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Abstract
CT represents only 5% of all X-ray imaging and yet the radiation from CT 
examination is 40% to 67% of all medical radiation. The dose from single CT 
examinations can range from 1.0 mSv to 27.0 mSv. The radiation given by 
diagnostic CT is comparable to the low dose received by Japanese survivors of the 
atomic bombs. As per the United Nations scientific committee UNSCEAR 
2000[2], CT contributes over 34% of collective dose from diagnostic X ray 
examinations in the world. This figure is much larger than this for developed 
countries, approaching as much as 50% to 70% even though the frequency of CT 
examinations in these countries is of the order of 5 to 12%. It thus implies a small 
but statistically significant increased risk for developing cancer as a result of the 
radiation.
The objectives of the study were to investigate doses from CT examinations of 
adult and paediatric patients in brain CT examination and compare the doses with 
international standards as provided in DRLs.
A total of 59 patients (padiatric and adults) were examined at the Department of 
Radiology, A1 -Ribat University Hospital-Khartoum.
The mean age was 40.80 years for adults while the mean weight was 70.04 kg and 
the mean age for padiatric was 5.10 years while the mean weight was 20kg. DLP 
for adults were 1000.25mGy.cm , 733.33for padiatrics. The mean effective dose 
for adults patient was 0.48mSv in rang (0.49-0.44)mSv, while for padiatric 
patients Was 0.31mSv in rang between (0.49- 0.11 )mSv. The DRL was 1120 
mGy.cm , a value which is higher than the European Guidelines on Quality 
Criteria for Computed Tomography. The study has shown a great need for 
referring criteria, continuous training of staff in radiation dose optimization 
concepts. Further studies are required in order to establish a reference level in 
Sudan.



ص االطروحه ملخ

ل مئ ه ت شع ال جه ا ر من النات صوي ي الت طع مق سبه ال ل من م/ه5 ن شعه ك ال مينيه ا صيه ال  من م/ه7و التشخي

ع جمو ل م شعه ك ال ح ا و را ت ت ه. ي طي عه ال جر ه ال عي شعا ال ن ا ة م م ر جل صوي ي ت ن طبق م حل  27 الي ل وا
ي ر مل عتب ت.ت ر ه سيف عي شعا ال عه؛ا جر ن ال ر م صوي ي الت طبئ عه ال ره جر رنه صغي مئا  كمية مع بال

ه شع ال ض التي ا ر ع ها ت جه اليابانيون ل ه نتي بل ق ل ه ل ري ذ ها ال كن ل ول مئ ما اهميه ت ه قد ل ب ب س  نشوء من ت

م ورا ه ا ني طا جه سر ض كنتي ر ع ها لت .ل
ف ن الهد سه هذه م ن التحقق الدرا ت م عا ر ج جه ال ر من النات صوي ي الت طبئ طقة ال من س ل  مقارنتها مع الرا

ر معايي ميه بال ى المتمثله العال ت ف ويا ست عه م جر ه ال جعي ر م ت .ال سه هذه شمل ض وق الدرا  كافة من مري

ر عما ال ن ا ء محولي جرا شعه ال ه ا طعي طقة مق من س ل ي الرا شعه قسم ف ال طعيه ا مق معه ال جا ط ل ربا  في ال

ر مب وف ي 2010 ن س ال ك 201 ل مار م وذل خدا ست ز با ها شعه ج ال ه ا طعي مئ حلزونيه ال  االشعه تئبيم وتم ال

طة س وا ول ب ك وت ر معمول الب ه ال ي ب .القسم ف
ط س و ر مت عما ي ا ض مر ر ال كبا ط سنه 40.8 ال س و مت ن ب وزا م 70.4 ا جرا و ضوا وقد كيل ر ع  جرعه لناتج ت

ي 1000.25 سم مل ي. ه جرا ع ر ج ره و ي 48.مؤئ ت مل سه اما سيفر ى بالت ض ر م ل لل طفا ال ن ا  متوسط كا

هم ر عما م 20 بارزان سنه 5.10 ا را ج و ضوا وقد كيل ي تعر عه ل ر ي 733.33 ج سم مل ي.  وجرعه جرا

ره ي 0.31 مؤث ت مل سيقر

عه جر ه ال جعي مر صه ال خا ر ال وي ص ي بالت طبت ي ال ط قسم ف ربا ل ت ا ي 1 إ20 كان سم مل ي.  هذه وتعتبر جرا

عد عاليه القيمه ها ب رنت ر مقا ي ي ا ع م ل ا .االوربيه ب

ت وقد ر ه ظ سه ا جه الدرا حا سه ال ي الما ه ال جع را م ي والتقييم ال ضا ال ي وا ه ع ر ج ه ال قبلي ست م ه س را يل ل  ا

حديد ي لت و ي ست جع مر ض ال ر ع ه للت شع ال ي ل سودان ف .ال



CHAPTER ONE 
Introduction



1. Introduction
1.1 Historical Background
Computed tomography (CT) is an imaging technique which produces a digital 
tomographic image from diagnostic X-ray. The basic principle of CT involve 
digitizing an image received from a slit scan projection of the patient’s body 
and then back-projecting the image throught mathematical algorithms.
The invention of CT has been credited to Godfrey N. Hounsfield for his work in 
1970-71, although preliminary work was done by Oldendrof in 1961 and Alan 
Cormack in 1963, and all three based their work on the investigations of the 
Austrian mathematician J.Radon, who proved in 1917 that an image of a three 
dimensional object could be produced from its mathematical projections. 
Hounsfield was a research engineer with electro- musical instruments LTD 
(EMI). The English firm that gain international renown as the Beaties’ music 
publishers during the 1960s. His original scanner was built on a lathe bed and 
required 9 days to produce a single section image. Hounsfield and Cormack 
were awarded the 1979 Noble prize in Medicine. Hounsfield’s invention 
parallels Rontgen’s discovery of x-ray as the most outstanding contributions to 
medical imaging.
Early CT units were capable of only axial tomography, and the term 
computerized axial tomography (CAT) scanning become popular acronym. 
Modem CT units are capable of diverse modes much more complex than simple 
axial scanning. Since the introduction of helical CT in the early 1990s, the



technology and capabilities of CT scanners have changed tremendously (helical 
and spiral CT are equivalent technologies. The introduction of dual-slice 
systems in 1994 and multislice systems in 1998 (four detector arrays along the 
z-axis) has further accelerated the implementation of many new clinical 
applications. The number of slices, or data channels, acquired per axial rotation 
has increased, with 16- and 64-slice systems now available (as well as models 
having 2, 6, 8, 10, 32, and 40 slices). Soon even larger detector arrays and axial 
coverage per rotation (>4 cm) will be commercially available, with results from 
a 256-slice scanner having already been published. These tremendous strides in 
technology have resulted in many changes in the clinical use of CT. these 
include, but are not limited to, increased use of multiphase exams, vascular and 
cardiac exams, perfusion imaging, and screening exams (primarily the heart, 
chest, and colon, but also self-referred “whole body” screening exams).
A modem CT includes a gantry, table , x-ray tube, detectors, computer .display 
console and image storage units [1]
1.2 Radiation CT dose and related risks.

As per the United Nations scientific committee UNSCEAR 2000 [2], CT 
contributes over 34% of collective dose from diagnostic X ray examinations in 
the world. This figure is much larger for developed countries, approaching as 
much as 50% to 70% even though the frequency of CT examinations in these 
countries is of the order of 5 to 12%. As compared with the previous



UNSCEAR report six years earlier, the collective dose has grown to a factor of 
about 2.5 [2].
There is no doubt that many patients have benefited from the rapid diagnoses 
made possible by CT and from its value for monitoring chronic disease. 
However, there is increasing concern regarding the risks of this exposure to 
radiation. It is well established that radiation can be harmful and has both 
deterministic and stochastic effects. Deterministic effects, such as hair loss, skin 
bums, and cell death, are dose dependent but do not occur below a threshold of 
150-200 mSv.
Since the typical estimated dose associated with proper use of CT is in the range 
of 2-10 mSv, deterministic effects are not normally a concern. Induction of 
cancer by radiation is a probabilistic (stochastic) effect, not a deterministic 
effect. That is, higher radiation doses are associated with a higher likelihood of 
carcinogenesis, but even low doses of radiation could potentially induce 
carcinogenesis and it is more difficult to assess a safe level of exposure. [3]
CT was always considered a “ high dose” technique, there is growing 
realization that image quality in CT often exceeds the level needed for confident 
diagnosis and that patient doses are higher than necessary. [2]
CT technology in its various guises utilizes many photons in what amounts to a 
series of exposures rather than the single exposure of conventional projection 
radiography. The price paid by the patient is a greater radiation dose. There is 
another important factor at work, namely the loss of self-regulation inherent in



conventional radiography afforded by the use of film. Thus, if too high a dose is 
used to obtain a plain film, the loss of quality (e.g. a black film) will be 
noticeable; if too high/unnecessarily high, dose is used in CT the result will be 
admirable, high quality images [4].
All spiral/helical systems are associated with a somewhat higher dose burden 
than incremental scanners because a larger volume of body is in the event 
scanned than that which is selected. The reason for this lies in the interpolation 
technique used to reconstruct the image. To reconstruct the highest slice, a data 
set of a higher slice yet must be available; similarly, to obtain the lowest slice, a 
lower slice data set must be available. This factor may contribute up to 10% 
increase in the effective dose.
Radiation dose in CT is of particular importance for children. It is very well 
known that children are more sensitive and likely to get radiation induced 
cancer than adults, a study in 2001 in US indicated that exposure factors in CT 
examination used for children are similar to adults.[5]
Basically, risk is determined using either direct measures of dose, such as organ 
dose, or a weighted measure of radiation dose taking into account various organ 
doses and sensitivities (effective dose).
The risk of radiation-induced malignancies from a single CT exposure is 
difficult to assess. There have been no published prospective studies measuring 
incidence of cancer among CT exposed people; however, hypothetical cancer



induction rates have been calculated from the long-term follow up of 
populations exposed to large doses of radiation.
The international commission on radiological protection (ICRP) reports a 
nominal probability coefficient of 5% per Sv effective dose for the lifetime risk 
of fatal cancer in a population of all ages and both sexes exposed to radiation at 
the relatively low doses used in CT examinations.
Diederich et al [6]used the same risk coefficient (suggesting that there will be 5 
fatal cancers in every 100,000 individuals exposed to 1 mSv) and reports that 
risks for infants and children would be higher than the risk for adults [6]. 
Optimization of CT procedures is also important to secure a dose as low as 
reasonable achievable for obtaining an adequate image quality. Optimization of 
CT protocols and the management of scanned patients remains a work in 
progress. Advances in technology continually change the design and capabilities 
of CT scanners, even from the same manufacturer and certainly from different 
manufacturers. Each CT scanner requires unique protocol development to 
optimize dose savings. That is why working with the medical physicist at any 
institution is important [5].
The international commission on radiation units and measurements (ICRU) 
states that “to assess the risk from stochastic and deterministic effects from 
medical x-ray imaging, it is necessary to know the organ or tissue doses, the 
dose distribution and the age and gender of the patients”. The quantities and



units to be used in medical x-ray imaging as well as methods for patient dose 
calculation and measurements are given in ICRU report 74 [4].
The unit is the gray (Gy). CT doses may be calculated from “ computed 
tomography air-kerma (dose) index” (CTDI) and “air-kerma (dose) - length 
product” (DLP) measurements [3].
Doses can also be measured directly by placing thermoluminiscent dosimeters 
(TLDs) or diodes on the patients during the procedures. The dosimetric role of 
the medical physicist is crucial. Availability of radiation doses to patients during 
CT permits a direct comparison to be made of the radiation hazards of CT 
scanning with alternative diagnostic procedures that also use ionizing radiation 
[8].

