
Page 1 of 18 

Can different Catphan phantoms be used in a multi-centre audit of 

radiotherapy CT image quality? 

Anne T. Davisa,b*, Antony L. Palmera,b, Andrew Nisbeta 

a. Department of Medical Physics and Biomedical Engineering, University College London, UK 
b. Department of Medical Physics, Portsmouth Hospitals NHS Trust, Portsmouth, UK 

 

*Corresponding author.  

Department of Medical Physics, Portsmouth Hospitals NHS Trust, Portsmouth, PO6 3LY, UK 

E-mail address: Anne.Davis2@porthosp.nhs.uk (Anne Davis) 

 

Abstract 

Purpose 

To determine the variation between Catphan image quality CT phantoms, specifically for use in a 

future multi-centre image quality audit. 

Method 

14 Catphan phantoms (models 503, 504 and 604) were scanned on a Canon Aquilion Prime CT 

scanner using a single scan protocol. Measurements were made of noise in the uniformity section, 

visibility of low contrast targets and contrast, x-ray attenuation and CT number for 5 materials in the 

sensitometry section. Scans were also acquired using one phantom and varying reconstruction field 

of view, image slice thickness, effective tube-current-time product and iterative reconstruction 

settings to determine how the degree of inter-phantom variability compared with the magnitude of 

changes from scan parameter alteration. 

Results 

Across all phantoms the mean CT value in the uniformity section was 7.0 (SD 0.9) range:  4.9 - 8.1 

HU. For the different materials the CT numbers were air: -1004 +5, Polymethylpentene: -190 +2, 

Polystyrene: -42 +2, Delrin: 321 +5 and Teflon: 898 +8 HU. Consistency of low contrast targets 

through visual scoring was good. Measured contrast was lower (p <0.001) with more variability for 

504 versus 604 models. All phantoms produced identical tube current settings with x-ray tube 

current modulation, indicating no x-ray attenuation differences. The degree of change in image 

quality metrics between phantoms was small compared with results when scan parameters were 

varied.  

Conclusion 

Catphan phantoms model 604 showed minimal differences and will be used for multi-centre inter-

comparison work, with the consistency between phantoms appropriate for measuring possible 

variations in image quality. 
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Introduction 

The Catphan phantom (The Phantom Laboratory, Salem, NY, USA) is a test tool designed for the 

measurement of image quality metrics on a CT scanner [1-3].  It can be used to monitor the 

constancy of CT scanner performance over time, performance against specification or to assess the 

impact of changes in clinical scan protocols on image quality [4]. It is widely available in radiotherapy 

departments as it is often supplied with linear accelerators for quality control testing of on-board 

cone-beam imaging systems. This study undertook foundational work  to support the future use of 

Catphan phantoms as tools to evaluate radiotherapy planning CT scan protocols for adult imaging. 

There was a  particular emphasis on tests which assess low contrast detail visibility.  The work 

investigated the differences between a collection of Catphan phantoms so as to establish whether 

the phantoms were interchangeable and could be used in a future multicentre image quality audit, 

and more generally for comparisons between departments. The degree of difference in measured 

image quality metrics when using various phantoms was also compared against the magnitude of 

variation in results arising from changes in CT scan protocol parameters. If the variation of results 

arising from different phantoms was much smaller than the variation from changing scan 

parameters then the use of multiple Catphans would be feasible. 

It is important to establish the degree of any difference between phantoms in measuring image 

quality. Historically, in other imaging modalities, inconsistent manufacturing of image quality 

phantoms has made image quality inter-comparison difficult when using multiple phantoms of the 

same type [5, 6].  This work investigates, for the Catphan phantom, the basic premise that any 

groups of test tools used must be consistent if such a multi-centre audit is to be meaningful. 

