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ABSTRACT 

Regular quality control is one of the corner stones of Nuclear Medicine and a 

prerequisite for adequate diagnostic Imaging. Many Papers have been published on 

quality control of planar and SPECT Imaging System up to now, however only minor 

attenuation has been given to the assessment of the performance of imaging systems. 

In this research we are going to discuss a comprehensive set of test procedures 

including regular quality control. Our purpose is to go through analysis of the 

methods and results then to test our hypothesis which state that" there is strong 

relationship between regular and proper evaluation of quality control and the 

continuity of better medical services in nuclear medicine department". The selection 

of the tests is discussed and the tests are described, then results are presented. In 

addition action thresholds are proposed. The quality control tests can be applied to 

systems with either a moving detector or a moving Image table, and to both detector 

with a large field of view and detectors with a small field of view. The tests presented 

on this research do not required special phantoms or sources other than those used for 

quality control of stationary gamma camera and SPECT. They can be applied for 

acceptance testing and for performance testing in a regular quality assurance program. 

The data has been evaluated based on Mediso software in comparing with IAEA 

expert software and system specification within the reference values. Our final results 

confirm our hypothesis, there are some comments about the characteristics and 

performance of this system that being observed and solved, then a departmental 

protocol for routine quality control (Q.C) has being established. 
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undergone many changes in design and electrical sophistication since its inception, however 

the basic components of the gamma rays are easy to control. The energy of the ionization 

gamma radiation is too high to be deflected like visible light. However the gamma photon can 

be directed through holes in a collimator while blocking tangential or scattered photons. To 

obtain a resolving image the collimator must be placed on the face of the detector head, 

allowing the desirable gamma photon to pass through to the Na 1 (T 1). A collimator is a lead 

filtering device that consists of holes through which gamma photon can pass. These holes are 

separated by lead septa. These photons that are not absorbed or scattered by the lead septa pass 

straight through to the Na I (Tl) crystal and subsequently create an image of isotope 

distribution from the patient. With high energy photons thicker lead septa are required to 

prevent scatter from degrading the image with collimators available from several 

manufacturers. The collimator chosen for a patient study depends on the isotope energy and 

resolution required for the specific diagnostic procedure. Some examples of the types of 

collimators commonly used in nuclear medicine include procedures are:-
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Nuclear Medicine technology is a scientific and clinical discipline involving the V 

diagnostic, therapeutic and investigative use of radionuclide. The nuclear medicine 

professional performs a variety of responsibilities in a typical day, including formulating 

dispensing and administering radio pharmaceuticals, performing in vivo and vitro laboratory 

procedures, acquiring, processing and analyzing patient studies on a computer, performing all 

daily equipment testing preparing the patient for the studies operating the imaging and non 

Imaging equipment and maintaining a radiation safety program. Because of the variety of 

Responsibilities in the nuclear medicine department the Joint Commission on Accreditation of 

Healthcare Organization (JCAHO) have recognized the necessity for an established quality 

(assurance program in nuclear medicine activities that assure diagnostic and therapeutically 

reliability and safety of the patients and personnel as well as the staff. On this research we are 

going to discuss many quality assurance procedures routinely performed in nuclear medicine 

then evaluate our results compare to the international and local recommended levels. In order 

to check the stability of the performance of the camera so we can obtain high image quality. 

I 
1.1 The Scintillation Gamma Camera X 

is 

V 

The scintillation gamma camera was first developed by Hal Anger in 1958 and has | 



Low, medium and high sensitivity parallel holes, high resolution parallel hole, high IA 

sensitivity parallel hole - general all purpose collimator, pin hole and converging and 

diverging collimator or it may be compensation of two functions as Low energy general 

purposes (LEGP), because collimators are made specially to operate within a gamma photon 

energy range. 

It's necessary for a nuclear medicine department to procure collimator suitable for 

several types of application. The most common type used for diagnostic studies is the parallel 

holes collimator. The parallel holes collimator is preferred because it's direct the photons from 

a patient onto the scintillation crystal without varying the image. Once the photon passes 

through the collimator, it reaches the Na 1 (Tl) scintillation crystal and is converted to light. 

The number of light photons produced is directly proportional to the energy of the gamma 

photons. There are typically 30 produced per KeV of energy. 

The Na I (Tl) crystals vary in diameter, shape and thickness, changing the parameters of 

the crystal affects sensitivity or resolution (i.e. if sensitivity is increased by using a thicker 

crystal then the resolution will be compromised and vice - versa). The Na 1 (Tl ) crystal is 

hygroscopic and extremely sensitive to sudden temperature changes. The environment of the 

gamma camera must remain stable and precautions must be taken to prevent moisture from 

entering Na I (Tl) crystal as well as preventing sudden temperature shifts. In addition an 

accidental impact may cause the crystal to crack. The scintillation or light photon interacts with 

the photo multiplier tubes (PMTs). The light generated in electrons produced are amplified and 

accelerated 1 million fold in the PMT system. Following conversion to an electrical pulse a 

position circuit produces x and y position signals, which are directly related to location of the 

photon interaction on the Na I (Tl) crystal, because of the high potential of ionizing radiation 

to interact with matter. Not all the gamma photons detected by the "Na I (Tl) crystal arc the 

original primary gamma photons of interest. The interactions with matter from the patient and 

through the camera system can cause scatter radiation. Too much scatter radiation can cause 

degradation in the resolution of the final image. It's therefore possible to electronically exclude 

undesirable photons by only accepting the gamma photons above certain energy. The 

discrimination and selection of the gamma photon is performed by a pulse height analyzer 

(PHA). The PHA can be preset to accept only specific energy signals from the detector. The 

gamma photon energy required is specified by creating energy "Window" in the PHA. The 

energy window designates lower and upper limits of the gamma photon energy of interest. 
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Depending on the model and age of equipment, window can be set by three different methods. 

A threshold window can be set by three different methods. A threshold window may be set 

with a window reading above it, usually expressed in percent of total KeV of the gamma 

energy in question. A mid line energy may be set at the energy of the gamma may or at the 

maximum count position of the voltage or gain adjustment. The percent window is then applied 

above and below this mid point or peak; lastly some instruments allow setting window 

thresholds at any position 15-20%, including overlapping energies and multiple discrete 

windows for multiple isotope studies. Multiple windows may also be setup for that 

radionuclide that emits more than one gamma ray the signal is then sent to a display controller 

to produce a numeric display and an image. The display can occur simultaneously on a cathode 

ray tube, a scalar, a film and a computer screen. Many camera systems can display the image in 

analog, digital or both; an analog camera allows the image to be displayed directly onto film in 

a cassette with or without the use of a computer. The analog camera may also be interfaced to a 

computer and displays it digitally finally a digital camera digitizes the out put of each PMT 

tube to create a digital image. A variety of gamma camera configurations are available the 

gamma camera detector may have small or large field of imaging capability. The detector also 

may be circular or rectangular. In addition, some gamma cameras are fixed, where as others are 

mobile. The scintillation gamma camera system is a very complex mechanism accompanied by 

a variety of components that are crucial to producing a reliable and factual clinical image. The 

duality of quality of the nuclear medicine image is determined by a variety of parameters. 

These parameters must be perpetually evaluated to guarantee that the image receipt by the 

physician is interpreting an accurate and truly diagnostic of the patient pathology. 
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1.2 The SPECT Camera 

Tomographic techniques have been developed in nuclear medicine for both single -

photon emission computed tomography (SPECT) and positron emission tomography (PET). 

