Optuna-based random search. Model performance was assessed using 10-fold cross-validation, with 

evaluation metrics including coefficient of determination (R2), mean absolute error (MAE), and root mean 

squared error (RMSE).  

Results: The Gradient Boosting Regressor (GBR) demonstrated the highest predictive performance, achieving an 

R2 of 0.7357 (±0.0820), MAE of 0.0428 (±0.0033), and RMSE of 0.0605 (±0.0056). Hyperparameter tuning 

further refined model performance by optimizing key parameters (n_estimators, learning_rate, max_depth, 

min_samples_split, min_samples_leaf, subsample, and max_features). The tuned model achieved a slightly 

improved predictive accuracy, with an R2 of 0.7366 (±0.0771), MAE of 0.0428 (±0.0028), and RMSE of 0.0605 

(±0.0051). Learning curve and residual analyses confirmed the GBR model’s enhanced generalization capability 

and reduced prediction errors compared to other regression models. 

Table 1 Evaluation of top 5 models in terms of performance metrics 
Model R2 MAE RMSE 

Gradient Boosting Regressor 0.7357 0.0428 0.0605 

CatBoost Regressor 0.6921 0.0459 0.0653 

Random Forest Regressor 0.6801 0.0465 0.0675 

Light Gradient Boosting Machine 0.6771 0.0476 0.0671 

K Neighbours Regressor 0.6625 0.0484 0.0686 

Conclusion: The GBR model enables patient-specific dose prediction, allowing radiographers to proactively 

adjust exposure parameters and maintain doses within diagnostic reference levels without compromising image 

quality. The integration of ML predictive models into clinical workflows could facilitate personalized dose 

optimization, standardize practices, reduce overexposure, and enhance patient protection. Future research should 

explore deep learning models trained on larger datasets and incorporate image quality metrics for further dose 

optimization. 
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ABSTRACT 

Background & Objective: This study investigates the impact of point-spread function (PSF) and time-of-flight 

(TOF) reconstruction techniques on (18)F-FDG PET/CT imaging, focusing on noise-equivalent counts (NEC). It 

aims to evaluate the correlation between NEC and signal-to-noise ratio (SNR) for three reconstruction methods: 

TOF, PSF, and TOF+PSF. 

Methodology: Thirty patients underwent (18)F-FDG PET/CT scans for cancer evaluation, excluding cases with 

liver metastases to ensure uniformity in liver assessments. Images were reconstructed using three distinct 

methods: (1) TOF, which enhances image quality by improving localization of detected photons; (2) PSF, which 

models the physical point-spread function to correct spatial resolution degradation; and (3) TOF+PSF, which 

combines the benefits of TOF and PSF for optimized image quality. For each reconstruction method, the SNR 

was calculated by drawing three volumes of interest (VOIs) on the liver. The NEC in the liver was estimated 

from the sinogram header data. Spearman’s rank correlation coefficient was employed to analyze the relationship 

between NEC and SNR for each reconstruction method.  

Results: TOF+PSF reconstruction achieved excellent SNR, producing superior image quality with enhanced 

contrast and reduced noise. The PSF-only reconstruction demonstrated a significant increase in SNR due to its 

ability to correct spatial resolution degradation, resulting in images with reduced noise. TOF reconstruction 

provided moderate improvements, benefiting from enhanced photon localization. No significant correlation was 

observed between NEC and SNR across all reconstruction methods, indicating that NEC alone does not 

adequately predict image quality in reconstructed PET/CT images. 

Conclusion: The combined TOF+PSF method offers the most significant enhancement in PET/CT image quality, 

making it a promising choice for clinical imaging. The PSF-only method also improves image quality by 

effectively reducing noise and enhancing spatial resolution. The absence of a correlation between NEC and SNR 

underscores the need for multifaceted image quality assessment metrics beyond NEC in PET/CT imaging. 
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ABSTRACT 

Background: Ionizing radiation has revolutionized the modern era of medicine with high degree of precision and 

accuracy, but their detrimental effects cannot be underestimated. Therefore, their judicious use is necessary to 

ensure safety of patients along with enforcement of personnel dose monitoring for occupational staff to ensure 

their safety.  

Objective: The aim of this study was to assess the occupational doses to various groups of workers during the past seven 

(07) years (2017- 2023) and to check the compliance of the ICRP annual dose limit of 20 mSv. 

Methodology: A retrospective analysis of dose records of 12012 film badge dosimeters used in various modalities were 

carried during the study period. The distribution of workers, annual average effective doses, annual average collective 

effective doses, minimum and maximum individual doses & average annual effective doses in various dose intervals were 

analyzed for the above stated period.  

Results: The annual effective dose in Diagnostic Radiology, Cath Lab, Gastroenterology, Neurosurgery, Orthopedic & 

Urology were 0.74-1.75, 1.04-2.06, 0.43-1.13, 0.37-1.13, 0.35-1.14 & 0.5-1.65 mSv respectively. The min. & max. Annual 

effective doses measured were 0.1 & 8.8, 02 & 9.9, 0.2 & 2, 0.3 & 2.8, 0.3 & 2.5, 0.3 & 3.5 mSv respectively in DR, CCL, 

Gastro, NS, Ortho. & Urology.  The majority of workers (85%) received doses in the interval 1-5.99 mSv while (12%) staff 

received doses within the range of minimum detectable limit (MDL) -0.99 mSv while around 03% of staff received doses 

above the action level 06 mSv.  The annual average effective doses (AAED) are depicted in the figure. 

 

Fig: Comparative analysis of average annual effective doses (AAED) of radiation workers 

Conclusion: The annual effective doses received by various groups of occupational staff were less than annual 

dose limits which reflect strict adherence to radiation protection and practical implementation of ALARA 

principle. 
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ABSTRACT 

Background: Lutetium-177 Prostate-Specific Membrane Antigen (177Lu-PSMA) therapy is a targeted 

radionuclide therapy used for the treatment of metastatic castration-resistant prostate cancer (mCRPC). Excessive 

radiation to kidneys and salivary glands can lead to nephrotoxicity or xerostomia necessitating careful dose 

monitoring.  

Objective: This study aims to measure the absorbed doses to the kidneys and the salivary glands for the first 

cycle of therapy and correlate them with observed side effects. 

Methodology: The study involved 3 patients treated with 177Lu-PSMA at SQCCCRC, with the post-therapy 

imaging done at two time points, 2-4 hours and 24-48 hours. All patients in our study completed six cycles of 

therapy except for one patient who stopped after cycle 3 due to disease progression. Post-therapy imaging was 

performed using two methods: (1) tomographic (SPECT/CT) only and (2) a hybrid method combining a series of 

planar images with a single delayed SPECT/CT image.  

Results: The mean absorbed doses for the kidneys and the salivary glands were 0.583 ± 0.117 Gy/GBq (range: 

0.36-0.76 Gy/GBq) and 0.057 ± 0.042 Gy/GBq (range: 0.014-0.139 Gy/GBq), respectively as shown in Figure 1. 

No decline in renal function or toxicities were observed. However, xerostomia was reported in one patient 

following the third cycle; this patient received an accumulated dose of 3.42 Gy by the 3rd cycle, which was the 

highest recorded in our study group even from the patients who completed 6 cycles. 

