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Abstract – Effective dose is broadly used to estimate the 
overall stochastic risk associated with computed tomography 
(CT) examinations and to support dose comparison between 
scanners/centres. There has been a steady increase in the 
installation and utilisation of medical imaging modality in 
Nigeria; however, CT dose monitoring and reporting have not 
received commensurate attention. This study aimed to compute 
effective dose values for routine head, chest, and abdominal CT 
examinations in Sokoto State, Nigeria; evaluate inter-centre 
variability; and investigate the influence of scan parameters on 
patient dose. A prospective study was conducted in three 
different Nigerian Nuclear Regulatory Authority accredited 
diagnostic centres using multi slice CT scanners. Data from 750 
patients, aged 0-80, were collected, including demographic 
characteristics, scan parameters, and dose length product 
(DLP). Effective dose was estimated using region-specific 
conversion coefficients based on International Commission on 
Radiological Protection (ICRP) 103 recommendations. Inter-
centre comparisons were performed, and regression analysis 
assessed the relationship between effective dose and scan 
parameters such as tube voltage, tube current, and scan length. 
This study found significant variation in effective dose between 
centres for the same CT examinations, reflecting differences in 
scanner technology, protocol settings, and optimisation 
practices. Regression analysis identified tube current and scan 
length as the most influential factors affecting effective dose, 
though their impact varied by centre. Some effective dose values 
exceeded international benchmarks, suggesting a need for 
optimisation. These results highlight the importance of 
standardised protocols and locally established diagnostic 
reference levels to improve dose consistency and patient safety 
in CT practice. 

Keywords – Effective dose, computed tomography, inter-centre 
variability, scan parameters, radiation 
optimisation, Nigeria . 

I. INTRODUCTION 

Computed Tomography (CT) is one of the most used 
diagnostic imaging techniques in modern medicine due to its 
diagnostic accuracy, speed, and expanding clinical 
indications (Mahesh, 2013; Maidamma et al., 2026; Yu et al., 
2009). CT scans expose patients to ionizing radiation, a 
known human carcinogen. From 1997 through 2007, CT 
scans and nuclear medicine procedures became the largest 
source of exposure to ionizing radiation and accounted for 
24% of the exposure in the US population (Maidamma et al., 

2026; Sekkat et al., 2025; Shao et al., 2020). It is impractical 
to directly measure the radiation dose absorbed by individual 
patients even when the radiation emitted by a machine is 
precisely known. Instead, radiation exposure may be 
quantified using various methods, including effective dose 
(ED) (Smith-Bindman et al., 2009; Trotter et al., 2023; 
Uniyal et al., 2025). Effective dose is the measure of radiation 
calculated with the radiosensitivity of specific organs 
considered. It is measured in Sievert (Sv) (Maidamma et al., 
2026; Maidamma & Samaila, 2024). ED was introduced by 
the International Commission on Radiological Protection 
(ICRP) for the needs of radiation protection and the 
assessment of radiation risks, expressed as health detriment 
due to stochastic effects (Avramova-Cholakova et al., 2022; 
Dendy & Heaton, 1999; Maidamma et al., 2026; Maidamma 
& Samaila, 2024; Uniyal et al., 2025; Wang et al., 2022). 
Although ED was not intended for individual patient risk 
estimation (Foley et al., 2012; Sekkat et al., 2025; Trotter et 
al., 2023; Uniyal et al., 2025), it remains an essential tool for 
body risk assessment, dose benchmarking, and the 
establishment of diagnostic reference levels 
(DRLs)(Maidamma & Samaila, 2024; Sekkat et al., 2025). 
Several studies have demonstrated substantial variations in 
effective dose for similar CT examinations performed at 
different centres, often attributable to differences in scan 
parameters, protocol selection, equipment performance, and 
operator practice (Einstein et al., 2007; Maidamma et al., 
2026; Maidamma & Samaila, 2024). Such inter-centre 
variability indicates opportunities for optimization and 
highlights the need for locally generated dose data. In low- 
and middle-income countries, including Nigeria, data on 
patient radiation doses from CT examinations remain limited 
(Garba et al., 2021; Mahesh, 2013; Maidamma & Samaila, 
2024), and national DRLs are either absent or based on sparse 
information. In Sokoto State, CT services are expanding, yet 
there is little published evidence evaluating effective dose 
levels across centres or examining whether current practices 
align with international recommendations (Garba et al., 
2021; Mahesh, 2013; Maidamma, 2021). Without such data, 
it is difficult to assess patient radiation risk, compare local 
practice with global standards, or identify factors 
contributing to unnecessarily high doses. 