The research and development of various tomographic systems have given way to the rotating 

gamma camera. The rotating system with the aid of a computer and reconstruction software has 

the ability to perform the trans-axial tomography. Rotating SPECT, CT and PET all share the 

characteristic that only data arising in a particular image plane is used in the reconstruction of 

the tomographic image, thus allowing higher image contrast. SPECT systems are available 

with single, dual, triple and quadruple heads. The multiple - head SPECT systems are 

becoming the preferred model because more information with increased resolution can be 

obtained in a given period. The camera head(s) is attached to a mechanical gantry that allows 

the head to rotate 360 degrees in circular or on elliptical orbit about the patient. The gantry unit 

is designed to enable the camera head to come as close to the patient as possible to guarantee 

the best resolution at the face of the detector head. Some cameras are also designed to follow 

the patient's body contour in a noncircular orbit (whole body scanner capability). SPECT 

systems also require stricter controls. SPECT quality assurance is not as tolerant as for planar 

image. ±5 % field uniformity is acceptable for planar imaging. 

However, variations in uniformity for SPECT can not exceed ±1%. In addition the camera 

coordinates must be properly aligned with the axis of rotation of the gantry and the computer 

image matrix. The SPECT system must add here to the required quality control procedures of 

the scintillation gamma camera to ensure maximum SPECT camera performance. 



1.3 Nuclear Medicine Instrumentations 

The quality and reliability of imaging instrumentation is critical to practice on nuclear 

medicine and optimize the work in our centre Radiation and Isotopes Centre Khartoum 

(RICK). Although after ordering two new SPECT systems (Mediso & PHILIPS), the selection 

was include flexibility in use, reliability and backup with features determined by the desired 

function. It is important to ensure that equipment is specified to meet full requirements and 

where possible contractual conditions are place to ensure the performance of the delivered 

system as confirmed during acceptance testing. Those instruments are particularly sensitive to 

environmental conditions and consequently require strict control of temperature and humidity 

as well as a continuous and stable power supply. Regular assessment is required to confirm 

stable operation using the quality control testing that is achievable in practice .On this research 

it should be emphasized that National Electrical Manufacturer Association (NEMA) tests are 

primary designed to permit meaningful comparison of specifications, acceptance testing and 

routine quality control are important to ensure effective clinical operation. 



1.4 Statement of problem 

- Increase in down time of the machine. 

- Long waiting list for different medical investigations needed. 

- Loss of data between the acquisition and processing console. 

- Repetition of examination. 

- Poor image quality. 
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1.5 Significance of the study 

The purpose of this research was to detect changes in the performance of scintillation 

cameras and find out such daily basic protocols, in order to test our hypothesis. That may 

adversely affect the interpretation of clinical studies. There are a large number of factors that 

contribute to the final image quality copy device. In addition, for certain types of studies, other 

factors such as count rate capability come into play. With the addition of tomographic images 

comes an additional set of parameters that can influence the clinical images. Those include 

system center of rotation, gantry, collimator holes alignment, rotational stability of the detector 

head and the integrity of the reconstruction algorithms. On a day to day basis there is a limited 

amount of time that can be reasonably devoted to system QC. Hence the main goal of a QC 

program should be to monitor those parameters that are: 

A - Most sensitive to changes in system performance. 

B - Most likely to impact clinical studies. 

This research will focus on some oft he more clinical areas in the quality control of 

scintillation (Planar & SPECT) cameras. 



1.6 Objectives of this study 

General Objectives 

- Describe the principles of radiation detection and measurement. 

- Describe the scintillation crystal. 

- Describe the basic principle of the gamma camera. 

- Describe the scintillation camera performance characteristics of image linearity, image 

uniformity, intrinsic special resolution, detection efficiency and counting rate problems. 

- Describe the design and performance characteristics of commonly used collimators. 

- Describe planar camera quality control testing methods of calibration, gamma 

energy spectrum window determination daily using floods (intrinsic and extrinsic) 

As well as the counting efficiency test, sensitivity and multi window special 

registration. 

- Describe gamma camera single - photon emission computerized tomographic 

SPECT system. 

- Describe SPECT quality control procedures; this is flood uniformity, centre of 

rotation (COR), attenuation correction, and pixel size. 

Specific Objectives 

- Initiation of departmental protocols to follow on day to day basis. 

- Evaluation of where we are from the application of the national quality control-

specifications and recommendations. 

- Test the hypothesis. 
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1.7 Hypothesis 

Our hypothesis HI states that there is strong relationship between regular and proper 

evaluation of quality control and the continuity of better medical services in nuclear medicine 

department. While the alternative hypothesis Ho states that there is no relationship between 

regular and proper evaluation of quality control and continuity of better medical services. 



CHAPTER TWO 



THEORETICAL BACKGROUND 

2.1 Rationale and description of QC tests of planar gamma camera 

2.1.1 Quality Control of Planar Imaging System 

Routine Quality Control is an essential requirement for any nuclear medicine practice in 

order to ensure that equipment operation remains optimal. Quality control is commonly, but 

wrongly viewed as a difficult and time consuming chore and for this reason is frequently 

neglected. The minimum quality control tests are intended to detect problems before they have 

an impact on clinical patient studies. They are not intended to provide a full evaluation of 

equipment performance. Further tests may be required to trace the cause of a problem and to 

ensure that the equipment is performing properly after service or adjustment. Exact quality 

control procedures vary between manufacturers and models for each quality control test listed 

below, the aims and rationale are described first, followed by general procedure for performing 

the test. Although recommendations are made on the frequency of the quality control tests. It 

must be pointed out that in some tests depends on the equipment. It is recommended that on the 

basis of these guide lines an experienced nuclear medicine physicist draw up detailed quality 

control protocols for use with specific equipment. In practice, the routine quality control tests 

should give data that permit the physician to decide whether:-

- To image patient normally. 

- To image patients but request that the equipment be serviced. 

- To cease patient's studies until the system is repaired. 

2.1.2 Visual Inspection 

A visual inspection of the collimators should be performed daily and whenever collimators 

tare changed. Signs of new dents, scratches or stains should be followed up with a back 

ground and for contamination check and an extrinsic uniformity check before a suspect 

collimator is used for patient imaging. It should be borne in mind, however, that not all 

collimator damage may be externally visible. A general visual inspection for any other detects 

that may compromise patient or staff safety (e.g. Frayed or damaged electrical cables as well as 

jtnechanical faults in the camera or scanning tables) should also be carried out on a display 

[basis. If any such defects are detected the equipment should not be used until it is established 

[that it is safe to do so. 

10 
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2.1.3 Background / Contamination 

A background radiation check should be carried out with the collimator off. By means of 

the energy window which is most frequently used for imaging. The total number of counts 

acquired in a fixed time period and inspection of the energy spectrum will indicate the presence 

of any usually high levels of background radiation. The measurement should be repeated with 

the camera head pointing in the full range of directions used for clinical scanning (including 

head positions at 0°, 90°, 180° and 270° for SPECT). A high reading in any particular direction 

may indicate background radiation from contamination (e.g. on the floor) or an unshielded 

source. A high reading that persists irrespective of the camera head oriented is indicative of 

contamination on the crystal face or the gamma camera head itself. Both of these conditions 

should be investigated and remedial action taken (e.g. decontamination or removal / shielded of 

the off ending radiation source) before proceeding with any further checks or imaging. The 

above background radiation source should be checked. 

I 
I 
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I 

The above background radiation check should be repeated with the collimator switched on. 