 
Fig. 1 Mean Absorbed Dose per Administered Activity 

Conclusion: Our findings show a correlation between the incidence of xerostomia and the absorbed dose to the 

salivary glands with no evident correlation between kidney absorbed dose and renal toxicities. The tolerance 

limits for absorbed radiation doses to the kidneys and salivary glands in radiopharmaceutical therapies remain 

inconsistently defined, highlighting the importance of performing dosimetry to explore these thresholds and tailor 

patient care. Additionally, with more patient data, we could potentially identify subgroups that are particularly 

sensitive to radiation dosages, which would further refine our dosimetric techniques and improve personalized 

treatment plans. 
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ABSTRACT 

Background: During hybrid PET-CT imaging, close contact with patients impacts radiation doses received by 

staff and the public. To measure how the radiation absorption and scattering is affected by a patient's body after 

radioactive dose administration, the patient self-attenuation factor (PAF) was introduced. The Body Surface Area 

(BSA) may be used to assess the patient’s radiation exposure to maintain levels within safe thresholds based on 

body size.  

Objective: The purpose is to determine how the PAF and BSA correlate during 18F-FDG PET-CT examinations. 

Methodology: Fifteen patients administered with 18F‐FDG for PET‐CT scans were monitored. Their age, height, 

weight, and administered radioactivity were recorded, and their BMI and BSA were calculated. The radiation 

dose rate from unshielded 18F‐FDG syringe just before injection at 1 meter was measured. The external radiation 

dose rate from the standing patient immediately post dose administration, to avoid the radioactivity decay 

correction, at a distance of 1 meter was measured at three different levels: head, thorax and knee and their 

average value was calculated. The PAF was calculated as the ratio between the external radiation dose rate 

measured from the patient with that measured from the unshielded 18F‐FDG syringe. A calibrated radiation 

monitor TRACERCO T202 (UK) was used to measure the expected dose rate in the study.  

Results: The average BMI and BSA of the 

patients' sample were 27.88±6.29 kg m-2 and 

1.85±0.23 respectively, and the administered 

18F‐FDG radioactivity was from 333 to 444 

MBq. The average normalized external dose 

rates from the patient and the unshielded 
18F‐FDG syringe were 0.10±0.02 and 0.17±0.01 

μSv h-1 MBq-1 respectively, and the average of 

the calculated PAF was 0.55±0.11. The 

relationship between the PAF and the BSA was 

investigated by calculating the Pearson 

correlation coefficient R2 value of the linear 

regression test. Its value of 0.75 indicates a 

good association between them (Fig. 1). 

Conclusion: The established correlation between PAF and BSA can be used to approximate the radiation dose 

received from the patient, especially during close contact with medical staff. This will positively impact the 

optimization of staff radiation protection during PET-CT scans. 
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Fig. 1 The relationship between BSA and the PAF in the four BMI 

classification groups: Underweight, Healthy Weight, Overweight, Obesity 
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ABSTRACT 

Background: Radioiodine therapy using Iodine-131 has been a cornerstone in the treatment of differentiated 

thyroid cancer since the 1940s. Its efficacy in eliminating residual thyroid tissue and metastatic thyroid cancer has 

been well-documented. However, the optimal post I-131 therapy isolation duration for patients with differentiated 

thyroid carcinoma is widely debated.  

Objective: This study aims to determine the most effective home isolation period for these patients following a 

two-day hospital stay, focusing on protecting the public from radiation risks and enhancing patients' well-being, 

who often experience anxiety and unpredictability. 

Methodology: The total estimated dose equivalent for those in contact with patients was determined by 

considering external dose rates and whole-body retention assessments. Dose rates were measured using a solid-

state detector at the patient's umbilicus and neck level. The retained activity estimate included both direct gamma 

photon counting and indirect activity estimation via dose rates.  

Results: For an administered activity of 1.1 GBq, patients required three days of sleeping separately and avoiding 

close contact with pregnant women and children, with no precautions necessary for adult family members. For 

higher administered activities (3.7 GBq, 5.5 GBq, and 7.4 GBq), five days of sleeping apart and avoiding close 

contact with pregnant women and children were required, plus two days of avoiding close contact with adults. 

Based on the total effective dose equivalent threshold of less than 5 mSv, all patients could be released from the 

hospital without isolation after a two-day stay. 

Conclusion: The optimal patients’ isolation duration was evaluated based on estimated public dose equivalent. 

The study provides significant data for the management of patients treated with high-dose I-131, enhancing 

patient care and public safety. 
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ABSTRACT 

Background: Since 2014, the standard practice for administering F18-FDG doses in PET/CT scans at KFSHD 

has consistently been set at 10 mCi (for a 70 kg adult), despite advancements in imaging technology. In 2023, an 

opportunity was identified to optimize the existing PET/CT system to reduce radiation doses, aligning with 

ALARA (As Low as Reasonably Achievable) principles to minimize radiation exposure for patients and staff 

while maintaining diagnostic quality. However, concerns regarding potential impacts on image quality and lesion 

detectability have delayed the implementation of a reduced-dose protocol.  

Objective: To reduce the F18-FDG standard dose for PET/CT scans by 30% (from 10 mCi to 7 mCi) without 

compromising the diagnostic quality of imaging. 

Methodology: A total of 100 patients underwent PET/CT scans with optimized F18-FDG doses. Data from 37 

patients were analyzed by nuclear medicine physicians who were blinded to the administered doses. Image 

quality was evaluated using a 4-point scale. Mean standardized uptake values (SUV) and standard deviations 

(SD) were recorded from uniform liver regions, excluding patients with hepatic pathologies. Initially, the dose 

reduction protocol targeted lymphoma patients, with subsequent expansion to follow-ups based on positive 

feedback from nuclear medicine physicians.  

Results: Over 95% of scans with an optimized dose were rated as 

'Excellent' or 'Good,' demonstrating diagnostic reliability. Less than 

5% were categorized as 'Poor but interpretable,' with no cases 

marked as 'Non-diagnostic. Mean SUV across evaluations averaged 

1.8 with a standard deviation of 0.2-0.23, confirming consistency 

with the 10 mCi protocol. Follow-up scans showed high correlation 

with baseline images, ensuring diagnostic continuity. Artifacts and 

noise were minimal, without diagnostic impact. Average doses 

administered were 6.93 mCi (range: 5.0–8.9 mCi), adjusted based 

on body weight. Fig. 1 shows a 37-year-old female with a history of 

double malignancy post-therapy. The top row presents a study performed 

in May 2023 with 7.7 mCi F18-FDG, while the bottom row presents a 

study performed in January 2023 with 10.3 mCi F18-FDG for the same 

patient. No significant change in resolution, quality, or FDG 

biodistribution between the two studies. 

 

Conclusion: This project demonstrates the feasibility of reducing F18-FDG doses in PET/CT imaging. The 

implementation of a 7 mCi protocol represents a substantial advancement in patient care and staff safety. Future 

steps include continuous monitoring and further optimization based on clinical outcomes. 

Fig. 1 Comparative F18-FDG PET/CT scans at 

different dose levels in a post-therapy patient. 
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ABSTRACT 

Background: The use of ionizing radiation for medical purposes has greatly contributed to the improvement of 

healthcare services regarding the diagnosis and treatment of numerous pathological conditions. During the last 

decades radiology has been greatly developed and has been used by various medical specialties as a useful tool in 

image guided surgical procedures. More importantly, a new branch of radiology has been established which 

combines diagnosis and treatment on the spot, commonly referred to as interventional radiology, since 

radiologists do not only diagnose but also treat patients. Interventional radiology procedures (IR) have replaced 

many surgical procedures since they are equally effective but also minimally invasive, something which 

minimizes complications but also reduces hospitalization time and the associated costs.  

