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ABSTRACT 

Computed Tomography (CT) remains a vital diagnostic tool, yet patient dose optimization continues to be 

a priority in radiological practice. This study compared the measured dosimetric parameters of GE 4-slice 

and Philips 16-slice CT scanners against ICRP dose reference levels (DRLs) for adult brain CT 

examinations in Sokoto, Nigeria. Data from 86 patients were analyzed using SPSS v16. The study 

revealed that the Local Diagnostic Reference Levels (LDRLs) for CTDIvol (64 mGy) and DLP (1025 

mGy·cm) were higher than ICRP and European Commission DRLs but aligned closely with UK NDRLs. 

Relative deviations highlighted significant disparities between centers, with Centre A (-3.33% CTDIvol; -

3.71% DLP) adhering more closely to ICRP standards than Centre B (-46.67% CTDIvol; -42.67% DLP). 

The findings emphasize the need for dose optimization strategies and operational reviews to ensure 

adherence to global safety standards without compromising diagnostic quality. 

Keywords: Computed tomography (CT), Local Dose reference level (LDRL), CTDIvol, DLP, 

Dosimetric parameters, ICRP DRLs. 

 

1.0 INTRODUCTION 

Computed tomography, more commonly known as a CT or CAT scan, is a diagnostic medical imaging 

test, like traditional x-rays, it produces multiple images or pictures of the inside of the body. The cross-

sectional images generated during a CT scan can be reformatted in multiple planes. They can even 

generate three-dimensional images. These images can be viewed on a computer monitor, printed on film 

or by a 3D printer, or transferred to a CD or DVD. CT images of internal organs, bones, soft tissue and 
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blood vessels provide greater detail than traditional x-rays, particularly of soft tissues and blood vessels 

(Boulevard, 2018). CT procedures facilitate the use of large exposure factors, (high mA and kV values) 

and short exposure time. In CT, the X-ray machine rotates around the body, taking multiple pictures at 

different angles that allow a computer to make a detailed image of the patient’s anatomy, this 3-D 

imaging system provides much more information than a regular X-ray (Podgorsak, 2005). 

Third-generation scanners were introduced in 1976, and have been shown to be capable of generating 

high-quality contrast images while delivering lower doses of ionizing radiation than their predecessors 

(Meyer 2014). 

A CT of the brain is a noninvasive diagnostic imaging procedure that uses special X-rays measurements 

to produce horizontal, or axial, images (often called slices) of the brain. Brain CT scans can provide more 

detailed information about brain tissue and brain structures than standard X-rays of the head, thus 

providing more data related to injuries and/or diseases of the brain. During a brain CT, the X-ray beam 

moves in a circle around the body, allowing many different views of the brain. A CT of the brain may be 

performed to assess the brain for tumors and other lesions, injuries, intracranial bleeding, structural 

anomalies (e.g. hydrocephalus, infections, brain function or other conditions), particularly when another 

type of examination (e.g., X-rays or a physical exam) are inconclusive (Abdullahi, 2009). 

Diagnostic Reference Levels (DRLs) are dose levels in medical radio diagnostic practice or, in the case of 

radiopharmaceuticals, levels of activity for typical examination. These levels are expected not to be 

exceeded for standard procedures when good and normal practice regarding diagnostic and technical 

performance is applied (EC, 1999). DRLs are tool to identify situations where patient doses are unusually 

high and most urgent need of reduction (Yates et al, 2004). 

This study was performed to measure dosimetric parameters for CT examinations of the brain and 

compare with internationally accepted DRLs. Any observed differences could then be investigated and 

justified as being clinically necessary or reduced via approved methods such as appropriate changes in 

clinical practice in order to improve medical radiation protection. Consequently, practicing radiographers 

and radiologists at this facility will be enabled to adapt good practices to patient dose optimization with 

respect to the DRLs. 

 

2.0 METHODS 
A prospective quantitative research method was chosen to compare GE 4-slice and Philips 16-slice CT 

Scanner’s measured dosimetric parameters with ICRP dose reference levels (DRLs) for brain CT 

examinations in Sokoto. Numerical data was obtained from the CT machine generated dose values 

(CTDIvol) and (DLP). In this study, the ICRP DRLs were chosen as the main reference by which the 

measured DRLs were compared and deviations determined. Comparisons with DRLs specified by the 

American College of Radiology, American Association of Physicists, European Commission, and those 

used in the United Kingdom were also made. 

Paired sample T-test was used to compare the dosimetric measured parameters between the centers and 

compared with ICRP DRLs dose. A two-tail statistical significance with a p<0.001 value was determined. 

2.1 Ethics 

Ethical clearance is the process that requires researcher to give due consideration to a participant in a 

research study. Researcher is asked to consider and document ethical clearance for any study involving 

human research participants. There are ethical issues in research which relate to patient access, consent 

and protection.  For this reason, researchers are required to obtain permission to conduct his research. 

Therefore, in this study ethical clearance to conduct the study was secured from the committee 

responsible for the research and ethics in the participating hospitals on 9 Feb 2021 with coded 

NHREC/30/012/2019. 

