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Abstract

The increasing use of computed tomography (CT) in medical imaging has raised concerns regarding patient exposure to ionizing
radiation, necessitating continuous evaluation of dose levels and optimization practices. This study presents a combined
assessment of patient radiation dose and protection parameters during general and head CT examinations in selected diagnostic
centers in Nigeria, utilizing Optically Stimulated Luminescence Dosimeters (OSLDs) for direct dose measurement. A
retrospective analysis of 30 patients was conducted to evaluate skin dose during general CT examinations across three centers
(A, B, and C), while a prospective study of 60 adult patients assessed head CT dose indices, including CTDl, CTDIw, dose
length product (DLP), and effective dose. The mean skin doses for general CT were 9.92 mGy, 12.21 mGy, and 13.44 mGy for
Centers A, B, and C respectively, corresponding to estimated effective doses of 0.15 mSyv, 0.18 mSyv, and 0.20 mSv. For head
CT examinations, mean CTDIvol values ranged from 47.83 to 52.52 mGy, while mean DLP values varied from 1080.71 to
1485.48 mGy €m, with effective doses between 2.49 and 3.17 mSv. Significant inter-center variations were observed, with
general CT dose variability largely attributed to operator-dependent factors, whereas differences in head CT doses were primarily
influenced by scan length and protocol implementation. Third-quartile values were used to establish local diagnostic reference
levels (DRLs), which were higher than some international benchmarks but consistent with findings from similar healthcare
settings. The study highlights the need for standardized CT protocols, routine dose monitoring, and strict adherence to the
ALARA principle to enhance patient radiation protection while maintaining diagnostic image quality.
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1. Introduction

Computed Tomography (CT) has become an indispensable
imaging modality in modern diagnostic radiology due to its
ability to provide high-resolution cross-sectional images with
excellent anatomical detail. It is widely utilized in the diagno-
sis and management of a broad spectrum of clinical conditions,
including trauma, cancer, cardiovascular diseases, and neuro-
logical disorders. [1] In particular, head CT examinations play
a critical role in the rapid assessment of conditions such as
traumatic brain injury, stroke, and intracranial hemorrhage.
Despite these advantages, CT contributes significantly to pa-
tient exposure to ionizing radiation and represents one of the
largest sources of medical radiation dose world wide [6, 7 ,12].

The radiation dose associated with CT examinations is con-
siderably higher than that of conventional radiographic proce-
dures due to the use of multiple projections and higher tube
current settings required to achieve optimal image quality. Pa-
tient dose in CT is commonly quantified using dosimetric pa-
rameters such as skin dose, volume computed tomography
dose index (CTDLo1), weighted CT dose index (CTDI,,), and
dose length product (DLP). These parameters provide a prac-
tical basis for estimating the effective dose, which reflects the
overall stochastic risk associated with radiation exposure [8,
9]. Although deterministic effects are unlikely at diagnostic
dose levels, stochastic effects such as radiation-induced can-
cer remain a concern, particularly with repeated CT examina-
tions.

To minimize radiation risks while maintaining diagnostic
image quality, international radiation protection bodies have
emphasized the principles of justification and optimization,
with optimization guided by the As Low As Reasonably
Achievable (ALARA) principle. A key tool for dose optimiza-
tion is the establishment of Diagnostic Reference Levels
(DRLs), which serve as benchmarks for typical radiation
doses in standard imaging procedures. DRLs are typically de-
fined at the 75th percentile of dose distributions and are used
to identify unusually high radiation doses that may require
corrective action [13]. Regular dose audits and inter-institu-
tional comparisons are essential for ensuring compliance with
these guidelines and improving radiation protection practices.

In Nigeria, the use of CT imaging has increased steadily in
recent years, particularly in urban centers and tertiary
healthcare facilities. However, there remains limited data on
patient radiation dose and the implementation of locally rele-
vant DRLs. Previous studies have reported significant inter-
facility variations in CT dose, often attributed to differences
in scanning protocols, equipment performance, and operator
experience [4, 11]. Given these challenges, there is a need for
comprehensive dose assessments that incorporate both direct
measurements, such as those obtained using Optically Stimu-
lated Luminescence Dosimeters (OSLD), and scanner-re-
ported dose indices. This study therefore aims to evaluate pa-
tient radiation dose during general and head CT examinations
in selected diagnostic centers in Nigeria, with the objective of
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assessing current practices, identifying variability, and con-
tributing to the establishment of local diagnostic reference lev-
els for improved patient radiation protection.