Since reference dose values are intended to help identify potentially poor 
dosimetric performance, they may in practice be based, for example, on the 
results of large-scale surveys which take into account the variations in dose 
between centres. Such reference dose values should not be applied locally or on 
an individual patient basis, but rather to the mean doses observed for 
representative groups of patients. The values are intended to act as thresholds to 
trigger internal investigations by departments where typical practice is likely to 
be well away from the optimum and where improvements in dose-reduction are 
probably most urgently required. Typical levels of dose in excess of a reference 
dose value should either be thoroughly justified or reduced [9].



There is growing evidence that comparison of dose values with diagnostic 
reference levels has led to a decrease in patient doses, and therefore the use of 
this optimization tool should be widely promoted [10].
Although the individual risk estimates are small, the concern about the risks 
from CT is related to the rapid increase in its use- small individual risks applied 
to an increasingly large population may create a public health issue some years 
in the future, on the basis of such risk estimates and data on CT use from 1991 
through 1996, it has been estimated that aboutO.4% of all cancers in the United 
States may be attributable to the radiation by adjusting this estimate for current 
CT, this estimate might now be in the range of 1.5 to 2.0%.[11]
To our knowledge, few studies have been performed that has investigated 
effective doses to individual patients by taking into account the individual 
technique factors, as well as the physical size of the patients undergoing these 
CT procedures. A comparison of the selected technique factors and the 
corresponding patient doses will help to determine whether these CT radiation 
doses to patients are as low as reasonably achievable, as required by the 
international commission on radiological protection [8].
1.3 CT in Sudan
In Sudan, the number of CT scans are increasing rapidly. The first ever CT 
scan was installed in The Modem Medical Center, Khartoum in 1984. Since that 
date, the number of CT scan are more than 30 scanners, two of them are 64 slice 
and all the rest are spiral CT.



1.4 Statement of the problem
Two questions often asked regarding CT scanners are “how much radiation 
dose is in my CT scanner delivered to the patient?” and “ how does the 
radiation dose from my CT scanner compare with the dose from the other CT 
scanners?”
The radiation dose must be known to estimate the patient’s potential risk from 
radiation and to weight the risk against the benefits of scanning.
In addition, most radiation regulatory agencies require the measurement or 
estimation of radiation dose to the patient from medical x-ray units. The ICRP 
has thus warned against CT in report 87 [2] stating that: “ the absorbed dose to 
tissue from CT (10 to 100 mGy) can often approach or exceed the levels known 
to increase the probability of cancer”.
As a medical physicist we should focus on the evaluation of CT protocols and 
assessment of patient dose by radiation dosimerty to help identify potentially 
poor dosimetric procedure to improve CT to individuals patients and to secure 
a dose as low as reasonable achievable for obtaining an adequate image quality.
1.5 Objectives
The objectives of the study were to:

(i) Investigate doses from CT examinations of adult and pediatric 
patients and to compare the doses with international standards as 
provided in DRLs.



(ii) Measure and evaluate the organ and effective dose in adult and 
pediatric patients during head CT scanning by CT software.

(iii) Establishing DRLs for each facility as a part of quality assurance 
program.

(iv) Improve the radiological techniques to assure that radiation dose to 
patient comply to the ALARA principles.

(v) Provide a protocol for the optimal exposure factors that can give dose 
without exceeding DRLs with high image quality during the head 
scanning during CT examinations.

1.6 thesis outlines

This thesis is concerned with the assessment of doses from CT examinations of 
adult and paediatric patients and to compare the doses with international 
standards as provided in DRLs.

Accordingly, it is divided into the following chapters:

Chapter One: Introduction

Chapter Two: Theoretical background

Chapter Three: Materials , Methods ,results and disscussions

Chapter Four: Conclusion and Recommendations.



CHAPTER TWO 
Theoretical Background



2.1 Principles of Computed Tomography
The CT scanner is a device using an X-ray source which can be used to give 
precise information on the attenuation properties of a thin sectional volume of 
the body.
The basic elements of the CT scanner include the X-ray tube and the detector or 
detector array located in the gantry and known as the data acquisition system, 
the image processing system, and the image display system. The X-ray tube 
rotates around the patient producing a tightly collimated X-ray radiation photon 
beam. Once attenuated by the patient the attenuated beam strikes the detectors 
which convert the photon intensity to a digital signal. Multiple profiles of 
patient attenuation are collected.
2.2 Historical Development of CT System
Each change in the fundamental CT tube-detector structure is known as a CT 
generation. The CT generation has changed from the first introduced in 1972 up 
to the fifth in more recent years. The generation development has improved 
acquisition time and image quality.
2.3.1 The first and second generation scanners
The first generation scanner was based on parallel beam geometry and the 
translate-rotate scanning motion. It used a single highly collimated X-ray beam 
(pencil beam) and one or two detectors which first translated across the patient 
collecting transmission readings (Figure 2.1A). This was done for 180° around 
the patient. This first generation scanner took 4.5 to 5.5 minutes to produce a



complete scan of the head. The major problem for this generation is patient 
throughput, motion artifacts caused by the patient, and poor image quality. 
Second-generation scanners are based, on a small fan beam geometry and 
translate- rotate motion (Figure 2.IB). This method is referred to as rectilinear 
multiple pencil beam scanning and the path traced by the X-ray tube during the 
scanning is same as first generation that is 180°. The scan motion and increasing 
detector numbers reduced the scanning time to 20 to 60 seconds.
The first and second generation scanners are no longer in use. They have been 
replaced by third and fourth generation scanners.

Figure 2.1 : Development of computed tomography generation. (A) The first generation CT 
using translate-rotate principle. (B) Second generation as a rectilinear multiple pencil beam 
scanning system. (C) The third generation CT using rotate-rotate principle. (D) The fourth 
generation CT using rotate-stationary principle. (Buna 1999)



2.3.2 Third and fourth generation scanners
Third generation scanners employ rotate-rotate configuration based on a fan 
beam geometry with no translation and complete rotation of the X-ray tube and 
detectors (Figure 2.1C) . The X-ray tube is coupled to a curved detector array 
that subtends an arc of about 30° to 40° from the apex of the fan located at the 
X-ray tube.
The fan beam geometry rotates continuously around the patient for 360°. The 
minimum scan time is 1 to 4 seconds.
The fourth generation scanners are based on fan beam geometry and complete 
rotation of the X-ray tube around a stationary 360° ring of detectors (Figure
2. ID). The number of detectors in such a scanner varies from about 300 to 
4000. The scan time ranges from 2 to 8 seconds.
23 3  Spiral CT scanners
Scanners discussed above are known as “conventional” scanners. These 
scanners acquire successive slices and are characterized by the table being 
stationary during X-ray acquisition. In spiral CT however, the scanning mode 
has the X-ray tube continuously rotating together with a continuous linear 
translation of the patient through the gantry aperture in order to achieve 
volumetric data acquisition.
The introduction of slip ring technology makes the spiral CT possible . The slip 
ring technology consists of multiple sets of parallel rings and electrical 
components that rotate without constraint by cables. Data are assimilated by



fixed brushes contacting multiple parallel rings. Voltage can also be supplied to 
the X-ray tube. Slip ring technology is used in both the recent third and fourth 
generation scanners to allow the continuous rotation of the X-ray tube through 
360° around the patient and data collection continuously forming a spiral 
pattern. As the X-ray tube rotates the detector array records views taken by the 
X-ray tube at different angles.
These views are interpolated before being reconstructed using filtered 
backprojection .For spiral CT, the pitch factor was introduced, which is defined 
as table feed per 360° rotation divided by the slice thickness .
23.4 Electron Beam Scanners
Electron beam scanners, also known as the fifth CT generation, have been 
developed primarily for high speed CT scanning (Figure 2.2) and use a special 
configuration. These scanners incorporate a semicircular tungsten target ring 
within the gantry. An electron beam with energy of 130 keV strikes the target 
ring as it is swept around the gantry thus the X-ray focal spot moves around the 
patient. The stationary semicircular bank of detectors records the X-ray 
transmission in a fashion similar to that of a fourth-generation scanner . By 
using four target rings and two detector banks, eight slices of the patient may be 
imaged allowing acquisition of about 17 images per second. This capability 
allows images of high motion structures such as the heart to be visualised in 
coronary studies.



