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Relationship between the visual evaluation of pathology visibility and the physical  

measure of low contrast detail detectability in neonatal chest radiography. 

Abstract 

Introduction: The detectability of low contrast detail (LCD) is a method used to assess image 

quality (IQ) in neonatal radiography; however, there is a lack of data on the relationship between 

LCD detectability and visual IQ. The study aims at investigating the relationship between the LCD 

detectability and visual IQ and pathology visibility (PV).  

Methods: Several acquisition parameters were employed to obtain a group of images from a 

neonatal Gammex chest phantom. Three observers applied relative visual grading analysis (VGA) 

for assessing the IQ and PV. A simulated pneumothorax visibility (PNV) and simulated hyaline 

membrane disease visibility (HMV) represented PV. Next, a CDRAD 2.0 phantom was 

radiographed utilising the same acquisition protocols, and several paired images were obtained. 

With the use of CDRAD analyser software, the detectability of LCD was assessed and 

expressed by an image quality figure inverse (IQFiinv) metric. The correlation between the IQFinv 

and each of IQ, PNV and HMV was examined.  

Results: The physical measure (IQFinv) and the visual assessment of IQ were shown to be strongly 

correlated (r=0.95; p<0.001). Using Pearson's correlation, the IQFinv, PNV, and HMV were found 

to be strongly correlated (r=0.94; p<0.001) and (r=0.92; p<0.001), correspondingly.  

Conclusion:  Results of the study show that physical measures of LCD detectability utilising the 

CDRAD 2.0 phantom is strongly corelated with visual IQ and PV (PNV and HMV) and can be 

used to evaluate IQ when undertaking neonatal chest radiography (CXR).  

Implications for practice: This study establishes the feasibility of utilising the physical measure 

(IQFinv) and the CDRAD 2.0 phantom in routine quality assurance and neonatal CXR optimisation 

studies. 

Keywords: CDRAD 2.0 phantom, neonatal CXR, low contrast detail detectability, physical and 

visual image quality evaluation. 

 

 



Introduction: 

The chest X-ray (CXR) examination is one of the most frequent examinations performed on 

neonates because of the likelihood of respiratory distress syndrome and pneumothorax1–3.  Based 

on the ALARA (as low as reasonably achievable) principle, examinations must be performed with 

appropriate image quality (IQ) for diagnosis but using the lowest achievable radiation dose4,5 .This 

is even more important for neonates who in comparison with adults have higher tissue 

radiosensitivity6,7. Therefore, image quality and dose optimisation studies are an important 

requirement when seeking to achieve the ALARA principle.   

Several studies have reported the use of physical measures for the detectability of low contrast 

detail (LCD) (which describes the ability to image small objects against a background of low 

contrast) via the CDRAD 2.0 phantom8–10. Such reports are based around optimisation studies 

where detectability of LCD is the method for IQ evaluation for the resultant CXR images.  In this 

situation, the detectability of LCD and the CDRAD 2.0 phantom is particularly suitable since it 

has high reliability, it is easy to use and quick.  However, to the authors’ knowledge the link 

between the physical measure of the detectability of LCD, via CDRAD 2.0 phantom, and the visual 

IQ evaluation and pathology visibility (PV) for neonatal chest radiography has not been studied 

yet.  

 This study aims to examine the relationship between the physical measure of the detectability of 

LCD, via CDRAD 2.0 phantom, and the visual evaluations of IQ and PV when undertaking 

neonatal chest radiography.  

 

Methods 

Imaging equipment and technique 

The study used a  Gammex phantom (Gammex Inc., Middleton, WI)11 and a CDRAD 2.0 phantom 

((Artinis Medical System, The Netherlands)12. The first phantom is an anthropomorphic neonatal 

chest phantom simulating a one to two kg child and is used for assessing IQ and PV, it has used 

widely in the literature for optimisation studies13–18. It has two lungs, one of which has a simulated 

pneumothorax and the other has simulated hyaline membrane disease (Figure 1)11. The second 



phantom (CDRAD 2.0 phantom, Figure 2) was used to evaluate the physical measure of LCD 

detectability. It is a uniform background phantom which consists of 1 cm thick squares of acyclic 

plastic plate (26.5 x 26.5 cm) with holes of different depths and diameters12. 