2.2 Data Collection 
A total of 86 patient data was collected from two different hospital centers with CT machine model of GE 

4-slice and Phillips 16-slice from February to April 2021. Both the centers were chosen because they met 

the eligibility criteria for the study; and has Nigerian Nuclear Regulatory Authority's Requirement for 

Authorization and Practice (Licensing) involving ionizing radiation. 
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2.3 Data Analysis 
The data collected were analyzed using a recommended statistical software SPSS version 16.0. Mean, 

standard deviation, and A two-tail statistical significance with a p<0.001 values of the measured 

dosimetry parameters was used to analyze the data. The relative deviations was calculated via this 

equation 

Rel: dev =                                                 (1) 

Relative deviation was used to determine the different numbers in a particular data set so as to check the 

scattered data between the two comparable data. 

 

3.0 RESULT 

A total of 86 patients’ data was collected from two different hospitals centre in the study area, out of 

which centre A have 28 (60.9%) males and 18 (39.1%) females while centre B have 17 (42.5%) males 

and 23 (57.5%) females. The two centers were made up one private hospital and one public hospital 

which were named as Centre A and centre B respectively. The data was collected within three months 

time, from February 2021 to April 2021. The patient age for both centres ranges between 16-80 years, 

since hospital age classification in Nigeria considered sixteen years of age as an adult (Idris, 2014). Both 

centre A and B adopt axial scan and helical scan and both are required in CT brain examination. The 

helical scan were done probably due to lack of patient cooperation, and it’s not recommended because it 

is faster in acquisition mode scan and is associated with highest radiation dose (Smith, 2007). 

3.1 Measured Dosimetric Parameters 
The results of the measured doses compared with the ICRP DRLs for CT brain scans are presented in 

Table 1. The means of the measured CTDIvol values for adult doses between two centers were 58 ± 14.0 

mGy and 32±12.3 mGy respectively. Comparatively, the measured doses were lower than the ICRP DRL 

value of 60.00 mGy for adult brain CT scan, the ICRP DRLs Statistically, a p-value of 0.05 with a 95% 

confidence interval was estimated which established a significant difference between the measured doses 

between the two centers. The measured DLP doses for adult CT brain scans for the two centers were 

1011±216 mGy.cm, and 602±216 mGy.cm. Comparatively, the measured DLPs were lower than the 

ICRP DRLs value of 1050 mGy.cm and calculated p-values (<0.005) established significant differences 

between them. 

Table 1: ICRP DRLs and measured dosimetric parameter 

Measured 

Parameters 

Centre A 

Mean  SD 

Centre B 

Mean  SD 

ICRP DRLs Rel. dev. (%) P-value 

CTDIvol 

(mGy) 
58  14.0 32  12.3 60.0 A(-3.33), B(-46.7) 1.0 

DLP 

(mGy.cm) 
1011  267 602  216 1050 A(-3.71), B(-42.7) 1.0 

 

Linear Regression: The lack of a significant linear relationship suggests that the measured parameters at 

Centres A and B do not strongly align with ICRP DRLs. This could be due to variations in equipment 

calibration or operational practices Table 1.. 

Relative Deviations: Centre A's relative deviations (-3.33% for CTDIvol and -3.71% for DLP) suggest 

closer adherence to ICRP DRLs. Conversely, Centre B's deviations (-46.67% for CTDIvol and -42.67% 

for DLP) imply a need for significant improvement. 

Table 2 present the comparison between the estimated LDRLs with ICRP values which shows that the 

LDRLs for this study is higher than two DRLs of ICRP and European commission and also less than 

United Kingdom NDRLs for adult brain CT scan.  
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Table 2: Comparison of LDRLs with ICRP DRLs 

Measured 

Parameters 

This study LDRLs ICRP DRLs 

2001 

UK 2003 EC 1999 

CTDIvol (mGy) 64 60 65 60 

DLP (mGy.cm) 1025 1050 930 1024 

 

 

 

 

3.2 DISCUSSION 

The study highlights critical insights into dose variations and adherence to international DRLs in Sokoto, 

Nigeria. The LDRL for CTDIvol (64 mGy) exceeded the ICRP and European Commission benchmarks 

(60 mGy) but was comparable to the UK DRL (65 mGy). Similarly, the DLP LDRL (1025 mGy·cm) was 

marginally lower than the ICRP DRL (1050 mGy·cm) but exceeded the European Commission standard 

(930 mGy·cm). 

Centre A showed closer adherence to international standards, with relative deviations of -3.33% for 

CTDIvol and -3.71% for DLP. In contrast, Centre B exhibited significant deviations (-46.67% CTDIvol 
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and -42.67% DLP), indicating suboptimal practices, potentially due to equipment calibration, operator 

training, or scan protocol inconsistencies. 

Linear regression analysis revealed no significant correlation between measured doses and ICRP DRLs, 

further underscoring variability in practice. The results call for immediate implementation of optimization 

strategies, including periodic equipment audits, protocol reviews, and radiographer training to minimize 

patient exposure. 

The findings align with global literature emphasizing the need for localized dose management while 

maintaining diagnostic efficacy. Such efforts will support compliance with the ALARA principle and 

enhance patient safety in diagnostic radiology. 

 

4.0 CONCLUSION 

This study effectively compared the measured dosimetric parameters of GE 4-slice and Philips 16-slice 

CT scanners with established ICRP DRLs for brain CT examinations. The analysis revealed that while 

Centre A maintained closer alignment with global standards, Centre B required significant optimization. 

The established LDRLs, though higher than some international benchmarks, remain within acceptable 

limits for patient safety. However, the variability across centers emphasizes the necessity for dose 

standardization and continuous quality assurance. Implementation of dose reduction strategies, regular 

audits, and adherence to ALARA principles are imperative to optimize radiological practices in Sokoto. 
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