Scan parameters such as tube voltage (kVp), tube current–
time product (mAs), scan length, pitch, and the use of 
automatic exposure control have a direct and significant 
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influence on radiation dose in CT (Garba et al., 2021; ICRP, 
2007; Maidamma et al., 2026). Quantifying the relationship 
between effective dose and these parameters using statistical 
methods, including regression analysis, provides valuable 
insight into the determinants of patient dose and supports 
evidence-based optimization strategies. This study aims to 
estimate the effective dose associated with head, chest, and 
abdominal CT examinations in selected centres in Sokoto 
State, evaluate inter-centre variability, and compare local 
dose levels with published literature. Furthermore, the study 
investigates the influence of key scan parameters on effective 
dose and employs regression analysis to determine the 
strength of these relationships. 

 
Theoretical Background 

CT scans often involve high radiation doses compared to 
other imaging procedures, thus monitoring and minimizing 
the effective dose is essential for optimizing patient safety 
and complying with international standards set by 
organizations like the ICRP (Brage et al., 2025; ICRP, 2007; 
Maidamma et al., 2026). Many scholars give their verdict on 
the importance of effective dose estimation especially in CT 
with use of non-ionization radiation that primarily rely on 
stochastic effect risk. 
 
CT Effective Dose 

In CT, the ED helps quantify the stochastic health effects 
such as cancer and genetic mutations resulting from ionizing 
radiation (Bąk et al., 2025; Brage et al., 2025; Kalra et al., 
2004). Effective dose thus is not a dose metric for a specific 
individual (Kalra et al., 2004; Zanzonico, 2024). It represents 
a population-averaged risk estimate, derived from reference 
phantoms and epidemiological models (Almaasfeh et al., 
2023; Arjmandi et al., 2024; Zanzonico, 2024). Recent 
studies increasingly caution against misuse of effective dose 
in clinical risk prediction, especially when researchers 
attempt to relate it directly to tissue-level effects, DNA 
damage (Albahiti et al., 2022; Almaasfeh et al., 2023; 
Greene-Schloesser et al., 2012). Effective dose is calculated 
using the dose-length product (DLP) and region-specific 
conversion coefficients (k-factors) as show in the equation 
(Chaparian, 2018; Maidamma et al., 2026). 

ED= DLP × k              (1) (Maidamma et al., 2026) 
 

Table 1: k – Value for CT scan (ICRP, 2007; Maidamma et al., 
2026) 

Body Region Adult 
(≥ 16 Yrs) 

Children 
(15-10 Yrs) 

Children 
(9-2 Yrs) 

Infant 
(1 Yrs) 

Head 0.0021 0.0023 0.0042 0.0067 
Chest 0.014 0.021 0.026 0.039 
Abdomen 0.015 0.019 0.023 0.032 

 
Head CT 

Head CT examinations are routinely performed to 
evaluate intracranial pathologies such as trauma, stroke, 
haemorrhage, and tumours (ICRP, 2007; Kesmezacar et al., 
2026; Maidamma et al., 2026). The procedure typically 
involves axial acquisition from the skull base to the vertex 

using relatively high tube current and moderate tube voltage 
to overcome the high attenuation of the skull bones and 
achieve adequate contrast resolution (Trotter, 2023; 
(Chaparian, 2018; Dendy & Heaton, 1999; Kesmezacar et al., 
2026; Mahesh, 2013; Maidamma et al., 2026). Consequently, 
head CT contributes significantly to localised organ absorbed 
dose despite producing a comparatively lower effective dose 
than body CT examinations (ICRP, 2007; Maidamma et al., 
2026). Dose optimisation strategies such as reduced tube 
current, appropriate scan length, and lens shielding are 
therefore critical in head CT imaging (Brage et al., 2025; 
ICRP, 2007). 

 
Chest CT 

Chest CT is widely used for the assessment of pulmonary 
diseases, mediastinal abnormalities, cardiac conditions, and 
oncological staging (Brage et al., 2025; Garba et al., 2021; 
Kesmezacar et al., 2026). Due to the relatively large scan 
volume and the inclusion of multiple radiosensitive organs, 
chest CT results in substantial organ absorbed doses, 
particularly to the lungs, breast, heart, thyroid, and bone 
marrow (Maidamma et al., 2026). Variations in patient body 
habitus, scan length, and tube current modulation further 
influence absorbed dose distribution (Kesmezacar et al., 
2026). Optimisation in chest CT is therefore essential, with 
emphasis on protocol tailoring, automatic exposure control, 
and careful justification to minimise unnecessary radiation 
exposure (Barker et al., 2007; Kesmezacar et al., 2026; 
Maidamma et al., 2026; Sekkat et al., 2025). 