42 radiographic images were generated using Gammex phantom with manual exposure factors 

(kVp, mAs), a fine focal spot, 115 cm source to image receptor distance, no anti-scatter radiation 

grid and no additional filtration. During image acquisition different settings of tube potential (55, 

60, 65, 70, 75, 80 and 85 kVp) and tube current-time (0.5, 0.7, 1.0, 1.6, 2.0 and 2.5 mAs) were 

applied.  

The same previously specified acquisition parameters were also used to create 42 CDRAD 2.0 

radiographic images. To simulate a neonate, a CDRAD 2.0 phantom was positioned between 6 cm 

of medical grade polymethyl methacrylate (PMMA) slabs. Based on the phantom manufacturer’s 

recommendations, X-ray acquisitions were repeated three times for each exposure factor setting12. 

For all resultant radiographic images a paediatric AP chest post-processing algorithm was applied.  

A commercially accessible X-ray machine, supplied by Wolverson X-ray Ltd  and equipped with 

3 mm Al inherent filtration and a Konica Minolta Aero DR detector from Konica Minolta Medical 

Imaging USA, Inc., Wayne, NJ, was used for image acquisitions. To produce a wide variety of 

image qualities, a wide range of acquisition parameters were used to generate phantom images that 

resembled those commonly acquired in clinical practice. 

 

Image quality evaluation  

The CDRAD analyser program computed the detectability of LCD for the CDRAD 2.0 phantom 

images  which the image quality figure inverse (IQFinv) represents 12.  

The IQFinv was calculated with   Eq. (1).  

𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖 = �
1

𝐶𝐶𝑖𝑖 𝐷𝐷(𝑖𝑖,𝑡𝑡ℎ)
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𝑖𝑖=1

                           (1) 

 



The lowest diameter in column (i) with an accurately recognized visible hole is D(i, th); the 

contrast of the threshold visible hole in column (i) is Ci. 

For the Gammex phantom images, the visual IQ and PV was measured using the relative visual 

grading analysis (VGA) method by three qualified diagnostic radiographers with clinical 

experience more than five years. A 5-point Likert scale (worse than, worse, equal to, better, better 

than ) was applied via bespoke Java-based software that displays images to the observers in  an 

arbitrary  order19. Two 5 mega-pixel (2048 by 2560 pixels) display monitors (DOME E5, NDSsi, 

Santa Rosa, CA) were used to display the images; the left monitor displayed the reference image, 

while the right monitor presented the experimental images in a different order. In comparison to 

the other acquired images, two experienced radiologists chose the reference image as having 

"average" IQ, pneumothorax visibility (PNV), and hyaline membrane visibility (HMV). Table 1 

illustrates the criteria utilised for the IQ and PV assessment, these were adapted from the  European 

Guidelines and a report by Smet and colleagues17,20. The colours highlighted in Figure 1 

correspond to the colour-coding for the IQ criteria listed in Table 1. 

The sum of the scores from all the IQ criteria was used to calculate the overall visual IQ score for 

each image and each observer. Then, the mean (and standard deviation [SD]) scores for the three 

observers were calculated to arrive at the final IQ score. This method was similar to that used to 

calculate the overall PV (PNV and HMV). For the observational component of the research, the 

University of Salford Research Ethics Committee approved the study (HSR1617-76). 

 

 

 

 

 

 

 

 

 

 



Figure 1. Result X-ray image using the Gammex phantom.  

 

 

Figure 2 (a) CDRAD 2.0 phantom and  (b)  resultant its x-ray image. 

 

 

 

 



Table 1. Example of the IQ and PV criteria used17,20. 