Materials and Methods 

The Catphan phantom is modular in construction with each module designed for a specific set of 

tests. The model number of the phantom defines the type of modules within the phantom. 14 

phantoms were included in this study of which two were model 503, six were model 504 and six 

were model 604. Table 1 shows the modules within the various models of phantom [1-3]. The parts 

of the phantoms intended for high resolution and geometry tests were not assessed as part of the 

study. Model 604 is an updated version of model 504. The differences, based on specification 

information from the manufacturer, between the 503/504 phantoms and 604 phantoms are given in 

Table 2. The parameters to be measured were:  X-ray attenuation (based on indicated CT dose 

index); low contrast levels based on measurement and visibility of targets; uniformity of CT number 

and Hounsfield unit (HU) values for the materials in the sensitometry section. 

 

Table 1. The module within the various phantoms  

 Catphan models and module reference numbers 
Module type Model 503 Model 504 Model 604 

Low contrast resolution  ✕ ✓CTP515 ✓CTP730 
Uniformity  ✓CTP 486 ✓CTP 486 ✓CTP729 
Sensitometry and geometry  ✓CTP 404 ✓CTP 404 ✓ CTP732 
High resolution ✓CTP 528 ✓CTP 528 ✓ CTP732 



Page 3 of 18 

 

 

Table 2. Specification of the model 503, 504 and 604 phantoms  

Parameter Model 503/504 Model 604  Tolerances 

Low contrast 
targets 

For model 504 only: 
3 groups: nominal 1%, 
0.5% and 0.3% contrast.  
9 targets in each group 
with diameters between 
15 and 2 mm. All 40 mm 
in length. 

 
3 groups: nominal 1%, 0.5% 
and 0.3% contrast.  9 
targets in each group with 
diameters between 15 and 
2 mm. All 40 mm in length. 

None given 

 3 groups: sub-slice 
lengths of 7 mm, 5 mm 
and 3mm. 4 targets in 
each group with 
diameters between 9 and 
3 mm. 

Not present. None given 

Uniformity Typical values of HU 
between 5 and 18 HU. 
 
15 cm diameter section 

Typical values of HU 
between 5 and 18 HU. 
 
20 cm diameter section 

Within 2% (or 20 
HU) of water. 
i.e. 0+20 HU 
 

Sensitometry 7 targets: 
Air 
Polymethylpentene 
Low density polyethylene 
Polystyrene 
Acrylic 
- 
Delrin 
- 
Teflon 

9 targets: 
Air 
Polymethylpentene 
Low density polyethylene 
Polystyrene 
Acrylic 
Bone 20% 
Delrin 
Bone 50% 
Teflon 

Typical HU values: 
-1046 to -986 
-220 to -172 
-121 to -87 
-65 to -29 
 92 to 137 
 211 to 263 
 344 to 387 
 667 to 783 
 941 to 1060 

High resolution:  
Line pair grating 
MTF bead 
MTF wire 

 
1 to 21 lp/cm 
0.28 mm 
- 

 
1 to 15 lp/cm 
0.18 mm 
0.05 mm 

 
None given 

 

Comparison of phantoms 

The phantoms were scanned on a Canon Aquilion Prime CT scanner and all scans were acquired in 

one session with the aim of ensuring consistent scanner performance. The scanner was subject to 

daily quality control testing to confirm constancy. The scan parameters used were:  helical scanning, 

120 kV, 0.5 x 40 collimation, 0.625 pitch, 220 mm diameter reconstruction and acquisition field of 

view (FOV), FC21 reconstruction kernel, and image slice width and slice interval were set at 2 mm. 

The image matrix was 512 by 512 pixels. Iterative reconstruction (IR) was switched off.  The 120 kV 

setting was chosen since that is the primary kilovoltage used in UK radiotherapy departments [7]. 

The phantom was aligned so that it was centred in the scanner aperture and the whole phantom 
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length scanned. Initially 10 scans were acquired for one phantom. Once scanning consistency was 

established 3 identical scans were acquired for all the other phantoms.  