Figure 2.2: Electron Beam CT illustrates the electron gun (A), electron beam (B), self 
contained internal cooling system (C), data acquisition system (D), target ring,(E), 
precise high-speed couch motion (F). (Heart Information Network 2001)

2.4 X-ray And Matters
To better appreciate patient dose it is useful to review the process of the X-ray 
from production to patient interaction. Thus, this section will review the X-ray 
characteristics, its spectrum after filtration and the X-ray attenuation concept.
2.4.1 X-Ray Characteristics And Spectrum
X-rays are produced through two processes namely characteristic K-radiation 
emission and, bremsstrahlung production. The latter process produces more 
radiation than the former.
The intensity of radiation is proportional to the product of the number of 
photons and their energy. The total spectrum can be simply represented by the 
equation below:

1(E) = CZ(Emax-E) (2.1)



where
I (E) is the intensity at energy E 
C is constant
Z is the atomic number of the target
Thus, the resultant X-ray spectrum depends on the target material, energy 
applied and filtration. The effect of filtration will be discussed below.
2.4.2 Filtration
X-ray beam filtration in CT may be provided by typical additional filters such 
as 4 to 6 mm Aluminium, 0.5 mm Copper and a beam shaper.
The filtration in CT scanners may serve the two main purposes; of (1) changing 
X-ray beam energy and (2) changing intensity over the X-ray fan beam. 
Filtration thus hardens the beam by absorbing the “soft” (low energy) radiation 
so that a more homogenous beam with better penetration is utilised. A specially 
designed filter for CT known as bow tie or beam shapers used before the patient 
to compensate the attenuation across the patient thus provides uniform x-ray 
beam to reach the detector. These may reduce the intensity of the beam away 
from the centre of the scan field. Both filtration techniques serve to also reduce 
patient exposure.
2.4.3 Attenuation and Half Value Layer
The attenuation of X-ray photons occurs when absorbed or scattered with in a 
medium. Linear attenuation is defined by the Lambert-Beer Law.



/  =  h e ' i* (2.2)

where
I = the transmitted photon intensity
10 = incident photon intensity
x = the thickness of the material (cm)
H=the linear attenuation coefficient (cm'1)
The factors that affect the linear attenuation coefficient are (1) the energy of the 
beam, (2) material characteristics including atomic number, density and the 
number of electrons per gram of the material. Increasing the energy will 
increase the number of transmitted photons and decrease the attenuation, while, 
increasing the material density, atomic number and electrons per gram will 
increase the attenuation. Another fundamental attenuation coefficient is the 
mass coefficient, which is obtained from the linear coefficient by dividing by 
the density p. The mass attenuation coefficient (|im) or (ja/p ) is independent of 
the density.
The attenuation coefficient is defined as the linear attenuation coefficient, ji and 
the dimensions of per cm. If the thickness is in g/cm2 then the absorption 
coefficient is known as the mass attenuation coefficient, n m with its dimension 
cm2/g. The relationship between and p. can be seen in the equation below

11 i (cm _1) = fim (cm.g ”1) * p (g . cm  ~3) (2.3)



where p is the density of the absorber.
Half value layer is the thickness of absorber required to reduce the intensity of a 
radiation beam by a factor of two. Thus,

HVL =  —  (2.4)/*

2.5 General Definition of Exposure and Dose
Radiation dose to a patient is better appreciated by an understanding of the 
relationships between radiation exposure and dose. Many dosimetry definitions 
have been described in international publications by the ICRP 1991. Thus in 
this section a review of the terms, radiation exposure, absorbed dose and 
effective dose and their relationships is discussed. Dosimetry is the process of 
determining radiation dose. It includes the description of the type of radiation 
and the amount of energy it may deposit in some medium.
Radiation from an X-ray generator consists of a beam of photons with a variety 
of energies; however, it can be manipulated to produce a more monoenergetic 
beam by filtration. The two distinct terms generally used in dosimetry are 
exposure and absorbed dose.
2.5.1 Kerma
The transfer of energy from a photon beam to a medium takes place in two 
stages. The first stage is known as Kerma and the second stage is absorbed dose. 
The KERMA (Kinetic Energy Released in the Medium) stage involves the 
interaction of the photon with an atom at a point, causing an electron to be set in



motion. The second stage involves the transfer of kinetic energy (KE) from the 
high-energy electron to the medium through excitation and ionisation. The 
absorbed dose occurs farther over a range equal to the range of the electron 
path.
The primary physical quantity used to specify a photon radiation field is 
exposure as air kerma. The primary standard instrument used for its 
measurement are an air-filled ionisation chamber.

Kerma (K) is defined as:

K dM I-Kg 1(Gray) (2.5)

where, dE  ̂ is the sum of the initial kinetic energies of all charged ionising 
particles liberated by uncharged ionising particles in a material of mass dm. The 
SI unit of kerma is joule per kilogram (J.kg'1), and special unit is gray (Gy). 
Exposure refers to a measure of the radiation needed to ionise air as a medium (. 
It is measured in Roentgens (R) and defined as the quantity of X-rays that 
produce 2.580 x 10‘4 C of charge collected per unit mass (kilogram) of air at 
standard temperature and pressure (STP).
Equation for exposure (X) is,



X = —  CKa “1dM Equation (2.6)
where dQ is the absolute value of the total charge of the ions of the one sign
produced in air when all of the electrons liberated by photons in a volume
element of air having a mass dm are completely stopped in air .
2.5.2 Absorbed Dose
Absorbed dose is also referred to as absorbed radiation dose or radiation dose. It 
describes the amount of energy absorbed per unit mass. The absorbed dose in an 
organ or tissue, Dt, is the absorbed dose averaged over the volume of a tissue or 
organ T rather than at a point. It is measured in grays (Gy) 
where 1 Gy = 1 J. kg'1.
The equation for absorbed dose, D, is
_  dED = —  Gy Equation (2.7)

where dE is the mean energy imparted by ionising radiation to matter in a 
volume element and dm is the mass of matter in the volume element. The 
energy can be averaged over any defined volume, the average dose being equal 
to (he total energy imparted in the volume divided by the mass in the volume. 
The absorbed dose also does not reflect the relative radiosensitivity or risk of 
detriment to those tissues being irradiated.



2.5.3 Equivalent Dose
The effect of different types of radiation on tissue is given by the radiation 
weighting factor (Wr). The values of the radiation weighting factor are given in 
Table 2.3 and for X-ray photon is equivalent to 1 (ICRP 1991). If the absorbed 
dose (Dt) is multiplied by a radiation weighting factor, it is known as the 
equivalent dose (HT), which is expressed in Siverts (Sv).

H T ~ W  r ,D t Sv Q'Q

The probability of the occurrence of radiation induced stochastic effects is 
dependent on absorbed dose (ICRP 1977; 1991). Stochastic effects are related to 
the ability of ionizing radiation to damage Deoxyribonucleic Acid (DNA) in 
human cells that can lead to detrimental effects such as a malignant tumour or 
the possibility of heredity defects.
Table 2.1: Radiation weighting factors (ICRP 1991)
Type and energy range of 
radiation

Radiation weighting factor 
WR

Photons, all energies 1
Electrons ,all energies 1
Neutrons,energy lOMeV to 
100 MeV

10
Protons, 5
Alpha particles,fission 
fragments,heavy nuclei

20



2.6 Radiation Dose Specific to CT
After the exposure and dose were explained in the previous section, the dose 
quantities specific to CT are discussed. This section will explain the reason for 
different dose descriptors for CT, the methods of dose measurement in CT, the 
equipment for measurement, and an outline of Monte Carlo principles.
2.6.1 Requirement for different dose descriptors
The dose distributed in CT examinations differs in several ways compared to 
general radiography. First, the dose is equally distributed in the scanning plan as 
the patient is equally irradiated from all directions during a complete 360° X-ray 
tube rotation along the x-y axis (Figure 2.3).
Second, the CT dose is also distributed along the patient z axis (plane AB). In 
this direction, radiation is not only deposited in the collimated area but also in 
its neighbourhood. The latter phenomenon is due to the penumbra and the 
divergence of the radiation beam (Figure 2.3 -  insert). When multiple adjacent 
scans are performed this penumbra (radiation profile tail) will contribute to the 
area being irradiated and create additional absorbed dose. Third, CT may use 
several series in an examination, thus the same volume may be irradiated 
several times increasing the dose. Figure(2.3)



Figure 2.3: Configuration of CT system shows X-ray beam collimation along z- 
axis (line AB) through CTDI phantom. Insert indicates the dose profile 
measured along line AB. (Shope et al. 1981)

CT dose quantities can be divided into two categories, as local dose and integral 
dose. Local dose quantities are indicators of the intensity of the radiation inside 
the limits of the irradiated body region for example CTDI and organ dose. The 
integral dose quantities are descriptors of the total amount of radiation absorbed 
during an examination by taking into account the extent of the body region. This 
category includes dose length product and effective dose.
2.6.5 Specific Dose unit for CT
The currently accepted appropriate descriptor for CT dose is the Computed 
Tomography Dose Index (CTDI). This is a local dose descriptor of dose output 
for scanners measured in air at the centre of rotation,. The CTDI is defined as



the radiation dose, normalized to beam width, measured from 100 mm length of 
a pencil ionisation chamber.

CTDI100~  D (z)dz . mGy eguation(2.9)

where D(z) absorbed dose relative to location along the z axis; N is the number 
of acquired sections per scan (or the number of data channels used during 
acquisition) and T is the nominal width of each acquired section (product of NT 
is also known as beam collimation).
Specific imaging protocols also include the pitch as a factor, thus in 
consideration of that factor, another descriptor has been created. The unit is 
CTDIyoi or CTDIW>. It is defined as

NTCTDI vol =  CTDI w. —  mGY
I (2.10)

where Wand T are defined in equation 2.9 and represent the total collimated 
width of the X-ray beam and I  is the table increment per rotation for helical scan 
or spacing between acquisition for axial scans.
Pitch is one of the parameters in spiral CT. Pitch is defined as table distance 
travelled in one 360° rotation over total collimated width of the X-ray beam, 
while in conventional CT it is defined as table increment over slice thickness. 
Pitch can be calculated by the equation 2.11.
Pitch = I/NT 2.11



mGY 2.12

In describing the exposure distribution along the z axis another descriptor 
known as Dose Length Product (DLP) (European Commission 1998) is used as 
an integral dose quantity. This DLP is created as estimated effective dose value 
without taking account of tissue weighting factor. The DLP is expressed in units 
of Gy.cm and given in the equation below,

dose depends on the particular organ and tissue irradiated (ICRP 1991). Thus, to 
indicate the combination of the different doses to several different tissues in a 
way which is likely to correlate well with the total of the stochastic effects, the 
tissue-weighted factor, Tw is introduced (Table 2.2). This factor represents the 
relative contribution of organ or tissue to the total detriment due to effects 
resulting from uniform irradiation to the whole body. Twelve tissues and organs 
are specified with individual weights WT and an additional “remainder” tissue 
with a weighting factor of 5% is to account for the contribution of additional ten 
specified organs and tissues (ICRP 1991). The effective dose is the sum of the

DLP = CTDI vol. scan lenght mGy. cm (2 .13)

2.6.6 Effective Dose
The relationship between the probability of stochastic effects and equivalent



weighted equivalent doses in all the tissues and organs of the body. It is given 
by the expression,

Er = J j W r .H r Sv '
T

where HT is the equivalent dose in tissue or organ T and WT is the weighting 
factor for the tissue T. The unit of effective dose is the sievert (Sv) (ICRP 
1991).
Table 2.2: Tissue weighting factor (ICRP 1991)
Tissue or organ Tissue weighting 

factor Wr
Gonads 0.2
Bone marrow(red) 0.12
Colon(a) 0.12
Lung 0.12
Stomach 0.12
Bladder 0.05
Breast 0.05
Liver 0.05
Oesophagus 0.05
Thyroid 0.05
Skin 0.01
Bone surface 0.01
Remainder^ 0.05

(a) Lower large intensive
(b) For the purposes of calculation, the remainder is composed of adrenal glands, brain, 

upper large intestine, small intestine, kidney, muscle, pancreas, spleen, thymus and 
uterus.
In those exceptional cases in which a single one the remainder tissues.



