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Abstract 

The  main of study to estimate the radiation dose for  the patients  chest 

(CT) examination undergoing (CT) scanning .  

This study  in Khartoum – State Modern Medical Center the period 

December2019. The data include 50 patients male and female. 

Use machine CT GE OPTIMA 60slices. 

Method include to measure the dose radiation which controlmany 

parameters (Kvp, MAs,CTDLvol, DLP)this parameter was calculated using of 

machine after complication exam done.  

Use estimated (DLP) and effective does (E). 

Analysis of data by (spss) In additional should result analysis the mean 

effective does for achest (11.29) (mSv) the mean (DLp) 774.76 mGY/cm. and 

the mean  (CTDLvol) (4.620mGY) . 

 The Maximum Dose(29mSv) and the Minimum( 2mSv). 

 (CT) accounts for the majority of radiation exposure related to medical 

imaging medical professionals should have a working knowledge of the 

benefits and risk of medical radiation and an understand of strategies for 

reducing  (CT) radiation . 
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 المستخلص  

الطرضى اثظاء التصهير الطقظعي  لصدر الإشعاعيةتقدير الجرعة  إلىتهدف الدراسة 
CT(scan) 

بالصدر في مريض خضعها لامتحانات التصهير الطقظعي الطحهسب  05مكهنة من  لعيظة 
 الطركز الظبي الحديث بهلاية الخرطهم.

 .(E)لة ( والجرعة الفعاDLP)الجرعة  وطهل CTDL(vol)استخدام وتم 

( لطعرفة الطتهسط spssتم تحليل البيانات عن طريق برنامج التحليل الإحصائي الطعروف )
 الحدابي والانحراف الطعياري.

   ومتهسط E mSv  ((11.29التحليل متهسط الجرعة الفعالة ومتهسط الجرعة أعهرت نتائج
CTDL(vol) (4.620 mGY)    ومتهسطDLP ((774.76 mGY/cm. 

 (.(2mSv( واقل جرعة mSv)  29اعلى جرعة 

يجب ان تحدد بهاسظة شخص مدؤول له  CTتقدير الجرعة الاشعاعية الطعرضة باستخدام 
علاقة بالتصهير الظبي وان يكهن علي معرفة الفهائد والطخاطر والاشعاع الظبي ودراسة 

 .CT( scanطرق تحليل الجرعة الاشعاعية في)
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CHAPTER ONE 

INTRODUCTION 

1.1Introduction: 

1.1.1 Ionization radiation: 

Ionizing radiation is any type of particle or electromagnetic wave that 

carries enough energy to ionize or remove electrons from an atom. There 

are two types of electromagnetic waves that can ionize atoms: X-rays and 

gamma rays, and sometimes they have the same energy. Gamma radiation 

is produced by interactions within the nucleus, while X-rays are produced 

outside of the nucleus by electrons. There are officially two types of 

ionizing radiation that are energetic particles emitted during an interaction 

within the nucleus. 

Ionizing radiation dangerous when atoms in living cells become ionized 

one of three things usually happen the cell dies, the cell repairs itself, or 

the cell mutates incorrectly and can become cancerous. 

1.1.2 CT Scan: 

A CT scan makes use of computer-processed combinations of many X-

ray measurements taken from different angles to produce cross-sectional 

(tomographic) images (virtual "slices") of specific areas of a scanned 

object, allowing the user to see inside the object without cutting. Other 

terms include computed axial tomography (CAT scan) and computer 

aided tomography. 

Digital geometry processing is used to further generate a three-

dimensional volume of the inside of the object from a large series of two-

dimensional radiographic images taken around a single axis of 

rotationMedical imaging is the most common application of X-ray CT. Its 

cross-sectional images are used for diagnostic and therapeutic purposes in 

various medical disciplines. The rest of this article discusses medical-

imaging X-ray CT; industrial applications of X-ray CT are discussed at 

industrial computed tomography scanning. 

The term "computed tomography" (CT) is often used to refer to X-ray 

CT, because it is the most commonly known form. But, many other types 

of CT exist, such as positron emission tomography (PET) and single-

photon emission computed tomography (SPECT).  

https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/Tomography
https://en.wikipedia.org/wiki/Geometry_processing
https://en.wikipedia.org/wiki/Three-dimensional_space
https://en.wikipedia.org/wiki/Three-dimensional_space
https://en.wikipedia.org/wiki/Radiography
https://en.wikipedia.org/wiki/Axis_of_rotation
https://en.wikipedia.org/wiki/Axis_of_rotation
https://en.wikipedia.org/wiki/Medical_imaging
https://en.wikipedia.org/wiki/Diagnosis
https://en.wikipedia.org/wiki/Industrial_computed_tomography_scanning
https://en.wikipedia.org/wiki/Positron_emission_tomography
https://en.wikipedia.org/wiki/Single-photon_emission_computed_tomography
https://en.wikipedia.org/wiki/Single-photon_emission_computed_tomography
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CT produces a volume of data that can be manipulated in order to 

demonstrate various bodily structures based on their ability to absorb the 

X-ray beam. Although, historically, the images generated were in the axial 

or transverse plane, perpendicular to the long axis of the body, modern 

scanners allow this volume of data to be reformatted in various planes or 

even as volumetric (3D) representations of structures. Although most 

common in medicine, CT is also used in other fields, such as 

nondestructive materials testing. Another example is archaeological uses 

such as imaging the contents of sarcophagi. Individuals responsible for 

performing CT exams are called radiographers or radiologic technologists 

1.2 Problem of Study: 

Ratio of disease of chest is very high according the chest upper body 

muscles its control the ability to perform every day activity so the 

frequency of the patient chest is high in hospital or clinical. The radiation 

of chest CT is very sensitive organ like heart, lung. 

Computed tomography (CT) chest can involve relating in high dose to 

patient. The dose can exceed levels known with to increase the probability 

cancer. 

 There for the radiation dose measurement during the chest CT test is 

consider important point in order to mach accepted level of received dose.   

1.3 objective of Study: 

1.3.1: general objective: 

The objective of study was to determine of effective dose by use CT-

Scan in medical diagnosis and optimized dose Chest CT. 

1.3.2: Specific Objective: 

 Estimated Effective dose associated with low-dose Chest CT. 

 Evaluate the suitable of radiation dose for adult patient in Chest CT 

scanning. 

 Quantify the patient dose in CT examination for Chest. 

1.4: Significant of Study: 

The important of this study  the radiation dose for chest CT and 

compare it is dose value with standard international acceptable level of 

https://en.wikipedia.org/wiki/Nondestructive_testing
https://en.wikipedia.org/wiki/Radiographers
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Chest CT dose, also explain radiation risk during in CT for Chest.And 

stimulate the effective dose for the patient. 

1.5: Over view this Study: 

This study was consist of five chapters, chapter one will be an 

introduction introduce briefly this thesis and it was contain, general 

introduction about Radiation ionization Risk and CT-scan dose 

measurement and radiation risk, problem of the study, general and 

specific objective, significant of the study in addition to the overview of 

the study. Chapters two was the literature review which contain the 

general theoretical background of CT-scan and study about evaluation of 

dose and calculate of during computed tomography scan for brain also 

(effective dose and risk of radiation). Chapter three will describe the 

methodology (material, methods) was used in this study. Chapter four was 

including results of presentation of final finding of study. Chapter Five 

was including discussion, conclusion and recommendation for future 

scope in addition to references and appendices. 
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CHAPTER TWO 

THEORETICAL BACKGROUND 

2.1 Introduction 

Since the introduction of helical computed tomography (CT) in the early 

1990s, the technology and capabilities of CT scanners have changed 

tremendously (helical and spiral CT are equivalent technologies; for 

consistency, the term “helical” will be used throughout). 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 

having2,6,8,10,32,and40slices) . 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 published4. 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 “wholebody” screening exams). Each of these applications 

prompts the need for discussion of radiation risk versus medical benefit. 