 
Abdominal CT 
Abdominal CT examinations are commonly performed to 

investigate hepatic, gastrointestinal, renal, and pelvic 
pathologies (Aboul Hamad et al., 2023; Mahesh, 2013; 
Sekkat et al., 2025). The procedure typically covers a long 
anatomical range and often employs higher tube current and 
longer scan times to maintain adequate image quality through 
soft tissues with varying densities (Aboul Hamad et al., 2023; 
Mahesh, 2013; Maidamma et al., 2026). Many of these 
organs have moderate to high tissue weighting factors, 
indicating a significant contribution to overall radiation risk 
(Maidamma et al., 2026). Careful optimisation of scan 
parameters, limitation of scan length, and justification of 
multiphase studies are essential to reduce unnecessary organ 
dose while maintaining diagnostic efficacy (ICRP, 2007; 
Kalender, 2011; Mahesh, 2013; Maidamma et al., 2026). 

II. MATERIALS AND METHODS 

Study Area  
The study was conducted in Sokoto Metropolis, Sokoto 

State, located in northwestern Nigeria. The state shares 
borders with the Republic of Niger to the north and west, 
Zamfara State to the east, and Kebbi State to the south and 
west. It covers a land area of 28,232.37 square kilometers and 
lies within the savannah vegetation zone. 

10 



MEDICAL PHYSICS INTERNATIONAL Journal; Vol.14, No.1; 2026 
 
 

 
 

 

 
 

 
 

Study Population
  Eligible  participants  included  male  and  female  patients
aged  0–80  years  scanned  using  multi-slice  CT  systems
capable of displaying dose metrics on the console at Usmanu
Danfodiyo  University  Teaching  Hospital,  Sokoto  State
advance  Medical  Diagnostic  Centre  and  Caliphate  clinical
and Diagnostic Centre; while critically ill patients unable to
stand on a floor weighing scale were excluded.

Ethical Consideration
  Institutional  ethical  clearance  was  obtained  from  the
Ethical  Committees  of  the  three  participating  centers:
Usmanu  Danfodiyo  University  Teaching  Hospital
(UDUTH/HREC/2024/1438/V2),  Sokoto  State  advance
Medical Diagnostic Centre (SSAMDC/HREC/2024/01), and
Caliphate  clinical  and  Diagnostic  Centre
(CCDC/HREC/2024/021),  with  patient consent obtained or
waived in accordance with the approved protocols.

Sample size
  A  total  of  900  adult  and  paediatric  patients  undergoing
routine  computed  tomography  examinations  were
prospectively  recruited  from  three  Nigerian  Nuclear
Regulatory  Authority  accredited  diagnostic  centres,  with
300 patients sampled from each centre, in compliance with
the  European  Commission  guideline  recommending  a
minimum  of  10  patients  per  CT  procedure  (Garba  et  al.,
2021; Maidamma et al., 2026).

Study Equipment and Data Collection
  The  study  employed  three  multi-slice  CT  scanners  of
different technological generations a GE LightSpeed 4-slice
unit  installed  in  2011,  a  Philips  Brilliance  16-slice  unit
installed  in  2019,  and  a  GE  Brivo-series  16-slice  unit
installed in 2021. Prior to scanning, patient demographic data
such  as  age,  sex,  body  weight,  and  height  were  collected,
with  weight  measured  using  a  calibrated  floor  scale  and
height using a measuring tape, while additional information
was  obtained  from  medical  records  or  the  radiology
information  system  and  recorded  on  a  structured  data
collection form. For each examination, key scan parameters
including  tube  voltage,  tube  current,  and  scan  length  were
extracted directly from the scanner console, as these factors
significantly influence radiation dose delivery.

Statistical Analysis
  All collected data were analysed using Minitab statistical
software,  where  descriptive  statistics  such  as  mean,  range,
standard deviation, and the 75th percentile were computed to
characterise  patient  demographics,  scan  parameters,  and
radiation  dose  metrics  and  to  facilitate  inter-centre  dose
comparison and evaluation. 

III. RESULTS  

Effective Dose received by the Patients 
Individual values of effective dose for all patients were 

calculated and the mean regional values for each centre were 
statistically derived (Table 1). The highest average dose was 
recorded for head CT examinations in Centre A at 3.65 mSv 
(±2.65), followed by Centre B at 2.31 mSv (±1.36), and 
Centre C at 1.14 mSv (±0.45). Chest CTs revealed mean 
doses of 1.68 mSv, 0.69 mSv, and 0.68 mSv in Centres A, B, 
and C respectively, while abdominal scans yielded relatively 
lower mean doses ranging from 0.69 mSv to 0.74 mSv across 
the three centres. These findings demonstrate a consistent 
pattern, head CT scans deliver the highest radiation doses, 
followed by chest and abdominal scans Table 4.0. This 
variation can be attributed to differences in scan protocols, 
anatomical density, and the length of scanned regions. Head 
CTs often involve higher tube currents and multiple 
sequences, resulting in greater exposure (Garba et al., 2021; 
Maidamma et al., 2026). 