This will serve as a check for possible contamination and its effect on uniformity, 

Decontamination of the collimator may be necessary before imaging can proceed. I 
ft 

2.1.4 Photo peak and window setting 

Incorrect photo peak energy window setting(s) can degrade uniformity, reduce sensitivity or 

increase the scatter contribution to the image. The photo peak can change as a result of slight 

variations in the high voltage photomultiplier drift, changes in temperature and other factors. 

Photo peak setting should be checked and adjusted in a consistent manner, and the settings 

recorded to detect long term drift. Sudden changes in peak settings indicate a possible fault in 

the camera and should be fully investigated and rectified, if necessary before the camera is 

used for clinical studies. 

It's important to check the energy window settings for all radio nuclides used on a 

particular gamma camera. Since the fact that there are proper peak settings for one radionuclide 

(such as Tc-99m) does not necessarily main that the window settings for other radio nuclides 

(such as 201 Tl and 67 Ga) are correct. If a change in the peak setting for one radionuclide is 

detected, it is likely that the settings for other radio nuclides also need to be adjusted. Peaking 

should preferably perform intrinsically, to reduce scatter and ensure that an average peak for 

S x g j S x a K J S x i f t x f l i x g ^ B ^ B x S x g x S x g ! 



the whole detector is obtained. Peaking should be performed at the uniformity check, as the 

same setup and source used. Also it could be done extrinsically in order to check if there is any 

drift after adding such collimator. 

2.1.5 System uniformity 

The most sensitive parameter to changes in system performance is system uniformity. 

Changes in photo peak location, photo multiplier tube (PMT) performance energy and linearity 

correction etc affect image uniformity. Hence this is probably the single most important QC 

test that can be performed on a gamma camera system and one that should be performed on a 

daily basis. While the acquisition of the uniformity image is a relatively straight forward 

matter, a number of issues need to be considered how many counts should be acquired, what 

isotope should be used? The answer to these questions depends on the type of system and 

whether or not the system is being evaluated for its ability to perform planar or tomographic 

acquisitions irrespective of whether the acquisition is performed intrinsically or extrinsically, 

the system should be checked to ensure that the photo peak is centered within the energy 

window. The final image should be inspected visually to ensure that the uniformity is adequate 

for clinical studies. 

2.1.5.1 Intrinsic uniformity 

Uniformity measurements can be performed intrinsically on most gamma camera systems 

using small (<100juCi) point source of Tc-99m. Ideally, the point source should be placed at a 

(distance of four times the detector field of view, in order to ensure uniform irradiation of the 

detector. This technique is in exceptive with a low radiation the system is evaluated with the 

ŝotope that will be used for the majority of clinical studies. There are a number of 

disadvantages to such measurement; first the collimator is not evaluated. On older gamma 

systems, the absence of pressure sensitive panels on the collimator face often results in 

(Collisions between the collimator and ancillary equipment such as the imaging table or 

•(Collimator cart. Such collisions can result in damage to the collimator that can appear as cold 

jSpots on clinical images. Intrinsic measurements may be impossible on some systems due to 

detector geometry. On many of the new dual - head systems it can be very time consuming to 

Orientate the detector heads to the proper position for an intrinsic measurement. On some 

modern systems gantry limitation or the presence of safety devices make it difficult to rotate 

the gantry once the collimators are removed. Finally whenever the collimator is removed there 
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is increased risk of damage to the exposed crystal to detect a gradual deterioration in 

uniformity. It is important that uniformity measurements be carried out in a consistent manner 

(i.e. same orientation, same number of counts and same collimator) and that records are kept to 

allow comparisons over periods of week's even months. Regular analysis of uniformity by a 

computer can facilitate detection of a gradual deterioration prior to any visible change. 

Uniformity can be different for different radio nuclides and window settings. Thus it is 

important to ensure that uniformity be consistent for all radio nuclides used on the gamma 

camera. 

2.1.5.2 Extrinsic uniformity 

Extrinsic measurement can be performed using either a solid disk of Co - 57 or a refillable 

plastic source containing a mixture of Tc- 99m and water. The Co-57 disk source has the 

advantage of convenience in that the collimator need not be removed. In addition, not many 

opposing dual - head systems. It is possible to simultaneously acquire uniformity image on 

both heads, by reducing the time needed to perform QC. Co-57 sheet sources have two major 

draw backs. They are expensive and need to be replaced every 1-2 years. New Co-57 sheet 

source usually contain small amount of Co-56 and Co-58. These radionuclide contaminations 

have a shorter half-life (70-80 days) than Co-57 and emit high energy gamma rays >500 keV. 

Visual inspection of the energy spectrum from a recently manufactured Co-57 sheet will show 

a significant amount of high energy contamination. During the first few months of use, this 

contamination may adversely affect the performance of the gamma camera unless 

measurements of uniformity are performed with a medium or high energy collimator. Some 

gamma cameras are particularly sensitive to high energy contaminants and may show non 

uniformities in the flood images when the quality control is performed with a low energy 

collimator. The use of a medium energy collimator, in place of a low energy collimator can 

significantly reduce the impact of these contaminations on image quality, in situation where 

use of a medium or high energy collimator for QC is impractical. The effects of these high 

energy contaminations can be minimized (but not completely eliminated) by moving the sheet 

source away from the detector face. 

As an alternative to a Co-57 sheet source, a Tc-99m sheet source can be prepared by the 

addition of several mille curies of Tc-99m to a liquid filled plastic sheet source. The 

disadvantages of such sources are the time taken in preparing the source and the consequential 



radiation exposure to the physicist. In addition refillable sources are prone to a number of 

problems. These include distortion of the sheet source, presence of air bubbles inside the 

source, poor mixing of the isotope within the source and clumping of adhesion of the plastic 

container. The last problem is often the result of using Tc-99m bound to colloidal particles 

(e.g. Tc-99m sulfur colloid) or in some chemical from that facilitates aggregation of the Tc-

99m. All of these problems can be avoided by careful preparation of the sheet source and by 

routine inspection of the source to check for warping, leakage or distortion of the plastic. 

2.1.6 Resolution / Linearity 

Purpose of checking resolution is to detect gradual long term deterioration of resolution, 

rather than to detect abrupt changes. Appropriate adjustments carried out during service may 

affect the resolution without necessarily being apparent in the uniformity or other checks. 

Measurement of system resolution and or linearity is generally performed on a weekly basis 

and can be performed using either intrinsic or extrinsic techniques each with its own 

advantages and disadvantages. Intrinsic measurement involves removal of the collimator with 

the risk to crystal. Extrinsic measurement may show Moire Patterns due to interplay of the bar 

or hole pattern and the lead septa of the collimator. This has always been a problem with 

medium or high energy collimators. Hence, under most circumstances, intrinsic measurement 

is preferable to extrinsic measurement. To evaluate the special resolution of a gamma camera, 

a wide variety of test patterns have been developed over the years. The most common pattern is 

the four-quadrant bar phantom which accounts for over 80% of all resolution patterns used in 

nuclear medicine. Other commonly used test phantoms are the BRIT phantom, the parallel line 

equal spacing phantom and the Hine phantom. All these patterns provide qualitative index of 

resolution. The primary reason for this is that in all cases the holes size or the slit width is of 

the order of (2-5 mm). This is comparable to the intrinsic resolution of a gamma camera. 

