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Abstract

Accurately assessing radiation dose levels in computed tomography (CT) imaging is critical for
optimizing patient safety and ensuring adherence to diagnostic reference levels (DRLs). This study
acquired data from the CT dose index registry to evaluate the absorbed radiation dose levels for adult
brain CT examinations conducted at Rasheed Shekoni Teaching Hospital Dutse, Jigawa, Nigeria. 162
adults (male and female) patients (218 years), were analyzed (January 2016 to August 2023) to
determine the mean, mode, and 75" percentile values for volume CT dose index (CTDIya) and dose-
length product (DLP). The mean CTDI,q and DLP for adult brain examinations were 69.18 mGy and
1421.21 mGy cm, respectively, while the 75t percentile values were 82.14 mGy and 1705.78 mGy cm,
comparable to dose values reported from local and international literature. This study's 75" percentile
CTDlIva values were consistent with reports from other findings. However, the corresponding DLP
values were considerably higher than those observed in several countries and other regions within
Nigeria. These findings highlight the need for institutional evaluation of CT radiation doses to establish
DRLs that reflect both local practices and international standards. While the alignment of CTDIya
values demonstrates adherence to acceptable dose benchmarks, the elevated DLP values necessitate
strict quality assurance and dose optimization measures. This will enhance patient safety and support
effective health management strategies at Rasheed Shekoni Teaching Hospital and other healthcare
institutions that work with similar procedures.
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INTRODUCTION

Computed Tomography (CT) is an indispensable diagnostic imaging modality that provides
high-resolution, cross-sectional anatomical visualization, making it invaluable in modern
medical practice. When applied in clinically justified scenarios, CT imaging significantly
enhances diagnostic accuracy, facilitates early disease detection, and improves patient
outcomes. However, the primary drawback of CT lies in its relatively high radiation dose
compared to other ionizing radiation-based diagnostic techniques such as conventional
radiography, mammography, and fluoroscopy (Joseph Zira et al., 2021). The widespread
utilization of CT has led to concerns regarding cumulative radiation exposure, as estimates
indicate that CT examinations contribute approximately 70% of the total radiation dose from
medical imaging procedures and are associated with nearly 22.8% of radiation-induced fatal
cancers (Garba et al., 2021). Given these risks, an in-depth analysis of CT radiation exposure,
particularly through a systematic dose survey focused on adult brain imaging, is essential for
understanding the impact of institutional scanning protocols and optimizing patient radiation
safety.

Radiation dose quantification in CT imaging is typically performed using the Dose-Length
Product (DLP), expressed in milliGray-centimeters (mGy.cm), which provides an estimate of
the total radiation output based on scan length and dose per unit volume. The DLP is closely
related to the CT Dose Index Volume (CTDl..1), which represents the radiation dose per slice
for a standard-sized patient and serves as a crucial parameter for assessing patient exposure
(Asadinezhad et al., 2018). While technological advancements in CT hardware and imaging
algorithms, such as iterative reconstruction techniques, automatic exposure control (AEC),
and dual-energy CT, have contributed to dose reduction, substantial variability in radiation
doses remains evident across different radiology centers, both within and between countries.
Studies have reported inconsistencies in dose optimization strategies, resulting in
significantly higher doses than necessary for achieving diagnostic-quality images (Lee et al.,
2020). In response, regulatory bodies such as the American College of Radiology (ACR), the
European Commission (EC), and the International Atomic Energy Agency (IAEA) have
emphasized the need for standardized CT dose monitoring, urging imaging facilities to
establish and adhere to Diagnostic Reference Levels (DRLs) for commonly performed
examinations (Kanal et al., 2022).

