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Nowadays, radiotherapy uses the state of the art technology in imaging 

systems to be possible an accurate treatment of the patient’s lesions.  

Comparing conventional CT-scanners with Cone Beam CT, we can conclude 

that the former produce a very good 3D image, with resolution of about 7-9 lp/cm and 

with the latter we obtain a 6lp/cm image resolution. The contrast was evaluated with 

a special phantom for the effect, analysing the circumference series of contrast 1%. 

Typically, CBCT has a poorer contrast resolution when compared with conventional 

CT scanners. Comparing at naked eye two images obtained with the two referred 

techniques, it is clear that there is a lot more artefacts in the CBCT image. 

The absorbed dose index is clearly bigger in conventional CT scanners than in 

CBCT, and that’s apparently the unique disadvantage of computed tomography to 

the cone beam computed tomography.     

 

1. Background: what is radiotherapy and why it requires imaging systems 

Radiotherapy is a treating method for oncologic diseases based on the 

delivering of radiation to the patient to kill cancerous cells. These cells together form 

localized lesions inside the body of the patient.  

In order to accurately deliver the right dose of radiation to the lesion, 

preserving the surrounding tissues, it is required that physicians and technologists 

have an accurate 3D image of the patient in the position he will be treated, to assure 

reproducibility. The way we have nowadays to do that is tomography. 

Tomography systems are based in X-ray emission, passing trough the 

patient’s body and being detected, computing the attenuation coefficient.  

In spite of the physical principle being the same, tomography systems have 

now several generations of evolution behind, all of theme with improved acquisition 

times, geometry, slice width, image quality and other parameters. About 9-10 years 



ago, arised in Europe another image acquisition system, available to conceive 3D 

images of the patients: the Cone Beam CT. This system is cheaper and not so heavy 

than the conventional CT scanners, because it is integrated in a radiotherapy 

simulator, but it has several limitations when compared with traditional tomography 

systems. 

 In this article it is made a deep analysis of image quality and dose parameters 

of the two radiotherapy imaging systems available, CT scanners and Cone Beam CT 

– CBCT. It will be presented a particular imaging system of each type, which was 

object of image quality and dose analysis. 

 

2. Materials and methods 

Image quality 

 

 When analysing image quality, we have to attend to three main parameters: 

spatial resolution, contrast and noise. To analyse all these three aspects and 

compare the two different systems, I used a CT scanner quality assurance data, 

computed in a radiological facility and compared theme with the data collected in a 

CBCT system belonging to my workplace. The CT scanners is a 4 slices Toshiba 

Aquillion and the CBCT system is a Varian Acuity. To make that analysis, I had to 

use a Catpham phantom, which has a slice with a set of line pairs to evaluate special 

resolution, a slice with several sets of circumferences of different sizes, each set of 

different contrast, and a slice with several inserts, each one of a different material, to 

evaluate the CT numbers, behind others slices for other proposes. 

 So, to acquire all the needed data in the two systems, the proceedings are 

very similar: 

 

1. We have to place the phantom in the couch and align it with the lasers and 

then acquire an image with the right protocol in a conventional CT scanner or 

with the CBCT application in CBCT systems; 

2. Once with the tomographic image, it is required that we use the analysis tools 

and select the right slice. For spatial resolution evaluation, it is required that 

the slice with several sets of line pairs be selected; then we count the sets of 

line pairs until we cannot distinguish the different lines; 



3. For contrast resolution, we have to choose the slice with 3 different sets of 

circumferences, each of them with a particular contrast, chose the 1% 

contrast (the upper set) and count the circumferences from the biggest to the 

smallest we can still see and register it.  

4. To evaluate the CT numbers, it is required that we choose the correspondent 

slice, define a region of interest of a right dimension for the insert and register 

the mean CT number. The error should not be greater than 40 HU. 

5. The noise is not so well quantized, but we can average the uniformity of the 

image, choosing the right slice, without any kind of structure and defining a 

region of interest of a right dimension and registering the mean CT number in 

the top, button and in the left and right side of the slice. This number should 

not vary more than 40 HU between them. 