Table 2: Mean and SD of Effective Dose (mSv) 
Centres N (no of patients) Region E (mSv) 
 
A 

103 Head 3.65(±2.65) 
111 Chest 1.68(±1.59) 
86 Abdomen 0.74(±0.30) 

 
B 

132 Head 2.31(±1.36) 
114 Chest 0.69(±0.33) 
54 Abdomen 0.74(±0.29) 

 
C 

132 Head 1.14(±0.45) 
108 Chest 0.68(±0.36) 
60 Abdomen 0.69(±0.29) 

 
Total 

367 Head 2.25(±1.99) 
333 Chest 1.15(±1.22) 

200 Abdomen 0.72(±0.29) 
 
The Relationship Between Patient Age Groups and 
Effective Dose 

The relationship between patient age groups and effective 
dose in Centre A reveals non-uniform distribution of 
radiation exposure across age brackets (figure 1a). 
Particularly, patients in the 20-29 and 30-39 age groups 
appear to receive higher average doses compared to other 
cohorts in Centre A reveals non-uniform distribution of 
radiation exposure across age brackets. Particularly, patients 
in the 20-19 and 30-39 age groups appear to receive higher 
average doses compared to other cohorts. This is a critical 
finding given that younger patients (especially those 20 
years) are more radiosensitive due to active cellular division 
and longer remaining lifespans, factors that substantially 
elevate their lifetime attributable risk (LAR) of cancer, as 
established by the BEIR VII model. 
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Figure 1a,b&c: Effective dose against age group in study Centres 

 
 
 

Figure 1b, shows a more consistent dose distribution 
across age groups compared to Centre A, with effective doses 
some remaining below the 2 mSv for most age ranges. The 
highest doses are seen in patients aged 20–29 and 80–89, but 
even these remain within the lower-risk category as defined 
by international radiological protection agencies. There 
remains concern for young patients, particularly in the 0-9 
and 10-19 age groups, where any non-essential exposure 
must be carefully justified. Overall, Centre B demonstrates 
moderate compliance with dose safety standards, but 
continuous review and individualized scanning protocols 
remain essential for long-term patient protection. Centre C, 
Figure 1c, the dose distribution across age groups indicates 
the consistent overall exposure among all three centres. Most 
patient categories received effective doses well below 2 mSv, 
including those undergoing head, chest, and abdominal CT 
scans. Despite the lower absolute doses, special attention 
must still be paid to younger patients (0-19 years) due to their 
increased susceptibility to radiation-induced carcinogenesis. 
Although the effective doses in Centre C, are commendable, 
ongoing surveillance is warranted to ensure consistency 
across varying body habitus and clinical indications. In 
conclusion, Centre C’s age dose demonstrates commendable 
performance in minimizing radiation burden, setting a 
reference standard for the other centres in terms of clinical 
protocol design and patient safety assurance. 
 
Comparison of centres effective dose with literature 

A comparative analysis of the average ED (mSv) for CT 
examinations across the three anatomical regions (Head, 
Chest, and Abdomen) performed at three local centres 
(Centre A, Centre B, and Centre C), benchmarked against 
established values from selected peer-reviewed literature. ED 
for head CT scans at Centre A (3.8 mSv) is notably higher 
than those recorded at Centre B (2.3 mSv) and Centre C (1.1 

mSv). When compared to international standards, the value 
from Centre A closely aligns with the dose reported by 
(Smith-Bindman et al., 2009) who reported a mean of 3.0 
mSv for adult head CT. However, doses from Centre C are 
substantially lower and are consistent with the findings of 
(Zamani et al., 2025) and (Virginia Tsapaki et al., 2006) who 
documented head CT doses of 1.1 mSv and 1.2 mSv, 
respectively. This variation suggests potential differences in 
scan protocols, scanner models, and exposure settings (mA, 
kV, and SL) between local centres, highlighting a possible 
optimization strategy. Chest CT EDs at the local centres 
range from 0.7 mSv (Centres B and C) to 1.7 mSv (Centre 
A). These values are substantially lower than those reported 
in literature. For instance, (Al-OThman, 2022) and (Smith-
Bindman et al., 2009) reported mean doses of 7.3 mSv and 
5.0 mSv, respectively. 