Objective: The main objective is to determine the frequency of occurrence of tissue reactions in patients from 

different types of Fluro-Guided Interventional (FGI) procedures reference to the recommendation addressed by 

IAEA. 

Methodology: The study was performed in a dedicated IR facility, located in a large general hospital of HMC. 

This facility is comprised of two interventional suites, equipped with two modern identical IR systems.  

Results: HMC adopted trigger levels for PKA, Ka,r and 

FT will result in PSD values of 0.83, 2.49 and 0.67 Gy 

when the adopted trigger lever for PSD is set to 1 Gy, 

whereas the respective IAEA trigger levels will result in 

PSD values of 2.07, 4.15 and 0.96 Gy when the adopted 

trigger lever for PSD is set to 3 Gy. Thus, the fitting 

results of this dataset suggest that the trigger level for 

PKA and even more the trigger level for FT are set too 

low with respect to the PSD, whereas the Ka,r trigger 

levels are set too high, since the PSD versus Ka,r line 

slope is about 0.8, much larger than the 0.6 (=3/5) 

assumed by the IAEA trigger levels. 

Conclusion: Patient radiation protection is not a luxury 

but a necessity and should be considered more like a 

culture where the principles are always practiced by all 

the personnel involved in IR procedures, in all IR suites 

of an institution and not occasionally applied in the 

context of a project or by only some of the personnel and 

in some IR suites only. 

References: 

1. National Council on Radiation Protection and Measurements. Radiation dose management for fluoroscopically guided interventional 

medical procedures. Report 168. Bethesda, MD: National Council on Radiation Protection and Measurements; 2010. 

2. Stecker MS, Balter S, Towbin RB, Miller DL, Vañó E, Bartal G, et al. Guidelines for patient radiation dose management. J Vasc 

Interv Radiol 2009; 20(7 Suppl): S263–73. doi: https://doi.org/10.1016/j.jvir.2009.04.037. 

Figure 1: PKA for 40 and 60 min of fluoro and cine 

acquisitions for the two IR systems (IR1 and IR2), 

compared to the respective HMC and IAEA trigger 

level values (FOV=Zoom1, 2 mm Cu). 
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ABSTRACT 

Background: Radon is a naturally occurring decay product of the elements uranium and thorium. When it 

escapes from rocks and soils it is harmlessly dispersed unless contained by structures. When radon gas is inhaled 

by occupants it is largely exhaled leaving only a very small fraction to decay and irradiate tissue because it is 

radiologically not very active, having a half-life of 4 days. Exposure due to radon might occur in all types of 

workplaces and facilities, ranging from conventional offices, hospitals, naturally occurring radioactive material 

processing industries, underground facilities, and nuclear fuel cycle facilities. The health risk associated with 

radon has grown over the last decades. In the past, the health effect of radon was the frequent lung disease (lung 

cancer) incidence among underground miners. However, nowadays attention is paid to radon both at workplaces 

and homes.  

Objective: The objective of this study is to understand the radon levels present in Hamad Medical Corporation 

(HMC) hospitals and to establishing a sustainable, Qatar-based radon monitoring and mitigation system that 

protects the health of both healthcare workers. 

Methodology: Two methods were used for radon level measurements: - (1) Passive method: 10 radon chambers 

(CR39 detectors) were prepared and used for passive measurements at some accessible workplaces in the 

basements at some HMC hospitals kept for 30 days; (2) Active method: Using AlphaGUARD radon 

measurements equipment located in medical physics section. AlphaGUARD is used for occupational radon 

measurement at HMC workplaces. This equipment is very good to give instant radon concentration at any place. 

The AlphaGUARD was kept for 2 hours in these places.  

Results: These results indicated that the average concentration of radon during the monitoring period was 66 ± 

25 Bq.m-3 which is higher than the average expected (25 Bq.m-3) and lower the action level (200 Bq.m-3). 

However, it is recommended to set up a radon monitoring program covering occupied workplaces at the 

basements and ground floors in all HMC buildings. In addition, it is also recommended to study the avarage 

radon cencentrations in Qatar dwallings, using long term measurements (CR-39). This could be done by setting a 

monitoring programme covery different areas in Qatar counties, and foucasing on the basments and ground 

levels. The measurements of active methods using AlphaGUARD equipments in different HMC places shows 

low radon concentrations than the passive methods, this might be due to the high sensitivity of CR-39 and the 

duration of the measurements.  

Table 1 Comparing the radon levels using active and passive measurements method in some HMC places 

Location CR 39 Detector AlphaGUARD 

A1 76 ± 4 5.3±4.7 

A2 96 ± 3 3.2±1.6 

A3 52 ± 3 3.3±1.5 

A4 Detector’s Background 9.6±8.6 

A5 83 ± 5 16.5±8.0 

A6 100 ± 5 6.5±1.8 

A7 30 ± 3 4.7±2.2 

A8 32 ± 2 21.4±9.6 

A9 58 ± 3 7.2±2.5 

Background Detector’s Background - 
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Figure1: Selected areas for radon concentration in different HMC places using active and passive methods, Area (A1-A9) 

Conclusion: These are the instructions for preparing papers for the Medical Physics International Journal. 

English is the official language of the Journal. Read the instructions in this template paper carefully before 

proceeding with your paper. 
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ESTABLISHMENT OF LOCAL DIAGNOSTIC REFERENCE LEVELS 

(LDRL’S) FOR FLUORO GUIDED INTERVENTIONAL RADIOLOGY 

PROCEDURES: SINGLE FACILITY STUDY AT LADY READING HOSPITAL, 

PESHAWAR PAKISTAN  

A. Ali1, M. Yaseen1, S. Burki1, R. Ajaj2 

1 Department of Radiology, Lady Reading Hospital, Peshawar Pakistan 
2 Environmental Health & Safety Department, Abu Dhabi University, UAE 

ABSTRACT 

Background: The extended use of Interventional procedures in diagnostic Radiology has increased the potential 

threat of high radiation doses to both patients and occupational staff involved in these procedures. Therefore, 

establishment and implementation of Local Diagnostic Reference Levels (DRLs) is of utmost importance in 

restricting the occupational doses as well in patient dose optimization obtaining optimum image quality.  

Objective: The purpose of study was to establish DRLs for Fluoro-Guided Interventional Radiology Procedures 

(FGIPs) at Lady Reading Hospital, Peshawar enhancing safe radiation practice by setting specific benchmarks in 

terms of lower occupational doses, patient dose optimization & image quality obtaining better therapeutic 

outcomes. 

Methodology: The study focused on various FGIPs conducted in the interventional Radiology section compiling 

data including Dose Area Product, Air kerma rate, fluoroscopy time, frame rate, kilovoltage & (mAs). The data 

pertained to adult patients of age > 50 years having weights ranging between 50-80kg. DRLs were set as the third 

(03rd) quartile of DAP values & fluoroscopy time.  