 

Dosimetric parameters 

 

 To evaluate dosimetric parameters in tomographic systems, we have to attend 

the CTDI expression: 
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 For simplicity purpose, we’ll take the case of a 10 cm ionization chamber, 

placed inside the Lucite phantom and where the equation (1) takes the simpler form 

 L
T

Xf
CTDI ⋅

⋅
=  (2) 

 

Where f  is a Kerma to absorbed dose conversion factor, which depends on the 

energy of the beam and on the phantom; in the case of Lucite is 0.893 and in the 

case of the air is 1.0. X  represents the Kerma, in mGymGy / , T  is the slice width in 

mm  and L  is the length of the chamber, also inmm . 

 Now, it is simple to understand the method to measure CTDI. First, it is 

needed a special 32 cm diameter body Perspex phantom and/or a 16 cm head 

phantom, both with an hole in the center and holes outside the center, in the 

periphery, 1cm from the surface, as we can see in image (1). 

 



 

fig. 1 – CTDI perspex phantom with ionization chamber in a CT scanner. 
 

1. Starting with the disposal of the phantom in the couch, aligned with the help of 

the lasers, we have then to insert the 100 mm chamber in the center hole. In 

the other holes are inserted Perspex rods; 

2. The chamber is connected with the automatic reading electrometer, which 

holds the value measured; 

3. A beam is shot and the Kerma value is registered; 

 

The CTDI100 can be computed. However, a more accurate value for CTDI is 

computed with the help of a measure acquired with the chamber in one of the holes 1 

cm from the surface. This is an weighted CTDI, which can bem computed with 
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Where CCTDI  is the CTDI measured with the ionization chamber in the center and 

ECTDI  is the CTDI measured in the border, 1 cm from the surface. 

 In CBCT systems, we cannot measure CTDI in the same sense that we can in 

conventional CT. In conventional CT, we can irradiate the chamber with a chosen 

slice width, but in CBCT we can chose the final image slice width, but at the moment 

of irradiation, we cannot define the collimators aperture or detector element width. It 

is ever irradiated a whole volume, and then, with the help of software, the image is 

divided in slices, with the width chosen by the user. 

 

3. Results 

  

 The results obtained in this study denote the better spatial and contrast 

resolution in the images acquired with the conventional CT: 



 

 

Table 1 – Quality assurance and comparison of the contrast resolution of two tomography systems, CT 

and CBCT 

Low contrast resolution 

Technique/filter  Reference value Actual value 

CBCT half fan 
Till 7 mm diameter (4

th
 

circumference) 
3
rd
 circumference 

CBCT full fan 
Till 7 mm diameter (4

th
 

circumference) 
4
th
 circumference 

CT 

It depends on the algorithm, 

tube tension and exposure time. 

Constrasts of 1%, 0.5% and 

0.3% 

Between 8 mm and 2 mm 

diameter 

 

 

 

Table 2 – Quality assurance and comparison of the spatial resolution of two tomography 
systems, CT and CBCT 

Spacial Resolution 

Technique/filter  Reference value Actual value 

CBCT half fan 6 line pairs/cm 7 line pairs/cm 

CBCT full fan 6 line pairs/cm 8 line pairs/cm 

CT 

It depends on the algorithm, 

tube tension and exposure time. 

Constrasts of 1%, 0.5% and 

0.3% 

Max. 9 lp/cm; min. 7 lp/cm 

 

 

 

 

 

Table 3 -  Quality assurance of the CT numbers in CBCT (half and full fan) and in conventional 
CT. Note for some values outside the tolerance in CBCT half fan. 

CT numbers 

Material Ref. (± 40 HU) CBCT – Full fan CBCT – Half fan CT 

Air -1000 -996.51 -997.84 
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Teflon 990 955.00 969.92 

Delrin 340 331.40 331.13 



Acrylic 120 92.96 90.46 

Polystiren -35 -58.40 -94.97 

LDPE -100 -112.49 -154.56 

PMP -200 -204.27 -257.46 

 

 

 Untill now, it has been exposed the results obtained in the study of image 

quality. It is now time to look at the results obtained about dosimetric parameters in 

conventional CT scanners and in CBCT scanners. 