Abdominal CT Examinations: similarly, EDs for 
abdominal CT at the local centres 1.8 mSv (Centre A), 0.7 
mSv (Centre B), and 0.8 mSv (Centre C) are markedly lower 
than literature value. The dose from Centre A is the highest 
among the local centres but still significantly reduced 
compared to published standards. This trend reinforces the 
possibility that current CT protocols at the study centres have 
been optimized for dose reduction without compromising 
diagnostic utility. Several patients undergoing head CT at 
UDUTHS received doses ranging from approximately 3.2 to 
6.5 mSv, closely matching the average of 3.8 mSv. In 
contrast, patients scanned at other centres (CCDCS and 
SSAMDCS) show lower values, consistent with Centres B 
and C. The wide range of abdominal scan doses, primarily 
between 0.7 and 2.4 mSv across the dataset, further confirms 
the lower average values reported in Table 2. Thus, the data 
provides strong quantitative support for the dose 
optimization conclusions drawn from Table 3. 
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Table 3: Comparison of Effective Dose with Literature 
Studies E (mSv) 

Scan Region 
Centres/Studies Head Chest Abdomen 
Centre A 3.8 1.7 1.8 
Centre B 2.3 0.7 0.7 
Centre C 1.1 0.7 0.8 
(Abdullah et al., 2022) 1.8 4.2 8.7 
(Al-OThman, 2022) 1.7 7.3 10 
(V. Tsapaki et al., 2006) 1.2 5.9 8.2 
(Zamani et al., 2025) 1.1 3.7 5.8 
(R. Smith-Bindman et al., 2009) 3.0 5.0 10 

 
Comparison of E (mSv) with Scan Parameters 

For Centre A, the multiple linear regression model relating 
effective dose (E) to tube voltage (kV), tube current (mA), 
and scan length (SL) is given by: E = 1.292 − 0.00264kV + 
0.002683mA − 0.01392SL. The overall regression model is 
statistically significant (F = 29.3, p < 0.001), indicating that 
the selected scan parameters collectively explain a 
meaningful proportion of the variation in effective dose. The 
coefficient of determination (r² = 25.4%, shows that 
approximately one-quarter of the variability in patient 
effective dose can be explained by changes in kV, mA, and 
scan length in these centres. Centre B, the regression equation 
is expressed as; E = −6.01 + 0.0651kV + 0.00735mA − 
0.0494SL, and the model demonstrates strong statistical 
significance (F = 76.70, p < 0.001). The coefficient of 
determination (r² = 47.70%) indicates that nearly half of the 
variation in effective dose is explained by the three scan 
parameters. For Centre C, the regression model is:  

E = 1.74 + 0.0019kV − 0.00464mA − 0.00478SL,  
with the overall model reaching statistical significance (F 

= 3.58, p = 0.014). However, the explanatory power of the 
model is very low, with r² = 3.03%, indicating that scan 
parameters explain only a small fraction of the variability in 
effective dose at this centre. This inverse trend may reflect 
the influence of advanced automatic exposure control and 
dose modulation technologies in this newer GE Brivo 16-
slice scanner, where increases in mA may occur selectively 
for larger patients while overall dose efficiency is maintained 
(Table 4). 
 

Table 4: Regression analysis of Effective dose against Scan 
Parameters 

Centres F- value r2 P-value 
A 29.3 25.4 0.000 
B 76.7 47.7 0.000 
C 3.58 3.03 0.014 

 

IV. DISCUSSION  

Comparatively, Centre B shows the strongest and most 
predictable relationship between effective dose and scan 
parameters. Centre A shows moderate dependence with room 
for optimisation, while Centre C demonstrates advanced 
technology-driven dose modulation where traditional linear 

parameter–dose relationships are less dominant. These 
findings emphasise the importance of centre-specific 
optimisation strategies and support the development of local 
Diagnostic Reference Levels (DRLs) tailored to scanner 
technology and clinical practice in Sokoto State. 

 
Relationship Between ED (mSv) and Scan Parameters in 
Centre A 

Figure 2, the scatter plots with fitted regression lines 
demonstrate a clear upward trend between effective dose and 
mA, while kV shows weak dispersion and scan length shows 
a modest inverse trend. The presence of several large 
residuals indicates inter-patient variability and reinforces the 
need for further optimisation and protocol harmonisation in 
Centre A. 
 
