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1. INTRODUCTION

Computed Tomography (CT) is an essential diagnostic instrument in medical imaging, yielding
intricate cross-sectional images of the body. The elevated radiation doses linked to CT scans require
stringent quality assurance (QA) and dosage optimization to guarantee patient safety [1], [2], [3]. Medical
diagnostics extensively use Computed Tomography (CT) imaging; however, concerns about radiation dose
exposure continue to be a significant issue. The Size-Specific Dose Estimate (SSDE) is a methodology
established by the American Association of Physicists in Medicine (AAPM) Report No. 204 [4] to offer a
more precise assessment of the radiation dose administered to a patient according to their size. In contrast
to the CT Dose Index Volume (CTDIvol), which is based on a conventional phantom size, the Size-Specific
Dose Estimate (SSDE) accounts for human body size, providing a tailored radiation dose assessment.
Among the various strategies utilized for CT dose reduction, the implementation of diagnostic reference
levels (DRLs) has become a common practice in medical facilities [5], [6] DRLs are employed to minimize
the radiation doses administered to patients during CT scans. Setting up DRLs can help check radiation
doses and enhance patient safety by encouraging lower dose levels while still keeping image quality and
patient care high [7].

There is a surge in the use of DRLs in diagnosis for adult patients. The increase is due to its varying
applications in medicine [8], [9], [10]. While CT scans offer invaluable diagnostic information regarding the
appropriate patients, concerns have arisen regarding the radiation doses associated with the procedure.
Several studies have shed light on the non-trivial radiological consequences associated with these doses
[11], [12]. The National Radiological Protection Bureau (NPRB) submitted that high radiation levels
characterize CT scans and constitute a significant portion of radiological examinations in the United
Kingdom (UK) Quite recently, [13] indicated that this protocol (CT imaging) is the highest contributor of
artificial sources of radiation to humans Table 1.

Table 1. % Contribution and Annual Dose Values for Varying Artificial Radiation Sources

Source % Contribution Average Annual Dose (mSv)
Consumer products 2 0.130
Industrial <0.1 0.003
Occupational <0.1 0.005
Computed Tomography (CT) 24 1.470

(Adapted from Mokobia, 2023)

CT technology will continue to change at a rapid pace, and radiologists, technologists, physicists,
and department administrators will all need to reevaluate existing practice strategies and examination
protocols to successfully integrate patient safety with complex CT scanners Table 2 into their practice [14].
This expected increase in utilization must be accompanied by awareness and understanding of radiation
dose issues. In addition, as CT technology develops, the revision or updating of existing definitions,
particularly with respect to CT dosimetry, may be required [15]. Computed tomography examinations of
the chest and abdominopelvic (CAP) region are commonly employed to assess anatomical structures and
diagnose malignancies in organs such as the lungs, liver, pelvic organs, lymph nodes, and bones [16]. The
frequency of the latter has risen significantly, thanks to the widespread use of multi-detector row computed
tomography scanner machines. Computed Tomography (CT) is an essential diagnostic instrument in
contemporary medicine; however, it entails considerable radiation exposure, specifically 2225. 25 mGy-cm
for abdominal CT scans, which exceeds international standards and highlights the necessity for protocol
optimization [17], [18] in thoracic and abdominal imaging. Size-Specific Dose Estimates (SSDE) have been
recommended to enhance the precision of patient radiation dose evaluations by considering individual
body sizes [19].

A multitude of studies have assessed radiation levels from CT treatments throughout Nigeria. A
research at Aminu Kano Teaching Hospital indicated a 75th percentile CTDIvol of 12 mGy and a Dose
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Length Product (DLP) of unspecified value. In Rivers State, an evaluation of chest CT scans from three sites
recommended Diagnostic Reference Levels (DRLs) of 10.6 mGy for CTDIvol and 414.70 mGy-cm for DLP.
The observed levels were lower than the European Commission's Diagnostic Reference Levels, indicating
a degree of optimization in the region [20], [21].

Conventional dose metrics such as CTDIvol and DLP fail to consider patient size, which may result
in erroneous dosage evaluations. SSDE accounts for patient size, yielding a more personalized dose
estimation. A study in Ghana indicated that the use of SSDE exposed underestimations of radiation doses
by as much as 26% when depending exclusively on CTDIvol, underscoring the necessity of including SSDE
into dose evaluations [21].

