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Abstract

Introduction: Differences in patient size often provide challenges for

radiographers, particularly when choosing the optimum acquisition parameters

to obtain radiographs with acceptable image quality (IQ) for diagnosis. This

study aimed to assess the effect of body part thickness on IQ in terms of low-

contrast detail (LCD) detection and radiation dose when undertaking adult

chest radiography (CXR). Methods: This investigation made use of a contrast

detail (CD) phantom. Polymethyl methacrylate (PMMA) was utilised to

approximate varied body part thicknesses (9, 11, 15 and 17 cm) simulating

underweight, standard, overweight and obese patients, respectively. Different

tube potentials were tested against a fixed 180 cm source to image distance

(SID) and automatic exposure control (AEC). IQ was analysed using bespoke

software thus providing an image quality figure inverse (IQFinv) value which

represents LCD detectability. Dose area product (DAP) was utilised to represent

the radiation dose. Results: IQFinv values decreased statistically (P = 0.0001)

with increasing phantom size across all tube potentials studied. The highest

IQFinv values were obtained at 80 kVp for all phantom thicknesses (2.29, 2.02,

1.8 and 1.65, respectively). Radiation dose increased statistically (P = 0.0001)

again with increasing phantom thicknesses. Conclusion: Our findings

demonstrate that lower tube potentials provide the highest IQFinv scores for various

body part thicknesses. This is not consistent with professional practice because

radiographers frequently raise the tube potential with increased part thickness.

Higher tube potentials did result in radiation dose reductions. Establishing a

balance between dose and IQ, which must be acceptable for diagnosis, can prevent

the patient from receiving unnecessary additional radiation dose.

Introduction

In diagnostic radiography, imaging larger size patients can

present difficulties for radiographers.1 Transportation,

identifying anatomical landmarks, providing precise

positioning and central ray location are a few of the

challenges. Alongside and importantly, selecting the right

acquisition parameters to provide the best image quality

(IQ) is the primary objective.2–5 The Commission of the

European Communities (CEC) guidelines and many

optimisation studies have focused on patients of a

‘standard’ or ‘average’ size rather than those of variable

body habitus.6–8 However, the prevalence of obesity is

rising globally,3 and radiographers will be more frequently

required to adjust their imaging protocols to obtain

adequate diagnostic IQ when imaging larger size patients.
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X-ray attenuation, scattered radiation, motion artefacts and

reductions in contrast all increase with the size of the

imaged part. These are the product of longer exposure

times.3,9 Even with digital imaging systems that are

designed to automatically compensate for an optimum

image contrast (using AEC), this can still have an impact

on IQ in obese patients.10

As a result of these developments, one question still

remains – does increasing body part thickness affect low-

contrast detail (LCD) detection when undertaking adult

chest X-ray radiography (CXR) using automatic exposure

control (AEC)? If body part thickness has an influence on

LCD detection, this could impact pathology detection in

clinical practice. The purpose of this research was to

determine how the thickness of different body parts

affected the IQ (represented by IQFinv) of adults

undergoing a chest X-ray. IQFinv values are a new method

for reporting IQ (measuring LCD detectability using a

CDRAD 2.0 phantom). This has several distinct advantages

compared with previous methods described within the

literature and will be explained in the Methods section.

Methods

Imaging equipment and technique

An X-ray machine (Willenhall, West Midlands, UK)) with

3 mm Al total filtration and a Caesium Iodide (CsI)

detector was used. This DR system included an AeroDR

detector (Konica Minolta Medical Imaging USA INC,

Wayne, NJ) with a 1994 × 2430 pixel matrix (175 μm
pixel size). Imaging included the use of a stationary anti-

scatter grid (10:1 ratio, 40 lines/cm frequency). The X-ray

machine passed IPEM Report 91 quality control tests.11

Four thicknesses (9, 11, 15 and 17 cm) of Polymethyl

methacrylate (PMMA) were added in front and behind a

CDRAD 2.0 phantom (Artinis Medical System, The

Netherlands) (Fig. 1A and B).12 The PMMA was used to

represent different body part thicknesses of the chest

region for underweight, standard size, overweight and

obese patients, respectively. The primary X-ray beam was

collimated to the boundaries of the CDRAD 2.0 phantom

and was focused on the centre of the phantom.

Automatic exposure control (AEC), using three AEC

chambers, was used to acquire radiographs at various

tube potentials (kVp) settings, and at a source-to-image

distance (SID) of 180 cm. The tube potentials (kVp

values) used and resulting tube current-time-product

(mAs) values for various phantom sizes are summarised

in Table 1. These imaging parameters were based on

those used in clinical practice and the literature.13 Image

post-processing was based on a posteroanterior chest

algorithm selected within the DR system.