2. Materials and Methods

2.1. Study Design and Setting

This study employed a combined retrospective and pro-
spective descriptive design to assess patient radiation dose
during computed tomography (CT) examinations in selected
diagnostic centers in Nigeria. The study was conducted across
three diagnostic centers, designated as Centers A, B, and C.
The retrospective component evaluated patient skin dose dur-
ing general CT examinations, while the prospective compo-
nent focused on dose assessment during routine adult head CT
examinations. All participating CT facilities were equipped
with multi-slice CT scanners that had undergone routine qual-
ity control and certification by the Nigerian Nuclear Regula-
tory Authority (NNRA).

2.2. Study Population and Sampling

A total of 90 adult patients were included in the study. The
retrospective arm consisted of 30 patients (10 per center) who
had previously undergone general CT examinations with com-
plete dose records. The prospective arm involved 60 patients
(20 per center) undergoing routine head CT examinations be-
tween April 2024 and April 2025.

To ensure uniformity and comparability, only adult patients
within the standard reference weight range of 70 +3 kg were
included in the head CT study, in accordance with interna-
tional recommendations. Both male and female patients were
considered. Patients undergoing specialized CT procedures
such as angiography, perfusion imaging, or interventional CT
were excluded. Additionally, patients with incomplete dose in-
formation were not included in the analysis.

2.3. Dosimetry and Dose Measurement

Patient radiation dose was assessed using Optically Stimu-
lated Luminescence Dosimeters (OSLD) for direct measure-
ment of skin dose during general CT examinations. The OSLD
were placed on the patient’s body surface at the region of in-
terest prior to scanning and were read post-exposure using a
calibrated OSLD reader. The dosimeters were selected due to
their high sensitivity, reusability, and suitability for low-dose
radiation measurements.

For head CT examinations, dose metrics were obtained di-
rectly from the CT scanner console. These included: Volume
Computed Tomography Dose Index (CTDIvol) and Weighted
Computed Tomography Dose Index (CTDIw), and Dose
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Length Product (DLP). These parameters are standardized in-
dicators of radiation output and are routinely displayed by
modern CT systems.

2.4. Data Collection

Data collection was carried out systematically for both the
retrospective (general CT) and prospective (head CT) compo-
nents of the study using structured data recording sheets. The
process involved the collection of patient demographic infor-
mation, scan parameters, and radiation dose metrics from the
participating diagnostic centers (Centers A, B, and C).

For the retrospective component (general CT examinations),
relevant data were obtained from existing patient records and
dose reports. In addition, Optically Stimulated Luminescence
Dosimeters (OSLD) were used to measure skin dose. The
OSLD were carefully positioned on the patient’s skin at the
anatomical region of interest prior to CT scanning. After ex-
posure, the dosimeters were retrieved and analyzed using a
calibrated OSLD reader to determine the absorbed dose in
milligray (mGy).

For the prospective component (head CT examinations),
data were collected in real time during each patient’s scan. Pa-
tient demographic information, including age, sex, and body
weight, was recorded to ensure compliance with the standard
reference range (70 + 3 kg). Scan parameters such as tube volt-
age (kVp), tube current-time product (mAs), pitch, scan length,
and scan time were documented. Radiation dose indices, in-
cluding CTDIvol, CTDIw, and Dose Length Product (DLP),
were obtained directly from the CT scanner console immedi-
ately after each examination.

All data collection procedures were conducted by the prin-
cipal investigator with the assistance of a qualified CT radiog-
rapher and a medical physicist to ensure accuracy, consistency,
and adherence to standard operating procedures. Collected
data were verified for completeness and accuracy before being
entered into a Microsoft Excel spreadsheet for subsequent
analysis.

2.5. Dose Calculations

Radiation dose calculations were performed to quantify pa-
tient exposure during both general CT and head CT examina-
tions using standard dosimetric relationships. The calculations
included determination of mean skin dose, dose range, stand-
ard deviation, dose length product (DLP), and effective dose.

2.5.1. Mean Skin Dose

The mean skin dose for each diagnostic center was calcu-
lated from individual patient measurements obtained using
Optically Stimulated Luminescence Dosimeters (OSLD). The
mean value provides an estimate of the average radiation dose
delivered to patients during general CT examinations.

= 1
D=; i=1Di 1)
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where D is the mean skin dose, D; represents individual
dose measurements, and n is the total number of patients.

2.5.2. Dose Range and Standard Deviation

The dose range (R) was calculated as the difference be-
tween the maximum and minimum recorded skin doses for
each center:

R = Dimax = Diin )

The standard deviation (SD) was computed to assess the
variability of dose distribution among patients within each
center.

