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ABSTRACT
Introduction: Computed Tomography (CT) remains an important
tool in diagnostic imaging. Establishment of Diagnostic Reference
Levels (DRL) is highly recommended in order to have a check on
the radiation exposure.
Aim: To study the correlation between the Anteroposterior (AP)
diameter of abdomen with the CT Dose Index (CTDI) and Dose
Length Product (DLP) in those who underwent abdomen CT scan.
Materials and Methods: A retrospective study was conducted at
Chettinad Academy of Research and Education, in the Department
of Radiology during January 2019 to April 2019. The data of 66
patients (44 males and 22 females, aged 18-80 years), who have
undergone CT scan during study period of three months were
retrieved from CT console. Axial, coronal, sagittal reconstructions

and diameter was measured on axial plane. CTDI and DLP
of plane abdomen scan were noted from the dose information
from the procedure. CTDI (mGr) and DLP (mGr) were considered
as primary outcome variables. Association was assessed by
calculating pearson correlation coefficient(r). The p-value <0.05
was considered statistically significant. Co-guide software was
used for data analysis.
Results: There was a moderate positive correlation between AP
diameter and CTDI (mGr) (r-value: 0.684, p-value: <0.001). There
was a moderate positive correlation between AP diameter and
DLP (mGr) (r-value=0.713, p-value <0.001).
Conclusion: The AP diameter of abdomen and CTDI, DLP has
positive correlation. Hence, dosage optimisation should be done
considering the diameters as indicator.

Keywords: Computed tomography, Diagnostic reference levels,
Radiation absorption, Radiation exposure, Radiation protection

INTRODUCTION
Computed Tomography (CT) remains an important tool in diagnostic
imaging. Among the diagnostic producers, CT scan is the most significant
source of radiation exposure to the patients [1,2]. Establishment of
DRL is highly recommended in order to have a check on the radiation
exposure [3]. The DRL is defined as “dose levels in medical radiodiagnostic practices or, in the case of radio-pharmaceuticals, levels of
activity, for typical examinations for groups of standard-sized patients or
standard phantoms for broadly defined types of equipment, these levels
are expected not to be exceeded for standard procedures when good
and normal practice regarding diagnostic and technical performance
is applied” [3] hence, the body surface area and size of the patient
significantly affects the patient dose [4]. Previous available literature has
used patient’s weight as the main indicator for the size of the patient
and these are used as a standardising method [5,6]. Gender based
differences in the fat distribution also exist, male having fat predominantly
distributed in upper parts and females in lower parts of the body [7,8].
Fat dispersion in the body can determine the patient dose and the
distribution can be inconsistent and may not be useful in calculating
DRL. Hence, alternate to weight and fat distribution, usage of body size
parameters like AP diameters of the part that is subjected to CT scan
can be used as a predictor of CT dose [9,10]. This study was done with
objective to study the correlation between the AP diameter of abdomen
with the CTDI and DLP in those who underwent abdomen CT scan.

MATERIALS AND METHODS
A retrospective observational study was conducted at Chettinad
Academy of Research and Education, in the Department of Radiology
during January 2019 to April 2019. The Institutional Ethical Committee
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clearance was obtained (235/IHEC/1-19). Waiver of consent was
obtained. Data confidentiality was maintained throughout the study.
Sample size was calculated assuming the correlation coefficient
between AP diameter and CTDI as 0.269 as per the study by Zarb
F et al., [3]. The other parameters considered for the sample size
calculation included 5% alpha error and 95% power of study.
Inclusion criteria: The retrospective data of 66 patients, who have
undergone CT scan during the study period were retrieved from
the radiology database. Those above 18 years and below 80 years
were recruited.
Exclusion criteria: Patients with trauma abdomen and overweight
patients were excluded from the study.

Study Procedure
Philips Brilliance 64 slice Multi-Dimensional Computed Tomography
(MDCT) was the machine used for all the patients. The plain abdomen
CT scan was performed in standard helical scan according to the
protocol. Original data was extracted from CT console to Philips
Extended Brilliance Workspace workstation (EBW). The patient was
put in supine position, feet first. Domes of diaphragm to Symphysis
pubis was the area covered in scan. Cranio caudal direction was
done and Postero-anterior (PA) 180 view was done. Slice thickness
and increment was kept at 5 mm each. Standard resolution with
standard C filter was used with 120 Kv and 250 mAs/slice. Collimation
was at 64*0.625 and 0.984 pitch. Rotation time was 0.75sec with
Field Of View (FOV) 350 mm, matrix 512*512 and 0.0 enhancement.
Axial, coronal, sagittal reconstructions were done. Diameter was
measured on axial plane from anterior to posterior from the upper
pole of right kidney at the level lower border of D12 vertebral body by
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using common tools line. The CTDI and DLP of plain abdomen scan
were noted from the dose information from the procedure.