Item Criteria 

IQ criteria 

1 Tracheal reproduction 

2 Proximal bronchi reproduction 

3 The small peripheral airways reproduction 

4 Visually  sharp diaphragm reproduction 

5 Visually sharp costophrenic angles  reproduction 
6 Spinal reproduction 

7 The amount of noise in the image 

PV criteria 

1 The visibility of the pneumothorax 

2 The visibility of the hyaline membrane disease 

 

Statistical analysis 

Data analysis was done with SPSS software (IBM Inc., Armonk, NY). The data distribution was 

examined via the Shapiro-Wilk test, and the findings indicated that IQFinv, IQ, and PV were 

normally distributed. Pearson’s correlation coefficient was used for measuring strength and 

direction of any relationship between the IQFinv and each of IQ, PNV and HMV.  The correlation 

(r) was interpreted as r=0.1–0.29 (small), r=0.30–0.49 (medium), and r=0.50–1.0 (large)21. An 

inter-class correlation coefficient (ICC) was performed to determine the inter-observer variation 

in the IQ, PNV and HMV evaluations by the three observers22,23. 

Results 

The visual assessments of IQ and the physical measure of LCD detectability (IQFinv) were shown 

to be strongly positively correlated (r=0.95; p0.001). IQFinv and the visual assessments of PNV 

and HMV also showed a high positive connection (r=0.94; p0.001) and (r=0.92; p0.001), 

respectively. Figures 3, 4 and 5 demonstrate the respective linear regression curves between the 

IQFinv and each of IQ, PNV and HMV, respectively. 



Excellent agreement was achieved between the observers (ICC = 0.91; 95% CI 0.85–0. 95) for the 

IQ assessment, (ICC = 0.95; 95% CI 0.92–0. 97) for the PNV and (ICC = 0.91; 95% CI 0.86–0. 

95) for the HMV.  

 

 

 

Figure 3. Demonstrates the linear regression curve between the mean scores of IQFinv and the 

mean visual scores of IQ for the 42 images. Vertical error bars indicate the values of SD from the 

three CDRAD IQFinv scores, while horizontal error bars across indicate the SD of the scores from 

the three observers.  

 

 



 

 

Figure 4. Demonstrates the linear regression curve between the mean scores of IQFinv and the 

mean scores of PNV visual evaluation. Vertical error bars represent the values of SD from the 

three CDRAD IQFinv scores, while the horizontal error bars across indicate the SD of the scores 

from the three observers.  

 

 



 

 

Figure 5. Demonstrates the linear regression curve between the mean scores of IQFinv and the 

mean scores of HMV visual evaluation. Vertical error bars represent the values of SD from the 

three CDRAD IQFinv scores, while the horizontal error bars across indicate the SD of the scores 

from the three observers.  

 

 

 

 

 

 

 

 



Discussion 

The results of this study revealed a strong positive correlation between the physical measure of the 

detectability of LCD (IQFinv) generated via images from the CDRAD 2.0 phantom and the visual 

evaluations of IQ using relative VGA both general IQ (r=0.95; p<0.001) and PV. Specifically for 

the visibility of the pneumothorax (r=0.95; p<0.001) and hyaline membrance disease (r=0.95; 

p<0.001). This strong positive association between physical IQFinv and the visual evaluation for 

each of IQ, PNV, and HMV shows that the CDRAD 2.0 phantom can be used in neonatal CXR 

optimisation research and routine quality assurance testing. However, more research is needed to 

investigate the clinical association between IQFinv and the visual evaluation of IQ, PNV, and HMV 

in patients to prove it as a valid method.  

In diagnostic imaging, there essentially two basic tasks 1) acquiring images and 2) interpreting the 

resultant images for the benefit of patient management24. The ability of clinicians to correctly 

interpret a medical image is largely governed by the quality of the image. Image quality can be 

evaluated using  various approaches that  fall into three categories: physical, psychophysical and 

observer performance25.   

In research studies, methods for measuring observer performance like receiver operating 

characteristic (ROC) and VGA are frequently used to assess clinical IQ. ROC and VGA 

approaches, however, can be difficult to practically implement for evaluating IQ as part of normal 

quality assurance programmes and when making comparisons within and between hospitals, since 

they are time consuming and need a significant number of images to be acquired26–28. 