2.5.3 Effective Dose Estimation

The effective dose for general CT examinations was esti-
mated using a standard conversion factor that relates skin dose
to overall radiation risk:

E=kxD @)
where E is the effective dose in millisieverts (mSv), D is the

mean skin dose (mGy), and k=0.015 mSv/mGy is the conver-
sion coefficient for body CT examinations.

2.5.4 Dose Length Product

For head CT examinations, the Dose Length Product (DLP)
was calculated using the relationship:

DLP = CTDI,, X L 4

where CTDl,, is the volume computed tomography dose in-

dex (mGy) and L is the scan length (cm). DLP represents the
total radiation output over the scanned volume.

2.5.5. Effective Dose Estimation (Head CT)

The effective dose for head CT examinations was derived
from DLP using a region-specific conversion coefficient:
E=DLP xk (5)

where E is the effective dose (mSv), DLP is the dose length
product (mGy-cm), and k is the conversion factor for the head

region (mSv/mGy-cm), as recommended by international
guidelines.

2.6. Establishment of Diagnostic Reference
Levels (DRLS)

Diagnostic Reference Levels (DRLs) were established in
this study as a practical tool for dose optimization and quality
assurance in computed tomography (CT) examinations. The
DRLs were derived from the dose distribution data obtained
across the three diagnostic centers (A, B, and C) for head CT
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examinations. Specifically, the third quartile (75th percentile)
values of key dose metrics, including CTDI,, and Dose
Length Product (DLP), were calculated for each center to rep-
resent typical upper reference levels for standard-sized adult
patients. These values were not intended as dose limits but ra-
ther as investigational benchmarks to identify unusually high
radiation doses that may indicate suboptimal scanning proto-
cols or equipment settings. The derived DRLs were then com-
pared with established international reference levels, such as
those recommended by the European Commission and other
radiation protection bodies, to assess compliance and variabil-
ity across centers. This approach provided a basis for evaluat-
ing current CT practice, highlighting areas requiring optimi-
zation, and supporting the development of locally relevant
DRLs to enhance patient radiation protection and standardize
imaging protocols.

2.7. Ethical Considerations

Ethical approval for this study was obtained from the Insti-
tutional Review Boards (IRBs) of the participating diagnostic
centers prior to data collection, and all procedures were con-
ducted in accordance with the principles of the Declaration of
Helsinki. For the retrospective component, patient data were
retrieved from existing records and fully anonymized, with no
personal identifiers recorded to ensure confidentiality. In the
prospective component, informed consent was obtained from
all participants after explaining the purpose of the study, the
procedures involved, and the use of Optically Stimulated Lu-
minescence Dosimeters (OSLD) for dose measurement. Par-
ticipation was voluntary, and patients were assured that their
decision would not affect their clinical care. All collected data
were handled with strict confidentiality and used solely for re-
search purposes, while the use of OSLDs did not interfere with
routine clinical procedures or result in additional radiation ex-
posure, thereby ensuring patient safety and privacy throughout
the study.

3. Results and Discussion

This study presents a comprehensive evaluation of patient
radiation dose from both general CT and head CT examina-
tions across three diagnostic centers (A, B, and C). The find-
ings demonstrate significant inter-center variability in radia-
tion dose, reflecting differences in scanning protocols, opera-
tor practices, and optimization strategies.

3.1. General CT Dose Assessment

Skin dose measurements obtained using Optically Stimu-
lated Luminescence Dosimeters (OSLDs) revealed mean val-
ues of 9.92 mGy, 12.21 mGy, and 13.44 mGy for Centers A,
B, and C, respectively (Table 2 and Figure 1). The relatively
lower mean dose observed in Center A suggests better optimi-
zation of scanning parameters, while the higher mean dose in
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Center C indicates a tendency toward consistently elevated ex-
posure levels. Center B exhibited the highest variability (SD
~ 9.2 mQGy), suggesting inconsistent application of scanning
protocols.

Table 1. Individual Skin Dose Measurements (mGy).

S/n Center A Center B Center C
1 4.79 5.35 6.56
2 11.85 4.22 6.56
3 4.68 11.56 8.35
4 13.65 4.22 12.50
5 20.50 11.85 6.76
6 12.50 20.34 9.56
7 5.50 33.45 13.40
8 4.65 8.13 9.56
9 12.60 16.39 13.45
10 8.45 6.55 7.55
Table 2. Descriptive Statistics for Skin Dose.
Parameter Center A Center B Center C
Minimum (mGy) 4.65 4.22 6.56
Maximum (mGy) 20.50 33.45 13.45
Mean (mGy) 9.92 12.21 13.44
Range (mGy) 15.85 29.23 6.89
Standard Deviation (mGy) 5.5 9.2 2.6
16
14 13.439
12.2055
12
9.9174
= 10
Q
E
4
2
0.5 0.3
0 | —

Centre A Centre B Centre C IAEA EC

Figure 1. Comparison of Entrance skin dose with International ref-
erence Dose.