2.7 Diagnostic Reference Levels
In optimisation of radiation in medical exposure, the ICRP publication 60 
recommended as noted:-“Consideration should be given to the use of dose 
constraints, or investigation levels, selected by appropriate professional or 
regulatory agency, for application in some common diagnostic procedures. 
They should be applied with flexibility to allow higher doses where indicated by 
sound clinical judgement” (ICRP 1991). Then, the ICRP publication 73 
introduced the first “diagnostic reference level” (DRL). It explained the concept 
of reference levels and expanded in more detail the concept of DRL (ICRP 
1996). Thus in the context o f optimisation of radiation protection of patient in 
diagnostic radiology including CT, the introduction of DRL is appropriate. The 
DRL is defined as a dose level set for standard procedures and for groups of 
standard-size patients or a standard phantom for broadly defined types of 
equipment (CEU 1997; European Commission 1999; ICRP 1996). The selection 
of DRL is decided by professional medical bodies, using third quartile dose 
values on the observed distribution for patients, and specifically for a country or 
region (ICRP 2002).The purpose of DRL is to advise local authorities as a 
quality assurance tool in identifying individual centers that are consistently 
unusually high in their dose values levels against clinical doses that need to be 
reviewed (IAEA 2002; ICRP 2002).
The DRL quantities should be easily measured on a simple standard phantom or 
representative patient for diagnostic radiology. The dose quantities suggested



for CT examinations are: (1) CTDIW per slice (mGy) and (2) DLP per exam 
(mGy.cm) (European Commission 1998). These two quantities provide a useful 
indication of the relative scanner X-ray output in CT reflecting both the 
technique factors selected for each examination and overall scope of an 
examination for a given type of procedure and patient group.
2.7.1 Determination of DRL
The diagnostic reference levels (DRLs) can be derived from the observed 
distributions of patient doses in a certain area, conducted over a certain period 
of time.
DRLs then are not an individual measure but derived from a representative 
sample of dose indicators associated with a standard patient size. The DRL must 
be set at approximately the level of the third quartile in the dose distribution. 
The third quartile value is chosen as an appropriate investigation level on the 
grounds that if 75% of X-ray departments can operate satisfactorily below this 
dose level, then the remaining 25% should be made aware of their considerably 
less than optimal performance and hence should be encouraged to alter their 
radiographic equipment or techniques to bring their doses in line with the 
majority. At the same time adherence to the Diagnostic Requirements for each 
scan series will ensure that diagnostic effectiveness does not suffer from any 
dose reduction (European Commission 1998). The DRL in general is the 
rounded third quartile distribution of mean values of CTDIW and DLP measured 
for a particular examination on a patient group.



The ideal standard patients’ size as recorded by EC (European Commission 
1996) is 20 cm AP trunk thickness and 70 kg weight, with an average weight, 
that is 70 ± 3 kg. Similarly, the UK has adopted the criteria that the mean 
weight of the sample should lie in the range 65 to 75 kg for the mean dose to be 
indicative of the typical dose to an average (70 kg) patient (Hart et al. 2002a). 
However, if there is no average patient available, the measurement period of all 
patients and the average of the dose result can be calculated as the outcome for 
a standards patient. The minimum number of patients recommended for DRL 
estimation is 10. [12]
2.8 CT Quality Control
A Quality Assurance (QA) program, which includes quality control tests, helps 
to ensure that high quality diagnostic images are consistently produced while 
minimizing radiation exposure. The QA program covers the entire x-ray system 
from machine, to processor, to view box. This program will enable the facility 
to recognize when parameters are out of limits, which will result in poor quality 
images and can increase the radiation exposure to patients.
Simply performing the quality control tests is not sufficient. When quality 
control test results exceed established operating parameters, appropriate 
corrective action must be taken immediately and documented.
The responsibility for the quality control tests should be assigned to a QA 
program coordinator to ensure consistency in test methodology and 
interpretation of the data. More than one person may perform the tests but one



person should assume overall responsibility for the day to day operation of the 
program. This leads to better understanding of when to repeat tests, call for 
service, or consult with the practitioner or medical physicist.
The physician, medical physicist, and QC personnel, working together as a 
team, are the key to providing optimum quality radiographic images.
2.8.1 Frequency
The frequency of quality control tests may need to be increased depending on 
many factors including the age and stability of the x-ray equipment and film 
processing equipment, as well as the number of problems being encountered.
2.8.2 Consistency
After each link (CT unit, laser film printer, etc.) in the imaging chain is 
optimized, a working QA program will provide warning flags to the QA 
program coordinator when something goes away.
If the coordinator finds, during the daily review, that the established tolerances 
are exceeded, the test or tests must be repeated to verify the results, and then 
corrective action must be taken.
The coordinator must be capable of identifying problems and willing to resolve 
them as they occur, or the QA program will not provide the intended benefits.



2.8.3 Competency
The registrant must ensure that all individuals, performing any of the CT quality 
control tests, have an appropriate .level of training to perform the tests 
competently.
The registrant shall ensure that individual performing quality control tests, 
Computed Tomography Quality Control Requirements, is a licensed radiologic 
technologist, a qualified medical physicist, or a trained service technician. The 
facility must ensure that there are sufficient trained personnel so that there is 
always someone available (i.e. to cover vacation and sick time) to perform the 
necessary testing.
2.8.4 Training options
The registrant may train their own personnel. This assumes that the registrant is
competent in the particular procedure and is able to convey this knowledge
adequately to the personnel. Product manufacturers, vendors, and service
companies have training aids available in the form of leaflets, and videos.
Companies whose sole purpose is training as well as service and repair
companies the facility:s  pAysicist can provide seminars and
training courses ranging from a few hours to several days or more on the how to
perform Quality Control tests. Adequate training of personnel will ensure that
the tests are performed correctly and consistently [13].table 2.3shows Computed
Tomography Quality Control Requirements



TABLE 2 .3

Computed Tomography Quality Control Requirements (To be performed by a 
licensed radiological technologist, a qualified medical physicist, or a trained 
service technician).

TABLE 2.3
MEDICAL PHYSICIST'S COMPUTED TOMOGRAPHY QC SURVEY

Item Test Standard
1 Scan Increment Accuracy 1mm
2 Scan Localization Light Accuracy 5mm
3 Patient Dose (Multiple Scan Average 

Dose-MSAD or Computed tomography 
Dose Index-CTDI)

Manufacturers' specifications

4 Pre-Patient Collimation Accuracy CT equipment or phantom 
manufacturers'Specifications

5 Contrast Scale CT equipment or phantom 
manufacturers' Specifications

6 CT Number for Water CT equipment or phantom 
manufacturers' Specifications

7 Slice Thickness CT equipment or phantom 
manufacturers' specifications

8 Field Uniformity CT equipment or phantom 
manufacturers'specifications

9 Low Contrast Resolution CT equipment or phantom 
manufacturers' specifications

10 High Contrast Resolution CT equipment or phantom 
manufacturers' Specifications

11 Noise CT equipment or phantom 
manufacturers' Specifications

12 Scan Protocol Review Ensure that both the adult and 
pediatric scan protocols are 
separate and unique

13 Review of Facility and Technologist
QC
Tests

Review QC tests for proper 
procedure and corrective action

14 Physicist Report and Recommendations Communicate results and 
recommendations to registrant



Table 2.4 shows guidelines for records retention

R e c o rd s  R e te n tio n
Record Type Minimum Retention Time

EACH corrective action, repair and service Two Years
Radiation Safety Survey of the Environs As long as machine is owned plus 

one year
INITIAL Medical Physicist QA Survey Permanently maintained
ANNUAL Medical Physicist QA Survey Quality Two Year
Assurance Program Review Two Years

2.9 Patient dose from CT: previous studies
Walter Huda and Awais Vance in their study in 2006 (Patient Radiation Doses 
from Adult and Pediatric CT) determined typical organ doses, and the 
corresponding effective doses, to adult and pediatric patients undergoing a 
single CT examination. The organs were heads, chests, and abdomens of 
patients ranging from neonates to oversized adults (120 kg) were modeled as 
uniform cylinders of water. Monte Carlo dosimetry data were used to obtain 
average doses in the directly irradiated region. Dosimetry data were used to 
compute the total energy imparted, which was converted into the corresponding 
effective dose using patient-size-dependent effective-dose-per-unit-energy- 
imparted coefficients. Representative patient doses were obtained for scanning 
protocols that take into account the size of the patient being scanned by typical 
MDCT scanners.. Relative to CT scanners from the early 1990s, present-day 
MDCT scanners result in doses that are 1.5 and 1.7 higher per unit mAs in head 
and body phantoms, respectively. Organ absorbed doses in head CT scans 
increase from 30 mGy in newborns to 40 mGy in adults. Patients weighing less



than 20 kg receive body organ absorbed doses of 7 mGy, which is a factor of 2 
less than for normal-sized (70-kg) adults. Adult head CT effective doses are 0.9 
mSv, four times less than those for the neonate. Effective doses for neonates 
undergoing body CT are 2.5 mSv, whereas those for normal-sized adults are 3.5 
mSv.
Representative organ absorbed doses in CT are substantially lower than 
threshold doses for the induction of deterministic effects, and effective doses are 
comparable to annual doses from natural background radiation.[14].