In addition, the public press in the United States, following publication by 

the American Journal of Roentgenology of two articles on risks to 

pediatric patients from CT, has begun to scrutinize radiation dose levels 

from all CT examinations. Subsequent reports in the popular media have 

increased the concern of patients and parents of pediatric patients 

undergoing medically appropriate CT examinations. 

 the importance of radiation dose from x-ray CT has been 

underscored recently by the attention given in the scientific literature to 

issues of dose and the associated risk. The dose levels imparted in CT 

exceed those from conventional radiography and fluoroscopy and the use 

of CT continues to grow, often by 10% to 15% per year. According to 

2006 data, approximately 62 million CT examinations were performed in 

hospitals and outpatient imaging facilities in the United States16. Thus, 

CT will continue to contribute a significant portion of the total collective 

dose delivered to the public from medical procedures involving ionizing 

radiation. 
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The rapid evolution of CT technology and the resultant explosion in 

new clinical applications, including cardiac CT, combined with the 

significance of CT dose levels, have created a compelling need to teach, 

understand, and use detailed information regarding CT dose. 

All of these factors have created a need for the AAPM to provide 

professional, expert guidance regarding matters related to CT dose. 

Fundamental definitions of CT dose parameters require review and, 

perhaps reinterpretation, as CT technology evolves: some parameter 

definitions are not being used consistently, some are out of date, and some 

are more relevant than others with respect to patient risk or newer scanner 

designs. Hence, this task group, consisting of experts in the field of x-ray 

CT, was formed to address the following: 

1. Provide guidance from the AAPM to the International Electrotechnical 

Commission (IEC) and U.S. Food and Drug Administration (FDA) and 

facilitate international consensus regarding: 

a. CT dose parameter definitions. 

b. CT dose measurements. 

c. Appropriate use of CT dose and risk parameters 

2. Educate AAPM members regarding: 

a. CT dose definitions and measurements. 

b. European Guidelines on Quality Criteria for Computed 

Tomography, and other relevant 

international publications. 

c.  Reasonable dose levels for routine CT examinations. 

2 .2 Overview of Multiple-Detector-Row Ct (Mdct) Technology: 

The “multiple-detector-row” nature of MDCT scanners refers to the 

use of multiple detector arrays (rows) along the z-direction (perpendicular 

to the axial CT plane). Currently available MDCT scanners utilize third-

generation CT geometry in which an arc of detectors and the x-ray tube(s) 

rotate together. All MDCT scanners use a slip-ring gantry, allowing 

helical acquisition at rotation speeds as fast as 0.33 seconds for a full 

rotation of the x-ray tube about the isocenter. 

These scanners offer tremendous flexibility because of their 

advances not just in detector technology, but also in data acquisition 
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systems (DAS), x-ray tube design and other subsystems. One illustration 

of this is that while MDCT scanners have multiple rows of detectors, the 

data collected from multiple rows can be combined as though they were 

collected from one detector.  To describe this behavior, the term 

“channel” has been used, where a channel is the smallest unit in the z-

direction from which data are independently collected. Therefore, if data 

from multiple detector rows are collected in such a way that those 

individual rows are combined (and the ability 

to determine from which row the data was originally collected is lost), 

then these rows form a channel. 

Currently, commercial MDCT systems are capable of acquiring up 

to 64 channels of data  (along the z-direction) simultaneously. Other 

values for Nmax, the maximum number of independent channels acquired 

along the z-axis, for current commercially available MDCT systems 

include: 2, 4, 6, 8, 10, 16, 32, and 40. For axial data acquisitions, each 

channel collects sufficient data to create one “slice” or image, so as many 

as Nmax independent images along the z-axis could theoretically be 

reconstructed. For narrow slice widths, however, cone-beam geometrical 

considerations may limit the number of allowed images per rotation to 

less than Nmax. For example,  one manufacturer’s 16-slice scanner allows 

sixteen 1.5-mm channels for helical acquisitions,  but only twelve 1.5-mm 

channels for sequential acquisitions because of cone-beam considerations.  

Alternatively, the data from multiple channels can be added together to 

create fewer than Nmax images per gantry rotation, each image having a 

relatively wider width. Compared to singledetector- row CT (SDCT), 

MDCT systems allow faster acquisitions of a volume of data with less 

heat load on the x-ray tube (both by a factor of up to Nmax). Sixty-four-

channel systems appeared on the market in the middle of 2004, sixteen-

channel scanner models were announced at the end of 2001, and four-

channel systems were introduced in late 1998. A 256-channel system is 

anticipated in 2008.   

Figure 1 illustrates the difference between an SDCT scanner and an 

MDCT scanner from the same vendor. The fundamental difference is the 

use of multiple detector-rows along the zdirection.  In SDCT, the slice 

width is primarily determined by the pre-patient x-ray collimation  (post-

patient collimation was used on some SDCT scanners models). In MDCT, 

the z-extent of the data acquisition is determined by the pre-patient x-ray 
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beam collimation, but the slice width of the image(s) is primarily defined 

by the detector configuration (the way in which detector elements 

are combined into data channels along the z-axis). Throughout this report, 

the total width of the pre-patient collimation will be referred to as the 

“beam collimation.” 

Figure 2 illustrates different detector configurations (along the z-

direction) used by MDCT vendors for their 4-channel systems. While the 

GE detector comprises 16 identically sized detector rows, the Siemens, 

Philips (previously Marconi), and Toshiba systems utilize variably sized 

detector-rows along the z-direction. With the variable detector-size 

design, the beam collimation and detector configuration can be chosen in 

such a manner as to obtain veffective detector widths other than those of 

the detector rows per se. For example, the 4-channel Siemens and Philips 

systems are capable of acquiring four 1-mm slices (i.e., 4 x 1 mm detector 

configuration)  

 

 

 

 

 

 

 

Figure (2-1): The single-detector row CT (SDCT) system on the left has 

one detector element along the longitudinal axis and many (approx. 900) 

elements on the arc around the patient.  

The width of the detector (relative to the center of the gantry) is 20 mm, 

although the maximum beam width is only 10 mm. Thus the detector is 

wider than the x-ray beam.  The multiple-detector-row CT (MDCT) 

system on the right has 16 1.25-mm detector elements along the 

longitudinal axis for EACH of the approximately 900 positions around the 

patient. The width of the detector is also 20 mm at is center. The four data 



8 
 

channels allow the acquisition of four simultaneous slices, of either 1.25, 

2.5, 3.75, or 5 mm width. 

ting the beam collimation to 4 mm. (Throughout this report, the detector 

configuration will be represented by the product of the number of 

independent data channels N and the width, along the z-direction at 

isocenter, imaged by one detector channel T, or N x T mm). This 4 x 1-

mm mode fully irradiates the two central 1-mm detector elements and 

partially irradiates the two neighboring 1.5-mm rows to effectively give a 

4 x 1 mm acquisition. This is accomplished with use of post-patient 

collimation along the z-axis. Figure 3 details the MDCT detector 

geometries for 64- channel systems from four major manufacturers 

 As noted above, MDCT allows information from multiple detector 

rows to be combined into one data channel. For example, when the 4-

channel Toshiba system utilizes its maximum beam collimation (32 mm), 

four 8-mm virtual detector rows may be formed by combining the signal 

from eight 1-mm wide detector-rows into a single channel. A significant 

advantage of MDCT is that signals from multiple data channels may be 

summed to yield slice widths that are larger than the width corresponding 

to a given data channel. This may be done retrospectively, allowing,  for 

example, a 4 x 1.25-mm data acquisition to be presented as one 5-mm 

thick slice, two 2.5-mm slices, four 1.25-mm slices, or all of these 

options. 

When specifying an imaging protocol, it is very important to note 

the detector configuration used to acquire the desired slice thickness, as 

this significantly affects the subsequent retrospective reconstruction 

options (for thinner or thicker images) and the radiation efficiency of the 

system  (i.e., patient dose). For instance, using an MDCT scanner one 

might acquire 5-mm slices either by using a wide beam collimation (4 x 5 

mm) or by utilizing a narrow beam collimation (4 x 1.25 mm). The wide 

beam collimation allows much faster z-coverage, while the slower narrow 

beam 
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Figure (2-2): Diagram of the detector geometries used in the 4-channel 

MDCT systems from the four major CT manufacturers. 

The detector geometry used on both the Siemens and the Philips 

(Marconi) 4-channel scanners was co-developed by Siemens and Elscint. 

In this design, the 20-mm wide detector array uses eight rows of varying 

widths to allow simultaneous scanning of up to four 5-mm thick slices. 

collimation acquisition allows retrospective reconstruction of 

narrower slice widths. As will be discussed later, this trade-off is 

complicated by the competing issues of (1) the desire for thin slices, (2) 

the increase in image noise for thin slices, (3) the relative radiation dose 

inefficiency of narrow beam collimations, and (4) data management issues 

(reconstruction and transfer times, archive and filming costs). 