The results of comparison of mean of the Entrance surface
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Dose (ESD) obtained in the present work with some interna-
tional reference dose values in (mGy) are presented in Figure
1: The mean entrance surface dose to the chest is higher than
the corresponding mean 0.5mGy and 0.3 mGy recommended
by IAEA and EC. The variations in ESD among the different
radiological departments studied may be attributed to several
factors: exposure parameters, radiological technique and ac-
curacies of the (OSLD) dosimeters used. Also, the efficiency
of the Tube voltage generator in the department. Several fac-
tors could have positively contributed to the results. Equip-
ment performance can be a major factor as well.

Although direct comparison with literature is limited due to
fewer studies reporting skin dose using OSLDs, similar varia-
bility trends have been reported in CT dose studies. Variations
in patient dose are commonly attributed to differences in op-
erator experience, selection of exposure parameters (mAs,
kVp), and scan coverage [10].

The high variability observed in Center B aligns with find-
ings from other studies, which emphasize that lack of stand-
ardized protocols can lead to inconsistent patient exposure
even when similar CT systems are used. This reinforces the
importance of protocol harmonization and staff training in
dose optimization.

3.2. Head CT Dose Assessment

The mean CTDIvol values recorded in this study ranged
from 47.83 mGy to 52.52 mGy. These values are consistent
with internationally recommended diagnostic reference levels
(approximately 50 mGy for adult head CT). However, slight
exceedances observed in Centers A and B suggest the need for
optimization (Table 3).

When compared with other studies, the results show good
agreement. For example, a Nigerian study reported a mean
CTDlvol of approximately 48 mGy for non-contrast head CT
and 54 mGy for contrast studies [3]. Similarly, another Nige-
rian study reported even higher 75th percentile CTDIvol val-
ues of up to 85 mGy, indicating that the values obtained in this
study are relatively lower and closer to acceptable limits [10].

This study evaluated radiation dose parameters, including
CTDIw, CTDIvol, DLP, and effective dose, across three diag-
nostic centers (A, B, and C) in order to assess compliance with
established diagnostic reference levels (DRLs) and interna-
tional optimization standards.

Table 3. CTDIv for Head CT Examination.

S/n CTDlv for the Head
Centre A Centre B Centre C
(mGy) (mGy) (mGy)

1 51.3 51.3 42.56

2 51.3 51.3 61.59

S/n CTDIyv for the Head

Centre A Centre B Centre C

(mGy) (mGy) (mGy)
3 51.3 52.5 62.42
4 52.3 51.3 41.82
5 51.3 525 42.62
6 52.3 52.5 46.00
7 51.3 60.5 70.86
8 51.3 60.5 46.21
9 52.3 51.3 44.78
10 51.3 51.3 21.21
MEAN 51.60 53.50 48.01
MAX 52.30 60.50 70.86
MIN 51.30 51.30 21.21

Internationally, a recent study reported a DRL CTDI, of
58.18 mGy for head CT examinations, which is slightly higher
than the values observed in this study, further confirming that
the dose levels reported here fall within acceptable global
ranges [5].

3.3. Dose Length Product (DLP) Analysis

The mean DLP values ranged from 1080.71 mGy-cm to
1485.48 mGy-cm, with Centers A and B exceeding the com-
monly recommended international reference value of approx-
imately 1050 mGy-cm (Table 4).

These findings are consistent with previous studies con-
ducted in Nigeria and other developing regions. For instance,
a Nigerian study reported mean DLP values of 874-1476
mGy-cm for head CT examinations, which closely aligns with
the results of this study [3]. Another study reported a 75th per-
centile DLP value of approximately 1437 mGy-cm, further
confirming that the observed values fall within the upper
range of reported doses [10].

Table 4. Dose Length Product for the Head.

S/N Centre A Centre B Centre C
(mGy.cm) (mGy.cm) (mGy.cm)

1 1066.9 1862.1 936.36

2 1759.4 1349.1 1577.88

3 1708.1 1932.5 1599.07

4 1597 14.37 1087.45

5 1092 1748.6 1193.28
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S/N Centre A Centre B Centre C
(mGy.cm) (mGy.cm) (mGy.cm)

6 1143.6 1879.9 1196.05

7 1374.7 1490.8 20.98

8 1656.8 1430.3 1109.12

9 1512.3 1041.3 985.25

10 1066.9 1836.4 426.85

MAEN 1.397.77 1.458.54 1013.23

MAX 1.759.40 1.932.50 1.599.07

MIN 1.066.90 14.37 20.98

In contrast, lower DLP values have been reported in devel-
oped countries. For example, a national survey in the United
Arab Emirates reported DLP values as low as 695-820
mGy-cm for head CT examinations, reflecting more opti-

mized protocols and advanced dose reduction technologies [2].