W.E. Muhogoral and M.M. Rehani (2009) in (Patient Doses in CT and 
Radiography in Africa) have focused on increasing use of computed 
tomography (CT) scanning in Africa. However, there has been lack of 
information on patient doses in CT scanning and radiography in large parts of 
Africa. Through the projects of the International Atomic Energy Agency 
(IAEA) and some independent work, significant information is now available 
from many countries. The first multinational dose survey in radiography from 
the countries from which information is currently available showed that doses to 
adult patients (in terms of ESAK) are not higher than the currently established 
DRLs. The data with regard to radiation doses in CT indicates that there are 
some hospitals where adult exposure factors are being used for scanning of 
children. Further to that, many hospitals have CTDIw values below DRLs while 
some DLP values exceeded DRLs. The CT machines vary from single slice to 
multi-slice with limited maintenance and QC routines. This study has created 
awareness, provided training on monitoring of radiation doses as the most 
challenging issues in many countries in Africa [15]

Jolanta Hansen & Anne Grethe Jurik in their study (Survival and radiation risk 
in patients obtaining more than six CT examinations during one year) observed 
300 patients with more than six CT examinations during one year.They



comprised 8% of the patients and accounted for 27% of all examinations. These 
patients needed further analysis.The 300 patients were analyzed concerning age, 
type of diseases indicating multiple CTs and the CT protocols used. The 
effective dose and risk of low dose radiation was estimated and survival of the 
patients after 1.5 year was analyzed. A total of 289 patients had malignancies, 
the most frequent being lung cancer, bladder cancer and colon cancer. A total of 
4.3% of the patients with malignancies were 54 year old, 13.3% were 41_50 
years old and 62.7% 5 1 7 0  years old. The highest average number of CT 
examinations was observed in patients with sarcomas (11.2 examinations per 
patient). Eleven patients (aged 15_77 years) had traumatic lesions. Their 
number of examinations varied from 7 to 20. The total radiation dose for all 300 
patients was 21.42 Sv, which may imply induction of a fatal cancer in one of the 
patients. However, only 102 patients survived their disease. A total of 198 
patients had serious disease and were not alive 1.5 years after the examinations. 
The multiple CTexaminations were necessary to monitor their treatment. For 
the surviving 102 patients the use of CT contributed to an optimal therapy, but 
the examinations implied a risk for radiation induced malignancies.[16]

Huda and Ogden in their study(2008) in (Comparison of head and body organ 
doses in CT) compare head and body organ doses received by adult patients 
undergoing whole body scans operated using the same technique factors. 
Dosimetry data were obtained for six CT scanners (16 and 64 slice) from four 
vendors. Organ doses were obtained using the ImPACT CT dose software 
package for an adult male, together with the corresponding head and body 
CTDIw.the data provide a link between the CTDI doses generated on most 
commercial scanners for each clinical CT examination and doses to organs and 
tissues within the directly irradiated region of an adult patient. The average 
numerical ratio of the brain dose to the head phantom CTDIw is 0.84 ± 0.05, the 
average ratio of the lung dose and liver dose to the body phantom CTDIw is



1.65 ± 0.05 and 1.48 ± 0.05, respectively. When scanned under identical 
conditions, lung doses are similar to brain doses, and liver doses are only -10% 
lower. By comparison, the average body to head CTDIw ratio was 0.49 ± 0.06, 
which erroneously implies that doses to organs in the head are twice those of 
doses to organs in the body at the same techniques. Two CT dosimetry phantom 
sizes are therefore not required, and our findings support the need to reassess 
the role, if any, of current cylindrical acrylic dosimetry phantoms.[17]

Jaffe et aJ.in his study(2010)(Radiation Dose for Routine Clinical Adult Brain 
CT: Variability on Different) was to determine, using an anthropomorphic 
phantom, whether patients are subject to variable radiation doses based on 
scanner assignment for routine CT of the brain. Twenty metal oxide 
semiconductor field effect transistor dosimeters were placed in the brain of a 
male anthropomorphic phantom scanned three times with a routine clinical brain 
CT protocol on four scanners from one manufacturer in four configurations and 
on one 64-MDCT scanner from another manufacturer. Absorbed organ doses 
were measured for skin, cranium, brain, lens of the eye, mandible, and thyroid. 
Effective dose was calculated on the basis of the dose-length product recorded 
on each scanner. Organ dose ranges were as follows: cranium, 2.57-3.47 cGy; 
brain, 2.34-3.78 cGy; lens, 2.51-5.03 cGy; mandible 0.17-0.48 cGy; and 
thyroid, 0.03-0.28 cGy. Statistically significant differences between scanners 
with respect to dose were recorded for brain and lens (p < 0.05). Absorbed doses 
were lowest on the single-detector scanner. In the comparison of MDCT 
scanners, the highest doses were found on the 4-MDCT scanner and the dual- 
source 64-MDCT scanner not capable of gantry tilt. Effective dose ranged from 
1.22 to 1.86 mSv. According to the phantom data, patients are subject to 
different organ doses in the lens and brain depending on scanner assignment. At 
our institution with existing protocols, absorbed doses at brain CT are lowest 
with the single-detector CT scanner, followed by MDCT scanners capable of



gantry tilt. On scanners without gantry tilt, CT of the brain should be performed 
with careful head positioning and shielding of the orbits. These precautions are 
especially true for patients who need repeated scanning and for pediatric 
patients. [18]

Nicholas Theocharopoulos in his study(2006)(Estimation of effective doses to 
adult and pediatric patients from multislice computed tomography: A method 
based on energy imparted) provide a method and required data for the 
estimation of effective dose (E) values to adult and pediatric patients from 
computed tomography (CT) scans of the head, chest abdomen, and pelvis, 
performed on multi-slice scanners. Mean section radiation dose (Dm) to 
cylindrical water phantoms of varying radius normalized over CT dose index 
free-in-air (CTDIF) were calculated for the head and body scanning modes of a 
multislice scanner with use of Monte Carlo techniques. Patients were modeled 
as equivalent water phantoms and the energy imparted (e) to simulated pediatric 
and adult patients was calculated on the basis of measured CTDIF values. Body 
region specific energy imparted to effective dose conversion coefficients (E/e) 
for adult male and female patients were generated from previous data. Effective 
doses to patients aged newborn to adult were derived for all available helical 
and axial beam collimations, taking into account age specific patient mass and 
scanning length. Depending on high voltage, body region, and patient sex, We 
values ranged from 0.008 mSv/friJ for head scans to 0.024 mSv/lnJ for chest 
scans. When scanned with the same technique factors as the adults, pediatric 
patients absorb as little as 5% of the energy imparted to adults, but 
corresponding effective dose values are up to a factor of 1.6 higher. On average, 
pediatric patients absorb 44% less energy per examination but have a 24% 
higher effective dose, compared with adults. In clinical practice, effective dose 
values to pediatric patients are 2.5 to 10 times lower than in adults due to the 
adaptation of tube current. A method is provided for the calculation of effective



dose to adult and pediatric patients on the basis of individual patient 
characteristics such as sex, mass, dimensions, and density of imaged anatomy, 
and the technical features of modem multislice scanners. It allows the optimum 
selection of scanning parameters regarding patient doses at CT.[19]

W. E. Muhogora, N. A. Ahmed in their study(2010) “paediatric CT 
Examinations in 19 Developing Countries: Frequency and Radiation Dose” 
investigated the frequency of computed tomography (CT) examinations for 
paediatric patients below 15 y of age in 128 CT facilities in 28 developing 
countries of Africa, Asia and Eastern Europe and to assess the magnitude of CT 
doses. Radiation dose data were available from 101 CT facilities in 19 
countries. The dose assessment was performed in terms of weighted CT dose 
index (CTDIW), volume CT index and dose length product (DLP) for chest, 
chest (high resolution), lumbar spine, abdomen and pelvis CT examinations 
using standard methods. The results show that on average the frequency of 
paediatric CT examinations was 20, 16 and 5 % of all CT examinations in 
participating centres in Africa, Asia and Eastern Europe, respectively. Eleven 
CT facilities in six countries were found to use adult CT exposure parameters 
for paediatric patients, thus indicating limited awareness and the need for 
optimisation. CT images were of adequate quality for diagnosis. The CTDIW 
variations ranged up to a factor of 55 (Africa), 16.3 (Asia) and 6.6 (Eastern 
Europe). The corresponding DLP variations ranged by a factor o f 10, 20 and 8, 
respectively. Generally, the CTDIW and DLP values in Japan a re  lo w e r  tlvaxvtkve. 

corresponding values in the three regions in this study. The study has indicated 
a stronger need in many developing countries to justify CT examinations in 
children and their optimisation. Awareness, training and monitoring of radiation 
doses is needed as a way forwards. [20]



J Gu, B Bednarz, in (The development, validation and application of a multi
detector CT (MDCT) scanner model for assessing organ doses to the pregnant 
patient and the fetus using Monte Carlo simulations) developed and validated an 
MDCT scanner using the Monte Carlo method, and meanwhile the pregnant 
patient phantoms were integrated into the MDCT scanner model for assessment 
of the dose to the fetus as well as doses to the organs or tissues of the pregnant 
patient phantom. A Monte Carlo code, MCNPX, was used to simulate the x-ray 
source including the energy spectrum, filter and scan trajectory. Detailed CT 
scanner components were specified using an iterative trial-and-error procedure 
for a GE LightSpeed CT scanner. The scanner model was validated by 
comparing simulated results against measured CTDI values and dose profiles 
reported in the literature. The source movement along the helical trajectory was 
simulated using the pitch of 0.9375 and 1.375, respectively. The validated 
scanner model was then integrated with phantoms of a pregnant patient in three 
different gestational periods to calculate organ doses. It was found that the dose 
to the fetus of the 3 month pregnant patient phantom was 0.13 mGy/100 mAs 
and 0.57 mGy/100 mAs from the chest and kidney scan, respectively. For the 
chest scan of the 6 month patient phantom and the 9 month patient phantom, the 
fetal doses were 0.21 mGy/100 mAs and 0.26 mGy/100 mAs, respectively. The 
paper also discusses how these fetal dose values can be used to evaluate 
imaging procedures and to assess risk using recommendations of the report 
from AAPM Task Group 36. This work demonstrates the ability of modeling 
and validating an MDCT scanner by the Monte Carlo method, as well as 
assessing fetal and organ doses by combining the MDCT scanner model and the 
pregnant patient phantom. [22]