(i) Hounsfield unit uniformity 

The tube rotation time was set to 1 s, the tube current fixed at 400 mA and the scans acquired. 

Macros developed in ImageJ (National Institute of Health, USA) were used to analyse the images 

produced for this test and those described in sections (ii) and (iii). ImageJ is available open-source. A 

region of interest (ROI) of approximately half the phantom diameter was placed on the images of the 

uniform section of the phantom, see Figure 1(a) [8].  A macro was used to ensure consistency of ROI 

size and position on all images.  Measurements of HU and standard deviation for noise were taken 

from three adjacent images and from three scans for each phantom. Additional measurements were 

made using 4 ROIs placed at the edges of the image and one in the centre, see Figure 1(b). The 

difference in CT number obtained from ROIs at the image centre and edges was calculated [9].  

(ii) Low contrast target visibility and measured contrast 

Quantitative measurement of contrast was made. Using the same scans acquired for the uniformity 

measurement, images from the centre of the low contrast target section were selected. ROIs were 

placed on the 15 mm and 8 mm diameter targets in the 1% contrast group and the 15 mm diameter 

targets in the 0.5% and 0.3% contrast groups. ROIs of approximately 12 mm diameter were placed 

on the background material on the image next to the targets as shown in Figure 1(c). The size of the 

ROI was chosen to fit in the space immediately adjacent to the target but large enough to minimise 

the impact of pixel value variation arising from image noise. The larger targets were chosen to 

ensure ROIs could be accurately positioned within the circular target and because variation of CT 

number due to noise will be greater with smaller ROIs leading to greater uncertainties in the results.  

After initial measurements, a second method was used, Figure 1(d). Two ROIs were placed on the 

background, on the outer and inner edges of the low contrast target. The average value of these two 

background measurements was calculated. Contrast was calculated by subtracting HU of the 

background from the HU of the low contrast circular target. One of the 604 phantoms had a rotated 

module so was not included in the measurements. Contrast values arising for the 504 and 604 model 

phantoms were compared using the student t-test to assess significance. 

Visual scoring of the low contrast targets was then performed. Viewing conditions were 

standardised with low light levels to improve visibility. Brightness and contrast levels were chosen 

for optimal viewing and set at the same level for all images [10]. The image was displayed to fill the 

whole screen on a 56 cm viewing monitor. The image from the centre of the scan of the contrast 

section and the two images immediately adjacent were selected. Each of the nominal 1%, 0.5% and 

0.3% contrast groups were scored by counting how many targets could be seen. Half scores were 

allocated where part of the target was seen. With 9 targets in each group the maximum possible 

score per group was 9. Three people scored the images, scoring a total of 9 images for each 

phantom. The order of scoring was randomised.   The consistency of the scoring methodology was 

checked using repeated scoring.  
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Figure 1. (a) ROI placed on a uniformity image; (b) Whole image uniformity check; (c) Measurement 

of contrast in a 604 model; (d) Method of measuring contrast using two ROIs to obtain the 

background HU value in a 604 model;(e) Measurements in sensitometry section of 504 model 

Catphan. 

(iii) Hounsfield units scale in the sensitometry section 

In the sensitometry section there are some differences between the 503/504 models and the 604 

models. The 604 phantoms contain additional inserts representing two types of bone material. Using 

the images from the centre of the sensitometry section, ROIs were placed on the inserts for air, 

Teflon, Polymethylpentene (PMP), Delrin and Polystyrene, as indicated by numbers 1 to 5 on Figure 

1(e). These materials were chosen to cover the full range of CT numbers typically found in human 

tissue. The Hounsfield unit expected range based on the manuals for the Catphans models is given in 

Table 4 [1-3]. 3 images from each scan were used, with 3 scans, giving 9 measurements per 

phantom. Care was taken to ensure the ROIs were centred within the inserts and all ROIs were 25 

pixels in diameter.                                      

