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ABSTRACT 

Introduction: Source-to-collimator distance is one of the physical factors that can affect the quality of 

images generated in Single Photon Emission Computed Tomography (SPECT). Therefore, this work 

investigated the effect of source-to-collimator distance on image quality in terms of uniformity, hot and 

cold regions contrast and signal-to-noise ratio (SNR). Methods: SPECT data were acquired by scanning 

R.A. Carlson’s cylindrical phantom using Philips ADAC Forte dual head gamma camera with parallel-

hole low energy high resolution (LEHR) collimator. Five different settings of collimator to phantom 

distance were applied which were 26, 27, 28, 29 and 30cm. Reconstruction of the images was done by 

using filtered back-projection (FBP) in conjunction with Butterworth filter with cut off frequency of 0.35 

cycle/cm and order 5. The reconstructed images were evaluated quantitatively via standard deviation, 

contrast and SNR. Results: It was found from the quantitative analysis that the standard deviation in 

the counts of uniform regions increased whereas the contrast and SNR of most hot and cold regions 

decreased with the increase in phantom-to-collimator distance. Conclusion: The farther the object to be 

imaged from the gamma camera collimator results, the poorer image quality of the reconstructed 

image. Therefore, in SPECT clinical examinations attention on the source-to-collimator distance needs 

to be given in order to achieve the diagnostic quality images. 
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INTRODUCTION 

In medical imaging, there are several modalities that are used to generate medical diagnostic images 

and one of them is nuclear medicine imaging. This kind of modality uses radionuclides and is 

commonly being used for diagnostic and therapeutic purposes as well as biomedical research 

(International Atomic Energy Agency, 2013). In terms of fundamental concept in nuclear medicine 

study, it involves the administration of radiolabelled compound which is called as the 

radiopharmaceutical, tracer or radiotracer into the body. The administered radionuclide decays in the 

patient’s body and emits the radiation, such as gamma rays, with the energy that is sufficient to exit the 

body without undergoing scatter or attenuation. A gamma camera is positioned externally to detect 
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these gamma rays and the distribution of the radiopharmaceutical throughout the body forms the 

image accordingly (Cherry et al, 2012).  

A number of physical factors can affect the image quality in SPECT imaging (Frank 2019, Noori-
Asl 2020). Among them is source-to-collimator distance as the collimated gamma camera varies with 
it. The source to detector distance becomes among the important factors (Prekeges, 2011) which is the 
principle limiting factor in spatial resolution. Hence, the spatial resolution becomes poorer as the 
distance of the source from the collimator increases (Cherry et al, 2012). Typically, at a distance of 4 - 
6cm from the collimator, the spatial resolution degrades by a factor of 2. Sorenson and Phelps 1987 (as 
cited in Li et al, 1998) also mentioned that spatial resolution variation as a function of distance from 
collimator surface is a major obstacle for quantitative imaging.  

In SPECT imaging, the effect of distance-dependent resolution on the blurring will increase 

with the deeper structures (Glick et al, 1994). Thus, the cardinal rule that can be followed is that the 

source-to-detector distance must be kept to a minimum by bringing the detector to the patient as close 

as possible for having an optimal gamma camera imaging. Other than that, in 2006, Motomura and 

colleagues stated that, in SPECT, spatial resolution is the most important factor in determining image 

quantification and image contrast. Especially in clinical studies, detection sensitivity for tumour lesions 

and defect areas greatly depends on spatial resolution. This is true as the improved resolution can lead 

to higher lesion contrast, and improves the accuracy of lesion detection (Kohli et al, 1998).  

In SPECT imaging, since it makes use of the collimated gamma camera that has to rotate around 

the patient for taking various projections in image generation, the physical factor that could affect the 

performance is source-to-collimator distance. This is because the source-to-collimator distance could 

influence the image quality of the SPECT images. In clinical settings, there is no specific patient and 

collimator distance to be set in the SPECT image acquisition. The only rule that has been applied is that 

the collimated gamma camera should be placed as close as possible to the patient without affecting the 

patient's comfort as well as disturbing the rotational movement of the gamma camera.  

However, this condition might change according to the patient size. The size of the patient 

could alter the patient and collimator distance and this could influence the quality of the image. The 

obese patients will cause the rotational radius of the detector farther in order to allow it to rotate freely. 

On the other hand, this might be critical in preservation of the image quality since the shape of the 

human body is not circular but is elliptical. It is because the distances between the source and the 

collimator at the anterior or posterior aspects of the patient are longer as compared to the lateral aspect. 

Thus, this study made an attempt to investigate the impact of source-to-collimator distance on image 

quality.   