Jaffe et al. Am. Jin(2010) (Radiation Dose for Routine Clinical Adult Brain CT: 
Variability on Different Scanners) determined, using an anthropomorphic 
phantom, whether patients are subject to variable radiation doses based on



scanner assignment for routine CT of the brain. By using Twenty metal oxide 
semiconductor field effect transistor dosimeters were placed in the brain of a 
male anthropomorphic phantom scanned three times with a routine clinical 
brain CT protocol on four scanners from one manufacturer in four 
configurations and on one 64-MDCT scanner from another manufacturer. 
Absorbed organ doses were measured for skin, cranium, brain, lens of the eye, 
mandible, and thyroid. Effective dose was calculated on the basis of the dose- 
length product recorded on each scanner. Organ dose ranges were as follows: 
cranium, 2.57-3.47 cGy; brain, 2.34—3.78 cGy; lens, 2.51-5.03 cGy; mandible 
0.17-0.48 cGy; and thyroid, 0.03-0.28 cGy. Statistically significant differences 
between scanners with respect to dose were recorded for brain and lens (p < 
0.05). Absorbed doses were lowest on the single-detector scanner. In the 
comparison of MDCT scanners, the highest doses were found on the 4-MDCT 
scanner and the dual-source 64-MDCT scanner not capable o f gantry tilt 
Effective dose ranged from 1.22 to 1.86 mSv. According to the phantom data, 
patients are subject to different organ doses in the lens and brain depending on 
scanner assignment. At our institution with existing protocols, absorbed doses at 
brain CT are lowest with the single-detector CT scanner, followed by MDCT 
scanners capable of gantry tilt. On scanners without gantiy tilt, CT of the brain 
should be performed with careful head positioning and shielding of the orbits. 
These precautions are especially true for patients who need repeated scanning 
and for pediatric patients. [23]



CHAPTER THREE 
Materials and Methods



This is a prospective research study to determine the dose delivered to patients 
in CT examinations. In this chapter the materials used and methods employed 
for the research are described. The, description will include compilation of a 
data sheet, the dose software used and the statistical data analysis.The data used 
in this study were collected from Department of Radiology, Al-Ribat University 
Hospital-Khartoum. Data of the technical parameters used in CT procedures 
was taken during March, 2011.
3.1 CT Machine
Multislice CT Scanner (MSCT) 16 slice (Siemens Sensation) a Sensation 16 
scanner was installed in 2004. (Siemens Medical Solutions, Forchheim, 
Germany).
All quality control tests were performed to the machine prior any data 
collection. The tests were carried out by experts from Sudan Atomic Energy 
Commission (SAEC). All the data were within acceptable range.

3.2 CT dose measurements
The dose assessment was performed for head CT examinations. The number of 
patients in the head CT was 59 patients referred to Al-Ribat University Hospital 
(RUH).
The weighted CT dose index (CTDIW) and the dose length product (DLP) for a 
complete examination in milligray centimeter are well-accepted dose 
descriptors in CT the values for CTDIW were determined by calculation using 
commercially available Monte Carlo software CTDOSE for calculation of 
organ dose.
The CT-Dose calculation program uses a Monte Carlo simulation routine to 
estimate dose distribution and consequently the effective dose in a mathematical 
standard hermaphrodite phantom (170cm/70Kg) from a given CT-procedure



and a given CT-scanner type, as well as the dose-length-product from the CT- 
procedure.
The CTDOSE used normalized organ dose data sets, together with measured 
values of free in- air axial dose for particular models of scanner.This software 
required the following input parameters: scanned volume (in terms of baseline 
in the phantom and number of slices), slice width, couch increment, effective 
mAs, kVp and CT dose index per mAs (CTDI). [24]

3.3 Organ dose determinations
Doses to selected organs (e.g., liver, spleen, pancreas, stomach, testis 

ovaries) were determined using the C T D ^  described in the previous section 
and organ dose conversion coefficients [25]. Since the organ dose data are 
expressed in terms of absorbed dose to tissue, the measured values of dose in air 
(CTDIajr) were converted to dose to tissue (CTDItissue) using the ratio of the 
mass-energy absorption coefficients ((le^p) of tissue to air[26,27]
Despite the fact that the mass-energy absorption coefficient depends 
significantly on photon energy, the ratio of the mass-energy absorption 
coefficient of soft tissue to air is assumed to be constant for all typical X-ray 
spectra produced by the CT scanners examined with a value of 1.06 (with an 
error of no more than ±1%). [28,29,30]
Hie organ dose conversion factor f  (organ, z) was obtained from the NRPB 
datasets (NRPB-SR250) based on the Monte Carlo simulations'[31,32].The 
CTDOSE software supplied by the ImPACT was used to implement Eq. (3-1). 
The CTDIair normalized to 100 mAs (nCTD!^), CT canner manufacturer and



model, and typical scanning parameters such as kV, mA, exposure time, pitch, 
slice thickness, gender, and start and end positions of each scan were used as 
input data to the CTDOSE spreadsheet in organ dose estimations.[29.30] Due 
to the fact that the software does not take into account the patient size, that is, 
the software was not discriminate between tall and short patients, it was 
necessary to adjust the scan region indicated on the human skeleton from each 
patient survey form in NRPB’s mathematical phantom (Figs. 1-3 in NRPB- 
R250)[33] for each individual examination. This was done by first marking the 
start and end positions of the scan region and then determining the scan length 
from the number of slices, the slice thickness, and the table increment. This 
information was used in the selection of the part of the phantom irradiated in 
order to improve the correspondence between the organs irradiated in the 
patient and the phantom [28]. Since the scanners used in this study were not in 
use at the time of the NRPB survey, the estimation of organ dose has to rely on 
the attributes of the new model compared to that of older designs. This was 
done using scanner-matching data published by the ImPACT group, and may 
lead to uncertainty of not more than 15% of organ dose measurements. [30,34]



Figure 3.1 Mathematical phantoms for Monte Carlo calculations of patient
dose

3.4 Estimation of absorbed organ doses and effective doses
DLP was used to estimate the organ equivalent dose (H) using software 

provided by the National Radiological Protection Board (NRPB-SR262) [35,36] 
It contains the results of Monte Carlo modelling conditions of exposure relevant 
to 68 common radiographic views on a mathematical phantom representing an 
adult patient of 70 kg weight, 174 cm and BMI of 23.12 kg/m2. For each view, 
normalised doses are presented for 26 organs or tissues.
The organ equivalent dose (mSv) is given by:



where DT, R is the mean absorbed dose to tissue (T) from radiation (R) and wR is 
the radiation-weighting factor from the recent ICRP recommendations [37,38]. 
Effective dose (E,mSv) is a quantity that has been introduced to give an 
indication of risk from partial or non-uniform exposure to risk from an 
equivalent body exposure.
E is given by the following equation:

E = lw rH , (3-2)
where Ht is the equivalent dose to tissue T and wT is the weighting factor 
representing the relative radiation sensitivity of tissue T.
3.5 Patient and examination criteria
A proper measure of standard patient size is important, for comparison with 
other studies. This study was designed for adult and pediatric patients. The 
actual scan parameters used for a number of individual standard patients were 
recorded during routine examinations by CT radiographers.



CHAPTER FOUR 
Results and discussion



4.1 Results
This chapter reports on result of the CT dose study with a summary of the data 
analysis for both adults and paediatrics. The main exposures are discussed for 
adults and pediatric separately. The average mean values of demographic data 
for all patients are displayed in Table 4.1. Figure 4.2 presents the relation 
between weight verses DLP in the paediatric patients. A correlation was found 
between radiation dose (DLP) and patients weight. This can be attributed to the 
exposure factors (tube voltage, tube voltage and exposure time).Table 4.2 
presents The average values and (the range) for patient s exposure data. Figure
4.3 presents the relationship between patient weight and body mass index. Body 
mass index is good indicator for body weight. Accurate selection of exposure 
factors must depend always on it. Table 4.3shows organ dose values during 
head CT examinations.
. Figure 4.4 shows relationship between patient weight and body mass index 
for adults patients. Table 4.4 presents CTDI vol, DLP and effective dose values 
during head CT examination.



No of 
patients

Age
Years

Weight
-kg

BMI
kg/m2

Adults 53 40.80
(8 1 J7 )

61.60
(115-30)

25.54

Pediatrics 6 5.10 
(0.01_13)

20 
(40_3)

26.92 
(31.86 12.5)

Table 4.2: The average values and the range for patient s exposure data

kVp mAs
scan time 
min

slice
thickness
mm

number of 
scans

Adults 120 360
1.48(15.41-

0.75)
4.85(9-

4.5) 7.92(10-5)
Pediatrics 120 360

0.88(1-0.75)
5.25(9-

4.5) 8.17(10-6)

Table 4.3. Organ dose values during head CT examination
Organ doses 

mGy 
Mean± S.D

Thyroid Ovaries Lungs Eye lens Breast
Adults 75.42±4.03 40.45±1.05 16.81±0.57 391.01=bl 0.31 78.8±2.24
Pediatrics 49.45±29.26 26.20±15.60 10.92±6.50 253.31±150.87 51.15±30.48



examination
CTDI vol 
mGy
Mean ± S.D.

CTDIvol
mGy
third.
quartile

DLP 
mGy .cm 
Mean ± S.D.