Figure 2: Regression graph of E (mSv) against Scan Parameters in 

Centre A 

 
 
Relationship Between ED (mSv) and Scan Parameters in 
Centre B 

Figure 3, the regression plots for Centre B show well 
defined linear trends, particularly for kV and mA, with 
relatively narrow scatter around the fitted lines. The lack of 
fit test is not significant, indicating that the linear model 
adequately describes the data. However, a few extreme 
residuals point to occasional protocol deviations or atypical 
patient examinations, which merit quality assurance review. 
Overall, Centre B demonstrates the most optimised and 
predictable relationship between scan parameters and 
effective dose. 

 
Relationship Between ED (mSv) and Scan Parameters in 
Centre C 
Figure 4, the scatter plots for Centre C show wide dispersion 
and weak linear trends, consistent with the low r² values. 
Numerous large residuals highlight substantial inter-patient 
and protocol-driven variability. This suggests that in Centre 
C, effective dose is more strongly influenced by patient-
specific factors, reconstruction algorithms, and vendor-
specific dose-reduction technologies than by simple scan 
parameter settings alone. 
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Figure 3: Regression graph of E (mSv) against Scan Parameters in 
Centre B 

 
 
Figure 4: Regression graph of E (mSv) against Scan Parameters in 

Centre C 

 

V. CONCLUSION 

This study revealed substantial inter-centre variability in 
effective dose for routine CT examinations in Sokoto State 
despite comparable clinical indications. These differences 
were primarily driven by variations in scan parameters, 
scanner technology, and protocol. Regression analysis 
identified tube current and scan length as the principal 
determinants of effective dose, although their influence 
varied across centres, reflecting differences in dose 
modulation and optimisation practices. Comparison with 
international literature indicates that while some centres 
operate within global benchmarks, others demonstrate clear 
potential for dose optimisation. These findings underscore 
the need for continuous dose monitoring, protocol 
standardisation, and targeted staff training to reduce 
unnecessary radiation exposure. The establishment of locally 
derived diagnostic reference levels based on measured 
effective dose values would provide a critical framework for 
quality assurance and optimisation in Nigeria. Overall, the 
study highlights the utility of effective dose as a population-
level metric for comparison while emphasising the 

importance of centre-specific optimisation to ensure safe and 
effective CT practice. 

VI. ACKNOWLEDGEMENT 

All authors wish to express their sincere gratitude to all 
individuals and institutions whose contributions, support, and 
cooperation were instrumental to the successful completion 
of this study. 

VII. REFERENCES 

Al-OThman, A. (2022). Radiation Dose Optimization for Routine 
Radiological Studies Using Computed Tomography: A Comparison 
Based on National Dose Reference Levels and Effective Dose 
Calculation Alfaisal University (Saudi Arabia)].  

Albahiti, S. K., Barnawi, R. A., Alsafi, K., Khafaji, M., Aljondi, R., 
Alghamdi, S. S., Awan, Z., Sulieman, A., Jafer, M., Tamam, N., 
Tajaldeen, A., Mattar, E. H., Al-Malki, K. M., & Bradley, D. (2022). 
Establishment of institutional diagnostic reference levels for 6 adult 
computed tomography examinations: Results from preliminary data 
collection. Radiation Physics and Chemistry, 201, 110477. 
https://doi.org/https://doi.org/10.1016/j.radphyschem.2022.110477  

Almaasfeh, S., Salahudeen, A., Salih, M., & Abukonna, A. (2023). 
Estimation of effective and organ dose from chest CT. Radiation 
Physics and Chemistry, 204, 110646. 
https://doi.org/https://doi.org/10.1016/j.radphyschem.2022.110646  

Arjmandi, N., Momennezhad, M., Arastouei, S., Mosleh-Shirazi, M. A., 
Albawi, A., Pishevar, Z., & Nasseri, S. (2024). Deep learning-based 
automated liver contouring using a small sample of radiotherapy 
planning computed tomography images. Radiography, 30(5), 1442–
1450. https://doi.org/https://doi.org/10.1016/j.radi.2024.08.005  

Avramova-Cholakova, S., Dyakov, I., Yordanov, H., & O'Sullivan, J. 
(2022). Comparison of patient effective doses from multiple CT 
examinations based on different calculation methods. Physica Medica, 
99, 73–84.  

Bąk, B., Kaczmarek, K., Radoła, D., Winiecki, T., & Bajon, T. (2025). A 
prospective study of bladder volume assessment using ultrasound in 
prostate cancer radiotherapy: Comparison with cone-beam computed 
tomography (CBCT). Radiography, 31(5), 103016. 
https://doi.org/https://doi.org/10.1016/j.radi.2025.103016  

Barker, N., Van Es, J. H., Kuipers, J., Kujala, P., Van Den Born, M., 
Cozijnsen, M., Haegebarth, A., Korving, J., Begthel, H., & Peters, P. J. 
(2007). Identification of stem cells in small intestine and colon by 
marker gene Lgr5. Nature, 449(7165), 1003–1007.  

