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Abstract

The increasing use of Computed Tomography (CT) as a diagnostic modality in the country has raised a major concern of delivering
high radiation dose and potential source of increased cancer risk. To address this concern, CT patient absorbed dose and Quality
Control (QC) parameters during CT examinations at various radiological centres in Abuja were investigated using a Polymethyl
Methacrylate (PTW chamber type 30009, Freiburg, Germany), 100 mm pencil ion chamber with PTW DIA DOS E integrated
electrometer and a Victoreen CT probe, model 6000-100 for head and body phantoms respectively for ten hospitals in Abuja.
The electrometer and ion chamber techniques were applied on ten (10) various CT scanners and were used to estimate the
computed tomography dose index (CTDIw) and the results compared to the computed tomography dose index (CTDI) values
for accuracy and validation purposes. The results showed the body phantom doses ranged from 0.31+0.01 mGy to 1.58+ 0.002
mGy, while the head phantom doses ranged from 1.30£0.001 mGy to 1.94% 0.3 mGy. The mean dose ratios for head and body
phantom were 1.67+ 0.15Gy and 1.23+0.03Gy, respectively. The results indicate that the body phantom doses were within the
acceptable limits of 1Gray, whereas the head phantom doses exceeded the recommended limits. The differences in CT doses
between CT machines suggest a need for optimization of CT examinations protocol and QC measures in some CT establishments

in Abuja hospitals.
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Introduction

Computed tomography is an imaging procedure that uses
special X-ray equipment to produce cross-sectional images
of the body within a short period of time. It is an important
diagnostic tool because of its unique ability to offer clear
images of bone, muscle, blood vessels, and different types of
tissue where other imaging techniques are limited in the
quality of images they can provide [1]. It can also be used to
plan certain surgeries, guided biopsies, measure bone
mineral density, detect injuries to internal organs, and has
proven to be a valuable tool for the diagnosis and treatment
of many musculoskeletal disorders. Computed tomography
imaging is even used for the diagnosis and treatment of
certain vascular diseases. Probably the most important
aspect of computed tomography however, is its role in
cancer treatment. It allows physicians to accurately detect
and locate different types of cancers and plays an important
part in radiation treatment planning process. Computed
tomography is also used in creating a hybrid technology to
maximize patient imaging techniques. The importance of
computed tomography technology is without a doubt a vital
aspect for the diagnosis and treatment of patients, and as

advancements in computed tomography develop; patient
care will continue improving [2].

However, CT has been therefore considered as a potential
source of increased cancer risk as compared to other
imaging modalities [3]. For instance, one head CT
examination is equivalent to radiation dose of 100-150
conventional chest radiographs [4-5]. Also, one chest CT
examination delivers about 400 times the dose delivered by
a conventional chest X-ray examination [6-7]. CT is also
known to constitute 30-40% of patient radiation dose which
could cause damage on differentiating tissues (thyroid,
gonads, breast, bone marrow etc) [8-9].

Based on this perspective, it is of interest to quantify the
amount of radiation dose imparted to patients undergoing a
CT examination, with the use of standard CT dosimetry
Polymethyl Methacrylate (PMMA) cylindrical acrylic head
and body phantoms techniques. This work has therefore
provided an opportunity to determine and evaluate the
radiation dose to patient and Quality Control (QC)
parameters towards producing an optimized working
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protocol for CT examinations. The results have also
provided information on the status of radiation protection
of the facilities at various centres of study in Abuja hospitals,
and has also added significant information to the body of
knowledge on the subject matter for the scientific
community, hence the study.

Materials and Methods

Standard CT dosimetry polymethy methacrylate cylindrical
acrylic (PMMA) head and body phantoms (PTW 30009,
Freiburg, Germany). The PMMA CT phantom is a
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transparent plastic, which is lightweight for easy mobility
and has a density of 1.19 £ 0.01 g/cm3 with a thickness of 3
mm and each is a right circular cylinder [I3]. The head and
body phantoms have diameters of |6cm and 32cm,
respectively, with lengths of 14-16 cm (available from
several  dosimeter and  radiological  accessory
manufacturers). All phantoms have holes at a depth of | cm
(center to phantom edge) from the outer surface, at the
900, 1809, 2700 and 09 normal clock positions referred to as
the peripheral sites and along the cylinder axis as shown in
the figure | below:

Figure |: image of CT head phantom (small) and body phantom (large) [1]

The CT dose phantoms that are used in this study are the
models 76-414 (head), 76- 415 (body) phantoms
respectively. Each part contains five probe holes, one in the
center and four around the perimeter, 90° apart and | cm
from the edge. Each part includes five acrylic rods for

plugging all the holes in the phantom. The CT dose
phantoms are designed in accordance with standard for
diagnostic X-ray systems [10]. Table | shows the CT
phantoms specifications.