The advent of helical CT introduced an additional acquisition 

parameter into the CT vocabulary,  pitch. Pitch was defined as the ratio of 

the table travel per x-ray tube rotation to the slice width (which was 

typically, but not always, equal to the beam collimation). The advent of 

MDCT introduced significant confusion regarding the definition of pitch, 

as some manufacturers used an altered definition of pitch that related the 

table travel per x-ray tube rotation to the width of an individual data 

channel. For example, using a 4-channel system (Nmax = 4), a 

reconstructed slice width of 5 mm, a detector configuration of 4 x 5 mm 

(nominal beam collimation = 20 mm), and a table travel per rotation of 15 

mm, the definition of pitch originally used with helical CT would yield 
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15/20 = 0.75. The manufacturer’s altered definition yielded 15/5 = 3. 

Hence, the 

 

 

 

 

 

 

 

 

Figure (2-3): Diagram of the detector geometries used in 64-channel 

MDCT from four major manufacturers. The Siemens 64-MDCT uses 32 

submillimeter detectors and a moving focal spot to achieve 64 

overlapping slice measurements. 

two definitions differed by a factor of 4 (N, the number of data channels 

used in the acquisition). 

As the number of data channels increased, the use of two definitions of 

pitch caused further confusion,  as well as difficulty in comparing scan 

protocols and radiation dose values. Hence, the IEC reissued their CT 

safety standard and specifically addressed the definition of pitch, 

reestablishing the original definition of pitch (table travel normalized to 

the total beam collimation) as the only acceptable definition of pitchCT 

manufacturers altered their user interfaces accordingly for newer software 

releases, although older scanners with early software versions and the 

altered definition may still be in use. The IEC definition expresses a 

concept of pitch that is common 

to both SDCT and MDCT. From a radiation dose perspective, it is 

imperative to use the appropriate pitch definition (table travel per total 

beam collimation) because it conveys the degree of overlap of the 

radiation beam: a pitch of 1.0 indicates contiguous radiation beams, a 

pitch less than 1.0 indicates overlap of the radiation beams, and a pitch 

greater than 1.0 indicates gaps between the radiation beams. If this 
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definition of MDCT pitch were not used in a radiation dose calculation, 

the result would be a factor of N too small 

As in SDCT, the tube current and the exposure time (per rotation) govern 

the number of x-ray photons utilized per rotation, which is given by mA • 

s, or simply mAs (milliamperes-second). It is important to note that just as 

in SDCT, mAs is indicative of relative output (radiation exposure)  of a 

CT x-ray tube on a given type of CT scanner, at a given kVp. It does not 

indicate the absolute output (dose), as the exposure per mAs varies 

significantly between CT scanner manufacturers,  

models, and kVp settings. Thus, 200 mAs/rotation may produce 

significantly different results (in dose and image quality) on different 

types of CT scanners and at different kVp settings. For the purpose of 

comparing radiation dose, mAs should be scaled to a value on each 

system that gives equivalent image quality (spatial resolution, contrast 

resolution, and noise).  Two manufacturers (Siemens and Philips) report 

the mAs as the average mAs along the zaxis,  called either effective mAs 

or mAs/slice, where effective mAs or mAs/slice is defined as the true 

mAs/pitch (here they employ the IEC definition of pitch). This distinction 

between mAs and average mAs along the z-axis is very important, 

particularly when correcting CT dose metrics for beam overlap or gaps 

(pitch).  

 In MDCT, noise is dependent on pitch (this is not true in SDCT). 

Thus, as pitch is increased,  MDCT scanner software may automatically 

increase the mA such that the image noise (and patient dose) remains 

relatively constant with changing pitch values. When the effective mAs or 

mAs/slice is used, noise appears to be unaffected by pitch, since noise 

remains constant as pitch is varied for a constant value of effective mAs 

or mAs/slice. Thus, the user may be unaware that the actual mA was 

increased in systems that use the average mAs along the z-axis concept. 

Another manufacturer (GE) also helps the user to keep image noise 

constant as pitch is changed. On the GE system, as parameters such as 

detector configuration, pitch, or image width are changed, the mA value is 

automatically adjusted to the value that will keep image noise the same. In 

this scenario, the mA parameter field is flagged (turned orange) to alert 

the user of the change in the prescribed mA value. 
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In summary, MDCT technology offers significant improvements in the 

variety, quality, and speed of CT clinical applications. The technology 

will continue to change at a rapid pace, and radiologists, technologists, 

physicists and department administrators will all need to reevaluate 

existing practice strategies and exam protocols to successfully integrate 

increasingly complex MDCT scanners into their CT practice. This 

expected increase in utilization must be accompanied by awareness and 

understanding of radiation dose issues. In addition, as CT technology 

develops, the revision or updating of existing definitions, particularly with 

respect to CT dosimetry, may be required. 

The purpose of this report is to provide a reference for the physics 

community to clarify existing definitions related to CT dosimetry, to 

describe methods to measure or calculate CT dose descriptors,  and to 

discuss the issues necessary to make clinically relevant decisions 

regarding CT technique factors and their impact on radiation dose 

2.3 Definitions of Quantities For Assessing Dose In CT: 

 CTDI, CTDIFDA, 

CTDI100, CTDIW, CTDIVOL, DLP, E 

2.3.1 Computed Tomography Dose Index (CTDI) 

The CTDI is the primary dose measurement concept in CT 

 

where 

D(z) = the radiation dose profile along the z-axis, 

N = the number of tomographic sections imaged in a single axial scan. 

This is equal to 

T = the number of data channels used in a particular scan. The value of N 

may be less than or equal to the maximum number of data channels 

available on the system, and the width of the tomographic section along 

the z-axis imaged by one data channel.  In multiple-detector-row 
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(multislice) CT scanners, several detector elements may be grouped 

together to form one data channel. In single-detector-row (single-slice) 

CT, the z-axis collimation (T) is the nominal scan width. 

CTDI represents the average absorbed dose, along the z-axis, from a 

series of contiguous irradiations.  It is measured from one axial CT scan 

(one rotation of the x-ray tube), and is calculated by dividing the 

integrated absorbed dose by the nominal total beam collimation. The 

CTDI is always measured in the axial scan mode for a single rotation of 

the x-ray source, and theoretically estimates the average dose within the 

central region of a scan volume consisting of multiple, contiguous CT 

scans [Multiple Scan Average Dose (MSAD)] for the case where the scan 

length is sufficient for the central dose to approach its asymptotic upper 

limit. The MSAD represents the average dose over a small interval (−I/2, 

I/2) about the center of the scan length (z = 0) for a scan interval I, but 

requires multiple exposures for its direct measurement. The CTDI offered 

a more convenient yet nominally equivalent method of estimating this 

value, and required only a single-scan acquisition,  which in the early days 

of CT, saved a considerable amount of time. 

2.3.2 CTDIFDA 

 Theoretically, the equivalence of the MSAD and the CTDI requires 

that all contributions from the tails of the radiation dose profile be 

included in the CTDI dose measurement. The exact integration limits 

required to meet this criterion depend upon the width of the nominal 

radiation beam and the scattering medium. To standardize CTDI 

measurements (infinity is not a likely measurement parameter), the FDA 

introduced the integration limits of ±7T, where T represented the nominal 

slice width26. Interestingly, the original CT scanner, the EMI Mark I, was 

a dualdetector- row system. Hence, the nominal radiation beam width was 

equal to twice the nominal slice width (i.e., N x T mm). To account for 

this, the CTDI value must be normalized to 1/NT: 
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Unfortunately, the limits of integration were not similarly expressed in 

terms of NT, allowing for the potential underestimation of the MSAD by 

the CTDI. For the technology available circa 1984, the use of NT in the 

integration limits was deemed unnecessary at the time27.  The scattering 

media for CTDI measurements were also standardized by the FDA26. 

These consist of two polymethylmethacrylate (PMMA, e.g., acrylic or 

Lucite™) cylinders of 14-cm length. To estimate dose values for head 

examinations, a diameter of 16 cm is to be used. To estimate dose values 

for body examination, a diameter of 32 cm is to be used. These are 

typically referred to, respectively, as the head and body CTDI phantoms. 