The situation in developing countries, including Nigeria, presents additional challenges.
Many radiology centers operate with outdated or poorly maintained CT scanners, often
lacking advanced dose optimization features. Compounding this issue is the weak
enforcement of radiation protection laws and inadequate regulatory oversight, which results
in significant variations in imaging protocols and patient exposure levels (Ekpo et al., 2018).
The absence of standardized guidelines for equipment calibration, maintenance, and
decommissioning further exacerbates radiation dose concerns, potentially exposing patients
to unnecessarily high levels of ionizing radiation. Moreover, suboptimal operator training and
a disconnect between theoretical knowledge and practical implementation of radiation
protection measures have been noted among radiographers in Nigeria, raising further
concerns regarding patient safety (Abdulkadir et al., 2021; Ekpo et al., 2018; Garba et al., 2021;
Ojike et al., 2024).

Comprehensive radiation dose assessments are crucial for benchmarking current CT imaging
practices and ensuring compliance with international safety standards. In clinical practice, the
75t percentile of the observed distribution of CTDI,. or DLP is often utilized as a threshold
for identifying excessive exposure levels, facilitating benchmarking, quality control, risk
assessment, and regulatory compliance. Systematic dose monitoring enables institutions to
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detect dose outliers, evaluate imaging protocols, and implement targeted dose-reduction
strategies while maintaining diagnostic efficacy (Rao et al., 2023). Establishing reference dose
levels for routine CT examinations is particularly imperative in regions where regulatory
frameworks are still evolving, as it provides a foundation for optimizing scanning parameters
and reducing unnecessary radiation burden on patients.

This study aims to conduct a comprehensive evaluation of radiation dose levels in adult brain
CT examinations performed at Rasheed Shekoni Teaching Hospital in Dutse, Jigawa State,
Nigeria. By systematically analyzing local dose distribution patterns and comparing them
with internationally established reference values, this research seeks to provide critical data
that can enhance institutional dose optimization strategies and contribute to the development
of national diagnostic reference levels. The findings of this study will offer valuable insights
into current radiological practices in Nigeria and support ongoing efforts to improve radiation
protection and patient safety in medical imaging.

MATERIAL AND METHODS

Study Area

This study was conducted at Rasheed Shekoni Teaching Hospital, a tertiary health institution
located in Dutse, Jigawa State, Nigeria. The hospital is a referral center serving a diverse
patient population across the northwestern region of Nigeria. The Radiology Department at
RSTH is equipped with a multi-slice CT scanner used for routine diagnostic imaging,
including neuroimaging procedures such as brain CT examinations.

Ethical Clearance

Ethical approval for the study was obtained from both the Health Research Ethics Committee
of Rasheed Shekoni Teaching Hospital and the Research and Ethics Committee of the Physics
Department, Federal University Dutse. Ethical compliance included safeguarding patient
confidentiality, de-identifying personal information, and ensuring that all data usage aligned
with internationally accepted guidelines on radiation safety and patient rights.

Study Design and Sampling Technique

A retrospective, observational cross-sectional design was adopted. The study involved
purposive sampling of archived CT scan data for adult patients (=18 years) who underwent
brain CT imaging between January 2016 and August 2023. Data were extracted from the
hospital's Picture Archiving and Communication System (PACS) and Radiology Information
System (RIS). Only datasets with complete records relevant to radiation dose assessment were
included.

Inclusion and Exclusion Criteria

Inclusion criteria: Adult patients aged 18 years and above. Brain CT scans performed at
Rasheed Shekoni Teaching Hospital within the study period (2016-2023). Availability of
complete imaging and dose metrics (CTDIvol and DLP). Exclusion criteria: Incomplete CT
scan data or missing dose metrics. CT scans performed for pediatric patients (<18 years).
Repeated scans or contrast-enhanced scans that did not represent routine non-contrast adult
brain CT.

Data Collection Procedures

Data retrieval was conducted with assistance from radiographers and medical imaging staff.
The data were obtained from stored digital records and reviewed for completeness and
accuracy. The following parameters were extracted. Anthropometric Data: Age (years),
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Height (cm), Weight (kg), Gender. Imaging Protocol Parameters: Tube potential (kVp), Tube
current-time product (mAs), Exposure time (ET, in seconds), Pitch factor, Slice thickness (ST,
in mm), Number of slices (NS).