Research indicates considerable diversity in radiation exposures among various CT centers in
Nigeria. A research in Lagos revealed significant disparities in organ doses among seven CT units,
highlighting the absence of defined methods [22]. This heterogeneity underscores the necessity for
standardized scanning techniques and routine dose assessments to guarantee patient safety. The
evaluation of radiation doses in adult chest and abdominal CT procedures utilizing SSDE is essential for
precise dose estimation and patient safety. Although several areas in Nigeria have advanced in refining CT
techniques, considerable variability remains. Implementing SSDE and standardizing DRLs across CT
centers, especially in Rivers and Delta States, are crucial measures for dose optimization and reducing
radiation hazards to patients.

Study Area
The research work was conducted in four out of the 16 identified scan centers that were contacted. These
centers spread across the States of Rivers and Delta, Nigeria Figure 1 & Figure 2.
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Figure 2. Map of Delta State
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2. RELATED WORK

Researchers from all over the world are working on finding out how much radiation is used in
calculation tomography (CT) imaging, to ensure that patients are safe, while yet receiving acceptable
clinical images. The size-specific dose estimate (SSDE) was introduced in 2001 by the American Association
of Physicist in Medicine (AAPM), which takes into account the difference size in patients, making it more
accurate to measure the dose. SSDE has been helpful in therapeutic settings for a wide range of patient
groups, and its use has expanded gradually.

Setting up diagnostic reference levels (DRLs) is very important for keeping people safe from
radiation in medical imaging. The European Commission's guidelines underline the significance of regular
dose audits and optimisation efforts to maintain patient doses as low as possible. Recent research has
focused on setting region-specific DRLs that consider the types of equipment available in that area and the
types of patients living there. Regional studies in Sub-Saharan Africa have shown that CT dose practices
may be very different, and the need for standardized protocols is essential. However, the use of SSDE
calculations can make patient-specific dose estimations less accurate, and the need for standardized
protocols is still a challenge in places with limited resources. The demographics of patients significantly
impact the dose requirements and optimization measures for CT scans. Age-related factors, such as changes
in body structure, affect radiation quality, and exposure settings need to be adjusted accordingly.
Disparities in CT dose needs between men and women are also evident, with female patients often needing
specific optimisation tactics due to their sensitivity to radiation. The size of a patient also plays a role in
determining radiation dose, with automatic exposure control systems and size-specific techniques being
crucial.

Modern CT technology has improved dose reduction while maintaining image quality, particularly
in underdeveloped nations. Multi-detector row CT systems have made scans faster and safer, but the
increasing frequency of exams necessitates attention to cumulative dosage effects and methods for
justifying exams. Quality assurance and standardization in CT dose management have evolved, but
standardization has been challenging in poor nations due to equipment and technical knowledge barriers.
Current research on CT dosimetry in Sub-Saharan Africa is limited, with many studies focusing on rich
countries with advanced healthcare systems. The current study fills these gaps by using the SSDE method
for full dose evaluations at various CT centers in Nigeria, adding to the limited information on CT dosimetry
in the region.

3. METHODOLOGY

Data were collected using data collection sheets designed to include all the variables of the study,
including age, gender, tube voltage, tube current, rotation time, organ volume CT dose index, dose length
product, and effective dose value.

Research Design

This study was structured as a retrospective cross-sectional analysis focused on adult patients who
were referred for CT scans of the chest and abdominopelvic regions. Notably, the research methodology
ensured that the investigator did not interact directly or indirectly with patients during or after the study
period.

3.1 Study Population

Data (clinical history, scan protocol and parameters, contrast administration where applicable,
positioning instructions, radiation dose information, scan range and quality control checks) was collected
for a total of five hundred and eighty patients (580) that comprised adult male and female who were
referred for CT scan of the chest and abdominopelvic region from the console of the CT scanners Table 2 in
the four centers that accepted for the work to be carried out in their centers. The centers were then
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identified with codes (A, B, C & D). The chest and pelvic examination were selected for this study because,
during the examination, critical organs (the heart, liver, stomach, testes, ovaries and other vital organs) that
contribute to effective dose are irradiated.

3.2 Sample Size

The sample size for establishing the Diagnostic Reference Levels (DRLs) in this research followed
the European Commission's recommendation of a minimum of 10 standard-sized patients [23]. However,
data from more than 10 patients per studied center were collected to broaden the study's base and enhance
the statistical significance of the results.

3.3 Sampling Techniques
This study involved all adult patients who were referred for only chest, and abdominopelvic CT
scans at the specified study centers.

3.4 Inclusion Criteria

Standard-sized adult male and female patients 18 years and above whose weights were within
70£10 kg were included in this study. In contrast, adult patients whose body weights were above or below
the recommended standard size (70 + 10 kg) were excluded [24].