2.3.3 CTDI100                                                                                          

CTDI100 represents the accumulated multiple scan dose at the center of a 

100-mm scan and underestimates the accumulated dose for longer scan 

lengths. It is thus smaller than the equilibrium dose or the MSAD. The 

CTDI100, like the CTDIFDA, requires integration of the radiation dose 

profile from a single axial scan over specific integration limits. In the case 

of CTDI100, the integration limits are ±50 mm, which corresponds to the 

100-mm length of the commercially available “pencil” ionization 

chamber. 

 

The use of a single, consistent integration limit avoided the problem of 

dose overestimation for narrow slice widths (e.g., <3 mm)24. CTDI100 is 

acquired using a 100-mm long, 3-cc active volume CT “pencil” ionization 

chamber and the two standard CTDI acrylic phantoms [head  (16-cm 

diameter) and body (32-cm diameter)]. The measurement must be 

performed with a stationary patient table. 

The pencil chamber of active length _ is not really measuring exposure 

(X), or air kerma, but rather the integral of the single rotation dose profile 

D(z). Although the exposure (or air kerma)  meter may convert the charge 

collected into an apparent exposure reading in roentgens (R) (or air kerma 

reading in milligray [mGy]), the measured value, called the “meter 
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reading,” actually represents the average exposure (or air kerma) over the 

chamber length _. That is, 

Meter Reading =  

where f is the f-factor (exposure-to-dose conversion factor, D = f · X ). 

Considering the above definition of CTDI100 (_ = 100 mm), it is clear 

that . 

CTDI=  

where:- 

C =the unitless chamber calibration factor (typically near 1.0) which is 

required to 

correct the meter reading for temperature and pressure and into true 

exposure (if the 

calibration and measurement beam qualities differ sufficiently to require 

it). 

One must use the f-factor (f ) appropriate to the task at hand to convert 

exposure (R) to 

absorbed dose (rad): 

 0.78 rad/R for calculation to dose to acrylic (e.g., CTDIFDA). 

   0.94 rad/R for tissue dose estimates. 

   0.87 rad/R for dose to air and calculation of or comparison to 

CTDI100 or CTDIw (see section 3.4). 

  These values correspond to the typical CT kVp value of 120 kVp, 

which corresponds to an effective energy of approximately 70 

keV. 

  • For scans at other tube voltage settings, the f-factors must be 

chosen accordingly. 
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 When an ion chamber measurement is given in air kerma (mGy), 

care must be taken to indicate which f-factor is used, if any, since the 

chamber reading and CTDI value are both given in units of mGy: 

• 1.06 mGy/mGy for dose to tissue 

• 0.90 mGy/mGy for dose to Lucite 

• 1.00 mGy/mGy for dose to air. 

2.3.4 Weighted CDTIW 

The CTDI varies across the field of view (FOV). For example, for body 

CT imaging, the CTDI is typically a factor or two higher at the surface 

than at the center of the FOV. The average CTDI across the FOV is 

estimated by the Weighted CTDI (CTDIw), where 

The values of 1/3 and 2/3 approximate the relative areas represented by 

the center and edge values31. CTDIw is a useful indicator of scanner 

radiation output for a specific kVp and mAs.  According to IEC 60601-2-

44, CTDIw must use CTDI100 as described above and an f-factor for air 

(0.87 rad/R or 1.0 mGy/mGy) 

2.3.5 Volume CDTIVOL 

To represent dose for a specific scan protocol, which almost always 

involves a series of scans, it is essential to take into account any gaps or 

overlaps between the x-ray beams from consecutive rotations of the x-ray 

source. This is accomplished with use of a dose descriptor known as the 

Volume CTDIw (CTDIvol), where 

 

and I = the table increment per axial scan (mm).  Since pitch is defined19 

as the ratio of the table travel per rotation (I) to the total nominal beam 

width (NxT) 

pitch=  

Thus, Volume CTDI can be expressed as 

CTDIvol = 1 / pitch x CTDIw 
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 Whereas CTDIw represents the average absorbed radiation dose 

over the x and y directions at the center of the scan from a series of axial 

scans where the scatter tails are negligible beyond the 100-mm integration 

limit, CTDIvol represents the average absorbed radiation dose over the x, y, 

and z directions. It is conceptually similar to the MSAD, but is 

standardized with respect to the integration limits (±50 mm) and the f-

factor used to convert the exposure or air kerma measurement into dose to 

air. 

The CTDIvol provides a single CT dose parameter, based on a directly and 

easily measured quantity, which represents the average dose within the 

scan volume for a standardized (CTDI)  phantom. The SI units are 

milligray (mGy). CTDIvol is a useful indicator of the dose to a 

standardized phantom for a specific exam protocol, because it takes into 

account protocol-specific information such as pitch. Its value may be 

displayed prospectively on the console of newer CT scanners, although it 

may be mislabeled on some systems as CTDIw. The IEC consensus 

agreement on these definitions is used on most modern scanners. 

While CTDIvol estimates the average radiation dose within the irradiated 

volume for an object of similar attenuation to the CTDI phantom, it does 

not represent the average dose for objects of substantially different size, 

shape, or attenuation or when the 100-mm integration limits omit a 

considerable fraction of the scatter tails. Further, it does not indicate the 

total energy deposited into the scan volume because it is independent of 

the length of the scan. That is, its value remains unchanged whether the 

scan coverage is 10 or 100 cm. It estimates the dose for a 100-mm scan 

length only, even though the actual volume-averaged dose will increase 

with scan length up to the limiting equilibrium dose value. 

2.3.6 Dose-Length Product (DLP) 

To better represent the overall energy delivered by a given scan protocol, 

the absorbed dose can be integrated along the scan length to compute the 

Dose-Length Product (DLP), where 

DLP (mGy-cm) = CTDIvol (mGy) x scan length (cm). 

The DLP reflects the total energy absorbed (and thus the potential 

biological effect) attributable to the complete scan acquisition. Thus, an 

abdomen-only CT exam might have the same CTDIvol as an 
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abdomen/pelvis CT exam, but the latter exam would have a greater DLP, 

proportional to the greater z-extent of the scan volume. 

In helical CT, data interpolation between two points must be 

performed for all projection angles.  Thus, the images at the very 

beginning and end of a helical scan require data from z-axis projections 

beyond the defined “scan” boundaries (i.e., the beginning and end of the 

anatomic range over which images are desired). This increase in DLP due 

to the additional rotation(s) required for the helical interpolation algorithm 

is often referred to as “overranging.” For MDCT scanners, the number of 

additional rotations is strongly pitch dependent, with a typical increase in 

irradiation length of 1.5 times the total nominal beam width 

The implications of overranging with regard to the DLP depends on 

the length of the imaged body region. For helical scans that are short 

relative to the total beam width, the dose efficiency  (with regard to 

overranging) will decrease. For the same anatomic coverage, it is 

generally more dose efficient to use a single helical scan than multiple 

helical scans  

Table 1 illustrates the differences in CTDIvol and DLP for typical CT 

exams. The values are meant to be demonstrative only; they can vary by 

scanner model, vendor, and image quality requirements.  Note that a 

change in technique (mAs/rotation) affects the CTDIvol (and therefore 

also the DLP),  while a change in acquisition length (at the same 

technique) is only reflected by the DLP. 

2.3.7 Limits To CTDI Methods 

For body scan lengths of 250 mm or more, the accumulated dose closely 

approaches the limiting equilibrium dose. However, CTDI100 

underestimates the equilibrium dose CTDI (or MSAD for pitch of unity) 

by a factor of approximately 0.6 on the central axis and by about 0.8 on 

the periph- 
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Table (2-1) : Illustrative values for CTDIvol and DLP for common CT 

exams for (a) 4-channel MDCT and (B) 16-channel MDCT 

Table 1a:4- channel MDCT(120KVp) 

Exam 

Beam 

Collimation Pitch 

mAs per 

Rotation 

Scan 

 Length (cm) 

CTDIvol 

(mGy) 

DLP 

(mGy-cm) 

 Head 4 x 2.5 Axial 250 15 55.0 825 

 Chest 4 x 5 0.75 100 40 12.0 480 

 Abdomen 4 x 5 0.75 150 20 19.1 382 

 Abdomen ≈ 

& Pelvis 
4 x 5 0.75 150 40 19.1 764 

 

Table 1b: 16-channel MDCT (120 kVp) 

Exam 

Beam 

Collimation Pitch 

mAs per 

Rotation 

Scan Length 

(cm) 

CTDIvol 

(mGy) 

DLP 

(mGy-cm) 

 Chest 16 x 1.25 0.983 150 35 13.3 466 

 Abdomen 16 x 1.25 0.983 212 28 18.8 526 

 Pelvis 16 x 1.25 0.983 212 25 18.8 470 

 

The total energy imparted is underestimated by the DLP by a factor of 

about 0.7 for all scan lengths.  In order to measure the equilibrium dose, a 

body phantom length of almost 400 mm is required. Since a pencil 

chamber of this length is not practical, direct measurement of the MSAD 

using a conventional ion chamber can be utilized. Such a method can be 

utilized to emulate a “virtual”  pencil chamber of arbitrary length up to the 

available phantom length. 