 As I stated before, in CBCT systems it is not possible to acquire a CTDI in the 

same sense as in conventional CT, so I’ll distinguish them calling CTDI to the one 

acquired with conventional CT and simply dose index to the one acquired with CBCT. 

However, it is fine to have an idea about the differences of the dose absorbed with 

conventional CT and with CBCT. 

 Lets look ate the variation of CTDI and of the dose index with, respectively, 

slice width and imaged length: 

 

 

Graph 1 – Variation of CTDI with slice width. In bibl. ref. [1] 
 

 



 

Graph 2 – Variation of dose índex with imaged length. In bibl. ref. [1] 

 

 

 Note for the bigger dose absorbed with conventional CT than the one 

absorbed with CBCT. 

 In the air we can study the dose variation with the slice width. This relation is a 

linear one, because if all the other parameters are fixed, increasing the slice width, 

more X-ray photons will reach the patient. Obviously, this study can only be made for 

a conventional CT scanner. Look at the graph 3, where it is shown this relation 

between dose and slice width: 

 

 

Graph 3 – Linear variation of dose with slice width. In bibl. ref. [1] 

 

 Absorbed dose variation with the current is linear. If we increase the value of 

the current, the number of X-ray photons will increase in the same way and so the 

absorbed dose will. To better understand that, look at graph 4: 

 



 

Graph 4 – Linear variation of absorbed dose with current. In bibl. ref. [1] 

 

 

 Now, lets look at the equation of exposure: 
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 The exposure is the integral of the current over the time. Above we’ve seen 

that the variation of absorbed dose with current is a linear one, so, if we keep the 

current constant, it can be out of the integral and it will become clear that exposure is 

the product of current by the time. The increasing in time implies a linear increasing 

of exposure. In this way, the effect of increasing current or increasing time is the 

same. Physically, it corresponds to an increasing of the X-ray photons in the same 

factor as the increasing of the time of exposure. Look at the results at graph 5: 

 

 

Graphic 5 – Linear variation of the dose with time of exposure. In bibl. ref. [1] 

 

 At last consider the tension of the tube. This factor determines the quality of 

the beam. Increasing the gun potencial, the energy of electrons produced will 

increase also. If the electrons hit the target with a lot more energy, the photons 



produced will be also more energetic, which means more energy will be deposed at 

ionization chamber. This variation of CTDI with tube tension is not linear. It is a 

quadratic one, because in this energy levels, the predominant effect is Compton 

scattering. For example, in mammography, the predominant effect is the 

Photoelectric. The absorbed dose varies with the third power of tube tension. 

 

 

Graphic 6 – Variation of CTDI with tube tension. It is a quadratic relation. In bibl. ref. [1] 

 

 

4. Conclusions 

 

 According to the results above described, it is natural to conclude that with a 

conventional tomography system we can obtain better image quality. The special 

resolution is better, as the contrast resolution do. These two parameters are very 

important in radiotherapy, because there is a great need to distinguish anatomic 

structures and indentify lesions. The noise is not a bigger problem in the two systems 

evaluated, but we have to consider the many artefacts that appear in CBCT images. 

 The disadvantage of the conventional CT scanner is the patient’s bigger 

absorbed dose than in CBCT scanners. In spite of this disadvantage, the 

conventional CT scanner is still the best choice for acquiring images for radiotherapy. 

 As has been shown above, the absorbed dose increases with increasing 

current, exposure time and tube tension. But it is true that we cannot simply choose 

the smallest values for these parameters; instead it should be defined according to 

the anatomical structures and localization of the lesion, because a given value for the 

referred parameters can be right to visualize some structure but might not be 

adjusted to see a lesion or a structure among a certain kind of tissues, the soft ones, 



for example. In fat patients, for example, to acquire abdominal images, we can 

increase current or exposure time (some CT scanners do it automatically, the called 

current modulation). In some soft tissues, if we increase a lot the tube tension, we will 

probably obtain low contrast images where it is impossible to identify and distinguish 

the anatomical structures. 

 In conclusion, patient’s absorbed dose is not a benefit (at least at this stage of 

simply acquiring images, not in therapeutic intent), so people shall be imaged the 

least possible, always by a qualified technician who can make the better choice of 

tube tension, exposure time and current and slice width, according to the type of 

localization of the lesion.    
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