Hence the image produced is a convolution of the gamma camera intrinsic resolution and 

the list width or holes spacing. Small changes in intrinsic resolution simply alter the 

modulation of the high and low count areas in the hole or bar pattern image and reduce image 

contrast. The consequences of this are that the same bar or holes spacing may still be 

discernible over a range of values of intrinsic resolution. Correct use of these phantoms 

requires that all images be compared with reference image. This reference image can be 

obtained during the acceptance testing or when a quantitative measurement of intrinsic 
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resolution is being performed on the system. Results show that of these two parameters, system 

resolution tends to be a very stable parameter and will often remain unchanged even in the 

presence of significant changes in image uniformity. System linearity is more sensitive to 

change in PMT performance. Fortunately, such changes are also generally manifest as changes 

in system uniformity. While the four quadrant bar phantom is the most commonly used 

phantom for measurement of system resolution, it is not ideally suited to the assessment of 

system linearity. Hence test patterns such as the orthogonal holes pattern or the parallel line 

equal spacing phantom are preferable to the four quadrant phantom as they allow assessment of 

both linearity & resolution. 

2.1.7 Multiple windows spatial registration (MWSR) 

Multi peak imaging with isotopes such as Ga-67 and In-Il l assumes that images acquired 

at different energies are directly super imposable. In conventional gamma cameras, the 

magnitude of the positioning signals generated by the pulses arithmetic circuitry increase with 

gamma ray energy. These signals are normalized to some reference energy to ensure that the 

position of an event and, consequently, image size is independent of gamma ray energy. The 

accuracy to which this correction is achieved is termed the multiple window spatial registration 

(MWSR) and is usually of the order of l-3mm. Longer values for the MWSR will result in 

poor co-registration of images acquired at different energies and lead to degradation in image 

resolution particularly towards the edge of the field of view (FOV). The use of energy and 

linearity correction maps has significantly improved the MWSR. However, as a consequence, 

errors in the correction map or inappropriate use of a correction map for a given energy may 

lead to subtle errors in clinical studies. If a large number of studies are being performed with 

isotopes such as In-111 and Ga-67, the MWSR should be checked on 1-3 month basis. 

Measurement of MWSR is performed intrinsically by imaging a number of collimated point 

sources of Ga-67 using the method described by (NEMA) National Electrical Manufacturers 

Association. Unfortunately we don't have such calibration sources at our department, so the 

check is not acquired. 

E2.1.8 Collimators Inspection 

While gamma camera collimators are often extremely heavy, their robustness is not in 

proportion to weight and the modern low energy high resolution collimator is very fragile and 

Jeasily damaged. A small dent in the collimator will result in an apparent cold spot in the 
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uniformity image. This type of artifact should not be confused with that due to damage to the ft 

w 
crystal and can be distinguished by the absence of a bright rim around or adjacent to the cold | 

spot. While routine inspection of the collimator surface was possible with many older types of | 

gamma systems, newer systems often make it difficult to inspect the collimator due to the v 

presence of patient crush protection pads attached to the front of the collimator. In such cases 

damage can be deduced by comparing flood images obtained with different collimators. 

V I 
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I 
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Collimators are manufactured by one of two methods either in a mold (cost collimation) or 

by gulling together corrugated strips of lead (foil method). With the latter technique, 

mechanical stress or inadequate bonding of the adhesive may lead to a slight separation of the 

lead foils. The results are crack along the length of the collimator, which will be evident as a 

line of increased activity on the uniformity images. Depending upon the degree of radiation 

leakage through this crack and it's location in the field of view, it may require replacement of 

the collimator. 

Other potential problems include poor matching of the collimator to the detector head, or ^ 

gas between the collimator frame and the collimator it self. Hence, all collimators should be 

inspected by the physicist on 1-2 month basis, to check the integrity of the collimator retaining 

bolts and collimator fit to the detector head. Most collimator related problems can be detected § 

in the extrinsic uniformity images, a point in favor of extrinsic measurement of uniformity 

rather than intrinsic. 

2.1.9 Whole Body Imaging 

Whole body imaging with the older generation of gamma cameras (40m field of view), 

required 2 passes along the length of the body. These 2 passes were then aligned to give a 

complete whole body image. Correct alignment of these two passes resulted in the well known 

vertical "zipper" artifact. The field of view of modern whole-body imaging systems is 

generally large enough (>50m) to permit acquisition of a whole body image with a single pass 

down the body. While this eliminates the potential for the zipper artifact, it still requires 

movement of either the gantry or imaging table, with acquisition of a series of static views, or a 

continuous acquisition over the length of the body. With a series of static images, there is 

always the potential for incorrect alignment of the images resulting in similar type of "zipper" 

artifact oriented horizontally across the whole body image. 



The continuous mode acquisition electronic timing errors or erratic motion of the gantry or 

patient table may result in banding artifacts in the whole body image. With both these types of 

problems, the conventional flood images will fail to medicate any problem with the system. To 

avoid loss of resolution in the scanning direction during whole body scans, the relative physical 

position between bed and detector has to be accurately synchronized, with the electronic offset 

applied to the image data to form the whole body image .Both mechanical problems and drift, 

inappropriate adjustment of image offset and size can cause loss of resolution for whole body 

scans. Whole body scan should be checked every 1-2 months. 

Less frequent planer quality control tests 

2.1.10 Pixel size 

On new equipment, accurate calibration of the pixel size is performed as part of the 

service and calibration of the camera. However on older system, particularly those connected 

to a separate computer pixel size can change after servicing of the gamma camera or 

adjustment of the computer interface and should be checked regularly if studies which rely on 

proper calibration of pixel size for accurate results are performed in the system. Pixel size can 

be calibrated with sources placed at known distances a part with slit or grid phantoms. 

2.2 Rationale and description of Q C of SPECT 

2.2.1 Non-uniformity 

One of the major sources of artifacts in tomographic imaging is non-uniformity of the flood 

image. The degree of non-uniformity in the response of a gamma camera to a uniform field of 

radiation can be defined in terms of the global and local variations in uniformity over the field 

of view (integral and differential uniformity, respectively). Integral uniformity is defined as the 

largest variation (maximum-minimum) in counts over the useful field of view, while 

differential uniformity is a measurement of the worst case rate of change of uniformity over the 

field of view. Modern gamma camera systems typically have integral and differential 

uniformity of between 4-7 %. Non uniformities of this magnitude can generate ring artifacts in 

tomographic data. Hence all tomographic systems apply an additional correction to the raw 

image data, called "uniformity" flood or "sensitivity" correction, before data reconstruction, 

following uniformity correction. 
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A tomographic system in good working order will have values of differential uniformity in 

the range 1-2.5 % with values of integral uniformity a little higher at 1.5-3.5 %. In order to 

understand the magnitude and type of non-uniformity that can create a ring artifact, it is 

necessary to understand the mechanism by which ring artifacts are generated. The 

reconstruction process assumes that the gamma camera has perfect uniformity. During back-

projection, all pixels are assumed to have equal weight and are back-projected with equal 

intensity. If the counts in one pixel of the image are artificially reduced (e.g. due to a dent in 

the collimator) then information at that location will be back-projected at that reduced level. 

The result in the reconstructed image will be a ring artifact with radius of the ring equal to the 

distance of that pixel from the center of rotation. In practice, no system demonstrates perfect A 

uniformity from one pixel to the next, even with uniformity correction. Each and every one of | 

these minor changes in uniformity will result in a ring artifact, however, they are only of 

concern when their magnitude exceeds their noise level in the trans-axial image and they can 

I 

be perceived above image noise. y 

Because ring artifacts are result of rapid changes in uniformity from one pixel to the next, up 
Y 

a parameter that measures changes in uniformity from pixel to pixel will be the most sensitive | 

to the detection of ring artifacts, hence measurement of differential uniformity is the most | 
J useful indication of the suitability of the system for SPECE. Unfortunately measurement of | 

differential uniformity is not available on many gamma camera systems and the user must ^ 

resort to measurement of integral uniformity in its place. 