Brage, K., Pedersen, M. R. V., Lauridsen, C. A., Paulo, C., Hansen, P., 
Precht, H., Addi, A. J., & Jensen, J. (2025). Reporting radiographers in 
CT and MRI: A literature review with a systematic approach. 
Radiography, 31(2), 102901. 
https://doi.org/https://doi.org/10.1016/j.radi.2025.102901  

Chaparian, A. (2018). Assessment of radiation-induced cancer risk to 
patients undergoing computed tomography angiography scans.  

Dendy, P. P., & Heaton, B. (1999). Physics for diagnostic radiology. CRC 
press.  

Einstein, A. J., Henzlova, M. J., & Rajagopalan, S. (2007). Estimating risk 
of cancer associated with radiation exposure from 64-slice computed 
tomography coronary angiography. Jama, 298(3), 317–323.  

Foley, S. J., McEntee, M. F., & Rainford, L. A. (2012). Establishment of CT 
diagnostic reference levels in Ireland. The British journal of radiology, 
85(1018), 1390–1397.  

Garba, I., Zarb, F., McEntee, M. F., & Fabri, S. G. (2021). Computed 
tomography diagnostic reference levels for adult brain, chest and 
abdominal examinations: A systematic review. Radiography, 27(2), 
673–681. https://doi.org/https://doi.org/10.1016/j.radi.2020.08.011  

14 



MEDICAL PHYSICS INTERNATIONAL Journal; Vol.14, No.1; 2026 
 
 

Greene-Schloesser, D., Robbins, M. E., Peiffer, A. M., Shaw, E. G., 
Wheeler, K. T., & Chan, M. D. (2012). Radiation-induced brain injury: 
a review. Frontiers in oncology, 2, 73.  

ICRP. (2007). Preface, executive summary and glossary. Annals of the ICRP, 
37(2-4), 9–34.  

Kalender, W. A. (2011). Computed tomography: fundamentals, system 
technology, image quality, applications. John Wiley & Sons.  

Kalra, M. K., Maher, M. M., Toth, T. L., Hamberg, L. M., Blake, M. A., 
Shepard, J.-A., & Saini, S. (2004). Strategies for CT radiation dose 
optimization. Radiology, 230(3), 619–628.  

Kesmezacar, F. F., Günay, O., Kayaokay, D. T., Yeyin, N., Demirci, A., 
Karaçam, S. Ç., Öksüz, D. Ç., Demir, M., Almisned, G., Karadağ, T., 
Alkarrani, H., Issa, B., & Tekin, H. O. (2026). Radiation dose variability 
in critical thoracic organs during CT imaging: A multi-centre phantom 
dosimetry study. Radiation Physics and Chemistry, 238, 113174. 
https://doi.org/https://doi.org/10.1016/j.radphyschem.2025.113174  

Mahesh, M. (2013). The Essential Physics of Medical Imaging, Third 
Edition. Med Phys, 40(7). https://doi.org/10.1118/1.4811156  

Maidamma, B. (2021). Estimation of Dose Reference Values for Patients 
Undergoing Chest and Abdomen Computed Tomography Scan in 
Sokoto, Nigeria. International Journal of Science and Research (IJSR), 
10(6), 1563–1566. 
https://doi.org/https://dx.doi.org/10.21275/MR21622173253  

Maidamma, B., Maina, I., Tijjani, A. M., Benabdallah, F., El-Rayyes, A., & 
Iliyasu, U. (2026). Assessment of organ-specific radiation risk in 
computed tomography examination using the ratio of absorbed organ 
dose to total effective dose in Sokoto State CT centres. Radiation 
Physics and Chemistry, 246, 113912. 
https://doi.org/https://doi.org/10.1016/j.radphyschem.2026.113912  

Maidamma, B., & Samaila, B. (2024). Estimation of Cancer Risk Associated 
With Patients Undergoing Brain Computed Tomography Scan in 
Sokoto, Nigeria. International Journal of Medical Physics, Clinical 
Engineering and Radiation Oncology, 12, 151–153.  

Sekkat, H., Khallouqi, A., El rhazouani, O., Halimi, A., & Madkouri, Y. 
(2025). HeadCTDosi: A python-based automated calculation of head 
water equivalent diameter and size specific dose estimate based on 
AAPM 220 report. Radiation Physics and Chemistry, 227, 112388. 
https://doi.org/https://doi.org/10.1016/j.radphyschem.2024.112388  

Shao, Y.-H., Tsai, K., Kim, S., Wu, Y.-J., & Demissie, K. (2020). Exposure 
to tomographic scans and cancer risks. JNCI cancer spectrum, 4(1), 
pkz072.  