2.3.8 Effective Dose (E) 

It is important to recognize that the potential biological effects from 

radiation depend not only on the radiation dose to a tissue or organ, but 

also on the biological sensitivity of the tissue or organ irradiated. A 100-

mGy dose to an extremity would not have the same potential biological 

effect  (detriment) as a 100-mGy dose to the pelvis35. Effective dose, E, 
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is a dose descriptor that reflects this difference in biologic sensitivity. It is 

a single dose parameter that reflects the risk of a nonuniform exposure in 

terms of an equivalent whole-body exposure. The units of effective dose 

are sieverts (usually millisieverts (mSv) are used in diagnostic radiology). 

The concept of effective dose was designed for radiation protection of 

occupationally exposed personnel. It reflects radiation detriment averaged 

over gender and age, and its application has limitations when applied to 

medical populations. However, it does facilitate the comparison of 

biologic effect between diagnostic exams of different types. The use of 

effective dose facilitates communication with patients regarding the 

potential harm of a medical exam that uses ionizing radiation.  For 

example, when a patient inquires, “What dose will I receive from this 

exam?” an answer in the units of mGy or mGy-cm will not likely answer 

the more fundamental, but perhaps unspoken,  question, “What is the 

likelihood that I will be harmed from this exam?” Characterizing the 

radiation dose in terms of effective dose and comparing that value to other 

radiation risks, for instance one year’s effective dose from naturally 

occurring background radiation, better conveys to the patient the relative 

potential for harm from the medical exam. Table 2 provides typical values 

of effective dose for several common imaging exams (CT and non-CT), as 

well as the annual level of naturally occurring background radiation in the 

United States ( 3.0 mSv). 

Table (2-2) Type effective dose values for serveal common imaging exam 

(CT and non-CT)  

Non-CT Typical Effective Dose Values 

(mSv) 

CT Typical Effective Dose Values 

(mSv) 

Hand radiograph                               <0.1 Head CT 1-2 

Dental bitewing                                 <0.1 Chest CT 5-7 

Chest radiograph                           0.1-0.2 Abdomen CT 5-7 

Mammogram 0.3−0.6 Pelvis CT 3-4 

Lumbar spine radiograph              0.5–1.5 Abdomen & pelvis CT 8-14 

Barium enema exam                        

3-6 

Coronary artery calcium 

CT 
1-3 

Coronary angiogram 

(diagnostic) 5-10 

Coronary CT 

angiography 
5-15 

Sestamibi myocardial perfusion 13-16   

Thallium myocardial perfusion       35-40   

Note:Average U.S.background radiation from naturally occurring sources 

≈ 3.0 mSv (range 1−10 mSv)67 
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It is important to remember, however, that the effective dose 

describes the relative “wholebody”  dose for a particular exam and 

scanner, but is not the dose for any one individual. Effective dose 

calculations use many assumptions, including a mathematical model of a 

“standard” human body that does not accurately reflect any one individual 

(it is androgynous and of an age representative of a radiation worker). 

Effective dose is best used to optimize exams and to compare risks 

between proposed exams. It is a broad measure of risk, and as such, 

should not be quoted with more than one or two significant digits.                                                                                              

The most direct way of estimating doses to patients undergoing CT 

examinations is to measure organ doses in patient-like phantoms. Another 

way of obtaining the pattern of energy deposition in patients undergoing 

CT examinations is by calculation. Computations that use Monte Carlo 

methods follow the paths of a large number of x-rays as they interact with 

a virtual phantom and estimate the probability of the dominant interaction 

processes (i.e., Compton scatter and photoelectric absorption). This type 

of calculation assumes that the patient resembles the phantom used for 

measurements or Monte Carlo simulation. When patients differ in size and 

composition, appropriate corrections might need to be used. The resultant 

information is the absorbed dose to a specified tissue, which may be used 

to predict the biological consequences to that (single) tissue. CT 

examinations, however, irradiate multiple tissues having different 

radiation sensitivities. The effective dose takes into account how much 

radiation is received by an individual tissue, as well as the tissue’s relative 

radiation sensitivity. 

Specific values of effective dose can be calculated using several different 

software packages,  which are based on the use of data from one of two 

sources, the National Radiological Protection Board (NRPB) in the United 

Kingdom or the Institute of Radiation Protection (GSF) in GermanyA40 

free Excel spreadsheet can be downloaded from www.impactscan.org to 

perform organ dose and effective dose estimates using the NRPB organ 

dose coefficients. Other packages are available for purchase. 

To minimize controversy over differences in effective dose values that are 

purely the result of calculation methodology and data sources, a generic 

estimation method was proposed by the European Working Group for 

Guidelines on Quality Criteria in Computed Tomography21.  Effective 
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dose values calculated from the NRPB Monte Carlo organ 

coefficientswere compared to DLP values for the corresponding clinical 

exams to determine a set of coefficients k, where the values of k are 

dependent only on the region of the body being scanned (head, neck, 

thorax,  abdomen, or pelvis) (Table 3). Using this methodology, E can be 

estimated from the DLP, which is reported on most CT systems: 

Table (2-3):  Normalized effective dose per dose-length product (DLP) 

for adults (standard physique) and pediatric patients of various ages over 

various body regions. Conversion factor for adult head and neck and 

pediatric patients assume use of the head CT dose phantom (16 cm). All 

other conversion factors assume use of the 32-cm diameter CT body 

phantom 

Region o Body K(mSv mGy
-1

 cm
-1

) 

 Exam 0 year old 1 year old 5 year old  10 year old  Adult 

 Head and neck 0.013 0.0085 0.0057 0.0042 0.0031 

Head 0.011 0.0067 0.0040 0.0032 0.0021 

Neck 0.017 0.012 0.011 0.0079 0.0059 

 Chest 0.039 0.026 0.018 0.013 0.014 

 Abdomen ≈ & Pelvis 0.049 0.030 0.020 0.015 0.015 

Trunk 0.0440.039 0.028 0.019 0.014 0.015 

E k x DLP. 

The values of E predicted by DLP and the values of E estimated using 

more rigorous calculations methods are remarkably consistent, with a 

maximum deviation from the mean of approximately 10% to 15%41. 

Hence, the use of DLP to estimate E appears to be a reasonably robust 

method for estimating effective dose. Similarly, Huda has compared 

effective dose, as calculated from the NRPB data, to estimates of energy 

imparted in order to develop conversion coefficients by which to later 

estimate effective dose from energy imparted. 
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2.4 Overview of Methods For Dose Reduction In Ct 

Recently several new approaches have focused on reducing the radiation 

dose required to create a CT image of appropriate diagnostic quality. 

Current dose reduction technical initiatives by researchers and 

manufacturers can be placed into one of the following general categories. 

2.4.1 X-ray Beam Filtration 

The use of an absorbent material between the x-ray tube and the patient 

can be used to “harden”  the beam such that low-energy x-rays (which 

contribute disproportionately to absorbed dose) are reduced, or to “shape” 

the x-ray beam to deliver dose in the most appropriate spatial distribution. 

Previously, only head and body beam shaping (e.g., “bowtie”) filters were 

available. Recently,  manufacturers have added filters more specific to 

cardiac imaging or different-sized patients. 

2.4.2X-ray Beam Collimation 

The use of a very attenuating material between the x-ray tube and the 

patient should be used to limit the x-ray beam to the minimal dimensions 

required. Such collimation occurs along the z-axis to define the radiation 

beam width. Additional collimation after the patient to further define the 

image width, whether an absorbent material or electronic, causes radiation 

dose to the patient to be wasted.  Finally, the fan angle of the beam should 

be collimated to the diameter of the patient to reduce the amount of 

bypass that can then be scattered back towards the patient or towards 

personnel. Such inplane beam collimation is typically implemented by use 

of an appropriate scan FOV (shaping filter). 