The advantages of the CDRAD 2.0 phantom and the IQFinv metric are based around the need not 

to acquire patient data and that images can be evaluated by a non-radiology trained observer or 

dedicated image analyser software.  The physical IQ test based on the detectability of LCD via the 

CDRAD 2.0 phantom is therefore more practical than the VGA and ROC techniques. However, 

there has been a scarcity of evidence on their correlations with perceptual (visual) approaches in 

the past.  

There are several restrictions when using the CDRAD 2.0 phantom to measure IQ and conduct 

optimisation studies. For instance, when imaging human anatomy, the CDRAD 2.0 phantom 

creates a homogeneous background that ignores the impact of anatomical noise 29. According to 



the Rose model, quantum noise represents the limiting element that can influence IQ (LCD 

detectability), and this phantom is based on that assumption30. However, it may be limited for a 

number of common diagnostic radiology clinical procedures. Rather than quantum noise, the 

anatomical noise is thought to be the most relevant component in CXR IQ evaluation within 

clinical practice31–33. 

From the literature, there are only three studies that have attempted to investigate the correlation 

between the IQFinv physical measure using CDRAD 2.0 phantom and the visual evaluation of  IQ 

when undertaking adult CXR examination34–36. However, to the best of the researchers' 

knowledge, previous studies have not examined the relationship between the physical measure of 

IQFinv and the visual measure for each of IQ and diffuse PV represented by PNV and HMV in 

neonatal chest radiography.  

Al-Murshedi and colleagues34 investigated the relationship between IQFinv from CDRAD 2.0 

phantom and both visual IQ, and lesion visibility (LV) for images acquired using an adult 

anthropomorphic Lungman chest phantom (relative VGA technique). These authors discovered a 

high positive correlation (r=0.91; p<0.001) between the visual IQ and the IQFinv, as well as a good 

positive correlation (r=0.68; p<0.001) between the IQFinv and the LV. However, this study was 

based on adult CXR examinations, and the simulated lesion utilised was a small spherical ‘focal’ 

lesion, which is distinctly different from the current study, that was developed for neonates with 

various diseases that were appropriate for the respective age group. 

A study by De Crop and colleagues investigated the association between the IQFinv from CDRAD 

2.0 phantom and visual IQ for cadaveric images, which were found to have a strong positive 

connection (r=0.91; p=0.001)35. However, this was again performed on adult CXR examinations 

and the connection between the visual PV and the physical measure of IQFinv was not investigated.  

More recently, Yalcin and colleagues found a strong positive  connection between the IQFinv and 

the visual IQ for images from an adult Alderson anthropomorphic chest phantom36. However, 

within this work any correlations between the visual PV and the physical measure of IQFinv was 

not investigated. 

Based on this study's findings, future research could concentrate on developing a baseline IQFinv 

value for neonatal CXR examinations that specifies the LCD detectability threshold necessary for 

establishing a suitable IQ for diagnosis. The accessibility of such baseline values is extremely 



useful for routine quality assurance and quality control programmers and for ensuring that IQ 

remains within acceptable limits, as well as for optimisation studies to evaluate how different 

imaging techniques impact IQ and radiation dose in clinical practice. 

It is necessary to acknowledge that using the Gammex phantom to simulate a neonate and produce 

CXR images has significant limitations due to the absence of movement and anatomical variation 

that would be evident in a human neonatal population. Also, the type of imaging machine utilised 

for obtaining the phantom images, which was a stationary X-ray machine, would not be fully 

reflective of the likelihood that neonatal imaging is commonly performed using mobile X-ray 

machines. Investigation of the relationship between IQFinv and patient visual assessments of their 

IQ, PNV, and HMV is necessary and will be the subject of future research. 

Conclusion  

According to our findings, there is a strong correlation between the physical IQFinv measure using 

CDRAD 2.0 phantom and the visual evaluation of both IQ and PV which was represented by PNV 

and HMV in a Gammex phantom when undertaking neonatal chest radiography. This demonstrates 

the potential of the physical measure of IQFinv being used to predict visual IQ and PV and then for 

neonatal CXR optimisation studies. 
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