Data Analysis

Patient information (age, gender), tube voltage, tube current, rotation time(s), organ examined,
CTDIvol, and dose length (DLP) were collected over time from the console of the CT imaging machine in
each of the hospitals studied [25], [26]. To evaluate the Size-Specific Dose Estimates (SSDE) involved in this
study, we relied on the conversion factor, which is based on the four different measurements of torso
thickness to represent patient size [14]. By using digital

Table 3 calipers on the scanner console, the anteroposterior dimension (AP), the lateral dimension

(LAT), the sum of the dimensions (AP + LAT), and the effective diameter (Deff) were obtained.

Effective Diameter (Det)
Dess - varstar 1
Where AP is the anteroposterior diameter, and LAT is the lateral diameter of the patient's torso
Water-Equivalent Diameter Dw

’Aw
D, =2 = 2

Where A,, is the cross-sectional area of the patient in the CT scan, adjusted for tissue composition
based on attenuation values (HU). AAPM Report 220. The 4,, is generated from the CT console.

Size-Specific Dose Estimate (SSDE):
SSDE = fii,e X CTDI,,, 3
Where f;;,. is the size-based conversion factor for the torso, and CTDI,,, is the volume CT dose
index. The conversion factor f;;,, for the chest and abdomen for an adult CT patient whose AP diameter is
32 cm is put at 0.9 for any of the body regions [21].

4. RESULTS AND DISCUSSION

Chest Results
Table 2. Technical Characteristics of the CT Scanners
Center Manufacturer Model Date Installed/Scan Mode Slice
A Siemens Healthineers 2019 Helical/Axial 64
B Neusoft Neu Viz 2021Helical/Axial 128
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C GE Revolution Acts | 2019Helical/Axial 8
D Toshiba Aquillion 2018 Helical/Axial 64
Table 3. Monitor Calipers Quality Measurement Test
Center Calipers Measurement *

A +0.4

B +0.2

C +0.3

D +0.2

Table 4. Presents the Frequency and Percentage of Gender Distribution (N=221) for CT Chest Cases
across Different Hospitals

Variables Frequency Percentage

Gender F 120 54.30

M 101 45.70

A 58 26.24

, B 52 23.53
Hospitals

C 54 2443

D 57 25.79

Gender Distribution for CT Chest Cases

™
45.7%
3%
Figure 3. Frequency and Percentage of Gender Distribution
Interpretation

Gender Distribution: Figure 3 the pie chart shows that 54.3% of the Table 4 CT Chest cases are female (F),
while 45.7% are male (M). This indicates a slightly higher representation of females in the patient
population for these cases.

Hospital Distribution: The second pie chart shows how the cases are spread out among four hospitals.
Hospital A has the highest examples, with 26.24% of them, and the hospital is behind with 25.79%.
Hospitals have the same percentage of B and C, with 23.53% and 24.43% of the total respectively. This
distribution can help us understand how many patients in each hospital and how they are using their
resources. These charts give a clear picture of the demographic and institutional distribution of whistle
chest patients, which can help in planning and manage resources.

Table 5. Presents Descriptive Statistics for All CT Chest Patients.

Journal homepage: https://journal. hmjournals.com/index.php/JHTD/index



Journal Healthcare Treatment Development (JHTD) ISSN: 2799-1148 319

Variables Min Max Mean Standard Deviation.
Age 18 89 48.65 15.03
Kv 120 150 131.24 3.56
ma 75 450 154.32 5.71
Rotation time (s) 0.73 0.85 0.78 0.043
CTDIvol 48.72 68.0 50.04 11.34
DLP 504.0 574.6 523.2 12.33
DAP TRANS 16.05 43.74 29.81 7.42
Dw 24.84 33.12 28.60 4.39
DLAT 17.55 51.43 32.41 9.87
Defr 16.43 41.62 28.78 8.61
SSDE 6.55 7.47 6.80 5.67

Table 6. Analysis of Variance between the Patient's Age and the Measurement Parameters for all Patients

from CT Chest
The Sum of Df Mean Square F P-Value
Squares
within groups 8.53
DAP TRANS Between groups 52.06 ;5137 12 28 ngiéL 0.0323
Total ’ 439,18 )
within groups 18 16.93 171
DLAT Between groups | 136.75 41 : 0.1106
531.84 21.22
within groups
5 group 12 9.76 226
eff Between groups | 48.69 394.24 43 13.05 0.0638
Total ’ 4493 )
within groups
srotp 12 9.76 2.26
SSDE Between groups | 48.69 43 0.0638
394.24 13.05
Total 44.93