MDCT Dose Inefficiency At Narrow Beam Collimations 

MDCT systems have been observed to have a radiation dose inefficiency 

at narrow beam collimations,  resulting in a higher CTDI for the narrow 

beam collimations required for narrow slice widths. In SDCT, CTDI is 

generally independent of slice width (although for some SDCT systems,  

the CTDI can increase by as much as a factor of 2 for scan widths less 

than 2 mm). 

The dose inefficiency in current MDCT designs is due to unused x-

ray beam that strikes outside of the active area of the detector (along the z-

direction). The z extent of this unused portion of the x-ray beam is 
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approximately constant in size for the various detector configurations; 

thus the inefficiency caused by the unused radiation is relatively greater at 

narrow beam collimations. In 4-channel MDCT systems, the narrow beam 

dose inefficiency can be substantial, resulting in 

as much as a 40% to 50% dose increase for the narrow beam collimations 

(4x1 mm or 4x1.25 mm) relative to the widest beam collimations (4x5 

mm or 4x8 mm). For submillimeter beam collimations on 4-channel 

MDCT systems, this dose increase can be over 100% relative to the 

widest beam collimations. The use of a greater number of data channels 

(16 or more) covering larger zaxis extents of the detector increases the 

dose efficiency of MDCT to nearly that of SDCT. 

2.4.3 X-ray Tube Current (mAs) Modulation and Automatic 

Exposure Control (AEC): 

It is technologically feasible for CT systems to adjust the x-ray tube 

current (mA) in real-time during gantry rotation in response to variations 

in x-ray intensity at the detector, much as fluoroscopic x-ray systems 

adjust exposure automatically. This capability, in various 

implementations, is available commercially on MDCT systems in 

response to wide interest from the radiology community. Some systems 

adapt the tube current based on changes in attenuation along the z-axis, 

others adapt to changes in attenuation as the x-ray tube travels around the 

patient. The ideal is to combine both approaches with an algorithm that 

“chooses” the correct tube current to achieve a predetermined level of 

image noise. 

  By decreasing or increasing the x-ray tube current, the radiation 

output of the tube is proportionately changed. Image noise is dominated 

by the noisiest projection (which corresponds to the most attenuating 

paths through the patient). Hence data acquired through body parts having 

less attenuation can be acquired with substantially less radiation without 

negatively affecting the final image noise. This principle can be applied to 

modulate the mA angularly about the patient (anteriorposterior  [AP] vs. 

lateral) as well as along the z-axis (neck vs. shoulders); the tube current 

can also be modulated within the cardiac cycle (systole vs. diastole), or 

with respect to sensitive organs (PA vs. AP). 

With regard to cardiac CT, the radiation dose for a retrospectively 

gated exam, where the x-ray tube is kept continuously on throughout the 
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acquisition, can be dramatically decreased if the tube current is reduced 

during portions of the cardiac cycle that are not likely to be of interest for 

the reconstructed images. Thus, in addition to modulation of the tube 

current based on patient attenuation,  the tube current can be modulated by 

the ECG signal. Since cardiac motion is least during diastole and greatest 

during systole, the projection data are least likely to be corrupted by 

motion artifact for diastolic-phase reconstructions. Accordingly, the tube 

current is reduced during systole. Dose reductions of approximately 50% 

have been reported using such a strategy. The implementation of these 

and other dose reduction strategies is expected industrywide over the next 

several years, in response to the strong concern about the radiation dose 

from CT from both the public at large and the medical community  

In addition to technical methods of dose reduction, investigators are 

working to determine clinically acceptable levels of image noise for a 

variety of diagnostic tasks. That is, high-contrast exams 

(e.g., lung, skeletal, colon, sinus) require much less dose (can tolerate 

higher noise levels) compared to low-contrast exams (e.g., brain, liver, 

and other abdominal organs). If the required noise level can be predefined, 

CT systems can use technical approaches to deliver the minimum dose 

required to achieve the specified noise level. The definition of a robust 

and standardized noise metric is required,  however, to allow a 

manufacturer-independent method of prescribing the desired image 

quality. 

2.4.4 Size-or Weight-based Technique Charts 

Unlike traditional radiographic imaging, a CT image never looks 

“overexposed” in the sense of being too dark or too light; the normalized 

nature of CT data (i.e., CT numbers represent a fixed amount of 

attenuation relative to water) ensures that the image always appears 

properly exposed. As a consequence, CT users are not technically 

compelled to decrease the tube-current-time product  (mAs) for small 

patients, which may result in excess radiation dose for these patients. It is, 

however, 

a fundamental responsibility of the CT operator to take patient size into 

account when selecting the parameters that affect radiation dose, the most 

basic of which is the mAs.   
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 As with radiographic and fluoroscopic imaging, the operator 

should be provided with appropriate guidelines for mAs selection as a 

function of patient size. These are often referred to as technique charts. 

While the tube current, exposure time, and tube potential can all be altered 

to give the appropriate exposure to the patient, in CT users most 

commonly standardize the tube potential ( kVp) and gantry rotation time 

(s) for a givens clinical application. The fastest rotation time should 

typically be 

used to minimize motion burring and artifact, and the lowest kVp 

consistent with the patient size should be selected to maximize image 

contrast. 

Although scan parameters can be adapted to patient size to reduce 

radiation dose, it is important to remember certain caveats when 

contemplating such adjustments. First, body regions such as the head do 

not vary much in size in the normal population, so modification of scan 

parameters may not be applicable here based on head size. 

Numerous investigators have shown that the manner in which mA 

should be adjusted as a function of patient size should be related to the 

overall attenuation, or thickness, of the anatomy of interest as opposed to 

patient weight, which is correlated to patient girth, but not a perfect 

surrogate as a function of anatomic region. The exception is for imaging 

of the head, where attenuation is relatively well defined by age, since the 

primary attenuation comes from the skull and the process of bone 

formation in the skull is age dependent.  

 Clinical evaluations of mA-adjusted images have demonstrated 

that radiologists do not find the same noise level acceptable in small 

patients as in larger patients59. Because of the absence of adipose tissue 

between organs and tissue planes, and the smaller anatomic dimensions, 

radiologists 

tend to demand lower noise images in children and small adults relative to 

larger patients. For body CT imaging, typically a reduction in mA (or 

mAs) of a factor of 4 to 5 from adult techniques is acceptable in infants. 

For obese patients, an increase of a factor of 2 is appropriate. For head CT 

imaging, the mAs reduction from an adult to a newborn of approximately 

a factor of 2 to 2.5 is appropriate. Sample technique charts are provided in 
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appendix A. To achieve increased exposure for obese patients, either the 

rotation time, or the tube potential, may also need to be increased 

2.4.5 Detector Geometric Efficiency 

Ideally, all of the photons that pass through the patient should be 

used in the image formation process. However, the conversion of photon 

energy to electrical signal is not a 100% efficient process  (although it 

exceeds 90% for modern scintillating detectors). New detector materials 

having even 

higher absorption and conversion efficiencies are of course 

desirable, as are detector and signal processing electronics with very low 

inherent noise levels. Additionally, the small detector elements are 

divided along the detector arc and along the z axis with radiation-

absorbing septa (walls).  These septa also provide essential optical 

isolation between detector elements, but they, along with the very fine 

signal transmission wires, create “dead spaces” in the detector and hence 

waste radiation dose. As detectors continue to be divided into smaller and 

smaller discrete elements, the geometric efficiency of the detector systems 

must be maintained. One important step in reducing the dead space has 

been to attach and route the signal transmission wires underneath each 

detector element, instead of between detector elements. However, ongoing 

reductions in voxel size will likely be limited by the exponential increase 

in image noise that would accompany such changes 

2.4.6 Noise Reduction Algorithms 

Data processing can be performed on the raw data (in sinogram space) or 

on already reconstructed images to reduce image noise. A variety of 

approaches are possible, all of which seek to smooth out random pixel 

variatsions (noise) while preserving fine detail and structure (signal). With 

a successful noise reduction scheme, an image of adequate quality can be 

acquired with a reduced patient dose 

2.5 .Clinical Utility of Ctdivol  

The use of routinely displayed scan parameters such as mAs and kVp is 

minimally successful in predicting dose63. Rather than relying on 

parameters such as mAs, kVp, and pitch, the use of CTDIvol provides a 

single “dose metric” by which users can benchmark the prescribed output 

for a given exam against national averages, already having the effects of 
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pitch, detector collimation, xray tube to isocenter distance, and other 

technical parameters all taken into account64. The values of CTDIvol 

displayed on the user console prior to scan initiation can be compared to 

published values,  such as reference values provided by the American 

College of Radiology (ACR) and 

AAPM, and results of national surveys, such as the Nationwide 

Evaluation of X-ray Trends  (NEXT) study conducted by the Center for 

Devices and Radiological Health (CDRH). Users prescribing doses above 

references values should have an appropriate justification . 