How good (or low) the values of differential uniformity must be to ensure the absence of 

ring artifacts in clinical studies depends on the clinical study. The purpose of uniformity 

correction is to reduce system non-uniformities to a low enough level so that any ring artifacts 1 

generated from residual non-uniformities in the system are less than image noise and hence are 

not visible in the reconstructed data. However, image noise in the reconstructed data will vary i 
significantly with the type of study. Hence a low count In-111 SPECT study will be far noisier (j 

ii than a high count T c - 9 9 m l iver S P E C T s tudy . The re fo re a r ing art ifact that m a y be c lea r ly 

visible in the T c - 9 9 m l iver S P E C T s tudy m a y no t be c lear ly v is ib le in the In-111 S P E C T s tudy . )? 

This implies that g rea te r n o n - u n i f o r m i t i e s can be to lera ted for s o m e types o f c l in ical s tud ies fa 

than for others. R a t h e r than e s t ima t ing the level of sy s t em un i fo rmi ty requi red for di f ferent 

types of studies, it's s i m p l e r to cor rec t sys t em non-un i fo rmi t i e s to a level that wi l l e n s u r e no 

visible ring artifacts in e v e n the h ighes t c o u n t cl inical s tud ies . 
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In general, it has been found that a 30 million counts Hood image provides sufficiently 

good correction of system non-uniformities for all current clinical studies. This correction 

should result in a value for differential uniformity of less than 3%. It should be noted that this 

level of correction might not be adequate for some types of phantom studies. For example, a 

Jaszczak phantom with 10 mCi Tc-99m may give 50-70 million counts over a 30 minute 

SPECT acquisition, and in such studies ring artifacts may be noted even though the system 

uniformity is adequate for clinical studies. 

For routine QC of a SPECT system it's necessary to quantify the degree of non-uniformity 

in the system .In order to obtain adequate counting statistics, significantly more counts must be 

acquired in the flood image compared to what is acquired for planar QC. Practical 

considerations usually limit the number of counts in the uniformity image to between 5-10 

Mcts. With total counts less than 5 Mcts, measurements of integral and differential uniformity 

are significantly altered by image noise. The values for differential uniformity should be taken 

on a daily basis and action taken (e.g. acquire a new uniformity correction map) when the 

values exceed 3-4%. 

To allow accurate measurement and correction of non-uniformities the variation per pixel 

as a result of counting statistics has to be small. For a pixel coefficient of variation (GOV) of 

less than 1% due to counting statistics, the count per pixel needs to be more than 10-4 this 

requires 3><10A7 counts for a 64x64 matrix or 1-2*10A8 counts for a 128x128 matrix. The 

COV or the number of counts required can be reduced some what by smoothing the data. This 

high counts flood correction for SPECT data. Uniformity corrections should not be used as a 

substitute for proper camera tuning and adjustment. As collimators can also introduce non-

uniformities, high count floods are important than the flood source used for extrinsic high 

count floods in uniform across the FOV and that it does not introduce non-uniformities. A Co-

57 sheet source with guaranteed uniformity is thus preferred to a rcfillable flood tank. 

2.2.2 Center of Rotation (COR) 

The center of rotation that is assumed by the reconstruction program has to accurately 

coincide with the mechanical axis of rotation in order to avoid loss of resolution and distortion 

in the reconstructed slices. COR offsets are easily corrected during the reconstructed process. 

Consequently, it is important that the COR offset remains stable, within a 2mm variation, for a 
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period of at least one week. The COR offset can vary with the collimator, detector rotation 

radius of rotation and zoom factor. It is important to establish which factors affect COR offset 

on each particular camera and make the appropriate allowances. 

Accurate COR correction is important for high quality tomography errors in COR of as 

little as 0.5 pixels in a 128x128 matrix can lead to degradation in image quality. Most 

manufacturer's have software designed to analyze the acquisition and determine if the COR is 

within acceptable limits. Not only is it important to use the correct value of COR, it is also 

essential that this value remain constant as a function of angle. COR is normally a very stable 

parameter of modern gamma camera systems and a weekly check is adequate to ensure proper 

correction. 

2.2.3 Pixel Size 

Pixel size of the matrix must be calibrated properly because pixels take on the three 

dimensional characteristic of depth in SPECT. Any change in the pixel size will change depth 

or distance and subsequently alter attenuation correction factors used in the tomographic 

reconstructed images. The sizes of the pixels should be monitored monthly for any 

fluctuations. The pixel size can be adjusted by setting of the analog-to-digital converters 

(ADC) and should be checked in both the X and Y directions. Any difference in the pixel 

dimensions will cause problems in reformatting of the image data. In addition a shift in the 

ADC can also move the COR matrix. 
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2.2.4Correction tables 

Modern gamma cameras include on line corrections for variations in energy response and 

linearity across the crystal. Some cameras also include on line uniformity corrections. These 

corrections are designed to provide the uniform energy response and good linearity a cross the 

FOV, which are also prerequisites for good uniformity. As the camera slowly drifts over time, 

the correction tables have to be updated in order to apply proper correction factors during 

collection of the image. The exact frequency of reacquiring the correction tables depends on 

the stability of the camera. In general energy and on-line uniformity corrections require more 

frequent updating than linearity correction tables. Energy and uniformity tables are usually 

obtained by operators, where as linearity correction tables are typically found by service 

engineers. 
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It should be stressed that energy and on-line uniformity corrections are designed for minor 

variations in response across the FOV. They are not a replacement for proper tuning of the 

gamma camera. While energy and online uniformity corrections can in some instances take 

care of relatively large non-uniformities. These should normally be corrected by a retuning of 

the camera since they can affect the linearity, resolution and over all sensitivity of the camera. 

2.2.5 SPECT spatial resolution 

For a properly operating SPECT system, the reconstructed resolution should be within 

10% of planar resolution at a distance from the collimator equal to the radius of rotation of the 

SPECT acquisition. Incorrect COR correction, mechanical misalignment and instability and 

problems with the reconstruction software can degrade the reconstructed SPECT resolution. 

Thus a SPECT resolution measurement provides a good check of the quality of a SPECT 

study. 

The problem in the SPECT resolution measurement, a point or preferably line source is 

placed near the centre of, and parallel to, the axis of rotation. A SPECT study is then made 

with sufficient counts to allow reconstruction with an unmodified ramp filter. The study is 

reconstructed and the FW1TM resolution is calculated for the slices spanning the source. 

With the same source and collimator, at a distance equal to the radius of rotation of the 

SPECT study, a planar image is collected and the FWHM of the source in the planar image is 

calculated and compared with the resolution results from the SPECT study. The measured 

SPECT resolution should be within 10% of the planar image if all the components are 

operating correctly. 

2.2.6 SPECT total performance 

Phantoms, such as the Jaszczak SPECT phantom, are designed to provide an evaluation of 

the overall performance of a SPECT system. They contain assessing contrast and cold and/or 

hotrods. The phantoms are typically filled with 400-600 MBq of Tc-99m and images are 

collected over 30 min or more to obtain a very high count SPECT acquisition. This does not 

reflect clinical conditions but it's designed to demonstrate the limit of performance of the 

SPECT system. 
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The phantoms are particularly useful for detecting slow overall degradation of the SPECT 

performance provided that a reference study with the phantom was performed. When the 

SPECT system was known to be working optimally, for example during acceptance testing, 

subsequent phantom studies are then performed under the same conditions and compared with 

the reference study to detect changes in performances. These studies are also useful to check 

the proper functioning of SPECT acquisition and reconstruction software after major software 

upgrades. 
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2.2.7 Rotational Uniformity 

On most SPECT systems, the "uniformity" correction map is generated from a flood image 

acquired with the detector head facing up. Field uniformity corrections are much more critical 

in SPECT imaging rather than in other forms of imaging. Small changes in extrinsic uniformity 

may alter the reconstructed images. Acquiring the 1 to 3 million counts needed in a planer 

system is just not adequate for the SPECT. Acquiring less than 30 million counts for a 

uniformity correction flood may result in a ring artifact. The 30 million count figure used for 

uniformity correction is acquired so that there are about 10000 counts per pixel in a64 x 64 

matrixes. The system's manufacturer requires that a camera with a collimator in place must 

have uniformity with variations of less than 1%. In addition, there is some internal software 

programs used to verify a 1% SD. 

