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Abstract
This article discusses the computed tomography (CT) dose measurement using Ion chambers and solid state detectors. CT is the largest source of artificial radiation to the patients in the US.  Using Ion chambers to measure the radiation dose was a standard and traditional method, but the newer CT scanners with the wide radiation beam width have a lot more dose, which these standard 10cm long chambers cannot completely measure anymore. However 10cm long chamber is still the standard in the industry. Solid state detectors are also use to measure dose. Though, not a standard method, but a very effective method to measure the complete absorbed dose by a patient. This paper seeks to demonstrate and compare both of these methods and there pros and cons.
Introduction
Medical x-ray is the largest contributor to of radiation exposure to the population from artificial source [1].Computed Tomography (CT) contributes with 70% of that radiation [1]. It is particularly important that the dose information be known, since CT procedures deliver some of the highest doses in radiology [3]. This paper discuses the standard method of measuring the CT dose using the ion chamber, which can’t measure accurately on the new CT machines, and a “non-standard” method by which all dose can be measured. The total absorbed dose to the patient is the combination of the primary radiation and scattered radiation.
Basic Information on CT
CT is a method to create 3D images of a certain volume of a body. By irradiating with a fan-beam from an x-ray tube in one rotation, around the body, and collecting the radiation that has been modulated according to the body anatomy, an image of that plane in the volume can be reconstructed (see Fig 1) [1]. 
[image: image1.emf]
In order to measure the dose CT ion chamber (Fig 2), or Solid state detector (Fig 3) can be used [1].
Figure 2                                        
[image: image2.png]


      [image: image3.png]


 Figure 3
Free-Air Ionization Chamber

Ionization is an instrument constructed to measure the number of ions within a medium (air) [2]. It consists of a gas filled enclosure between two conducting plates. When gas between the plates is ionized by x-ray radiation the ions and dissociated electrons move to the plates of the opposite polarity, thus creating an ionization current which may be measured by an electrometer Fig 4[5].
Terms Defined:
Electron: The electron is a subatomic particle that carries a negative electric charge.
Polarity: Electrical polarity (positive and negative) is present in every electrical circuit. Electrons flow from the negative pole to the positive pole

Figure 4
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Solid State Detector:

In a solid-state component, the current is confined to solid elements and compounds engineered specifically to switch and amplify it. Current flow can be understood in two forms: as negatively-charged electrons, and as positively-charged electron deficiencies called electron holes or just "holes"[6] Fig 5[4].
Figure 5[image: image5.emf]
Measurement Methods Defined:

Axial Method: is a medical imaging method employing tomography. Digital geometry processing is used to generate a three-dimensional image of the inside of an object from a large series of two-dimensional X-ray images taken around a single axis of rotation Fig 6[1]. In the axial scan, x-ray tube is ‘still’ in its place while the patient moves through it. Axial was the standard method to measure patient dose. However with the advancement of the multi slice CT scanners, it is not an effective method anymore. When the x-ray beam is wider than 10cm this chamber is not adequate to measure that ‘extra’ radiation. Hence a new method is needed to overcome this problem.
[image: image6.emf] Figure 6   
Helical Method: is a type of three dimensional computed tomography (CT) in which the source (usually of x-rays) describes a helical trajectory relative to the object while a two dimensional array of detectors measures the transmitted radiation on part of a cone of rays emanating from the source. Willi Kalender ,who is credited with the invention, prefers the term Spiral scan CT, arguing that spiral is synonymous with helical: for example as used in 'spiral staircase'.

In practical helical cone beam x-ray CT machines, the source and array of detectors are mounted on a rotating gantry while the patient is moved axially at a uniform rate. Earlier x-ray CT scanners imaged one slice at a time by rotating source and one dimensional array of detectors while the patient remained static. The helical scan method reduces the x-ray dose to the patient required for a given resolution while scanning more quickly. This is however at the cost of greater mathematical complexity in the reconstruction of the image from the measurements [7] Fig 5[1]. In Helical scan patient is moving on the table, while x-ray tube is also rotating along its axis. CT ion chamber as shown in Fig 2 has an active area of 10cm, and if the radiation beam is wider than 10cm, ion chamber is unable to measure that extra radiation, therefore a new detector is needed: a detector independent from this limitation. Figure 3 shows the solid state detector. This detector is placed in a CT phantom (Fig 7) and then moved across the CT table (Fig 8)[1], while the x-ray tube is rotating along its axis. This detector can pick up all the extra radiation which ion chamber wouldn’t be able to see (All the physics involved to prove this method as accurate as traditional method has been discussed in [1]) and hence gives a complete dose profile, which patient would have actually received.
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 Figure 7
[image: image9.emf] Figure 8

Ion-Chambers vs. Solid State: A Comparison

Ion-Chambers:


Pros:

· Not angle dependent on radiation
· Don’t need any correction algorithms for different radiation energies
· Preferable in Fluoroscopic applications.
Solid State:

Pros:
· Highly  sensitive 

· Radiation waveform can be acquired
· Excellent for measuring low radiation outpu
Conclusion
In conclusion, solid state CT detector is by far a superior detector to measure CT dose. Limitation of this detector is that it can only measure helical scans, which is not an approved method yet. However the approved method, axial scan, is not applicable to the newer CT scanners and hence a wrong estimation of the patient absorbed dose is being made.
This new detector with the helical scan can give a complete dose profile, and a more accurate estimation of the patient absorbed dose can be made using this detector and method.
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