Smith-Bindman, Rebecca Lipson, Jafi Marcus, Ralph Kim, Kwang-Pyo 
Mahesh, M. G., Robert De González, & Amy Berrington Miglioretti, D. 
L. (2009). Radiation dose associated with common computed 
tomography examinations and the associated lifetime attributable risk 
of cancer. Archives of internal medicine, 169(22), 2078–2086.  

Smith-Bindman, R., Lipson, J., Marcus, R., Kim, K.-P., Mahesh, M., Gould, 
R., Berrington de González, A., & Miglioretti, D. L. (2009). Radiation 
Dose Associated With Common Computed Tomography Examinations 
and the Associated Lifetime Attributable Risk of Cancer. Archives of 
Internal Medicine, 169(22), 2078–2086. 
https://doi.org/10.1001/archinternmed.2009.427  

Trotter, J., Pantel, A. R., Teo, B.-K. K., Escorcia, F. E., Li, T., Pryma, D. A., 
& Taunk, N. K. (2023). Positron Emission Tomography 
(PET)/Computed Tomography (CT) Imaging in Radiation Therapy 
Treatment Planning: A Review of PET Imaging Tracers and Methods to 
Incorporate PET/CT. Advances in Radiation Oncology, 8(5), 101212. 
https://doi.org/https://doi.org/10.1016/j.adro.2023.101212  

Tsapaki, V., Aldrich, J. E., Sharma, R., Staniszewska, M. A., Krisanachinda, 
A., Rehani, M., Hufton, A., Triantopoulou, C., Maniatis, P. N., & 
Papailiou, J. (2006). Dose reduction in CT while maintaining diagnostic 
confidence: diagnostic reference levels at routine head, chest, and 
abdominal CT—IAEA-coordinated research project. Radiology, 240(3), 
828–834.  

Tsapaki, V., John, E. A., Sharma, S., Staniszewska, M., A., , Anchali K., 
Rehani, M., M., , Hufton, A., Chariklia T., Petros N, M., Papailiou, J., 
& P., M. (2006). Dose Reduction in CT while Maintaining Diagnostic 
Confidence: Diagnostic Reference Levels at Routine Head, Chest, and 
Abdominal CT—IAEA-coordinated Research Project1 
(www.rsna.org/rsnarights, Issue. 2006.  

Uniyal, S. C., Prasad, M., & Raghuvanshi, S. (2025). Patient dose survey and 
determination of diagnostic reference levels for routine computed 
tomography examinations in Uttarakhand, India. Applied Radiation and 
Isotopes, 222, 111875. 
https://doi.org/https://doi.org/10.1016/j.apradiso.2025.111875  

Wang, K., Malkin, H. E., Patchett, N. D., Pearlstein, K. A., Heiling, H. M., 
McCabe, S. D., Deal, A. M., Mavroidis, P., Oakey, M., Fenoli, J., Lee, 
C. B., Klein, J. L., Jensen, B. C., Stinchcombe, T. E., Marks, L. B., & 
Weiner, A. A. (2022). Coronary Artery Calcifications and Cardiac Risk 
After Radiation Therapy for Stage III Lung Cancer. Int J Radiat Oncol 
Biol Phys, 112(1), 188–196. 
https://doi.org/10.1016/j.ijrobp.2021.08.017  

Yu, L., Liu, X., Leng, S., Kofler, J. M., Ramirez-Giraldo, J. C., Qu, M., 
Christner, J., Fletcher, J. G., & McCollough, C. H. (2009). Radiation 
dose reduction in computed tomography: techniques and future 
perspective. Imaging in medicine, 1(1), 65.  

Zamani, H., Yektamanesh, M., Shiridokht, F., Sharifian Jazi, S., Javadrashid, 
R., Ghasemi Jangjoo, A., Molazadeh, M., Farajollahi, A., & 
Mortezazadeh, T. (2025). Estimation of effective dose and risk of 
exposure-induced cancer death, and diagnostic reference level for CT 
scans in Tabriz, Iran. Radiological Physics and Technology, 18(1), 186–
195.  

Zanzonico, P. (2024). The MIRD schema for radiopharmaceutical 
dosimetry: a review. Journal of Nuclear Medicine Technology, 52(2), 
74–85.  

Contacts of the corresponding author: 
Authors: Anton Vlaykov 
Institute: St. Ivan Rilski Hospital  
City: Plovdiv 
Country: Bulgaria 
Email: antonvlaykov@gmail.com

 
 
 

15 