In total, 44 radiographs were generated (11 radiographs

for each phantom size); three repeat radiographs were

acquired by imaging the phantom three times for each

Figure 1. Photograph of the CDRAD 2.0 phantom (A) and the resultant radiographic image of the CDRAD 2.0 phantom (B). The phantom is a

1 cm-thick PMMA slap with round holes ranging from 0.3 to 8.0 mm in size and depth. These holes are in 15 rows of increasing size and 15

columns of increasing contrast (depth). Each of the 225 squares has one or two random holes in the centre and corners.
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parameter settings based on the vendor of CDRAD 2.0

recommendations.9

Image quality evaluation and dose
measurement

Image quality figure inverse (IQFinv) values (which

indicate an ability to identify small objects against a low-

contrast background) represent the LCD detection

resulting from the CDRAD 2.0 phantom images and were

assessed using the CDRAD 2.0 analyser software and

calculated using equation 1,

IQFinv ¼ ∑
15

i¼1

1

CiD i,thð Þ
(1)

D(i, th) and Ci refer to the threshold diameter and

contrast in column (i) that were identified correctly,

respectively.

The advantages of using the CDRAD 2.0 phantom are

that it makes it possible to thoroughly assess radiographic

noise, sharpness and contrast. Improved IQFinv values in

clinical practice could improve the identification of subtle

diseases, for example, small lung nodules.14,15 Moreover, a

physical IQ method was used for calculating IQFinv using

CDRAD 2.0 analyser software which offers high reliability

and is unaffected by differences in human eyesight and

experience.16 The CDRAD 2.0 phantom and IQFinv
measurements have been used widely for optimization

studies and when comparing different DR detector

types.17–20 Studies reported a strong relationship with

visual IQ when evaluating lesion visibility, especially for

CXR.21–23

The radiation dose recorded from Dose Area Product

(DAP) was measured three times for each exposure to

reduce random error.

Statistical analysis

The normality of the data for both IQFinv and DAP values

was investigated using the Shapiro–Wilk test. A Kruskal–
Wallis test (for non-parametric data) was used to compare

the values of IQFinv and radiation dose resulting from the

range of tube potentials used among the different

phantom sizes (9, 11, 15 and 17 cm). Statistical analysis

was performed using SPSS (IBM Inc, Armonk, NJ).

Results

Figures 2 and 3 show the radiation dose and IQFinv
values for the four phantom thicknesses (9, 11, 15 and

17 cm), respectively. Kruskal–Wallis test results

demonstrated that there is a statistically significant

difference in IQFinv values (P = 0.0001) between the

different body part thicknesses (underweight, standard,

overweight and obese). Similar to this, according to

Kruskal–Wallis test results there was a statistically

significant difference (P = 0.0001) in radiation dose

values between the different phantom thicknesses.

Figure 3 clearly shows that IQFinv values decreased

statistically (P = 0.0001) with increasing phantom

thicknesses across the different tube potentials. In

addition, IQFinv values are higher for lower tube potential

settings for all phantom thicknesses. In contrast, radiation

dose (Fig. 2) increased statistically (P = 0.0001) with

increasing phantom thicknesses and for lower tube

potentials where higher dose values were observed.

Underweight, standard size, overweight and obese

phantom sizes generated mean IQFinv values of 1.81, 1.55,

1.39 and 1.33, respectively; while their corresponding mean

radiation dose values were 25.5, 37.2, 78.2 and

115.7 mGy.cm2.

Discussion

The influence of body part thickness, under various tube

potentials, on IQ (IQFinv values) and radiation dose

during adult CXR was evaluated. The findings of our

study suggest that radiographic techniques could be

further modified when imaging larger patients.

In our study, increasing phantom thicknesses reduced

CXR IQFinv values for all tube potentials studied since

increasing the body part thickness increases X-ray beam

attenuation and scatter and thus decreases contrast.

Generally, IQFinv values increased as tube potential was

reduced, the highest value was recorded at 80 kVp for all

body part thicknesses. This trend does not correspond

with standard clinical practice when radiographers

frequently raise the tube potential as body part thickness

rises. This is because lower energy photons are attenuated

Table 1. lists the exposure parameters that were utilised to acquire

radiographs of the various phantom sizes.

Image no. kVp

Underweight

Standard

size Overweight Obese

mAs* mAs* mAs* mAs*

1 80 4 6.2 14.4 21

2 85 3.2 4.8 10.7 16.1

3 90 2.5 3.6 8.1 12.1

4 95 2 2.8 6.2 9.2

5 100 1.7 2.5 5.1 7.5

6 105 1.4 2 4.3 6.4

7 110 1.2 1.9 3.6 5.2

8 115 1.2 1.7 3.3 6.4

9 120 1.1 1.6 2.8 4.1

10 125 0.9 1.4 2.5 3.6

11 130 0.9 1.2 2.4 3.3

*The values represent the mean of the three mAs values (the same

reading was recorded during the three repeat exposures).