(iv) X-ray attenuation of the phantom 

The tube current modulation system, Sure Expose, was enabled on the CT scanner with the noise 

index set to ‘standard’ [11]. Tube rotation time was 0.75 s. Lateral and anterior-posterior view scout 

scans were acquired initially as required when using modulation. After the helical scan acquisitions, 

the images of the low contrast section of the phantom were reviewed and the tube current value 

from the centre slice noted. This region was chosen since comparability of the low contrast section 

of the phantoms was deemed particularly important in the future image quality audit work. As, 

however, the model 503 phantoms did not have a low contrast section, the tube current value from 

the image at the centre of the uniformity section was also recorded and compared. Additionally, the 

CT dose index from the whole scan was also recorded. On the Canon Aquilion Prime scanner the CT 

dose index is an average value from the images acquired over the whole scan length.  

Phantom sensitivity to scan parameter changes 

These measurements aimed to establish the degree of change in measured image quality metrics 

caused by changing parameters in the CT scan protocol. A single 604 model phantom was selected. 

The same CT scanner was used as for the phantom inter-comparison, and one scan parameter varied 

at a time, as shown in Table 3. The scan parameters changed were (i) effective tube current product 

(mAs), (ii) image slice thickness, (iii) reconstruction field of view and (iv) IR setting. These parameters 

are those which are generally varied within scan protocols used for radiotherapy planning CT [12]. 

Three identical scans were acquired for each set of parameters.  

Table 3. Scan protocol settings when assessing the impact of scan parameter changes 

Scan  
parameter  

Variation with 
effective mAs 

Variation with 
reconstruction FOV 

Variation with 
slice thickness 

Variation with 
iterative 

reconstruction (IR) 
strength setting 

kV 120 120 120 120 

Pitch 0.825 0.825 0.825 0.825 
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Collimation 0.5 x 40 0.5 x 40 0.5 x 40 0.5 x 40 

Reconstruction 
kernel 

FC21 FC21 FC21 FC21 

Acquisition  
FOV (mm) 

200 550 200 200 

Reconstruction 
FOV (mm) 

200 Varied: 200, 
 300, 400, 550 

200 200 

IR strength Off Off Off Varied: Off, mild, 
standard, strong 

Image slice 
thickness (mm) 

2 2 Varied: 1,2,3,5 2 

Effective mAs Varied: 242 
364,485, 606 

441 441 441 

 

Following the same techniques as mentioned in the method section where phantoms were 

compared, uniformity, noise, low contrast and low contrast target visibility were measured. Viewing 

conditions were optimised and standardised as before. When scoring visibility of low contrast 

targets in the images with the larger reconstructed FOVs, zoom was applied to the image to match 

the image size of the 200 mm diameter reconstructed FOV. In each scan set, 3 images were 

processed from each of the uniformity and low contrast resolution modules.  

Results 

Results from phantom comparison 

(i) Hounsfield unit uniformity. 

The measured HU and noise values, as measured by standard deviation of HU within the ROI placed 

on the images of the uniformity section, were very similar for all phantoms, see Figures 2 and 3. The 

results of a one-way analysis of variance (ANOVA) statistical test on the results from the three 

models of phantom gave a p value of 0.93 indicating no significant difference between phantom 

models since the test of significance difference is for p < 0.05. The variation for HU value was very 

much lower than the 0+20 HU range given in the Catphan user manuals for this parameter, see Table 

2. CT numbers varied between 4.9 and 8.1 HU. The mean value was 7.0, SD 0.9 HU. CT number 

uniformity values, the difference between the centre and edge of the phantom, are shown in Figure 

4. All values were less than 1.5 HU and there were no differences in the range of values seen 

between the phantom models. 
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Figure 2. CT number for the uniformity section of different phantoms  

 

 
Figure 3. Measured noise from the uniformity section of different phantoms 

 

 
 

Figure 4. Uniformity for different phantoms, difference between phantom centre and edge 
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(ii) Low contrast target visibility and measured contrast 