DLP
third
quartile

Effective
dose
mSv
Mean ± S.D. 
Range

Adults 67.43±1.80 69.12 1000.25+204.90 1120.00 0.48±0.01
(0.49-0.44)

Pediatric 43.67±26.01 66.36 733.33±432.90 1057.50 0.31±0.18 
(0.49-0.11 )
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Figure 4.1: The relation between weight versus DLP in the pediatric
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4.2 Discussion
4.2.1 Radiation dose for adults
A total of 59 patients were examined over 5 months. Patient’s demographic 
data, age, weight, are presented in Table 4.1.
CTDI voi, DLP and effective dose values during head CT examination was 
presented in table 4.4 ; the mean value and stander division of effective dose 
for adults patient was0.48±0.01 mSv in rang (0.49-0.44), for pediatric patients 
Was 0.31±0.18 mSv in rang between (0.49- 0.11 )mSv.
DLP was 1000.25±204.90 mGy.cm , 733.33±432.90 for adults and pediatrics 
respectively .The doses of pediatrics and adults was different due to using 
different scan procedures which is shown in table 4.2.
There may be justifiable reasons for some variability in radiation dose due to 
practice procedures , of which the most important one is the difference in 
clinical indication. This difference is greater if operators and practitioners are 
insufficiently educated in newly emerging technology.
Unjustified screening the head because of a “you never know” policy should 
thus be banished. Such policy is unacceptable in young patients who are at a 
low risk of having an incidental associated disease. Similarly, repeated 
acquisitions should not be performed in circumstances where they do not 
specifically yield additional information. Automatic exposure control (AEC) 
devices that are nowadays available in modem equipment modulate the tube 
current as a function of the table position along the z-axis and of the image 
quality requested by the radiologist. Such devices reduce the tube current in thin



patients and increase it in obese and overweight patients, tending to maintain 
the image quality constant. Therefore, radiologists using these devices should 
think in terms of image quality and not of tube current. Mulkens et al [41] 
showed that systems based on both angular and z-axis modulation reduce the 
mean tube current by 20%-68% when applied to standard MDCT protocols at 
constant tube current. With such systems, these authors also showed a good 
correlation between the mean effective tube current and the patient’s body mass 
index (BMI), with an adaptation in obese and overweight patients leading to the 
reference tube current level being exceeded. These devices, which are only a 
partial response to the issue of the radiation dose. Survey studies have shown 
that collective doses have increased as MDCT has replaced SDCT. However, 
the radiation dose has been dosemetry group over the last decade, mainly 
through AEC devices and reasonable use of tube current and tube voltage 
presets. This was achieved thanks to technological improvements and the 
willpower of several study groups to investigate the effect of dose reduction in 
terms of image quality and diagnostic performance. Nevertheless, as both the 
number of examinations and the number of clinical indications for CT increase, 
a major effort should be made in order to optimize the radiation dose. In 
addition, as survey studies have shown that great variations in doses among 
institutions remain, a supplementary effort should be made in order to 
recommend standardized acquisition protocols. One of the several problems 
limited the study: first one CT requested form, which was not included ideal



clinical information and some time not justified and all cases was referred for 
head CT.
The clinician needs to ask, before referring a patient for MDCT, “do I really 
need this investigation? Will it change what I do?” If the answer to these 
questions is positive, the next critical question is to ask whether the information 
that is needed could be obtained without the use of ionizing radiation.
4.2.3: Radiation dose for pediatric 

This is important in children because the younger patient have greater the 
risk than adults due to higher sensitivity and long life expectation. In addition, 
organ radio sensitivity and the affective radiation dose from an individual CT 
examination are higher in children than in adults.
Patient size or weight, particularly for children, is an efficient method for 
reducing radiation dose while maintaining diagnostic quality, the addionals. 
Published literature also shows that mA and kVp are the most frequently 
adapted techniques for optimizing radiation dose to patient size. Due to large 
variations in pediatric weight, a very important technique are required for 
patient dose reduction based on patient’s weight, clinical indication, and number 
of prior CT studies.
In general these variations of doses are due to differences in, tube voltages, 
number of scan, tube current and repeated scans. There may be justifiable 
reasons for some variability in practice, of which the most important one is the 
difference in clinical indication. [42]



4.3 Diagnostic Reference Level
DRLs can be used to verify the practices for typical examinations for 

groups of standardized patients in order to ensure that the dose should not be 
exceeded in normal practice without adequate justification.
To the best of our knowledge, no values have been proposed to date for DLP 
during head CT procedure . Therefore , a third quartile values was 
1120,mGy.cm can be used as DRL in a local basis for head CT . these values 
are significantly higher than in European Guidelines as shown in table 4.6. 
Table4.5 shows DLP and effective doses for CT examination of the head in 
comparison with other studies in literature. A survey of radiation doses from CT 
was reported by Tracy A. Jaffe [43] which was , using an anthropomorphic 
phantom,the Effective dose ranged from 1.22 to 1.86 mSv. Results in the 
present study shows that the effective dose values were higher than the current 
study . The effective dose of 0.98 mSv estimated by using DLP reported by 
Hidajat et al. [7], was comparable to the maximum effective dose of 0.93 mSv 
reported in the current study. The mean value of effective doses reported by 
Tsapaki et al., [14], was 1.4 mSv. The effective dose during CT examination of 
the head in the current study was lower than those reported by Tracy A. 
Jaffe[43], Tsapaki et al[44], Rs Livingstone[45], shirmpton et al [46] Hidajat et 
al [48] ,and Atherton and Huda [48] .

Table 4.7 shows the variations in CTDIvol values received from the 19 
countries. It oscillated between (4- 116.3) mGy, be side that there is wide range 
in DLP values from 76 -  326 mGy.cm, that by using international protocol. This 
study covered Sudan as developing country. It takes 17.1 mGy and 109mGy.cm 
for CTDIvol and DLP respectively. This agreed to my study in CTDIvol which 
give the value 16.7 mGy, but differ in DLP value, which gave 239 mGy.cm (see 
Tables: 4.5 and 4.6) (Muhogora 2010).



Table4.5. Comparison of DLP and effective doses during CT examination
of

__________ The head with previouslyreported studies_________
Reference DLP (mGy. cm) Effective dose 

(mSv)
Tracy A. Jaffel43j - 1.54

Tsapaki et al[44J 594 1.4
Rs LivingstoneL45J 356.09 (283.05-405.45) 0.82 (0.65 - 0.93)

shirmpton et a lL46J
453

1.86

European Commission 
(RDL) t47]

1050

Atherton and HudaL48J 9.1

Hidajat et a lL49J 349 0.98
Current study 1120 0.48(0.49-0.44)

Table 4.6 comparsion between European DRLs for CT with the current
study

CTDIvol DRL
mGy mGy. cm

EuropeanL50J 60 1050
Guidelines
Current study 69.12 1120



Table 4.7 shows the mean CTDIw and DLP in 19 developing countries

| Country Mean CTDIw 
(mGy)

Mean DLP ! 
(mGy.cm)

Algeria 5.5 164
Ghana 11.9 272
Morocco 4 103
Sudan 17.1 109
Tanzania 14.2 85.5
Kenya - 144
Tunisia 9.8 180
Japan 6.4 134
Kuwait 5. 159
Syria 13.5 166
Thailand .15.9 171
UAE 10.5 216
Czech Republic 8.1 110
Cyprus 6.3 76
Bosnia & Herz 7.2 160
Srpska B&H 3.3 190
Estonia 5.2 322
FOYROM 116.3 326
Malta 12 138
Serbia 11 230



Chapter five 
Conclusion and Recommendations



5.1 Conclusion
The aim of this research was to study the trend of CT dose from brain 
examinations in Khartoum State, and its relationship to patient weight. The 
result of the research could be used to establish a Diagnostic Reference Level 
(DRL) to assist in optimising radiation dose for CT brain examination in Sudan. 
The use of NRPB software dose calculator for this study has also been used by
other researchers therefore the results from this study are comparable to related
previous studies.
Finally, an evaluation in the relationship between image quality, exposure factor 
selection and dose is also useful for professional benchmarking in maintaining 
lower dose level.
5.2 Recommendations

• A separate protocol is recommended for paediatric and adults.
• Continuous training in radiation protection aspects is required.
• Establishment of DRL in national level is crucial for patient dose 

reduction.
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APPENDEXS

ID AGE
(Years)

GENDER HEIGHT
M

WEIGHT
Kg

BMI
(Kg/Cm2)

1 24 male 1.3 55 kg 32.54
2 65 female 1.5 66 29.33

3 63 male 1.7 80 27.68
4 31 female 1.4 43 21.94
5 24 female 1.5 65 28.89
6 27 male 1.7 65 22.50
7 26 male 1.6 60 23.43
8 40 male .75 170 302.22
9 55 female .75 169 300.44
10 52 male 1.75 80 26.12
11 26 female 1.6 45 17.58
12 42 male 1.75 75 24.50
13 63 male 1.80 79 24.38
14 81 male 1.70 79 27.34
15 55 male 1.60 60 23.44
16 24 male 1.75 70 22.86
17 20 female 1.54 30 12.65
18 75 female 1.60 64 25.00
19 55 male 1.60 50 19.53
20 70 female 1.70 65 22.50
21 10 male 1.00 30 30.00
22 18 male 1.60 45 17.60
23 27 male 1.75 65 21.22
24 22 male 1.65 55 20.20
25 48 male 1.80 75 23.15
26 35 male 1.60 60 23.44
27 17 female 1.00 40 40.00
28 25 female 1.50 50 22.22
29 25 female 1.65 65 23.88
30 26 male 1.50 68 30.22
31 30 male 1.05 115 104.31
32 23 male 1.56 56 23.01
33 46 male 1.70 90 31.14
34 26 male 1.26 45 28.34
35 54 male 1.77 76 24.26
36 28 female 1.70 65 22.50
37 27 male 1.75 70 22.90
38 28 male 1.70 68 23.53
39 25 female 1.65 70 25.71
40 60 male 1.90 80 22.16
41 18 male 1.50 45 17.58
42 56 male 1.65 60 22.04
43 35 male 1.76 75 25.95



44 35 female 1.65 85 31.22
45 52 female 1.55 56 23.31
46 24 female 1.65 60 22.04
47 60 male 1.75 78 25.47
48 60 female 1.75 75 24.50
49 53 female 1.60 65 23.88
50 23 male 1.68 65 23.03
51 36 male 1.70 76 26.30
52 67 male 1.75 69 22.53
53 65 female 1.60 75 29.30
54 70 female 1.75 85 27.76

Appendix 2: The values of patient demographic data for pediatric
Id Age

year
Gender Height

m
Weight

Kg
BMI

(kg/cm2)
1 13.00 Male 1.40 40.00 20.41
2 0.50 Male 0.60 4.00 11.11
3 0.42 Male 0.50 3.00 12.00
4 10.00 Male 1.00 30.00 30.00
5 12.00 Male 1.00 40.00 40.00
6 0.01 Male 0.25 3.00 48.00

the values o f scan data for adults

I D start
position
(mm)

end
position(mm) Kvp mAs

scan
time(second)

slice
thickness(mm)

number 
of scan

1. -57.1 492.2 120 360 1 9 5
2. 559.7 476.3 120 360 1 9 5
3. 611.8 472.2 120 360 1 4.5 8
4. 587.8 448.2 120 360 1 4.5 8
5. 622.9 483.1 120 360 1 4.5 8
6. 669 519 120 360 14.87 8 9
7. -645 -487.5 120 360 15.4 8 9
8. 590.1 427.9 120 360 1 4.5 9
9. 643.1 507.9 120 360 1 4.5 9
10. 679.9 509.1 120 360 1 4.5 9
11. 624.7 485.2 120 360 1 4.5 8
12. 610.8 444.2 120 360 1 4.5 9
13. 657.4 506.1 120 360 1 4.5 8
14. 625.7 478.3 120 360 1 4.5 8
15. -622.4 -464 120 360 1 4.5 9
16. 683.8 522.2 120 360 1 4.5 9
17. -644.9 -495.6 120 360 1 4.5 8
18. -636.4 -496.6 120 360 1 4.5 8
19. -663.8 -521.2 120 360 1 4.5 8
20. 624.5 481 120 360 1 4.5 8