Results: The DRL values in-terms of DAP (Gy∗cm²) and fluoroscopy time (min) at 75th percentile for the types 

of procedures carried out during the course of study were: Trans-Arterial Chemo-Embolization (TACE): DAP: 

103.4 Gy∗cm², FT: 12.2 min, Percutaneous Transhepatic Biliary Duct (PTBD): DAP: 13.1 Gy∗cm², FT: 4.3 min, 

Biopsies: DAP: 52.2 Gy∗cm², FT: 0.6 min, Perma-Catheter Placement: DAP: 5.4 Gy∗cm²,  FT: 2.2 min, 

Cholangiogram: 3.5 DAP: Gy∗cm², FT: 1.3 min,   Digital Subtraction Angiography (DSA): DAP: 50.5 Gy∗cm², 

FT: 11.3 min, Venoplasty: DAP: 73.2 Gy∗cm², FT: 13.8 min, Drainage placement: DAP:  37.5 Gy∗cm², FT: 1.2 

min & DJ Stenting: DAP: 52.2 Gy∗cm², FT: 26.8 min illustrated in Figure. 
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Conclusion: The DRLs in FGIPs at LRH are consistent with international studies, ensuring radiation doses 

within limits highlighting safe radiation practices.  This study will open new horizons for the more effective use 

of resources in achieving ALARA goals in FGIR settings. 
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TECHNIQUES IN RADIOTHERAPY FOR CERVICAL CANCER IN GHANA: A 
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ABSTRACT 

Background & Objective: The study was conducted to propose an evidence-based treatment protocol for IMRT 

personalized to patient needs at KATH.  

Methodology: The 3D-CRT technique was designed using a single isocenter, field-in-field technique with the 

standard four-field box technique to optimize dose delivery while minimizing exposure to OARs. The IMRT 

technique utilized a single isocenter with seven fields and dynamic multi-leaf collimators to enhance PTV 

coverage and minimize OAR exposure.  

Results: Results showed significant differences in the maximum dose (Dmax) delivered to the PTV and OARs, 

with IMRT offering better sparing. In cervical cancer, the mean Dmax to the bladder was lower for IMRT 

(46.588±1.693 Gy) compared to 3D-CRT (47.739±0.915 Gy), with a p-value of 0.028. In prostate cancer, the 

mean Dmax to the rectum was lower in IMRT (75.831±1.166 Gy) than in 3D-CRT (77.322±1.354 Gy), with a p-

value of 0.004. IMRT improved dose distribution, reducing radiation to OARs and the risk of secondary cancers. 

For cervical cancer, the mean homogeneity index (HI) was 1.052±0.032 for 3D-CRT and 1.079±0.020 for IMRT 

(p=0.007). The conformity index (CI) for both techniques was similar (3D-CRT: 0.98±0.01, IMRT: 0.98±0.01, 

p=0.786). In prostate cancer, the HI was 1.080±0.161 for 3D-CRT and 1.062±0.017 for IMRT (p=0.687), and the 

CI was comparable (3D-CRT: 0.983±0.010, IMRT: 0.966±0.013, p=0.529). Both techniques showed similar dose 

homogeneity and conformity. 

Conclusion: This study supports the implementation of IMRT as the standard treatment modality at KATH due 

to its normal tissue-sparing capabilities. 
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DEVELOPING AN INDEPENDENT MU CHECK SCRIPT FOR     

CYBERKNIFE PLANS  

M. Najem1 

1 Radiation Oncology Department, King Saud University Medical City, Riyadh, Saudi Arabia 

ABSTRACT 

Background: The verification of monitor unit (MU) calculations is a critical component of quality assurance 

(QA) in radiotherapy, as highlighted by international guidelines [1]. However, access to independent MU 

calculation software is limited in many radiotherapy centers.  

Objective: This study aims to develop an independent MU calculation script for verifying CyberKnife 

stereotactic radiosurgery (SRS) plans generated using Precision treatment planning system (TPS). 

Methodology: The beam data for the reference point were exported as a CSV file and imported into a custom 

Python script. The Beam parameters such as collimator size, effective depth, off-axis distance, etc. were used to 

calculate the MU for each beam, which was then compared to the MU calculated by the TPS [2]. To ensure 

accuracy, beams with a collimator radius smaller than the distance between the beam center and the reference 

points were excluded in the analysis since it has a large uncertainty and very low dose contribution.  

Results: So far, the script has been tested on data from 7 patients. The overall MU difference between TPS and 

the python script was 0.9%±0.2%(1SD). When excluding beams with collimator radius smaller than the distance 

between the beam center and the reference points, the ratio of beams with MU difference between 0-3% was 

increased from 55.3%±14.6%(1SD) to 98.4%±2.7%(1SD). In addition, the MU difference for all beams was 

within 5%. Figure 1 shows pie charts for the MU difference for one case before and after excluding the beam 

with collimator radius smaller than the distance to the reference point. 

 

Fig.1: A Pie Char for the MU difference between the python script and TPS for one case when (a) including all beams and (b) excluding 

beams with a collimator radius smaller than the distance between the beam center to the reference point 

Conclusion: The independent MU calculation script provides an additional layer of verification for CyberKnife 

SRS plans but is not intended to replace patient-specific quality assurance (QA). 
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IMPLEMENTATION OF OPEN-SOURCE QC MANAGEMENT WEB 

APPLICATION "QATRACK+" FOR ROUTINE QA OF RADIOTHERAPY 

EQUIPMENT  

M. Najem1 
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ABSTRACT 

Background: Routine quality assurance (QA) for radiotherapy equipment is critical to ensuring the safe and 

precise treatment of cancer patients [1]. However, recording QA data and analyzing results can be time-

consuming, particularly when manual image analysis is performed. QATrack+ (QAT+) is an open-source web-

based software designed for QA data management and recording [2].  

Objective: This study aims to implement and customize QAT+ in our department to improve the efficiency of 

routine QA by recording QA data in a central database and automating the analysis for several QA tests. 

Methodology: QAT+ was installed on a local server with Ubuntu operating system. Several electronic test lists 

(QA forms) were developed to record monthly and annual QA checks for Elekta, Varian, and CyberKnife 

machines.  Several Python scripts were implemented in these test lists to automate result calculations and image 

analysis such as CBCT, kV and EPID image quality and MLC leaf speed tests.  

Results: The implementation of QAT+ improved the efficiency and workflow of the routine QA. It reduced the 

time required to analyze some QA tests, especially those requiring image analysis. For example, the analysis of 

EPID image quality and scaling tests was reduced from several minutes to only a few seconds. In addition, saving 

all QA results in one central database made it easier to review historical data to assess any patterns in the QA 

results and plan for corrective action in advance. 

Conclusion: The implementation of QAT+ in radiotherapy centers can enhance efficiency, significantly reduce 

the time required for routine QA, and facilitate the scheduling of corrective actions through the review of 

historical QA data. 
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ABSTRACT 

Background: Phantoms in radiotherapy play an essential and crucial role in ensuring dosimetric accuracy and 

quality assurance by mimicking human tissues. Commercial phantoms often have high costs, low patient 

customization, and insufficient tissue equivalence.  

Objective: This study aims to evaluate the feasibility of using PLA-based filaments to represent soft and bone 

tissues by studying their radiological characteristics for use as phantoms for radiotherapy applications. 

Methodology: Samples of enhanced PLA, PLA doped with aluminium, copper, and bronze (PLA-Pro, PLA/Al, 

PLA/Cu, PLA/Bronze) with (60%, 70%, 80%, 90%, and 100%) infill densities were 3D-printed by fused 

deposition modelling (FDM). The samples were CT scanned together with the CIRS CT-ED phantom at (80, 100, 

120, and 135) kVp settings. CT numbers (HU) of the samples were determined. The relationships between HU 

and both density (ρ) and electron density (ED) of CIRS materials were derived to calculate the ρ and ED of the 

samples. The attenuation coefficients and the product of density and effective atomic number (ρ.Zeff) were also 

calculated. The relationships between all these radiological properties and infill density were used to calculate the 

required infill density to mimic certain soft and bone tissues.  