Results for measured contrast (15 mm diameter target, nominal 1%), using the method where 2 ROIs 

measured the average background HU value, are shown in Figure 5. Results generally were at the 

expected level since the HU value of the low contrast target needs to be 10 HU to give a contrast of 

1%. It can be seen that the mean contrast values for the 504 model phantoms were lower than those 

for the 604 phantoms. Contrast values were, for model 604:  mean 1.12 and SD 0.05, and for model 

504: mean 0.99 and SD 0.11, p value <0.001. This difference between the phantom models was also 

seen for other targets of different size diameters and other nominal contrast values. The 503 model 

phantoms do not contain a low contrast target module. 

A review of the HU values measured on the contrast targets and the background identified that the 

background ROI HU values closest to the edge of the phantom, position 1 shown in Figure 1 (c), were 

higher for the 504 model phantoms (typical value 47 HU) than for position 3 in the 504 phantoms 

and positions 1 and 3 for 604 model phantoms (typical value 45 HU). With HU values of the low 

contrast targets measured in the region of 56 HU for both phantom models, the 2 HU difference of 

measured background accounts for the contrast difference between the 604 and 504 model 

phantoms. The initial use of a single background ROI, and previous to that, smaller ROIs on both the 

contrast targets and background, produced greater variability of results between all phantoms. This 

was noticeable on the measured contrast values for the 8 mm diameter target where the smaller 

ROI meant increased variability due to the influence of noise. This was evident by a greater spread of 

results for individual phantoms. The results of 10 scans on a single phantom, phantom number ‘0’on 

Figure 5, showed a similar range of results as for 3 scans on the same phantom. This indicated that 

the choice to collect results from 3 scans on each phantom was appropriate.  

With visual scoring of low contrast targets this difference in contrast between the phantom models 

was not evident, see Figure 6.  

 

Figure 5. Measured contrast for the 15 mm diameter target of nominal 1% contrast for different 

phantoms.  
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Figure 6. Visual scoring of low contrast targets, nominal 1% contrast group, for different phantoms. 

(iii) Hounsfield unit scale 

The results from measurements on the various inserts in the sensitometry section from all phantoms 

are shown in Table 4. The range of CT numbers was up to + 8 HU of the average value for the 

materials with larger measured values for air, Delrin and Teflon. For the PMP and Polystyrene inserts 

the range of measured values was small at + 2 HU. There was no difference noted between the 

different models of phantom.  

 

Table 4. CT numbers measured for materials in the sensitometry sections of all the phantoms 

Material Typical values quoted 
by Phantom 
Laboratory 

Average CT number, all 
images 

Range of CT numbers, all 
images 

Air -1046 to -986 -1004 -1008 to -997 

PMP -220 to -172 -190 -192 to -188 

Polystyrene -65 to -29 -42 -43 to -39 

Delrin 344 to 387 321 316 to 326  

Teflon 941 to 1060 898 890 to 905  

 

(iv) X-ray attenuation of the phantoms 

The tube current values for the images at the centre of the low contrast section were all 180 mA 

when the tube current modulation system on the scanner was switched on. The tube current values 

for the uniformity section were also all identical for the different phantoms including the 503 

models. The average CTDI dose index resulting from scans of the whole phantom varied from 58.6 to 

62.3 mGy across the set of 14 phantoms. These differences can be accounted for by slight 

unintended differences in scan lengths and a consequential slight increase in tube current where the 

metal support bracket was erroneously included at the end of the scan on some occasions. 
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(i) Effective tube-current product setting 

When the effective tube-current product (effective mAs) was increased the measured noise in the 

uniformity section reduced as expected, see Figure 7. The measured contrast did not vary as 

effective mAs increased, as shown in Figure 8, although the spread of the results reduced slightly as 

image noise reduced for higher set mAs values. Results for visual scoring of the low contrast targets, 

see Figure 9, clearly showed the reduced visibility of low contrast targets for lower effective mAs 

values and that the higher contrast targets (nominal 1% group) were easier to see than the lower 

contrast targets (nominal 0.3% group). 