STATISTICAL ANALYSIS
The CTDI (mGr) and DLP (mGr) were considered as primary outcome
variables. AP diameter was considered as primary explanatory
variable. Age group and gender was considered as other study
relevant variable. Descriptive analysis was carried out by mean
and standard deviation for quantitative variables, frequency and
proportion for categorical variables. Association between quantitative
explanatory and outcome variables was assessed by calculating
pearson correlation coefficient(r) and the data was represented in
a scatter diagram. The p-value <0.05 was considered statistically
significant. Data was analysed by using R (Robert Gentleman and
Ross Ihaka) studio and coGuide software, version.1.03 [11].

RESULTS
Majority of 57.58% were aged between 31 to 60 years. Among the
study population, 44 (66.67%) were males [Table/Fig-1].
Parameter

Summary

[Table/Fig-4]: Scatter plot diagram of correlation between AP diameter (cm) and
dose length product (DLP) (mGr) in the study population (N=66).

Age group (in years)
18-30

22 (33.33%)

31 to 60

38 (57.58%)

61-80

DISCUSSION

6 (9.09%)

Gender
Male

44 (66.67%)

Female

22 (33.33%)

CT parameter
AP diameter (cm)
CT dose index (mGr)
Dose length product (mGr)

27.74±3.47 (ranged 17 to 34)
16.93±4.44 (ranged 2.14 to 24)
703.26±286.02 (ranged 87.60 to 1206)

[Table/Fig-1]: Summary of demographic parameter (N=66).

There was a moderate positive correlation between AP diameter
and CTDI (mGr) (r-value: 0.684, p-value: <0.001) and a moderate
positive correlation between AP diameter and DLP (mGr) (r-value:
0.713, p-value: <0.001) [Table/Fig-2-4].
Parameter

Pearson correlation (r)

p-value

CT dose index (mGr)

0.684

<0.001

Dose length product (mGr)

0.713

<0.001

[Table/Fig-2]: Correlation between AP diameter (mm) and various score in the
study population (N=66).
Bold values denote significant p-values

Based on the present study findings, there is a positive correlation
between the anterior and posterior diameter of abdomen with the
CTDI and DLP. Previous published literature have accepted the
fact that patient dimensions measured through diameters are more
significant than weight in deciding the patient dose [12]. Alteration
of scanning parameters as per the diameter of the anatomical cross
section being scanned can result in significant reduction in radiation
exposure. By this technique, thin built patients are exposed to less
doses of radiation on the basis of their abdominal diameter [13,14].
Based on the present study findings, there is a positive correlation
between the anterior and posterior diameter of abdomen with the
CTDI (r=0.684) and DLP (r=0.713). This is similar to the findings
observed by Bashier EH and Suliman II, where the study population
was children and similar positive correlation was established
(r2=0.09) [15]. another study by Zarb F et al., was done to show
the advantage of using AP diameter than weight as an indicator
of the dosage (r2=0.269) [3]. The researchers concluded that the
AP diameter usage is advantageous that it can be easily measured
before scanning or can be calculated based on the previously
available images.
Previous published literature for determining CT scan parameters
showed that AP body diameter correlated better than weight with
image quality and radiation dose [3,9]. The measurements of AP
diameter can be obtained directly from the patient before scanning
or during the CT scan when the patient is supine. This measurement
can be done by measuring the AP height from the table top, which
is in contact with the patient’s back, to the top of the patient [3].

Limitation(s)
The retrospective nature and the limited sample size were the
limitation in this study.

CONCLUSION(S)

[Table/Fig-3]: Scatter plot diagram of correlation between AP diameter (cm) and
CT Dose Index (CTDI) (mGr) in the study population (N=66).
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The AP diameter of abdomen has a positive corelation with CTDI,
DLP. Hence, measurement of diameters before initiating the scan
procedure and optimisation of dosage should be followed as a routine
at the Radiology Departments. Specific dose optimisation strategy
based on the patient diameter can be developed and followed in
order to reduce the radiation exposure. Prospective studies, with
dose optimisation strategy based on AP diameter are recommended
in future. Studies on other part CT scans such as chest and head are
also recommended.
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