Results: The results showed that all the determined radiological characteristics were in the soft tissue range for 

PLA-Pro and PLA/Al, while they were in the bone tissue range for PLA/Cu and PLA/Bronze. For 120 kVp and 

100% infill density, their HU values were 136.11, 170.74, 697.55, and 706.07 HU, respectively. This provides 

flexibility to mimic a wide range of tissues and masses by adjusting the infill density. With considering all 

studied properties, adipose, breast, muscle, and liver could be represented by 82%, 86%, 94%, and 95% infill 

density of PLA-Pro or by 78%, 82%, 90%, and 91% infill density of PLA/Al, respectively. Cortical bone and 

femoral head could be represented by using 100% infill density of PLA/Cu or PLA/Bronze, while 82% of 

PLA/Cu and 77% of PLA/Bronze showed the best match to spongy bone. 

Conclusion: The study demonstrated the potential of using PLA-based 3D printing filaments to fabricate 

phantoms with varying soft and bone tissues for radiotherapy applications. 

43 



MEDICAL PHYSICS INTERNATIONAL Proceedings; Vol. 1, No. 1; 2025  

 

 

 

DOSIMETRIC FEASIBILITY OF FAST FORWARD BREAST 

RADIOTHERAPY USING CO-60 FOR RIGHT-SIDED BREAST CANCER IN A 

RESOURCE LIMITED SETTING  
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ABSTRACT 

Background: The use of Co-60 for hypo fractionated breast cancer radiotherapy offers a promising alternative to 

conventional fractionation. Hypofractionation reduces treatment duration, enhances patient convenience, and 

optimizes healthcare resources. While the Fast Forward trial was designed for LINACs, this study evaluates its 

feasibility for Co-60, which is more accessible in middle-income countries. Given Co-60’s unique dosimetric 

challenges, assessing dose distribution, PTV coverage, and OAR dose constraints is essential for its 

implementation.  

Objective: This study investigates the feasibility of Co-60-based radiotherapy for breast cancer by comparing 

two regimens: the conventional 40Gy in 15 fractions and the hypo fractionated 26Gy in 5 fractions. A particular 

focus is placed on analyzing lung and heart dose parameters and ensuring adequate PTV coverage. Furthermore, 

the analysis explores distribution differences across patient clusters, specifically Wide Local Excision (WLE) and 

Mastectomy (MA) groups, to identify protocol suitability and enhance treatment personalization. 

Methodology: A total of 34 right-sided breast cancer cases were planned by using PCRT-3D for 3D-CRT on a 

Co-60 machine at Teaching Hospital, Badulla, Sri Lanka. The PTV was contoured according to the Fast Forward 

protocol. Dosimetric parameters evaluated included homogeneity index (HI), mean heart dose, heart dose, and 

lung dose metrics.  

Results: The HI was higher for MA (mean: 0.59) than WLE (mean: 0.41). Mean heart doses were lower for MA 

in both 26 Gy (70.19cGy) and 40 Gy (101.71 cGy) compared to WLE. Lung volumes receiving 30% of the dose 

were similar. WLE had higher heart volumes receiving 5% of the dose for both 26 Gy (5.67%) and 40 Gy 

(8.67%) than MA (2.57% and 3.71%). No heart volumes received 25% of the dose. 

Conclusion: The findings indicate that the Fast Forward trial can be implemented using Co-60 radiotherapy for 

right-sided breast cancer. However, MA plans demonstrated superior homogeneity and better adherence to heart 

dose constraints compared to WLE, making them more favorable for hypo fractionated breast radiotherapy. 

While lung dose differences were minimal, MA plans consistently resulted in lower mean heart doses and 

reduced heart volume exposure to 5% of the dose. These results suggest that MA plans offer improved cardiac 

safety in Co-60-based hypo fractionated treatments. 
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ABSTRACT 

Background: Radiotherapy is a fundamental cancer treatment modality that uses high-energy radiation to 

selectively target malignant cells, often in combination with surgery or chemotherapy. Recent advancements, 

including Intensity-Modulated Radiation Therapy and Image-Guided Radiation Therapy, have significantly 

improved treatment accuracy, particularly for pelvic cancers such as cervical cancer. However, setup errors, 

including patient movement, remain a challenge to the precision of radiotherapy. To address these issues, 

technologies like portal imaging and the optimization of setup margins are utilized. In Morocco, where cervical 

cancer is a major health concern, enhancing radiotherapy techniques is crucial for improving patient outcomes. 

This study aims to improve precision and promote the adoption of advanced treatment methods in Moroccan 

cancer centers.  

Objective: This study aims to improve the precision and effectiveness of radiotherapy for cervical cancer by 

reducing setup errors, optimizing dose delivery, and minimizing radiation exposure to healthy tissues. It also 

supports the adoption of advanced radiotherapy techniques in Moroccan cancer centers to enhance treatment 

quality and patient outcomes. 

Methodology: An electronic portal imaging device was used to verify patient positioning in 20 cervical cancer 

patients, assessing setup accuracy and errors along three axes. PTV margins were calculated using ICRU-62, 

Stroom’s, and Van Herk’s formulas. The Van Herk formula, a standard method, accounted for both random and 

systematic errors to calculate precise margins for accurate dose delivery.  

PTV margin = 2.5 ∑ + 0.7 σ  (1) 

Results: The findings underscore the necessity of a 6 mm PTV margin in optimizing cervical cancer 

radiotherapy, ensuring effective tumor coverage while minimizing radiation exposure to healthy tissues. 

Advanced imaging techniques play a key role in accurately calculating PTV margins, and regular recalculations 

through daily imaging and weekly assessments are essential for addressing variations in patient positioning. 

Table 1 PTV margins calculating for cervical cancer 

   

Formula   

Axis X Y Z 

Van Herk (mm)  6,143 5,7 5,174 

Stroom (mm)  5,018 4,68 4,254 

ICRU 62 (mm)  2,36 2,2 2,02 

Conclusion: This study demonstrates the importance of optimizing PTV margins in cervical cancer radiotherapy. 

The use of advanced imaging techniques and regular margin recalculations ensures greater treatment accuracy, 

ultimately improving patient outcomes. 
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ABSTRACT 

Background: Computed tomography (CT) is essential in cancer care, enabling accurate diagnosis, treatment 

planning, and follow-up. However, excessive radiation exposure to non-target tissues increases the risk of 

stochastic effects, necessitating dose optimization.  

Objective: This study aimed to investigate dose variations in adult non-contrast CT (NCCT) head examinations 

for diagnostic CT-enabled radiation therapy (RT) planning and to recommend specific optimization approaches to 

enhance patient protection at a major cancer treatment center in the North Central Province of Sri Lanka. 

Methodology: This retrospective analysis included dose reports from 319 adult patients collected between 2020 

and 2022. Dosimetric quantities, including the volumetric computed tomography dose index (CTDIvol) and dose-

length product (DLP), along with acquisition parameters such as kilovoltage peak (kVp), tube current (mA), 

exposure time, scan length, exposed range, and pitch factor, were extracted. Data analysis was performed using 

Python, and results were compared with corresponding values reported in the literature.  