 

Figure 7. Variation of noise in the uniformity module versus effective mAs 

 

Figure 8. Contrast values for the 15 mm diameter target (nominal 1%) with various effective mAs 
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Figure 9. Visibility of low contrast targets with different effective tube-current-time settings with 

details of (a) nominal 1% contrast and (b) nominal 0.3% contrast 

 

(ii) Image slice thickness 

With increased image slice thickness the noise in the image reduced, as shown in Figure 10. Whilst 

the measured contrast values (nominal 1%) were relatively unchanged for different image slice 

thickness settings, the reduction in noise for larger slices did result in a reduction in the spread of 

results, see Figure 11. For visual scoring, however, more of the low contrast targets could be seen 

with the thicker slices as shown in Figure 12. This is due to the fact that both contrast and noise 

levels affect target visibility [13]. The lowest contrast group (0.3%) had the lowest results and the 

widest spread of results. The difference in scores between the 5 mm slice and the 1 mm slice was 

most significant for the lowest 0.3% contrast target group with approximately 7 targets seen for the 

5 mm slice and 3 targets for the 1 mm slice. 

 

Figure 10. Measured noise versus slice thickness 
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Figure 11. Measured contrast for 15 mm target (nominal 1% contrast) versus slice thickness 

 

  

  

Figure 12. Score for low contrast target groups with different slice thickness settings with details of 

(a) nominal 1% contrast and (b) nominal 0.3% contrast 
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with research findings by other authors which have identified that to maintain visibility by the 

human observer, contrast must increase as target size reduces [10]. The larger FOVs effectively 

reduce the size of targets within the image which makes the smallest targets within the 0.5% and 

0.3% contrast groups invisible, reducing the overall scores.  
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Figure 13. Score for low contrast target groups with different reconstruction FOV settings with 

details of (a) nominal 1% contrast and (b) nominal 0.3% contrast 

 

 (iv) Iterative reconstruction setting 

Figure 14 shows that measured noise reduced as the IR setting is increased, with the greatest 

difference seen between the ‘mild’ setting and AIDR switched off.  The measured contrast, for the 15 

mm nominal contrast 1% target circle, did not change with IR setting, see Figure 15. The visual 

scoring of low contrast targets, see Figure 16, showed that the visibility of targets did improve 

slightly with increased strength of IR, especially for the lowest contrast (nominal 0.3%) target group 

where image noise is particularly detrimental to target visualisation [10, 13, 14]. 

 

Figure 14. Variation of noise in the uniformity module from variation of IR strength 
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Figure 15. Measured contrast in the low contrast target module with varying IR strength 

  
 

Figure 16. Number of targets visualised in the low contrast target module with varying IR strength 

with details of (a) nominal 1% contrast and (b) nominal 0.3% contrast 
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phantom models, in particular the differences in the outer casing that holds the modules, contribute 

differently to X-ray beam hardening which affects the CT number of the material. The modules in the 

604 models also do not have the rows of inner contrast targets which is present in 503 models. All 

CT numbers are in part determined by the materials around the point of measurement so HU in the 

centre is likely to be affected by the presence or absence of the inner groups of targets [14]. The 

Phantom Laboratory also uses a technique which places an annulus shaped ROI around a low 

contrast target to measure average background HU for contrast measurement. That will improve the 

averaging of HU values for that measurement. Additionally, it was clear from the early results within 

this work that 2 large background ROIs on the inner and outer edges of the circular targets gave less 

variable results than a single background ROI or smaller diameter ROIs. This is because variability of 

measured HU, due to image noise, is reduced with larger ROIs. Hence, consistency of measured 

contrast does depend on measurement technique used, with larger ROIs being preferable. The 

results from the 604 phantom models within this group of phantoms appeared more consistent than 

those for the 504 models (Figure 5). Results were close to the nominal values though the variability 

of results indicates that error bars of approximately 10 % need to be applied i.e. 11 + 1 HU contrast 

for the nominal 1.0% target for the 604 model phantoms.  