With 120 women (54.30%) and 101 men (45.70%), the 221 individuals in the study show a
somewhat more significant percentage of female patients having CT scans. With relatively equal
distribution among the hospitals, patients are spread throughout four hospitals: Hospital A (26.24%),
Hospital B (23.53%), Hospital C (24.43%), and Hospital D (25.79%). Though Hospital B has the fewest
patients, Hospital A has the most; nonetheless, the differences in hospital patient counts are minor. Table
5 shows that CT chest patients' ages range from 18 to 89 years, with an average of 48.65 years (215.03)
representing differences in patient size. The tube voltage (kV) ranges from 120 to 150 kV, averaging 131.24
kV (+3.56), and the current intensity (mA) from 75 to 450 mA, averaging 154.32 mA (+5.71) reflecting
variations in exposure based on patient size. The Computed Tomography Dose Index Volume (CTDIvol)
estimates radiation exposure and ranges from 48.72 to 68.0 mGy, with an average of 50.04 mGy (¥11.34).

Water-Equivalent Diameter (Dw), Lateral Diameter (DLAT), and Effective Diameter (Deff) differ
among individuals, averaging 28.60 cm (%4.39), 32.41 cm (+9.87), and 28.78 cm (+8.61), respectively.
Ranging from 6.55 to 7.47 mGy, the Size-Specific dosage Estimate (SSDE) averages 6.80 mGy (£5.67),
thereby changing dosage projections depending on patient size.

The ANOVA results Table 6 reveal that DAP TRANS has a statistically significant relationship with
age (F=2.92, p=0.0323), suggesting that age influences dose distribution. However, DLAT, Deff, and SSDE
do not show statistically significant associations with age (p>0.05), indicating that age does not strongly
impact these parameters in CT chest scans.

Abdomen Results
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Table 7. Presents the Frequency and Percentage of Gender Distribution (N=147) For CT Abdomen Cases
across Different Hospitals.

Variables Frequency Percentage
Gender £0.86
’ 88 40.14
M 59
gosmtals 39 26.53
B 41 27.89
C 35 23.81
D 32 21.77
Table 8. Descriptive Statistics for All CT Abdomen Patients.
Variables Min Max Mean Standard Deviation.
Age 18 93 52.48 19.41
Kv 125 160 130.05 4.16
ma 75 430 125.66 3.89
Rotation time (s) 0.70 0.88 0.79 0.023
CTDlIvol 56.34 85.31 58.12 9.58
DLP 620.20 858.90 725.81 14.07
DAP TRANS 15.41 39.65 26.04 6.52
Dw 26.07 34.96 31.54 531
DLAT 19.23 61.51 42 .08 16.41
Deff 15.49 38.11 25.00 7.49
SSDE 8.06 11.17 9.44 3.98
Mean Values with Standard Deviation for CT Abdomen Patients
700
600
g 500
S 400
3 300
=

200

100

Variables

Figure 4. Descriptive Statistics for All CT Abdomen Patients

The histogram shows the average values for each variable, and the error bars show the standard
deviation Figure 4. DLP (Dose-Length Product) and CTDIvol (Computed Tomography Dose Index volume)
are two variables that have larger mean values, which means that the levels of exposure are higher.
The Age variable has a mean of about 52.48 years, which is typical for the patient group.
The Rotation time is very short, which means that the scanning procedure is swift, which is important for
patient comfort and efficiency. The standard deviations illustrate how much each measurement can change.
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For example, DLAT (Lateral Dose) has a higher range of values than other variables. This visualisation
makes it easier to see how critical parameters in CT abdomen imaging are spread out and how much they
can change. This is important for making sure patients are safe and getting the best imaging results.

Table 9. Analysis of Variance between the Patient's Age and the Measurement Parameters for all Patients

from CT Chest.
M
The Sum of Squares Df ean F P-Value
Square
within groups 333134 12 708
DAP TRANS | Between 327 66 26 16,31 3.97 0.0078
groups Total
within groups | 144,27 17 14.22
DLAT Between 489.11 36 22.46 1.60 0.1503
groups Total | 633.38
within groups | 5348 12 9.76
Deft Between 357.19 43 13.05 1.86 0.8729
groups Total | 410.67 '
within groups | 157.32
' 14.51 0.62
SSDE Between 334.06 12 41 17.53 0.8729
groups Total | 491.38 '

The gender distribution for CT abdominal cases Table 7 includes 147 patients, including 88 females
(59.86%) and 59 males (40.14%), which perform a higher proportion of female patients receiving CT
abdominal scans. The distribution of patients among hospitals is as follows: Hospital A accounts for
22.53%, Hospital B for 27.89%, Hospital C for 23.81% and Hospital D for 21.77%. The delivery is balanced,
with the highest percentage of patients in hospital B and the lowest in hospital D.