Radiation Dose Indices

During routine quality assurance and dosimetry procedures, the Computed Tomographic
Dose Index (CTDI) is measured during a single X-ray tube rotation without table movement.
This involves placing a 100-mm pencil ionization chamber at the center of a homogeneous
cylindrical polymethyl methacrylate (PMMA) phantom, aligned with the CT scanner’s
isocentre. Since measurements are taken within the phantom, CTDI and the Dose-Length
Product (DLP) serve primarily as machine-specific indicators for comparing scan protocols,
rather than as precise estimators of the actual radiation dose received by patients during a CT
examination.

CTDIvol (mGy): Computed Tomography Dose Index Volume representing the average
radiation dose within a single axial slice. The CT Dose Index 100 (CTDIlio) represents the
cumulative radiation dose measured at the center of a phantom over the length of a 100-mm
axial scan.

*50 mm

1
CTDIlOO = ﬁ f D(Z)dZ

—-50 mm

Here, D(z) represents the dose profile along the z-axis, n is the number of slices acquired per
rotation, and T is the nominal beam width of a single slice (detector row). These parameters
are used to derive the weighted CT Dose Index (CTDIw), which provides a reliable estimate
of the average absorbed dose within the phantom. CTDIw is calculated by combining dose
measurements taken from both the center and the periphery of the phantom.

1 2
CTDI,, =5 CTDlyoo + 3 CTDl1go,

The Volume CT Dose Index (CTDIvol) represents the localized radiation dose delivered to a
single transverse slice during a helical scan and inherently accounts for pitch. To obtain
CTDIvol from the weighted CTDI (CTDIw) measured during an axial scan, the value is
divided by the pitch — defined as the ratio of table movement per rotation to the total beam
collimation during the helical scan.

CTDI,,
CTDloor = Pitch
DLP (mGy.cm): Dose-Length Product (DLP) provides an approximation of the patient's
stochastic radiation risk and is considered a reliable indicator of the effective dose received
during a routine CT examination. It is calculated by multiplying the volume CT dose index
(CTDIvol) by the scan length (L)

DLP = CTDI,y; X L

Data Analysis
The collected data were analyzed using descriptive statistics using Microsoft Excel to compute
the mode, mean, and range for each parameter. The primary focus was to assess the
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distribution of radiation dose metrics of CTDIvol and DLP across the patient population. In
line with ICRP Publication 135 (2017) (Va6 et al., 2017) and the report from (Cool et al., 2019),
the 75th percentile of the CTDIvol and DLP distributions was calculated to establish the
absorbed radiation dose.

RESULTS AND DISCUSSION

Table 1 summarizes the imaging parameters utilized for adult brain CT examinations at
Rasheed Shekoni Teaching Hospital. These parameters represent the facility's standard
acquisition settings and serve as a basis for evaluating radiation dose metrics and
optimization strategies. The most frequently employed tube voltage was 120 kVp, with a
variable tube current averaging 135 mAs, indicating a balance between image contrast and
radiation dose optimization. The pitch factor, which determines the table movement per
rotation relative to slice thickness and directly influences scan efficiency, had a predominant
value of 0.62. The exposure time per scan was observed to be 40 seconds, while the average
number of slices acquired per scan was 80, with a mean slice thickness of 1.87 mm. Figure 1
illustrates the dose distribution in terms of DLP and CTDI,. across all scanned patients. The
75t percentile DLP was determined to be 1705.78 mGy.cm, signifying the cumulative
radiation burden from a complete brain CT examination. The 75t percentile CTDI,. was 82.14
mGy, representing the absorbed dose per slice during the scanning process. These values are
crucial in assessing dose trends and identifying potential variations in scanner performance,
radiographic techniques, and patient-specific factors. The computed 75t percentile values
serve as reference levels for benchmarking radiation exposure in clinical practice, ensuring
adherence to internationally recognized radiation safety guidelines.