Table I: Specifications of the CT phantoms [11-15]

Weight Body phantom: 14.5 kg
Head phantom: 3.6 kg

Optional accessories

Carrying Case (Model 89-414)
CT Head Dose Phantom with five plugs (Model 76-414)
CT Body Dose Phantom with five plugs (Model 76-415)

100-mm pencil lon Chamber with integrated
electrometer

The standard “pencil” ionization chamber, first described by
[16] and [17] employ the principle of volume averaging
[18]. The pencil ionization chambers are available with a
diameter of 10 mm, a sensitive length of 100 mm, and an
active volume of 3 cm3, as  shown in Figure 2.

. & K - ) A
Figure 2: image of CT ion chamber [1]
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The CT chamber is designed for non-uniform exposure
from a single scan or a number of scans [19]. Their response
is designed to be uniform along the entire length of the
sensitive volume, with a conversion factor determined in
the conventional manner. The ionization chamber that is
used in this study is the VICTOREEN CT Probe, model
6000-100 designed to be used for standard CT dosimetry

FUAMIJPAS 52):36-44 Dec. 2025 E

PMMA cylindrical acrylic head and body phantoms. Its
specifications are listed in Table 2. The chamber is
connected, through 0.9 m of low noise flexible cable
terminated with a male BNC size triaxial connector. It is
designed to be readout on the NERO™ or Model 400M*
[18-19].

Table 2: Specifications of VICTOREEN CT Probe, model 6000-100 CT Probe [18-19]

Detector type

Vented air ionization chamber

Volume 3.2cm3
Sensitive length 10.0 cm
Chamber Material: Clear Acrylic

Inside Diameter: 6.4 mm

Wall Thickness: 54mg/cm?

Electrode Material: Aluminum.
Diameter: 0.64 mm
Sensitivity 10 R cm/Nc

Factor Calibration
Energy Response

Beam Orientation
Phantom Adapter

100 kVCP, 5.5 mm Al HVL
+5%, | mm Al to 10 mm Al HVL
Uniformity along z axis: +3% over central 90% of active length

Normal to chamber axis
Outside diameter: .27 £0.04 cm

The electrometer that is used is a PTW DIA DOS E. Itis a
self contained, noninvasive ~ X-ray test device. In a single
exposure, it can measure simultaneously: kVp, exposure
rate or air kerma rate and time. It is calibrated for both
tungsten anode (W/AI) and Molybdenum (Mo/Mo) anode
X- ray tubes. Additionally, it has an external ion chamber
port that accepts a variety of accessory ionization chambers
for various applications, including pencil shaped ionization
chambers for CT dosimetry. It can compute the tube
potential with £3% accuracy. Five separate, selectable filter
pairs ensure optimum accuracy over the maximum range
with minimum filtration dependence. A separate internal
ionization chamber measures tube output [19-20] as shown
in Figure 3.

7

7 20ax iawig |
= 5

Figure 3: image of and electrometer [1]

Table 3: Measured quantities of Kilovoltage, Time and Exposure

Kilovoltage
* kVp average
* kVp effective
* kVp maximum
Accuracy: 3%

Measured during the first 300 ms of exposure

Time Measured during entire exposure; reference to 75% rise/fall kV time.
Accuracy: Within 2% or 2 ms, whichever is greater

Range: Ims to 10 sec

Exposure Measured during entire exposure, kVp corrected.