METHODS 

The SPECT camera used in this study was Philips ADAC Forte dual head gamma camera and the type 

of collimator used was parallel-hole, low energy high resolution (LEHR) collimator. An R.A. Carlson 

SPECT phantom which consisted of a cylindrical tank with linearity, hot and cold lesion inserts was 

used. The dimensions of the cylindrical tank were (21.6cm OD x 20.3cm ID x 30.5cm long). The hot 

lesion insert consisted of eight pairs of holes with different sizes in diameter (4.7, 5.9, 7.3, 9.2, 11.4, 14.3, 

17.9 and 22.3 mm) drilled in a “V” shape through an acrylic block. The cold lesions insert consisted of 

six plastic rods of different sizes of diameter (5.9, 7.3, 9.2, 11.4, 14.3, 17.9mm) along the edge of the 

insert. The height of the cylindrical tank was sufficient. Even when all the inserts were placed into the 

tank there was still space left for uniformity measurement as shown in Figure 1.  
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Figure 1 R.A Carlson’s SPECT Phantom and inserts (Bailey et al, 2014) 

 

SPECT data acquisition 

The R.A. Carlson acrylic cylindrical tomography phantom was prepared by placing the linearity, cold 

and hot region inserts into the tank. This was followed by filling of water into the tank. The Technetium-

99m (Tc-99m) solution with 20.8mCi activity was injected into the water-filled phantom and it was 

mixed thoroughly. The phantom was then positioned on the table couch in horizontal position and it 

was centred to the field of view (FOV) of the gamma camera. The initial source-to-collimator distance 

used was 15.9 cm as it is the distance that allows the gamma camera head to rotate freely without any 

collision with the table couch as well as the phantom. The procedure was repeated by adjusting the 

radius of rotation of the gamma camera head to 16.9 cm, followed by 17.9 cm and 18.9 cm. The standard 

symmetrical energy window was set to 20% (126 to 154 keV) centred at 140 keV and the matrix size 

used was 128x128x16. One hundred and twenty projections over 360o clockwise rotation were taken 

and the time for each projection was 20 seconds.  

SPECT image reconstruction  

Prior to the reconstruction process, the raw data of the SPECT phantom images were corrected for 

Technetium-99m (Tc-99m) decay, uniformity and centre of rotation (COR). The filtered back-projection 

(FBP) method was used for the reconstruction of images. The Butterworth filter was used with a cut off 

frequency of 0.35 cycle/cm and order 5 to reduce the noise from reconstructed images. The Chang’s 

attenuation correction was used with the linear attenuation coefficient, 0.11/cm.  

Data analysis  

The reconstructed images in this study were analysed quantitatively. For uniform region standard 

deviation in the count density was obtained using ImageJ software (Rasband 2020). A large region of 

interest (ROI) over the entire reconstructed image of uniform region was drawn to achieve the standard 

deviation. Hot and cold regions were analysed measuring the contrast and SNR. The average count 

density of hot/cold region (Dregion) and background (Dbackground) was recorded by drawing region of 

interest (ROI) inside the hot/cold region carefully so that it did not cover a background region. Whereas 

ROI for the background region was drawn in such a way that it did not overlap the hot/cold region. 
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For the calculation of contrast of hot & cold regions and SNR, equations 1, 2 and 3 were used, 

respectively.  

 

𝐶ℎ𝑜𝑡 =
𝐷𝑟𝑒𝑔𝑖𝑜𝑛 − 𝐷𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑  

𝐷𝑟𝑒𝑔𝑖𝑜𝑛 + 𝐷𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑

                                                                                    1 

 

𝐶𝑐𝑜𝑙𝑑 =
𝐷𝑟𝑒𝑔𝑖𝑜𝑛 − 𝐷𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑  

𝐷𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑

                                                                                     2 

 

𝑆𝑁𝑅ℎ𝑜𝑡/𝑐𝑜𝑙𝑑 = 𝐶  × √𝐷𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑                                                                                 3 

RESULTS AND DISCUSSION  

The results of and discussion on three regions, i.e., uniform, hot and cold regions have been presented 

as follows: 

Uniform region 

Uniformity of SPECT imaging systems is routinely checked to make sure the response of the system to 
uniformly distributed radiopharmaceutical in the object to be imaged is linear. The impact of non-
uniformity on clinical images is the appearance of hot, cold areas and ring artefacts in the reconstructed 
image. Standard deviation is one of parameter among the others to check the non-uniformity in SPECT 
images. In this part of the study we investigated the influence of the phantom-to-collimator distance 
on uniformity. Results show about 49% increase in standard deviation with the increase in phantom-
to-collimator distance which was altered from 15.9 to 18.9 cm (Figure 2). This clearly indicated that if 
the patient-to-gamma camera head/collimator distance is larger the adverse impact in the form of hot, 
cold and ring artefacts could appear on the reconstructed image which lead to the degradation of 
overall image quality. Consequently, this compromises the accuracy in the diagnosis of diseases. 
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Figure 2 Standard deviation in the count density of reconstructed images of the uniform region of 

phantom. 