Table 1: Adult Brain CT Imaging Protocol Parameters
S/N Parameter Mode Value Observed Range

1 kVp 120 120-140
2 mAs 135 78-228

3  ET(s) 40 32-87

4 NS 80 74-96

5 ST(mm) 187 1.25-2.5
6  Pitch 0.62 0.44-0.98

The mean CTDlIy, and DLP recorded in this study were 69.18 mGy and 1421.21
mGy.cm, respectively (Figure 1). These values fall within the "achievable dose" range
recommended by the ICRP, 2007 (60 mGy, 1050 mGy.cm) and Nigeria's national diagnostic
radiation dose survey (61 mGy, 1310 mGy.cm) (Al-Othman et al., 2022). The "achievable dose"
threshold serves as a benchmark for institutions equipped with advanced imaging
technologies, where further dose reduction may be a practical goal without compromising
diagnostic accuracy.
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Figure 1: Distribution of DLP and CTDI, for adult brain CT examination. Dashed lines represent the 75th
percentile dose values. Blue dashed line for DLP and brown dashed line for CTDI,

The histogram in figure 2 shows how frequently different CTDI,. values occurred across all
patients scans in the study. The shape of the figure indicates that most of the values fall
between 45-75 mGy, suggesting that is the common exposure range in the facility. The dashed
line indicates the 75t percentile. It shows that almost 25% of patients received CTDI,o dose
above 82.14 mGy. Values beyond the line may warrant investigation for dose optimization,
especially if they are consistently above recommended reference levels. Moreover, the DLP
histogram shows how values are spread across the population. It shows significant variability
around 800-1600 mGy.cm. The dashed line at 1705.78 mGy.cm marks the 75t percentile, that
shows a significant number of patients received DLP above this threshold. This might be due
to longer scan lengths, repeat scans, or different scanning protocols. However, at the 75t
percentile dose threshold, this study reported values which are higher than the established
national reference levels (CTDlyo: 59-77 mGy; DLP: 985-1444 mGy.cm) (Ojike et al., 2024; Tobi
et al., 2021).

These findings underscore the variation in radiation dose levels observed worldwide,
highlighting the influence of scanning protocols, exposure conditions, and optimization
practices at different institutions. In clinical settings where scanning techniques are not
adequately optimized, radiation dose reduction remains a viable goal through protocol
refinements, such as adjusting exposure parameters, implementing iterative reconstruction
techniques, and modifying scanning ranges. Notably, radiation doses that exceed the 75t
percentile threshold should prompt a review of examination protocols to ensure that exposure
remains as low as reasonably achievable (ALARA).
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Figure 2: Distribution of (A) CTDl,, and (B) DLP, with dashed lines indicating the 75t percentile.

To contextualize the radiation dose levels observed in this study, Table 2 provides a
comparative analysis of the 75t percentile DLP and CTDlyq values from this study against
some recent national and international reference values reported in Africa, Asia, Europe,
North America, and Oceania. The DLP (1705.78 mGy.cm) and CTDIya (82.14 mGy) values
observed in this study exceed those reported in several other Nigerian regions, such as Edo
(457 mGy.cm, 22 mGy) and Rivers (1103 mGy.cm, 54.9 mGy), but are close to those reported
in Delta (1777 mGy.cm, 75 mGy). Similarly, the observed dose values are significantly higher
than those reported in South Africa (559 mGy.cm, 6 mGy), Ghana (1216 mGy.cm, 56.5 mGy),
and Uganda (871 mGy.cm, 38.5 mGy). In comparison with Asian data, the reported values in
this study were higher than those in Singapore (718 mGy.cm, 38 mGy), Saudi Arabia (1079
mGy.cm, 59 mGy), and Korea (969.8 mGy.cm, 52.2 mGy) but close to those in Japan (1359.8
mGy.cm, 85.5 mGy) and Indonesia (1811 mGy.cm, 60 mGy). Among European data, lower
DLP and CTDI,.1 values were observed in Slovenia (969.2 mGy.cm, 16.9 mGy) and Norway
(962 mGy.cm, 54 mGy. A similar trend was seen in North American and Oceanian data, where
Canada (815 mGy.cm, 44 mGy), the USA (1011 mGy. cm, 57 mGy), and Australia (880 mGy.
cm, 52 mGy) all reported significantly lower doses than those found in this study. This
highlights regional disparities in dose optimization, exposure techniques, variability in
clinical protocols, and technological advancements across different healthcare systems.
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Table 2: Comparison of 75t Percentile DLP and CTDI,. Values with National and
International DRLs