2.6 Appropriate Use of Ct Dose Values And Risk Parameters: 

Effective dose estimates will vary somewhat according to the model of 

equipment and imaging parameters used. Typical values are given in 

Table 2. Effective dose estimates are only valid for prospective 

radiological prtection purposes and should not be used for retrospective 

dose assessments or the detailed estimation of a specific individual’s risk. 

Effective dose can be of some value for comparing doses from different 

diagnostic and therapeutic procedures and for comparing the radiation 

risks for different technologies, hospitals, or countries. For risk-benefit 

assessments for any individual, however, the absorbed dose to irradiated 

tissues is the more appropriate quantity.  Patient effective doses may also 

be compared with background radiation exposures from natural sources, 

which in the United States averages 3 mSv per year. This allows patients 

and their families to put medical doses into context and better understand 

that radiation exposure is an everyday occurrence, not something out of 

the ordinary. It also obviates the need to convert doses into unfamiliar 

(and uncertain) radiation risk values. 

 The most definitive data on the ability of ionizing radiation to 

induce cancer is obtained from the atomic-bomb survivors cohort, albeit 

our knowledge of radiation risks at the relatively low radiation dose levels 

associated with CT scanning is subject to large uncertainties. Current 

radiation risk estimates are based on a linear no threshold model, which is 

a topic of ongoing scientific debates. 

Radiation risks may also be compared with those encountered in everyday 

life, such as the risks of dying when smoking cigarettes or the risk of 

dying in an automobile accident. For patients over 60 years of age, an 

effective dose of 17 mSv, typical of a cardiac CT angiogram, may be 
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estimated to have a risk that is comparable to the risk of dying from lung 

cancer after smoking ~300 packs of cigarettes or the risk of dying in an 

automobile accident when driving a distance of ~12,000 miles.  Although 

all of these risk estimates are very crude, they do help put radiation risks 

into a context.  More precise risk estimates require taking into account 

specific organ doses, age, and genders.  The assumption that a CT 

examination has a (small) radiation risk requires that all such exposures 

need justification and that patient doses need to be kept as low as 

reasonably achievable  (ALARA). Examinations should not be performed 

when the anticipated patient benefit would be lower than the 

corresponding patient risk. Further, patients should not be exposed to 

radiation levels above those required for producing an image of diagnostic 

quality. A good example of minimizing patient doses is to ensure that the 

radiographic technique (i.e., mAs setting) is no higher than required to 

keep the radiographic mottle to an acceptable level. Good practice also 

requires the use of patient-size-specific protocols and techniques that 

minimize dose without adversely affecting diagnostic performance.  In the 

United States there are no dose limits for patients undergoing CT 

examinationss.  What is deemed to be an acceptable patient dose relies on 

the professional judgment of the physician in charge of the diagnostic 

procedure. To this end, it is important to ensure that imaging protocols are 

continually reviewed such that the choice of radiographic techniques is 

consistent with ALARA principles. This is best accomplished with the 

assistance of a diagnostic medical physicist. 

2.7 Summary 

Modern CT scanners provide two dose parameters that both became 

available by the scanner manufacturers around 2001: the Volume CTDI 

(CTDIvol) measured in mGy, and the dose-length product  (DLP) 

measured in mGy-cm. CTDIvol is a measure of the average dose within 

the scan volume to a standardized phantom. The total amount of radiation 

delivered to a standardized phantom is represented by the DLP, which is 

the product of CTDIvol and the scan length. Organ doses in CT are well 

below the threshold for the induction of deterministic effects (e.g., 

erythema, epilation).  Patient radiation risks in CT are therefore those 

related to carcinogenesis. An estimate of effective dose (E), which is 

related to the carcinogenic risk, may be obtained by use of E/DLP 

conversion factors (Table 3).  Effective doses from CT are much higher 

than effective doses in conventional radiography, but 
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comparable to those associated with interventional fluoroscopic, 

diagnostic coronary catheterization,  or nuclear medicine examinations. 

Although this risk from a CT examination is small, it is not zero. Hence, 

CT examinations should be performed only when a net patient benefit is 

anticipated.  Further, the amount of radiation used should always be kept 

as low as reasonably achievable  (ALARA). 
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CHAPTER THREE 

MATERIAL AND METHODS 

3.1 Material 

Study sample :- 

The data used in this study was collected from central medical in 

Khartoum state .  

The data collected from January 2019 was  conducted on 50 adult patient 

during ct examination  

There were one machine used in this study G E optima 60 slices 

3.2 Methods 

The data were collected for patient during the routine CT imaging in this 

department .  

In genral the imaging protocols were used the following setup :  

The technologist asked the patient before the exam to conform that 

symptom match the indication for the CT exam  

Shoes exam Protocols which a dresses the Clinic question while maiming 

does setup patient carefully . Asymmetric positioning  can result in 

decreased image quality an increase in patient dose 

3.2 .1 Data collected 

The data collected was designed to Assessment the adult patient the 

collected data in accorded patient  sex ,age , tubevoltge  and tube current , 

sclice type . in addition we also record all the Parameters , as will as the C 

T dose description CT does index volume ( milligray ) and does length 

product in (milligray- sent meter ) . all the factors that have direct 

influence on radiation does  
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3.2.2 Data analysis : 

We use Excel Microsoft office to analysis the data  

One C T machine were used to collect data during this study  

In this study was obtained a measurement of does . We used of the 

calibration  electrometer machine .  

In this study were used normalized CTDL values Bublished by the impact 

calculate CTDL vol and DLP. 

Found the effective does by equation :  

ED = DLP X coefficient K 

K :   coefficient of adult  chest  CT 
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CHAPTER FOUR 

Results 

4.1 Results : 

The following tables and fuigers represent the data obtained from 50 

patient under were CT examinations for chest  with digital imaging in 

modern medical center in Khartoum state  

Table (4-1): sex 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

male 22 44.0 44.0 44.0 

female 28 56.0 56.0 100.0 

Total 50 100.0 100.0  

 

 

 

Figure (4-1): show thate the rate of female 65% either male 44% 
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Table  (4-2) : age 

 Frequency Percent Valid 

Percent 

Cumulative 

Percent 

Valid 

less 20 year 5 10.0 10.0 10.0 

20-30 year 4 8.0 8.0 18.0 

30-50 year 7 14.0 14.0 32.0 

50-60 year 6 12.0 12.0 44.0 

more than 60 

year 
28 56.0 56.0 100.0 

Total 50 100.0 100.0  

 

 

 

Figure (4-2): show thate rate of ages in this research  it is reach  more 

than 60 year 56% and less20 year 10% either(30- 50)reach 14% and (50 -

60) 12% 
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Table (4-3): Descriptive Statistics summaries the characterizes 

performance for the CT system and console displaed form the CTDLvol-

mGY/cm  scanner  DLPmGY/cm  model acquilion 

 N Minimum Maximum 

sex 50 1 2 

age 50 1 5 

kv 50 120 120 

current Mm 50 10 10 

CTDLvol-

mGY/cm 
50 4 27 

DLPmGY/cm 50 52 2066 

EMS.V 50 2 29 

 

Table (4-4):Descriptive Statistics show the estimation meam  

CTDLvol-mGY/cm and DLPmGY/cm and effective dose calculated 

by  CTDLvol-mGY/cm version 4.620  software were used data 

collection CT scanner DLPmGY/cm 

 N Minimum Maximum Mean Std. 