I 
l 

It is then assumed that this correction map can be applied to images acquired at all angles 

of rotation. There are a number of instances when this assumption may not be valid. The 

photo-multiplier tubes within the detector head are heat sensitive hence heat generated by the 

electronics within the head may alter their characteristics. If the heat distribution within the 

head changes as a function of angle, then so for can the performance characteristics of the 

detector. 

Another likely cause of variations in uniformity with angle of rotation is poor optical 

coupling of PMTs to the light guide or crystal. This can cause the tubes to decouple slightly at 

certain angles, leading to a significant change in uniformity. Photomultiplier tubes are also 

sensitive to the earths' magnetic field. Their performance characteristics can change with their 

orientation to the earth's magnetic field, leading to changes in uniformity with rotation. This 

may be a problem in older SPECT systems with inadequate magnetic shielding. A simple test 
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Misalignment of the gantry can be caused by a number of things. In many older SPECT 

systems, sagging of the detector arm can occur. This is particularly true in canti levered systems 

as compared with counter balanced systems. The gantry itself may not be level on the floor, 

either due to incorrect shimming of the gantry, or irregularities in the surface of the floor. What 

ever the cause, the consequences are those leveling the detector head results in data being 

acquired obliquely rather than perpendicular to the axis of rotation. For example a 1 degree 

gantry misalignment with the detector head at a 20 cm radius of rotation will cause a 3-5 mm 

displacement of image data along the axis of rotation. Variations in gantry alignment will be 

visible in the analysis of the weekly COR measurements as variations in the Y- position of 

point source. Gantry alignment and it's stability with rotation can also be checked using a small 

bubble level. Level the gantry at 0 degree, then rotate the gantry through 180 degree and check 

that the gantry is still level. Alignment should be checked once or twice a year and after any 

major upgrade or modification to the gantry. 

2.2.10 Head Alignment (multi-head systems) 

Many multi-detector systems do not permit tilting of the detector head and hence if the 

gantry is not vertical, it is not possible to level the head and misalign the detector relative to the 

gantry. However a new concern with multi-detector systems is the alignment of a given 

detector to itself at different radial positions and the alignment between the different detectors. 
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A simple method of simultaneously checking radial alignment, inter head alignment and 

collimator holes alignment is to acquire tomographic acquisitions of a point source. Assuming 

that we are evaluating a dual-head 90 degree system, and then the following two acquisitions 

need to be performed. With the point source located close to the center of rotation of the 

gantry, acquire a 360 degree acquisition of the point source with head 1 at the minimum radius 

of rotation. Now acquire a second acquisition with head 2 at the maximum radius of rotation. 

Reconstruct both studies in an identical manner. The only difference between the two sets of 

trans-axial images is the loss of resolution in head 2 data due to increased distance from the 

head 1 from those of head 2. If there is no misalignment, the resulting images should show a 

doughnut shape indicating perfect co-registration of the two heads. Any misalignment of the 

two heads will be readily apparent on the subtracted images. This is a very simple but useful 

test that will work on dual-head 90 degree systems, as well as conventional dual-head and 
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triple-head systems. This test need only be performed on a 6 month or yearly basis. It should be 

repeated if any changes in COR are noted in the weekly QC. 

2.2.11 Fan Beam Collimators 

Fan - Beam Collimators are coming into wide spread use for brain and cardiac studies. 

The cause of artifacts associated with this type of collimator is often difficult to determine, as 

the raw data is in a distorted form and difficult to interpret. The primary factor of interest with 

a fan-beam collimator is focal length. A number of techniques have been described that allow 

the user to determine both the true focal length over the collimator field of view. 

The main disadvantage of these techniques is that they require either special software or 

multiple acquisitions and reconstruction of point sources at different radius of rotation and 

collimator focal lengths. Fortunately, this process need only be performed once on each 

collimator to accurately characterize it. 
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CHAPTER THREE 



MATERIALS & METHODS 

3.1 Materials 

To achieve our results such materials were used: 

' Dose Calibrator as shown in fig. (3.1) 

A cylindrically shaped, gas filled sealed chamber with a well; high voltage supply applied 

to electrodes; specific energy settings. For a different radionuclide an activity readout (e.g. in 

MBq, GBq, etc). -„ . , ,_ 

Fig (3.1) Dose Calibrator 

• Jaszczak phantom 
•Co57 point source: 

Source specifications: code number CTC10122, activity 1.00 mCi and its activity date was 
i7Jun 1998. 

•Rectangular Co57 flood source: 
Source specifications: S/N 68923 activity of 5 mCi and the reference date was 19 Jan 

20O6.The active diameter is 3 mm while the overall diameter and dimensions are 25.4 mm 
diameter x 6.4 mm thick. 

'Special source holder for sensitivity test. 
'Tc99m isotopes 
'Linearity phantom(s), ring phantom 
•Refillable flood source. 
•Copperplate with different thicknesses. 
•Capillary with different sizes. 
'Syringe with different sizes. 
'Source holder copper plate as shown in Fig. (3.2) 
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Fig (3.2) Source holder copper plate 

3.2 Methods 

3.2.1 Photo peak test 

3.2.1.1 Intrinsic tests 

The source was suspended at a distance of more than 4x FOV of the gamma camera 

away from the detector, the count rate was 3x10A4 counts/s. Then a check was made for proper 

I centering of the window on the photo peak and, if you do not get it proper, it may be necessary 

to adjust the peak. After that the peak setting was recorded and checking for any large or 

gradual change from previous settings. Finally the peak was checked for each radionuclide 

Used on the camera for the specific day. This is particularly important if adjustment was 

| required. 

1.2.1.2 Extrinsic tests 

The Co-57 sheet source was placed on the collimator and a protective cover for the 

Idetector was used to avoid possible contamination. Then the proper centering of the window on 

Ithe photo peak was checked and, if we did not get it proper, it may be necessary to adjust the 

I peak. After that the peak setting was recorded and check was made for any large or gradual 

change from previous settings. Finally the peak was checked for each radionuclide used on the 

camera for that day. This is particularly important if adjustment was required. 
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3.2.2 Whole Body Imaging 

To acquire proper whole-body scan resolution the procedure described below was being 

followed. The sheet source and the four quadrant bar phantom on the scanning bed were placed 

such that the resolution phantom was between the sheet source and the collimator. Because the 

resolution loss normally only occurs in the direction of scanning position of the phantom so 

that the bars are oriented at 45° to the direction of movement, to ensure that all bars were 

measured to some extent in the direction of motion. Then the collimator was brought as close 

as possible to the resolution phantom while still allowing a whole body scan to be carried 

out. Then a consistent set-up was assured (i.e. using the same collimator and proper peaking of 

the camera).Then whole body scan at a speed to give 10A6 total counts over the resolution 

phantom was collected, also a static image was collected over the resolution phantom using the 

same number of counts. Finally the two images were compared; there was no appreciable loss 

in the resolution of the whole body image compared with static image. 