Country Ref. Region DLP CTDI,o
(mGy.cm) (mGy)
This Study (Nigeria) Africa 1705.78 82.14
Delta-Nigeria Tobi et al., 2021 Africa 1777 75
Edo-Nigeria Tobi et al., 2021 Africa 457 22
Rivers-Nigeria Ojike et al., 2024 Africa 1103 54.9
South Africa Kozlowski et al., 2024 Africa 559 6
Ghana Boadu et al., 2023 Africa 1216 56.5
Uganda Erem et al., 2022 Africa 871 38.5
Iran Jafari, 2020 Asia 575.58 35.09
Singapore Ng et al., 2022 Asia 718 38
Saudi Arabia Alrehily et al., 2023 Asia 1079 59
Japan Yuta Matsunaga et al., 2019 Asia 1359.8 85.5
Korea Nam et al., 2022 Asia 969.8 52.2
Indonesia Budi Verinda et al., 2020 Asia 1811 60
Thailand Pema & Kritsaneepaiboon, 2020 Asia 1102.6 57.5
Slovenia Zalokar & Mekis, 2020 Europe 969.2 16.9
Norway Tonkopi et al., 2022 Europe 962 54
Canada Tonkopi et al., 2022 North America 815 44
USA Kanal et al., 2022 North America 1011 57
Australia Lee et al., 2020 Oceania 880 52
ICRP (2007) Al-Othman et al., 2022 - 1050 60

Thus, across different geographical regions, DLP values in this study were higher than those
reported in Edo and Rivers States (Nigeria), South Africa, Ghana, Uganda, Iran, Singapore,
Saudi Arabia, Korea, Indonesia, Thailand, Slovenia, Norway, Canada, the USA, and Australia.
Similarly, CTDlyo values in this study exceeded those from most global studies, except for
Japan, where a higher value was observed. This suggests that brain CT protocols at Rasheed
Shekoni Teaching Hospital need to be fully optimized and follow international best practice
standards.

It is essential to note that the 75th percentile dose values reported in this study are not absolute
limits or regulatory thresholds but serve as reference benchmarks. These values will enable
radiology centers to assess their dose levels against national and international DRLs,
facilitating self-auditing and protocol optimization. Future research in the region would
explore dose optimization strategies, including the incorporation of advanced iterative
reconstruction algorithms, patient-specific dose modulation techniques, and Al-driven
exposure parameter selection. Additionally, the research would be expanded to include
various scanner configurations within the region to provide a more comprehensive
understanding of dose variations and optimization.

CONCLUSION

This study comprehensively evaluates absorbed radiation doses for adult brain CT
examinations at Rasheed Shekoni Teaching Hospital, Dutse, Jigawa, Nigeria. The findings
highlight substantial variations in dose levels, with the 75t percentile CTDlyq (82.14 mGy)
and DLP (1705.78 mGy. cm) exceeding national and international reference levels. These
variations underscore the need for standardized imaging protocols and optimization
strategies to ensure patient safety while maintaining diagnostic accuracy. Comparative
analysis with studies from Nigeria and other global regions reveals that the observed dose
levels are higher than those reported in many countries, including South Africa, Ghana,
Uganda, Iran, Singapore, Saudi Arabia, Korea, Thailand, Slovenia, Norway, Canada, the USA,
and Australia. This suggests that CT protocols at the study site may are not have been fully
optimized, possibly due to technological limitations, scanner calibration issues, and a lack of
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standardized exposure parameters. The higher dose values observed may also be influenced
by factors such as scanner model variations, differences in patient positioning, and
inconsistent use of dose-reduction technologies like automatic exposure control (AEC) and
iterative reconstruction techniques. While the 75t percentile dose values reported in this
study do not represent strict regulatory limits, they serve as essential benchmarks for self-
auditing and protocol refinement.
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