ª 2023 The Authors. Journal of Medical Radiation Sciences published by John Wiley & Sons Australia, Ltd on behalf of
Australian Society of Medical Imaging and Radiation Therapy and New Zealand Institute of Medical Radiation Technology.
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more than higher energy photons, which increases

contrast for low-contrast objects and image contrast as

photon energy decreases (reducing kVp).

According to the authors’ knowledge, this is the first

such study to investigate the impact of body part thickness

on LCD detection using the CDRAD 2.0 phantom when

undertaking adult CXR, and then comparing this to

existing literature is challenging. Even so, we are still able to

summarise findings from other studies that investigated

how different body part thicknesses affected IQ for

different anatomical areas when using a range of

methodologies.

Alzyoud and colleagues24 demonstrated the effect of

body part thicknesses (1–15 cm of animal fat) on IQ and

radiation dose when undertaking pelvis radiography. IQ

was evaluated visually using a visual grading analysis

(VGA) method and physically using signal-to-noise ratio

(SNR) and contrast to noise ratio (CNR). The authors

found that the physical and visual IQ decreased when

increasing the thickness of the phantom and the radiation

dose increased similarly. Lower tube potential values

(70 kVp) were found to have the highest IQ and the

lowest IQ was found at 110 kVp, still delivering acceptable

images for diagnosis. These findings were concurred in

studies by Gatt et al.25 and Kawashima and colleagues.26

Gatt et al.25 compared the IQ and radiation dose (DAP

values) for different body part thicknesses when

undertaking a posteroanterior (PA) abdomen X-ray

examination, IQ was assessed both visually (VGA method)

and physically (SNR and CNR). They found that with

0.0

50.0

100.0

150.0

200.0

250.0

80 85 90 95 100 105 110 115 120 125 130

DA
P 

(m
Gy

.cm
2 )

kVp

Underweight Standard size Overweight Obese

Figure 2. Comparison of radiation dose values for different phantom thicknesses (9, 11, 15 and 17 cm) across a range of different tube

potentials.
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2
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Figure 3. Comparison of IQFinv values for different phantom thicknesses (9, 11, 15 and 17 cm) across a range of different tube potentials.
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increasing part thicknesses, radiation doses increased

whereas IQ decreased; again the highest IQ values were

observed at lower kVp values (80 kVp), while 110 and

120 kVp were considered the optimal protocol that

produced acceptable IQ with the lowest radiation dose.

The same results were found during our current study

focusing on the chest region, where the DAP was found

the highest at lower tube potentials.

A study by Kawashima and colleagues27 demonstrated

the influence of part thicknesses (10, 15, 20, 25 cm) on

IQFinv during abdomen radiography and they found that

IQFinv decreased with increasing phantom thicknesses.

However, the study was designed for abdomen radiography

and each phantom thickness was imaged with only one

exposure at 80 kVp. Other tube potentials were not

examined and then it was not possible to fully investigate

the relationship between the body part thicknesses and

IQFinv across a range of acquisition parameters used in

clinical practice.

A study by Moore et al.28 investigated the optimal

acquisition parameters during computed radiography

(CR) adult CXR for average-size and obese patients

utilising a computer simulator for a digitally created

radiograph. They found that visual IQ (VGA method) was

increased at low tube potentials for both average and obese

size patients. The result from our study is also comparable

with Moore et al.15

Our study’s findings are comparable with those of

Alzyoud and colleagues,24 Gatt et al.,25 Kawashima and

colleagues26 and Moore et al.28 despite the fact that the

techniques, IQ types, phantom types and thicknesses and

imaging protocols differed.

Our study has a limitation because we only employed a

single image detector. Future research might examine

other DR and CR system types. Radiation dose was

evaluated using DAP, calculations of the effective dose are

likely to more realistically represent the radiation dose to

the patient. In our study, modifications to acquisition

parameters only considered tube potential; however, a

thorough optimization study for differences in body

habitus should take into account the combination of kVp

and mAs, changes in SID, and additional filtration. Fat

modelling by adding PMMA was used as an additional

soft tissue in this experiment; however, fat distribution in

the human body does not always take the same form.

Future research should take into account the wide range

of shapes of people who are overweight or obese.

Conclusion

IQFinv values decreased significantly with increasing body

part thickness with the highest values of IQFinv observed

at lower tube potentials (80 and 85 kVp). This is contrary

to professional practice, where practitioners frequently

raise tube potential with increasing patient thickness. This

is an important finding and radiographers should consider

this when optimising examinations on a per-patient basis.

Furthermore, prior to the imaging, the radiographer

should review the clinical indications to help determine

the optimal tube potential. If the clinical problem requires

a high level of LCD detection, such as the detection of

subtle lesions then lower tube potentials might be

beneficial but with the acceptance of a higher radiation

dose. Further clinical and perceptual research studies are

essential, but practitioners should consider utilising lower

tube potentials for larger patient sizes during adult CXR.
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