Variation of the chosen scan parameters produced no changes in measured contrast. Scan 

parameters that were not tested here which do have the potential to affect contrast are 

reconstruction kernel and tube kilovoltage [4, 14, 15].  These are not routinely varied for a given 

examination type in radiotherapy CT and so have not been investigated.  

Visual scoring of low contrast targets was less sensitive to the background HU differences in the 504 

and 604 phantom models and there were no notable differences between any of the phantoms for 

this parameter. The spread of results when scoring images from a single phantom, Figure 6, indicates 

error bars of + 0.5 a target to be appropriate for three scorers undertaking repeated measurements. 

Visual scoring of images obtained when varying scan parameters showed reductions in target 

visibility in excess of 0.5 of a target. Reduced mAs, reduced nominal contrast, reduced slice thickness 

and increased FOV all showed a reduction in scores of between 1 and 4 targets depending on the 

parameter and the extent of the change. This confirms that different phantoms can be used to 

assess differences in low contrast target visibility provided suitable error bars, in this case, + 0.5 of a 

target, are applied. 

The Hounsfield units measured in the various inserts in sensitometry section were in good 

agreement across the set of phantoms. The range was small, less than +5% of the average HU values 

of the insert material. The HU values for Delrin and Teflon were noted to be outside the quoted 

typical values from the Catphan technical specification, see Tables 2 and 4. CT numbers, whilst 

material dependent, are also a product of the scanner kilovoltage, beam shaping filter, 

reconstruction kernel, volume and type of material surrounding the insert. Typical values quoted by 

the Phantom Laboratory can be considered indicative but not nominal values. Reconstruction 

kernels, in particular on Canon CT scanners, are known to affect the HU values [4]. Other 

publications have identified that HU does not vary significantly with mAs, slice thickness, 

reconstruction FOV or iterative reconstruction strength, other than a small change in variability due 

to noise changes [16].  
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The check of X-ray attenuation based on scanning the phantoms with automatic tube current 

modulation showed there to be no significant differences in attenuation across the 14 phantoms. 

To summarise, the measured differences between Catphan phantoms, are given in Table 5.  

Parameter Measured variation 

CT number in uniform section (HU) + 1.6 

Noise of uniformity section (HU) + 0.07 

Uniformity (edge vs centre) (HU) + 0.15 

Measured contrast - nominal 1% + 0.1 

Visual scoring, nominal 1% – number of details + 0.5 

CT numbers (HU) : air + 5 

                                  PMP       + 2 

                                  Polystyrene + 2 

                                  Delrin + 5 

                                  Teflon + 8 

X-ray attenuation - based on indicated tube current (mA) + 1 

 

Table 5. Tolerances which should be applied to measured values when using a selection of different 

Catphan phantoms. 

Conclusion 

The results from 14 Catphan phantoms of models 503, 504 and 604 were found to be very similar for 

most measured parameters. The only parameter where there was an apparent notable difference 

was the low contrast target section. If contrast measurements are to be made, these results suggest 

using the 604 model phantoms would be preferable to reduce variability caused by phantom 

differences. Results show the degree of difference between phantoms for the low contrast, noise 

and sensitometry sections to be small compared to changes seen when varying CT scan protocol 

parameters. This work indicates the size of error bars which should be applied to results if using a 

range of different Catphan phantoms for comparison of image quality between centres.  

Differences between phantoms are much smaller than might be suggested by the technical 

specification in the different Catphan manuals. It would be useful if The Phantom Laboratory could 

indicate in the user manual the typical manufacturing tolerances achieved so that users would know 

what magnitude of difference to expect when using multiple phantoms of the same model 

interchangeably. 
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