Deviation 

sex 50 1 2 1.56 .501 

age 50 1 5 3.96 1.399 

kv 50 120 120 120.00 .000 

current Mm 50 10 10 10.00 .000 

CTDLvol-

mGY/cm 
50 4 27 9.13 4.620 

DLPmGY/cm 50 52 2066 774.76 498.688 

EMS.V 50 2 29 11.29 6.778 
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Correlations 

sex 50 1 2 1.56 .501 

age 50 1 5 3.96 1.399 

Valid N 

(listwise) 
50 

    

Case Processing Summary 

 Cases 

Valid Missing Total 

N Percent N Percent N Percent 

sex * 

age 
50 

100.0

% 
0 0.0% 50 

100.0

% 

sex * age Cross tabulation 

Count 

 age Total 

less 20 

year 

20-30 

year 

30-50 

year 

50-60 

year 

more than 

60 year 

sex 

male 3 3 4 1 11 22 

femal

e 
2 1 3 5 17 28 

Total 5 4 7 6 28 50 

 

Case Processing Summary 

 Cases 

Included Excluded Total 

N Percent N Percent N Percent 

sex  * 

age 
50 

100.0

% 
0 0.0% 50 100.0% 
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ANOVA Table 

 Sum of Squares df Mean Square F Sig. 

sex * age 

Between Groups (Combined) 1.144 4 .286 1.151 .345 

Within Groups 11.176 45 .248 
  

Total 12.320 49 
   

 

Through the previous tables, it is clear that there is a statistically 

significant relationship between the exposure of patients or workers in the 

radiation field in terms of gender, which means both parties, male or 

female, have the same vulnerability or influence. 

Correlations 
 sex EMS.V 

sex 

Pearson 
Correlation 

1 .133 

Sig. (2-tailed) 
 

.357 

N 50 50 

EMS.V 

Pearson 
Correlation .133 1 

Sig. (2-tailed) .357 
 

N 50 50 

Through the previous tables, it is clear that there is a statistically 

significant relationship between the exposure of patients or workers in the 

radiation field in terms of gender, which means both parties, male or 

female, have the same vulnerability or influence. That is, there are no 

differences between sex and EMS.V 

Correlations 
 EMS.V age 

EMS.
V 

Pearson 
Correlation 

1 -.171- 

Sig. (2-tailed) 
 

.236 

N 50 50 

age 

Pearson 
Correlation 

-.171- 1 

Sig. (2-tailed) .236  
N 50 50 
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Correlations 

 EMS.V sex 

EMS.

V 

Pearson Correlation 1 .133 

Sig. (2-tailed)  .357 

Sum of Squares and Cross-products 
2251.09

8 
22.170 

Covariance 45.941 .452 

N 50 50 

Bootstra

p
c
 

Bias 0 -.002- 

Std. Error 0 .143 

95% Confidence 

Interval 

Lower 1 -.150- 

Upper 1 .403 

sex 

Pearson Correlation .133 1 

Sig. (2-tailed) .357  

Sum of Squares and Cross-products 22.170 12.320 

Covariance .452 .251 

N 50 50 

Bootstra

p
c
 

Bias -.002- 0 

Std. Error .143 0 

95% Confidence 

Interval 
Lower -.150- 1 

   Upper .403 1 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

c. Unless otherwise noted, bootstrap results are based on 1000 

bootstrap samples 
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CHAPTER FIVE 

DISCUSSION ,CONCLUSION AND RECOMMENDATION 

5.1 Discussion :- 

This study in tended to assessment radiation dose and estimate the 

radiation entrance skin doses examination of    radiation by 

computerize tomography the data were modern medical center . 

In table (4)  estimation mean effect does is 11.29 msv and stander 

deviation 6.778 msv , the maximum does 29 msv while the minimum 

2msv and .   I s the estimated entrance surface does examination for all 

the  examination MGY/MAS to the effective does  MGY/MAS when 

with previous study. 

Pervious study it is the CT scan can give radiation dose equivalent to 

50-450 pairs (posterior anterior and lateral views ) of chest radiograph , 

depending on the CT scan protocol being utilized (10) effective 

radiation  dose equivalent for chest radiograph in two views ranges 

from 0.06 to 0.25 milli-sieverts (mSv) corresponding dose with CT 

using  conventional examination parameters are 3-27(mSv) and 0.3-

0.55 mSv using low radiation CT setting. 

in this study the value radiation dose little increase comparison with 

pervies study because I do no but may be change size between  male  

and female the patient or ct machine not need to calibration  . 

the international commission of radiological protection (ICRP) in a 

publication from 1990 suggested that low level of radiation exposure. 

The risk of radiation- induced cancer is estimated to be higher in infants 

and children and lower in the elderly . the scientific basis for many of 

these projections is weak and has been extrapolated from studies of the 

effects of higher radiation exposure ( gamma rays from atomic 

explosion ), which are greater than dose received in diagnostic 

radiography .the estimation  of risk associated with radiation dose 

assumes a linear relationship exist between radiation and subsequent 

risk of development of cancer. 
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5.2 conclusion :- 

The Radiation dose was measured modern medical center using CT GE 

optima 60 slices . 

The higher dose is  29 mSv while the lower dose is 2mSv. 

Radiation dose procedures varies from patient to  patient. 

The main dose variations in the some clink could be attributed to the 

techniques , which justify . the important of use radiation dose 

optimization technologists training does to reducing must be well 

understood and used .  
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5.3 Recommendation :- 

Using the best strategies available for reducing radiation does to allow 

radiation in relation to the patients size and weight ,adopted tube current . 

the radiology community that does must be a slow reasonable achievable 

(ALARA) While be maintaining diagnostic quality . 

The use of CT must also be justified for the diagnostic task. 

i. Must be used tools properly to achieve safe and effective 

result . Numerous CT protocol optimization strategies have 

been outlined . 

ii. Implementation high quality CT protocol with radiation 

exposure appropriate for the clinical setting and size of 

patient. 

iii. Implementation primary engagement from radiologist ideally 

in collaboration with CT manufacturers CT technologist and 

medical physics.      
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Appendix 

No 

sex AGE KV 

Current 

Mm 

CTDLvol 

mGY cm 
DLP 
mGY cm 

E 

MS.V 

1.  male more than 60 year 120 10 9 636 9 

2.  female more than 60 year 120 10 11 1046 15 

3.  female 30-50 year 120 10 11 355 5 

4.  male 30-50 year 120 10 9 303 4 

5.  female 50-60 year 120 10 4 332 4 

6.  male 30-50 year 120 10 4 270 4 

7.  female more than 60 year 120 10 9 1076 15 

8.  female 50-60 year 120 10 6 345 20 

9.  male more than 60 year 120 10 5 559 8 

10.  male less 20 year 120 10 5 642 9 

11.  female 50-60 year 120 10 4 209 3 

12.  male 20-30 year 120 10 10 550 8 

13.  male more than 60 year 120 10 6 460 6 

14.  female 20-30 year 120 10 4 525 7 

15.  female more than 60 year 120 10 7 1327 19 

16.  female 50-60 year 120 10 12 1473 21 

17.  female more than 60 year 120 10 13 722 10 

18.  female more than 60 year 120 10 13 539 8 

19.  female more than 60 year 120 10 6 431 6 

20.  female more than 60 year 120 10 15 956 13 

21.  male 20-30 year 120 10 6 2066 29 

22.  male more than 60 year 120 10 9 214 3 

23.  female less 20 year 120 10 7 1057 15 

24.  male 20-30 year 120 10 8 1080 15 

25.  female more than 60 year 120 10 9 1819 25 

26.  female more than 60 year 120 10 14 163 2 

27.  female more than 60 year 120 10 5 494 7 

28.  female less 20 year 120 10 6 1959 27 

29.  female more than 60 year 120 10 10 575 8 

30.  male less 20 year 120 10 27 678 9 

31.  female 30-50 year 120 10 19 1805 25 

32.  male 30-50 year 120 10 12 426 6 

33.  male more than 60 year 120 10 15 778 11 

34.  female more than 60 year 120 10 11 241 3 

35.  female 30-50 year 120 10 5 713 10 
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36.  female more than 60 year 120 10 11 485 7 

37.  male more than 60 year 120 10 15 437 6 

38.  male less 20 year 120 10 7 599 8 

39.  male 30-50 year 120 10 8 965 14 

40.  male more than 60 year 120 10 5 672 10 

41.  male more than 60 year 120 10 15 1079 15 

42.  male more than 60 year 120 10 4 159 13 

43.  female 50-60 year 120 10 13 912 10 

44.  female more than 60 year 120 10 11 727 16 

45.  female more than 60 year 120 10 6 1157 7 

46.  male 50-60 year 120 10 4 52 20 

47.  male more than 60 year 120 10 5 486 2 

48.  female more than 60 year 120 10 15 1416 17 

49.  female more than 60 year 120 10 5 1568 13 

50.  male more than 60 year 120 10 7 1206 17 

 

 

 