3.2.3 Intrinsic uniformity test 

The required isotope in this test was Tc99m; activity was30 keps a source holder was also 

used. All other isotopes, were removed so that the room was free of radioactive sources. Then 

the Tc99m isotope was placed in front of the detector (min. distance 5 FOV). The data entry 

field was then started. After checking all procedures for acquisition, then acquisition was 

acquired. Each time it was necessary to go back to the main menu in order to keep the data. 

3.2.4 Extrinsic uniformity test 

The required isotope in this test was Tc99m, activity was 30 keps that was loaded in flood 

source or Co57 flood source. The collimator intended to be examined was placed on to the 

detector. The type of the placed collimator was fixed in the program (collimator ID), also the 

type of the correction (Flood correction) and the type of the isotope we used (Isotope ID) was 

recorded. Then the flood source was placed in front of the detector. Then the data entry field 

was recorded. After checking all procedures for acquisition, then acquisition was acquired. 

Each time it was necessary to go back to the main menu in order to keep the data. 
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3.2.5 Energy resolution test 
The required isotope in this test was Tc99m, activity was 10 kcps with source holder 

copper plate and ring phantom. The ring phantom was placed in front of the detector, and then 

the source holder was placed min. 5 FOV-distant in front of the detector. The data entry field 

was then recorded. After checking all procedures for acquisition, and after waiting until the 

measuring of the first 5 cps FWHM value was found, and the result compared with the 

(average FWHM) specification. 

3.2.6 Linearity test 

The required devices in this test were linearity phantom(s) (X and Y), while the required 

isotope was Tc99m, activity 300MBq.The linearity phantom was placed on the detector at X 

direction (the X direction), the linearity image always consisted of vertical, nearly parallel 

lines, (see fig. 3.3).Then the slot was positioned, which was running in the centre (detector's 

geometrical midline). 

Tc99m isotope was placed in front of the detector's centre (minimal distance: 3 - 5 

F0V).The content of the view ID was checked: linearity phantom used in X direction was 

used. The data entry field was then recorded. After checking all procedures for acquisition, 

then acquisition was acquired, then return was made to the main menu in order to keep the 

data. Phantom was rotated with 90° (Y direction, fig. 3.4). All procedures were repeated. 

29 



Fig (3.3) Linearity phantom X axis 
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3.2.7 System resolution test h I 
The required isotope was Tc99m, activity "NIOOMBq/ml, capillary PMT, stuffing material ^ 

and the coll imator was also used. The capillaries were filled with Tc99m, and then ends 

plugged and putted in to the holder. The collimator to be examined was placed on the 

detector, the detector heads was sited in horizontal position. The capillaries were placed 10 cm 

from the centre of the collimator surface, parallel direction to each other and to the X axis of 

the detector, 50 m m distance from each other. The data entry field was recorded. After jjjf 

checking all procedures , then acquisition was acquired. Then return was made to main menu in 

order to keep the data. Phantom was rotated with 90° (at this t ime the 2 capillary are parallel to 

each other and to the Y axis of the detector). All procedures were repeated. 

3.2.8 Whole body resolution test 

The required isotope was Tc99m, Activity NIOOMBq/ml, capillary PMT, stuffing material 

and the collimator was also used. Whole body resolution test procedure for detector 1 was jjjj 

acquired. The coll imator was placed on the detector 1, and then the detector heads was sited in 

horizontal posit ion. The capillaries were placed 10cm from the centre of the collimator surface, 

parallel direction to each other and to the X axis of the detector, 50 mm distance from each 

other. Two imaging table position was searched, when the acquired signal not just yet seen in 

the console. It was necessary to go back to the main menu. IX 
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3.2.9 System sensitivity test y 

I The required isotope was Tc99m, Activity was: NIOOMBq, special source holder was also v 

needed as well as the collimator we are going to examine, (see fig. 3.5), which indicate the x 

special source holder for system sensitivity test. The exact activity of the source was measured 

and registered. Then the collimator was placed to the detector with a paper sheet to the 

collimator to avoid the pollution. Finally the source was placed above the geometrical centre of 

the collimator to the paper sheet. After checking all procedures acquisition was acquired, then 

return was made to the main menu in order to keep the data. 

I 
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Fig (3.5) Special source holder for system sensitivity test 

3.2.10 Center of rotation (COR) test 

The required isotope was Tc99m, 0.5 ml of isotope was pumped in a 2ml-syringe.Then the 

needle was changed or pumped up air into the needle (only to the needle), after that the isotope 

was placed in the centre of rotation (COR) of the detector, Finally all procedures were checked 

for acquisition, then acquisition was acquired. It's necessary to go back to the main menu in 

order to keep the data. Test was performed as in fig. (3.6) 
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Fig (3.6) Setting of the center of rotation test 
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CHAPTER FOUR 



RESULTS AND DISCUSSION 

4.1 Results and Discussion 

Those results were acquired during the acceptance test of the system. The physical and 

mechanical inspection of components resulted in some comments listed in Table (4.1). Also 

there were additional comments that were noted during routine work and during this research 

which lead to increase of downtime of the system. Those included restart of processing console 

immediately when the DIAG software of processing unit was opened, return of the system to 

the main menu during patient acquisition. The whole body image programmed motion was not 

working properly, high mechanical noise during collimator exchange and fail in images 

transfer [network error] between acquisition and processing console. Otherwise all those 

comments were fixed through the regular preventive maintenance, but some of them are still 

faced during routine work as well as during the period of this research. 

Two procedures available in the camera acquisition console were used to check window 

peak. Peaking was checked on both heads (H1&H2) using Tc-99m at count rate of 30 keps. 

The peak shift was always .within acceptable limit (see fig. 4.1). 

Table (4.1): Physical and mechanical inspection of equipments (Acceptance test) 

Equipment Comments 

Gantry Low Screaming noise when rotating the heads. 

Some small dents on the gantry cover. 

Small deviation was observed in parallel between 

collimator surface and axis of rotation. 

Acquisition consol Software Small deviation was observed between actual 

rotation values and monitor-displayed values, false 

warnings during the head rotation. 

Patient bed Locating bolts of patient's bed are not very good 

designed. 

Collimator Small damage has been showed in LEGP (big dent 

on the surface). 
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s o 1 0 0 1.5© z o o ri«=«. 
Fig (4.1) Photo peak test using Tc-99m 

Concern to tuning measurements at the maximum difference between PMTs (Delta 

value on Mediso Software) was recorded (<0.3%) to within acceptable limit based on 

Mediso software, but it was not easy to see which PMT has maximum and minimum 

values (see figs. 4.2.1 and 4.2.2). 

Fig (4.2.1) Auto - Tuning test HI, Tc-99m 
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Fig (4.2.2) Auto - Tuning test H2, Tc-99m 

On uniformity calibration (intrinsic, extrinsic), intrinsic uniformity tests were done for 

|both heads with no collimator using Tc-99m point sources. Extrinsic uniformity test 

was performed for both heads with refillable rectangular flood Tc-99m.Those images were 

acquired using matrixes 256x256 & 64x64, with count rate of 30 keps. 