The higher DLP values observed in this study are primarily
attributable to increased scan length and possible multiphase
acquisitions, highlighting scan length as a major determinant
of patient dose.

3.4. Effective Dose Comparison

The mean effective dose values obtained in this study
ranged from 2.49 mSv to 3.17 mSv for head CT examinations.
These values fall within the typical global range of 1-4 mSv
reported in the literature for adult head CT (Table 5).

Comparatively, a Nigerian study reported effective dose
values of approximately 1.8-3.1 mSv for head CT, which is
consistent with the findings of this study [3]. This suggests
that despite variations in DLP, the overall radiation risk re-
mains within acceptable limits.

However, the higher effective dose observed in Center A re-
flects the influence of increased scan length and protocol dif-
ferences, emphasizing the importance of optimization strate-
gies that focus not only on tube output but also on scan cover-
age.

Table 5. Effective Dose to the Head.

Effective Dose to the Head (mSv)

S/IN Centre A

4.28
3.10
4.44
0.03
4.02
4.32
3.43
3.29

© 00 N o o~ W N

2.39

[uny
o

4.22
MEAN 3.35

MAX 4.44

3.5. Diagnostic Reference Levels (DRLS)

The locally derived DRLs (75th percentile values) for
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Centre B Centre C
2.15 2.15
3.63 3.63
3.68 3.68
2.50 2.50
2.74 2.74
2.75 2.75
0.05 0.05
2.55 2.55
2.27 2.27
0.98 0.98
2.33 2.33
3.68 3.68

CTDIlvo (=52-53 mGy) and DLP (=1209-1795 mGy-cm)
were higher than some international benchmarks but con-
sistent with values reported in similar healthcare settings (Ta-
ble 6).
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Table 6. 75" Percentile of CTDIv and DLP for Head for Centre A, B and C 3™ Quartile Local diagnostic Reference level.

Body region CTDIv (mGy) DLP (mGy.cm)
Head Min. Value Mean+SD Max. Value 3"quartile  Min. Value  Mean £SD Max Value  3quartile
A 41.3 51.943.7 60.5 52.3 1015.70 1485.54360.8 2125.80 1782.6
51.30 52.542.8 60.5 52.5 144 1376.34547.7 19325 1794.9
C 211 47.8+10.6 70.9 52.7 20.9 1080.714381.8 1762.6 1209.1
For instance, a recent study reported DRLs of 58.18 mGy ALARA  As Low As Reasonably Achievable
(CTDlvol) and 1018 mGy-cm (DLP), which are slightly lower ICRP The International Commission on Radio-
than the values obtained in this study [5]. In contrast, studies logical Protection
conducted in Nigeria have reported even higher DRL values, UNSCE  United Nations Scientific Committee on the
with CTDIvol up to 85 mGy and DLP exceeding 1400 AR Effects of Atomic Radiation

mGy-cm [10].

These comparisons indicate that while dose levels in this
study are somewhat elevated relative to developed countries,
they are consistent with regional trends and reflect the current
stage of CT practice in developing healthcare systems.

4. Conclusion

This study provides a comprehensive assessment of patient
radiation dose during both general and head computed tomog-
raphy (CT) examinations in selected diagnostic centers in Ni-
geria, highlighting significant inter-center variability in dose
levels and radiation protection practices. The findings showed
that general CT dose variations were largely influenced by op-
erator-dependent factors, while differences in head CT doses
were primarily driven by scan length and protocol design. Alt-
hough the measured CTDIvol and effective dose values were
generally within internationally reported ranges, dose length
product (DLP) and locally derived diagnostic reference levels
(DRLs) exceeded some global benchmarks, indicating the
need for further optimization. The use of Optically Stimulated
Luminescence Dosimeters (OSLD) provided reliable direct

dose measurements, enhancing the accuracy of the assessment.

Overall, the study underscores the importance of standardized
scanning protocols, routine dose monitoring, establishment of
local DRLs, and continuous staff training, as well as strict ad-
herence to the ALARA principle to minimize patient radiation
exposure while maintaining diagnostic image quality.

Abbreviations

OSLD Optically Stimulated Dosimeter

CT Computed Tomography

DRLs Diagnostic Reference Levels

CTDIv Represents the Volume Computed
Tomography Dose Index

DLP Dose Length Product
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