Table 8, provides descriptive data for abdominal patients, showing the age limit of 18 to 93 years,
the average which is 52.48 years (+19.41) reflecting an asymmetrical patient population. The tube voltage
(kV) varies from 125 to 160, with a mean of 130.05 kV (* 4.16). Current intensity (mA) ranges from 75 to
430, with an average of 125.66 mA (+ 3.89). The CTDIvol ranges from 56.34 to 85.31 mGy, with an average
of 58.12 mGy (%9.58), estimating radiation exposure. The Dose-Length Product (DLP) spans 620.20 to
858.90 mGy-cm, averaging 725.81 mGy-cm (£14.07). The Water-Equivalent Diameter (Dw) averages 31.54
cm (£5.31), reflecting patient size variations, while the Size-Specific Dose Estimate (SSDE) ranges from 8.06
to 11.17 mGy, with a mean of 9.44 mGy (+3.98). Table 9 presents ANOVA results, where DAP TRANS shows
a statistically significant association with age (F = 3.97, p = 0.0078), suggesting that age impacts dose
distribution. However, DLAT (p = 0.1503), Deff (p = 0.8729), and SSDE (p = 0.8729) do not show significant
associations with age, indicating that these parameters remain relatively unaffected by patient age in CT
abdomen scans.

The study shows a slightly higher proportion of female patients (54.30%) undergoing CT scans of
the chest compared to males (45.70%), with a relatively balanced distribution across hospitals. The age
range of patients is diverse (18 to 89 years), with a mean of 48.65 years (¥15.03). Variations in tube voltage
(120 to 150 kV) and current intensity (75 to 450 mA) suggest adjustments based on patient size and
imaging needs. Radiation exposure levels, measured through CTDIvol (50.04 mGy +11.34) and DLP (523.2
mGy-cm *12.33), vary among patients. Differences in water-equivalent diameter (Dw), lateral diameter
(DLAT), and effective diameter (Deff) reflect patient size variations. The ANOVA analysis indicates that age
significantly impacts DAP TRANS (p = 0.0323). Still, DLAT, Deff, and SSDE show no significant age-related
differences, suggesting that overall scan settings for CT chest remain consistent across different age groups.
The study equally shows a higher proportion of female patients (59.86%) undergoing CT abdomen scans
compared to males (40.14%), consistent with CT chest scan trends. The distribution of patients in hospitals
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is very similar, with slight anomalies, with the hospital with the highest percentage at 27.89% with B and
the lowest at the hospital at 21.77%. The comprehensive age limit (18 to 93 years) with an average of 52.48
years (+#19.41) underlines an odd patient population. The amendment of tube voltage (125 to 160 kV) and
current intensity (75 to 430 mA) indicates that the scan parameter is sewn according to specific patient
characteristics, including size and imaging requirements. Radiation exposure levels differ among patients,
with a CTDIvol mean of 58.12 mGy (#9.58) and a DLP mean of 725.81 mGy-cm (+14.07).

The water-equivalent diameter (Dw) (31.54 cm £5.31) and SSDE (9.44 mGy +3.98) reflect patient
size differences and dose adjustments. ANOVA results indicate a significant association between age and
DAP TRANS (p = 0.0078), suggesting that age affects dose distribution. However, DLAT, Deff, and SSDE do
not show significant relationships with age (p > 0.05), indicating that these parameters remain stable
across different age groups.

5. CONCLUSION

This study evaluated radiation dose levels in adult chest and abdomen CT procedures using Size-
Specific Dose Estimates (SSDE) across selected CT centers in Rivers and Delta States. The results indicate a
slightly higher proportion of female patients undergoing these scans, with a relatively even distribution
across hospitals, suggesting equitable access to CT imaging. The broad age range of patients highlights the
diverse demographics of individuals undergoing these examinations. Variations in tube voltage and current
intensity reflect tailored scan settings based on patient size and imaging requirements, ensuring optimized
radiation exposure.

The analysis of radiation dose parameters, including CTDIvol, DLP, and SSDE, reveals variations
corresponding to differences in body size and scan protocols. ANOVA findings show a significant
association between age and DAP TRANS, indicating that age influences radiation dose distribution.
However, the lack of significant relationships between age and DLAT, Deff, and SSDE suggests that scan
settings remain stable across different age groups. These findings emphasize the importance of patient-
specific dose optimization to balance diagnostic accuracy and radiation safety. Continuous evaluation and
refinement of CT protocols are essential to maintaining adherence to radiation safety standards and
ensuring optimal dose management based on patient size.
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