21. 641.8 502.2 120 360 1 4.5 8
22. 620.8 481.2 120 360 1 4.5 8
23. 649.3 509.7 120 360 1 4.5 8
24. 52.5 233 120 360 1 4.5 10
25. 40.2 179.8 120 360 1 4.5 8
26. 44.7 184.3 120 360 1 4.5 8
27. 72.8mm 212.3 120 360 1 4.5 8
28. -0.5 143 120 360 1 4.5 8
29. 68.1 219.4 120 360 1 4.5 8
30. 59.8 226.2 120 360 1 4.5 9
31. 28.6 199.4 120 360 1 4.5 9
32. 90 233.5 120 360 1 4.5 8
33. 43.9 206.1 120 360 1 4.5 9
34. 55.5 217.5 120 360 1 4.5 9
35. 71.6 229.4 120 360 1 4.5 9
36. 61.9 205.6 120 360 1 4.5 8
37. 58.3 141.7 120 360 1 4.5 5
38. -106.1 32.6 120 360 1 4.5 8
39. -42.5 101 120 360 1 4.5 8
40. 2.4 183.1 120 360 1 4.5 10
41. 56.3 209 120 360 14.66 4.5 1
42. 600.9 461.1 120 360 1 4.5 8
43. 613.9 474.1 120 360 1 4.5 8
44. 620.6 476.9 120 360 1 4.5 8
45. 602.6 458.9 120 360 1 4.5 8
46. 598 454.5 120 360 1 4.5 8
47. 615.4 475.6 120 360 1 4.5 8
48. 561.3 421.7 120 360 1 4.5 8
49. 593.8 454.2 120 360 1 4.5 8
50. 603.9 460.6 120 360 1 4.5 8
51. 618.8 479.2 120 360 1 4.5 1
52. 574.5 431 120 360 1 4.5 8
53. 563.4 412.1 120 360 1 4.5 8

Appendix 3: the values of scan data for pediatric
ID start

position
mm

end
position Kvp mAs

scan
time

slice
thickness

number 
of scan

1 652.8 491.2 120 360 1 9 9
2 643.8 486.2 120 360 0.75 4.5 9
3 -615.7 -492.2 120 360 0.75 4.5 7
4 627.3 451.7 120 360 1 4.5 10
5 23.4 167.1 120 360 1 4.5 8
6 78.1 181.9 120 360 0.75 4.5 6



ID

FOV
table feed per 
rotation CTDI vol mGy

DLP(m Gy.cm )
Rotation time 
second

1. 212 18.5 67.25 622 2.5
2. 237 18.5 67.25 622 2.5
3. 223 18 69.12 995 2.5
4. 200 18 69.12 995 2.5
5. 206 18 69.12 995 2.5
6. 200 13.4 68.06 1368 1
7. 221 13.4 68.06 1419 1
8. 217 18.5 67.25 1120 2.5
9. 200 18 69.12 995 2.5
10. 207 19.5 63.8 1120 2.5
11. 200 18 69.12 995 2.5
12. 213 19 65.48 1120 2.5
13. 226 19.5 63.8 995 2.5
14. 236 19 65.48 995 2.5
15. 232 18 69.12 1120 2.5
16. 213 19 65.48 1120 2.5
17. 225 19.5 63 995 2.5
18. 221 18 69.12 995 2.5
19. 229 19 65.48 995 2.5
20. 221 18.5 67.25 995 2.5
21. 200 18 69.12 995 2.5
22. 220 18 69.12 995 2.5
23. 203 18 69.12 995 2.5
24. 225 18.5 67.25 995 2.5
25. 219 18 69.12 995 2.5
26. 200 18 69.12 995 2.5
27. 200 18 69.12 995 2.5
28. 200 18.5 67.25 995 2.5
29. 220 19.5 63.8 995 2.5
30. 216 18.5 67.25 995 2.5
31. 206 1 65.48 1120 2.5
32. 229 19.5 63.8 1120 2.5
33. 252 18.5 67.25 995 2.5
34. 228 18.5 67.25 1120 2.5
35. 221 18.5 67.25 1120 2.5
36. 200 18 69.12 1120 2.5
37. 229 18.5 67.25 995 2.5
38. 239 18.5 67.25 333 1
39. 223 18.5 67.25 323 2.5
40. 231 18.5 67.25 323 2.5
41. 229 18.5 67.25 1244 2.5
42. 240 13.4 68.06 1351 1
43. 200 18 69.12 995 2.5



44. 200 18 69.12 995 2.5
45. 210 18.5 67.25 995 2.5
46. 213 18.5 67.25 995 2.5
47. 217 18.5 67.25 995 2.5
48. 225 18 69.12 995 2.5
49. 216 18 69.12 995 2.5
50. 245 18 69.12 995 1
51. 223 18.5 67.25 995 2.5
52. 237 18 69.12 995 2.5
53. 200 18.5 67.25 995 2.5
54. 217 19.5 63.8 995 2.5

Appendix 5: Dosimetry patient values for pediatric

FOV
table feed 
per rotation CTDI vol DLP

Rotation
time

1 200 19 65.48 1120 2.5
2 199 18 22.61 366 1.88
3 18 18 22.18 279 1.8
4 228 18 69.12 1244 2.5
5 216 18.5 67.25 995 2.5
6 180 18 15.41 396 2.5

Appendix 6: the doses for brain and other organs and the effective 
dose for adult patients
ID CTDI vol 

mGy
Breast Eyelense Lungs Overies Thyroid Effective

dose
67.25 78.68 390.05 16.81 40.35 75.99 0.47

1 67.25 78.68 390.05 16.81 40.35 75.99 0.47'
2 69.12 80.87 400.89 17.28 41.47 78.10 0.49
3

69.12
80.87 400.89 17.28 41.47 78.10 0.49

4 69.12 80.87 400.89 17.28 41.47 78.10 0.49
5 68.06 79.63 394.74 17.01 40.83 76.90 0.48
6 68.06 79.63 394.74 17.01 40.83 76.90 0.48
7 67.25 78.68 390.05 16.81 40.35 75.99 0.47
8 69.12 80.87 400.89 17.28 41.47 78.10 0.49
9 63.8 73.71 369.40 15.95 38.28 63.80 0.46
10 69.12 80.87 400.89 17.28 41.47 78.10 0.49
11 65.48 76.61 379.78 14.12 39.28 73.99 0.46
12 63.8 73.71 369.40 15.95 38.28 63.80 0.46
13 65.48 76.61 379.78 16.37 39.28 73.99 0.46
14 69.12 80.87 400.89 17.28 41.47 78.10 0.49



15 65.48 76.61 379.78 16.37 39.28 73.99 0.46

16 63 73.71 365.4 15.75 37.8 71.19 0.44

17 69.12 80.87 400.89 17.28 41.47 78.10 0.49

18 65.48 76.61 379.78 16.37 39.281 73.99 0.46

19 67.25 78.68 390.05 16.81 40.35 75.99 0.47

20 69.12 80.87 400.89 17.28 41.47 78.10 0.49

21 69.12 80.87 400.89 17.28 41.47 78.10 0.49

22 69.12 80.87 400.89 17.28 41.472 78.10 0.49

23 67.25 78.68 390.05 16.81 40.35 75.99 0.47

24 69.12 80.87 400.89 17.28 41.472 78.10 0.49
25 69.12 80.87 400.89 17.28 41.472 78.10 0.49
26 69.12 80.87 400.89 17.28 41.472 78.10 0.49
27 67.25 78.68 390.05 16.81 40.35 75.99 0.47
28 63.8 73.71 369.40 15.95 38.28 63.80 0.46
29 67.25 78.68 390.05 16.81 40.35 75.99 0.47
30 65.48 76.61 379.78 16.37 39.28 73.99 0.46
31 63.8 73.71 369.40 15.95 38.28 63.80 0.49
32 67.25 78.68 390.05 16.81 40.35 75.99 0.47
33 67.25 78.68 390.05 16.81 40.35 75.99 0.47
34 67.25 78.68 390.05 16.81 40.35 75.99 0.47
35 69.12 80.87 400.89 17.28 41.472 78.10 0.49
36 67.25 78.68 390.05 16.81 40.35 75.99 0.47
37 67.25 78.68 390.05 16.81 40.35 75.99 0.47
38 67.25 78.68 390.05 16.81 40.35 75.99 0.47
39 67.25 78.68 390.05 16.81 40.35 75.99 0.47
40 67.25 78.68 390.05 16.81 40.35 75.99 0.47
41 68.06 79.63 394.74 17.01 40.83 76.90 0.48
42 69.12 80.871 400.89 17.28 41.472 78.10 0.49
43 69.12 80.87 400.89 17.28 41.472 78.10 0.49
44 67.25 78.68 390.05 16.81 40.35 75.99 0.47
45 67.25 78.68 390.05 16.81 40.35 75.99 0.47
46 67.25 78.68 390.05 16.81 40.35 75.99 0.47
47 69.12 80.871 400.89 17.28 41.472 78.10 0.49
48 69.12 80.87 400.89 17.28 41.472 78.10 0.49
49 69.12 80.87 400.89 17.28 41.472 78.10 0.49
50 67.25 78.68 390.05 16.81 40.35 75.99 0.47
51 69.12 80.87 400.89 17.28 41.472 78.10 0.49
52 67.25 78.68 390.05 16.81 40.35 75.99 0.47
53 63.8 73.71 369.40 15.95 38.28 63.80 0.45
54



Id CTDI vol BREAST EYESLENS LUNGS OVARIES THYROID EFFECTIVE
DOSE

1 65.48 76.61 379.78 16.37 39.28 73.99 0.46
2 22.61 26.45 131.13 5.65 13.56 25.54 0.16
3 22.18 25.95 128.64 5.54 13.30 25.06 0.15
4 69.12 80.87 400.89 17.28 41.47 78.10 0.49
5 67.25 78.97 390.05 16.81 40.35 75.99 0.47
6 15.41 18.02 89.37 3.85 9.24 18.02 0.11
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