Results: The analysis revealed consistent acquisition settings (kVp: 120, mA: 300, pitch factor: 0.625, and 

exposure time: 0.75 seconds per rotation), resulting in a uniform CTDIvol of 66.3 mGy across all examinations. 

However, DLP values showed substantial variation, ranging from 2175.7 to 4468.0 mGy·cm (mean ± standard 

deviation: 3054.8 ± 340.5 mGy·cm) due to the differences in scan length, which ranged from 35.9 to 69.4 cm. 

 

Fig. 1. Frequency distributions of NCCT head RT planning examinations for scan length (left) and DLP (right) 

The observed DLP values were substantially higher than those in the literature, indicating the potential need for 

dose optimization without compromising clinical diagnostic information. Even though the variations in dose may 

indicate differences in pathology, disease extent, and clinical requirements, the substantial variability in scan 

length underscores the need for clear justification, as it directly impacts DLP. 

Conclusion: These findings highlight the urgent need for personalized CT protocols tailored to patient size and 

specific clinical requirements to improve patient protection. Therefore, interprofessional collaboration among 

radiographers, medical physicists, and radiation oncologists is essential for developing optimized RT planning 

protocols for NCCT head examinations. This study lays the groundwork for comprehensive assessments of 

patient doses in radiotherapy planning across Sri Lanka, contributing to enhanced patient protection in clinical 

practice. 

Reference: van Elmpt W, Landry G. Quantitative computed tomography in radiation therapy: A mature 

technology with a bright future. Phys Imaging Radiat Oncol. 2018;6:12-13. doi:10.1016/j.phro.2018. 04.004. 
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ABSTRACT 

Background: This study focuses on ensuring accurate dose delivery in SBRT for hepatocellular carcinoma 

(HCC), which is challenging due to complex anatomy.  

Objective: The aim of the study is to develop a patient-specific 3D-printed heterogeneous phantom for verifying 

dose distributions, enhancing treatment precision. 

Methodology: The phantom structure was fabricated using a 3D printing technique with Polylactic acid (PLA) 

filament (Figure A). The tissue compartments were filled with various substances designed to replicate the 

electron densities of their respective tissues. CT phantom images were analyzed to compare electron density 

values with literature-reported human tissue data.. The dose calculations for SBRT volumetric-modulated arc 

therapy (VMAT) plans targeting HCC were performed using the Monaco Treatment Planning System (TPS) 

using Monte Carlo algorithm. Plans were delivered on an Elekta Versa HD Linac (Elekta Medical Systems India 

Pvt. Ltd., UK). Gafchromic EBT3 film and 0.015 cc ionization chamber measured the dose delivered during 

treatment. Gamma comparison was performed using the PTW Octavius system (PTW, Freiburg, Germany).  

Results: The electron density values for OARs closely matched those reported in the literature. The dose 

discrepancies measured with the chamber at the isocenter were 0.36%, while at another point within the liver, the 

discrepancy was 0.67%, and within the heart, it was 1.43% for the VMAT plans. The film analysis showed a 

gamma pass rate of 99.5% (3%/2 mm) and 97.1% (2%/2 mm) across the plans. The Octavius system achieved a 

gamma pass rate of 98.3% (3%/2 mm) and 95.4% (2%/2 mm) across plans. 

Conclusion: The 3D-printed heterogeneous abdomen phantom is a cost-effective, realistic tool for patient-

specific SBRT dose verification in HCC, ensuring precise, safe, and reproducible treatment planning. 
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YOLOv8s-BASED DETECTION OF PROSTATE CANCER USING MULTI-

PARAMETRIC MRI  

A. Koozari¹, M. Elhaie², I. Abedi2 

1 Department of Medical Physics, School of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran 
2 Department of Medical Physics, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran 

ABSTRACT 

Background: Accurate detection of prostate cancer using multi-parametric magnetic resonance imaging (MRI) is 

hindered by the subtle contrast between malignant and benign tissues. Deep learning approaches for computer-

aided detection (CAD) have gained attention, yet their performance often remains inadequate for routine clinical 

use.  

Objective: The aim of this study was to develop and evaluate a computer-aided detection (CAD) system using 

the YOLOv8s algorithm for the accurate identification of prostate cancer in multi-parametric MRI scans, with the 

goal of improving diagnostic precision and supporting clinical decision-making. 

Methodology: We implemented a CAD system based on YOLOv8s, a real-time object detection algorithm, to 

identify prostate cancer in multi-parametric MRI scans. The model was trained on a dataset of 300 MRI scans 

from patients with biopsy-confirmed diagnoses, where cancer and non-cancer regions were manually segmented 

by radiologists. Performance was evaluated using mean average precision (mAP), precision, recall, and F1-score 

metrics.  

Results: The YOLOv8s model achieved an mAP of 92%, with a precision of 94%, recall of 90%, and F1-score of 

92% on a held-out test set. Compared to existing CAD systems, it showed improved localization and 

classification of prostate lesions, with a notable reduction in false positives. 

Conclusion: Our YOLOv8s-based CAD system demonstrates strong potential for prostate cancer detection in 

multi-parametric MRI, offering high accuracy and real-time processing. Pending validation on larger, diverse 

datasets, this tool could support radiologists in improving diagnostic precision and streamlining clinical 

workflows. 
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Comparison between intensity-modulated radiotherapy and volumetric modulated 
arc therapy using simultaneously integrated boost in head and neck cancer 
treatment 

 Both IMRT and VMAT shows no significant differences in terms of conformity, uniformity and 

the dose received by the OARs. However, there was a significant difference between the two techniques 

in monitoring units with a p-value of 0.0006 and treatment delivery time with a p value of 0.00002.

 
Ilmude C.N. 
Amadhila 
iamadhil@ictp.it 
 

Supervisors: 
Dr. Paola Chiovati 
Dr. Cristina 
Cappelletto 
 
Centro di Riferimento 
Oncologico di Aviano, 
Italy 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

55 

mailto:iamadhil@ictp.it


 
7 

                                  Commissioning and clinical dosimetry calibration of a SPECT/CT scanner. 

The main objectives of this work were twofold: to perform a comprehensive 

commissioning of the Siemens Symbia Bold, to confirm compliance with established performance 

standards and to calibrate the system specifically for clinical dosimetry. This involved determining the 

scanner's response to radioisotopes and optimizing parameters to ensure reliable dose calculations for 

patient-specific therapies

To achieve these objectives, a series of commissioning (intrinsic spatial 

resolution, extrinsic and intrinsic uniformity, volumetric uniformity) and calibration (system sensitivity 

factor and dead time) measures were conducted. A Siemens Symbia Intevo Bold SPECT/CT scanner was 

commissioned according to NEMA protocol and calibration of the aforementioned SPECT/CT and 

another Siemens Symbia Intevo scanner was carried out, using different phantoms that were employed 

to evaluate different aspects of the scanner’s performance. 

System sensitivity: A cylindrical phantom filled with 247 MBq activity of Holmium-166 (Ho-166) was 

imaged to assess the system’s ability to detect and quantify low-level radioactivity. The activity range 

utilized was 36.67-220.99MBq. The sensitivity calculation was performed by measuring the count rates 

and comparing them against known activity concentration inside the phantom. 

Dead time effects: The CIRS phantom was employed to compute dead time loss. We had three different 

Ho-166 Microsphere vial sources with activities 10.16, 11.17, 0.11 GBq. The phantom was imaged by 

inserting the different Ho-166 vial sources consecutively and the corresponding counts per second (cps) 

were recorded through MIM software.