For both tests differential and integral uniformity results were recorded based on Mediso 

software to within acceptable limits. Results are shown in Tables (4.2& 4.3) and the evaluation 

made in figs. (4.3, 4.4, 4.5 and 4.6). Results showed that uniformity calibration image can not 

be used as a uniformity test image, and also different results of differential and integral 

uniformity were recorded in software of processing and acquisition computers. 
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Table (4.2) Intrinsic uniformity using matrix size 256 X 256, Tc-99m 

Date 

AT 
R-2 
R-1 
6/06 
8/06 
10/06 
12/06 
2/07 
4/07 
6/07 
8/07 

Head 

DIFF 
1.3 
2.4 
3 

1.6 
1.7 
1.9 
1.6 
1.7 
1.7 
1.6 
1.7 

-1 

INT 
1.7 
2.9 
4 

2.4 
2.3 
2.1 
2.3 
1.9 
2.4 
2.3 
1.9 

Head 

DIFF 
1.3 
2.4 

3 
2 
1.8 
1.7 
1.5 
1.6 
1.6 
1.7 
1.8 

- 2 

INT 
1.9 
2.9 

4 
1.9 
2 

1.5 
1.9 
1.8 
1.8 
1.9 

2 

Table (4.3) Extrinsic uniformity using matrix size 256X256, Tc-99m and LBHR 
collimator 

Date 

AT 
R-2 
R-1 
6/06 
8/06 
10/06 
12/06 
2/07 
4/07 
6/07 
8/07 

Head 

DIFF 
1.4 

3 
3 
2 

2.3 
1.8 
1.6 
1.5 
2.3 
2.1 
2.7 

-1 

INT 
1.8 
4 
4 
3.1 
3.5 
2.3 
1.9 
1.9 
3.5 
3 
3.2 

Head 

DIFF 
1.3 
3 
3 
2.4 
2 
2.4 
1.8 
1.6 
2 
1.5 
2.4 

- 2 

INT 
1.6 
4 
4 
3.3 
3.1 
3.4 
2.3 
2.1 
3.3 
2 
3.2 

On all figures: 

R-1 represents IAEA technical specification, R-2 represents Mediso technical 

specification and AT stand for Acceptance test. While H-land H-2 stand for both heads of the 

camera. 
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Fig (4.3) Intrinsic uniformity (integral at UFOV,) for both heads 

Fig (4.4) Intrinsic uniformity (differential at UFOV,) for both heads 
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Fig (4.5) Extrinsic uniformity (integral at UFOV with LEGP collimator) 

for both heads 
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Fig (4.6) Extrinsic uniformity (differential at UFOV with LEGP collimator) 

for both heads 
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At acceptance test different results other than Mediso software results of image were 

:quired using matrix size 256x256, calculated based on IAEA expert software, but the same 

suits as Mediso software calculation was obtained when the image was transformed into 

1x64 matrix size. This showed that the calculated results based on Mediso software were 

,vays performed in 64x64 matrix size. Also during this research QC when original image was 

quired using matrix 64x64 the same results as 256x256 were calculated based on Mediso 

software (see figs. 4.7.1&4.7.2). 

Fig (4.7.1) Extrinsic uniformity using LEGP, HI and matrix size 64 X64 



Fig (4.7.2) Extrinsic uniformity using LEGP, H2 and matrix size 256X256 

Measurement of intrinsic energy resolution was done for both heads with no collimator 

using Tc-99m point source. The image was acquired using matrix 256x256x16, with count rate 

of 30 kcps. The energy resolution and peak energy were calculated to within acceptable values 

of FWHM for both heads. Results are shown in Table (4.4) and the evaluation was made in 

Fig. (4.8). 

Table (4.4) 

DATE 

AT 
R-2 
R-l 
6/06 
8/06 
10/06 
12/06 
2/07 
4/07 
6/07 
8/07 

Energy resolution using matrix 256x256, Tc-99m 

HEAD-] 

FWHM 

9.41 
9.7 
10 

9.85 
9.08 
9.53 
9.32 
9.12 
9.05 
9.67 
9.62 

HEAD-2 

FWHM 

9.50 
9.70 
10.0 
9.08 
9.50 
9.53 
9.61 
9.63 
9.62 
9.70 
9.62 
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Fig (4.8) Intrinsic energy resolution for both heads 

Spatial linearity was measured for both heads with no collimator using the 1M EM A 

linearity phantom. The stand in the room was used to hold the point source in front of the 

camera while the camera was facing upward. Differential and absolute linearity were 

calculated and they were within acceptable values based on Mediso software results, as shown 

in Table (4.5).The evaluation was made in Figs (4.9.1, 4.9.2). 

Table (4.5): Spatial linearity using linearity phantom, Tc-99M 

L Date 
1 

: AT 
R2 
Rl 

6/06 
1/07 
4/07 
10/07 

HI 
Diff 
0.05 
0.20 
0.25 
0.04 
0.05 
0.08 
0.08 

ABS 
0.22 
0.40 
0.70 
0.20 
0.18 
0.31 
0.32 

H2 
Diff 
0.05 
0.20 
0.25 
0.05 
0.06 
0.10 
0.10 

ABS 
0.22 
0.40 
0.70 
0.18 
0.28 
0.42 
0.41 



AT R2 R1 6/06 1/07 4/07 10/07 

Date 

Fig (4.9.1) Intrinsic spatial linearity (differential, at UFOV) for both heads 
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Fig (4.9.2) Intrinsic spatial linearity (absolute - at UFOV) for both heads 



The center of rotation (COR) test: After that the COR calibration was done as per Mecliso 

protocol, the calibration image can not be used as the test image. Measurement was acquired 

for the COR with rotation angle of 1 80 with point source placed on a special holder in front of 

the camera near to the center of rotation. The deviation of the mechanical center of rotation 

from assumed center of rotation for reconstruction along the X & Y axes was calculated based 

on Mediso software and was within acceptable limits. Results are shown in Table (4.6).'['lie 

evaluation has been made in Fig. (4.10). 

fable (4.6): Center of rotation (COR) -180 using matrix sizes 64X64X16 Tc-99m 

Fig (4.10) Center of rotation (COR-180 l)l I) 
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DATE 
AT 
R2 
RI 

6/06 
8/06 
10/06 
12/06 
2/07 
4/07 
6/07 
8/07 

COR (mm) 
0.2143 

1.25 
9 

0.1485 
0.2045 
0.2490 
0.1 188 
0.3335 
0.3315 
0.1740 
0.1540 



During this research the frequency upon which the quality control test should be verified 

was set, therefore we established a departmental protocol was established for routine work of 

quality control within the Nuclear Medicine Department as stated in Table (4.7). 

Machine 

Planar 

Frequency of Quality Control ( QC) 

Daily QC 

Visual 
Inspection 

Background/ 
Contaminati 

on 
Peaking 
Extrinsic 

Uniformity 

SPECT 

Visual 
Inspection 

Background/ 
Contaminati 

on 
Peaking 
Extrinsic 

Uniformity 

Weekly 
QC 

Intrinsic 
uniformity 
Extrinsic 

Resolution 
(Bar) 

Linearity 

Intrinsic 
uniformity 
Extrinsic 

Resolution 
(Bar) 

Centre of 
Rotation 
Linearity 

Monthly Q.C 

Sensitivity 

Half an 
Year QC 

Annual QC 

SPECT total 
Performance 

Intrinsic 
Resolution 
Collimator 
inspection 

Whole body 
imaging 

Pixel Size 
Sensitivity 

Rotational 
uniformity 
Collimator 

holes 
alignment 

Gantry 
alignment 

Fan beam 
Collimator 

Head 
alignment 

Table (4.7): Departmental protocol for routine work in Nuclear Medicine 

Our data collection was dependent on historical and observed data which was gathered 
om experimental sessions or from others work, to helps and guide us to obtain our objectives 

> well as to prove our hypothesis. 
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