Chapter 12 Outline
Operational Characteristics and Quality Control of a Scintillation Camera

Quantitative Parameters for Measuring Spatial Resolution

· Spatial Resolution is defined as the ability of an imager to reproduce the details of radionuclidic distribution

· The finer the details an imaging device reproduces, the better spatial resolution it has.

· There are 2 parameters used to measure spatial resolution

1. FWHM of a point-spread function

2. MTF- modulation transfer function

· Sometimes, “bar phantoms” are used as a semiquantitative measurement

Point-Spread Function and FWHM

· The point spread function of an imager is..If we image a single point source and plot the intensity profile across its center, a bell-shaped curve will show.
· The unit of resolution is the same as the unit of length, centimeter or millimeter

· A narrower FWHM implies a better spatial resolution

· FWHM main drawback is that it does not measure spatial resolution under varying object contrast conditions
Modulation Transfer Function

· MTF main drawback is the inability to express its relationships with the various parameters of an imaging device in simple and understandable terms

· Modulation (M) is the ration of the amplitude in the image of a spatial frequency to that in the object

· When a spatial frequency v of an object in imaged, its amplitude may change.

· Measurement of M as a function of v, produces the MTF of the imaging device
· M=1 indicates no degradation of contrast for that frequency

· M=0 the device is unable to reproduce this particular spatial resolution, therefore, a value of 0 represents the maximum degradation

Resolution of an Imaging Chain

· Quite often an imaging device can be broken into components

· Each component contributes to the final or system resolution of the imaging device

· For example FWHM and R1, R2 … are component resolution, then the system resolution Rs, is given as

Rs = √R12 + R22 + …

· For MTF representation of resolution, the system MTFs is given as

MTFs = MTF1 x MTF2 x …

Quantitative Parameters for Measuring Sensitivity

· Sensitivity can be defined as the ability of an imaging device to use efficiently all the photons available from an object within a given unit of time.

· There are 3 parameters used to measure sensitivity

1. point sensitivity

2. line sensitivity

3. plane sensitivity

Point sensitivity Sp
· This parameter is defined as the fraction of γ-rays detected per unit of time for a point source of radioactivity
· In the scintillation camera, Sp is more or less constant in the field of vie of the collimator

Line Sensitivity SL
· This parameter is defined as the fraction of grays detected per unit of time per unit of length of a very long line source of uniform radioactivity

· The count profile of a line source, as determined by an imaging device, through a direction perpendicular to the line source is known as the line-spread function (LSF)

MTF(v) = ∫∞-∞ LSF(x) ∙ cos(2πvx) ∙ dx
                           ∫∞-∞ LSF(x) ∙ dx

Plane Sensitivity Sa 

· Plane sensitivity is defined as the fraction of γ-rays detected per unit of time per unit of area of a large plane source of uniform radioactivity

· Used to compare the sensitivities of two imaging devices

· Its advantage is the ease with which it can be measured

· Plane sensitivity does not vary with the distance of the plane source from the collimator as long as the area of the plane source is larger than the field of view of the collimator at the distance

Factors Affecting Spatial Resolution and Sensitivity of an Imager

· Septal penetration by γ-rays in the collimator of the scanner
· Scattering of grays in the radionuclide source

Scintillation Camera

· Intrinsic spatial resolution R1 is a measure of the uncertainty in the localization of the point where light is produced in the crystal, is degraded with an increase in the thickness of the NaI(Tl) crystal and is improved with an increase in γ-ray energy

· Spatial resolution R2 depends on various collimators parameters such as collimator length L and diameter of the holes d
R2 = d(L+F+c)
                L

· Reducing d or increasing L improves R2 

· The sensitivity SA depends on d,L,D(crystal diameter), єp(intrinsic efficiency), and s (septa thickness)

SA = πd4 ∙    3D2    ∙ єp
        64L2  4(d+s)2

Loss of Spatial Resolution Resulting from Septal Penetration

· The effect of septal penetration on the spatial resolution of a collimator is to degrade it

· Higher penetration leads to greater degradation of spatial resolution

Variation in Spatial Resolution with Depth

· For the scintillation camera, the best spatial resolution is achieved at the face of the collimator

· The farther away the source is from the face of a collimator, the poorer the spatial resolution

Uniformity and High Count Rate Performance of a Scintillation Camera

· Uniformity is the ability of a scintillation camera to reproduce a uniform radioactive distribution

· The dominant cause of nonuniform response is electronic in nature

· Its is related to difference in response of PM tubes and to the difference in transmission of light produced at different places in the crystal

· These differences cause the mispositioning of some counts

· Scintillation cameras must be properly tuned

· Tuning involves the readjustment of individual PM tube gains

· Check PM tube responses routinely 

· Another dominant cause of nonuniform response is edge packing

· This is also a manifestation of mispositioning of the counts

· It appears as a bright ring around the edge of an image and is caused by internal reflection of the light at the edge of the crystal and the fact that the PM tubes are present on one side only.

High count rate performance

· At high count rate, the probability of two γ-rays interacting increases sharply
· If one or both γ-rays interact through the photoelectric effect, the total light produced will be more than the light produced if only one interacted that way

· If the PHA is set on the photo-peak, both of the grays, mimicking as one but with higher energy will be rejected by the PHA

· If both gamma rays interact through the Compton effect and each interaction produces enough light so that the sum of the two is equal to the light produced by the photoelectric interaction of one gray, the two gamma rays mimicking as one but with correct energy, will be accepted by the PHA

· The dead time of a Scintillation camera is made up of paralyzable and non paralyzable components

· Dead time may be as much as 10-15 usec.

Quality Control of Imaging Devices

· Devices must operate optimally and reliably

· Quality control is the best way to ensure accuracy and reliability of the instruments

· The QC procedures are intended to monitor day-to-day variations in some performing characteristics to be alerted, in time, to the malfunction or unacceptable behavior of these instruments.

Scintillation Camera
· The three most common parameters routinely tested to ensure maximal performance of a scintillation camera are

1. peaking

2. field uniformity

3. spatial resolution

Peaking

· this test is performed every day

· ensures that the window of the PHA is correctly set on the desired photo-peak

Field Uniformity

· Performed daily

· Ensures that the count rate variations in the image of the a uniform source are within an acceptable range and the scintillation camera is properly tuned

· Intrinsic field uniformity  is sometimes checked routinely

· Occasionally the system field uniformity can be checked to verify that there are no problems with the collimator

Spatial Resolution

· 90 degrees quadrant bar phantom is performed
· Test weekly