 The commissioning of the Siemens Symbia SPECT/CT scanner involved performing image quality 

tests and obtaining baseline values for extrinsic, intrinsic, volumetric uniformity and intrinsic spatial 

resolution. The Siemens Symbia Bold SPECT/CT scanner demonstrated excellent performance in both 

intrinsic and extrinsic uniformity, with differential uniformity values consistently below 2.5% for CFOV, 

meeting NEMA standards. Spatial resolution measurements showed mean intrinsic FWHM values below 

1.5 mm, while volumetric uniformity achieved a center-to-border ratio close to 1.01, confirming the 

system's high precision and reliability for clinical imaging applications. 

In calibration studies, the sensitivity factor for the Siemens Symbia Bold SPECT/CT ranges from 28.48 to 

31.71 cps/MBq, whereas the Siemens Symbia Intevo SPECT/CT demonstrates system sensitivity between 

20.02 and 26.48 cps/MBq. 

The dead time effects of the Siemens Symbia Bold and Siemens Symbia Intevo SPECT/CT scanners were 

analyzed. The study demonstrates that dead time losses are negligible, less than 10% at lover activities 

while revealing a significant increase as activity levels rise, particularly above 0.1 GBq.  

The Siemens Symbia Bold SPECT/CT scanner has been rigorously evaluated and successfully 

commissioned according to NEMA protocols. The baseline results indicated that the Siemens Symbia 

Intevo Bold SPECT/CT scanner provides consistent and reliable intrinsic and extrinsic performance. The 

sensitivity calibration demonstrated stable and consistent results across a range of activities. In the dead 

time effects non-linear models were applied to quantify dead time loss. 
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Evaluation and comparison of performances between mammographic machines 

installed in three different centres, dedicate to clinic and screening 

 

 

 The results reveal variations in performance and workload among the mammographic systems, 

showcasing the effectiveness of the AIFM DBT protocol in enhancing image quality and dose precision. 

The iTAQA software demonstrated its utility as a robust tool for streamlining quality control processes, 

providing comprehensive insights into system performance. Statistical analysis identified dose 

distribution patterns, underscoring the critical need for ongoing monitoring and standardization to 

reduce patient radiation exposure while preserving diagnostic accuracy.  
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Radiotherapy Treatment Optimization in Patients with Stomach Cancer: A 

Comparison of Rival Plans 

 VMAT has the  advantages, such as reduced treatment 

delivery time compared with conventional static field intensity-modulated radiotherapy (IMRT). The 

clinical worldwide use of VMAT is increasing significantly. However, its application to patients with 

advanced Stomach Cancer is still limited, particularly using auto-planning techniques. This study 

investigates the performance of several radiotherapy techniques in terms of the capability to fulfill the 

clinical goals and constraints.  

 This study was conducted in collaboration with IRCCS Sant’Orsola University Hospital 

and Emam Reza Hospital, which enrolled and treated 30 patients with 3D-CRT diagnosed with advanced 

stomach cancer. Sixty-five plans (five plans per patient in a subset of 13 patients) were developed and 

compared in terms of target dose coverage and organ-at-risk (OAR) sparing. Treatment plans were 

created using the Pinnacle 3 treatment planning system, utilizing auto-planning methods and the 

Collapsed Cone Convolution algorithm to ensure accurate dose calculation and optimal dose 

distribution. IMRT plans employed 5-, 7-, and 9-beam configurations, while VMAT plans used single 

and dual rotational arcs. All plans were normalized to deliver 95% of the prescribed dose to the 

Planning Target Volume (PTV), adhering to strict dose constraints for OARs. Dose-volume histograms 

(DVHs) were analyzed to evaluate coverage and sparing, and statistical comparisons among groups in 

terms of minimum, mean, and maximal dose of PTV and OARs were conducted using the Kruskal-Wallis 

test. 

 The selected Stomach cancer patients show a large variability in terms of volume of PTV 

ranging from 733 to 2124 cm3, partially overlapping OARs like the Heart and Lungs. Three different 

fractionation schedules were investigated: 46Gy/23fractions, 50.4Gy/28fractions, and 

50Gy/25fractions. According to the analyzed metrics, a decrease in the average maximum dose to the 

Spinal cord was observed when the number of IMRT beams or the number of arcs increased. A similar 

behavior was observed in the lungs but not the heart, likely due to the partial overlap with the PTV.  

However, the KW test did not reveal statistically significant differences among groups, likely due to a 

limited number of patients. The planned clinical goals were fulfilled with all the techniques in favorable 

patients (with smaller PTV volume and minimal overlapping with other OARs). In contrast, in complex 

cases, the overlapping prevented the reach of optimal heart-sparing to the patient and target 

conformation. The possible solutions to improve planning strategies were analyzed and discussed, 

considering the entire radiotherapy workflow.  

 Overall, the intensity-modulated plans are superior to conformal ones. However, the auto-

planning technique cannot reach the optimal sparing in stomach cancer patients without using breath-hold and 

SGRT techniques to reduce OARs and PTV overlapping thus enabling the full benefit of IMRT/VMAT approaches.  
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Evaluation of the dose rate and field size dependence of a liquid filled ionization 
chamber matrix for pre-treatment verification of stereotactic radiation therapy 
plan 
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Establishing reliability in radiotherapy, comprehensive LINAC commissioning and 
TPS beam model validation  
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Optimization of counting statistics in nuclear cardiology studies with a solid-state 
detector gamma camera  
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Image quality in CT: two different approaches for entry-level and advanced 
evaluation 
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Clinical commissioning of four Varian TrueBeam Linacs: an experience from a single 
multi-site institution 
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Development of an updated quality control protocol (QCP) for fixed-type digital X-
ray equipment managed by Ospedale di Circolo e Fondazione Macchi, Varese, Italy 
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 Optimization of a quantitative SPECT/CT reconstruction protocol: phantom 
measurements and preliminary clinical evaluation. 
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Stereotactic Body Radiotherapy Treatment for Bone Metastasis: An End-to-End 
Study  
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In vivo evaluation of noise magnitude in Liver CT imaging and how it is influenced 

by patient diameter across different CT scanners and protocols. 

However, the IR does not completely 

eliminate image noise, rather the noise is just reduced to a certain extent. The objective of this study is 

to evaluate the noise magnitude in abdomen CT imaging and how patient size influences the image noise 

in different CT scanners and protocols.  

CTDIvol and SSDE were the dose metrics used to calculate CT radiation doses. The CTDIvol 

values were extracted from image DICOM header and RDSR. SSDE values were calculated as the product 

of CTDIvol and conversion factors. 

The variation of noise, SNR, CTDIvol and SSDE values was 

compared for various patient sizes across CT scanners and protocols. 

across CT scanners and protocols   

 A positive linear correlation was found between noise magnitude and Dw (p<0.001). SNR 

decreases with increasing Dw while CTDIvol and SSDE increased with Dw in all scanners. Correlation 

coeffients for relationship between SNR and Dw were -0.86 (p<0.001), -0.64 (p<0.001), -0.68 (p<0.001) 

for , LightSpeed VCT and Optima CT660, respectively. The first scanner 

showed high SNR values compared to the remaining two at diameters below 34 cm although with a 

highest trendline slope value of -0.3519 compared to others. Above 34 cm all scanners had similar SNR 

values although most of scans for were obtained at lower doses. 
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Calibration of linear accelerator with various ionization chambers 

The objective of this study is to evaluate the calibration of a linear accelerator 

using different ionization chambers. The focus is on comparing dose measurements obtained with RW3 

slab phantoms and water phantoms. The study aims to assess the consistency and accuracy of dose 

measurements across different phantom materials and investigate the response of six ionization 

chambers under these conditions, following the TRS-398 protocol for calibration. 