Accuracy: £10%
Range: 10 mR to 10 R
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For the measurement of the CT Dose Index, the chamber
is positioned parallel to the rotation axis of the scanner
inside a cylindrical phantom. For a single scan (except for a
multislice), the primary beam does not usually cover more
than about 10% of the full length of the chamber. At the
same time, the CT chamber detects the scattered radiation
generated in the phantom by the primary beam, thereby
allowing quantification of the total exposure of a patient.
This unique use of the CT chamber requires that the
response of the active volume be uniform along its entire
axial length, a restriction that is not required of other
cylindrical full immersion chambers [18].

ands of rotation 1
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They are usually calibrated in terms of air kerma by
exposing the entire sensitive volume to a uniform X-ray
field because the dose profile rapidly falls to zero away from
the position of the CT slice, the pencil ionization chamber
also measures CTDI to a very good approximation [20].

For measurement, the chamber is mounted in such a way
that its length axis corresponds to the axis of rotation of
the gantry and that its centre corresponds to the centre of
the slice, or the centre of the slices for a multi-slice scanner,
Figure 3.3 shows the measurement with the ionization
chamber made for a single rotation.

an try
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Figure 4: Schematic diagram of the arrangement for measurement of CTDI

Barometer (Pressure indicator D Pl 800)

This a hand- held, light weight pressure test and
measurement instrument ideally suited for use in the field
for performing work such as calibration and repair,
installation, maintenance, as well as in various
manufacturing environments. The DPl 800 pressure
indicator is available with a maximum of two internal
pressure sensors. It has the following specifications:
measuring ranges from 25 mbar to 700 bars, one or two
internal sensors, transmitter calibration and switch test
function as shown in Figure 5 [21].

Figure 5: Barometer (Pressure indicator D Pl 800)
(Digital, China)

Thermometer is a device that measures temperature or
temperature gradient. It has two important elements
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namely; (1) Temperature sensor (example the bulb of a
mercury in- glass thermometer or the pyrometric
sensor in an infra red thermometer) in which some change
occurs with a change in temperature; and (2) some means
of converting this change into a numerical value (example
the visible scale that is marked on a mercury-in- glass
thermometer or digital readout on an infrared model).
Thermometers are widely used in technology and industry
to monitor processes, in meteorology, medicine and in
scientific research. The most recent official temperature
scale of 1990 extends from 0.65K (-272.50C; -458.5%F) to
approximately 1,358K (1,085°C; 19859F) as shown in Figure
6 [21].

TEMPERATUNE

CLOCK F HUMIDITY

Figure 6: Thermometer (Digital, China)

The computed tomography machines used for this work in
ten centres were situated in Abuja, FCT. Measurements of
Computed tomography dose index (CTDI) were carried
out by a pencil shaped ionization chamber of active length
100 mm inserting in standard computed tomography (CT)
Polymethyl methacrylate (PMMA) materials with PTW
chamber type 30009, Freiburg, Germany dosimetry
phantoms that is used frequently in CT dose measurement
compose of a 32cm-diameter phantom to represent an
adult chest, and a |6cm-diameter version to represent an
adult head. Both are 15 cm thick (in the z-axis direction)
and contain | cm diameter holes for insertion of the CT ion
chamber probe. The holes on the phantoms are at the
centre and at | c¢cm depth at the 900, 1809, 2700 and 0°
normal clock positions referred to as the peripheral sites.

The body phantom was first set up on the CT couch and
centered at the isocenter of the scanner with the long axis
of the phantom aligned with the z-axis of the scanner. The
PTW pencil ion chamber which is connected to an
electrometer with a cable was placed in the central hole of
the phantom. Two horizontal lasers in the CT room were
adjusted to be visible on the mid-line of the ion chamber
and a vertical laser was also set to be visible at the middle
of the phantom. This was done to properly align the
phantom and the chamber on the couch. A piece of tape
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was put along the probe, attaching it on to the phantom to
ensure that the probe is not dislodged within the phantom
during scanning. A topogram image of the phantom was
taken and used to select the volume to be scanned. The
CTDI quality assurance measurements were activated for
the first scan with the standard protocol of body
examination for three readings at each point (one in centre
and four points on peripheral of a phantom) at 90°, 18009,
2700 and 09 normal clock positions represented as Pl, P2,
P3, P4 and C and subsequently the head phantom
respectively as shown in (Tables | and 2). Charges were
measured and recorded in each scan. The charges measured
and recorded from the electrometer in charge mode,
corrected for temperature and pressure were used to
estimate CTDIw and DLP values and compare with CTDI
and DLP console display on the CT in the study with the
use of mathematical equations:

_ (273.2+T)P,

krp = (273.2+T,)P ()
10

Cpmma,100,c = NT MCNPKL,onQkTP (2
10

Cpmma,100p = EMPNPKL,QOkaTP (3)

1
CTDIL,, =3 (Cpmma,100,c + 2Cpmma,100,p ) “4)
DLP = CTDI,,; X Scan length (5)

The above equations, T is nominal slice thickness; N is
number of tomographic slices simultaneously exposed (so
that the nominal width of the irradiating beam is NT), ktp
is the correction factor for temperature and pressure, T is
temperature measured in the study room, P is the pressure
in the room, T, is temperature at reference condition, P, is
air pressure at reference condition, Npgy, Qo is the
dosimeter calibration coefficient in terms of the air kerma
length product,kq is the factor which corrects for
differences in the response of the dosimeter at the
calibration quality and at the measurement quality Q of the
clinical X-ray beam, M. and M, is the mean dose readings
from the central chamber bore of the standard phantom
and the mean dosimeter readings in the peripheral chamber
bores, Cpmma, 100, ¢ and Cpemma, 100, P is Polymethyl
methacrylate (PMMA) computed tomography dose index at
the centre and periphery of the chamber bores

Results

The study carried out and calculations leading to CT dose
index, temperature and pressure corrections at Abuja
hospitals are presented in Tables| and 2 respectively.
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Table I: Dosimetry phantom readings for head at some hospitals in Abuja
Hospitals CTDI(mGy) CTDIw(mGy) Dose
| 19.18+0.004 10.38+0.004 1.85+0.004
2 49.84£0.03 35.88+0.03 1.39£0.03
3 38.5040.02 25.1840.02 1.5310.02
4 36.60+0.02 23.78+0.02 1.54£0.02
5 70.0+0.90 37.3240.90 1.88+0.90
6 30.18+0.001 23.30+0.001 1.30£0.001
7 39.810.1 25.1240.1 1.58+0.1
8 38.520.1 20.610.1 1.87+£0.1
9 67.4610.3 34.8410.3 1.9440.3
| 20.8+0.001 11.19£0.001 1.86+0.001
Mean Dose = 1.67%0.15 Gy

Table 2: Dosimetry phantom readings for body at some hospitals in Abuja

Hospitals CTDI(mGy) CTDIw (mGy) Dose
| 10.05+0.01 7.18+0.01 1.39+0.01
2 10.8+0.004 7.940.004 1.37+0.004
3 9.57+0.01 18.59+0.01 0.51+0.01
4 7.30+0.01 4.68+0.01 1.56£0.01
5 6.310.01 20.02+0.01 0.3110.01
6 8.93+0.002 5.66+0.002 1.58+0.002
7 7.95+0.01 5.08+0.01 1.5610.01
8 5.04+0.0007 3.2940.0007 1.53+0.0007
9 12.7440.32 10.29+0.32 1.24+0.32
10 12.85+0.002 9.92+0.002 1.29+0.002
Mean Dose = 1.23+0.03 Gy
12
10

8

6 == hospitals
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Figure 7: Hospitals to dose ratio for head phantoms
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Figure 8: Hospitals to dose ratio for body phantoms

Discussion

Comparison of the results shows that doses for the same
examinations varied from hospital to hospital as shown in
Tables | and 2. The radiation doses for small phantoms with
the same kVp and mA values are greater than those for
large-sized phantoms [22-23], which mean that doses to the
organs in the head are twice as high as those to the organs
in the body using the same technique as shown in Tables |
and 2. Other inconsistencies in the results obtained in this
work such as variation in measured doses for the same
values of kVp and mAs, increase in kVp and mAs not yielding
a corresponding increase in dose sometimes may be as a
result of the workload of the machine - as the electrons
released hits the focus on the anode, a lot of heat is
experienced at the point which increases the scattered
radiation and reduces the transmitted rays, which in turn
decreases the efficiency [3].

However, the study was found to be consistent with the
reported values for CTDI of 49.6 mGy [24-28]. Most of the
results met the American College of Radiology (ACR) CT
accreditation requirement that the CTDI should be within
the range of 40-60 mGy for the adult head protocol [29].
Similarly, the estimated CTDI measurement from standard
body phantom values reported by 27.8 mGy [24 -25] and
12 mGy [28]. The results meet the American College of
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