Hot regions  

Figure 3 represents the contrast values of hot regions at different phantom-to-collimator distances. Only 
three sized hot regions i.e., 22.3, 17.9 and 14.3 mm diameter were considered because of their visibility 
in the image and the rest of hot regions were excluded from analysis. Generally, it was found that there 
was a reduction in the contrast of hot regions with respect to the increase in phantom-to-collimator 
distance. Also, for the smaller sized hot regions the decrease in contrast was recorded. The overall 
decrease in contrast resulting from the increase in the phantom-to-collimator distance was noted to be 
approximately 1- 3%, which is considered to be small (Figure 4). On the contrary, at 17.9 cm and 18.9 
cm phantom-to-collimator distance the contrast increased slightly up to 2.5% as shown in Figure 4. 

 

Figure 3 Contrast of various sized hot regions at different phantom-to-collimator distances. 

 

Figure 4 Comparison of the percentage difference in the contrast for hot regions at different phantom-

to-collimator distances. 

The difference in terms of increase in the contrast was found in fewer observations compared 

to the decrease in the contrast with respect to the increase in phantom-to-collimator distance. This might 
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have resulted due to the error in drawing the region of interest (ROI) since it was a bit difficult to exactly 

identify the boundaries of hot regions. Thus, the inaccurate average count value measurements were 

attained which affected the calculated contrast values. Furthermore, the decrease in the contrast of hot 

regions is in agreement with what Kohli et al (1998) stated that the lesion contrast is only higher when 

the system resolution is improved. This is because, typically the resolution of collimator degrades by a 

factor of 2 at a 4 - 5 cm phantom-to-collimator distance (Cherry et al 2012).  

Figure 5 illustrates the SNR values of hot regions at various phantom-to-collimator distance. It 

is found that the SNR of all hot regions is reduced at all phantom-to-collimator distance ranging from 

5% to 31%, as shown in Figure 6. 

 

Figure 5 Signal-to-noise ratio of hot regions with respect to different phantom-to-collimator distance. 

This result supports the findings of uniform region where increase in the standard deviation 

was found with the increase in phantom-to-collimator distance. It means that noise component 

increases as the phantom-to-collimator distance increases. In clinical images, when noise level is higher 

than the signals the grainier images are obtained and it becomes difficult in distinguishing the region 

of interest from its background. Ultimately, this would compromise the image quality and lead to the 

reduction in diagnostic accuracy (Inayatullah, 2020).  
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Figure 6 Comparison of the percentage difference in the SNR of hot regions with respect to various 

phantom-to-collimator distances. 

Cold regions  

Figure 7 shows the contrast values of cold regions with respect to different phantom-to-collimator 

distance. In this case six cold regions were detectable and included for analysis. The contrast of all cold 

regions decreased except 9.2mm diameter where a slight increase in the contrast at all phantom-to-

collimator distance was recorded.  

 

Figure 7 Contrast of different sized cold regions at various phantom-to-collimator distance 

The percentage difference (decrease) in the contrast of cold regions with respect to the increase 

in phantom-to-collimator distance calculated ranged from 2 - 38%. However, the increase in the contrast 

with respect to the increase in phantom-to-collimator distance was recorded from 4 – 25% as shown in 
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Figure 8. The effect of low contrast images in patient studies hinder the visibility of regions under study 

which then compromises the accuracy in the diagnosis of diseases.  

 

Figure 8 Comparison of the percentage difference in the contrast of cold regions with respect to 

phantom-to-collimator distance. 

Analysis of the image quality of cold regions was done by calculating the signal-to-noise SNR 

at various phantom-to-collimator distances. Figure 9 represents the SNR values of cold regions. It was 

found that the SNR reduced for all of the cold regions when the phantom-to-collimator distance 

increased. The percentage difference (decrease) in SNR recorded ranged from 15 - 56% when the 

phantom-to-collimator distance was increased as shown in Figure 10. However, at 15.9 cm phantom-

to-collimator distance an increase of 2 – 21% in SNR was observed except for 7.3 mm cold region where 

a decrease in SNR was noticed. 

 

Figure 9 Signal-to-noise ratio of cold regions with respect to different phantom-to-collimator distance 
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Figure 10 Comparison of the percentage difference in SNR of cold regions with respect to phantom-   

to-collimator distance. 

 
 
CONCLUSION 

In conclusion, the standard deviation in the count density of the reconstructed images from the uniform 

region of the phantom increased with the increase in phantom-to-collimator distance. For hot regions 

contrast unequivocal results were recorded. However, for cold regions a decrease in the contrast for 

most of the phantom-to-collimator distance was found. The signal-to-noise ratio of hot and cold regions 

reduced substantially with respect to the increase in phantom-to-collimator distance. Generally, the 

overall results indicate that the farther the object to be imaged from the gamma camera collimator, the 

poorer would be the quality of the reconstructed image. Therefore, in SPECT clinical examinations 

attention on the source-to-collimator distance needs to be given in order to achieve the diagnostic 

quality images. 
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