 Calibration measurements were performed on a Versa HD Linear Accelerator, 

including percentage depth dose (PDD), beam quality index TPR20,10, and all relevant correction factors 

for four beam energies: 6 MV, 10 MV, 6 MV FFF, and 10 MV FFF. The ionization chambers used were the 

PTW Farmer 30013, Semiflex 31013, PinPoint 3D 31016, Semiflex 31010 (SN004482 and SN004481), and 

Semiflex 3D 31021. The PTW UNIDOS E electrometer was used to accurately measure the charge 

collected by the ionization chambers during the calibration process. Two types of water phantom (PTW 

MP3-M and MOD32 WP) and an RW3 slab phantom were employed for the measurements. 

 The PDD measurements for 6 MV and 10 MV showed less than 1% difference between the two 

phantoms (RW3 and water phantom). For the beam quality index TPR20,10, all six ionization chambers 

produced nearly identical values, demonstrating excellent reproducibility. This consistency indicates that 

the beam quality index is stable and reliable when measured in RW3 and water phantoms. The correction 

factor for the slab phantom to water phantom was measured with the Farmer 30013 under identical 

temperature and pressure conditions on the same day. Absorbed dose measurements to water showed 

high consistency across all ionization chambers and beam energies, with small variations attributed to 

chamber-specific characteristics, such as the sensitive volume size. As a result, the output factor was as 

expected, with both Semiflex 31010 (SN004481 and SN004482) chambers demonstrating ideal results, 

confirming their high accuracy, the ion chambers Farmer 30013 and Semiflex 31013, respectively, also 

had a good result, ion chambers Semiflex 3D 31021 and PinPoint 3D  31016, designed for small-field 

dosimetry got slightly lower output. 

 

 This study provides a detailed evaluation of LINAC Versa HD calibration using different 

phantoms and ionization chambers. The findings highlight the reproducibility and accuracy of dose 

measurements across various chamber types and phantom materials, enhancing our understanding of 

dosimetric precision in clinical settings. The study underscores the importance of chamber specifications 

and applications in ensuring accurate and reliable calibration of linear accelerators. 
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Development and Validation of a Software Comparison Framework: An Empirical 
Analysis of the Monaco and Raystation TPS 

To meet the evolving clinical needs of the radiation oncology unit at the at the 

SCB, they are phasing out of a soon to be non-manufacturer supported TPS. Considerations are 

underway for increasing the license count between two other TPS to fill the need. These TPS were 

Monaco by Elekta® for which there are currently a small number of licenses for use and RayStation 

2023B by RaySearch Laboratories® which is currently primarily used by the radiation oncologist for 

contouring. The objective of this study was to create a novel method to compare the performance of 

the two TPS being considered for increased license purchase and generate a feasible choice besed on 

the information gathered.   

Materials and methods: The patient data to be used was first gathered; the RT department database 

was filtered to show the most frequently treated anatomical groups using a conventional Linac and 

which were planned on Monaco; they were the prostate, beasts, pelvis excluding prostate, lungs lungs 

including Lymphomas where the treatment boundaries extend into the lungs and liver sites. A sample 

group of 12 plans per site were chosen for this study. Pretreatment QA was done under the guidelines 

of the AAMP TG –218 [1]; using the Elekta VersaHD™ Linac and the ArcCHECK diode detector array 

Phantom and its corresponding software and guidebooks [2] [3]. With this information used as a base 

model, the standardized framework was created to assess all plans using a decision tree structure to 

handle the data permutations to streamline full results generation. All plans chosen were jointly 

approved by the patient's attending radiation oncologist and assigned medical physicist. The treatments 

were already carried out prior to this study. For the sake of uniformity all treatment parameters for each 

plan remained the same, including the inverse planning method. The optimization methods were 

different, however, but this was based on the program’s user interface setup. Gamma analysis 

information was collected and compared using both the normative comparison methods [1][2] and 

newly devised boundaries to give quantitative results. Qualitatively, the plans were compared using the 

plan’s achieved dose data; DVH, dose distribution and mandated dose criteria, but with further newly 

devised analytical methods based on OAR radiobiological data to standardize the scrutiny. A final 

method was also created to combine these outcomes to give holistic results.  

Results and Conclusion: A decision tree was created from the amalgamated methods and processed 

to show and explain the comparison framework. The outcome of using it for this study provided robust 

information on both TPS, allowing for an easy practical analysis for both on conventional Linacs, in a 

clinically relevant capacity. Insight into the performance of both TPS showed the dynamic-MLC 

treatment mode used for the breasts while alluding to RayStation qualitatively, lacked adequate 

statistical data and needed further studies to better define an answer. RayStation however, had a better 

overall performance for this study when VMAT was considered over all regions for FFF and non-FFF 

beams. 
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 Commissioning of a new Linac Versa HD for VMAT Treatments 

Advanced radiotherapy techniques like Volumetric Modulated Arc Therapy 

(VMAT) improve treatment outcomes and minimize side effects to OARs. However, VMAT requires a 

dedicated Linac capable of precise MLC control and accurate beam modulation. This work focuses on 

the commissioning of a new Versa HD Linac for VMAT treatments. 

 Elekta-Linac beam data were acquired, including scanned data (PDDs, 

profiles, and diagonals) and non-scanned data (scatter factors, absolute dose). These data were 

integrated into the Monaco TPS to create a beam model, to be validated by comparing planned and 

measured dose distributions. Absolute dose accuracy was evaluated using the percentage of relative 

error, while PDDs and profiles were analyzed with a 2D gamma index (BDAS software; acceptance 

criteria: 2%/2mm and 1%/1mm). MLC modeling was verified focusing on a “Four L test”, which uses four 

segments with L-shaped fields and dose profiles were compared using ScandiDose software. AAPM TG-

119-recommended tests were performed using a Delta 4 phantom for 3D measurements, with measured 

and calculated profiles analyzed with ScandiDose’s 3D gamma index (global, 3%/3mm and 2%/2mm; 10% 

cut off) and a PTW Matrix phantom for single point measurements. 

 Monaco-calculated and measured absolute doses demonstrated excellent agreement, with 

differences within ≤ 0.64%. Relative dose accuracy was consistently high across all field sizes, with PDD 

passing rates ranging from 95% to 97% and profile passing rates reaching 100%, particularly for 3 × 3 cm² 

and 10 × 10 cm² fields. MLC modeling assessed through the Four L test showed discrepancies of less than 

0.2% in the 6 MV FFF Picket Fence and Leaf Groove regions. 3D measurements from AAPM TG-119 tests 

achieved gamma passing rates above 99.5%, with low confidence limits of 0.46% for 6 MV and 0.53% for 

6 MV FFF under the 3%/3mm criterion while point measurements exhibited minimal confidence limits 

of 0.03 for both energies. These results highlight the TPS's outstanding consistency and reliability in 

accurately modeling both simple and complex treatment plans for 6 MV and 6 MV FFF beams. 

 The results demonstrated the clinical reliability and accuracy of the Versa HD Linac and 

Monaco TPS for VMAT treatments, supporting their clinical implementation. 
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